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2015 SOCIETY FOR GLYCOBIOLOGY ANNUAL MEETING

TUESDAY, DECEMBER 1, 2015

7:00 am – 6:00 pm
Registration

8:00 am – 5:00 pm
Satellite I: Glycoprotein Technologies

Chairs: Sam Tep, ProZyme, Inc. & John Briggs, Genentech

8:00 am – 5:00 pm
Satellite II: Consortium for Functional Glycomics (CFG)
Chair: Michael Tiemeyer, University of Georgia, CCRC

8:00 am – 5:00 pm
Satellite III: Transformational Informatics for Glycoscience

Chairs: William York & Rene Ranzinger, University of Georgia, CCRC

6:00 pm – 6:05 pm
Conference Opening Remarks

Plaza Ballroom
J. Michael (Hawkeye) Pierce, 

University of Georgia, CCRC President, Society for Glycobiology

6:05 pm – 7:30 pm
Session I: Innovator and Meyer Award Lectures

Plaza Ballroom
Chair: J. Michael (Hawkeye) Pierce, University of Georgia, CCRC

Time Abstract Number
6:05 President’s Innovator Award Winner Presentation: The Discovery and Development of Glycomimetic 

Drugs for Cancer and Inflammatory Disease; John Magnani, GlycoMimetics Inc. ............................................40
6:45 Karl Meyer Award Winner Presentation: Robert Haltiwanger, University of Georgia ......................................***

7:30 pm – 9:30 pm
Welcome Reception & Exhibits

Golden Gate Ballroom

WEDNESDAY, DECEMBER 2, 2015

7:30 am – 4:00 pm
Registration

7:30 am – 8:30 am
Continental Breakfast

Golden Gate Ballroom

8:30 am – 10:05 am
Session II: Glycan Regulation of Immunity and Infection I

Plaza Ballroom
Chair: Galit Alter, Harvard Medical School

Time Abstract Number
8:30 Glycans as Antigens and Modulators of Immune Responses to Parasites; Richard Cummings, 

Emory University School of Medicine ..................................................................................................................1
8:55 Glycan regulation of Immunoglobulins; Robert Anthony, Harvard Medical School .............................................2
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9:20 N- and O-glycosylation of gp120 isolated from HIV virions; Anne Dell, Imperial College ..................................3
9:45 Analysis of protein O-fucosyltransferase 1 regulation of Toll-like receptor signaling in macrophages; 

Aleksandra Nita-Lazar, NIAID, NIH ..................................................................................................................4
  ......................................................................................................................................*selected talk: poster #B1
9:55 Muc5b is an Endogenous Ligand of Siglec-F Expressed on Alveolar Macrophage and Siglec-F Activation 

Modulates Cellular Function; Adrianne L. Stefanski, University of Colorado Denver ..........................................5
  .....................................................................................................................................*selected talk: poster # B2

10:05 am – 10:30 am
Coffee Break

Golden Gate Ballroom

10:30 am – 12:15 pm
Session III: Glycan Binding Proteins, Glycosyltransferases, and Glycosidases- Structure and Function

Plaza Ballroom
Chair: Karen Colley, University of Illinois, Chicago

Time Abstract Number

10:30 Nancy Dahms, Medical College of Wisconsin ......................................................................................................6
10:55 Elucidating the structure and function of glycans at the interface of HIV and the adaptive immune system; 

Andrew Ward, The Scripps Research Institute  ....................................................................................................7
11:20 Hemicellulose biosynthesis is becoming crystal clear; William S. York, Complex Carbohydrate Research 

Center, University of Georgia ..............................................................................................................................8
11:45 How Notch sees its ligands; Vincent Luca, Stanford University School of Medicine ............................................9
12:05 The tumor associated sialyltransferase ST6Gal-I promotes a cancer stem cell phenotype and upregulates 

stem-related transcription factors; Matthew J. Shultz, University of Alabama at Birmingham ...........................10
  ....................................................................................................................................*selected talk: poster #B32

12:15 pm – 1:30 pm
Lunch on your own

12:10 pm – 1:30 pm
Glycobiology Editorial Board Meeting (Invitees only)

Union Square Rooms 17 and 18

1:30 pm – 3:30 pm
Poster Session I and Exhibits

Coffee break provided
Golden Gate Ballroom

3:30 pm – 6:10 pm
Session IV: Glycomics and Glycoengineering

Plaza Ballroom
Chair: Gerald W. Hart, Johns Hopkins University School of Medicine

Time Abstract Number
3:30 Glycocalyx engineering toward probing cancer glycome evolution; Carolyn Bertozzi, 

Stanford University & Howard Hughes Medical Institute .................................................................................11
3:55 Shaping Glycans by DNA Scissors – Turning Glycosciences Into Lego Toying; Henrik Clausen, 

University of Copenhagen .................................................................................................................................12
4:20 Glycoengineering the baculovirus-insect cell system for therapeutic glycoprotein production; Don Jarvis, 

University of Wyoming ......................................................................................................................................13
4:45 MCP Award Winner Presentation: Nicolle Packer, Macquarie University.........................................................***
5:10 Intestinal fucosylation maintains host-microbe symbiosis during sickness; Joseph Pickard, University of Chicago.....14
5:30 Dysregulation of proteoglycan expression in astrocytoma: assessment using an integrated omics 

approach; Joseph Zaia, Boston University School of Medicine ..........................................................................15
  ....................................................................................................................................*selected talk: poster #B88

2015 SFG Annual Meeting Program
D

ow
nloaded from

 https://academ
ic.oup.com

/glycob/article/25/11/1207/1988660 by guest on 20 M
arch 2024

http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1


1211

5:50 Labeling Cell Surface Glycoproteins by Selective Exo-Enzymatic Labeling (SEEL) and Metabolic Labeling; 
Peng Zhao, University of Georgia .....................................................................................................................16

  ....................................................................................................................................*selected talk: poster #B89
6:00 One-pot consolidated glycomics and glycoproteomics experiment using permethylation of glycopeptides and 

high-resolution tandem MS analysis; Parastoo Azadi, University of Georgia ...................................................143
  ..................................................................................................................................*selected talk: poster #B104

THURSDAY, DECEMBER 3, 2015

7:30 am – 3:00 pm
Registration

7:30 am – 8:30 am
Continental Breakfast
Golden Gate Ballroom

8:15 am – 8:30 am
Special Presentation

Plaza Ballroom
Karl Krueger, Chair, Alliance of Glycobiologists for Cancer Detection, National Cancer Institute

8:30 am – 10:05 am
Session V: The Many Functions of O-GlcNAc

Plaza Ballroom
Chair: Naoyuki Taniguchi, RIKEN, Global Research Cluster

Time Abstract Number
8:30 Nutrient Regulation of Cell Physiology by O-GlcNAcylation; Gerald W. Hart, Johns Hopkins University 

School of Medicine ............................................................................................................................................17
8:55 Identification and Characterization of Missense Mutations in O-GlcNAc Transferase Associated with 

X-linked intellectual Disability; Lance Wells, University of Georgia ..................................................................18
9:20 O-GlcNAcylation stabilizes proteins and nascent chains; David Vocadlo ...........................................................19
9:45 Discovery of O-GlcNAc binding interactions using photocrosslinking O-GlcNAc in vitro and in cells; 

Jennifer J. Kohler, UT Southwestern Medical Center..........................................................................................20
  ..................................................................................................................................*selected talk: poster #B122
9:55 Discovery of a Nucleocytoplasmic O-Mannose Glycoproteome in Yeast; Adnan Halim, University of 

Copenhagen ......................................................................................................................................................21
  ..................................................................................................................................*selected talk: poster #B123

10:05 am – 10:30 am
Coffee Break

Golden Gate Ballroom

10:30 am – 12:20 pm
Session VI: Glycan Regulation of Immunity and Infection II

Plaza Ballroom
Chair: Steven Rosen, University of California San Francisco

Time Abstract Number
10:30 Mucosal Innate Lymphoid Cells Regulate Epithelial Cell Glycosylation; Hiroshi Kiyono, University of 

Tokyo ................................................................................................................................................................22
10:55 Viral lectin initiates B cell Activation and Signaling; Daniel Lingwood, The Ragon Institute of MGH, 

MIT and Harvard ..............................................................................................................................................23
11:20 Katharina Ribbeck, Massachusetts Institute of Technology ................................................................................24
11:45 Directing antibody glycosylation via vaccination; Galit Alter, The Ragon Institute of MGH, MIT and 

Harvard .............................................................................................................................................................25
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12:20 pm – 1:30 pm
Lunch on your own

12:20 pm – 1:30 pm
Board of Directors Meeting (invitees only)

Location TBA

1:30 pm – 3:30 pm
Poster Session II and Exhibits

Coffee break provided
Golden Gate Ballroom

1:30 pm – 3:30 pm
Glycoinformatics Hands-On Workshop

Location TBA

3:30 pm – 4:15 pm
SFG Business Meeting (open to all attendees)

Plaza Ballroom

4:15 pm – 6:00 pm
Awards Ceremony

Plaza Ballroom

Time Abstract Number
4:15 Herbert Tabor Young Investigator Award Winner Presentation ........................................................................***
5:00 BBA Young Investigator Award Winner Presentation .......................................................................................***
5:15 Rosalind Kornfeld Award Winner Presentation Vern Reinhold, University of New Hampshire ........................***

6:00 pm – 7:00 pm
Break

7:00 pm – 11:00 pm
Banquet

Imperial Ballroom
Nominal fee. Extra tickets for guests may be ordered.

FRIDAY, DECEMBER 4, 2015

8:00 am – 1:00 pm
Registration

7:30 am – 8:30 am
Continental Breakfast
Golden Gate Ballroom

8:30 am – 10:35 am
Session VII: Applied Glycobiology

Plaza Ballroom
Chair: Lance Wells, University of Georgia, CCRC

Time Abstract Number
8:30 Engineering the next generation of heparins; Robert Linhardt, Rensselaer Polytechnic Institute ........................26
8:55 The ups and downs of heparan sulfate; Jeffrey Esko, University of California San Diego, School of Medicine ........27
9:20 Timothy Keyes, ETH, Zürich.................................................................................................................................
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9:45 Glycosylation of plasma proteins in diagnosis of HNF1A - maturity onset diabetes of the young; 
Olga Gornik, University of Zagreb ....................................................................................................................29

  ..................................................................................................................................*selected talk: poster #B139
10:05 A mitochondrial fucosyltransferase is essential for the viability of Leishmania major; Hongjie Guo, 

Washington University School of Medicine, St. Louis ........................................................................................30
  ..................................................................................................................................*selected talk: poster #B140

10:35 am – 11:00 am
Coffee Break

Golden Gate Ballroom

11:00 am – 1:05 pm
Session VIII: Glycan Expression During Differentiation and Pathology

Plaza Ballroom
Chair: Christopher West, University of Georgia

Time Abstract Number
11:00 Control of Homeostatic and Pathogenic Balance in Adipose Tissue by Ganglioside GM3; Jin-ichi Inokuchi, 

Tohoku Pharmaceutical University ....................................................................................................................31
11:25 On-Chip Glycan Modification and Probing: A Method To Query Protein Glycosylation in Clinical 

Specimens; Brian Haab, Van Andel Research Institute .......................................................................................32
  ..................................................................................................................................*selected talk: poster #B157
11:45 Bisecting glycans increase Notch expression and activity promoting the growth and progression of ovarian 

cancer; Karen Abbott, University of Arkansas for Medical Sciences ...................................................................33
  .................................................................................................................................... *selected talk: poster #158
12:05 Mapping the Glycopathology and Glycoimmunology Features of Formalin-Fixed Prostate Cancer Tissues 

by N-Glycan MALDI Mass Spectrometry Imaging; Richard R. Drake,  Medical University of South Carolina .....34
  ..................................................................................................................................*selected talk: poster #B159
12:25 Serum Anti-Glycan Antibodies as Immunotherapy Biomarkers; Jeffrey Gildersleeve, National Cancer Institute ....35
  ...................................................................................................................................... *selected talk: poster #B160
12:45 O-glycosylation of hemopexin in the progression of liver disease; Miloslav Sanda, Georgetown University ............36
  .........................................................................................................................................*selected talk: poster #B161

1:05 pm – 2:00 pm
Lunch on your own

2:00 pm – 4:00 pm
Poster Session III and Exhibits

Coffee break provided
Golden Gate Ballroom

4:00 pm – 5:20 pm
Session IX: Glycan Function in Diseases and Disorders

Plaza Ballroom
Chair: John Lowe, Genentech, Inc.

Time Abstract Number
4:00 Druggability of Lectins, as Exemplified by a Bacterial Adhesin; Beat Ernst, University of Basel .........................37
4:25 Pathogenic Cascade Downstream of Altered Processing of Sialic Acids on Glycoconjugates Due to 

Deficiency of the Lysosomal Sialidase NEU1; Allesandra d’Azzo, St. Jude Children’s Research Hospital ...........38
4:50 A Glycosidic Mechanism of Secreted Protein Aging and Turnover; Jamey Marth, Center for Nanomedicine, 

SBP Medical Discovery Institute, UCSB ............................................................................................................39

5:15 pm – 5:20 pm
Closing Remarks
Plaza Ballroom

J. Michael (Hawkeye) Pierce, University of Georgia, CCRC
President, Society for Glycobiology
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POSTER PROGRAM

Session II: Glycan Regulation of Immunity and Infection I

Poster Number Abstract Number
#B1  “Analysis of protein O-fucosyltransferase 1 regulation of Toll-like receptor signaling 

in macrophages”; Aleksandra Nita-Lazar1, Jessica M. Mann1, Karen Laky3, Iain D. C. Fraser2, 
Ning Li2 1Cellular Networks Proteomics Unit, Laboratory of Systems Biology, NIAID, NIH; 
2Signaling Systems Unit, Laboratory of Systems Biology, NIAID, NIH; 3T-Cell Development Section, 
Laboratory of Immunology, NIAID, NIH ...............................................................................................4

#B2  “Muc5b is an Endogenous Ligand of Siglec-F Expressed on Alveolar Macrophage and Siglec-F 
Activation Modulates Cellular Function”; Adrianne L. Stefanski1, Ashley A. Fletcher1, Dorota S. 
Raclawska1, Leah Barthel2, William J. Janssen1,2, Christopher M. Evans1 1University of Colorado 
Denver; 2National Jewish Health .............................................................................................................5

#B3  “A potential role for 6-sulfo sialyl Lewis X in metastasis of bladder urothelial carcinoma”; 
Hitomi Hoshino, Minekatsu Taga, Shulin Low, Motohiro Kobayashi University of Fukui ....................45

#B4  “Comparison of Orthogonal Chromatographic and Lectin-Affinity Microarray Methods for Glycan 
Profiling of a Therapeutic Monoclonal Antibody”; Matthew C. Cook1,3, Sherif J. Kaldas1,4, Gauri 
Muradia1, Michael Rosu-Myles1,2, Jeremy P. Kunkel1,5 1Regulatory Research Division, Centre for 
Biologics Evaluation, Health Canada, Ottawa, ON; 2Department of Biochemistry, Microbiology & 
Immunology, Faculty of Medicine, University of Ottawa, Ottawa, ON, Canada; 3Present address: 
Radiation Surveillance Division, Radiation Protection Bureau, Health Canada, Ottawa, ON; 
4Present address: Department of Chemistry, University of Toronto, Toronto, ON, Canada; 
5Present address: National HIV and Retrovirology Laboratories Division, National Microbiology 
Laboratory, Public Health Agency of Canada, Winnipeg, MB ...............................................................46

#B5  “A novel function of TREX1 associated with the C-terminus connects oligosaccharyltransferase 
(OST) dysregulation to a human immune disorder”; Charles S. Fermaintt, Maroof Hasan, 
Mark A Lehrman, Nan Yan University of Texas Southwestern Medical Center .....................................47

#B6  “Changes in the immunoglobulin G glycome associated with inflammatory bowel disease”; 
Toma Keser1, Irena Trbojević Akmačić2, Nicholas T. Ventham3, Evropi Theodoratou4, Frano Vučković2, 
Nicholas A. Kennedy3, Elaine R. Nimmo3, Rahul Kalla3, Hazel Drummond3, Jerko Štambuk2, Harry 
Campbell4, Charlotte Hedin5,6, Mauro D’Amato7, Jonas Halfvarsson8, Jack Satsangi3, Gordan Lauc1,2 
1Department of Biochemistry and Molecular Biology, Faculty of Pharmacy and Biochemistry, 
University of Zagreb, Zagreb, Croatia; 2Genos Glycoscience Research Laboratory, Zagreb, Croatia; 
3Centre for Genetics and Molecular Medicine, University of Edinburgh, Edinburgh, UK; 4Centre for 
Population Health Sciences, University of Edinburgh, Edinburgh, UK; 5Diabetes and Nutritional 
Sciences Division, School of Medicine, King’s College London, London, UK; 6Centre for Digestive 
Diseases, Blizard Institute, Queen Mary University of London, London, UK; 7Department of 
Biosciences and Nutrition, Karolinska Institute, Stockholm, Sweden; 8Division of Gastroenterology, 
Örebro University Hospital and School of Health and Medical Sciences, Örebro University, Örebro, 
Sweden ..................................................................................................................................................48

#B7  “Understanding glycan mediated interactions of the Influenza A virus with host immune system 
using integrated omics and computational glycobiology”; Kshitij Khatri1, Joshua A. Klein1, Mitchell 
R. White1, Oliver C. Grant2, Nancy Leymarie1, Robert J. Woods2, Kevan L. Hartshorn1, Joseph Zaia1 
1Boston University; 2University of Georgia.................................................................................................49

#B8  “Specific subsets of kinases mediate Siglec-8 engagement-induced reactive oxygen species (ROS) 
production and apoptosis in primary human eosinophils.”; Daniela Janevska, Jeremy A. O’Sullivan, 
Yun Cao, Bruce S. Bochner Northwestern University Feinberg School of Medicine, Chicago, IL ...........50

#B9  “Crosslinking-induced Siglec-8 endocytosis in eosinophils is influenced by the actin cytoskeleton, 
tyrosine kinases, dynamin, and sialylated cis ligands”; Jeremy A. O’Sullivan1, Daniela Janevska1, 
Corwin M. Nycholat2, Yun Cao1, Bruce S. Bochner1 1Northwestern University; 2The Scripps 
Research Institute ..................................................................................................................................51

#B10  “Role of an innate pattern recognition molecule, galectin-3, in the innate immune response against 
Aspergillus fumigatus”; Sachiko Sato1,3, Brendan D. Snarr2, Guillaume St-Pierre3, Yukiko Sato2, 
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Mark J. Lee2, Donald C. Sheppard2 1Faculty of Medicine, Laval University; 2Departments of 
Medicine; Microbiology and Immunology McGill University; 3Research Centre for Infectious 
Diseases, CHU de Quebec ....................................................................................................................52

#B11  “ArtinM display different effects on murine- and Jurkat-T cells”; Thiago A. da Silva, Maria C. 
Roque-Barreira University of São Paulo ................................................................................................53

#B12  “Epididymitis caused by infection with uropathogenic Escherichia coli results in desialylation of 
sperm glycocalyx and epithelial cells”; Sebastian P. Galuska1, Farhad Khosravi1,2, Vera Michel2, 
Hans-Christian Schuppe3, Adrian Pilatz3, Sudhanshu Bhushan2, Andreas Meinhardt2 1Institute 
of Biochemistry, Justus-Liebig-University, Giessen; 2Institute of Anatomy and Cell Biology, 
Justus-Liebig-University, Giessen; 3Department of Urology, Pediatric Urology and Andrology, 
Justus-Liebig-University, Giessen ...........................................................................................................54

#B13  “Modified sialic acids and influenza virus host specificity.”; Colin R. Parrish1, Brian R. Wasik1, 
Ajit Varki2, Karen N. Barnard1 1Cornell University; 2UC San Diego ......................................................55

#B14  “Development of novel GM1 ganglioside-like peptide mimics that prevent the association of cholera 
toxin B subunit to GM1”; Robert K. Yu1, Seigo Usuki1, Yutaka Itokazu1, Han-Chung Wu2 1Georgia 
Regents University, Augusta, GA, USA; 2Academia Sinica, Nankang, Taiwan ............................................56

#B15  “Sialylation of TNFR1 Death Receptor Controls Cell Fate”; Andrew T. Holdbrooks, Matthew 
J. Schultz, Zhongyu Liu, Daniel Bullard, Susan L. Bellis University of Alabama at Birmingham ............57

#B16  “Binding of galectin-9 to O-glycans retains protein disulfide isomerase on the T cell surface”; 
Katrin Schaefer1, Nicholas E. Webb2, Mabel Pang1, Jenny E. Hernandez-Davies3, Benhur Lee4, 
Linda G. Baum1 1University of California Los Angeles, Department of Pathology and Laboratory 
Medicine, 10833 Le Conte Ave, Los Angeles, CA 90095; 2University of California Los Angeles, 
Department of Microbiology, Immunology, and Molecular Genetics, 615 Charles E Young Drive 
East, Los Angeles, CA 90024; 3Beckmann Research Institute of City of Hope Cancer Center, 
Department of Cancer Biology, Duarte, CA 91010; 4Icahn School of Medicine at Mount Sinai, 
Department of Microbiology, One Gustave L. Levy Place, #1124, New York, NY 10029 .....................58

#B17  “Intelectin-1 is induced by IL-13 via MAPK pathway and selectively binds to IL-13 stimulated 
LS174 T cells”; Jin Kyu Lee, Jonathan Viola, Alison Nairn, Kelley Moremen, Michael Pierce 
University of Georgia ............................................................................................................................59

#B18  “Microbiota polysaccharides modulate peripheral immune quiescence by T cell cooperativity”; 
Mark B. Jones, Jenny L. Johnson, Brian A. Cobb Case Western Reserve University ...............................60

#B19  “Evaluating interactions between bacterial SRR adhesins and human platelet glycoprotein GPIba 
by glycoproteomics approaches”; Lingquan Deng1, Barbara Bensing2, Weiming Yang1, Renhao Li3, 
Jerry Ware4, Ajit Varki5, Paul Sullam2, Hui Zhang1 11Department of Pathology, School of Medicine, 
Johns Hopkins University, Baltimore, MD 21287; 22Department of Medicine, San Francisco 
Veterans Affairs Medical Center and the University of California, San Francisco, San Francisco, 
CA 94121; 33Aflac Cancer and Blood Disorders Center, Department of Pediatrics, Emory University 
School of Medicine, Atlanta, GA 30322; 44Department of Physiology & Biophysics, University of 
Arkansas for Medical Sciences, Little Rock, AR 72205; 55Glycobiology Research and Training Center, 
Department of Cellular and Molecular Medicine, University of California, San Diego, 
San Diego, CA 92093 ............................................................................................................................61

#B20  “Utilizing Pathogen Sialolectins to Probe Sialic Acid Diversity”; Brian R. Wasik1, Karen Barnard1, 
Ajit Varki2, Colin R. Parrish1 1Cornell University, Baker Institute for Animal Health, Ithaca, 
NY 14853; 2University of California-San Diego, Department of Cellular and Molecular Medicine, 
La Jolla, CA 92093................................................................................................................................62

#B21  “Development of an accessible mass spectrometry platform for high-throughput, large-scale 
determination of glycosylation microheterogeneity in complex biological samples.”; John W. Froehlich1,2, 
Peter Warren1, Richard S. Lee1,2 1Boston Children’s Hospital; 2Harvard Medical School .......................63

#B22  “O-Glycosylation Regulates Gut Microbiota and Homeostasis Through Multiple Pathways”; 
Matthew R. Kudelka1, Tongzhong Ju1, Trevor Darby1, Benjamin Hinrichs1, Hikaru Nishio3, Yingchun 
Wang1, Asma Nusrat2, Rheinallt M. Jones1, Andrew S. Neish1, Richard D. Cummings1 1Emory 
University; 2University of Michigan; 3Ajinomoto Pharmaceuticals Co., Ltd ..........................................64

#B23  “Glycosylation on peptides presented by HLA class I molecules”; Marshall Bern3, Fabio Marino1,2, 
Geert P.M. Mommen1,2,4, Aneika C. Leney1,2, Alexandre M.J.J. Bonvin1, Cecile A.C.M. van Els5, 
Christopher Becker3, Albert J.R. Heck1,2 1Utrecht University; 2Netherlands Proteomics Centre; 

2015 SFG Annual Meeting Poster Program
D

ow
nloaded from

 https://academ
ic.oup.com

/glycob/article/25/11/1207/1988660 by guest on 20 M
arch 2024

http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1
http://glycob.oxfordjournals.org/lookup/suppl/doi:10.1093/glycob/cwv041/-/DC1


1216

3Protein Metrics Inc.; 4Institute for Translational Vaccinology, Bilthoven; 5Centre for Infectious 
Disease Control, The Netherlands .........................................................................................................65

#B24  “Siglec-8 binds to sialylated keratan sulfate chains on aggrecan extracted from human airways”; 
Anabel Gonzalez-Gil1, Ryan Porell1, Steve M. Fernandes1, Kazuhiro Aoki2, Michael Tiemeyer2, 
Ronald L. Schnaar1 1Department of Pharmacology and Molecular Sciences, Johns Hopkins University 
School of Medicine, Baltimore, MD; 2University of Georgia, Complex Carbohydrate Research Center, 
Athens, GA ...........................................................................................................................................66

#B25  “Glycosylation Patterns on HIV-1 Envelope Glycoprotein”; Audra L. Hargett1, Qing Wei1, Milan 
Raska1,2, Barbora Knoppova1,2, Stacy Hall1, Katerina Zachova2, Zhi-Qiang Huang1, Zina 
Moldoveanu1, Jan Novak1, Matthew Renfrow1 1University of Alabama at Birmingham, Birmingham, 
AL; 2Palacky University in Olomouc, Olomouc, Czech Republic ..........................................................67

#B26  “Human naïve CD4+ T lymphocyte activation induces neoexpression of GD2 ganglioside.”; 
Tania M. Villanueva1,2, Rosella Mollicone3, Mario E. Cruz4, Ivan Martínez-Duncker1 1Laboratorio 
de Glicobiologia Humana, Centro de Investigacion en Dinamica Celular, Universidad Autonoma del 
Estado de Morelos; 2Instituto de Biotecnologia, UNAM; 3INSERM, U1004, Paris Sud Université XI, 
Paul Brousse Hôpital; 4Laboratorio de Inmunologia Molecular, Facultad de Medicina, Universidad 
Autonoma del Estado de Morelos .........................................................................................................68

#B27  “Specific N-linked glycan complexity features on HIV gp120 enhance dendritic cell activation”; 
Mindy Porterfield1, Nickita Mehta1, Monia Draghi2, Galit Alter2, Michael Tiemeyer1 1Complex 
Carbohydrate Research Center, University of Georgia; 2Ragon Institute ...............................................69

#B28  “Human germinal center B cells express a unique glycosylation signature characterized by poly-N-
acetyllactosaminyl glycans”; Nicholas Giovannone1, Jenna E. Geddes-Sweeney1, Jennifer Liang1, 
Aristotelis Antonopoulos2, Stephen M. Pochebit3,4, Neil Bhattacharyya5,6, Steven R. Barthel1, 
Stuart M. Haslam2, Charles J. Dimitroff1,4 1Department of Dermatology, Brigham and Women’s 
Hospital, Boston, MA, USA; 2Department of Life Sciences, Imperial College London, London, 
United Kingdom; 3Department of Pathology, Brigham and Women’s Hospital, MA, USA; 4Harvard 
Medical School, Boston, MA, USA; 5Department of Surgery, Division of Otolaryngology, Brigham 
and Women’s Hospital, Boston, MA, USA; 6Department of Otology and Laryngology, Harvard 
Medical School, Boston, MA, USA ........................................................................................................70

#B29  “Identification of broadly neutralizing antibody-HIV envelop glycans interaction fingerprints for 
HIV vaccine immunogen design”; Wen-Han Yu1,2, Monia Draghi 2, Claudia Arevalo 2, Peng Zhao3, 
Douglas Lauffenburger 1, Lance Wells 3, Galit Alter 2 1Department of Biological Engineering, 
Massachusetts Institute Of Technology, Cambridge, Ma 02139, Usa; 2Ragon Institute Of 
Massachusetts General Hospital, Massachusetts Institute of Technology and Harvard University, 
Cambridge, MA, USA; 3Complex Carbohydrate Research Center, Department of Biochemistry and 
Molecular Biology, The University of Georgia, Athens, Georgia 30602, USA ........................................71

#B30  “Selection-Independent regulation of inflammatory cell trafficking by alpha1,3-fucose ligands - 
modulation of the beta2 integrin axis”; Alexander Buffone1, Mehrab Nasirikenari1, Charles T. 
Manhardt1, Amit Lugade1, Paul N. Bogner1, Yasmin Thanavala1, Robert Sackstein3, Sriram 
Neelamegham2, Joseph T. Lau1 1Roswell Park Cancer Institute; 2State University of New York at 
Buffalo; 3Brigham and Women’s Hospital / Harvard Medical School ....................................................72

#B31  “The structural role of antibody N-glycosylation in receptor interactions”; Adam W. Barb, Ganesh 
P. Subedi, Quinlin M. Hanson Iowa State University .............................................................................73

Session III: Glycan Binding Proteins, Glycosyltransferases, and Glycosidases- Structure and Function

Time Abstract Number
#B32  “The tumor associated sialyltransferase ST6Gal-I promotes a cancer stem cell phenotype and 

upregulates stem-related transcription factors”; Matthew J. Schultz1, Andrew T. Holdbrooks1, Asmi 
Chakraborty1, William E. Grizzle1, Charles N. Landen2, Donald J. Buchsbaum1, Michael G. Conner1, 
Rebecca C. Arend1, Karina Yoon1, Christopher A. Klug1, Daniel C. Bullard1, Robert A. Kesterson1, 
Patsy G. Oliver1, Amber K. O’Connor1, Bradley K. Yoder1, Susan L. Bellis1 1University of Alabama 
at Birmingham; 2University of Virgina...................................................................................................10

#B33  “Mouse POGLUT1 (Rumi) Regulates the Function of JAGGED1 during Intrahepatic Bile 
Duct Development”; Shakeel M. Thakurdas1, Mario F. Lopez1, Shinako Kakuda2, Rodrigo 
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Fernandez-Valdivia3, Neda Zarrin-Khameh1, Robert S. Haltiwanger2, Hamed Jafar-Nejad1 
1Baylor College of Medicine; 2Stony Brook University; 3Wayne State University ............................. 74

#B34  “Probing Sialoglycans on Fetal Bovine Fetuin with Glycosyltransferases”; Xinyi Huang, 
Andrew J. Burton, Karl A.D. Swift, Zhengliang L. Wu Bio-techne .........................................................75

#B35  “Thermodynamic switch in binding of human galectin-3 to tumor-associated TF antigen (CD176) 
and MUC1 glycopeptides”; Mare Cudic1, Maria C. Rodriguez1,2, Svetlana Yegorova2, Jean-Philippe 
Pitteloud2, Anais E. Chavaroche2, Sabine André3, Ana Ardá5, Dimitriy Minond2, Jesús Jiménez-
Barbero4,5, Hans-Joachim Gabius3 1Florida Atlantic University; 2Torrey Pines Institute for Molecular 
Studies; 3Ludwig-Maximilians-University; 4CIC bioGUNE; 5Ikerbasque, Basque Foundation for 
Science ..................................................................................................................................................76

#B36  “Loss of galectin-3 leads to retention of bone mass in aging female mice”; Kevin A. Maupin1, 
Kevin Weaver1, Carol Flegler2, Stanley L. Flegler2, Tao Yang1, John L. Wang2, Bart O. Williams1 
1The Van Andel Institute Graduate School, Grand Rapids, MI; 2Michigan State University, East 
Lansing, MI ..........................................................................................................................................77

#B37  “Deciphering the Fringe Code: Molecular mechanisms for Fringe affects on mouse Notch1”; 
Shinako Kakuda, Robert S. Haltiwanger Department of Biochemistry and Cell Biology, Stony Brook 
University, Stony Brook .........................................................................................................................78

#B38  “Deciphering the Fringe Code: Investigating the Effects of Fringe Modification on the Drosophila 
Notch-Ligand Binding”; Beth M. Harvey, Robert S. Haltiwanger Department of Biochemistry and 
Cell Biology, Stony Brook University, Stony Brook, NY 11794–5215 ...................................................79

#B39  “Evidence for a fucosylated protein complex associated with the nuclear membrane of Toxoplasma 
gondii”; John Samuelson1, Giulia Bandini1, Edwin Motari1, Catherine E. Costello1, Sebastian Lourido3, 
Christopher West2, Phillips W. Robbins1 1Boston University; 2University of Georgia; 3Whitehead 
Institute (MIT) ......................................................................................................................................80

#B40  “Problems and Prospects with the Study of 9-O-acetylated Sialoglycans in Microarrays”; 
Zahra Khedri1, Hai Yu2, Ajit Varki1, Xi Chen2 1Glycobiology Research and Training Center, 
University of California, San Diego; 2Department of Chemistry, University of California, Davis ..........81

#B41  “New findings on the detection, expression, dimerization and ligand binding properties of mouse 
Siglec-E”; Shoib S. Siddiqui1, Flavio Schwarz1, Stevan Springer1, Zahra Khedri1, Hai Yu2, Lingquan 
Deng1, Andrea Verhagen1, Weiping Jiang3, Daniel Kim3, Jie Zhou3, Yuko Naito-Matsui1, Xi Chen2, 
Nissi Varki1, Ajit Varki1 1UC San Diego, La Jolla, CA 92093, USA; 2UC Davis, CA 95616, USA; 
3BioLegend, Inc., USA ...........................................................................................................................82

#B42  “IgG glycan hydrolases in Group C and G streptococci”; Azadeh Shadnezhad1, Jonathan Sjögren1, 
Andreas Naegeli1, Fredrik Leo1, Maria Allhorn1, Anders Jensen2, Mattias Collin1 1Lund University; 
2Aarhus University ................................................................................................................................83

#B43  “2015 Update of Carbohydrate 3D Structures in the Protein Data Bank (PDB)”; Thomas Lütteke 
Justus-Liebig-University Giessen ...........................................................................................................84

#B44  “Biosynthesis of the O Antigen Repeating Unit of Escherichia Coli Serotype O104”; 
Diana Czuchry, Walter A. Szarek, Inka Brockhausen Queen’s University ..............................................85

#B45  “The Man5Gn2 N-glycoform on ppGalNAcT1 in normal cells indicates its cis-Golgi localization 
and supports Golgi vesicular transport theory”; Pi-Wan Cheng1,2, Ganapati Bhat1,2, Vishwanath 
Chachadi1,2, Ulla Mandel3 1Veteran Affairs Nebraska-Western Iowa Healthcare System; 2University 
of Nebraska Medical Center, Omaha, NE 68198–5870 USA; 3University of Copenhagen, Denmark .......86

#B46  “Differential keratan sulfate proteoglycan phenotype in the beta-1,3-N-acetylglucosaminyltransferse-7 
deficient mouse cornea.”; Stacy L. Littlechild1,2, Robert D. Young1,2, Andrew J. Quantock1,2, 
Tomoya O. Akama3,4 1Biophysics Group, School of Optometry and Vision Sciences, Cardiff University, 
Cardiff, UK; 2Cardiff Institute of Tissue Engineering and Repair, Cardiff University, Cardiff, UK; 
3Department of Pharmacology, Kansai Medical University, Osaka, Japan; 4Tumor Microenvironment 
Program, Sanford-Burnham Medical Research Institute, La Jolla, CA, USA ..........................................87

#B47  “Cloning of endo-ß-galactosidase from B. fragilis”; Tomoya O. Akama1, Kiyohiko Angata2, 
Tomoyuki Nakamura1, Michiko N. Fukuda2 1Kansai Medical University; 2National Institute of 
Advanced Industrial Science and Technology (AIST) .............................................................................88

#B48  “Fluorescent multiplex cell rolling assay: simultaneous capturing up to eight samples in real-time 
using spectral confocal microscopy”; Ayman F. AbuElela, Jasmeen S. Merzaban King Abdullah 
University of Science and Technology ....................................................................................................89
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#B49  “CD44 and P-selectin glycoprotein ligand 1 (PSGL-1) collaborate in controlling the migration of 
human activated T cells to E-selectin.”; Amal J. Ali, Ayman F. AbuElela, Jasmeen S. Merzaban King 
Abdullah university of Science and Technology .....................................................................................90

#B50  “N-glycoprotein: role of protein structure on glycan microheterogeneity”; Marie Estelle LOSFELD1, 
Chia Wei Lin1, Oliver C. Grant2, Ivan Hang1, Robert J. Woods2, Robert Gauss1, Markus Aebi1 
1ETH Zurich Insitute of Microbiology; 2University of Georgia Complex Carbohydrate Research 
Center ...................................................................................................................................................91

#B51  “Altered Golgi targeting of ß4GalT1 in cancer cells causes conversion of some complex-type N-glycans 
on this enzyme to high mannose-type”; Ganapati Bhat, Vishwanath Chachadi, Pi-Wan Cheng Veteran 
Affairs Nebraska-Western Iowa Healthcare System and University of Nebraska Medical Center, 
Omaha, NE 68198–5870 USA .............................................................................................................92

#B52  “Substrate promiscuities of ß1–3-N-acetylglucosaminyltransferases and ß1–4-galactosyltransferases”; 
Yanhong Li1, Mengyang Xue1,2, Xue Sheng1, Hai Yu1, Jie Zeng1,5, Vireak Thon1,3,4, Peng G. Wang3, 
Xi Chen1 1University of California-Davis; 2Shandong University; 3Georgia State University; 4Food 
and Drug Administration; 5Henan Institute of Science and Technology .................................................93

#B53  “Quantitative Characterization of the Interaction of Native CD44 and PSGL-1 with E-selectin Using 
a Real-time Immunoprecipitation-based Binding Assay”; Dina B. AbuSamra, Alia Al-Kilani, Samir 
M. Hamdan, Kosuke Sakashita, Samah Z. Gadhoum, Jasmeen S. Merzaban Division of Biological 
and Environmental Sciences and Engineering, King Abdullah University of Science and Technology, 
Thuwal 23955, Saudi Arabia .................................................................................................................94

#B54  “Influence of carrier lipid composition on glycan recognition in NGL-based microarrays”; 
Lisete Silva1, Robert A. Childs1, Angelina S. Palma1,2, Wengang Chai1, Ten Feizi1, Yan Liu1 
1Imperial College London; 2Faculty of Science and Technology New University of Lisbon ...................95

#B55  “Small Molecule Antagonists of Cell-Surface Heparan Sulfate and Heparin–Protein Interactions”; 
Ryan J. Weiss1,2, Philip L. Gordts4, Dzung Le4, Ding Xu3, Jeffrey D. Esko1, Yitzhak Tor2 1Department 
of Cellular and Molecular Medicine, University of California, San Diego; 2Department of Chemistry 
and Biochemistry, University of California, San Diego; 3Department of Oral Biology, University at 
Buffalo; 4Department of Medicine, University of California, San Diego ................................................96

#B56  “Structural studies of Endoplasmic Reticulum Glucosidase II”; Alessandro T. Caputo, Dominic 
Alonzi, Alice Cross, J.L. Kiappes, Pietro Roversi, Nicole Zitzmann Oxford Glycobiology Institute, 
Department of Biochemistry, University of Oxford, United Kingdom ...................................................97

#B57  “Structure-Function Studies of Syndecan-1, the Dominant Heparan Sulfate Proteoglycan Lipoprotein 
Clearance Receptor”; Md Ferdous Anower-E-Khuda1, Philip L.S.M Gordts2, Tiffany Lee1, Jeffrey 
D. Esko1 1Department of Cellular and Molecular Medicine, University of California, San Diego, 
La Jolla, CA; 2Department of Medicine, Endocrinology and Metabolism, University of California, 
San Diego, La Jolla, CA .........................................................................................................................98

#B58  “Building the Cell Wall: Insights into the Mechanism of Xylan Synthesis and O-Acetylation”; 
Breeanna Urbanowicz, Maria Peña, Heather Moniz, Shuo Wang, Kelley Moremen, William York 
University of Georgia ............................................................................................................................99

#B59  “RosettaCarbohydrates: Expanding the computational tools available to glycoscientists”; 
Jason W. Labonte, Jeffrey J. Gray Johns Hopkins University ...............................................................100

#B60  “Deciphering Determinants of Functional Glycosylation on Alpha-Dystroglycan”; Stephanie Halmo, 
Melanie Edlin, Sneha Patel, Danish Singh, Shuo Wang, Jeong Yeh Yang, Geert-Jan Boons, Kelley 
Moremen, David Live, Lance Wells Complex Carbohydrate Research Center, University of Georgia ......101

#B61  “Characterizing the interaction of E-selectin with its ligands and the influence it has on cell tethering/
rolling”; Jasmeen S. Merzaban King Abdullah University of Science and Technology ..........................102

#B62  “Analysis of time-course reaction products of GalNAc-transferases at glycoform-specific resolution 
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of Medicine, Toyoake, Japan ................................................................................................................103
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Frederiksberg, DK-1871, Denmark; 3Department of Plant and Microbial Biology, University of 
California, Berkeley, CA 94720, USA; 4ARC Centre of Excellence in Plant Cell Walls, School of 
BioSciences, The University of Melbourne, Melbourne, Vic 3010, Australia; 5Centro de Biotecnología 
Vegetal, Facultad de Ciencias Biológicas, Universidad Andrés Bello, Santiago, Chile ...........................104

#B64  “Recombinantly expressed human intelectin-1 binds mature mouse adipocytes in a 
carbohydrate-specific manner”; Jonathan Viola, Jin Kyu Lee, Michael Pierce University of Georgia .......105

#B65  “Heterologous Expression and Characterization of the Family GT34 Xyloglucan Xylosyl 
Transferases”; Peter J. Smith1,2, Maria J. Peña1,2, Sami T. Tuomivaara1,2, Breeanna R. Urbanowicz1,2, 
William S. York1,2 1Complex Carbohydrate Research Center; 2The University of Georgia ...................106
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Reserve University ...............................................................................................................................107
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Technology, Thuwal 23955, Saudi Arabia ............................................................................................108
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#B70  “Detecting Glycosyltransferase activities with bioluminescent UDP, GDP and CMP assays”; 
Laurie Engel, Jacquelyn Hennek, Gediminas Vedugiris, Juliano Alves, Said Goueli, Hicham Zegzouti 
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National Institute of Dental & Craniofacial Research, NIH................................................................120

#B80  “Structural Study of the Abruptex Domain in Mouse Notch 1”; Huimin Zhong, Octavia 
Y. Goodwin, Megan A. Macnaughtan Louisiana State University ........................................................121

#B81  “A ΔnagZ E. coli Co-Expression System for Mapping O-GlcNAc Modification Sites”; Kelin Wang, 
Octavia Y. Goodwin, Fabrizio Donnarumma, Kermit K. Murray, Megan A. Macnaughtan Louisiana 
State University ...................................................................................................................................122

#B82  “Insights into mammalian glycosylation enzymes coming from large-scale eukaryotic expression 
platforms”; L. Meng1, S. Wang1, R. Kadirvelraj1, F. Forouhar2, A. Ramiah1, Z. Gao1, J. Seetharaman2, 
S. Milaninia2, G. Gahlay3, M. Stuart3, J. Steel4, J. LaBaer4, D. Jarvis3, L. Tong2, Z. Wood1, K. W. 
Moremen1 1University of Georgia; 2Columbia University; 3University of Wyoming; 4Arizona State 
University ............................................................................................................................................123

#B83  “Characterization of an archaeal hyperthermophilic cellulase expressed in planta: glycosylation, 
activity and substrate specificity”; Patricia Bubner1, Heidi Szemenyei1, Shu-Lun Tang1, Anthony 
Iavarone2, Stefan Bauer1, Douglas Clark1, Chris R. Somerville1 1Energy Biosciences Institute, 
University of California Berkeley, Berkeley, CA 94720, USA; 2California Institute for Quantitative 
Biosciences, University of California, Berkeley, CA 94720, USA..........................................................124

#B84  “Using CRISPR-Cas technology to quantify the relative contributions of O-glycans, N-glycans 
and Glycosphingolipids to cell adhesion”; Sriram Neelamegham, Gino Stolfa, Nandini Mondal, 
Zhu Yuqi, Buffone, Jr. Alexander State University of New York, Buffalo, NY, USA .............................125

#B85  “Structure and functional analysis of galectin-11 of domestic sheep (Ovis aries)”; Sakthivel 
Dhanasekaran1,2,4, Adam Shahine2, MD Shakif Ul Azam1, Dene Littler2, Sally Troy2, Matthew 
Johnson2, Jamie Rossjohn2,3, David Piedrafita1, Travis Beddoe2,4 1School of Applied Science and 
Engineering, Federation University, Churchill, Victoria, 3842, Australia; 2Department of Biochemistry 
and Molecular Biology, Monash University, Clayton, Victoria, 3800, Australia; 3Institute of Infection 
and Immunity, School of Medicine, Cardiff University, Heath Park, Cardiff, CF14 4XN, UK; 
4Department of Animal, Plant and Soil Science and Centre for AgriBioscience (AgriBio), La Trobe 
University, Melbourne, Victoria, 3086, Australia .................................................................................126

#B86  “Predicting the HILIC Retention Behavior of Individual Glycopeptides”; Barry Boyes1,2, Majors 
Badgett2, Ron Orlando2 1Advanced Materials Technology Inc; 2Complex Carbohydrate Research 
Center .................................................................................................................................................127

#B87  “Reciprocal feedback regulation of ST3Gal1 and GFRa1 signaling in breast cancer cells”; 
Tan-chi Fan1, Ming-yi Ho1, Wen-der Lin1, Chih-hao Chang1, Huiling Yeo1, Alice Yu1,2,3 1Institute 
of Stem Cell and Translational Cancer Research, Chang Gung Memorial Hospital at Linkou, 
Taoyuan, Taiwan; 2Genomics Research Center, Academia Sinica, Taipei, Taiwan; 3Department 
of Pediatrics/Hematology Oncology, University of California, San Diego, CA, USA ............................128

Session IV: Glycomics and Glycoengineering

Time Abstract Number

#B88  “Dysregulation of proteoglycan expression in astrocytoma: assessment using an integrated omics 
approach”; Chun Shao1, Joshua Klein1, Lilla Turiak1, Joanna Phillips2, Joseph Zaia1 1Boston University 
School of Medicine; 2Univesity of California San Francisco ...................................................................15
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#B89  “Labeling Cell Surface Glycoproteins by Selective Exo-Enzymatic Labeling (SEEL) and Metabolic 
Labeling”; Peng Zhao, Seok-Ho Yu, Cheng Yu Chen, Kelley W. Moremen, Geert-Jan Boons, Richard 
Steet, Lance Wells University of Georgia ...............................................................................................16

#B90  “GAG Sequencing, Aided by Sulfate Site Isotope Exchange and MSn”; Qing Guo1,2, Vernon N. 
Reinhold1,2 1University of New Hampshire Glycomics Center; 2Molecular Cellular and Biomedical 
Sciences .............................................................................................................................................129

#B91  “Glycomics research on GAGs using SPR biosensors”; Fuming Zhang, Robert J. Linhardt Rensselaer 
Polytechnic Institute .............................................................................................................................. 130

#B92  “Biological activities of alginate oligosaccharides prepared by enzymatic digestion”; Mikinori Ueno, 
Tatsuya Oda Nagasaki University, Faculty of Fisheries ........................................................................131

#B93  “One-Step SEEL With ST6Gal1 Results in High Efficiency Labeling and Detection of Cell Surface 
Sialoglycoproteins”; Seok-Ho Yu, Tiantian Su, Peng Zhao, Lu Meng, Kelley W. Moremen, Lance 
Wells, Geert-Jan Boons, Richard Steet University of Georgia ..............................................................132

#B94  “Modifying an insect cell N-glycan processing pathway using CRISPR-Cas9 technology”; Hideaki 
Mabashi-Asazuma1, Chu-Wei Kuo2, Kay-Hooi Khoo2, Donald L. Jarvis1,3 1Department of Molecular 
Biology, University of Wyoming, Laramie, WY 82071; 2Institute of Biological Chemistry, Academia 
Sinica 128, Nankang, Taipei 115, Taiwan; 3GlycoBac, LLC, Laramie, WY 82072 ...............................133

#B95  “Glycoengineered monoclonal antibodies using a chemoenzymatic approach and their affinities 
for FcγRIIIa and variable antibody-dependent cellular cytotoxicities”; Takashi Shirai1, Masaki 
Kurogochi1, Masako Mori1, Kenji Osumi1, Mami Tojino1, Shou Takashima1, Masahiro Tomita2, 
Atsushi Takayanagi3, Shin-Ichiro Shoda4 1The Noguchi Institute; 2Immuno-Biological 
Laboratories Co., Ltd.; 3Keio University School of Medicine; 4Tohoku University .......................... 134

#B96  “Enginereered genome editing tools for glycogene activation and inactivation: “On/off” switches 
for glycogene function.”; Eric P. Bennett, Zhang Yang, Weihua Tian, Henrik Clausen University of 
Copenhagen ........................................................................................................................................135

#B97  “Peracetyl N-thioglycolyl-D-galactosamine (Ac5GalNTGc) as an efficient glyco-tool for the 
glycoproteomic investigations of mammalian cell surface CD antigens.”; Srinivasa-Gopalan 
Sampathkumar1, Sriram Neelamegham2, Vandita Dwivedi1, Asif Shajahan1, Gino Stolfa2, Monika 
Garg1, Syed Meheboob Ahmed1 1Laboratory of Chemical Glycobiology, National Institute of 
Immunology, New Delhi, India; 2Department of Chemical and Biological Engineering, NY State Center 
for Excellence in Bioinformatics and Life Sciences, State University of New York, Buffalo, NY, USA .........136

#B98  “GRITS Toolbox – A software system for the archival, processing and interpretation of glycomics 
data”; Rene Ranzinger, Brent Weatherly, Sena Arpinar, Shahnawaz Khan, Mindy Porterfield, 
Michael Tiemeyer, William S. York Complex Carbohydrate Research Center, University of Georgia, 
Athens, GA, USA ................................................................................................................................137

#B99  “GlycoMob -  an Ion Mobility Mass Spectrometry Database”; Matthew P. Campbell5, Weston Struwe1, 
Kevin Pagel2,3, Justin LP Benesch1, David Harvey4 1Department of Chemistry, University of Oxford, 
Oxford, OX1 3QZ, UK; 2Free University Chemistry, Institute of Chemistry and Biochemistry, 
Takustrasse 3, 14195 Berlin, Germany; 3Department of Molecular Physics, Fritz Haber Institute of 
the Max Planck Society, 14195 Berlin, Germany; 4Oxford Glycobiology Institute, Department of 
Biochemistry, University of Oxford, Oxford, OX1 3QU, UK; 5Biomolecular Frontiers Research 
Centre, Macquarie University, Sydney, NSW 2109, Australia ...............................................................138

#B100  “A substructure search method for carbohydrate structures based on the WURCS notation using 
Semantic Web technology”; Issaku YAMADA1, Kiyoko F. AOKI-KINOSHITA2,3, Masaaki 
MATSUBARA1, Nobuyuki P. AOKI2, Daisuke SHINMACHI2, Hisashi NARIMATSU3 1The 
Noguchi Institute; 2Soka University; 3National Institute of Advanced Industrial Science and 
Technology (AIST) ..............................................................................................................................139

#B101  “Expression of C1-Inh with excellent glycosylation profile and serum half-life in CAP-Go.2 cells”; 
Silke Wissing, Jens Woelfel, Helmut Kewes, Christian Niehus, Corinna Bialek, Sabine Hertel, Nicole 
Faust CEVEC Pharmaceuticals, 51105 Cologne, Germany .................................................................140

#B102  “Extending the functionalities of nanoLC-MS2/MS3-based glycomic pipeline in mapping and 
quantifying the critical glycosylation features”; Ming-Yi Ho1, Cheng-Te Hsiao2, Po-Wei Wang2, 
Jian-You Chen2, Yu-Dai Kuo2, Hua-Chien Chang2, Chu-Wen Cheng2, Shui-Hua Wang2, Kay-Hooi 
Khoo2 1Institute of Stem Cell and Translational Cancer Research, Chang Gung Memorial Hospital, 
Taiwan; 2Institute of Biological Chemistry, Academia Sinica, Taiwan ..................................................141
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#B103  “Permethylation of glycopeptides and tandem high resolution MS-MS analysis for the rapid 
elucidation of N-linked glycoproteome.”; Asif Shajahan, Mayumi Ishihara, Parastoo Azadi Complex 
Carbohydrate Research Center, University of Georgia, Athens, GA .....................................................142

#B104  “One-pot consolidated glycomics and glycoproteomics experiment using permethylation of 
glycopeptides and high-resolution tandem MS analysis”; Parastoo Azadi, Christian Heiss, 
Asif Shajahan, Mayumi Ishihara University of Georgia, CCRC ...........................................................143

#B105  “Analysis of samples as well as their mixtures allows RElative QUantItation of Everything 
Meaningful”; Sami T. Tuomivaara, William S. York University of Georgia ..........................................144

#B106  “Glycopeptidomics: Where Lectin Enrichment, ETD and New Bioinformatic Tools Can Get You”; 
Robert J. Chalkley, Katalin F. Medzihradszky University of California San Francisco ..........................145

#B107  “Chemoenzymatic Synthesis of homogeneous N-glycans “; Lei Li, Yunpeng Liu, Cheng Ma, Jingyao 
Qu, Peng G. Wang Department of Chemistry, Georgia State University, Atlanta, GA 30303 ..............146

#B108  “Towards rational in vivo glyco-engineering: insights into N- and O- glycosylation of the model 
filamentous fungus Neurospora crassa from glycomics and glycan analyses”; Patricia Bubner, 
Shu-Lun Tang, Stefan Bauer, N. Louise Glass, Chris R. Somerville Energy Biosciences Institute, 
University of California Berkeley, Berkeley, CA 94720, USA ...............................................................147

#B109  “The Official Release of the International Glycan Structure Repository”; Nobuyuki P. Aoki1, 
Kiyoko Aoki-Kinoshita1,2, Sanjay Agravat3, Sena Arpinar4, Richard D. Cummings5, Akihiro Fujita1, 
Noriaki Fujita2, Gerald M Hart6, Stuart Haslam7, Toshisuke Kawasaki8, Masaaki Matsubara9, 
Kelley W. Moreman4, Hisashi Narimatsu2, Shujiro Okuda10, J. Michael Pierce4, René Ranzinger4, 
Toshihide Shikanai2, Daisuke Shinmachi1, Elena Solovieva2, Yoshinori Suzuki2, Shinichiro Tsuchiya1, 
Issaku Yamada9, William S. York4, Joseph Zaia11 1Faculty of Science and Engineering, Soka 
University, Tokyo, Japan; 2Research Center for Medical Glycoscience, AIST, Ibaraki, Japan; 
3Department of Mathematics and Computer Science, Emory University, Atlanta, GA, USA; 
4Complex Carbohydrate Research Center, University of Georgia, Athens, GA, USA; 5Department of 
Biochemistry, Emory University School of Medicine, Atlanta, GA, USA; 6Department of Biological 
Chemistry, Johns Hopkins University School of Medicine, Baltimore, MD, USA; 7Department of 
Life Sciences, Faculty of National Sciences, Imperial College London, London, UK; 8Research 
Center for Glycobiotechnology, Ritsumeikan University, Shiga, Japan; 9The Noguchi Institute, 
Tokyo, Japan; 10Niigata University Graduate School of Medical and Dental Sciences, Niigata, 
Japan; 11Center for Biomedical Mass Spectrometry, Boston University School of Medicine, Boston, 
MA, USA ..........................................................................................................................................148

#B110  “Toward the Rational Design of Antibodies with Improved Therapeutic Potential”; 
Morgan L. Nance2,1, Jason W. Labonte1, Jeffrey J. Gray1 1Johns Hopkins University; 2University 
of California, Davis .............................................................................................................................149

#B111  “Comparative analysis of enforced a(1,3)-fucosylation using intracellular and extracellular methods”; 
Bradford Dykstra1,2, Jungmin Lee4,2, Conor Donnelly1,2, Luke Mortensen5, Charles Lin3,2, Derrick 
Rossi4,2, Robert Sackstein1,2 1Brigham and Women’s Hospital; 2Harvard Medical School; 
3Massachusetts General Hospital; 4Boston Children’s Hospital; 5University of Georgia ......................150

#B112  “Next generation insect cell lines for the production of glycoproteins with homogenous, humanized 
N-glycan profiles”; Christoph Geisler1,2, Don L. Jarvis1,2 1GlycoBac; 2University of Wyoming ............151

#B113  “Development of novel qualitative and quantitative workflows for mass spectrometry based 
glycoproteomics and glycomics”; Julian Saba, Rosa Viner Thermo Fisher Scientific ............................152

#B114  “Canine respiratory tract derived glycans that bind specifically to hemagglutinin proteins of H3N2 
avian origin and H3N8 equine origin canine influenza viruses”; Chun-Kai Yang1, Minhui Guan1, 
Lei Li2, Cheng Ma2, Nan Zhao1, Jingyao Qu2, Lei Zhong1, Peng G. Wang2, Xiu-Feng Wan1 
1Influenza Systems Biology Laboratory, Department of Basic Sciences, College of Veterinary 
Medicine, Mississippi State University, Mississippi State, MS 39762; 2Department of Chemistry, 
Georgia State University, Atlanta GA 30302 .......................................................................................153

#B115  “Sparse learning from glycan array data suggests that terminal complexes of specific sub-sequences 
and branches affect the binding preference of influenza A virus”; Nan Zhao1, Lei Li2, Minhui Guan1, 
Lei Zhong1, Chun-Kai Yang1, Peng G. Yang2, Xiu-Feng Wan1 1Influenza Systems Biology 
Laboratory, Department of Basic Sciences, College of Veterinary Medicine, Mississippi State 
University, Mississippi State, MS 39762; 2Department of Chemistry, Georgia State University, 
Atlanta GA 30302 ..............................................................................................................................154
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#B116  “GLYCOPAT: An open-source data analysis platform for individualized glycoproteome analysis”; 
Sriram Neelamegham, Liu Gang, Lo Y. Chi State University of New York, Buffalo, NY, USA .............155

#B117  “Glycan Remodeling of Therapeutic Proteins using Galactosyltransferase and Sialyltransferases”; 
Steven Mast, Sybil Lockhart, Justin Hyche, Sam Tep, Ted Haxo ProZyme, Inc. ..................................156

#B118  “GlyrReSoft: A tool for assigning sites specific glycoprotein glycosylation from integrated omics 
data using rigorous statistics”; Joseph Zaia, Joshua Klein, Kshitij Khatri, Shun Yip Boston 
University School of Medicine .............................................................................................................157

#B119  “Mucin glyco-profiling by magnetic bead capture approach and its predictive biomarker value in 
breast- and colorectal cancer”; Nicolai N. Maolanon1,2, Roman Gineste4, Chunmei Cao1, Xin Hu1, 
Joy Burchell3, Guoxiang Cai1, Ola Blixt2, Zhi-Ming Shao1 1Fudan University Shanghai Cancer Center, 
China; 2University of Copenhagen, Denmark; 3King’s College London, England; 4Transgene 
Biopharmaceuticals Technology (Shanghai) Co. Ltd., China ................................................................158

#B120  “The use of Isotopically Labeled IgG for the Relative and Absolute Quantitation of N-linked 
Glycans”; Ron Orlado1,2, Shujuan Tao1, Yining Huang1, Emily Betchy1, Alex Harvey2, Barry 
Boyes2,3 1Complex Carbohydrate Research Center; 2Glycoscientific, LLC; 3Advanced Materials 
Technology Inc ....................................................................................................................................159

#B121  “An Cell Platform for Endothelial Heparan Sulfate Function Study”; Hong Qiu1,2, Jingwen Yue1,2, Alison 
V Nairn1, Guoyun Li3, Fuming Zhang3, Stephanie A Archer-hartmann1, Mitche Dela Rosa1, Parastoo 
Azadi1, Toin H. van Kuppevelt4, Wellington V. Cardoso5, Koji Kimata6, Robert J Linhardt3, Jeffrey 
Esko7, Kelley W Moremen1,2, LianchunWang1,2 1Complex Carbohydrate Research Center, 
The University of Georgia; 2Department of Biochemistry and Molecular Biology, The University 
of Georgia; 3Department of Chemistry and Chemical Biology, Center for Biotechnology and 
Interdisciplinary Studies, Rensselaer Polytechnic Institute; 4Department of Biochemistry, Nijmegen 
Centre for Molecular Life Sciences, Radboud University Nijmegen Medical Centre; 5Pulmonary 
Center, Boston University School of Medicine; 6Research Complex for the Medicine Frontiers, Aichi 
Medical University; 7Glycobiology Research and Training Center Department of Cellular and 
Molecular Medicine ............................................................................................................................160

Session V: The Many Functions of O-GlcNAc

Time Abstract Number

#B122  “Discovery of O-GlcNAc binding interactions using photocrosslinking O-GlcNAc in vitro and in 
cells”; Jennifer J. Kohler, Andrea C. Rodriguez UT Southwestern Medical Center .................................20

#B123  “Discovery of a Nucleocytoplasmic O-Mannose Glycoproteome in Yeast”; Adnan Halim1, Ida SB 
Larsen1, Patrick Neubert2, Hiren J. Joshi1, Bent L. Petersen1,3, Sergey Y. Vakhrushev1, Sabine Strahl2, 
Henrik Clausen1 1Copenhagen Center for Glycomics, Departments of Cellular and Molecular 
Medicine, Faculty of Health Sciences, University of Copenhagen; 2Centre for Organismal Studies 
(COS), University of Heidelberg; 3Department of Plant and Environmental Sciences, University of 
Copenhagen ..........................................................................................................................................21

#B124  “Thermobaculum terrenum: investigating occurrence of O-GlcNAc signalling in bacteria”; 
Mehmet Gundogdu, Adam Ostrowski, Daan M F van Aalten University of Dundee ...........................161

#B125  “O-linked ß-N-acetylglucosamine is exposed on the surface of B-lymphocytes in late apoptosis”; 
Tríona M. O’Connell1,2, Ruth Larragy1,2, Grainne O’Keefe3, Seán Doyle3, Dermot Walls1,2, 
Brendan O’Connor1,2 1School of Biotechnology, Dublin City University, Glasnevin, Dublin 9, 
Ireland; 2Irish Separation Science Cluster, Dublin City University, Glasnevin, Dubin 9, Ireland; 
3Maynooth University Department of Biology, Maynooth University, Maynooth, Co. Kildare, Ireland .... 162

#B126  “O-GlcNAc expression levels epigenetically regulate colon cancer stem cells and colon tumorigenesis 
by modulating expression of transcriptional factor MYBL1”; Huabei Guo1, Bing Zhang2, Phillip 
Buckhaults3, Michael Pierce1 1Complex Carbohydrate Research Center, University of Georgia, 
Athens, GA,30602; 2Boston Children’s Hospital, Harvard, Boston, MA 02115; 3South Carolina 
College of Pharmacy, The University of South Carolina, Columbia, SC 29208 ....................................163

#B127  “O-GlcNAcase is an epigenetic regulator of Drosophila development”; Ilhan Akan, John A. 
Hanover National Institutes of Health, National Institute of Diabetes and Digestive and Kidney 
Disorders ............................................................................................................................................164
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#B128  “Comparison of the Sciatic Nerve and Brain Synaptosome O-GlcNAc Proteomes”; Alma L. 
Burlingame1, Jason C. Maynard1, Sungsu Kim2, Jefferey Milbrandt2 1University of California, 
San Francisco; 2Washington School of Medicine ..................................................................................165

#B129  “Deregulated O-GlcNAc Cycling in Turner Syndrome”; John A. Hanover1, Clara M. Cheng2, 
Dona C. Love1, Carolyn Bondy2, Ahmed M. Gharib2 1NIDDK, National Institutes of Health; 
2NICHD, National Institutes of Health ...............................................................................................166

#B130  “O-GlcNAc transferase is required for fidelity in C. elegans development”; Michelle R. Bond, 
John A. Hanover National Institutes of Health ...................................................................................167

Session VI: Glycan Regulation of Immunity and Infection II

Time Abstract Number

#B131  “Hepatoprotective effect of a polysaccharide from Auricularia auricula root on acute model of liver 
injury”; Changqing Tong, Yaxu Zheng, Guoli Guo, Wei Li College of Food Science and Engineering, 
Dalian Ocean University, Dalian 116023, China .................................................................................168

#B132  “The use of a lectin MCL-T dip to extend the shelf life of Pseudosciaena crocea during storage at 
4°C”; Wei Li, Xiaolong Wang, Yue Chen, Changqing Tong College of Food Science and Engineering, 
Dalian Ocean University .....................................................................................................................169

#B133  “Hepatoprotective effect of a fruit vinegar with the oyster polysaccharides (CGPS-1)”; Wei Li1, 
Xinyao Li1, Chengcheng Cai1, Linge Li2, Changqing Tong1 1College of Food Science and 
Engineering, Dalian Ocean University; 2College of Life Science, Northeast Forest University .............170

#B134  “Evaluation of antioxidant activities of a glycoprotein from brown alga Hizikia fusiformis”; 
Mingjiang Wu1, Yue Wu1, Changqing Tong2, Wei Li2 1Zhejiang Provincial Key Lab for Subtropical 
Water Environment and Marine Biological Resources Protection, College of Life and Environmental 
Science, Wenzhou University; 2College of Food Science and Engineering, Dalian Ocean University ..... 171

#B135  “Htm1p-Pdi1p acts as a folding-sensitive gatekeeper for N-glycan-dependent ER-associated protein 
degradation”; Yi-Chang Liu, Erin Quan Toyama, Danica Galonic Fujimori, Jonathan S. Weissman 
University of California, San Francisco ................................................................................................172

#B136  “Environmental and Pathogenic Triggers of Inflammatory Bowel Disease”; Won Ho Yang1,2,3, 
Douglas Heithoff1,2, Jamey D. Marth1,2,3 1University of California Santa Barbara; 2Center for 
Nanomedicine; 3Sanford Burnham Prebys Medical Discovery Institute ...............................................173

#B137  “Analysis of porcine gastric O-linked oligosaccharides using LC-ESI-MS/MS “; Barbara Adamczyk, 
Chunsheng Jin, Medea Padra, Sara K. Lindén, Niclas G. Karlsson Medical Biochemistry, University 
of Gothenburg, Gothenburg, Sweden ..................................................................................................174

#B138  “Systemic lupus erythematosus associates with the decreased immunosuppressive potential of the 
IgG glycome”; Jerko Štambuk1, Frano Vučković1, Jasminka Krištić1, Ivan Gudelj1, Maria Teurel 
Artacho2, Toma Keser3, Marija Pezer1, Maja Pučić Baković1, Irena Trbojević Akmačić1, Clara Barrios4, 
Tamara Pavić3, Yong Zhou5, Haicheng Song6, Qiang Zeng7, Xiuhua Guo8, Paul McKeigue9, Olga 
Gornik3, Tim D. Spector4, Wei Wang10, Gordan Lauc1,3 1Genos Glycoscience Research Laboratory, 
Zagreb, Croatia; 2University of Granada, Granada, Spain; 3University of Zagreb Faculty of 
Pharmacy and Biochemistry, Zagreb, Croatia; 4Kings College London, London, UK; 5Beijing 
Tiantan Hospital, Beijing, China; 6Hebei United University Affiliated Kailuan General Hospital, 
Hebei, China; 7Chinese People’s Liberation Army General Hospital, Beijing, China; 8Capital 
Medical University, Beijing, China; 9University of Edinburgh, Edinburgh, UK; 10Hospital del Mar, 
Institut Mar d’InvestigacionsMediques, Barcelona, Spain ....................................................................175

Session VII: Applied Glycobiology

Time Abstract Number

#B139  “Glycosylation of plasma proteins in diagnosis of HNF1A - maturity onset diabetes of the young”; 
Olga Gornik1, Tamara Pavić1, Agata Juszczak2, Edita Pape Medvidović3, Anna Gloyn2, Mark McCarthy2, 
Katharine Owen2, Gordan Lauc1,4 1University of Zagreb, Faculty of Pharmacy and Biochemistry, 
Zagreb; 2Oxford Centre for Diabetes, Endocrinology and Metabolism, University of Oxford, 
Churchill Hospital, Oxford; 3Merkur University Hospital, Vuk Vrhovac University Clinic 
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for Diabetes, Endocrinology and Metabolic Diseases, Zagreb University School of Medicine, Zagreb; 
4Genos Ltd. Glycobiology Division, Zagreb ..........................................................................................29

#B140  “A mitochondrial fucosyltransferase is essential for the viability of Leishmania major”; Hongjie 
Guo1, Sebastian Damerow2, Michael A.J. Ferguson2, Stephen M. Beverley1 1Dept. of Molecular 
Microbiology, Washington University School of Medicine, St. Louis, MO 63110 USA; 2Division of 
Biological Chemistry & Drug Discovery, Wellcome Trust Biocentre, College of Life Science, 
University of Dundee, Dundee DD1 5EH, Scotland, United Kingdom ..................................................30

#B141  “Surveillance and isolation of glycan-binding pathogens from primary samples by 3D mucin 
biomimetic array”; Miriam Cohen1, Mia L. Huang1, Christopher J. Fisher1, Walter Boyce2, Kamil 
Godula1, Pascal Gagneux1 1UC San Diego; 2UC Davis ........................................................................176

#B142  “Real time single cell level monitoring of sequential lectin binding enabled by the Lab in a Trench 
Microfluidic Platform”; Tríona M. O’Connell1,2, Arnaud Coudray3,4, Damien King3, Laura 
Santana González3, Jens Ducrée3,4, Brendan O’Connor1,2, Dermot Walls1,2 1School of Biotechnology, 
Dublin City University, Glasnevin, Dublin 9, Ireland; 2Irish Separation Science Cluster, Dublin City 
University, Glasnevin, Dublin 9, Ireland; 3School of Physics, Dublin City University, Glasnevin, 
Dublin 9, Ireland; 4Biomedical Diagnostics Institute, Dublin City University, Glasnevin, Dublin 9, 
Ireland ................................................................................................................................................177

#B143  “Targeting Cancer-Specific Glycans by Cyclic Peptide Lectinomimics”; Maria C. Rodriguez1,2, 
Austin Yongye2, Mihael Cudic2, Jose Medina-Franco2, Mare Cudic1, Predrag Cudic2 1Florida 
Atlantic University; 2Torrey Pines Institute for Molecular Studies .......................................................178

#B144  “Sequential one-pot multienzyme (OPME) systems for the synthesis of carbohydrates and 
glycoconjugates”; Xi Chen Department of Chemistry, University of California-Davis.........................179

#B145  “Ion-pairing UPLC-MS method for profiling and characterization of low molecular weight 
heparins (LMWHs)”; Dandan Zhou, Zhirui Wang, Christian Heiss, Stephanie Archer-Hartmann, 
Parastoo Azadi Complex Carbohydrates Research Center, UGA, Athens, GA .....................................180

#B146  “High throughput and high resolution glycan analysis by capillary electrophoresis on Applied 
Biosystems DNA sequencers”; Jenkuei Liu, James Stray, Shaheer Khan, Brian Evans, Steve Gorfien 
ThermoFisher Scientific .......................................................................................................................181

#B147  “Analytical Services and Trainings at the Complex Carbohydrate Research Center”; Parastoo Azadi, 
Roberto Sonon, Stephanie Archer-Hartmann, Mayumi Ishihara, Zhirui Wang, Christian Heiss, 
Radnaa Naran, Ian Black, Dandan Zhou, Artur Muszynski, Scott Forsberg, Asif Shajahan, Justyna 
Dobruchowska University of Georgia .................................................................................................182

#B148  “ß-galactosidase probes for detection of cellular senescence by mass cytometry”; Lisa Willis, 
Matthew Lumba, Mark Nitz University of Toronto ............................................................................183

#B149  “Structural Modification of the Therapeutic Tripeptide KPV by Reductive “Glycoalkylation”; 
Abigael C. Songok1, William T. Doerrler2, Carol M. Taylor1, Megan A. Macnaughtan1 
1Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana, USA; 
2Department of Biological Sciences, Louisiana State University, Baton Rouge, 
Louisiana, USA ............................................................................................................................. 184

#B150  “Development and Applications of Novel Highly Sensitive Fluorescent Dyes for N-glycan Analysis”; 
Shaheer H. Khan, James Stray, Jenkuei Liu, Bharti Solanki-Nand, Brian Evans Thermo Fisher 
Scientific ..............................................................................................................................................185

#B151  “N-glycan composition of both immunoglobulin G1 and the Fc gamma receptors contributes to 
affinity”; Ganesh P. Subedi, Adam W. Barb Roy J. Carver Department of Biophysics, Biochemistry 
and Molecular Biology, Iowa State University .....................................................................................186

#B152  “Characterization of the interaction between N-terminal annexin A1 residue and tumor-targeting 
carbohydrate-mimetic IF7 peptide”; Motohiro Nonaka1,2, Toshio Sasai3, Masato Nagaoka3, 
Michiko N. Fukuda1,2 1Laboratory for Drug Discovery, National Institute of Advanced Industrial 
Science and Technology (AIST), Tsukuba, Ibaraki 305–8568, Japan.; 2Sanford-Burnham-Prebys 
Medical Discovery Institute, La Jolla, California 92037, USA.; 3Yakult Central Institute, Kunitachi-
shi, Tokyo 186–8650, Japan ................................................................................................................187

#B153  “A system for the analysis of fucosylated glycoforms in liver disease – the development of the 
Doylestown Plus algorithm for the early detection of hepatocellular carcinoma”; Anand Mehta, 
Comunale Mary Ann, Mengjun Wang Drexel University College of Medicine .....................................188
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#B154  “A rapid, simple high throughput sample prep method for N-glycan analysis”; Bharti Solanki-Nand, 
Jenkuei Liu, James Stray, Shaheer H. Khan, Brian Evans Thermo Fisher Scientific ...............................189

#B155  “Development of an Instant Glycan Labeling Dye for High Throughput Analysis by Mass 
Spectrometry”; Michael Kimzey, Zoltan Szabo, Vaishali Sharma, Alexander Gynes, Samnang Tep, 
Adele Taylor, Aled Jones, Justin Hyche, Ted Haxo, Sergey Vlasenko ProZyme, Inc. ............................190

#B156  “Identification of the cell-surface glycoproteins responsible for binding and cellular uptake of 
pertussis toxin.”; Nicole Nischan, Jennifer J. Kohler University of Texas Southwestern Medical 
Center .................................................................................................................................................191

Session VIII: Glycan Expression during Development and Differentiation

Time Abstract Number

#B157  “On-Chip Glycan Modification and Probing: A Method To Query Protein Glycosylation in 
Clinical Specimens”; Jessica Sinha1, Elliot Ensink1, Brian Liao2, Pauline Rudd2, Richard Drake3, 
Marshall Bern4, Doron Kletter4, Brian Haab1 1Van Andel Research Institute; 2Bioprocessing 
Technology Institute; 3Medical University of South Carolina; 4Protein Metrics .....................................32

#B158  “Bisecting glycans increase Notch expression and activity promoting the growth and progression 
of ovarian cancer”; Karen L. Abbott1, Heba Allam1, Martin J. Cannon2 1University of Arkansas for 
Medical Sciences, Department of Biochemistry and Molecular Biology; 2University of Arkansas for 
Medical Sciences, Department of Obstetrics and Gynecology................................................................33

#B159  “Mapping the Glycopathology and Glycoimmunology Features of Formalin-Fixed Prostate Cancer 
Tissues by N-Glycan MALDI Mass Spectrometry Imaging”; Richard R. Drake1, Huarong Xu1, 
Thomas Powers1, Anand Mehta2, Peggi Angel1, Michael Lilly1, Jennifer Wu1 1Medical University of 
South Carolina; 2Drexel University .......................................................................................................34

#B160  “Serum Anti-Glycan Antibodies as Immunotherapy Biomarkers”; Jeffrey Gildersleeve National 
Cancer Institute .....................................................................................................................................35

#B161  “O-glycosylation of hemopexin in the progression of liver disease”; Miloslav Sanda1, Julius Benicky1, 
Yiwen Wang1, Kepher Makambi1, Coleman Smith1, Peng Zhang2, Radoslav Goldman1 1Georgetown 
University; 2University of Georgia .........................................................................................................36

#B162  “Binding Specificity and Biological Significance of Novel Marker Antibodies for Human iPS Cells: 
R-10G and R-17F”; Toshisuke Kawasaki1, Hiromi Nakao1, Shogo Matsumoto1, Hidenao Toyoda2, 
Kenji Kawabata3, Nobuko Kawasaki1 1Research Center for Glycobiotechnology, Ritsumeikan 
University, Shiga 525–8577, Japan; 2Laboratory of Bio-analytical Chemistry, College of Pharmaceutical 
Sciences, Ritsumeikan University, Shiga 525–8577, Japan; 3Laboratory of Stem Cell Regulation, 
National Institute of Biomedical Innovation, Health, and Nutrition, Osaka 567–0085, Japan ................. 192

#B163  “Heparan Sulfate: A Master Regulator of Developmental Angiogenesis”; Lianchun Wang1, 
Yamaguchi Yu2, Junlin Jiang1, Siyuan Zhang1 1Complex Carbohydrate Research Center and 
Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA 30602, 
USA; 2Sanford Children’s Health Research Center, Burnham Institute for Medical Research, 10901 
North Torrey Pines Road, La Jolla, CA 92037, USA. ..........................................................................193

#B164  “RNA-seq Analysis of Pluripotent and Differentiated Human Stem Cells”; Alison V. Nairn, Mitche 
dela Rosa, Michael Kulik, Michael Pierce, Stephen Dalton University of Georgia ...............................194

#B165  “Identifying disease-specific differences in human muscle glycosylation that affect muscle function”; 
Brian J. McMorran1,2, Francis E. McCarthy1,2, Alison V. Nairn3, Zhongyin Liu4, Lara K. Mahal4, 
Kelley W. Moremen3, Carrie M. Miceli6,2, Rachelle H. Crosbie-Watson5,2, Linda G. Baum1,2 
1Department of Pathology and Laboratory Medicine, University of California Los Angeles, 
Los Angeles CA; 2Center for Duchenne Muscular Dystrophy, University of California Los Angeles, 
Los Angeles CA; 3Complex Carbohydrate Research Center and Department of Biochemistry and 
Molecular Biology, University of Georgia, Athens GA; 4Biomedical Chemistry Institute, Department 
of Chemistry, New York University, New York, NY; 5Department of Integrative Biology and 
Physiology and Department of Neurology, University of California Los Angeles, Los Angeles CA; 
6Department of Microbiology, Immunology and Molecular Genetics, University of California 
Los Angeles, Los Angeles CA ..............................................................................................................195
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#B166  “A multitumorigenesis TGF-beta induced EMT model to characterize glycan changes associated 
with hepatocellular carcinoma progression”; Aarti A. Ramanathan, Harmin Herrera, Mary A. 
Comunale, Laura 
Steel, Michael Bouchard, Anand Mehta Drexel University College of Medicine ..................................196

#B167  “Visualization of N-linked Glycan Distribution during Early Murine Development by MALDI 
Imaging Mass Spectrometry”; Peggi M. Angel, Huarong Xu, Danielle Lowe, Dorothea Jenkins, 
Richard R. Drake Medical University of South Carolina .....................................................................197

#B168  “Novel Regulatory Mechanisms Controlling Sialylation in Drosophila Nervous System”; 
Hilary Scott, Boris Novikov, Ilya Mertsalov, Courtney Caster, Vlad Panin Texas A&M University......198

#B169  “Analysis of cell surface glycans and associated gene expression in human hematopoietic stem 
and progenitor cells”; Nandini Mondal1, Robert Sackstein1,2,3 1Department of Dermatology, 
Brigham & Women’s Hospital; 2Department of Medicine, Harvard Medical School; 3Program of 
Excellence in Glycosciences .................................................................................................................199

#B170  “Reduction of a single E3 ubiquitin ligase alters neural glycosylation and synaptic homeostasis in 
Drosophila”; Nickita Mehta, Peng Zhao, Katherine Tiemeyer, Lance Wells, Michael Tiemeyer 
Complex Carbohydrate Research Center .............................................................................................200

#B171  “Glycomics of the terrestrial worm Enchytraeus japonensis”; Tadahiro Kumagai1, Mayuko Suzuki2, 
Mayumi Ishihara1, Shigeru Ogawa3, Kiyoshi Furukawa2, Kazuhiro Aoki1, Parastoo Azadi1, Michael 
Tiemeyer1 1Complex Carbohydrate Research Center, University of Georgia; 2Nagaoka University 
of Technology; 3National Institute of Technology, Nagaoka College ...................................................201

#B172  “Analysis of Polysialic Chain Length through Human Embryonic Stem Cell Differentiation”; 
Donald J. Bernsteel, Ryan Berger, Stephen Dalton, Michael Pierce University of Georgia ....................202

Session IX: Diseases and Disorders of Glycosylation

Time Abstract Number

#B173  “LC-MS Analysis of NB-DNJ and NB-DGJ in Biological Samples of Drug Delivery Study for Sandhoff 
Disease Mice”; Ceng Chen, Zeynep Akgöç, Thomas N. Seyfried, David S. Newburg Boston College .......203

#B174  “Clinical Significance of Glycosylation Changes in Oral Cancer”; Bhairavi N. Vajaria1, Rasheedunnisa 
Begum2, Prabhudas S. Patel1 1Biochemistry Research Division, The Gujarat Cancer & Research 
Institute, Ahmedabad, Gujarat, India; 2Biochemistry Department, The M.S. University of Baroda, 
Vadodara, Gujarat, India .....................................................................................................................204

#B175  “New molecular probes to evaluate the role of Oglycosylation in Alzheimer Disease”; Razieh 
Eskandari, Hong Yee Tan, David J. Vocadlo Department of chemistry, Simon Fraser University, 
Burnaby, Canada .................................................................................................................................205

#B176  “Role of the Deglycosylation Enzyme NGLY1 in Development and Disease: Insights from Drosophila 
Studies”; Antonio Galeone1, Seung-Yeop Han1, Chengcheng Huang2, Akira Hosomi2, Tadashi Suzuki2, 
Hamed Jafar-Nejad1 1Baylor College of Medicine, Houston, TX; 2RIKEN Advanced Science Institute, 
Wako, Saitama, Japan .........................................................................................................................206

#B177  “Development of Zebrafish Models for Congenital Disorders of Glycosylation”; Elsenoor J. Klaver1, 
Heather Flanagan-Steet1, Hudson H. Freeze2, Richard Steet1 1Complex Carbohydrate Research 
Center, University of Georgia; 2Sanford Children’s Health Research Center, Sanford-Burnham-Prebys 
Medical Discovery Institute .................................................................................................................207

#B178  “Glycosphingolipids involved in contact inhibition of WI38 cell growth”; Xiaohua Huang1, Nathan 
Schurman1, Kazuko Handa1, Sen-itiroh Hakomori1,2 1Division of Biomembrane Research, Pacific 
Northwest Research Institute; 2Depts. of Pathobiology and Global Health, University of 
Washington, Seattle, WA, USA ............................................................................................................208

#B179  “Evaluation of fucosylation as diagnostic marker in young onset diabetes”; Tamara Pavić1, 
Agata Juszczak2, Edita Pape Medvidović3, Mislav Novokmet4, Mark McCarthy2, Gordan Lauc1,4, 
Katharine Owen2, Olga Gornik1 1University of Zagreb, Faculty of Pharmacy and Biochemistry, 
Zagreb; 2Oxford Centre for Diabetes, Endocrinology and Metabolism, University of Oxford, 
Churchill Hospital, Oxford; 3Merkur University Hospital, Vuk Vrhovac University Clinic for 
Diabetes, Endocrinology and Metabolic Diseases, Zagreb University School of Medicine, Zagreb; 
4Genos Ltd. Glycobiology Division, Zagreb ........................................................................................209
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#B180  “Glycogenosis type III shows markedly reduced serum apolipoprotein C-III sialylation”; Nina 
Ondruskova1, Tomas Honzik1, Hana Kolarova1, Helena Poupetova2, Jiri Zeman1, Hana Hansikova1 
1Department of Pediatrics and Adolescent Medicine, First Faculty of Medicine, Charles University in 
Prague and General University Hospital in Prague; 2Institute of Inherited Metabolic Disorders, 
First Faculty of Medicine, Charles University in Prague and General University Hospital in 
Prague .................................................................................................................................................210

#B181  “Protein Glycosylation in the Metabolic Origin of Obesity-Associated Diabetes”; Peter V. Aziz1,2,3, 
Douglas Heithoff1,2, Austin Fullenkamp1,2, Jamey D. Marth1,2,3 1University of California Santa 
Barbara; 2Center for Nanomedicine; 3Sanford Burnham Prebys Medical Discovery Institute ..............211

#B182  “N-Acetylmannosamine Mitigates Neuraminidase-induced Podocyte Injury in Mice”; 
Marjan Huizing1, Obiageri Okafor1, Patricia M. Zerfas2, Steven Bodine1, Matthew F. Starost2, 
William A. Gahl1, Jeffrey B. Kopp3, May Christine V. Malicdan1 1Medical Genetics Branch, NHGRI, 
NIH, Bethesda, MD, USA; 2Office of Research Services, OD, NIH, Bethesda, MD, USA; 3Kidney 
Disease Section, NIDDK, NIH, Bethesda, MD, USA ..........................................................................212

#B183  “Functions of glioma glycosaminoglycans in cellular invasion”; Vy M. Tran1, Andrew McKinney1, 
Anna Wade1, Balagurunathan Kuberan2, Joanna J. Phillips1 1University of California, San Francisco; 
2University of Utah .............................................................................................................................213

#B184  “O-glycosylation is required for peritrophic membrane formation to maintain gut homeostasis in 
Drosophila”; Liping Zhang, Kelly G. Ten Hagen Developmental Glycobiology Section, National 
Institutes of Dental and Craniofacial Research, National Institutes of Health, Bethesda, MD 20892 ......214

#B185  “The Effect of Amplified POFUT1 in Hepatocellular Carcinoma”; Allen H. Lee1, Michael Schneider1, 
Scott Powers2, Robert S. Haltiwanger1 1Department of Biochemistry and Cell Biology, Stony Brook 
University, Stony Brook, NY 11794; 2Department of Pathology, Stony Brook University, Stony 
Brook, NY 11794 ...............................................................................................................................215

#B186  “Mesangial Deposition of Mannan-Binding Protein during Exacerbations of IgA Nephropathy in 
HIGA (High IgA) Mice”; Kazuhide Uemura1, Masashi Honda1, Yuuki Hashizume2, Tatsuya 
Morimoto2, Takahiko Ono3, Toshisuke Kawasaki4 1Department of Biomedical Sciences, College 
of Life and Health Sciences, Chubu University, Kasugai, Japan; 2Division of Molecular Medicine, 
School of Pharmaceutical Sciences, University of Shizuoka, Shizuoka, Japan; 3Department of 
Nephrology, International University of Health and Welfare, Atami, Japan; 4Research Center for 
Glycobiotechnology, Ritsumeikan University, Kusatsu, Japan ..............................................................216

#B187  “The role of N-glycans in laminin binding by a-Dystroglycan”; Mabel Pang, Linda G. Baum 
University of California Los Angeles ...................................................................................................217

#B188  “Sialylated, fucosylated keratan sulfate elicited in Mac-2/galectin-3-positive microglia of transgenic 
model mice and patients of ALS”; Kenji Uchimura1, Tahmina Foyez1, Yoshiko Uchimura1, Shinsuke 
Ishigaki2, Narentuya 1, Zui Zhang1, Gen Sobue2, Kenji Kadomatsu1 1Department of Biochemistry, 
Nagoya University Graduate School of Medicine; 2Department of Neurology, Nagoya University 
Graduate School of Medicine ..............................................................................................................218

#B189  “Ovarian cancer cells specifically express LacdiNAc and show elevated B4GALNT3/4 expression”; 
Francis Jacob1, Merrina Anugraham2, Andreas Schötzau1, Neville F. Hacker3, Nicolle H. Packer2, 
Viola A. Heinzelmann-Schwarz1,4 1Ovarian Cancer Research, Department of Biomedicine, 
University Hospital Basel, University of Basel, Basel, Switzerland; 2Department of Chemistry & 
Biomolecular Sciences, Biomolecular Frontiers Research Centre, Faculty of Science, Macquarie 
University, Sydney, Australia; 3Gynaecological Cancer Centre, Royal Hospital for Women, School 
of Women’s and Children’s Health, Randwick, Australia; 4University Women’s Hospital of Basel, 
University Hospital of Basel, Basel, Switzerland ..................................................................................219

#B190  “Assessing pathogenic mechanisms of congenital disorders of glycosylation and dystroglycanopathies 
using zebrafish”; Desiree von Alpen1, Habon Issa1, Chiara Ardiccioni 2, Oliver B. Clarke2, Heather L. 
Pond1, Adam W. Oaks1, David Tomasek 2, Filippo Mancia 2, Chiara M. Manzini1 1Department of 
Pharmacology and Physiology, The George Washington University School of Medicine and Health 
Sciences, Washington DC, USA; 2Department of Physiology and Cellular Biophysics, Columbia 
University, New York, USA .................................................................................................................220

#B191  “Identification of novel inhibitors of ppGalNAcT1: Implications for asthma therapy”; Soumya N. 
Krishnamurthy, Akiko Horichi, Jennifer J. Kohler Department of Biochemistry, UT Southwestern 
Medical Center ....................................................................................................................................221
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#B192  “Roles for heparan sulfate in receptor tyrosine kinase signaling in glioma”; Joanna J. Phillips, 
Vy M. Tran, Henry Gong, Andrew McKinney, Joseph T.C. Shieh University of California, 
San Francisco ......................................................................................................................................222

#B193  “37 new ALG1-CDG cases define 26 new mutations, a xenoglycan, and suggest an ALG1 structure.”; 
Bobby G. Ng1, Sergey A. Shiryaev1, Erik Eklund2, Kimiyo Raymond3, Per Bengtson4, Piotr Cieplak1, 
Gert Matthijs5, Hudson H. Freeze1 1Human Genetics Program, Sanford-Burnham-Prebys Medical 
Discovery Institute, La Jolla, CA, USA; 2Department of Pediatrics, Clinical Sciences, Lund University, 
Lund, Sweden; 3Biochemical Genetics Laboratory, Mayo Clinic College of Medicine, Rochester, MN; 
4Department of Laboratory Medicine, Lund University, Lund, Sweden; 5Centre for Human Genetics, 
KU Leuven, Leuven, Belgium ..............................................................................................................223

#B194  “Pathogenic mechanisms associated with abnormal protein O-mannosylation: Cell culture and 
Drosophila models”; Vlad Panin1, Ryan Baker1, Daniel Leon-Aparicio2, Agustin Guerrero-
Hernández2 1Texas A&M University; 2Cinvestav, Mexico ...................................................................224

#B195  “Immunogenic Non-Human Sialic Acid In Biological And Bioprosthetic Heart Valves”; 
Vered Padler-Karavani1, Eliran M. Reuven1, Shani Leviatan Ben-Arye1, Tal Marshanski1, Imen Fellah2, 
Roberto Duchi3, Gabriella Crotti3, Jean Christian Roussel2, Michael E. Breimer4, Hai Yu5, Sophie 
Conchon6, Jean-Paul Soulillou6, Cesare Galli3,7, Xi Chen5 1Department of Cell Research and 
Immunology, Tel Aviv University, Tel Aviv, Israel; 2Department of Thoracic and Cardiovascular 
Surgery, Institut du Thorax University Hospital, Nantes, France; 3Avantera srl, Laboratory of 
reproductive technologoes, Cremona, Italy; 4Department of Surgery, Institute of Clinical Sciences, 
Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden; 5Department of Chemistry, 
University of California-Davis, Davis, CA 95616, USA; 6Institut de Transplantation–Urologie–
Néphrologie, INSERM Unité Mixte de Recherche 1064, Centre Hospitalo Universitaire de Nantes, 
Nantes, France; 7Department of Veterinary Clinical Sciences, University of Bologna, Ozzano Emilia, 
Italy.....................................................................................................................................................225

#B196  “REGULATING THE REGULATOR: O-GlcNAc Transferase in Human Disease”; Krithika 
Vaidyanathan1, Peng Zhao1, Melanie May2, Charles Schwartz2, Lance Wells1 1Complex Carbhydrate 
Research Center, University of Georgia, Athens GA; 2Greenwood Genetic Center, Greenwood SC .....226

#B197  “High-throughput characterization of the functional impact of IgG Fc glycan variability in juvenile 
idiopathic arthritis”; Hao Cheng1, Austin W. Boesch1, Barbara Adamczyk2, Ciara McMannus,2, 
Henning Stöckmann,4, Pauline Pauline Rudd,4, Peter A. Nigrovic2,3, Margaret Ackerman1 1Thayer 
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(1)Glycans as Antigens andModulators of Immune
Responses to Parasites
Richard Cummings

Emory University School of Medicine

(2)Glycan regulation of Immunoglobulins
Robert Anthony

Harvard Medical School

(3)N- and O-glycosylation of gp120 isolated from HIV virions
Anne Dell1, Howard R. Morris1,2, Maria Panico1,

Stuart M. Haslam1, Poh-Choo Pang1, Laura Bouché1,
Daniel Binet2, Michael-John O’Connor2, Elizabeth Stansell3,
Elena Chertova4, Julian Bess4, Jeffrey D. Lifson4, Ronald

C. Desrosiers3
1Department of Life Sciences, Imperial College London, SW7

2AZ, UK; 2MS-RTC (Mass Spectrometry Research and
Training Centre), Jersey, JE2 7LA, UK; 3New England Primate
Research Center, Harvard Medical School, MA, 01772, USA;

4AIDS and Cancer Virus Program, Frederick National
Laboratory, MD, 21702, USA

We have recently reported (Stansell et al PLoS One (2015) 10(4):
e0124784) that gp120 on HIV-1 isolated from virions lacks
O-linked glycosylation. This finding was unexpected because
both HIV and SIV gp120s have a conserved threonine near their
C-terminus and, when expressed recombinantly as secreted pro-
teins, this site is almost fully occupied with core 1 and core 2
O-glycans. This talk will report on the highly sensitive glycopro-
teomic strategies which we have employed to characterize the gly-
cosylation of virion-derived gp120. Mapping of all 24
N-glycosylation sites was achieved by performing multiple glyco-
mic and glycoproteomic experiments, each employing low micro-
gramme quantities of sample. In the glycomic experiments,
glycans were released from tryptic digests by PNGase F, PNGase
A or endo H and were permethylated prior toMALDI-TOF-TOF
analysis. Glycoproteomic experiments exploited both off-line and
on-line nano-LC-MS/MS, with MALDI and electrospray ionisa-
tion, respectively. Samples for glycoproteomics included: (i)
tryptic digests; (ii) sequential tryptic and endo H digests; (iii) se-
quential tryptic, endo H and chymotryptic digests; (iv) tryptic,
endo H and Glu-C digests. Data from the N-linked glycopeptides
served as sensitivity controls in our search for O-linked glycosyla-
tion and allowed us to unequivocally determine the absence of
O-glycosylation in gp120 on the surface of virions.

(4) Analysis of protein O-fucosyltransferase 1 regulation of
Toll-like receptor signaling in macrophages

Aleksandra Nita-Lazar1, Jessica M. Mann1, Karen Laky3,
Iain D. C. Fraser2, Ning Li2

1Cellular Networks Proteomics Unit, Laboratory of Systems
Biology, NIAID, NIH; 2Signaling Systems Unit, Laboratory of
Systems Biology, NIAID, NIH; 3T-Cell Development Section,

Laboratory of Immunology, NIAID, NIH

Protein O-fucosyltransferase 1 (Pofut1) post-translationally
modifies the Notch receptor proteins by the addition of
O-linked fucose to serine/threonine residues between the 2nd

and 3rd EGF repeats of the extracellular domains. This modifi-
cation is critical for Notch binding to its ligands, Jagged (two)
and Delta-like (four). Notch signaling is essential for develop-
mental events such as neurogenesis, myelopoiesis and lympho-
poiesis and plays a role in the adaptive immune system through
T-helper cell differentiation, T-cell activation, and T- and B-cell
development. Recently, some studies have suggested crosstalk
between Notch signaling pathways and pro-inflammatory sig-
naling of the innate immune system activated through Toll-like
receptors (TLR). TLRs recognize pathogen associated molecu-
lar patterns and provide immediate, generalized protection from
pathogens. In a genome-wide RNAi screen of lipopolysaccharide-
induced TLR signaling in mouse RAW264.7 macrophage
cells, a knockdown of Pofut1 resulted in a reduction in pro-
inflammatory TNFα cytokine secretion. To further investigate
a potentially novel role of Pofut1 in TLR-signaling, we evalu-
ated pro-inflammatory cytokine expression, including IL-6,
IL-12p40 and TNFα in RAW264.7 cells. When we used Pofut1
and Notch (Notch1 and Notch2) siRNA to knockdown the re-
spective target proteins in mouse macrophages, the subsequent
stimulation of the cells with TLR ligands was marked by a sig-
nificant decrease in cytokine secretion. Analysis of the protein
phosphorylation in the TLR signaling cascade, upstream of
cytokine transcription, revealed an enhanced level of phosphor-
ylation with all knockdowns. In addition, to better understand
the origin of Notch signaling during TLR activation of macro-
phages, we used flow cytometry to evaluate cell surface expres-
sion levels of Notch ligands in resting macrophages. We are
currently investigating the reproducibility of this phenotype in
primary bone marrow derived macrophages. Conditional
mouse Pofut1KO strain is being used to investigate the impact
of Pofut1/TLR crosstalk on the function of the innate immune
system.

This research was supported by the Intramural Research
program of NIAID, NIH.

(5)Muc5b is an Endogenous Ligand of Siglec-F Expressed on
Alveolar Macrophage and Siglec-F Activation Modulates

Cellular Function
Adrianne L. Stefanski1, Ashley A. Fletcher1,

Dorota S. Raclawska1, Leah Barthel2, William J. Janssen1,2,
Christopher M. Evans1

1University of Colorado Denver; 2National Jewish Health

Macrophages are critical for the clearance of inhaled particles
and pathogens from the lungs during homeostasis. Murine resi-
dent alveolar macrophages (AM) express the inhibitory trans-
membrane receptor sialic acid-binding immunoglobulin-type
lectin receptor-F (Siglec-F). Structurally, Siglec-F is character-
ized by four extracellular immunoglobulin domains including a
V-set Sia-binding domain and three C2-set immunoglobulin
domains, as well as intracellular ITIM (immunoreceptor
tyrosine-based inhibitory motif ) and ITIM-like signaling
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motifs. Siglec-F preferentially binds α2,3-linked sialic acid-
containing glycoconjugates. Currently, the function(s) and en-
dogenous ligand(s) of Siglec-F on AMs remain poorly defined.
Mucins are glycoproteins that arethe predominant macromole-
cules in airway secretions. Although they areconserved across
evolution and essential for defense, how specificglycans regulate
mucin functionsis poorly understood. The mucin glycoprotein
Muc5b is required for innate airway defense, and we demon-
strate that secreted Muc5b is present in the alveoli and in
contact with AMs (Roy et al 2014). Using Maackia amurensis
lectin-II labeling, we demonstrate that Muc5b is heavily
α2,3-sialylated. Recently, Siglec-F Fc fusion proteins were uti-
lized to probe mouse tracheal tissues and to identify the local-
ization of Siglec-F ligands. Ligands were abundant in the
submucosal glands of wild-type mice and absent in Muc5b defi-
cient mice. Taken together, these data suggest that Siglec-F
expressing macrophages and α2,3-sialylated Muc5b interact
in murine alveoli. Accordingly, we hypothesize that AM
expressed Siglec-F has intracellular signaling functions capable
of regulating AM function, and that Siglec-F interaction with
α2,3-sialylated Muc5b modulates this response. Using Siglec-F
immunoprecipitation and immunoblotting with anti-Siglec-F
and anti-phosphotyrosine antibodies, we demonstrate that
AM expressed Siglec-F can become tyrosine phosphorylated.
Further, activation of Siglec-F via crosslinking antibody abro-
gates lipopolysaccharide-induced release of pro-inflammatory
cytokines IL-6 and IL-1β in sialidase treated AMs. Presently, we
are studying the effects of Muc5b:Siglec-F signaling on AM
function, intracellular signaling downstream of Siglec-F, and
intracellular Siglec-F localization.

(6)
Nancy Dahms

Medical College of Wisconsin

(7) Elucidating the structure and function of glycans at the
interface of HIV and the adaptive immune system

Andrew B. Ward, Jeong Hyun Lee, Gabriel K. Ozorowski,
Natalia de Val, Christopher Cottrell, Jesper Pallesen

The Scripps Research Institute

HIV, the causative agent of acquired immunodeficiency syn-
drome (AIDS), infects more than 35 million people worldwide
and has eluded all vaccines developed thus far. The only target
for HIV neutralizing antibodies is the highly glycosylated viral
surface envelope glycoprotein (Env). Glycans add variability
and limit access to the underlying peptide surface by acting as
both steric and entropic barriers. Despite these evasion mechan-
isms a subset of naturally infected HIV-1 patients develop
broad and potent antibodies against Env after several years of
infection. To date, seven conserved sites of vulnerability have
been identified on Env and glycans play a role in antibody

recognition and binding to each site. Using cryo-electron mi-
croscopy and a variety of biophysical tools we have begun to
uncover mechanistic insights into the role of glycans and these
structural and functional data are helping to guide a next gener-
ation of HIV-1 vaccines.

(8)Hemicellulose biosynthesis is becoming crystal clear
William S. York1, Breeanna Urbanowicz1, Kelley Moremen1,

Maria J. Peña1, Peter J. Smith1, Sami Tuomivaara1,
Shuo Wang1, Vladimir Linin2, Petri Alahuhta2,

Michael Crowley2, Michael Himmel2
1Complex Carbohydrate Research Center, University of
Georgia, Athens, GA, USA; 2National Renewable Energy

Laboratory, Golden, CO, USA

The synthesis and assembly of polysaccharides to form the
plant cell wall poses many challenges for the analyst who
wishes to understand this complex process. Although many
of the key glycosyltransferases that function in this context
have been identified, none have been crystallized to date. The
structure and mechanism of cellulose synthase (CesA),
perhaps the most widely studied glycosyltransferase involved
in cell wall biogenesis, is becoming clearer as a result of
crystal diffraction analysis of bacterial orthologues, but the
plant CesA and other glycosyltransferases involved in the
biosynthesis of plant cell walls have resisted crystallographic
analysis.

Recently, we have used HEK 293 cells to express highly active
forms of several glycosyltransferases involved in the biosyn-
thesis of the hemicelluloses xylan and xyloglucan, which are
abundant components of plant cell walls. We are currently fo-
cusing on understanding the mechanisms by which these
enzymes catalyze the highly substrate-specific and regio-specific
transfer of sugar residues to the growing polysaccharides. The
first enzyme we have studied in depth is AtFUT1, a glycosyl-
transferase in the GT37 family that catalyzes the regiospecific
transfer of fucosyl residues to the sidechains of xyloglucan. We
have crystallized this enzyme alone, as a complex with its donor
substrate (GDP-fucose), and with a xyloglucan octasaccharide
acceptor substrate. This resulted in the first crystal structures for
any plant glycosyltransferase involved in cell wall polysacchar-
ide biosynthesis and the first crystal structure of a GT37
enzyme. We have also used site-directed mutagenesis to modify
specific amino acids in the AtFUT1 sequence that are critical for
its catalytic activity, biochemically characterized these mutants,
and interpreted the results in the context of the crystal structure.
The combined structural and biochemical information, along
with molecular dynamics simulations, have led to insight into
the key mechanisms by which AtFUT1 and other members of
the GT37 enzyme family fulfill their biochemical functions. By
providing the archetypal crystal structure for GT37 enzymes,
these studies also facilitate the structural modeling of other
members of this family.
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(9)HowNotch sees its ligands
Vincent Luca

Stanford University School of Medicine

Notch receptors are large glycoproteins that play a central role
in mammalian cell fate determination and the pathogenesis of
many cancers. Until recently, we had not been able to “see”
how Notch receptors engage ligands Delta-like and Jagged
because their nearly undetectable binding affinity prevents re-
constitution of stable complexes for structural studies. We over-
came this obstacle using directed evolution to engineer high-
affinity Delta-like 4 (DLL4) proteins, which stabilized interac-
tions with Notch1 for co-crystallization. The resulting structure
reveals a two-site binding interface between epidermal growth
factor (EGF) repeats 11 and 12 of Notch1 and the C2 and
Delta/Serrate/Lag-2 (DSL) domains of DLL4, respectively.
Remarkably, O-linked glycan modifications of Notch1 residues
act as surrogate amino acids by making specific and essential
contacts with DLL4. It has been established that changes in
Notch receptor glycosylation state can bias their recognition
towards specific ligands, and the Notch1-DLL4 structure thus
rationalizes a mechanism for glycan-mediated tuning of recep-
tor-ligand interactions.
As the Notch1-DLL4 structure represents the only available

visualization of a Notch-ligand interface, our current efforts are
focused on understanding how Jagged and Delta-like proteins
differentially bind and activate Notch1. The Delta-like and
Jagged classes of ligands are conserved from flies to humans,
and are able to elicit distinct cellular responses despite their
shared recognition of cognate Notch receptors. To enable struc-
tural and biophysical studies of Notch1 and Jagged1 (Jag1), we
have evolved a panel of high-affinity Jag1 variants akin to those
we developed to study DLL4. Jag1 variants will first be used to
capture and co-crystallize Notch1 and Jag1, though efforts are
also underway to determine how biophysical parameters such
as mechanical force and ligand ultrastructure contribute to the
differential activities of Jag1 vs. DLL4.
Gaining structural access to the Notch-ligand interface was a

critical first step toward improved therapeutic targeting of the
pathway. With this structural information to guide us, we will
now be able to design novel ligands with enhanced selectivity
and affinity for a number of immunologically focused applica-
tions. For example, we are generating (1) receptor-specific
ligands that inhibit tumor growth while minimizing off-target
toxicity, (2) stromal cell lines that express high-affinity ligands
to enhance T-cell maturation in vitro, and (3) bi-specific ligands
that activate Notch on desired cell types. In the future, we hope
to create a diverse “toolbox” of engineered ligands for use as
diagnostics and therapeutics in a variety of contexts.

(10) The tumor associated sialyltransferase ST6Gal-I promotes
a cancer stem cell phenotype and upregulates stem-related

transcription factors
Matthew J. Schultz1, Andrew T. Holdbrooks1,

Asmi Chakraborty1, William E. Grizzle1, Charles N. Landen2,
Donald J. Buchsbaum1,Michael G. Conner1, Rebecca C. Arend1,

Karina Yoon1, Christopher A. Klug1, Daniel C. Bullard1,
Robert A. Kesterson1, Patsy G. Oliver1, Amber K. O’Connor1,

Bradley K. Yoder1, Susan L. Bellis1
1University of Alabama at Birmingham; 2University of Virgina

Increased protein sialylation in cancers has been noted for
decades, although the full significance of individual sialyltrans-
ferase activity remains unclear. ST6Gal-I is a tumor-associated
sialyltransferase which catalyzes the addition of sialic acid in an
α2-6 linkage to specific glycoproteins which can alter their func-
tion. We assayed ST6Gal-I protein by immunohistochemistry
and find expression in the vast majority of patient ovarian and
pancreatic tumors contrasted to minimal expression in the
normal epithelium. ST6Gal-I expression in patient ovarian
cancers is enriched during metastasis and correlates with worse
progression-free and overall survival. Several lines of evidence
now point to ST6Gal-I activity present in less differentiated cell
populations. In light of this, we investigated whether ST6Gal-I
functionally promotes a cancer stem cell (CSC) phenotype, i.e.
resistance to chemotherapy, survival as tumorspheroids, and
ability to initiate tumors. We previously reported that ST6Gal-I
activity confers resistance to cisplatin. Here, we show its activity
additionally confers resistance to gemcitabine in pancreatic
tumor cells demonstrating resistance to a second chemotherapy
drug. ST6Gal-I expressing cells are enriched in patient tumor-
grafts treated with gemcitabine suggesting that these cells prefer-
entially survive chemotherapy in vivo. We show that ST6Gal-I
expression allows cells to better survive and proliferate in
tumorspheroid culture conditions (serum-free, non-adherent
culture). Moreover, ST6Gal-I expressing primary tumor cells
isolated from ovarian cancer ascites or patient tumorgrafts
survive in tumorspheroid culture, whereas ST6Gal-I negative
cells do not. Conversely, forced expression of ST6Gal-I protects
tumor cells exposed to the ascites fluid milieu in vitro, while
non-ST6Gal-I expressing cells succumb to this inflammatory en-
vironment. ST6Gal-I expression enhances the ability of cells to
form subcutaneous tumors while tissue specific, forced expres-
sion promotes tumor initiation in a chemical carcinogenesis
model. Additionally, cells in preinvasive lesions from two spon-
taneous pancreatic cancer models express ST6Gal-I, intimating
its involvement at the earliest stages of cancer inititation. Direct
modulation of ST6Gal-I levels in tumor cells regulates the
protein expression of stem-related transcription factors, Sox9
and Slug, providing a plausible mechanistic link between
ST6Gal-I activity and the CSC phenotype. This novel,
glycosyltransferase-mediated regulation of transcription factor
expression highlights tumor glycosylation as a previously unrec-
ognized, regulatory component of tumor cells.

(11)Glycocalyx engineering toward probing cancer glycome
evolution

Carolyn Bertozzi
Stanford University & Howard Hughes Medical Institute

While altered glycosylation patterns have long been identified as
hallmarks of cancer, their functional significance with respect to
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tumor progression are not well understood. Two examples are
overexpression of mucin glycoproteins (densely glycosylated
cell-surface molecules with unusual physical properties) and
hypermodification of glycoproteins with the terminal sugar
sialic acid. These glycosylation phenotypes are found on numer-
ous cancer types with highly varied underlying driver mutations
and their magnitude tends to correlate with tumor aggressive-
ness. To test hypotheses regarding the functional significance of
cancerglycomes, we developed an approach to engineer the cell
surface “glycocalyx” with chemically defined glycopolymers
that emulate cancer-associated structures. Using living polymer-
ization and chemoselective ligation chemistries, we synthesize
glycopolymers functionalized with a biophysical probe on one
end and a lipid capable of membrane insertion on the other.
These biomimetic structures can be displayed on live cell mem-
branes where they acquire functions analogous to natural mucin
glycoproteins. Our work using this platform suggests that
hypersialylation protects tumor cells from innate immune sur-
veillance, whereas mucin upregulation alters the physical prop-
erties of the glycocalyx so as to promote focal adhesion
formation and signaling. Both glycophenotypes can thus be
understood as evolutionary adaptations of cancer cells under
various selective pressures.

(12) Shaping Glycans by DNA Scissors - Turning Glycosciences
Into Lego Toying

Henrik Clausen, Katrine Schjoldager, Zhang Yang,
Catharina Steentoft, Adnan Halim, Eric Bennett,

Sergey Vakhrushev
Center for Glycomics, Departments of Cellular and Molecular

Medicine and School of Dentistry, Faculty of Health and
Medical Sciences, University of Copenhagen, DK-2200

Copenhagen N, Denmark, and The Novo Nordisk Foundation
Center for Biosustainability, The Danish Technical University,

Denmark.

DNA nuclease “scissors” (ZFNs, TALENs, CRISPR/Cas9) are
bringing new opportunities to the field of glycosciences and bio-
technology. DNA scissors enable facile stable gene editing of
mammalian cells with knockout and knockin of glycogenes as
well as with activation and editing of endogenous glycogenes to
develop e.g. isogenic cell models for congenital disorders of gly-
cosylation (CDGs) [1].We have used DNA scissors to character-
ize O-GalNAc glycoproteomes of human cell lines and address
the role of polypeptide GalNAc-transferases (GalNAc-Ts) asso-
ciated with diseases. Isogenic cells with and without individual
members of the large GalNAc-T have enabled identification of
non-redundant contributions of individual GalNAc-T isoforms
to the O-glycoproteome and evaluation of biological functions
conferred. In particular we confirm that the GALNT2 gene is a
modulator of plasma lipids in vitro and in vivo as predicted
from several GWAS. More recently we have used DNA scissors
to deconstruct N-glycosylation in CHO cells and develop a
design matrix for genetic reconstruction of defined more homo-
genous glycosylation [2]. Broader aims of these efforts are to

use genetic engineering of model cells such as CHO and human
cancer cells to provide cell-based production and arraying plat-
forms for well-defined glycoproteins and cellular glycopheno-
types to explore biological functions of glycans and biomedical
applications.

References

1. Steentoft C., Bennett E. P., Schjoldager K. T., Vakhrushev S. Y.,
Wandall H. H., Clausen H. (2014)Glycobiology 24, 663–680.

2. Yang Z., Wang S., Halim A., Schulz M. A., Frodin M., Rahman S.
H., Vester-Christensen M. B., Behrens C., Kristensen C., Vakhrushev
S. Y., Bennett E. P., Wandall H. H., Clausen H. (2015) Nature
Biotech. E-pub July 20.

(13)Glycoengineering the baculovirus-insect cell system for
therapeutic glycoprotein production

Don Jarvis
Univ of Wyoming

(14) Intestinal fucosylation maintains host-microbe symbiosis
during sickness
Joseph Pickard

University of Chicago

Severe systemic infection of animals results in conserved “sick-
ness behavior,” which includes reduced appetite (anorexia).
Anorexia is beneficial during some infections, but results in a de-
crease in ingested food reaching the gut. The symbiotic gut bac-
teria depend on both ingested and host-derived food, and
provide essential services to the host, including colonization re-
sistance and provision of nutrients. Thus, during severe sickness,
the host might turn on internal sources of nutrition to sustain the
gut microbiota in the absence of ingested food. We found that α
(1,2)fucosylation of the mouse small intestine is rapidly and
strongly induced by systemic microbial products or invasive bac-
teria, via the cytokines IL-23 and IL-22, and that it improves host
recovery from sickness. The beneficial effect of fucosylation was
dependent on the presence of gut bacteria, which responded to
the inducible fucose with changes in gene expression, including
increased uptake of the sugar. Fucose also suppressed virulence
genes expressed by the normal gut microbes, and improved the
host tolerance of a mild gut pathogen, C. rodentium. Increased
provision of fucose during sickness can thus be considered a “tol-
erance of infection”mechanism.

(15) Dysregulation of proteoglycan expression in astrocytoma:
assessment using an integrated omics approach

Chun Shao1, Joshua Klein1, Lilla Turiak1, Joanna Phillips2,
Joseph Zaia1

1Boston University School of Medicine; 2Univesity of
California San Francisco

Glioma accounts for 30% of human primary brain tumors.
The World Health Organization (WHO) classification system
divides astrocytoma into low-grade (grade I and II) and high-
grade (grade III and IV) based on the degree of biologic
aggresiveness and malignancy. Heparan sulfate and chondroitin
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sulfate proteoglycans (HSPGs and CSPGs) regulate the acti-
vities of many growth factor signaling pathways and cell-
microenvironment interactions that have been implicated in the
tumorigenesis of many cancers. However, little is known about
the biological functions of proteoglycans in astrocytoma. Here
we present a high-throughput platform to integrate the dynamic
alterations of glycan structures of HSPG/CSPG with extra-
cellular matrix proteomics for different grade of astrocytomas
from hundreds of patient samples. The integrated omics data
demonstrate the dysregulation expression of proteoglycans and
proteoglycans functional related protein in different grade of
astrocytomas.
Tissue microarray (TMA) technology was developed as a

high-throughput molecular biology technique for researchers
to allow assessment of the expression of disease-related
genes on hundreds of tissue specimens simultaneously. We
developed a high-throughput platform for profiling HS, CS
and peptides and applied it to astrocytoma samples in a
time-efficient manner by sequentially printing heparin lyases,
chondroitinase ABC and trypsin into astrocytoma TMAs, fol-
lowed by liquid microjunction surface extraction of digested
products. Our lab has established a method for extracting HS
and CS from tissues involving tissue homogenization, pronase
digestion, DNAse digestion, β-elimination, and weak ion ex-
change chromatography. It would take months to complete
the sample preparation for one hundred of samples with the
traditional method. However, it requires just one week to
process one hundred samples with the new platform. In add-
ition, significantly less sample loss was observed using enzym-
atic printing and tissue surface extraction. The principle
component analysis (PCA) is applied to demonstrate the re-
producibility for HS/CS/protein quantities in three serial sec-
tions. The coefficients of variance among three serial sections
were within 15% for both relative quantification and absolute
quantification. Therefore, the new developed platform is high-
throughput and reproducible for analyzing HS, CS, and pep-
tides from TMA tissue surfaces.

(16) Labeling Cell Surface Glycoproteins by Selective
Exo-Enzymatic Labeling (SEEL) andMetabolic Labeling

Peng Zhao, Seok-Ho Yu, Cheng Yu Chen, Kelley W. Moremen,
Geert-Jan Boons, Richard Steet, Lance Wells

University of Georgia

In comparison to metabolic labeling, we present here the advan-
tageous labeling method known as selective exo-enzymatic la-
beling (SEEL): N- and O-linked glycoconjugateds on cell
surface are selectively tagged by exogenously administering re-
combinant sialyltransferases and azide-modified CMP-Neu5Ac,
and enriched using a biotin-modified sulfated dibenzocycloocty-
nylamide (S-DIBO). The SEEL strategy provides a unique op-
portunity to isolate and identify subsets of cell surface
glycoconjugates, and to study the mechanisms that underlie
altered glycoconjugate recycling and storage in disease. Further,
we demonstrate the improved enrichment of cell surface

glycoproteins using SEEL over other cell surface labeling/enrich-
ment strategies.

(17)Nutrient Regulation of Cell Physiology by
O-GlcNAcylation
Gerald W. Hart

Johns Hopkins University School of Medicine, Department of
Biological Chemistry

O-GlcNAcylation serves as a sensitive nutrient sensor since its
cycling and protein specificity are highly dependent upon the
concentrations of UDP-GlcNAc, which in turn is linked to the
major metabolic cellular pathways, including glucose, amino
acid, fatty acid, nucleotide and energy metabolism. Nearly all
proteins involved in transcription, including histones, RNA
polymerase, DNA methyltransferases, and both basal and spe-
cific transcription factors are O-GlcNAcylated. O-GlcNAc
cycles on well over half of protein kinases. Crosstalk with
protein phosphorylation is extensive. Kinases modified by
O-GlcNAcylation that have been studied are indeed regulated
by the sugar. As a result of O-GlcNAc’s extensive roles in both
transcription and signaling, the sugar plays a key role in glucose
toxicity in diabetes, in the etiology of Alzheimer’s disease and in
the etiology of cancer. Over eighty-eight mitochondrial proteins
are O-GlcNAcylated. The entire O-GlcNAc cycling system is
present in mitochondria, including a UDP-GlcNAc transporter.
O-GlcNAcylation not only regulates mitochondrial functions,
but also O-GlcNAc cycling is grossly abnormal in cardiac mito-
chondria from diabetic animals, providing a direct molecular
basis for mitochondrial dysfunctions in hyperglycemia asso-
ciated with diabetes. O-GlcNAcylation plays a major role in
neuronal functions, including synaptic functions and learning
and memory. An inducible knockout of O-GlcNAc transferase
in excitable neurons of adult mice (driven by the αCAMKII pro-
moter), surprisingly leads to a morbidly obese mouse within
only about three weeks. These mice have a pronounced satiety
defect mostly caused by defects in thyroid releasing hormone
(TRH) producing neurons of the PVN of the hippocampus, a
region of the brain long known to control appetite. Thus,
O-GlcNAc is not only a nutrient sensor in all cells, but serves to
regulate appetite control by the brain. Supported by NIH
R01DK61671; P01HL107153; and N01-HV-00240. Dr. Hart
receives a share of royalty received by the universityon sales of
the CTD 110.6 antibody, which are managed by JHU

(18) Identification and Characterization of Missense Mutations
in O-GlcNAc Transferase Associated with X-linked intellectual

Disability
Lance Wells

University of Georgia

O-GlcNAc, O-linked beta-N-acetylglucosamine, is a posttran-
slational modification occurring on hundreds of nuclear and
cytoplasmic proteins, that is cycled by the joint action of single
mammalian gene products; O-GlcNAc transferase (OGT) for its
addition and neutral beta-N-acetylglucosaminidase (OGA) for
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its removal. In an X-chromosome exome screen of 30 probands
with X-linked intellectual disability (XLID), a novel missense
mutation in the OGT gene was identified from one family with
3 affected males. Further studies identified other XLID patients
with different missense mutations in OGT. To study the impact
of these mutations on OGT and the cell, we have utilized recom-
binant OGT proteins, lymphoblastoids from affected patients
and non-affected relatives as well as begun to create these muta-
tions in an isogenic background of hESCs using CRISPR/Cas
technology to study cell-type specific affects. Our characteriza-
tion includes examination of protein stability and activity as
well as the impact on the O-GlcNAcome, OGT-interactome,
OGA protein and mRNA steady-state levels, and the whole
transcriptome. These studies establish that these hypomorphic
mutations in OGT appear to be causal for XLID in human
males.

(19)O-GlcNAcylation stabilizes proteins and nascent chains
David Vocadlo

Simon Fraser University

(20)Discovery of O-GlcNAc binding interactions using
photocrosslinking O-GlcNAc in vitro and in cells

Jennifer J. Kohler, Andrea C. Rodriguez
UT Southwestern Medical Center

O-linked N-acetyl-D-glucosamine (O-GlcNAc) is an abundant
and dynamic single sugar post-translational modification regulated
by two enzymes, O-GlcNAc transferase (OGT) and O-GlcNAcase
(OGA). Dysregulation of O-GlcNAcylation is associated with
human diseases, including cancer and diabetes. While hundreds of
O-GlcNAc-modified proteins have been identified, less is known
about how O-GlcNAc-ylation alters protein function. Identifying
protein-protein binding interactions that are promoted by
O-GlcNAc modification may provide insight into the functional
consequences of O-GlcNAc-ylation. To achieve this, we prepare
the “O-GlcNDAz” modification, in which the diazirine photoac-
tivable crosslinking group is appended onto O-GlcNAc residues.
Subsequent UV irradiation activates the diazirine, resulting in co-
valent crosslinks between O-GlcNDAz-modified proteins and
neighboring molecules. The crosslinked complexes can be iso-
lated and analyzed by mass spectrometry to identify binding
partners. Here we report a chemoenzymatic method to prepare
O-GlcNDAz-modified peptides in vitro, for subsequent crosslink-
ing to proteins in lysates. In addition, we describe improvements
to a previously reported method to prepare O-GlcNDAz in cells
through metabolic engineering. Used together, the in vitro and
cell-based O-GlcNDAz crosslinking methods provide insight into
the functional roles of O-GlcNAc modification.

(21)Discovery of a Nucleocytoplasmic O-Mannose
Glycoproteome in Yeast

Adnan Halim1, Ida SB Larsen1, Patrick Neubert2, Hiren
J. Joshi1, Bent L. Petersen1,3, Sergey Y. Vakhrushev1,

Sabine Strahl2, Henrik Clausen1

1Copenhagen Center for Glycomics, Departments of Cellular
and Molecular Medicine, Faculty of Health Sciences, University

of Copenhagen; 2Centre for Organismal Studies (COS),
University of Heidelberg; 3Department of Plant and
Environmental Sciences, University of Copenhagen

Dynamic cycling of βGlcNAc on serine (Ser) and threonine (Thr)
residues (O-GlcNAcylation) is an essential process in all eukaryotic
cells except certain yeast, e.g. Saccharomyces cerevisiae. The appar-
ent lack of a nucleocytoplasmic O-glycosylation system in yeast has
been difficult to explain given that O-GlcNAcylation is a wide-
spread modification necessary for the regulation of vital cellular
processes in all higher eukaryotes. Here, we adopt our glycoproteo-
mic strategy [1] to probe the O-glycoproteome of baker’s yeast.
Using total cell lysates digested with trypsin/PNGase F and
Concanavalin A (ConA) weak lectin affinity chromatography,
yeast O-linked glycopeptides were enriched and identified by
Orbitrap-based mass spectrometry utilizing HCD and ETD frag-
mentation modes. Surprisingly, more than one-third of the �400
identified glycoproteins were found to originate from nuclear, cyto-
plasmic and mitochondrial compartments. The total cell lysate
digests were further characterized with reductive β-elimination, gas
chromatography-mass spectrometry (GC-MS) and jack bean alpha-
mannosidase treatment to elucidate the identity and linkage of the
nucleocytoplasmic O-linked hexose residue which was found to be
Ser/Thr-O-Mannose in alpha-configuration (O-Man). The localiza-
tion of these O-Man residues mirrors that of O-GlcNAcylation at
or adjacent to important phosphorylation sites and specific O-Man
residues were identified on evolutionary conserved positions occu-
pied by O-GlcNAc on orthologous human proteins, indicating that
O-Man fulfills similar functions in yeast as O-GlcNAcylation in
higher eukaryotes. This discovery now enables wider studies addres-
sing the functional roles of nucleocytoplasmic O-Man in yeast and
identification of the biosynthetic machinery which could have a
major impact on yeast-based bioproduction and biotechnology.

Reference

1. Vester-Christensen MB, et al. (2013) Mining the O-mannose glyco-
proteome reveals cadherins as major O-mannosylated glycoproteins.
Proc Natl Acad Sci USA 110(52):21018–21023.

(22)Mucosal Innate Lymphoid Cells Regulate Epithelial Cell
Glycosylation
Hiroshi Kiyono

The Institute of Medical Science, University of Tokyo

(23) Viral lectin initiates B cell Activation and Signaling
Daniel Lingwood1, Rina F. Villar1, Jinal Patel3,

Masaru Kanekiyo2, Adam K. Wheatley2, Gary J. Nabel2,
John R. Mascola2, Steven A. Carr3

1The Ragon Institute of MGH, MIT and Harvard; 2The
Vaccine Research Center, National Institutes of Health;

3The Broad Institute of MIT and Harvard

Activation of immune cells (but not B cells) with plant lectins is
widely known. We have found that influenza hemagglutinin
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preferentially activates antigen-naïve B cells through its sialic
acid (SA)-binding property. This activation can be elicited by
multivalent SA-binding proteins in general and appears to drive
naïve B cells to acquire memory-like characteristics in the
absence of antigen specificity. Addition of sialyl-oligosaccharide
is general hallmark of mammalian cell surface glycoproteins,
however, we find that the process is highly selective in B cells
and that the major effector of activation, the B cell receptor
(BCR), displays glycoforms that are surprisingly distinct from
clonally identical immunoglobulins secreted by the same cell.
We suggest that carbohydrate-dependent B cell activation repre-
sents a superantigen-type immune response that may have lead
to a tuning of BCR SA-configuration and glycosylation.

(24)
Katharina Ribbeck

MIT

(25)Directing antibody glycosylation via vaccination
Galit Alter

Ragon Institute of MGH, MIT, and Harvard

Antibodies protect us from infection and cancer through the rapid
elimination of infected, stressed, dying, or malignant cells via their
ability to direct the immune killing of the innate immune system.
This activity is critically dependent on the ability of antibodies to
interact with innate immune receptors including Fc-receptors
(FcRs) found on all innate immune cells of the body. This activity
is regulated by 2 modifications to an antibody: 1) selection of par-
ticular isotypes/subclasses and 2) changes in antibody glycosyla-
tion at a single asparagine residue 297 that alters the affinity of
antibodies for different FcRs. While data dating back to the 1960s
illustrate profound differences in antibody glycosylation in distinct
inflammatory diseases, little is known about the specific signals
that selectively alter antibody glycosylation during an immune re-
sponse. Here we utilized antigen-specific single B-cell transcrip-
tional profiling approaches linked to antigen-specific antibody
glycan sequencing approaches to begin to tease apart the specific
mechanism(s) by which B cells direct antibody function. With a
specific emphasis on vaccine induced immunity, we observed dif-
ferent glycosylation profiles on bacteria- vs viral-specific anti-
bodies, driven by distinct toll-like-receptor utilizing pathways,
pointing to an essential role for inflammation in directing anti-
body glycosylation machinery. Taken together, these data suggest
that antibody glycosylation is a highly tunable process, by which
B cells selectively regulate glycosylation machinery to direct anti-
body function. Thus defining the “rules” by which glycosylation
is regulated, in B cells and beyond, offers a unique approach to
intervene in both vaccination and therapeutic approaches aimed
at leveraging the immunoregulatory power of glycosylation.

(26) Engineering the next generation of heparins
Robert Linhardt

Rensselaer Polytechnic Institute

(27) The ups and downs of heparan sulfate
Jeffrey Esko

University of California San Diego, School of Medicine

(28) The Discovery and Development of Glycomimetic Drugs
for Cancer and Inflammatory Disease

JohnMagnani
GlycoMimetics Inc.

(29)Glycosylation of plasma proteins in diagnosis of HNF1A -
maturity onset diabetes of the young

Olga Gornik1, Tamara Pavić1, Agata Juszczak2, Edita
Pape Medvidović3, Anna Gloyn2, MarkMcCarthy2,

Katharine Owen2, Gordan Lauc1,4
1University of Zagreb, Faculty of Pharmacy and Biochemistry,
Zagreb; 2Oxford Centre for Diabetes, Endocrinology and

Metabolism, University of Oxford, Churchill Hospital, Oxford;
3Merkur University Hospital, Vuk Vrhovac University Clinic
for Diabetes, Endocrinology and Metabolic Diseases, Zagreb

University School of Medicine, Zagreb; 4Genos Ltd.
Glycobiology Division, Zagreb

Recent improvements in analytical approaches enabled us to
perform the first study that combined genome-wide association
approach and high-throughput glycomics. The study showed
that Hepatocyte Nuclear Factor (HNF) 1α and its downstream
target HNF4α regulate the expression of key fucosyltransferase
and fucose biosynthesis genes and that HNF1α is both neces-
sary and sufficient to drive the expression of these genes in
hepatic cells. This revealed a new role for HNF1α as a master
transcriptional regulator in the fucosylation process. Since
loss-of-function HNF1A mutations are causal for the HNF1A
subtype of maturity-onset diabetes of the young (MODY), we
performed a pilot study on patients with different subtypes
of diabetes and identified potential, glycosylation based, dis-
criminative marker for this often misdiagnosed disease. The
current diagnostic approach is based on sequencing of the
whole gene and difficult subsequent diagnosis assignment,
therefore any improvement in this process would represent a
great value for both patient and healthcare system. Accurate
diagnosis allows prompt screening of relatives to identify other
cases in family members and offers adequate treatment. We are
currently assessing the performance of the glycosylation based
marker in a “real-life” clinical setting among unselected patients
with a diagnosis of young adult-onset diabetes and produce a
rational diagnostic protocol as well as esimating its impact on
health economics. We hypothesize that by measuring plasma
glycan profile we will identify patients with the highest risk of
having HNF1A-MODY, who can then undergo diagnostic se-
quencing. We also hypothesize that, since glycosylation is
shown to be altered by pathogenic HNF1A variants, it could be
used as plasma marker in assessing pathogenicity of variants
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that are either novel, or have not been conclusively categorised
as disease-causing. The study involves patients with increased
risk of diagnostic misclassification, recruited through the
Croatian Registry of Diabetes and the Young Diabetes in
Oxford study.

(30) A mitochondrial fucosyltransferase is essential for the
viability of Leishmania major

Hongjie Guo1, Sebastian Damerow2, Michael A.J. Ferguson2,
StephenM. Beverley1

1Dept. of Molecular Microbiology, Washington University
School of Medicine, St. Louis, MO 63110 USA; 2Division of
Biological Chemistry & Drug Discovery, Wellcome Trust
Biocentre, College of Life Science, University of Dundee,

Dundee DD1 5EH, Scotland, United Kingdom

Recently, we characterized two L. major genes (FKP40 and
AFKP80) encoding bifunctional proteins with kinase/pyropho-
sphorylase activities. Both proteins could salvage L-fucose to
GDP-L-Fuc, but only AFKP80 yielded GDP-D-Arap from
D-Arabinopyranose. Correspondingly, Δafkp80-mutants lack
D-Arap while Δfkp40-mutants resembled WT. Unexpectedly,
we were unable to produce Δfkp40-/Δafkp80-double mutant.
These data suggested that GDP-Fuc (or a related metabolite) is
essential, although fucosylated glycoconjugates had not been
previously reported in Leishmania infecting mammals.
The Leishmania genome predicts at least 5 candidate fucosyl-

transferases. SCA1 and SCA2 mediate D-Arap modifications of
lipophosphoglycan (LPG), and gene knockout studies of two
others showed they were not essential. Lm01.0100 is the only
candidate FucT conserved amongst trypanosomatids, showing
key motifs characteristic of α-1,2 fucosyltransferases. Enzymatic
assays of L. major overexpressing C-terminally tagged Lm01
showed transfer of Fuc from GDP-Fuc to Galβ1,3GlcNAc-
β-O-Methyl. To test essentiality, we used a quantitative
‘plasmid segregation’ assay, expressing Lm01 from the multi-
copy episomal pXNG vector, which additionally expresses
GFP, in a chromosomal null Δlm01- background. Single cell
sorting for GFP-null lines did not yield viable cells, indicating
that Lm01 is essential.
Unlike most eukaryotic glycosyltransferases, Lm01 was pre-

dicted to localize to the mitochondrion, which was confirmed
experimentally by expression of a C-terminally tagged protein
(Lm01-HA). To probe the importance of mitochondrial local-
ization, we used ‘plasmid shuffling’, asking whether
pXNG-Lm01 could be lost in the presence of mutated test
Lm01 genes bearing a C-terminal HA tag. A minimal mito-
chondrial targeting sequence was identified, and this protein
was fully functional. In contrast, a variety of modifications
affecting mitochondrial localization could not rescue the
Δlm01- mutant; each of these proteins were expressed at high
levels but were now found in the cytosol. Lastly, mutation of
the predicted FucT catalytic motif resulted in loss of function,
while maintaining mitochondrial localization. Together these
results suggest that both mitochondrial localization and FucT

activity are essential for Lm01 functionality. Thus, Lm01 joins
the eukaryotic O-GlcNAc transferases as one of the first glyco-
syltransferases shown to act within the mitochondrion. Current
work is now oriented towards identifying the Leishmania fuco-
sylated targets therein.

(31) Control of Homeostatic and Pathogenic Balance in
Adipose Tissue by Ganglioside GM3

Jin-ichi Inokuchi
Tohoku Pharmaceutical University

Ganglioside GM3 has been known to participate in insulin sig-
naling by regulating the association of the insulin receptor in
caveolae microdomains, which is essential for the execution of
the complete insulin metabolic signaling in adipocytes.
Macrophage-secreted factors including proinflammatory cyto-
kines, TNF-α and IL1-β, in adipose tissues have been known to
limit the local adipogenesis and induce insulin resistance,
however, the interplay between adipocytes and macrophages
upon regulation of GM3 expression is not clear. GM3 was vir-
tually absent in primary adipocytes differentiated from
macrophage-depleted mesenteric stromal vesicular cells, which
accompanies enhancement of insulin signaling and adipogen-
esis. We found that the expression of GM3 is governed by
soluble factors including steady-state levels of proinflammatory
cytokines secreted from resident macrophages. The direct in-
volvement of GM3 in insulin signaling is demonstrated by the
fact that embryonic fibroblasts obtained from GM3 synthase
(GM3S) deficient mice have increased insulin signaling, when
compared to wild type embryonic fibroblasts, which in turn
leads to enhanced adipogeneis. In addition, GM3 expression in
primary adipocytes is increased under proinflammatory condi-
tions as well as in adipose tissue of diet-induced obese mice.
Moreover, GM3S deficient mice fed high fat diets become obese
but are resistant to the development of insulin resistance and
chronic low-grade inflammatory states. Thus, GM3 functions
as a physiological regulatory factor of the balance between
homeostatic and pathological states in adipocytes by modulat-
ing insulin signaling. Collectively, the normalization of elevated
levels of GM3 under proinflammatory states could lead to a
new intervention to treat metabolic syndrome.

(32)On-Chip Glycan Modification and Probing: A Method To
Query Protein Glycosylation in Clinical Specimens

Jessica Sinha1, Elliot Ensink1, Brian Liao2, Pauline Rudd2,
Richard Drake3, Marshall Bern4, Doron Kletter4, Brian Haab1
1Van Andel Research Institute; 2Bioprocessing Technology

Institute; 3Medical University of South Carolina;
4Protein Metrics

Recent research is uncovering unexpected ways that glycans
contribute to biology, as well as new strategies for combatting
diseases using approaches involving glycans. Although the op-
portunities are many, progress in glycan-based strategies has
been slow, hampered in many cases by a lack of suitable experi-
mental methods. The technologies either are too complex or ex-
pensive to be accessible to non-specialists, or they are incapable
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of delivering the type of information necessary to address
certain hypotheses. We are developing a method to help meet
that need, which we call On-Chip Glycan Modification and
Probing (On-Chip GMAP). We previously showed that anti-
body arrays are effective for capturing glycoproteins and
glycans out of biological samples, and that the captured mater-
ial can be probed with a series of lectins and glycan-binding
antibodies to derive quantitative information about the glycan
content. Adding to these capabilities, we developed on-chip en-
zymatic modification of the captured glycans, as well as algo-
rithms and software for interpreting the alterations produced by
the enzymes. Using microarrays containing the glycoproteins
transferrin, fetuin and others, we applied five different enzymes
to sequentially remove terminal motifs, probed the alterations
using a panel of lectins, and predicted the relative levels of 10
related motifs. We then confirmed the glycan motifs and signifi-
cant differences using mass spectrometry and glycan sequencing
by chromatography. Furthermore, these data suggest that
linking the output between On-Chip GMAP and mass spec-
trometry may provide deeper information than either method
individually. On-Chip GMAP could be an important compo-
nent of practical and comprehensive glycan analysis strategies,
particularly for disease research.

(33) Bisecting glycans increase Notch expression and activity
promoting the growth and progression of ovarian cancer

Karen L. Abbott1, Heba Allam1, Martin J. Cannon2
1University of Arkansas for Medical Sciences, Department of
Biochemistry and Molecular Biology; 2University of Arkansas

for Medical Sciences, Department of Obstetrics and
Gynecology

Glycosylation is the most complex posttranslational modifica-
tion of proteins, requiring multiple enzymes to create complex
glycan structures. Previously we discovered that the geneMgat3
encoding the glycosyltransferase GnT-III is elevated in epithelial
ovarian carcinomas. GnT-III is responsible for forming the
bisecting N-linked glycan structure. This structure has been
reported to promote tumor growth in certain malignancies or
inhibit tumor growth in other cancers. To assess the role of ele-
vated GnT-III expression in epithelial ovarian cancer, we estab-
lished stable suppression of GnT-III in epithelial ovarian cancer
cell lines including a primary patient derived cell line. Our
results indicate that ovarian cancer cells with stable suppression
of GnT-III show a reduced percentage of side-population cells
or cancer stem cells (CSCs), reduced levels of key stemness
genes, and significantly reduced tumor growth and metastasis
in vivo. Furthermore, we find that the expression of GnT-III and
glycosylation of periostin a known acceptor for GnT-III glyco-
sylation increases Notch receptor protein levels and Notch ac-
tivity. Suppression of GnT-III reduced the levels of the activated
Notch receptor intracellular domain (NCID) equal to gamma
secretase inhibitor I (GSI) alone and in the presence of GSI the
effect was additive. These results suggest that inhibition of
GnT-III may be a potential novel therapeutic approach for
ovarian cancer that may be additive with GSI therapeutics.

(34)Mapping the Glycopathology and Glycoimmunology
Features of Formalin-Fixed Prostate Cancer Tissues by

N-Glycan MALDIMass Spectrometry Imaging
Richard R. Drake1, Huarong Xu1, Thomas Powers1,

AnandMehta2, Peggi Angel1, Michael Lilly1, Jennifer Wu1
1Medical University of South Carolina; 2Drexel University

The prostate gland secretes hundreds of abundant glycoproteins
like prostate specific antigen, prostatic acid phosphatase, and
aminopeptidase N that function in mediating reproductive pro-
cesses. However with increasing age and decreased reproductive
utility, the role that these abundant secreted glycoproteins have
as mediators and biomarkers of prostate cancer development
and progression has been the focus of major research efforts.
Prostate cancer also develops in a highly inflammatory immune
environment. Understanding the role of the different classes of
glycosylation and glycoprotein carriers in relation to prostate
cancer detection, immunology and therapeutics has become in-
tegrally linked. A new MALDI tissue imaging workflow has
been applied to this question in order to identify the two-
dimensional localization and distribution of different N-glycan
species in normal and prostate tumor tissues. Formalin-fixed
paraffin embedded (FFPE) tissues from pathology blocks, tissue
microarrays (TMA) and biopsy cores have been analyzed
following PNGaseF digestion, and then linked to the histopath-
ology features of each sample. The glycan distribution differ-
ences between prostate tumor and non-tumor regions were
strikingly evident. Across over 100 tissue samples analyzed by
the approach, a consistent elevation of high mannose N-glycans
are (Man5-Man9) detected almost exclusively in the tumor
regions. Larger multi-fucosylated glycans were also tumor-
associated. Multiple stroma-associated glycans shared similar
non-sialylated bi-antennary structures, i.e., HexNAc4-5,
Hex4-5, +/− core fucose, and were detected primarily in non-
tumor regions of the stroma. There are also many cryptic glycan
species detected, most of which are elevated in regions of
stroma adjacent to tumor. The most common biantennary sialy-
lated glycans known to be present on prostate glycoproteins
were primarily present in the stroma and adjacent non-tumor
regions. An unexpected finding was the detection of multiple
glycan species associated with the tumor immune cell infiltrate,
the N-glycans from which were structurally distinct from
the aforementioned stroma and tumor glycans. Efforts are
ongoing to map individual immune cell classes to specific
glycan signatures, and combine these with the conserved panels
of N-glycans identified and localized to specific stromal and
tumor compartments to develop new prostate cancer diagnostic
assays.

(35) Serum Anti-Glycan Antibodies as Immunotherapy
Biomarkers

Jeffrey Gildersleeve
National Cancer Institute

Cancer vaccines and other immunotherapies have significant
potential for treating cancer patients, but clinical responses vary
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considerably from patient to patient. To optimize their clinical
use, there are major efforts to (a) identify predictive biomarkers
(markers that could be used to select patients that are likely
to have a positive response), (b) identify biomarkers of efficacy
(markers that could be used to determine if a patient is having
a favorable response), and (c) develop better vaccines/immuno-
therapies. A better understanding of what constitutes a favor-
ably immune response is critical for achieving these goals.
While responses to proteins have been studied at length,
immune responses to glycans have been largely understudied.
Carbohydrate microarrays provide a powerful, high-throughput
tool for profiling anti-glycan antibody populations in serum
and identifying unique or altered subpopulations that are rele-
vant to clinical outcomes. We have used this technology to
evaluate immune responses induced by a poxvirus-based pros-
tate cancer vaccine (PROSTVAC-V/F) that is currently in Phase
III clinical trials. We have profiled over 140 patients from two
Phase II clinical trials and have identified serum antibodies with
statistically significant correlations with overall survival. These
antibodies are promising new biomarkers for predicting which
patients will respond favorably to PROSTVAC-VF and are
being developed as companion assays for PROSTVAC-VF. In
addition, our results have implications for improving vaccine
design.

(36)O-glycosylation of hemopexin in the progression of liver
disease

Miloslav Sanda1, Julius Benicky1, Yiwen Wang1,
Kepher Makambi1, Coleman Smith1, Peng Zhang2,

Radoslav Goldman1
1Georgetown University; 2University of Georgia

Chronic hepatitis C viral (HCV) infection is accompanied by
progressive fibrotic and cirrhotic changes of the liver. Biopsy
remains the standard method for diagnosis of liver fibrosis but
non-invasive imaging or serologic methods increasingly contrib-
ute to the detection of liver disease. We and others have shown
that changes in protein N-glycosylation accompany the devel-
opment of fibrosis, cirrhosis, and HCC. Here we describe
changes in O-glycosylation of hemopexin (HPX) isolated from
plasma of healthy controls (n = 23) and participants in the
HALT-C clinical trial with fibrotic (n = 22) and cirrhotic
(n = 24) liver disease. LC-MS/MS analysis of specific HPX gly-
coforms identified progressive increase in sialylated glycoforms
of HPX in liver disease. Specifically, we observe increase in the
GalNAc-Hex-2Neu5Ac in context of liver damage and simul-
taneous decrease in the GalNAc-Hex-Neu5Ac, the major glyco-
form of HPX in healthy volunteers. Structure of the relevant
O-glycans was analyzed by HR LC-MS/MS of permethylated
detached glycans and is currently under further investigation
using NMR analysis of the isolated glycoforms. To quantify the
sialylated glycoforms of HPX, we developed a targeted
LC-MS3 workflow that has specificity and sensitivity sufficient
for direct serologic analysis. Quantification was achieved on the
6500 QTRAP mass spectrometer (AB Sciex) coupled with a
nanoacquity UPLC system (Waters). We detect increased

significant (Kruskal-Wallis test, p < 0.01) increase in sialylated
O-glycoforms of HPX as the stage of fibrosis progressed in liver
biopsies. We observed a 2.5-fold increase in fibrosis (9.6 + 9.5)
and further 4.4-fold increase in cirrhosis (41.9 + 59.6) com-
pared to healthy controls (3.8 + 2.2, n = 23). This glycoforms is
correlated with platelet count (rs = −0.60; p < 0.001) and with
AFP (rs = 0.53; p < 0.001) and its concentration decreased with
interferon treatment. The sialylated O-glycoforms of this liver
secreted glycoprotein represents a novel measure of the stage of
liver disease that could have a role in monitoring the progres-
sion of liver pathology.

(37)Druggability of Lectins, as Exemplified by a Bacterial
Adhesin

Beat Ernst, Katharina Maier, Deniz Eris, Jacqueline Bezencon,
Said Rabbani, Roland C. Preston, Daniela Abgottspon,

Anja Sigl
University of Basel

In general, the druggability of lectins (the likelihood of being
able to modulate a lectin with a small-molecule drug) is consid-
ered to be low. Therefore, lectins are still carelessly neglected
regarding their therapeutic potential. Using the specific example
of the bacterial lectin FimH, we challenged the various pharma-
codynamic and pharmacokinetic drawbacks associated with
carbohydrate-lectin interactions.

FimH is an adhesin involved in urinary tract infections
(UTIs), which are primarily caused by uropathogenic
Escherichia coli (UPEC). UTIs affect millions of people each
year, and account for significant morbidity and high medical
costs. These infections are initiated by the interaction of the
lectin FimH, located at the tip of bacterial type 1 pili, with uro-
plakin 1A, a highly mannosylated glycoprotein on urothelial
cells. Since bacterial resistance to antibiotics is a major problem
of recurrent UTI, blocking bacterial adhesion with soluble car-
bohydrates or analogues thereof is regarded as a novel and
promising therapeutic approach.

In an extensive study, the role that different conformations of
the FimH lectin play in the interaction with FimH antagonists
was analyzed by X-ray, ITC and NMR, leading to a detailed
understanding of the binding process. In addition, pharmacoki-
netic properties of high-affinity FimH antagonists were opti-
mized according to the requirements for oral administration.
Finally, the most promising candidate was validated in an in
vivo disease model, demonstrating its high therapeutic potential
for the prevention and/or therapy of UTIs.

(38) Pathogenic Cascade Downstream of Altered Processing of
Sialic Acids on Glycoconjugates Due to Deficiency of the

Lysosomal Sialidase NEU1
Alessandra d’Azzo

St. Jude Children’s Research Hospital

Sialidase NEU1 is a ubiquitous lysosomal glycosidase that is
pivotal for the catabolism of soluble and membrane-bound
sialo-glycoconjugates in mammalian tissues and cell types.
Genetic deficiency of NEU1 leads to the catastrophic,
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neurodegenerative, lysosomal storage disease sialidosis. The
complex phenotypes associated with sialidosis predict a spec-
trum of deregulated pathways downstream of NEU1 loss of
function and accumulation of over-sialylated substrates, which
are likely to be cell- and tissue-specific. Using Neu1−/– mice, a
preclinical model of sialidosis, we have unraveled mechanisms
of pathogenesis that have broaden our understanding of the
physiological roles of NEU1 and revealed its involvement in
more common adult conditions.
We found that NEU1 functions as negative regulator of the

physiological process of lysosomal exocytosis. By cleaving the
sialic acids on LAMP1, NEU1 controls the number of lysosomes
that traffic to and dock at the PM prior to fusing with the PM
and releasing their contents extracellularly. In Neu1–/– cells an
increased number of lysosomes marked with an over-sialylated
LAMP1 dock at the PM and engage in lysosomal exocytosis.
The ensuing exacerbation of this process has disastrous effects
on PM and ECM integrity, and ultimately results in loss of
tissue homeostasis. This sequel is evident in multiple tissues and
organs of the Neu1–/– mice. In the brain excessive lysosomal
exocytosis by hippocampal neurons is responsible for the pro-
gressive formation of β-amyloid deposits, resembling those in
Alzheimer’s disease (AD). In the bone marrow (BM), deregu-
lated exocytosis of proteases in the BM extracellular fluid
results in premature degradation of VCAM1 and loss of
retention of HPC in the bone niche, leading to splenic extrame-
dullary hematopoiesis. Finally, in muscle connective tissue, ab-
errant release of lysosomal contents from myofibroblasts into
the ECM triggers a widespread fibrosis that ultimately infiltrates
the muscle bed, and causes fiber degeneration and atrophy.
Thus,Neu1–/– mice represent an invaluable model to dissect the
multiple pathogenic effects of NEU1 deficiency in a pediatric
and rare disease that are likely shared by common adult
disorders, mostly associated with aging, like AD, fibrosis and
cancer.
(Funding: NIH GM60905, DK52025, CA021764,

GM104981, American Lebanese Syrian Associated Charities
(ALSAC))

(39) A GLYCOSIDICMECHANISMOF SECRETED
PROTEIN AGING AND TURNOVER

JameyMarth, Won Ho Yang
Center for Nanomedicine, SBP Medical Discovery Institute,

UCSB

The composition and functions of the secreted proteome are
regulated by the half–lives of different proteins. Almost all
secreted proteins are post-translationally modified during their
biosynthesis and transit through the secretory pathway with
one or more N-glycans. The N-glycans of mammalian proteins
consist of two or more oligosaccharide branches that frequently
terminate with a characteristic sequence of saccharides linked
together by glycosidic bonds. Sialic acid (Sia) as the distal
linkage masks underlying galactose (Gal), followed by

underlying N-acetylglucosamine (GlcNAc) and mannose (Man)
linkages. This N-glycan sequence (Sia-Gal-GlcNAc-Man-) is
present in a multivalent context due to N-glycan branching em-
anating from the core tri-mannose structure. Therefore
N-glycans exist as structures with cryptic multivalent ligands of
lectins with binding specificities that include galactose,
N-acetylglucosamine, or mannose linkages. We have identified
a glycosidic mechanism of secreted protein aging and turnover
linked to the stepwise elimination of saccharides attached to the
termini of N-glycans. Endogenous glycosidases including Neu1,
Neu3, Glb1, and HexB possess hydrolytic activities that tem-
porally remodel N-glycan structures, progressively exposing dif-
ferent saccharides with increased protein age. Subsequently,
endocytic lectins with distinct glycan binding specificities in-
cluding the Ashwell-Morell receptor, integrin alphaM, and the
macrophage mannose receptor are engaged in the recognition
and turnover of aged secreted proteins. Glycosidase inhibition
and lectin deficiencies increased protein half–lives and abun-
dance, and the basal rate of N-glycan remodeling varied among
proteins accounting for differences in their half–lives. This in-
trinsic multi-factorial mechanism acts as a clock of secreted
protein aging and turnover that contributes to health and the
outcomes of disease.

(45) A potential role for 6-sulfo sialyl Lewis X in metastasis
of bladder urothelial carcinoma

Hitomi Hoshino, Minekatsu Taga, Shulin Low,
Motohiro Kobayashi
University of Fukui

Bladder cancer is one of the most common malignancies world-
wide, and more than 90% of the cases are histologically classi-
fied as urothelial (transitional cell) carcinoma. Understanding
mechanisms underlying metastatic progression is critical for
patient survival, as metastasis is the leading cause of cancer
death. It has been accepted that sialyl Lewis X (sLeX) and sialyl
Lewis A (sLeA, also known as CA 19-9) glycans expressed on
cancer cells function in E-selectin-mediated metastasis.
Recently, it was reported that 6-sulfo sLeX glycans detected by
the MECA-79 monoclonal antibody are expressed in roughly a
quarter of gastric adenocarcinoma cases, and that these cases
show a poorer prognosis than do MECA-79-negative cases. The
present study was undertaken to assess expression of 6-sulfo
sLeX glycans in bladder urothelial carcinoma and evaluate po-
tential clinical implications. We analyzed seventy-eight speci-
mens representing bladder urothelial carcinoma, as well as four
bladder urothelial carcinoma cell lines. 6-sulfo sLeX glycans
were expressed in �20% of bladder urothelial carcinoma cases,
particularly in plasmacytoid and micropapillary variants.
6-sulfo sLeX-expressing bladder urothelial carcinoma cells were
also bound by E-selectin•IgM chimeras calcium-dependently.
Transcripts encoding GlcNAc6ST-2 were detected preferentially
in HT-1197 bladder urothelial carcinoma cells expressing
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6-sulfo sLeX, and transfection of the enzyme cDNA into
HT-1376 cells, which do not express 6-sulfo sLeX glycans,
resulted in cell surface expression of 6-sulfo sLeX. Furthermore,
6-sulfo sLeX glycans were expressed in HEV-like vessels
induced in and around lymphocyte aggregates formed near car-
cinoma cell nests. These HEV-like vessel-associated tumor-
infiltrating lymphocytes were composed primarily of CD3+ T
cells, with a fraction of CD8+ cytotoxic T cells. Our findings in-
dicate that 6-sulfo sLeX glycans likely play two roles in bladder
urothelial carcinoma progression: one in lymphocyte recruit-
ment to enhance anti-tumor immune responses, and the other
in E-selectin-mediated tumor cell adhesion to vascular endothe-
lial cells, which is potentially associated with metastasis.

(46) Comparison of Orthogonal Chromatographic and
Lectin-Affinity Microarray Methods for Glycan Profiling

of a Therapeutic Monoclonal Antibody
Matthew C. Cook1,3, Sherif J. Kaldas1,4, Gauri Muradia1,

Michael Rosu-Myles1,2, Jeremy P. Kunkel1,5
1Regulatory Research Division, Centre for Biologics

Evaluation, Health Canada, Ottawa, ON; 2Department of
Biochemistry, Microbiology & Immunology, Faculty of
Medicine, University of Ottawa, Ottawa, ON, Canada;

3Present address: Radiation Surveillance Division, Radiation
Protection Bureau, Health Canada, Ottawa, ON; 4Present
address: Department of Chemistry, University of Toronto,
Toronto, ON, Canada; 5Present address: National HIV and
Retrovirology Laboratories Division, National Microbiology
Laboratory, Public Health Agency of Canada, Winnipeg, MB

The N-linked glycosylation of four lots of a marketed human
therapeutic monoclonal antibody (mAb) was assessed by three
orthogonal chromatographic methods and a commercial lectin
microarray. For chromatography, the N-glycans were removed
enzymatically from the mAbs using PNGase F. Native glycans
were determined by HPAEC-PAD using a panel of 21 N-glycan
standards and a multi-stage linear gradient eluent profile for se-
quential analyses of typical neutral and sialylated glycans in one
chromatographic run. The monosaccharide contents of these
glycans following acid hydrolysis were confirmed by
HPAEC-PAD with monosaccharide standards. Glycosylation
analysis by HILIC-FD after stoichiometric labelling with two
different fluorescent tags (2-AA and 2-AB) enabled direct quan-
titation. The 2-AA- and 2-AB-labelled versions of the same
glycan standard panel yielded distinctive separation profiles
suitable for orthogonal identification of mAb glycans. Glycan
profiling with the lectin microarray required partial denatur-
ation of the intact mAbs to expose the sequestered Fc
N-glycans. Glycosylation fingerprints were obtained using a
fluorescently labelled antibody directed against human IgG Fc.
Fluorescence intensities from the fingerprints were deconvoluted
with a proprietary algorithm to obtain semi-quantitative
“glycan structural class” information. Glycosylation analyses of
the four mAb lots by these four methods, which separate and
detect oligosaccharides according to different principles,

provided complementary and corroboratory qualitative and
quantitative information. The predominant N-linked structures
were core-fucosylated asialo diantennary structures with
varying galactosylation. There were also trace amounts of afu-
cosyl and bisected glycans, but no detectable sialylation by any
of the four methods. The therapeutic mAb demonstrated a high
degree of consistency in the types and amounts of N-linked
glycans in the four lots (<6% CV), and between all four analysis
methods (<6% CV). The described methods are co-supported
by the excellent quantitative agreement of their results, which is
particularly notable considering the orthogonality of their sep-
aration and detection mechanisms.

(47) A novel function of TREX1 associated with the
C-terminus connects oligosaccharyltransferase (OST)

dysregulation to a human immune disorder
Charles S. Fermaintt, Maroof Hasan, Mark A Lehrman,

Nan Yan
University of Texas Southwestern Medical Center

The mammalian oligosaccharyltransferase (OST) is an endo-
plasmic reticulum (ER) oligomeric membrane protein complex
responsible for catalyzing N-linked glycosylation within cells.
During this process OST can transfer fully assembled glycans
(Glc3Man9GlcNAc2) from lipid linked oligosaccharides (LLO)
to asparagines residues in newly synthesized glycoproteins, but
it can also promote the generation of unbound free oligosac-
charides through hydrolysis of LLOs. Another ER membrane
protein, TREX1/DNase III is a tail-anchored exonuclease
whose mutations are associated with autoimmune diseases
characterized by elevated levels of immune gene transcripts.
Most of the disease mutations located near the C-terminal
tail-anchor region of TREX1 are frame-shifts (fs) that result in
TREX1 mislocalization, without affecting TREX1 DNase func-
tion. How these TREX1 fs mutations cause diseases like Retinal
Vasculopathy with Cerebral Leukodystrophy (RVCL) is still
unknown. Recently, we found that the TREX1 tail-anchored
region modulates OST’s preference for LLO hydrolysis to gener-
ate free oligosaccharides in a switch like manner, through the
interaction with the OST subunit Ribophorin 1 (RPN1).
Removal of the TREX1 tail anchor or introduction of TREX1
fs mutations stably switches OST to promote rapid release of
free oligosaccharides. Studies using TREX1-V235fs (RVCL
causing mutation) patient lymphoblasts and a TREX1-V235fs
knock-in mouse model also revealed elevated levels of free oli-
gosaccharides and immune disorders. Inhibition of OST func-
tion with aclacinomycin A corrected the elevation of free
oligosaccharides and immune disorder phenotypes associated
with the TREX1-V235fs mutation. Thus, a link may exist
between glycans released by OST and immune dysfunction.
This novel role of the TREX1 tail-anchor region suggests a po-
tential therapeutic option for TREX1 fs mutant-associated dis-
eases such as RVCL and perhaps other OST associated
disorders.
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(48) Changes in the immunoglobulin G glycome associated
with inflammatory bowel disease

Toma Keser1, Irena Trbojević Akmačić2, Nicholas
T. Ventham3, Evropi Theodoratou4, Frano Vučković2,
Nicholas A. Kennedy3, Elaine R. Nimmo3, Rahul Kalla3,
Hazel Drummond3, Jerko Štambuk2, Harry Campbell4,

Charlotte Hedin5,6, Mauro D’Amato7, Jonas Halfvarsson8,
Jack Satsangi3, Gordan Lauc1,2

1Department of Biochemistry and Molecular Biology, Faculty
of Pharmacy and Biochemistry, University of Zagreb, Zagreb,
Croatia; 2Genos Glycoscience Research Laboratory, Zagreb,

Croatia; 3Centre for Genetics and Molecular Medicine,
University of Edinburgh, Edinburgh, UK; 4Centre for
Population Health Sciences, University of Edinburgh,

Edinburgh, UK; 5Diabetes and Nutritional Sciences Division,
School of Medicine, King’s College London, London, UK;

6Centre for Digestive Diseases, Blizard Institute, Queen Mary
University of London, London, UK; 7Department of

Biosciences and Nutrition, Karolinska Institute, Stockholm,
Sweden; 8Division of Gastroenterology, Örebro University
Hospital and School of Health and Medical Sciences, Örebro

University, Örebro, Sweden

Glycobiology is an underexplored research area in inflammatory
bowel disease (IBD), and glycans are relevant to many aetiologic-
al mechanisms described in IBD. Alterations in N-glycans
attached to the immunoglobulin G (IgG) Fc fragment can affect
molecular structure and immunological function. Recent
genome-wide association studies reveal pleiotropy between IBD
and IgG glycosylation. We conducted two studies to better
understand changes in the IgG glycome associated with IBD.
In the first study we analyzed IgG glycans in 507 patients with

ulcerative colitis (UC), 287 patients with Crohn’s disease (CD)
and 320 controls. Statistically significant differences in IgG
glycome composition between patients with UC, or CD, com-
pared to controls, were observed. Both UC and CD were asso-
ciated with significantly decreased IgG galactosylation
(digalactosylation, UC Odds ratio [OR] = 0.71, 95% confidence
interval [CI] 0.5–0.9, p = 0.01, CD OR= 0.41, CI 0.3–0.6, p =
1.4x10−9) and significant decrease in the proportion of sialylated
structures in CD (OR= 0.46, CI 0.3–0.6, p = 8.4x10−8). Logistic
regression models incorporating measured IgG glycan traits were
able to distinguish UC and CD from controls (UC
p = 2.13x10−6, CD p = 2.20x10−16), with receiver operator char-
acteristic curves demonstrating better performance of the CD
model (Area under curve [AUC] = 0.77) over the UC model
(AUC = 0.72) (p = 0.026). The observed differences indicate sig-
nificantly increased inflammatory potential of IgG in IBD.
In the second study we analyzed IgG glycans in 87 twin pairs

discordant for IBD, 16 twin pairs with IBD and 103 healthy con-
trols. The results indicate that healthy twins are more similar to
healthy controls than to their diseased twins.

(49)Understanding glycan mediated interactions of the
Influenza A virus with host immune system using integrated

omics and computational glycobiology
Kshitij Khatri1, Joshua A. Klein1, Mitchell R. White1,
Oliver C. Grant2, Nancy Leymarie1, Robert J. Woods2,

Kevan L. Hartshorn1, Joseph Zaia1
1Boston University; 2University of Georgia

Influenza A virus (IAV) capsid protein hemagglutinin (HA)
plays a significant role in virus evolution and host interac-
tions. Antigenic shift and drift drive changes in HA glycosyla-
tion that affect virus fitness. With recent advances in
analytical methods, it is now possible to assign site-specific
glycan profiles in evolving strains and thereby correlate glyco-
sylation structure with IAV evolution and host-pathogen inter-
actions. The integration of proteomics, glycomics and
glycoproteomics generates complete phenotypic information
on not only glycosylation but also on other post-translational
modifications and amino acid substitutions arising from selec-
tion pressures.

This information is crucial towards building structural in-
formation on biomolecules implicated in host-pathogen inter-
actions. To this end, we analyzed egg-grown virions and
correlated differences in glycosylation with binding properties
towards surfactant protein-D (SP-D), a host innate immune
lectin that binds high-mannose type N-glycans. Wild-type
strain A/Philippines/2/82(H3N2), was compared to an escape-
mutant A/Philippines/2/82/BS(H3N2) derived from growing
Phil/82 in presence of bovine-serum that contains inhibitory
lectins, and A/Puerto Rico/8/34 (H1N1) was analyzed as
control.

Binding assays found Phil/BS to have weaker binding to
SP-D, compared to Phil/82; PR/8 did not bind to SP-D.
Glycomics profiles of intact virions showed relative abun-
dances of high mannose type N-glycans as Phil/82 > Phil/
BS > >PR/8. Proteomics revealed amino acid substitutions dis-
rupting two glycosylation sites in Phil/BS, in the HA1 domain.
Intact glycoproteomics results confirmed that the disrupted
glycosylation sites in Phil/BS(mutant) were occupied in Phil-82
(wild-type) by high-mannose type immature glycans, exclu-
sively.

Because glycan micro-heterogeneity at disrupted sequons on
the H3N2 virions was limited to high-mannose type glycans,
involvement of glycan processing machinery was implied.
To further understand the structural basis for limited
glycan processing a molecular dynamics simulation of the
glycosylated HA1 domain of A/Philippines/2/82 (H3N2) was
performed. The ability of endoplasmic reticulum mannosidase
I (ERManI) to process a Man9GlcNac2 N-glycan at each site
was assessed. A lower relative accessibility to ERManI could
be correlated with under-processed glycoforms predominating
at a particular site.
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(50) Specific subsets of kinases mediate Siglec-8
engagement-induced reactive oxygen species (ROS) production

and apoptosis in primary human eosinophils
Daniela Janevska, Jeremy A. O’Sullivan, Yun Cao,

Bruce S. Bochner
Northwestern University Feinberg School of Medicine,

Chicago, IL

Eosinophils are major effector cells in allergic diseases. These
cells, through their inappropriate localization, activation, and
release of pro-inflammatory substances, are felt to contribute to
the pathophysiology of diseases including asthma, rhinitis,
certain gastrointestinal disorders, and atopic dermatitis. Current
treatments include mediator antagonists and anti-inflammatory
drugs that reduce allergic cell numbers and inhibit mediator
release, but they are not fully effective or curative. It thus remains
essential to identify additional targets expressed on these cells
for therapeutic exploitation. Siglecs (sialic acid-binding,
immunoglobulin-like lectins) are type I transmembrane proteins
expressed primarily on leukocytes. Among them is Siglec-8, a
CD33 subfamily member that is selectively expressed on the cell
surface of human eosinophils. Siglec-8 has an intracellular immu-
noreceptor tyrosine-based inhibitory motif (ITIM) and an immu-
noreceptor tyrosine-based switch motif (ITSM), putatively
responsible for signal transduction. Engagement of Siglec-8
causes resting eosinophil apoptosis in a caspase-dependent
manner. In cytokine-activated eosinophils, Siglec-8 binding
causes apoptosis with increased mitochondrial damage and ROS
production, but exact signaling mechanisms are unknown.
Using a mAb (2C4) against Siglec-8 to induced apoptosis, in

combination with candidate signaling molecule inhibitors, we
examined cell death and ROS production after 24 hr IL-5
priming (30 ng/mL) of primary human eosinophils by flow cyto-
metry. We observed that 2C4-mediated eosinophil apoptosis was
inhibited by PP1 (Src kinase inhibitor), ibrutinib (Btk inhibitor),
LY294002 (PI3K inhibitor), and GF109203x (PKC inhibitor) at
IC50’s of 4.5 µM, 0.9 nM, 1.3 µM, and 2.5 µM respectively
(n = 3–5). Complete inhibition of ROS production occurred at
expected IC90’s. Western blot and receptor tyrosine kinase array
analysis following Siglec-8 cross-linking with 2C4 showed
increased phosphorylation of Src, PI3K, Blk, and Csk that was
detectable within 15 min, with no detectable change in phos-
phorylation of Btk or PKC.
In summary, Src kinases, PI3K, and Csk are involved

in Siglec-8 mediated ROS production and apoptosis in IL-5-acti-
vated primary human eosinophils. While the sequence of events
is yet to be determined, these data suggest that Siglec-8 mediated
apoptosis in primary human eosinophils involves the unexpected
recruitment of molecules normally associated with cell survival.

(51) Crosslinking-induced Siglec-8 endocytosis in eosinophils is
influenced by the actin cytoskeleton, tyrosine kinases, dynamin,

and sialylated cis ligands
Jeremy A. O’Sullivan1, Daniela Janevska1,

Corwin M. Nycholat2, Yun Cao1, Bruce S. Bochner1
1Northwestern University; 2The Scripps Research Institute

Sialic acid-binding immunoglobulin-like lectin (Siglec)-8 is a cell
surface protein expressed on human eosinophils, mast cells, and
basophils that induces eosinophil apoptosis and inhibits mast
cell mediator release. Hence, Siglec-8 an ideal target for mono-
clonal antibody- and glycan ligand-based therapies for diseases
involving these cell types.

However, the effective delivery of therapeutic agents to these
cells requires an understanding of the dynamics of Siglec-8
surface expression, which have not been elucidated. Using
monoclonal antibodies against Siglec-8 as well as a biotinylated
synthetic ligand (60-O-sulfo-30-sialyl-LacNAc-decorated 1-MDa
polyacrylamide), we examined the endocytosis and trafficking
of Siglec-8 in primary human eosinophils by flow cytometry
and confocal microscopy. Pharmacological inhibitors of com-
ponents of various endocytic pathways were used to identify
their roles in Siglec-8 dynamics. Finally, sialidase was used to
determine whether sialylated cis ligands influence Siglec-8 in-
ternalization pathways or alter its surface trafficking.

We observed that Siglec-8 endocytosis in eosinophils pro-
ceeds slowly in response to ligation with either antibody or the
polyvalent synthetic ligand; about half of the surface pool of
Siglec-8 is internalized in 90 minutes. This process is prevented
by treatment with disruptors of actin cytoskeletal dynamics
(latrunculin B and jasplakinolide), an inhibitor of tyrosine
kinases (genistein), and a dynamin inhibitor (dynasore), but not
by an inhibitor of microtubule assembly (nocodazole) or a Src
family kinase inhibitor at a concentration appropriate for these
kinases (PP1, 100 nM). Interestingly, the same agents that
prevent receptor endocytosis were also found to inhibit apop-
tosis due to Siglec-8 engagement. Internalized Siglec-8 forms a
punctate pattern within the cell confined to an intracellular
compartment that has yet to be identified. Sialidase treatment of
eosinophils prior to Siglec-8 ligation enhances ligand binding,
suggesting the presence of masking cis sialylated ligand on the
eosinophil surface, and accelerates Siglec-8 internalization. The
dynamics of Siglec-8 surface expression therefore appear to be
suitable for sustained targeting and may deliver drugs effectively
to intracellular compartments to treat diseases involving these
cell types, including malignancies. While the identity of the cis
sialylated ligand is currently unknown, modulation of this
interaction may improve the efficacy of Siglec-8-targeted
therapeutics.

Funded by P01 HL107151 and AI072265.

(52) Role of an innate pattern recognition molecule, galectin-3,
in the innate immune response against Aspergillus fumigatus
Sachiko Sato1,3, Brendan D. Snarr2, Guillaume St-Pierre3,

Yukiko Sato2, Mark J. Lee2, Donald C. Sheppard2
1Faculty of Medicine, Laval University; 2Departments of

Medicine; Microbiology and Immunology McGill University;
3Research Centre for Infectious Diseases, CHU de Quebec

The number of people who die from invasive fungal diseases is
more than tuberculosis or malaria. Aspergillus fumigatus (AF)
is one of the most medically important fungi. AF is ubiquitous
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in the environment and several hundreds of the spore per day
are inhaled by person. In healthy individuals, AF is either
cleared by tranchea ciliary movement and/or neutralized by
innate immune response after opsonisation or through recogni-
tion by pattern recognition receptors (PRR). In contrast, indivi-
duals with underlying lung diseases or immunocompromised
conditions are unable to eliminate AF effectively. Thus, the
immune system plays a critical role in mediating resistance to
fungal infection. Recognition of fungal cell wall polysaccharides
by the innate immunity has long been known to play a critical
role in the initiation of host defense. Especially, recognition of
β-glucans within the fungal cell wall by the C-type lectin,
dectin-1, is critical for anti-fungal defense. β-Glucan, however,
is largely buried within the fungal glycocalyx and is often
masked by outer cell wall polysaccharides. It has therefore been
hypothesized that immune recognition of outer cell wall poly-
saccharides by other host lectins precedes, and facilitates the rec-
ognition of b-glucan, ultimately leading to the efficient
clearance of fungi in healthy individuals. The host lectins that
recognize these outer cell wall polysaccharides remain
unknown. We have recently found that a soluble β-galactoside
binding lectin, galectin-3, recognizes AF-unique PAMP, galacto-
saminogalactan (GAG), which resides on the fungal surface and
conceals β-glucans, although GAG does not contain any
β-galactoside, but rather a polymer of α-galactose and
α-(N-acetyl)galactosamine moieties ((Gal(NAc)α1-4)n). GAG
binding could be inhibited by lactose, suggesting that the recog-
nition was through the lectin domain of galectin-3. In addition,
galectin-3 bound to the surface of hyphae that expressed GAG,
but not to hyphae of mutant strains deficient in the production
of this glycan. Upon AF infection, massive amount of galectin-3
was accumulated in the infection sites. Galectin-3 deficient mice
displayed increased susceptibility to AF infection than wild
type. Collectively, these data suggest that endogeneous
galectin-3 plays a critical role as a non-canonical PRR and med-
iates protective immune responses.

(53) ArtinM display different effects on murine- and
Jurkat-T cells

Thiago A. da Silva, Maria C. Roque-Barreira
University of São Paulo

ArtinM from Artocarpus heterophyllus, a lectin that binds to
the manotriose core of N-glycans, modulates immunity toward
Th1 axis and confers resistance to intracellular pathogens.
These properties were associated with the ArtinM binding to
TLR2 N-glycans on immune cells, with the consequent produc-
tion of IL-12. The immunomodulatory activity of ArtinM is
related to innate immune cells, and we investigated the direct
effects of ArtinM on murine T cells and Jurkat T cells. Murine
CD4 + and CD8 + T cells were isolated from spleen cells using
isolation kits, as well as was utilized the Jurkat T cell. Initially,
murine CD4 + and CD8 + T cells were incubated with various
concentrations of ArtinM, and observed the induction of cell
proliferation and mitocondrial activity after 48 h. Moreover,

ArtinM induces on murine T cells the production of IL-2 and
IFN-γ, and on CD4+ T cells was verified high levels of IL-17
after stimulation with ArtinM. In addition, the activation
induced by ArtinM on murine T cells was confirmed by
increased CD25 expression. These findings were inhibited for
two features, as follows: ArtinM incubation with (Manα1-3
[Manα1-6]Man) prior to addition in cell culture; and pre-
incubation of murine CD4+ and CD8+ T cells with anti-CD3εγ
antibody blocked the ArtinM activity on activation of murine T
cells. Considering the importance of viability cellular after acti-
vation, was evaluated the Annexin/PI staining in murineCD4+
and CD8+ T cells incubated with ArtinM, and the cells stained
positively for Annexin/PI was similar to unstimulated cells.
However, ArtinM induced a significant increase of AnnexinV/
PI staining on Jurkat T cells compared to non-stimulated cells.
This observation was supplemented by population doubling
level assay (PDL) that demonstrated the ArtinM capacity (at
concentration of 10–0,625 µg/mL) to inhibit the Jurkat T cells
growth. Therefore, the ArtinM effects on murine CD4+ and
CD8+ T cells contribute for the immunomodulatory activity of
ArtinM, and the Jurkat T cells growth was blocked by ArtinM
stimulus. The different effects promoted by ArtinM on murine
T cells and Jurkat T cells may be associated with altered glycosi-
lation of glycoproteins on the cell surface.

Support: FAPESP, CNPq, CAPES

(54) Epididymitis caused by infection with uropathogenic
Escherichia coli results in desialylation of sperm glycocalyx and

epithelial cells
Sebastian P. Galuska1, Farhad Khosravi1,2, Vera Michel2,

Hans-Christian Schuppe3, Adrian Pilatz3,
Sudhanshu Bhushan2, Andreas Meinhardt2

1Institute of Biochemistry, Justus-Liebig-University, Giessen;
2Institute of Anatomy and Cell Biology,

Justus-Liebig-University, Giessen; 3Department of Urology,
Pediatric Urology and Andrology, Justus-Liebig-University,

Giessen

Urinary tract infections caused by uropathogenic Escherichia
coli (UPEC) pathovars belong to the most frequent human
infections. In men, pathogens can also spread to the genital
tract via the continuous ductal system eliciting bacterial prosta-
titis and/or epididymo-orchitis. Eradication of pathogens occurs
via antibiotic treatment, but in 50–60% of acute epididymitis
patients, fertility is permanently impaired. Sperm glycocalyx is
acquired during spermatogenesis and substantially modified
during epididymal maturation.

Because of their terminal position in numerous sugar
moieties the presence and loss of sialic acids play a special role
in relevant glycan-mediated processes. The sialic acid content of
mammalian sperm correlates positively with protection from
phagocytosis. In contrast, desialylation of the sperm surface
occurs during capacitation due to an activation of sialidases via
proteases, a process thought to be relevant for sperm zona-
pellucida interactions.
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As premature acrosome reaction was observed both in vitro
and in an in vivo UPEC epididymitis model, we aimed to investi-
gate whether alterations of the sperm sialolome occur during
UPEC infection. The sialylation status was examined for pos-
sible alterations in UPEC treated human sperm and mouse
sperm and adjacent epithelial cells isolated by laser microdissec-
tion in the UPEC epididymitis mouse model via HPLC-MS and
lectins applications. In the epididymitis model 3 days post infec-
tion, a substantial loss of N-Acetylneuraminic acid (Neu5Ac
=most abundant sialic acid) were detected in sperm and cauda
epithelial cells (40% and 60% reduction respectively). In agree-
ment, Neu5Ac was released at significant levels from human
sperm after in vitro infection with UPEC (20% reduction). A
similar desialylation occurred after inducing the acrosome reac-
tion using an ionophore.
These findings suggest a substantial remodelling of the sperm

and epididymal epithelial cell glycocalyx triggered by UPEC in-
fection possibly through activation of sialidases after premature
acrosome reaction. The precise consequences of the observed
desialylation during UPEC infection, however, need to be
further investigated.

(55)Modified sialic acids and influenza virus host specificity
Colin R. Parrish1, Brian R. Wasik1, Ajit Varki2,

Karen N. Barnard1
1Cornell University; 2UC San Diego

Influenza viruses (and many other pathogens) use sialic acids as
their primary receptors for cell binding and infection. However,
it is not well understand how the different modified forms of
sialic acids are distributed in the different hosts of influenza
viruses, or how their expression varies in the tissues or cells of
those hosts. Although some effects of sialic acid modifications
on influenza virus infection and spread have been reported, we
lack a comprehensive understanding of the how those influence
the host ranges or tissue tropisms of the viruses. Probes have
been developed from different viral or bacterial ligands includ-
ing hemagglutinin-esterase (HE) proteins from coronaviruses,
cholera toxin B subunit, parvovirus capsids, and HA proteins
fused to antibody Fc domains. Those various probes are specific
for the Neu4,5Ac, Neu5,7Ac, Neu5,7,9 or Neu5,9Ac (and their
Gc variants), as well for Neu5Ac and Neu5Gc, so that we are
using them to determine the distribution of those modified sialic
acids in the various natural and experimental hosts of influenza
virus. The distributions of the modified sialic acids in the
various host tissues are also being correlated with the binding of
the HAs from various influenza viruses, as well with the activ-
ities of the viral NA enzymes. In parallel we are examining the
effects of those modified sialic acids in competition assays using
sialic acid-expressing proteins or carbohydrates, as well as their
effects when expressed on host cells. Removal of specific acety-
lations with esterases are being used to test for the specificity of
the interactions. The studies are in progress, but the results are
showing a great diversity of expression in between hosts, and in
tissues of the different hosts, suggesting a complex role in the
virus-host interactions.

(56)Development of novel GM1 ganglioside-like peptide
mimics that prevent the association of cholera toxin B subunit

to GM1
Robert K. Yu1, Seigo Usuki1, Yutaka Itokazu1,

Han-Chung Wu2
1Georgia Regents University, Augusta, GA, USA; 2Academia

Sinica, Nankang, Taiwan

Cholera is an acute diarrheal disease caused by infection in the
gastrointestinal tract by the Gram-negative bacterium, Vibrio
cholera, and is a serious public health threat worldwide. There
has not been any effective treatment for this infectious disease.
Cholera toxin (CT), which is secreted by Vibrio cholerae, can
enter host cells by binding to GM1, a monosialoganglioside
widely distributed on the plasma membrane surface of various
animal epithelial cells. The present study was undertaken to
generate peptides that are conformationally similar to the
carbohydrate epitope of GM1 for use in the treatment of
cholera and related bacterial infection. For this purpose, we
used CT B subunit (CTB) to select CTB-binding peptides that
structurally mimic GM1 from a dodecamer phage display
library. Six GM1-replica peptides were selected by biopanning
based on CTB recognition. Five of the six peptides showed in-
hibitory activity for GM1 binding to CTB. To test the potential
of employing the peptide mimics for intervening bacterial infec-
tion, those peptides were examined for their binding capacity,
functional inhibitory activity, and in vitro effects using a human
intestinal epithelial cell line, Caco-2 cells. One of the peptides,
P3 (IPQVWRDWFKLP), was particularly effective in inhibiting
cellular uptake of CTB and suppressing CT-stimulated cyclic
AMP production in the cells. Our results thus provide convin-
cing evidence that GM1-replica peptides could serve as novel
agents to block CTB binding on epithelial cells and prevent the
ensuing physiological effects of CT.

(57) Sialylation of TNFR1 Death Receptor Controls Cell Fate
Andrew T. Holdbrooks, Matthew J. Schultz, Zhongyu Liu,

Daniel Bullard, Susan L. Bellis
University of Alabama at Birmingham

Activation of the TNFR1 death receptor by TNFα can induce
either cell survival or cell death signaling cascades, however, the
mechanisms that regulate the switching of TNFR1 signaling to
control these distinct outcomes remain elusive. Apoptotic sig-
naling induced by TNFα is characterized by a sequence of
events involving clustering of activated TNFR1, followed by
receptor internalization, formation of the death inducing
signaling complex (DISC) and subsequent caspase activation.
In contrast, plasma-membrane bound activated TNFR1 (i.e.
not internalized) is reported to activate cell survival and prolif-
eration pathways. Studies from our group have identified a
novel glycosylation-dependent mechanism that controls the
aforementioned signaling switch. Specifically, we have found
that the activity of TNFR1 is modified by the addition of a dis-
tinct sugar, an α2-6 linked sialic acid, by the enzyme ST6Gal-1,
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a Golgi sialyltransferase. The effect of ST6Gal-I-mediated sialy-
lation on TNFR1 was examined in monocytic and epithelial cell
lines with either forced overexpression or knock-down of
ST6Gal-I. Primary monocytes from ST6Gal-I knock-in or
knock-out mice were also evaluated. Data generated from
these models show that α2-6 sialylation of TNFR1 blocks
TNFα-induced apoptosis, as measured by annexin and caspase
activity assays. We hypothesized that the addition of the bulky,
negatively-charged sialic acid to TNFR1 hinders TNFR1 oligo-
merization and subsequent receptor internalization. Supporting
this concept, cells with ST6Gal-1 overexpression have reduced
levels of TNFR1 oligomers. Furthermore, immunocytochem-
istry and flow cytometry analyses of TNFR1 surface expression
indicate that ST6Gal-I-mediated sialylation of TNFR1 blocks
TNFα-induced TNFR1 internalization. Given that sialylated
TNFR1 is retained on the plasma membrane following activa-
tion, we also hypothesized that TNFR1 signaling in cells with
high ST6Gal-I may be diverted toward cell survival. This shift
in signaling to favor survival is supported by evidence that indi-
cates cells with ST6Gal-I overexpression have increased activity
and expression of numerous pro-survival factors, including
NFkB, AKT, MAPKs and cIAP2. Based on these collective find-
ings, we conclude that ST6Gal-I-mediated sialylation of TNFR1
controls cell response to TNFα by blocking TNFR1 internaliza-
tion and subsequent apoptosis, while conversely promoting the
activation of cell survival signaling pathways.

(58) Binding of galectin-9 to O-glycans retains protein disulfide
isomerase on the T cell surface

Katrin Schaefer1, Nicholas E. Webb2, Mabel Pang1,
Jenny E. Hernandez-Davies3, Benhur Lee4, Linda G. Baum1

1University of California Los Angeles, Department of
Pathology and Laboratory Medicine, 10833 Le Conte Ave, Los
Angeles, CA 90095; 2University of California Los Angeles,
Department of Microbiology, Immunology, and Molecular
Genetics, 615 Charles E Young Drive East, Los Angeles, CA
90024; 3Beckmann Research Institute of City of Hope Cancer
Center, Department of Cancer Biology, Duarte, CA 91010;
4Icahn School of Medicine at Mount Sinai, Department of

Microbiology, One Gustave L. Levy Place, #1124, New York,
NY 10029

The cell surface redox environment is critical for regulating
functions such as cell migration and infection by pathogens.
Protein disulfide isomerase (PDI), a soluble enzyme typically
found in the ER, is also found at the T cell surface where it acts
as a reductase, regulating cell surface redox status by reducing
disulfide bonds in cell surface proteins. Galectin-9 is a soluble
lectin that is expressed and secreted by many cell types, includ-
ing endothelial cells and immune cells, and that is abundantly
secreted in inflamed tissues. We previously found that secreted
galectin-9 binds to T cell surface PDI to retain PDI and increase
PDI activity at the T cell surface [1]. The increase in cell surface
thiols resulting from galectin-9 mediated PDI retention persists
even after galectin-9 is dissociated by addition of lactose,

indicating that galectin-9/PDI interactions can have long-lasting
effects on T cell function. While PDI does not have N-canonical
glycosylation sites, PDI is decorated with O-glycans, and
O-glycans on PDI are necessary for galectin-9 binding. We have
found that, in the absence of exogenous galectin-9, cell surface
PDI is released into culture media; thus, we expressed
HA-tagged PDI in the CEM T cell line and isolated secreted PDI
to analyze the structures and sites of O-glycans on PDI.
Structural analysis of PDI O-glycans by mass spectrometry and
investigation of how specific patches of O-glycans on PDI bind
galectin-9 to modulate PDI retention on the cell surface, as well
as identification of cell surface binding partners of PDI on the T
cell membrane, are the major goals of our current work. These
studies will elucidate the role of the galectin-9/PDI axis in T cell
function and susceptibility to pathogens.

Reference

1. Bi S, Hong PW, Lee B, Baum LG (2011) Proc Natl Acad Sci 108
(26):10650–10655.

(59) Intelectin-1 is induced by IL-13 via MAPK pathway and
selectively binds to IL-13 stimulated LS174T cells

Jin Kyu Lee, Jonathan Viola, Alison Nairn, Kelley Moremen,
Michael Pierce

University of Georgia

The intelectin first studied was the Xenopus laevis oocyte cor-
tical granule lectin (XL35) in oocytes and embryos. Since XL35
was first identified, members of the family of intelectins have
been reported in many eukaryotes, including ascidians, fishes,
frogs and humans. Several independent studies on this family of
lectins strongly suggest that some members may be released
upon infection by pathogens. In addition, some family members
have been shown to bind to cell surface glycans of bacterial
pathogens. Therefore, this family of lectins participates in
pathogen surveillance as part of the innate immune system. The
infection by several pathogens induces a dramatic increase in
the expression of intelectins in intestinal and bronchial epithelia
and epithelial cells, mediated by IL-13. An increased secretion
of mucins, large viscous glycoproteins, by intestinal and bron-
chial epithelia also occurs in response to this cytokine.

We have observed that expression of Intelectin-1 and
Mucin-2 was up-regulated in LS174T cells, a human goblet-like
colon adenocarcinoma cell line, by addition of IL-13. Both
the MAPK and STAT6 signaling pathways were shown to
be activated within LS174T cellsfollowing IL-13 stimulation;
moreover, knockdown of the MAPK signaling pathway pre-
vented the induction of intelectin-1 via IL-13. This demonstrates
intelectin-1 induction is MAPK-dependent.

A stable H5V cell line (mouse heart endothelial cell) expres-
sing recombinant human Intelectin-1 was generated to identify
potential intelectin-1 ligand(s). The purified recombinant
intelectin-1 produced in H5Vcells binds the cell surface of
LS174T only after IL-13 stimulation. This binding is inhibited
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by ribose, suggesting a carbohydrate-specific interaction. IL-13
stimulation of LS174T cells altered the transcription levels of
several glycosyltransferases produced by these cells. This
IL-13-induced, altered glycome likely results in a specific
glycan(s) on LS174T cells to which intelectin-1 binds. Recently,
Goblet cells have been shown to deliver luminal antigen to den-
dritic cells in the small intestine. Thus, our findings suggest that
intelectin-1 can possibly assist in goblet-cell-associated antigen
passage.

(60)Microbiota polysaccharides modulate peripheral immune
quiescence by T cell cooperativity

Mark B. Jones, Jenny L. Johnson, Brian A. Cobb
Case Western Reserve University

The ability to mount a rapid and effective response upon
re-exposure to an antigen is mediated through Memory T cells
(Tmem). Conversely, regulatory T cells (Treg) play key roles in
suppressing immune responses, preventing autoimmunity, and
maintaining immune homeostasis, generally through the secre-
tion of immunosuppressive cytokines like IL-10. Moreover,
commensal microbiota may have forged an elaborate evolu-
tionary relationship with the gut mucosal immune system,
where certain bacterial products elicit potent inflammatory
responses, and others educate the immune system resulting in
immune suppression. Our preliminary data show that gastro-
intestinal exposure to the Bacteroides fragilis glycoantigen
(GlyAg) polysaccharide A (PSA) increases a population of
antigen experienced CD4+CD45RbloTEM cells which are
capable of amplifying IL-10 production in peripheral tissues
upon inflammatory stimulus. Additional data demonstrates
that these CD45RbloTEM cells synergistically induce IL-10 pro-
duction with Tregs via a soluble mediator when co-cultured
in vitro. We hypothesize that commensal microflora are
linked to peripheral immunomodulation through T-cell co-
operation between commensal-specific CD45RbloTEM cells
and tissue-resident Tregs. Here, we investigate potential
secreted factor(s) discovered with mRNA microarray analysis
by comparing expression differences in secreted proteins
between unactivated CD45RbloTEM, stimulated CD45RbloTEM,
and stimulated CD45RbhiTN cells. Further investigation on dis-
secting the mechanism of this synergy and defining the key
secreted factor(s) could provide not only a novel regulatory
pathway by which the CD45Rblo population of T cells is able to
dampen potentially harmful immune reactivation, but also
provide new therapeutic targets for the treatment of inflamma-
tory disease and autoimmunity.

(61) Evaluating interactions between bacterial SRR adhesins
and human platelet glycoprotein GPIba by glycoproteomics

approaches
Lingquan Deng1, Barbara Bensing2, Weiming Yang1,

Renhao Li3, Jerry Ware4, Ajit Varki5, Paul Sullam2, Hui Zhang1
1Department of Pathology, School of Medicine, Johns Hopkins
University, Baltimore, MD 21287; 2Department of Medicine,

San Francisco Veterans Affairs Medical Center and the
University of California, San Francisco, San Francisco, CA

94121; 3Aflac Cancer and Blood Disorders Center, Department
of Pediatrics, Emory University School of Medicine, Atlanta,

GA 30322; 4Department of Physiology & Biophysics,
University of Arkansas for Medical Sciences, Little Rock,
AR 72205; 5Glycobiology Research and Training Center,

Department of Cellular and Molecular Medicine, University of
California, San Diego, San Diego, CA 92093

Bacterial infective endocarditis (IE) remains a disease with con-
siderable mortality. The incidence of IE has not declined over
the past three decades, and mean in-hospital mortality is as high
as 20% and one-year mortality up to 40%. Without treatment,
IE is usually lethal. As a result, IE remains a medical and socio-
economic burden to date.

Of the numerous bacteria that can enter the bloodstream,
certain oral commensal viridans group streptococci are among
the major causative organisms of endocarditis. Recently, we
found that bacterial strains from two leading causative agents
of streptococcal IE, the S. sanguinis and S. gordonii species, can
utilize a Siglec-like domain of serine-rich repeat (SRR) adhesins
to preferentially target platelet sialoglycans in human whole
blood (Deng L, et al., PLoS Pathog., 2014, 10(12): e1004540).
The finding expanded prior model of the pathogenesis of IE,
where free circulating bacteria had only been considered to bind
to platelets deposited on damaged endocardium.

It is believed that SRR adhesin-platelet sialoglycan interac-
tions play an important role in explaining why certain viridans
group streptococci have a selective advantage in causing IE.
However, deeper understanding regarding the interactions is
needed, and we have thus continued to explore the molecular
mechanisms of such platelet-bacterial interactions, particularly
from the host cell perspective. In the present work, by using
mouse strains lacking the expression of platelet glycoprotein
GPIbα, we showed that GPIbα was essential to preferential
binding of the bacteria to platelets. Subsequently, we have
developed state-of-the-art mass spectrometry techniques to
elucidate preferred natural glycan ligands on GPIbα interact-
ing with selected SRR adhesins. We believe that the insight
gained may open new opportunities for therapeutic strategies
in treating IE.

(62)Utilizing Pathogen Sialolectins to Probe Sialic
Acid Diversity

Brian R. Wasik1, Karen Barnard1, Ajit Varki2, Colin R. Parrish1
1Cornell University, Baker Institute for Animal Health, Ithaca,
NY 14853; 2University of California-San Diego, Department of

Cellular and Molecular Medicine, La Jolla, CA 92093

Sialic acids (Sia) include many biologically relevant related
monosaccharides with diverse modified forms being found in
nature. The relative expression and distribution of modified Sia
in varied organisms is incomplete due to limited molecular
tools. The use of pathogen-origin sialolectins provides a novel
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molecular toolkit for assessing Sia diversity. We have used a
variety of methods for expression and isolation of soluble
pathogen-encoded lectins that bind specific Sia. Here we
utilize these pathogen sialolectins to examine the organismal
and tissue variation in modified Sia, including Neu5Ac and
Neu5Gc, as well as multiple O-acetyl variants. Hemagglutinin-
esterase (HE) proteins from Nidoviruses (fused to the Fc region
of human IgG1) probed for the presence of O-acetyl (C4, C7,
C9) Sia variants. Influenza HA-Fc fusion proteins, as well as
bacterial Typhoid toxin B subunit, probe for Neu5Ac variants.
Use of the major capsid (VP2) subunit from Canine Parvovirus
(CPV) provides a probe specific for Neu5Gc Sia. Additionally,
previously described plant-source Sia lectins (SNA, MAL,
MAH) provide established methods of Sia detection and distin-
guishing of major α2,3- and α2,6-linkages. The probes have
varied applications, including Western blot, solid-phase binding
assays, immunofluorescence, as well as histochemistry staining
of tissue allowing the assessment of the presence and abundance
of Sia-variants in situ. This Sia molecular toolkit has broad
applications in cellular glycobiology as well as in analyses of
Sia-binding pathogens and their hosts. In particular, we are
interested in the role of modified Sia forms on Influenza viruses.
Modified Sia may contribute to evolved Hemagglutinin (HA)
and Neuraminidase (NA) specificities seen between Influenza A
virus strains and different hosts. There is significant observed di-
versity in modified Sia between hosts (natural and laboratory)
of Influenza. Characterization of Influenza HA and NA
receptor-specificity and interaction with modified Sia in varied
hosts may help inform hypotheses of Influenza virus transmis-
sion efficiencies or host-switching events, potentially providing
a predictive framework for future emergence events.

(63)Development of an accessible mass spectrometry platform
for high-throughput, large-scale determination of glycosylation

microheterogeneity in complex biological samples
John W. Froehlich1,2, Peter Warren1, Richard S. Lee1,2
1Boston Children’s Hospital; 2Harvard Medical School

Microheterogeneity of protein glycosylation is understudied,
due to significant challenges in their analysis and interpretation.
Mass spectrometry (MS) is often employed to study protein gly-
cosylation, however the depth achievable is modest, and typical-
ly only performed by experts.
We present an accessible instrumental platform that does not

require electron-based dissociation (ExD), rather it uses the ubi-
quitous collisionally activated dissociation (CAD). This instru-
mental approach is coupled to an informatics strategy, named
glycoPipe, which is specifically designed to be accessible to
researchers without mass spectrometry training, specifically, by
use of an integrated false discovery rate (FDR) control module.
We extensively validated this methodology with a variety of
samples, including glycoprotein standards and enriched as well
as unenriched human urine. Approximately 2500 glycopeptide
spectra per hour of instrument time can be routinely identified
in a high-throughput manner, making this a highly sensitive

technique. We use E.coli data as one negative control, as they
lack the capability to synthesize N-glycans.

Futhermore, using our approach, we demonstrate the ability to
identify glycopeptides and determine microheterogeneity from
publically available datasets – even those which were intended
for proteomic analysis exclusively. Re-mining publically available
datasets has tremendous potential to enable rapid, inexpensive
characterization of protein glycosylation in varied tissues and cell
lines, as well as in highly specialized experimental conditions.
The successful application of glycoPipe to publically available
datasets also demonstrates that glycosylation microheterogeneity
does not require specialized MS instrumentation if appropriate
informatics and instrumental methods are utilized.

We apply this strategy to study the role of protein glycosylation
in urinary tract infections (UTI). Early work demonstrated that
the FimH receptor binding with high-mannose glycans on the
urothelium is critical for infection to progress. We are currently
evaluating well-characterized pediatric cohorts with 1. Recurrent
UTI, and 2. Healthy, age-matched controls to determine if there
are quantitative differences in their glycosylation patterns which
may impart a protective effect.

(64)O-Glycosylation Regulates Gut Microbiota and
Homeostasis Through Multiple Pathways

Matthew R. Kudelka1, Tongzhong Ju1, Trevor Darby1,
Benjamin Hinrichs1, Hikaru Nishio3, Yingchun Wang1,
Asma Nusrat2, Rheinallt M. Jones1, Andrew S. Neish1,

Richard D. Cummings1
1Emory University; 2University of Michigan; 3Ajinomoto

Pharmaceuticals Co., Ltd

Mucin-type O-glycans are a major component of the intestinal
mucus layer; however, their role in regulating gut biology is
poorly understood. To this end, we generated mice deficient in
extended O-glycans in the GI-tract by deleting Cosmc, which
encodes a chaperone required for extension of O-glycans
beyond the Tn antigen (GalNAcαSer/Thr-R, where R is a poly-
peptide). We found that mucin-type O-glycans are required for
regulating the interactions of epithelial cells with the microbiota
through multiple pathways and that disruption in this normal
balance results in inflammatory disease.

(65)Glycosylation on peptides presented by HLA class I
molecules

Marshall Bern3, Fabio Marino1,2, Geert P.M. Mommen1,2,4,
Aneika C. Leney1,2, Alexandre M.J.J. Bonvin1, Cecile A.C.M.

van Els5, Christopher Becker3, Albert J.R. Heck1,2
1Utrecht University; 2Netherlands Proteomics Centre; 3Protein

Metrics Inc.; 4Institute for Translational Vaccinology,
Bilthoven; 5Centre for Infectious Disease Control,

The Netherlands

Human leukocyte antigen (HLA) class I molecules are cell mem-
brane proteins that present peptides from degraded proteins for
immune system surveillance. Identification of presented
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peptides, including their posttranslational modifications, is im-
portant for vaccine and immunotherapy development, includ-
ing breakthrough T-cell therapies. Here we report on mass
spectrometry observations of glycosylated peptides presented
by the HLA-A, -B, and –C heterozygous B-lymphoblastoid cell
line GR. We show O-GlcNAc-ylation, N-linked glycosylation,
and GalNAc-initiated O-linked glycosylation. We report for the
first time O-linked GlcNAc extended in vitro by other monosac-
charides. This observation is not as surprising as it may first
appear to be: the loaded HLA class I complex passes through
the endoplasmic reticulum and Golgi apparatus on its way to
the cell membrane, and hence is exposed to glycosyltransferases
that grow an oligosaccharide much like an N-glycan antenna.
We also present molecular modeling results to show that
O-GlcNAc’s on peptides bound by HLA class I molecules are
exposed and accessible to glycosyltransferases. We distinguish
O-linked GlcNAc from GalNAc with the direct evidence of
oxonium ion patterns, that is, relative intensities of peaks at
126, 138, 144, and 168 Da, along with the circumstantial evi-
dence of amino acid sequence motifs and subcellular localiza-
tion of the protein of origin.

(66) Siglec-8 binds to sialylated keratan sulfate chains on
aggrecan extracted from human airways

Anabel Gonzalez-Gil1, Ryan Porell1, Steve M. Fernandes1,
Kazuhiro Aoki2, Michael Tiemeyer2, Ronald L. Schnaar1

1Department of Pharmacology and Molecular Sciences, Johns
Hopkins University School of Medicine, Baltimore, MD;
2University of Georgia, Complex Carbohydrate Research

Center, Athens, GA

The immune system must avoid hyperinflammation while effect-
ively destroying pathogens. This requires a balance between
immune activation and inhibition. Siglecs – sialic acid binding
Ig-like lectins – are regulatory molecules expressed on subsets of
immune cells where most inhibit inflammation when engaged
by complementary sialoglycan ligands. When Siglec-8 on acti-
vated eosinophils binds to sialoglycan ligands on tissues, apop-
tosis is induced thereby limiting inflammation. Sialoglycan
ligands for Siglec-8 in human airways, a clinically important
site of eosinophil-driven allergic inflammation, are largely
unknown. We isolated and identified Siglec-8 ligands from
normal postmortem human airways. Glycoproteins extracted
from human trachea and bronchi were resolved by size exclu-
sion chromatography. Aliquots of each fraction were resolved
by composite agarose-acrylamide gel electrophoresis, blotted,
and probed with Fc-tagged Siglec-8, revealing multiple binding
species, each of which was sensitive to sialidase digestion.
Ligand-containing fractions were pooled and ligand was captured
by immunoprecipitation using His-tagged pentameric Siglec-8
bound to nickel-Sepharose beads. The Siglec-8-precipitated
ligands were subjected to mass spectrometric proteomic analysis,
revealing the proteoglycan aggrecan as the predominant species.
Anti-aggrecan antibody immunoblots of electrophoresed purified
Siglec-8 ligand revealed a comigrating aggrecan positive band.
Aggrecan carries chondroitin sulfate and keratan sulfate chains,

the latter of which may be sialylated. Chondroitinase ABC treat-
ment resulted in reduced ligand molecular weight without loss of
Siglec-8 binding whereas keratanase treatment eliminated Siglec-8
binding. Solvolysis (desulfation) and mild oxidation of the ligand
resulted in loss of Siglec-8 binding. We conclude that sialylated sul-
fated glycans carried on a minor glycoform of aggrecan in human
lung have Siglec-8 binding activity, consistent with the prior dis-
covery that synthetic sialylated sulfated ligands are Siglec-8
binding species. Understanding the sialoglycan-mediated mechan-
isms that control inflammation may provide glycomimetic leads
for drug development to treat inflammatory airway diseases.
Supported by the Lung Inflammatory Disease Program of
Excellence in Glycoscience (http://lidpeg.org; P01HL107151).

(67)Glycosylation Patterns on HIV-1 Envelope Glycoprotein
Audra L. Hargett1, Qing Wei1, Milan Raska1,2,

Barbora Knoppova1,2, Stacy Hall1, Katerina Zachova2,
Zhi-Qiang Huang1, Zina Moldoveanu1, Jan Novak1,

Matthew Renfrow1

1University of Alabama at Birmingham, Birmingham, AL;
2Palacky University in Olomouc, Olomouc, Czech Republic

HIV-1 gp120 is a component of the envelope glycoprotein
(Env) spikes on the HIV virion. Env glycans play a key role in
virus entry into host cells and as a shield against neutralizing
antibodies. gp120 glycosylation is difficult to characterize due
to a high number of potential N-glcyosylation sites (PNGS) and
heterogeneity of glycans at these sites. We have previously
demonstrated that expression of Env gp120 in a variety of cell
lines result in differential N-glycosylation of the many potential
sites within the protein and that the differential glycosylation
affect Env recognition by antibodies from the sera of
HIV-1-infected subjects [1]. While comparing the infectivity of
transmitted/founder virus and chronic stage virus, we identified
a series of altered glycosylation sites based on in silico analysis
of PNGS [2]. To characterize the extent of glycosylation at each
PNGS of the gp120 variants, we applied our high resolution mass
spectrometry workflow that makes use of MS and MS/MS (CID
& ETD fragmentation methods) to identify N-glycopeptides. By
determining the percent relative abundance of each glycoform for
each PNGS and comparing them across gp120 variants and
mutants, we are able to see glycosylation patterns based on struc-
tural location and observe changes in the glycosylation pattern
when the system is perturbed by a mannosidase inhibitor
(DMJM) or when a PNGS is mutated. Our data led us to begin
looking at virus infectivity and CD4 binding when certain PNGS
and glycans are present. Using a library of known HIV-1 neutral-
izing antibodies, we were able to corroborate our observed
changes in site-specific heterogeneity with biological data that
allow us to make novel conclusions regarding the role of shifting
N-glycan heterogeneity in the overall structure of the gp120
trimer that will have broader impact on the goal of designing vac-
cines for HIV. This work will report on the process of interpreting
a dense amount of N-glycan heterogeneity data and how the het-
erogeneity changes under different conditions in the context of
the protein’s structure and activity.
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(68)Human naïve CD4+ T lymphocyte activation induces
neoexpression of GD2 ganglioside

Tania M. Villanueva1,2, Rosella Mollicone3, Mario E. Cruz4,
Ivan Martínez-Duncker1

1Laboratorio de Glicobiologia Humana, Centro de
Investigacion en Dinamica Celular, Universidad Autonoma del

Estado de Morelos; 2Instituto de Biotecnologia, UNAM;
3INSERM, U1004, Paris Sud Université XI, Paul Brousse

Hôpital; 4Laboratorio de Inmunologia Molecular, Facultad de
Medicina, Universidad Autonoma del Estado de Morelos

The CD4+ T helper lymphocyte organizes the immune response
after their activation by antigen presenting cells. The CD4+ T
lymphocytes are known to change their sialylation profile
during activation and polarization. In this work we character-
ized the sialic acid dynamics in the cell surface of anti-CD3/
anti-CD28 mAbs activated purified human naïve CD4+ T lym-
phocytes by metabolic labeling using ManNAz and lectin
binding. The results of this characterization suggested that
there is an increase in the expression of cell surface α2,8 sialo-
glycoconjugates after activation, particularly gangliosides.
Gangliosides are sialic acid containing glycosphyingolipids
present in the surface of cells and are constitutive elements of
lipid rafts, which are particularly relevant for TCR signaling.
Further studies led us to identify that activation of human naïve
CD4+ T lymphocytes causes an upregulation of ST8SIA1 and
β4GALNT1 that code for the GD3 and GM2/GD2 synthases,
respectively. Through flow cytometry we identified that activa-
tion induces a surface neoexpression of the disialo GD2 gan-
glioside (GalNAcb(1,4)[Sia(α2,8)Siaα(2,3)]Gal(β1,4)Glc(β1,1)
Cer) and upregulation GD3 ganglioside ([Sia(α2,8)Siaα(2,3)]
Gal(β1,4)Glc(β1,1)Cer) that could play an important role in
lipid raft assembly and TCR signaling.

(69) Specific N-linked glycan complexity features on HIV
gp120 enhance dendritic cell activation

Mindy Porterfield1, Nickita Mehta1, Monia Draghi2,
Galit Alter2, Michael Tiemeyer1

1Complex Carbohydrate Research Center, University of
Georgia; 2Ragon Institute

The gp120 envelope glycoprotein of HIV is heavily glycosylated
and much attention has been focused on the high-mannose
glycans functioning as a shield, which might block anti-peptide
antibodies from gaining access to the protein core. Isolates of
gp120, across different clades and clinical sources, and derived
from different expression platforms, all carry high-mannose
glycans. However, the relative abundance of these glycans may
vary and the exact contribution of high-mannose glycans and
complex glycans to the total profile has not been exhaustively
documented. Furthermore, the role of gp120 glycoform

diversity in dendritic cell activation has not been previously
characterized. We performed exhaustive N-linked glycomic
analysis by NSI-MSn of 11 gp120 env proteins expressed in
HEK-293T cells. The set of 11 gp120 proteins selected for gly-
comic analysis included representatives of clades A, B, and
C. The selected gp120 proteins were screened for dendritic cell
activation by a cell-based assay and represented low, intermedi-
ate, and high-level activatory preparations. Correlation of gly-
comic features with dendritic cell activation indicated that the
most activatory gp120s shared specific structural features, in-
cluding high levels of total glycan density (mol glycan per mg
protein), partial processing of high-mannose glycans, and ele-
vated abundance of specific LacDiNAc structures. Other glycan
structural signatures derived from the MSn data did not correl-
ate with gp120 potency for dendritic cell activation.

(70)Human germinal center B cells express a unique
glycosylation signature characterized by

poly-N-acetyllactosaminyl glycans
Nicholas Giovannone1, Jenna E. Geddes-Sweeney1,

Jennifer Liang1, Aristotelis Antonopoulos2, Stephen M.
Pochebit3,4, Neil Bhattacharyya5,6, Steven R. Barthel1, Stuart

M. Haslam2, Charles J. Dimitroff1,4
1Department of Dermatology, Brigham andWomen’s

Hospital, Boston, MA, USA; 2Department of Life Sciences,
Imperial College London, London, United Kingdom;

3Department of Pathology, Brigham andWomen’s Hospital,
MA, USA; 4Harvard Medical School, Boston, MA, USA;

5Department of Surgery, Division of Otolaryngology, Brigham
andWomen’s Hospital, Boston, MA, USA; 6Department of
Otology and Laryngology, Harvard Medical School, Boston,

MA, USA

Leukocytes commonly remodel cell surface glycans upon activa-
tion as a means to modify immunologically significant lectin-
glycoprotein interactions. While many glycan features have
been documented for activated T cells, far fewer functionally
important glycan features have been identified on activated B
cells. As such, we sought to define the surface carbohydrate rep-
ertoire of human tonsillar B cells at various stages of B cell dif-
ferentiation. We found that B cells activated with T cell help
(germinal center (GC) B cells) display >2-fold higher levels of
poly-N-acetyllactosamine (polyLacNAc) glycans compared to
naive, memory, and plasmablast B cells, as measured by
binding to polyLacNAc-specific Solanum tuberosum (STA) and
Lycopersicon esculentum (LEA) lectins. Furthermore, lectin
blot analysis of primary cell lysates revealed that these
polyLacNAc glycans are primarily presented on CD45, a recep-
tor tyrosine phosphatase critically involved in B cell antigen re-
ceptor signaling. Global gene expression analysis and
quantitative real-time PCR of FACS-sorted B cell subsets
showed that GC B cells selectively downregulate levels of the
α2,3 sialyltransferase ST3Gal1, which we observed blocks
polyLacNAc expression when overexpressed in GC-like B cell
lines. Surprisingly, increased GC B cell polyLacNAc levels did
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not confer commensurate binding to polyLacNAc-specific lectins
galectin-1 or galectin-3; instead, galectin-1 and galectin-3
showed little change in binding or dramatically reduced binding,
respectively, compared to naive and memory B cells. Taken to-
gether, these data suggest that activated GC B cells promote
polyLacNAc synthesis by reducing expression of ST3Gal1, and
display these polyLacNAcs in a manner that preserves binding to
galectin-1 but not galectin-3. Accordingly, we propose that GC B
cells may tune galectin ligand expression as a means to regulate
cell fate decisions within the germinal center.

(71) Identification of broadly neutralizing antibody-HIV
envelop glycans interaction fingerprints for HIV vaccine

immunogen design
Wen-Han Yu1,2, Monia Draghi2, Claudia Arevalo2,
Peng Zhao3, Douglas Lauffenburger1, Lance Wells3,

Galit Alter2
1Department of Biological Engineering, Massachusetts Institute
of Technology, Cambridge, MA 02139, USA; 2Ragon Institute
of Massachusetts General Hospital, Massachusetts Institute of
Technology and Harvard University, Cambridge, MA, USA;
3Complex Carbohydrate Research Center, Department of
Biochemistry and Molecular Biology, The University of

Georgia, Athens, Georgia 30602, USA

Broadly neutralizing antibodies (bNAbs) that neutralize most
circulating HIV strains are only developed in a minority of
HIV-positive individuals several years after infection. Elicitation
of bNAbs through vaccination is the Holy Grail in HIV vaccine
research but to date no HIV vaccine candidate has yet succeeded
in achieving this goal. Interestingly, many of the new identified
bNAbs interact only glycans or glycopeptides on HIV envelope,
suggesting the importance of glycans in bNAbs recognition.
Over the past decade, several groups have attempted to engineer
the glycans on the envelope by alteration of individual or a few
glycans, but with limited success in eliciting bNAbs. The major
obstacles are related to the limited understandings of the impact
of overall proximal and distal glycans on bNAb recognition. To
overcome this limitation, we performed a comprehensive
bNAb-glycan interaction mapping to define the landscape of
glycans that impact bNAb binding. With the collaboration of
Dr. Lance Wells, the global glycome of total 98 diverse HIV en-
velope proteins were able to be identified. We developed a
machine learning algorithm, which dissect the complex relation-
ship between the global glycome and the bNAb binging activity
for individual HIV envelopes, to identify bNAb-glycan inter-
action fingerprints that estimated the importance of individual
glycans in modulating bNAb recognition in an agonistic or an-
tagonistic manner. With such comprehensive interaction infor-
mation, we then developed a de novo immunogen design
program that designed glycan-optimized immunogens via in
silico sequence evolution, and eventually the program predicted
an optimal sequence with combinatorial mutations of the
glycosylation sites that harbor optimized glycan profiles to
promote more effective recognition by specific bNAbs. As a
proof-of-concept, the de novo designed immunogens by

engineering agonistic or antagonistic glycans greatly improved
the bNAb binding affinities to the most potent bNAbs -
PGT121 and PGT128 individually, as the program predicted,
and furthermore, allowed the bNAb binding affinity skewing
between PGT121 and PGT128. Overall, this systematic and
computational approach demonstrates the capability of design-
ing next-generation immunogens which will complement exist-
ing efforts in HIV vaccine immunogen design.

(72) Selection-Independent regulation of inflammatory cell
trafficking by alpha1,3-fucose ligands - modulation of the beta2

integrin axis
Alexander Buffone1, Mehrab Nasirikenari1, Charles T.

Manhardt1, Amit Lugade1, Paul N. Bogner1,
Yasmin Thanavala1, Robert Sackstein3, Sriram Neelamegham2,

Joseph T. Lau1
1Roswell Park Cancer Institute; 2State University of New York
at Buffalo; 3Brigham andWomen’s Hospital / Harvard Medical

School

The requirement for α1,3-fucosylated carbohydrate ligands
during selectin-mediated leukocyte trafficking is well estab-
lished. Disrupting these ligands mitigates leukocyte recruitment,
and this pathway represents a unique target in managing in-
flammatory conditions. Here, we have identified an additional
role for fucose in site-selective cell trafficking whereby
α1,3-fucose deficiency paradoxically promotes cell recruitment
to airway mucosa independent of selectin-binding. Whereas the
α1,3-fucosyltransferase deficient murine Fut4-/-Fut7-/- neutro-
phils have severely impaired recruitment in a selectin dependent
acute peritonitis model, these same cells are preferentially
recruited during acute pulmonary inflammation. Aberrant
recruitment of the Fut4-/-Fut7-/- neutrophils can be partially
normalized by exo-fucosylation using recombinant FUT7.
Antibody blockade CD11a/CD11b/CD18 and CXCR2 signal-
ing normalized excess airway infiltration of the Fut4-/-Fut7-/−

neutrophils. Fut4-/-Fut7-/- neutrophils also have elevated
Rap1-GTP levels, particularly in response to CXCL1 stimula-
tion. The data indicate that CXCR2-mediated signaling is aug-
mented by α1,3-fucose deficiency, resulting in enhanced
leukocyte recruitment via the β2 integrin – ICAM-1 axis. (This
work is supported by Program of Excellence in Glycosciences
P01HL107146 and R01HL103411.)

(73) The structural role of antibody N-glycosylation in receptor
interactions

AdamW. Barb, Ganesh P. Subedi, Quinlin M. Hanson
Iowa State University

Immunoglobulin G1(IgG1)-based therapies are widespread and
many function through interactions with low-affinity Fc γ recep-
tors(FcγR). N-glycosylation of the IgG1 Fc domain is required
for FcγR binding, though it is unclear why. Structures of the
FcγR:Fc complex fail to explain this because the FcγR polypep-
tide does not bind the N-glycan. Here we identify a link
between motion of the N-glycan and Fc:FcγRIIIa affinity that
explains the N-glycan requirement. Fc F241 and F243
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mutations decreased the N-glycan/polypeptide interaction and
increased N-glycan mobility. The affinity of the Fc mutants for
FcγRIIIa was directly proportional to the degree of glycan re-
striction (R2 = 0.82). The IgG1 Fc K246F mutation stabilized
the N-glycan and enhanced affinity for FcγRIIIa. Allosteric
modulation of a protein/protein interaction represents a previ-
ously undescribed role for N-glycans in biology.
N-glycan restriction also affects IgG1 Fc structure. We found

the quaternary structure of glycosylated Fc was indistinguish-
able from aglycosylated Fc indicating N-glycosylation does not
maintain relative Fc Cγ2/Cγ3 domain orientation. However, the
conformation of the C’E loop, which contains N297, was sig-
nificantly perturbed in the aglycosylated Fc variant. The con-
formation of the C’E loop as measured with a range of Fc
variants shows a strong correlation with FcγRIIIa affinity.
These results indicate the primary role of the IgG1 Fc N-glycan
is to stabilize the C’E loop through intramolecular interactions
between carbohydrate and amino acid residues and preorganize
the FcγRIIIa interface for optimal binding affinity. The features
that contribute to the capacity of the IgG1 Fc N-glycan to re-
strict protein conformation and tune binding affinity are con-
served in other antibodies including IgG2-4, IgD, IgE and IgM.

(74)Mouse POGLUT1 (Rumi) Regulates the Function of
JAGGED1 during Intrahepatic Bile Duct Development

Shakeel M. Thakurdas1, Mario F. Lopez1, Shinako Kakuda2,
Rodrigo Fernandez-Valdivia3, Neda Zarrin-Khameh1,

Robert S. Haltiwanger2, Hamed Jafar-Nejad1
1Baylor College of Medicine; 2Stony Brook University;

3Wayne State University

Protein O-glucosyltransferase (POGLUT1; Rumi) is an enzyme
that adds glucose to serine residues of EGF repeats harboring
the consensus sequence C1-X-S-X-(P/A)-C2. In Drosophila,
Rumi promotes Notch signaling by adding glucose residues to
the Notch receptor. Although complete loss of mouse Rumi
results in embryonic lethality before E9.5, the precise role of
Rumi in regulating mammalian Notch signaling is not known.
Haploinsufficiency of the Notch ligand JAGGED1 in humans
results in an autosomal dominant, multisystem disorder known
as Alagille Syndrome, which is characterized by a congenital
cholangiopathy of variable severity. We used mouse genetics
and cell culture experiments to examine the effects of decreasing
the jagged1 (Jag1) gene dosage on bile duct development and to
assess whether Rumi regulates the function of JAGGED1 in this
context. We find a previously unappreciated impairment in the
development of the intrahepatic bile ducts (IHBDs) in Jag1 het-
erozygous mice (Jag1 + /–) on a C57BL/6 background accom-
panied by decreased SOX9 expression and thinning of the
peri-portal vascular smooth muscle cell (VSMC) layer, which
are apparent at embryonic day 18 and the first postnatal week. In
contrast, mice double-heterozygous for Jag1 and Rumi start
showing a significant improvement in IHBD development and
VSMC differentiation during the first week. At P30, Jag1 + /–
mice show widespread ductular reactions and ductopenia in their
livers, accompanied by a mild but significant bilirubinemia. In

contrast, P30 Jag1/Rumi double-heterozygous mice show well-
developed portal triads around most portal veins, with no eleva-
tion of serum bilirubin. Conditional deletion of Rumi in the liver
results in phenotypes compatible with increased JAGGED1 sig-
naling. Mass spectrometric analysis indicates that all Rumi target
sites of the human JAGGED1 are efficiently O-glucosylated.
Finally, loss of Rumi in VSMCs results in increased levels of full-
length JAGGED1 and a previously unreported shorter fragment
of JAGGED1 without affecting Jag1 mRNA levels. Together,
our findings indicate that Jag1 + /– mice on a C57BL/6 back-
ground can be used as a model for Alagille Syndrome and
suggest that Rumi negatively regulates the function of JAGGED1
in the liver.

Supported by March of Dimes (#1-FY10-501 and
#5-FY07-654 to H.J.-N.) and NIH (GM084135 to H.J.-N.,
GM061126 to R.S.H.)

(75) Probing Sialoglycans on Fetal Bovine Fetuin with
Glycosyltransferases

Xinyi Huang, Andrew J. Burton, Karl A.D. Swift,
Zhengliang L. Wu

Bio-techne

Sialic acids are negatively charged sugar residues commonly found
on the terminal positions of most glycoproteins. They play import-
ant roles in the stability and solubility of these proteins. Due to
their unique positioning, they also frequently act as receptors for
various ligands, and therefore are involved in numerous cell-cell
and cell-pathogen interactions. Here, using in vitro incorporation
of clickable monosaccharides with various glycosyltransferases,
we probed the sialoglycans on fetal bovine fetuin. The incorpo-
rated clickable monosaccharides were detected with chemilumines-
cence in a format of Western blotting. The results suggest that
non-reducing end Gal residues on both N-glycans and O-glycans
are fully sialylated, but the peptide linked GalNAc residues in
O-glycans are not. The presence of sialyl core-1 glycan was re-
peatedly confirmed by probing with α-2,3-sialyltransferases,
N-acetylgalactosaminide α-2,6-sialyltransferases and a β-1,6-
N-acetylglucosaminyltransferase that is specific for core 1
glycan. The results also suggest the presence of a minute
amount of sialyl Tn antigen on the protein. In addition,
methods for specifically probing high mannose glycan and Tn
antigen are presented.

(76) Thermodynamic switch in binding of human galectin-3 to
tumor-associated TF antigen (CD176) andMUC1

glycopeptides
Mare Cudic1, Maria C. Rodriguez1,2, Svetlana Yegorova2,

Jean-Philippe Pitteloud2, Anais E. Chavaroche2, Sabine André3,
Ana Ardá5, Dimitriy Minond2, Jesús Jiménez-Barbero4,5,

Hans-Joachim Gabius3
1Florida Atlantic University; 2Torrey Pines Institute for

Molecular Studies; 3Ludwig-Maximilians-University; 4CIC
bioGUNE; 5Ikerbasque, Basque Foundation for Science

Mucins of cancer cells are subject to malignancy-associated
alterations in their glycan presentation. Given the evidence that
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human galectin-3 can interact with mucins and also weakly
with free tumor-associated Thomsen-Friedenreich (TF) antigen
(CD176), we here report binding analysis of galectin-3 inter-
action with TF antigen, as it exists in its natural cellular context,
presented by MUC1, as a step to characterize the molecular
origin of the high selectivity of endogenous lectins to their
natural counter-receptors. The thermodynamic, structural and
cell biological parameters were examined for several MUC1 gly-
copeptide model compounds that carry the TF antigen attached
through either Thr or Ser side chains. Based on the isothermal
titration calorimetry (ITC) data, the position of the attachment
did not play a major role, however, the presence of the peptide
backbone and its length significantly influenced the thermo-
dynamic binding profile. The dissociation constants for inter-
action of galectin-3 and the glycosylated MUC1 fragments
decreased up to 10 times in comparison to that of the free TF di-
saccharide. No binding was observed for the nonglycosylated
control version of the MUC1 peptide. The most notable feature
of the binding of MUC1 glycopeptides to galectin-3 was a shift
from a favorable enthalpy to an entropy-driven binding process.
The comparatively diminished enthalpy contribution to the free
energywas compensated by a considerable gain in the entropic
term. Ligand-dependent differences in binding affinities were
also confirmed by a novel assay for screening of low-affinity
glycan − lectin interactions based on AlphaScreen technology.
The NMR analysis revealed contacts at the canonical site,
mainly by the glycan moiety of the MUC1 glycopeptide, indi-
cating that the observed thermodynamic changes are probably
due to the chemical nature of the relatively large peptide portion
of the ligand, the special context-dependent presentation of the
glycan, the flexibility of the peptide chain and interactions with
the surrounding water molecules. Notably, the glycosylated
MUC1 peptides exhibited activity in a concentration-dependent
manner in cell-based assays revealing selectivity among human
galectins. In summary, these findingshighlight the significance
of model studies of human lectins with synthetic glycopeptides.

(77) Loss of galectin-3 leads to retention of bone mass in aging
female mice

Kevin A. Maupin1, Kevin Weaver1, Carol Flegler2, Stanley
L. Flegler2, Tao Yang1, John L. Wang2, Bart O. Williams1

1The Van Andel Institute Graduate School, Grand Rapids, MI;
2Michigan State University, East Lansing, MI

Osteoporosis is a growing health concern in the United States
due to an aging population. Thus, there is a need to identify
novel targets to control bone homeostasis. Galectin-3 (Gal3) is
a chaperone protein which functions in numerous cell processes
both intracellularly via protein-protein interactions and extra-
cellularly by binding specific glycans on glycoproteins.
Gal3-deficient mice have normal reproduction and lifespan, but
are protected against fibrosis. Because Gal3 is highly expressed
by bone cells and regulates the deposition of collagen in fibrosis
models, we hypothesized that Gal3-deficient mice would have
altered bone matrix deposition.

When we compared the femurs of aging (12, 24, 36, and
48wks) Gal3-deficient mice to their wildtype littermates
by microcomputed tomography (µCT), we found that
Gal3-deficient mice had a sex-dependent bone phenotype.
While males showed no difference in measured bone para-
meters, Gal3-deficient females had increased trabecular bone
volume fraction (BV/TV) and were protected against age related
loss of trabecular bone mineral density (BMD). At 36wks, there
was an increase in the polar moment of inertia (MMI) of female
Gal3-deficient femurs, which suggested an improvement in cor-
tical bone strength. Mechanical testing by 4-point bending
revealed that the Gal3-deficient bones had no changes in abso-
lute strength or stiffness. However, there was a decrease in the
maximum strain and Young’s modulus of elasticity, which
meant that there was a decrease in the quality of the bone
matrix. We used scanning electron microscopy to observe the
collagen of the cortical bone and found that despite normal cor-
tical BMD, there was abnormal mineralization of the collagen
fibrils. We also wanted to know whether the bone phenotype is
dependent upon abnormal osteoblast function, so we made an
osteoblast conditional knockout mouse line by crossing mice
with floxed Gal3 alleles (Lgals3-flox) to mice expressing
cre-recombinase driven by the human osteocalcin promoter
(OCN-cre). Consistent with the globally Gal3-deficient mice,
the OCN-cre;Lgals3-flox mice also showed a sex-dependent in-
crease in trabecular bone mass and mineralization. The results
of this study identify a novel sex-dependent regulation of the
extracellular matrix by Gal3 in bone. While further experimen-
tation is necessary, our data provides support for the develop-
ment of Gal3 targeted therapies to prevent bone loss during
aging.

(78)Deciphering the Fringe Code: Molecular mechanisms for
Fringe affects on mouse Notch1

Shinako Kakuda, Robert S. Haltiwanger
Department of Biochemistry and Cell Biology, Stony Brook

University, Stony Brook

The extracellular domain (ECD) of Notch contains up to 36
tandem Epidermal Growth Factor-like (EGF) repeats, many of
which contain the consensus sequence for modification by
O-Fucose (C2xxxx(T/S)C3). O-Fucosylation is essential for
Notch function, and addition of GlcNAc to O-Fucose by the
Fringe family of β3-N-acetlyglucosaminyltransferases modu-
lates Notch activity. In the fly system, a single Fringe enzyme
modulates Notch activity by increasing signaling initiated by
the ligand Delta and inhibiting signaling initiated by the other
ligand, Serrate. Although similar results have been reported
using mammalian components, the increased number of recep-
tors (four Notch proteins: Notch1-4), ligands (three Deltas:
Delta-like 1, 3 and 4; two Serrate homologues: Jagged1 and 2)
and Fringes (three Fringes, Lunatic (Lfng), Manic (Mfng) and
Radical (Rfng)) reveals increased complexity. While Lfng and
Mfng mimic fly Fringe by activating signaling from Delta-like 1
and inhibiting signaling from Jagged1, Rfng activates signaling
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from both, suggesting it may modify different sites on Notch1
than Lfng and Mfng. To better understand the molecular mech-
anism of Fringe action, we sought to determine which of the 20
predicted O-Fucose sites on mouse Notch1 (mN1) are modified
with O-Fucose, which are elongated by each Fringe, and which
are required to mediate the biological effects of Fringe. Using a
mass-spectral approach, we determined that the majority of pre-
dicted O-fucose sites in mouse Notch1 were modified with
O-fucose at high stoichiometry. In striking contrast, only a
subset of the O-fucose sites were elongated by any Fringe.
Importantly, Lfng and Mfng modified O-fucose on mostly the
same EGF repeats, while Rfng modified a subset. By testing
O-fucose site mutations in cell-based Notch activation and
ligand-binding assays, we demonstrated that Fringe modifica-
tions at some EGF repeats enhanced Notch1 activation from
Delta-like1, while modifications at others (generated by either
Lfng or Mfng but not Rfng) inhibit Notch1 activation from
Jagged1. Combined, these results suggest that Fringe modifica-
tions “mark” different domains in the Notch extracellular
domain for activation or inhibition, much like marks on
histones regulate transcription. Supported by NIH grant
GM061126.

(79)Deciphering the Fringe Code: Investigating the Effects of
Fringe Modification on the Drosophila Notch-Ligand Binding

Beth M. Harvey, Robert S. Haltiwanger
Department of Biochemistry and Cell Biology, Stony Brook

University, Stony Brook, NY 11794-5215

The Notch signaling pathway is critical for controlling many de-
velopmental processes conserved across all metazoans.
Subsequently, the Notch signaling pathway has also been impli-
cated in many different diseases. In Drosophila, the pathway
consists of one Notch receptor that binds to one of two ligands
called Delta and Serrate. The Notch receptor is a large trans-
membrane protein, uniquely characterized by having thirty-six
tandem epidermal growth factor-like (EGF) repeats in the extra-
cellular domain. The EGF repeats mediate ligand binding, and
glycosylation of the EGF repeats is not only essential for Notch
activity but also modulates ligand binding. Elongation of
O-fucose with aβ3-linked GlcNAc added by the glycosyltrans-
ferase Fringe modulates Notch activity by increasing
Notch-Delta binding while decreasing Notch-Serrate binding.
The molecular mechanism by which the Fringe-mediated modi-
fication has opposite effects on binding of the ligands is
unknown. Although the ligand-binding domain (classically
defined as EGF repeats 11-12) is necessary and sufficient for
ligand binding, numerous other EGF repeats have been shown
to affect ligand binding. To examine how Fringe modulates
Notch ligand binding, we have established a cell-based binding
assay. By varying the amount of Fringe in the cells, we observe
gradual changes in ligand binding. At very low Fringe levels we
see enhanced Delta binding with only minimal effects on

Serrate, suggesting that modifications that enhance binding are
separable from those that inhibit. We have previously per-
formed mass spectral studies on EGF repeats 1-36 from
Drosophila Notch and found that Fringe preferentially modifies
certain O-fucose sites more efficiently than others. Varying the
amount of Fringe expressed with Notch also varies elongation
at specific O-fucose sites. Using these data, we have generated
mutants eliminating O-fucose sites where Fringe elongation dif-
ferentially affects binding to Delta versus Serrate. We are testing
these mutants in our binding assay to investigate how specific
O-fucose sites mediate the opposite effects of Fringe on Notch
binding to Delta and Serrate. Supported by NIH grant
R01GM061126 and T32GM008468.

(80) Evidence for a fucosylated protein complex associated with
the nuclear membrane of Toxoplasma gondii

John Samuelson1, Giulia Bandini1, EdwinMotari1, Catherine
E. Costello1, Sebastian Lourido3, Christopher West2, Phillips

W. Robbins1
1Boston University; 2University of Georgia; 3Whitehead

Institute (MIT)

Toxoplasma gondii, which is a Category B pathogen, causes
disseminated infections in fetuses and immunocompromised
persons. This abstract is based upon the remarkable discovery
that the fucose-binding Aleuria aurantia lectin (AAL), which
labels secretory compartments in host cells, labels 100 nm
spherical structures associated with nuclear membranes of
Toxoplasma. AAL binding is stage specific: to tachyzoites,
bradyzoites, and sporozoites but not to oocysts. AAL binding
to nuclear membranes is species-specific: to Toxoplasma
but not related apicomplexans (Plasmodium, Eimeria, and
Cryptosporidium).

Proof that AAL is binding to fucose includes loss of binding
of AAL to Western blots of Toxoplasma proteins treated with
protease, strong base (to remove O-linked glycans), or excess
α-methyl fucose. Loss of binding of AAL also occurs when
GDP-fucose synthesis is transiently knocked out using CRISPR/
Cas9 methods. Evidence that a Ser-rich domain is the target
for a cytosolic fucosyltransferase includes the following:
Approximately 50 proteins with Ser-rich domains were
enriched by AAL.A GFP-Ser-rich domain fusion-protein is fuco-
sylated in transformed Toxoplasma. Atranscription factor
(SNF2) with a Ser-rich domain co-localizes with AAL.

The function of the fucosylated protein complex (FPC) is sug-
gested by presence of transcription factors, enzymes that modify
DNA, and proteins with DNA-binding domains among Ser-rich
proteins that were enriched with AAL. Other Ser-rich,
AAL-enriched proteins have β–propeller, α-solenoid, and coil-
coil domains, suggesting they have a structural role in the FPC.
The importance of the FPC is suggested by dramatic decrease in
fitness of Toxoplasma tachyzoites when many of the genes en-
coding Ser-rich, AAL-enriched proteins were knocked out in a
whole genome CRISPR/Cas9 screen.
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(81) Problems and Prospects with the Study of 9-O-acetylated
Sialoglycans in Microarrays

Zahra Khedri1, Hai Yu2, Ajit Varki1, Xi Chen2
1Glycobiology Research and Training Center, University of
California, San Diego; 2Department of Chemistry, University

of California, Davis

N-Acetylneuraminic acid (Neu5Ac) and N-glycolylneuraminic
acid (Neu5Gc) are the most common sialic acids in nature, an
important structural difference only partly represented on
current sialoglycan arrays. The first sialic acid ever isolated
(Blix, 1936) was apparently 9-O-acetyl-N-acetylneuraminic
acid. Such 9-O-acetylation can either block or facilitate recogni-
tion of sialoglycan ligands by viruses, antibodies, receptors and
lectins. Despite early discovery and understanding of import-
ance, the biological significance of O-acetylated sialic acids
remains poorly explored and many current studies do not even
consider the possibility that such potentially important esters
exist in the system under study. The reasons for this omission
are many, including the liability of ester groups to both acidic
and basic conditions (including standard glycan purification
protocols), propensity for migration, and their effects in block-
ing sialidase action. This omission continues to be a feature of
most recent glycan array studies. We have attempted to partially
fill this informational void, by synthesizing and printing
matched sets of sialoglycans with or without 9-O-acetyl
groups. However, we recently noticed significant losses of
9-O-acetyl groups at different steps of the microarray production
process. To measure the amount of de-O-acetylation and con-
sider its prevention, we used Neu5Gc9Ac6Galβ4Glcβ-
propylamine as a model compound and quantified ester loss at
each step. Although synthesized compounds are pure, some
de-O-acetylation happens during lyophilization, under storage
conditions, microarray printing and slide blocking. While we are
exploring these issues to define optimal conditions for preserva-
tion, all prior conclusions about roles of 9-O-acetylation remain
valid only in instances where binding is exclusively to an
O-acetylated sialoglycan, and not to its non-O-acetylated coun-
terpart. Even in this instance conclusive proof is to show loss of
binding upon pretreatment with a viral 9-O-acetylesterase. While
nothing stated in our published papers needs retraction, we are
alerting the community, to avoid inadvertent misinterpretation of
some of published raw data from us and others, such as binding
patterns and heat maps––and to inform others who may be study-
ing these fascinating esters. Finally, these comments only apply to
9-O-acetylation, as even less is currently known about the behav-
ior of 7-, 4-, di- or tri-O-acetylated sialic acids on glycan arrays.

(82)New findings on the detection, expression, dimerization
and ligand binding properties of mouse Siglec-E

Shoib S. Siddiqui1, Flavio Schwarz1, Stevan Springer1,
Zahra Khedri1, Hai Yu2, Lingquan Deng1, Andrea Verhagen1,
Weiping Jiang3, Daniel Kim3, Jie Zhou3, Yuko Naito-Matsui1,

Xi Chen2, Nissi Varki1, Ajit Varki1
1UC San Diego, La Jolla, CA 92093, USA; 2UC Davis, CA

95616, USA; 3BioLegend, Inc., USA

CD33-related Siglecs are receptors widely expressed on innate
immune cells, binding sialylated or non-sialylated ligands, and
generating signals that inhibit or activate inflammation. While
their roles in immunomodulation have been extensively studied,
relationships between tertiary structure and function are less
explored. Here, we present studies on various aspects of
Siglec-E, a major Siglec on mouse neutrophils, monocytes,
macrophages and dendritic cells.

Immunization of rats with Siglec-E-IgG-Fc generated 9 mono-
clonal antibodies that recognized Siglec-E, but not IgG-Fc. All
antibodies detected surface Siglec-E in transfected HEK-293T
cells. However, only two could detect Siglec-E on mouse bone
marrow neutrophils by flow cytometry, and in spleen sections by
immunohistochemistry. While all antibodies also recognized
Siglec-E-Fc in western blots only three recognized native Siglec-E
in spleen lysates, and binding was variably dependent on disul-
fide bonds, and on intact N-glycans. Thus, expression analysis of
Siglec-E appears to be dependent upon the antibody used. We are
further investigating the biological relevance of these findings.

We also studied how tertiary structure influences ligand
binding and functions. Siglec-E is known to occur as a disulfide-
linked homodimer on the cell surface. Homology-based modeling
predicted a cysteine residue (C298) that could form a disulfide
bridge between two molecules. We mutated this residue and con-
firmed its role in dimerization. Notably, dimerization also occurs
within recombinant soluble Siglec-E-Fc and induced subtle differ-
ences in glycan binding. We found no differences in phosphoryl-
ation or SHP-1 recruitment between dimeric and monomeric
Siglec-E expressed on HEK-293A cells, though the impact of acti-
vation is still being investigated. Interestingly Siglec-9 (the func-
tionally equivalent human ortholog of Siglec-E) is expressed as a
monomer and has somewhat stronger binding properties for
similar sialylated ligands. We are further exploring the conse-
quences of these findings for ligand binding and cell signaling.

Also unlike Siglec-9-Fc, the binding property of Siglec-E-Fc on
sialoglycan arrays was found to be rather unstable, and highly de-
pendent on the sialic acid content of the preparation, storage con-
ditions and cell lines used for expression. This work provides
basic information about Siglecs and their diverse and rapidly
evolving immunomodulatory functions, but also raises various
cautionary concerns about prior publications on Siglec-E.

(83) IgG glycan hydrolases in Group C and G streptococci
Azadeh Shadnezhad1, Jonathan Sjögren1, Andreas Naegeli1,

Fredrik Leo1, Maria Allhorn1, Anders Jensen2, Mattias Collin1
1Lund University; 2Aarhus University

Antibodies are key players in the adaptive immune system. In
recent years it has become clear that the glycosylation of anti-
bodies are crucial in regulating their effector functions including
binding to white blood cells and complement activation. Several
important pathogens express glycosyl hydrolases that can alter
glycans on glycoproteins. The important human pathogen
group A Streptococcus (GAS) or Streptococcus pyogenes can
hydrolyze the N–linked glycan on human IgG antibodies, and
affect the function and structural properties on IgG. This
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activity is associated with the secretion of the endoglycosidase
EndoS enzyme. It has become increasingly clear that strepto-
cocci of group C and G (GCS and GGS) also are important
human pathogens that can cause severe infections. Comparison
of the genome of GCS and GGS shows they have sequence simi-
larities with GAS. PCR analysis in a collection human and
animal isolate of GCS and GGS identified putative EndoS
homologs. Lectin blot analysis revealed that several GGS and
GCS could hydrolyze the glycan on human IgG.
Characterization of EndoS like enzymes in GCS and GGS will
give new insight into how these bacteria evades the antibody-
mediated immunity during infection and also gives access to
new tools for glycoimmunology research.

(84) 2015 Update of Carbohydrate 3D Structures in the Protein
Data Bank (PDB)
Thomas Lütteke

Justus-Liebig-University Giessen

The Protein Data Bank (PDB, www.pdb.org) is a valuable
resource for glycobiology. It contains only a few pure
carbohydrates, but about 10,000 glycoproteins and protein-
carbohydrate complexes, from which knowledge of glycosyla-
tion and protein-carbohydrate-interaction can be gained. The
proportion of carbohydrate-containing entries (currently
9-10% of all PDB entries) has ascended in recent years, and also
the average size of the glycan chains increased compared to pre-
vious analyses [1]. More details and further statistics such as
residue distribution will be presented during the conference.
Earlier studies also revealed a relatively high frequency of

errors and inconsistencies within carbohydrate moieties in the
PDB [2,3]. A remediation of the PDB [4] has solved many
nomenclature-related problems. Unfortunately, still a relatively
large portion of glycans contain errors. This mainly applies to
N-glycans, many of which contain residues that are not matching
the conserved GlcNAc2Man3 core structure. Most of these mis-
matches are caused by wrong anomeric states, such as
a-D-GlcpNAc in the position of b-D-GlcpNAc, or b-L-Fucp
instead of a-L-Fucp in core-fucosylated structures. Wrong linkage
positions are less frequent. In various structures linkages are
missing, leading to unconnected ’1-deoxy’ residues. Some lin-
kages that do not involve an anomeric center can also be found.
Most of these problems can be detected by carbohydrate-

specific 3D structure validation tools, which have also been
recommended by the X-ray Validation Task Force of the PDB
[5]. A widespread use of such tools by crystallographers prior to
publication of structures in the PDB will help to increase the
quality of the glycan structures and thereby further enhance the
value of the PDB for glycoscience.
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2. Crispin M, et al. 2007.Nat Struct Mol Biol. 14: 354.
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(85) Biosynthesis of the O antigen repeating unit of escherichia
coli serotype O104

Diana Czuchry, Walter A. Szarek, Inka Brockhausen
Queen’s University

Escherichia coli serotype O104:H4 (ECO104) is an intestinal
pathogen that can cause bloody diarrhea, hemolytic-uremic
syndrome, kidney failure and death. The cell surface lipopoly-
saccharides (LPS) of these Gram negative bacteria are important
virulence factors. LPS is also essential for membrane integrity
and survival of bacteria. Our goal is to understand the pathways
and mechanisms involved in the assembly of the outer O anti-
genic polysaccharide of ECO104 LPS. The O antigen repeating
unit has the structure [4-Gal-alpha1-4Neu5,7,9Ac3-alpha2-
3-Gal-beta1-3-GalNAc-beta1-]n, which contains a cryptic
mimic of the human sialyl-T-antigen found especially on certain
types of cancer cells. The sialic acid moiety is unusual in being
modified by 7- and 9-O-acetyl groups in addition to being sub-
stituted by a Gal residue. Genes encoding glycosyltransferases
and an O-acetyltransferase are found in the ECO104 antigen
gene cluster and suggest the polymerase-dependent assembly of
repeating units. In order to study the biosynthetic pathway we
have used synthetic GalNAc-alpha-diphosphate-phenylundecyl
as a starting acceptor substrate. We have characterized the
second enzyme in the pathway, beta1,3-Gal-transferase WbwC,
and shown that is has an absolute requirement for a diphos-
phate in the acceptor and has a DxDD motif with essential
Asp residues. Remarkably, the third enzyme, alpha2,3-
sialyltransferase WbwA, also has this requirement for the
diphosphate in the acceptor and does not work on
Gal-beta1-3GalNAc-alpha-benzyl. This is in contrast to the
mammalian counterpart of WbwA, human ST3GAL1, that
does not act on the diphosphate acceptor. The fourth enzyme in
the pathway is alpha1,4-Gal-transferase WbwB that acts on
various acceptors terminating in sialic acid but has a distinct
preference for the product of WbwA. Thus it appears that all of
these glycosyltransferases recognize the diphosphate in the ac-
ceptor. Sialate O-acetyltransferase WckD adds an acetyl group
from acetyl-CoA to CMP-sialic acid, implying relaxed specifi-
city of WbwA for its donor substrate and relaxed specificity for
the acceptor substrate of WbwB. The human enzymes that syn-
thesize similar linkages have very little sequence similarity to
the bacterial enzymes. This work identifies potential anti-
bacterial targets and a strategy for vaccine synthesis. (Supported
by the Canadian Institutes of Health Research and Natural
Science and Engineering Research Council of Canada).

(86) TheMan5Gn2 N-glycoform on ppGalNAcT1 in normal
cells indicates its cis-Golgi localization and supports Golgi

vesicular transport theory
Pi-Wan Cheng1,2, Ganapati Bhat1,2, Vishwanath Chachadi1,2,

Ulla Mandel3
1Veteran Affairs Nebraska-Western Iowa Healthcare System;

2University of Nebraska Medical Center, Omaha, NE
68198-5870 USA; 3University of Copenhagen, Denmark
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Glycosylation in the Golgi apparatus is carried out by glycosyl-
transferases (GTs) orderly distributed across various Golgi com-
partments according to the glycosylation steps they participate
in. GTs that synthesize the glycan structures at the reducing
ends are expected to reside at the cis-Golgi and GTs that synthe-
size the non-reducing terminal glycan structures are at the
trans-Golgi. However, it is rather intriguing that ppGalNAcT1,
an enzyme which initiates mucin O-glycosylation, was reported
to be distributed throughout the Golgi (Rottgeri et al. J Cell Sci
111:45-60, 1998). Further, there is still an ongoing debate
about how Golgi resident proteins such as GTs reach their final
destinations after their arrival at the cis-Golgi since the discov-
ery of the Golgi apparatus 117 years ago. In Golgi cisternal mat-
uration theory, the trans-Golgi is matured from the cis-Golgi,
which contains all the GTs, and the early-acting GTs are then
transported from the trans-Golgi back to their final destina-
tions. In the vesicular transport theory, all GTs are transported
by vesicles to their final destinations after they reach the
cis-Golgi without passing through the trans-Golgi. Since most
Golgi GTs contain N-glycosylation site(s) and the detailed
N-glycosylation process has been well established, analysis of
the N-glycans on ppGalNAcT1 should help answer the ques-
tions of which Golgi compartment this enzyme is localized at
and whether it passes through trans-Golgi before settling down
at its final destination. According to the Golgi maturation
theory, all Golgi GTs would be decorated with sialylated
complex-type N-glycans. According to the vesicular theory,
cis-Golgi GTs would be decorated with Man5Gn2,
medial-Golgi enzymes with Gn1Man5Gn2 or Gn2Man3Gn2 and
trans-Golgi enzymes with N-glycans terminated with galactose
with or without sialic acid. Maldi-tof-ms analysis of the
N-glycans on ppGalNAcT1 isolated by immunoprecipitation
from HEK293T cells, which exhibit compact Golgi morph-
ology, shows that this enzyme is decorated with Man5Gn2. The
result indicates that this enzyme is localized at the cis-Golgi and
has never been through the trans-Golgi. Therefore, the result
supports the vesicular transport theory. Analysis of the
N-glycans on other GTs localized at cis and medial-Golgi
should provide further evidence to support this conclusion.

(87)Differential keratan sulfate proteoglycan phenotype in the
beta-1,3-N-acetylglucosaminyltransferse-7 deficient mouse

cornea
Stacy L. Littlechild1,2, Robert D. Young1,2, Andrew J.

Quantock1,2, Tomoya O. Akama3,4
1Biophysics Group, School of Optometry and Vision Sciences,
Cardiff University, Cardiff, UK; 2Cardiff Institute of Tissue
Engineering and Repair, Cardiff University, Cardiff, UK;

3Department of Pharmacology, Kansai Medical University,
Osaka, Japan; 4Tumor Microenvironment Program,

Sanford-BurnhamMedical Research Institute, La Jolla, CA,
USA

Introduction: Keratan sulfate (KS) is a highly negatively charged
glycosaminoglycan (GAG) that contributes to preserving
corneal transparency. Recent studies suggest ß-1,3-N-

acetylglucosaminyltransferase 7 (ß3GnT7) is an important
enzyme in the biosynthetic pathway of KS-GAG. We hypothe-
sized that inactivation of this glycosyltransferase via targeted
genetic mutation would result in abnormal proteoglycan (PG)
phenotype throughout the corneal stroma and, therefore, poten-
tially disrupt corneal extracellular matrix (ECM) organization.
Methods: Knockout mice were generated by conventional hom-
ologous recombination using a knockout vector and C57BL/
6-derived ES cells. Corneal extracts were prepared from WT,
B3gnt7-HTZ, and –NULL mice, subjected to Western blot, and
probed for highly sulfated KS and its predominant corneal core
protein, lumican. ECM organization and proteoglycan pheno-
types of WT, HTZ, and NULL corneas were observed by elec-
tron microscopy. The cationic dye, cupromeronic blue, was
added to the primary fixation buffer to enhance visibility of pro-
teoglycans in the electron microscope; these methods were per-
formed on tissue with and without chondroitinase ABC
pre-digestion. Results: When probed for highly sulfated KS and
lumican, Western blot data revealed a dense, low molecular
weight band in the NULL, which contrasted with the high to
low molecular weight smear patterns produced by WT and
HTZ extracts. Electron micrographs of the NULL specimen
showed uncharacteristically elongated, branched PGs through-
out the corneal stroma, which were not present in WT and
HTZ samples. Furthermore, HTZ and NULL tissue that was
incubated with chondroitinase ABC lacked putative KS-PGs.
These results differed from the WT, which possessed KS-PGs
that resisted chondroitinase ABC digestion. Conclusions: The
concentrated, low molecular weight band observed in Western
blot of the NULL specimen indicated lumican was substituted
with a truncated KS-GAG chain. This result, coupled with the
complete loss of detectable KS-PGs in electron micrographs of
the NULL corneal stroma, suggested ß3GnT7 was necessary to
lengthen the KS-GAG backbone. The appearance of the elon-
gated, branched PGs, which were susceptible to chondroitinase
ABC, suggested the cornea may be equipped with a compensa-
tory mechanism to upregulate chondroitin/dermatan sulfate to
preserve corneal ECM organization in the event of inadequate
KS-GAG synthesis.

(88) Cloning of endo-ß-galactosidase from B. fragilis
Tomoya O. Akama1, Kiyohiko Angata2,

Tomoyuki Nakamura1, Michiko N. Fukuda2
1Kansai Medical University; 2National Institute of Advanced

Industrial Science and Technology (AIST)

Endo-β-galactosidase (EBGase) is a glycosidase that is produced
by some bacteria species suchas C. freundii1, B. fragilis2 and
F. keratolyticus3. We have purified active EBGase from cultured
medium of B. fragilis, and identified cDNA sequence of EBGase
on B. fragilis genome. Interestingly, B. fragilis genome contains
five more open reading frames that are homologous to the
cloned EBGase, suggesting an important function of the
enzymes for survival of the bacteria in mammalian gastrointes-
tinal tract. The recombinant EBGase protein efficiently hydro-
lyzed bovine corneal keratan sulfate glycosaminoglycans and
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serum glycoproteins that carry highly sulfated keratan sulfate,
and produced GlcNAcβ1-3Gal and 6S-GlcNAcβ1-3Gal. Since
the enzyme exhibited identical substrate specificities with the
EBGase which has been extensively studied, we concluded that
the cloned cDNA is for B. fragilis EBGase that has been
reported in 1983.
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1. Fukuda M.N., Matsumura G. J. Biol. Chem. 251, pp 6218–6225
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2. Scudder P., et al. Biochem. J. 213, pp 485–494 (1983).
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(89) Fluorescent multiplex cell rolling assay: simultaneous
capturing up to eight samples in real-time using spectral

confocal microscopy
Ayman F. AbuElela, Jasmeen S. Merzaban

King Abdullah University of Science and Technology

Parallel plate cell rolling flow assay is one of the widely used
techniques to assess cell-cell adhesion interactions under
dynamic conditions mimicking the physiologic situation.
However, with the need to study multiple samples and multiple
ligands, using the light microscope-based flow assay allows only
one sample at a time which brings about high inter-experiment
variability, need for normalization, waste of materials and is
significantly time consuming. In order to develop a multiplexing
technique we made use of a three-color fluorescence staining ap-
proach, which allows eight different combination signatures to
be run at one time. Using this technique, each sample is labeled
with a different signature of emission wavelengths and mixed
with other samples before the flow run. Real-time images are
acquired in a single pass using line-scanning spectral confocal
microscope at one frame per 400-millisecond rate. To show the
proof of principle of our multiplex assay approach, in this
study, we confirmed the glycan-dependent binding of E-selectin
to its ligands through various deglycosylation treatments [sialid-
ase, O-sialoglycan endopeptidase (OSGE) and Peptide-N-
Glycosidase F (PNGase F)] of KG1a leukemic cells. Each cell
treatment condition was labeled with a unique fluorescent sig-
nature comprised of Alexa Fluor 405-, Alexa Fluor 546- or
Alexa Fluor 680-conjugated secondary antibody to anti-CD34
antibody or combinations thereof. Subsequently, E-selectin-de-
pendent cell rolling activity on live E-selectin-expressing CHO
(CHO-E) cells or mock-transfected CHO (CHO-M) cells (as
negative control) was observed in real-time. This technique
allowed us to analyze adhesion events from these eight different
treatment conditions simultaneously in real-time and to calcu-
late differences in rolling frequency, velocity and tethering cap-
ability of cells under study.

(90) CD44 and P-selectin glycoprotein ligand 1 (PSGL-1)
collaborate in controlling the migration of human activated T

cells to E-selectin
Amal J. Ali, Ayman F. AbuElela, Jasmeen S. Merzaban
King Abdullah university of Science and Technology

Selectins play a central role in the trafficking of activated T cells
by mediating tethering and rolling on vascular endothelium,
acting as a beacon to help navigate them to the site of infection.
Here we present a comprehensive binding and in vitro function-
al analysis of E-selectin ligands expressed on humanactivated
T cells. Using a mass-spectrometric approach we identified a
number of glycoproteins that may act as physiological E-selectin
ligands onhumanactivatedT cells and focused on comparing the
role of the newly identified E-selectin ligand, CD44, to the
P-selectin glycoprotein ligand 1 (PSGL-1), a well-known E- and
P-selectin ligand on T cells. We show that CD44 from human
activated CD4+ and CD8+ T cells binds E-selectin, and that
immobilized CD44 mediates tethering and rolling of E-selectin
expressing CHO cells via sialylated N-linked glycans. Using an
siRNA knockdown approach targeting CD44 and/or PSGL-1 in
primary human activated T cells, our data demonstrate that
CD44 is essential for mediating the rolling over E-selectin.
These data suggest, for the first time, that CD44 cooperates
with PSGL-1 in a synergistic manner to control migration of
human activated T cells to E-selectin expressing sites.

(91)N-glycoprotein: role of protein structure on glycan
microheterogeneity

Marie Estelle Losfeld1, Chia Wei Lin1, Oliver C. Grant2,
Ivan Hang1, Robert J. Woods2, Robert Gauss1, Markus Aebi1
1ETH Zurich Insitute of Microbiology; 2University of Georgia

Complex Carbohydrate Research Center

The mechanism that generates the variability of glycans
attached to the same glycosylation site, so-called microhetero-
geneity, is not fully understood. Multiple parameters such as
glycoenzyme expression and substrate availability affect the
structural variability. In this study, we determine the influence
of the protein sequence and its three-dimensional structure on
glycan microheterogeneity. We hypothesize that for each en-
zymatic step, the specificity of the reaction is defined by a com-
bination of the glycan substrate and its interaction with the
covalently linked protein. We use the protein disulfide isomerase
(Pdi) from Saccharomyces cerevisiae, as a model protein with 5
N-glycosylation sites. We transiently or stably expressed either
ER-retained or secreted forms of Pdi in CHO-S cells and ana-
lyzed the relative abundance of site-specific N-glycans by
LC-MS/MS. For the ER-retained Pdi, we observed a large differ-
ence in the mannose trimming of site 4 glycan, presenting
mainly GlcNAc2Man9 structures, whereas the other sites
display GlcNAc2Man6 oligosaccharides. These results support
previous results from our lab, for which a major difference in
the glycan processing on the 4th site compared to the other sites
was observed when expressing Pdi in insect cells. Moreover,
molecular dynamic studies showed that the glycan on site 4
interacts with the protein surface, highly decreasing the ability
of ER Man I to interact with GlcNAc2Man9 structures on
site 4.

On the secreted Pdi, we observed that site 4 presented
complex and hybrid structures when sites 1,2,3 and 5 presented
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mainly fucosylated complex glycans, for which the number of
HexNAc-Hex repeats was different from site to site. Taken to-
gether these results indicate that the glycan profile is conserved
through species and suggest its determination by the protein itself.

(92) Altered Golgi targeting of ß4GalT1 in cancer cells causes
conversion of some complex-type N-glycans on this enzyme to

high mannose-type
Ganapati Bhat, Vishwanath Chachadi, Pi-Wan Cheng

Veteran Affairs Nebraska-Western Iowa Healthcare System and
University of Nebraska Medical Center, Omaha, NE

68198-5870 USA

Increased high mannose-type N-glycans in tumors and circula-
tion has been reported. But, how they are generated is not
known. Recently, we reported that defective giantin in aggres-
sive prostatic DU145 cells but not less aggressive LNCaP
cells causes Golgi fragmentation and shifting of Golgi
targeting of glycosyltransferases (GTs) from giantin to
GM130-GRASP65, resulting in altered O-glycosylation
(Petrosyan et al. Mol Cancer Res 12(12):1704-16, 2014). But,
its effect on N-glycosylation is not known. To answer this ques-
tion, we characterized the N-glycans on β4GalT1 in these two
cancer cells and HEK293T cells, which have compact Golgi.
We found that β4GalT1 was in the Golgi of HEK293T and
LNCaP p40 cells after knockdown of giantin, GM130, or
GRASP65 but not giantin + GM130, indicating that giantin and
GM130-GRASP65 are its normal Golgi targeting sites. The
absence of β4GalT1 in the Golgi of DU145 cells after knock-
down of either GM130 or GRASP65 confirmed defective Golgi
targeting function of giantin in DU145 cells. In HEK293T cells,
proximity ligation assay showed co-localization of
α-mannosidase 1A (Mann1A) with giantin but not GM130,
suggesting that giantin is the primary targeting site for
N-glycosylated GTs. In LNCaP cells, Mann1A co-localized
with giantin as well as GM130, suggesting association of
altered Mann1A distribution with malignancy. Further,
N-glycan analysis by maldi-tof-ms of β4GalT1 isolated by
immunoprecipitation detected biantenary sialylated complex-
type N-glycan in HEK293T cells, and biantenary complex-type
N-glycans terminated with galactose with and without sialic
acid and some Man6Gn2, indicating decreased efficiency of
Man8Gn2 processing by Mann1A but not conversion of
Man5Gn2 to complex-type by GlcNAcT1 (MGAT1). The
N-glycans on β4GalT1 isolated from DU145 cells contained
more Man5-8Gn2 than ±NeuAc1-2Gal2Gn2Man3Gn2, indi-
cating decreased efficiency of Man8Gn2 processing by
Mann1A and Man5Gn2 conversion to complex-type by
GlcNAcT1. This result was confirmed by increased β4GalT1
pulldown with α3Man-specific GNL lectin from LNCaP cells
treated with giantin siRNAs. We conclude that Golgi fragmen-
tation and shifting of Golgi targeting of GTs, which are asso-
ciated with aggressive phenotype of cancers, causes a
conversion of some N-glycans on a trans-Golgi GT from
complex to high mannose-type. The results may explain
increased high mannose-type N-glycans in cancers.

(93) Substrate promiscuities of ß1–
3-N-acetylglucosaminyltransferases and ß1–

4-galactosyltransferases
Yanhong Li1, Mengyang Xue1,2, Xue Sheng1, Hai Yu1,
Jie Zeng1,5, Vireak Thon1,3,4, Peng G. Wang3, Xi Chen1
1University of California-Davis; 2Shandong University;

3Georgia State University; 4Food and Drug Administration;
5Henan Institute of Science and Technology

β1–3-N-Acetylglucosaminyltransferases (β1–3GlcNAcTs) and
β1–4-galactosyltransferases (β1–4GalTs) are well studied
enzymes that have been used broadly in enzymatic synthesis of
oligosaccharides and glycoconjugates including the formation
of lacto-N-neotetraose (LNnT) found in human milk and
poly-N-acetyllactosamine (poly-LacNAc)-containing structures
in nature. Substrate specificity studies of two β1–3GlcNAcTs
(LgtA) from Helicobacter pylori and Neisseria meningitidis, re-
spectively, using Galβ1-4GlcβMU as an acceptor and a library
of 39 sugar nucleotides including 37 UDP-sugars, CMP-
Neu5Ac and GDP-Fuc provided interesting findings on the
donor substrate promiscuity of these two enzymes. A list of
monosaccharides and derivatives could be transferred from
their activated sugar nucleotides to the acceptor by the LgtAs,
some are in a complementary manner. The obtained trisacchar-
ides were used to investigate the acceptor substrate specificities
of three β1–4GalTs, including those cloned from Neisseria
meningitidis (NmLgtB), Helicobacter pylori (Hpβ1–4GalT),
and bovine (Bβ1–4GalT). Again, some complementary sub-
strate tolerance of these β1–4GalTs was observed. The study
provides important information on using these powerful cata-
lysts in enzymatic and chemoenzymatic synthesis.

(94)Quantitative Characterization of the Interaction of Native
CD44 and PSGL-1 with E-selectin Using a Real-time

Immunoprecipitation-based Binding Assay
Dina B. AbuSamra, Alia Al-Kilani, Samir M. Hamdan,

Kosuke Sakashita, Samah Z. Gadhoum, Jasmeen S. Merzaban
Division of Biological and Environmental Sciences and
Engineering, King Abdullah University of Science and

Technology, Thuwal 23955, Saudi Arabia

Selectins (E-, P-, and L-selectins) interact with glycoprotein
ligands to mediate the essential tethering/rolling step in cell
transport and delivery that captures migrating cells from the cir-
culating flow. In this work, we developed a real time immuno-
precipitation assay on a surface plasmon resonance chip that
captures native glycoforms of two well-known E-selectin
ligands, CD44/hematopoietic cell E-/L-selectin ligand(HCELL)
and P-selectin glycoprotein ligand-1 (PSGL-1), from hematopoi-
etic cell extracts (KG1a, THP-1 and HL-60). A comprehensive
characterization of their binding to E-selectin is presented here.
We show that both ligands bind recombinant monomeric (m)
E-selectin transiently with fast on- and fast off-rates, whereas
they bind dimeric (d)E-selectin with remarkably slow on and
off-rates. This binding requires the sialyl Lewis x (sLex) sugar
moiety to be placed on both O- and N-glycans, and its
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association, but not dissociation, is sensitive to the salt concen-
tration. Our results suggest a mechanism through which mono-
meric selectins mediate initial fast on and fast off kinetics to
help capture cells out of the circulating shear flow; subsequent-
ly, tight binding by dimeric/oligomeric selectins is enabled to
significantly slow rolling. This is the first documented binding
kinetics of dE-selectin to PSGL-1 or CD44 purified from differ-
ent cellular extracts determined by surface plasmon resonance.

(95) Influence of carrier lipid composition on glycan
recognition in NGL-based microarrays

Lisete Silva1, Robert A. Childs1, Angelina S. Palma1,2,
Wengang Chai1, Ten Feizi1, Yan Liu1

1Imperial College London; 2Faculty of Science and Technology
New University of Lisbon

Carbohydrate microarrays are revolutionizing the unravelling
of glycan-protein interactions in diverse biological settings
[1,2]. In the neoglycolipid (NGL)-based microarray system the
glycan probes are lipid-linked (glycolipids and neoglycolipids)
[3]. Glycolipids have for long been studied for their carbohy-
drate antigen expression using liposomal formulations with
carrier lipids such as egg lecithin (L-α-phosphatidylcholine) and
cholesterol [4]. The liposomal formulation was successfully
adapted for robotic arraying of lipid-linked glycan probes on
nitrocellulose-coated glass slides for their non-covalent immo-
bilization [1].
The lipid-linked probes have a clustered and orientated glycan

presentation on liposomes, with potential mobility on the array
surface. This renders the NGL platform powerful for detection of
glycan ligands for a broad range of recognition systems including
fastidious ones, such as the pandemic influenza A (H1N1) 2009
virus [5]. There is also an intriguing finding that highlights the
importance of having the NGL probes arrayed at low and high
densities; the capsid protein of simian B-lymphotropic polyoma-
virus has a preference for low density [6].
Over the years, there have been improvements to the liposomal

formulation used in the NGL system, including the adjustment of
the ratios of egg lecithin, cholesterol and lipid-linked glycans for
optimal microarray spot morphology and improved binding
signals [7].
This communication will be focused on recent observations on

the influence of phospholipid carriers (egg lecithin with variable
fatty acid composition vs defined synthetic analogues) on binding
signals with different glycan recognition systems: viral proteins,
mammalian and plant lectins and antibodies. Significant differ-
ences have been observed for certain oligomeric adhesive proteins
of polyomaviruses and adenoviruses. As effective glycan presen-
tation is crucial for carbohydrate ligand assignments, we are
working toward a ‘universal’ formulation for glycan probes, not
only for general screening purposes with sequence-defined
glycans, but also for the designer microarray approach [1] for
glycome-scale studies.

Acknowlegments: Supported by Biomedical Resource Grant
WT099197.
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(96) Small Molecule Antagonists of Cell-Surface Heparan
Sulfate and Heparin–Protein Interactions

Ryan J. Weiss1,2, Philip L. Gordts4, Dzung Le4, Ding Xu3,
Jeffrey D. Esko1, Yitzhak Tor2

1Department of Cellular and Molecular Medicine, University of
California, San Diego; 2Department of Chemistry and
Biochemistry, University of California, San Diego;

3Department of Oral Biology, University at Buffalo;
4Department of Medicine, University of California, San Diego

Surfen, bis-2-methyl-4-amino-quinolyl-6-carbamide, was previ-
ously reported as a small molecule antagonist of heparan sulfate
(HS), a key cell-surface glycosaminoglycan found on all mam-
malian cells. To generate structure-activity relationships, a
series of rationally designed surfen analogs was synthesized,
where its dimeric structure, exocyclic amines, and urea linker
region were modified to probe the role of each moiety in recog-
nizing HS. An in vitro assay monitoring inhibition of fibroblast
growth factor 2 binding to wild-type CHO cells was utilized to
quantify interactions with cell surface HS. The dimeric molecu-
lar structure of surfen and its aminoquinoline ring systems was
essential for its interaction with HS, and certain dimeric analogs
displayed higher inhibitory potency than surfen and were also
shown to block downstream FGF signaling in mouse embryonic
fibroblast cellls. These molecules were also able to antagonize
other HS–protein interactions including the binding of soluble
RAGE to HS. Importantly, selected molecules were shown to
neutralize heparin and other heparinoids, including the synthet-
ic pentasaccharide fondaparinux, in a factor Xa chromogenic
assay and in vivo in mice. These results suggest that small mol-
ecule antagonists of heparan sulfate and heparin can be of
therapeutic potential for the treatment of disorders involving
glycosaminoglycan–protein interactions.

(97) Structural studies of Endoplasmic Reticulum
Glucosidase II

Alessandro T. Caputo, Dominic Alonzi, Alice Cross, J.L.
Kiappes, Pietro Roversi, Nicole Zitzmann

Oxford Glycobiology Institute, Department of Biochemistry,
University of Oxford, United Kingdom

The Endoplasmic Reticulum (ER) glucosidases I and II allow
nascent N-linked glycoproteins on the way to secretion to enter
the calnexin cycle, the glycoprotein folding quality control
pathway in the ER lumen. To date, structural information on
glucosidase II has been limited: although its fold and catalytic
mechanism are similar to other members of the GH31 family, a
more thorough understanding of its three-dimensional structure
will elucidate yet unknown aspects of its function. Inhibitors of
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glucosidase II are of interest as viruses with glycosylated pro-
teins, in particular those that exist on the virion surface, utilise
the calnexin cycle during invasion of host cells. Inhibition of
glucosidase II with iminosugars, a class of glycomimetics, can
induce folding defects on the viral glycoproteins, in turn lower-
ing infectivity.
Presented here are structural and functional data for a mamma-

lian ER glucosidase II. Key questions addressed include substrate
specificity and inhibitor selectivity. The data will inform on
structure-activity properties of different iminosugars and pave the
way towards inhibitors that reduce unwanted side effects arising
from iminosugar cross-reactivity with other host glycosidases.

(98) Structure-Function Studies of Syndecan-1, the Dominant
Heparan Sulfate Proteoglycan Lipoprotein Clearance Receptor

Md Ferdous Anower-E-Khuda1, Philip L.S.M Gordts2,
Tiffany Lee1, Jeffrey D. Esko1

1Department of Cellular and Molecular Medicine, University of
California, San Diego, La Jolla, CA; 2Department of Medicine,
Endocrinology and Metabolism, University of California, San

Diego, La Jolla, CA

Hypertriglyceridemia is an independent risk factor for cardio-
vascular disease and is characterized by accumulation of
triglyceride-rich lipoproteins (TRLs) in the circulation. Genetic
studies in mice identified syndecan-1 (SDC1), a heparan sulfate
proteoglycan, as one of the predominant receptors involved in
hepatic clearance of TRLs from the circulation. To study how
the structure of syndecan-1 affects its ability to bind and take up
TRLs in human hepatocytes, we utilized the CRISPR/Cas9
system to inactivate its expression in Hep3B human hepatoma
cells. Successful targeting was achieved, yielding a mutant cell
line bearing two independent loss-of-function frameshift alleles.
SDC1-/- cells failed to express syndecan-1 proteoglycans and
showed nearly complete loss of heparinase-sensitive TRL
binding, demonstrating that SDC1 is the primary proteoglycan
receptor for TRLs in human hepatocytes, as we previously
reported in mice. Introduction of SDC1 cDNA using
adeno-associated virus 2/8 vectors demonstrated restoration of
SDC1 expression and TRL binding. SDC1 contains three at-
tachment sites for heparan sulfate chains, two sites for attach-
ment of chondroitin sulfate chains, a membrane proximal
protease cleavage site, residues involved in oligomerization, and
a cytoplasmic domain involved in internalization and sorting to
lysosomes. Current studies focus on the expression of various
mutants of SDC1 to understand how these various features
affect its capacity to serve as a TRL receptor both in Hep3B
cells and in vivo in mice lacking syndecan-1.

(99) Building the Cell Wall: Insights into the Mechanism of
Xylan Synthesis and O-Acetylation

Breeanna Urbanowicz, Maria Peña, Heather Moniz,
ShuoWang, Kelley Moremen, William York

University of Georgia

Xylans are the dominant hemicellulosic polysaccharide found
in the plant kingdom, second only to cellulose in abundance,

and are present in load-bearing secondary cell walls of dicots
and in both primary and secondary cell walls of grasses and
cereals. These highly acetylated cell wall polysaccharides are a
vital component of the plant cell wall that functions as a mo-
lecular scaffold, providing plants with mechanical strength and
flexibility. Due to its abundance and complex interactions with
cellulose and lignin, xylan has profound effects on the recalci-
trance of biomass to saccharification, making it a prime target
for genetic manipulation. However, the mechanisms by which
plants synthesize xylan are poorly understood. A major im-
pediment to the structural and functional characterization of
plant carbohydrate active enzymes (CAZYmes) has been the
lack of highly purified and active enzymes. We have recently
overcome these limitations by carrying out heterologous ex-
pression of plant CAZYmes in Human Embryonic Kidney
(HEK293) cells. Using this approach, we have demonstrated
that Arabidopsis thaliana IRREGULAR XYLEM 10-L has
UDP-Xyl: β-(1,4)-xylosyl transferase activity and is a xylan
synthase that elongates the xylan backbone. Further, we show
that ESKIMO1/TRICOME BIREFRINGENCE29 (TBL29/
ESK1) catalyzes the subsequent addition of O-acetyl groups
from acetyl-CoA to the 2-position of xylosyl backbone resi-
dues, making it the only plant polysaccharide O-acetyl trans-
ferase that has been biochemically characterized to date. These
two enzymes can be used in combination to synthesize and
O-acetylate xylan in vitro. These advances represent a signifi-
cant achievement for the field of cell wall polysaccharide bio-
synthesis, but also provide the plant science community with a
new and powerful tool-box to produce recombinant proteins
for biochemical analysis. O-acetates are the most abundant
substituents of xylan and play a major role in biomass recalci-
trance. Despite the high degree of O-acetyl substituents found
in plant glycopolymers, the biochemical and mechanisms of
polysaccharide O-acetylation employed by plants are still
lacking. The xylan acetyltransferase is a member of the plant
TBL protein family and is related to SGNH/GDSL-family
hydrolases. Enzymes from the plant TBL/DUF231 family is the
focal point of our O-acetyltransferase research. We are now in-
vestigating the mechanism of polysaccharide acetylation using
xylan as a model glycopolymer. Recent data will be presented.

(100) Rosetta Carbohydrates: Expanding the computational
tools available to glycoscientists
Jason W. Labonte, Jeffrey J. Gray

Johns Hopkins University

Modeling the structures of carbohydrates and glycoconjugates
is an infamously challenging undertaking, and only a limited
number of such tools are currently available. We have built a
framework within the Rosetta structure-prediction and design
suite for modeling saccharide ligands and glycoconjugates, in-
cluding glycoproteins and -lipids. We have nearly completed
full integration of carbohydrate functionality into the full range
of Rosetta modules, including its de novo folding, docking,
loop modeling, crystal refinement, and design algorithms. Our
updates to the Rosetta code base have allowed access to all
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torsion angles (ϕ, ψ, ω, ν, and χ) for sampling all conformations
and capture the high degree of flexibility, stereochemistry, and
branching inherent in carbohydrate structures. We have added a
glycosidic bond scoring method and low-energy ring conformer
libraries to the Rosetta database.
We will present an assortment of real-world applications,

highlighting a diversity of functions enabled by our modeling
framework. We will highlight improvements of ligand docking
to antibodies with carbohydrate antigens. We will demonstrate
the use of glycan loop-modeling as a means of constructing rea-
sonable structures for analysis into the activity of glycosylated
carboxylesterases. We will show how the fitting of glycans into
the electron density of poor-resolution crystal structures of
HIV-1 envelope protein trimer allows for refinement to a
quality model. Lastly, we will present accessibility studies for
antibody–antibody receptor pairs.
Our work will expand the computational toolbox available

to glycoscientists, furthering the understanding of the biomole-
cular mechanisms of glycobiology and advancing the efforts of
glycoengineering.
Financial support: National Research Service Award, NIH

National Cancer Institute (1F32-CA189246-01); NIH
R01-GM078221; and NIH R01-GM73151.

(101)Deciphering Determinants of Functional Glycosylation
on Alpha-Dystroglycan

Stephanie Halmo, Melanie Edlin, Sneha Patel, Danish Singh,
Shuo Wang, Jeong Yeh Yang, Geert-Jan Boons,

Kelley Moremen, David Live, Lance Wells
Complex Carbohydrate Research Center, University of Georgia

Two classes of structures associated with protein O-Man
glycans in animals have been identified, diverging at the level of
elongation of the mannose with a GlcNAc to the disaccharide,
depending on the glycosidic linkage. The enzyme POMGNT1
forms a 1-2, and POMGNT2 forms a 1-4 linkage. The latter is
the rarer of the two, apparently limited to only a few of the
many O-Man sites with a TPT sequon on alpha dystroglycan. It
is functionally critical, ultimately being extended with a unique
Xyl-GlcA repeating polymer that interacts with the extracellular
matrix. This glycosylation pathway is important as defects in
this latter glycan disrupt function and result in severe forms of
muscular dystrophy. POMGNT2 resides in the ER and has the
first opportunity to act on the glycoprotein, implying strict sub-
strate requirements that limit its action to no more than about 5
sites on alpha-DG, and apparently not at all on other proteins.
We have set out to investigate the determinants of the specificity,
exploring whether they are encoded in the local protein se-
quence, and, if so, what the requirements are, and whether they
may be met on other proteins. Our strategy has been to employ
solid-phase peptide synthesis to generate a series of O-Man gly-
copeptide substrates based on native and modified alpha-DG
sequences, and assay these with recombinant POMGNT1 and
POMGNT2. On 21mer glycopeptides, POMGNT2 modifies
O-Man sites on TPT sequence motifs at T 319 and at T 379 re-
spectively, but not at T 341, emulating the pattern of the native

protein. These results show the relevance of our assay system,
and the importance of the local sequence. A distinctive feature
of the active substrates is an upstream RXR motif. Substitution
by EPP, found in the equivalent position in the inactive one, and
vice versa, show that this RXR motif plays a role in modulating
the acceptor properties for POMGNT2. Comparative enzyme
kinetics on the constructs are being determined.

(102) Characterizing the interaction of E-selectin with its
ligands and the influence it has on cell tethering/rolling

Jasmeen S. Merzaban
King Abdullah University of Science and Technology

Selectins (E-, P-, and L-selectins) interact with glycoprotein
ligands to mediate the essential tethering/rolling step in cell trans-
port and delivery that captures migrating cells from the circulat-
ing flow. Using biochemical, biophysical, and sophisticated
imaging approaches, we developed tools to help us better under-
stand this fundamental molecular process. Here I will present
work that outlines a novel and robust binding assay which uti-
lizes a real-time immunoprecipitation based approach to measure
binding kinetics of native glycoforms of E-selectin ligands,
CD44/hematopoietic cell E-/L-selectin ligand, P-selectin glyco-
protein ligand-1 and additional newly identified ligands (using
proteomic approaches), captured by immobilized antibodies on a
surface plasmon resonance chip from hematopoietic cell extracts,
with E-selectin. Results suggested that these ligands bound re-
combinant monomeric E-selectin transiently with fast on- and
fast off-rates, whereas they bound dimeric E-selectin with re-
markably slow on and off-rates, challenging the prevailing view
that E-selectin binding is limited by its fast off rates. A mechan-
ism can be envisioned whereby monomeric selectins could
mediate initial fast on and fast off kinetics to help capture cells
out of the circulating shear flow, followed by tighter binding
facilitated by dimeric/oligomeric selectins enabling slow rolling.
In order to understand the significance of the individual ligands
to the overall migration of primary human cells, we used a sys-
tematic knockdown approach and found that these ligands have
both unique and overlapping functions. Our results will likely
help suggest more detailed mechanisms through which selectins
mediate binding to their ligands in the control of cell migration.

(103) Analysis of time-course reaction products of
GalNAc-transferases at glycoform-specific resolution using

LCMS
Tyler J. Stewart1, Petr Kosztyu1,2, Kazuo Takahashi1,3,
Qi Bian1, Zhi-qiang Huang1, Milan Raska2, Matthew

B. Renfrow1, Jan Novak1
1University of Alabama at Birmingham, Birmingham, AL;

2Palacky University, Olomouc, Czech Republic; 3Fujita Health
University School of Medicine, Toyoake, Japan

GalNAc-transferases (GalNAc-Ts) initiate mucin-type
O-glycosylation. This family of 20 members (in humans) can
add O-glycans to protein substrates with high density. This
aspect is particularly true for glycosylation of mucins and IgA1
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and is termed clustered O-glycosylation. Part of this clustered
activity is due to a unique lectin domain, at the C-terminal part
of the enzyme that facilitates follow-up glycosylation by the
catalytic domain, through binding to previously incorporated
glycans. To better understand clustered glycosylation mediated
by GalNAc-Ts, we analyzed the disease-relevant glycosylation
synthesis of IgA1 hinge-region peptide substrate by GalNAc-
T2. In IgA nephropathy (IgAN), altered initiation of clustered
glycosylation affects formation of epitopes recognized by
glycan-specific autoantibodies. We performed time-course reac-
tions using recombinant soluble GalNAc-T2 with or without its
lectin domain (GalNAc-T2ΔLD), with a hinge-region peptide
(sHR; VPSTPPTPSPSTPPTPSPSCCHPR), containing 9 poten-
tial sites of O-glycosylation. Using high-resolution LCMS, we
were able to quantify the relative amounts of various glyco-
forms produced during the reaction time course. Our data
demonstrated up to 8 additions of GalNAc to the sHR peptide
by GalNAc-T2. The reaction kinetics slowed considerably after
the addition of 4-5 GalNAc residues, consistent with glycosyla-
tion of human IgA1. GalNAc-T2ΔLD had a different clustered
glycosylation time course profile than GalNAc-T2. This result
indicates that the lectin domain affects the way GalNAc-T2 gly-
cosylates IgA1 hinge-region. Future time course experiments
will determine just how the lectin domain is altering the clus-
tered glycosylation of IgA1 by GalNAc-T2. These new techni-
ques for analysis of clustered glycosylation by GalNAc-Ts with
glycoform-specific resolution will provide unique means to
analyze domain-specific activity of GalNAc-Ts. Furthermore,
these approaches add a new level of detail for comparing indi-
vidual clustered activities of 20 different GalNAc-T isozymes.
Typical GalNAc-T assays allow for detailed analysis of initial
rates of initial glycosylation events on a peptide substrate,
however, our method allows detailed analysis of the follow-up
glycosylation events on a partially glycosylated substrate. We
plan to use this technique to compare the activity GalNAc-T14,
a disease-associated isoform in IgAN, with the activity of
GalNAc-T2 towards IgA1 hinge region, to assess potential
isozyme-specific functions in IgAN.

(104) Identification of the GDP-fucose transporter in plants
Berit Ebert1,2,4, Carsten Rautengarten1,4, Lifeng Liu3,

Markus Pauly3, Ariel Orellana5, Joshua L. Heazlewood1,4,
Henrik V. Scheller1,3

1Joint BioEnergy Institute, Physical Biosciences Division,
Lawrence Berkeley National Laboratory, Berkeley, CA 94702,
USA; 2University of Copenhagen, Department of Plant and
Environmental Sciences, Frederiksberg, DK-1871, Denmark;
3Department of Plant and Microbial Biology, University of
California, Berkeley, CA 94720, USA; 4ARC Centre of

Excellence in Plant Cell Walls, School of BioSciences, The
University of Melbourne, Melbourne, Vic 3010, Australia;
5Centro de Biotecnología Vegetal, Facultad de Ciencias
Biológicas, Universidad Andrés Bello, Santiago, Chile

Nucleotide sugar transport across the Golgi membrane is essen-
tial for the luminal biosynthesis of glycan structures. We have

identified the Arabidopsis gene encoding the sole nucleotide
sugar transporter that translocates GDP-fucose (designated
GDP-fucose transporter 1 (GFT1)) from the cytosol into the
Golgi lumen. To demonstrate GFT1 activity, we expressed
GFT1 in yeast and assessed the nucleotide sugar uptake in
proteo-liposomes by tandem mass-spectrometry. To analyze
GFT1 function in plants we generated RNAi lines. Silencing of
GFT1 resulted in plants almost devoid of fucose in all glycans.
The strongest silencing lines resulted in severely dwarfed plants
with reduced fucose in xyloglucan and rhamnogalacturonan
(RG) II. Further, these lines displayed a significant reduction in
fucosylation of N-glycans structures. The reduction in the
GFT1 transcript and the simultaneous decrease in fucose
content in those plants were accompanied by severe develop-
mental growth defects indicating that GFT1 function is crucial
for proper plant growth and development. The GDP-fucose
transporter is unrelated to mammalian GDP-fucose transporters
and belongs to a clade of GDP-sugar transporters that is not
present in animals.

(105) Recombinantly expressed human intelectin-1 binds
mature mouse adipocytes in a carbohydrate-specific manner

Jonathan Viola, Jin Kyu Lee, Michael Pierce
University of Georgia

Human intelectin-1 (hIntL-1) is a member of the X-type family
of lectins and requires calcium for carbohydrate-specific ligand
binding. Its ligands have been reported to include galactofura-
nose, phosphoglycerol, heptose, KO, and KDO groups. Many
groups have described an inverse relationship between plasma
hIntL-1 levels and obesity-related diseases such as type-II dia-
betes. In healthy humans, hIntL-1 is present in plasma at a con-
centration of around 300 ng/mL. Patients with an increase of
obesity-related markers such as elevated BMI and waist circum-
ference have significantly lower circulating hIntL-1 levels. To
investigate the relationship between hIntL-1 and obesity,
we developed a hIntL-1 expression system using a stably-
transfected mouse heart capillary endothelial cell line (H5V).
Following transfection and antibiotic selection, cells constitutive-
ly secrete hIntL-1. Purification of the hIntL-1 is accomplished by
galactose-affinity chromatography. Bound hIntL-1 can be eluted
using either ribose or EDTA. Purified hIntL-1 from H5V cells
remains biologically active in that the hIntL-1 still binds galact-
ose. We hypothesize that the relationship between hIntL-1
plasma levels and obesity can be explained in-part by hIntL-1
binding to adipocytes and modulating their function. We show
that purified intelectin-1 binds to the surface of differentiated
mouse adipocytes (3T3-L1). This binding is inhibited by EDTA
and ribose, and does not occur with undifferentiated 3T3-L1
cells. We also tested the ability of hIntL-1 to enhance glucose
uptake by 3T3-L1 cells. In contrast to other reports, hIntL-1
binding did not affect basal nor insulin-stimulated glucose
uptake. Despite this, it is likely that hIntL-1 may affect other
metabolic pathways that are currently being examined. These
experiments are aimed at elucidating how hIntL-1 plasma levels
are correlated to obesity-related diseases.
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(106)Heterologous Expression and Characterization of the
Family GT34 Xyloglucan Xylosyl Transferases

Peter J. Smith1,2, Maria J. Peña1,2, Sami T. Tuomivaara1,2,
Breeanna R. Urbanowicz1,2, William S. York1,2

1Complex Carbohydrate Research Center; 2The University of
Georgia

Xyloglucan is a major hemicellulosic polymer present within
the primary cell walls of all land plants. The polymer consists
of a β-1,4 linked glucan backbone that features a regular
substitution pattern of α-1-6 linked xylosyl residues. The xylso-
syl residues can then be further substituted with other monosac-
charides such as galactose, fucose, and aribinofuranose to
produce a highly branched polymeric structure. Though many
of the glycosyl transferases responsible for the synthesis of the
branching side chains present on the xyloglucan backbone are
known, the characterization of most of these enzymes remains
lacking. The xyloglucan xylosyl transferases (XXT’s) are a
group of 5 enzymes found within glycosyl transferase family 34
(CAZy GT34), and are responsible for the addition of xylosyl
residues to the glucan backbone. Arabidopsis plants with
knockout mutations of the XXT1/XXT2 genes have an appar-
ent lack of detectable xyloglucan, however interestingly do not
display a severe growth phenotype. The XXT’s display impres-
sive stereochemical specificity in placement of xylosyl residues
along the glucan backbone, and extensive inner golgi protein-
protein interactions are suspected to play a role in the enzymes
precise activity. In this study, all five of the putative Arabidopsis
thaliana XXT’s were cloned and expressed recombinantly in
human embryonic kidney (HEK) cells. Using a defined library
of xyloglucan substrates, the activity and regiospecifcity of these
enzymes was investigated alone and in combination. Results
seek to provide insight into the mechanisms and biochemical
control of xyloglucan biosynthesis.

(107)Novel method for detection of sialyltransferase activity by
a high-throughput, plate-based assay

Douglas M. Oswald, Mark B. Jones, Brain A. Cobb
Department of Pathology, Case Western Reserve University

We report the development of a novel enzymatic assay for
detecting the activity of β-galactoside α-2,6-sialyltransferase 1
(ST6Gal1) by a 384 well ELISA in-plate assay. This represents
the first assay of its kind to use a high-throughput, non-
radioactive format to detect enzymatic activity of a glycosyl-
transferase, and is performed without harsh organic solvents or
complicated and lengthy separations. The ST6Gal1 enzymatic
reaction is executed on a fetuin coated and neuraminidase
treated plate using a cytidine-50-monophospho-N-acetylneura-
minic acid (CMP-SA) donor for the reaction. The detection of
the enzymatic activity is achieved by lectin ELISA, namely de-
tection with a biotinylated Sambucus nigra lectin (SNA-Biotin)
and a streptavidin conjugated europium time-resolved fluores-
cence readout. The specificity of this detection offers two
primary benefits: 1) that the reaction is easy to quantify in a
background of very low noise and 2) that there is potential to

extend this application to the detection of activity of other gly-
cosyltransferases and glycan-processing enzymes. Here, we
demonstrate the principle of the assay and showcase the high
signal to noise ratio of the method. Current testing has demon-
strated the ability to reliably detect the activity of ST6Gal1 at
60pM, or 1.19 fmols of enzyme. This method expands the avail-
able toolset to study the enzymatic activity of glycosyltrans-
ferases and glycosidases in a format readily available to many
investigators. The reagents necessary to construct variations of
this method are an appropriate substrate, glycosidase, donor,
lectin, and the enzyme of interest; these materials are already
commercially available for many glycosyltransferases and no
specialized or custom reagents are required. The applications
for this method include kinetic and specificity studies as well as
probing for enzymatic activity in biological samples.

(108)Quantitative Characterization of E-selectin Interaction
with Native CD44 and PSGL-1 Using a Real-time

Immunoprecipitation-based Binding Assay
Dina B. AbuSamra, Alia Al-Kilani, Samir M. Hamdan,

Kosuke Sakashita, Samah Z. Gadhoum, Jasmeen S. Merzaban
Division of Biological and Environmental Sciences and
Engineering, King Abdullah University of Science and

Technology, Thuwal 23955, Saudi Arabia

Selectins (E-, P-, and L-selectins) interact with glycoprotein
ligands to mediate the essential tethering/rolling step in cell
transport and delivery that captures migrating cells from the cir-
culating flow. In this work, we developed a real time immuno-
precipitation assay on a surface plasmon resonance chip that
captures native glycoforms of two well-known E-selectin
ligands, CD44/hematopoietic cell E-/L-selectin ligand(HCELL)
and P-selectin glycoprotein ligand-1 (PSGL-1), from hematopoi-
etic cell extracts (KG1a, THP-1 and HL-60). A comprehensive
characterization of their binding to E-selectin is presented here.
We show that both ligands bind recombinant monomeric (m)
E-selectin transiently with fast on- and fast off-rates, whereas
they bind dimeric (d)E-selectin with remarkably slow on and
off-rates. This binding requires the sialyl Lewis x (sLex) sugar
moiety to be placed on both O- and N-glycans, and its associ-
ation, but not dissociation, is sensitive to the salt concentration.
Our results suggest a mechanism through which monomeric
selectins mediate initial fast on and fast off kinetics to help
capture cells out of the circulating shear flow; subsequently,
tight binding by dimeric/oligomeric selectins is enabled to sig-
nificantly slow rolling. This is the first documented binding
kinetics of dE-selectin to PSGL-1 or CD44 purified from differ-
ent cellular extracts determined by surface plasmon resonance.

(109) Structural basis of unique glycan recognition in
neonate-specific rotaviruses

Liya Hu1, Sasirekha Ramani2, Rita Czako2,
Banumathi Sankaran3, Ying Yu4, David F. Smith4, Richard
D. Cummings4, Mary K. Estes2, B. V. Venkataram Prasad1,2
1Verna and Marrs McLean Department of Biochemistry and
Molecular Biology, Baylor College of Medicine, Houston, TX
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77030; 2Department of Molecular Virology and Microbiology,
Baylor College of Medicine, Houston, TX 77030; 3Berkeley
Center for Structural Biology, Lawrence Berkeley National

Laboratory, Berkeley, CA 94720; 4Department of Biochemistry
and the National Center for Functional Glycomics, Emory

University School of Medicine, Atlanta, GA 30322

Strain-dependent variation of glycan specificity during initial cell
attachment of viruses is a critical determinant of host specificity,
tissue tropism and zoonosis. Rotaviruses (RVs), which cause life-
threatening gastroenteritis in infants and children, display signifi-
cant genotype-dependent variations of glycan recognition, from
sialylated glycans to non-sialylated histo-blood group antigens
(HBGAs), resulting from sequence alterations in the glycan-
binding VP8* domain of the spike protein VP4. The structural
basis of this genotype-dependent glycan specificity, particularly
in human RVs (HRVs), remains poorly understood. Our previ-
ous studies, using the Consortium for Functional Glycomics
(CFG) microarray screening of cellular and human milk glycans,
revealed that VP8* of a neonate-specific G10P[11] HRV strain, a
bovine-human reassortant, recognizes glycans expressing
Galβ-GlcNAc motifs with β1,3 (type I) and β1,4 (type II) lin-
kages. In contrast, the VP8* of its bovine counterpart, only binds
to glycans with β1,4 (type II) linkage. The Galβ-GlcNAc motif is
a precursor disaccharide for HBGAs, with β1,3 and β1,4 lin-
kages, referred to also as lacto-N-biose (LNB) and
N-acetyl-D-lactosamine (LacNAc), respectively. Precursor disac-
charides containing the Galβ-GlcNAc motif are developmentally
regulated in neonates and are the major building blocks of the
free glycans in human breast milk. Here, from our crystallograph-
ic studies of VP8* of the neonate-specific P[11] HRV and its
bovine counterpart, we show how genotypic changes allow for
its distinctive glycan specificity when compared to the VP8*s of
other genotypes, and how subtle sequence alterations between
the bovine and human P[11] VP8*s contribute to their differen-
tial glycan specificities. Our studies provide a platform for
further studies to understand age restricted tropism and zoonosis
in RV infection. We acknowledge support from NIH grants
AI36040 (to BVVP), AI 080656, AI 105101 and P30 DK56338
(to MKE), GM098791 and P41GM103694 (to RDC), and the
Robert Welch foundation (Q1279) to BVVP.

(110) Using Fucose Analogs as Inhibitors of Notch Signaling
Michael A. Schneider1, Hideyuki Takeuchi1, Peng Wu2,

Robert Haltiwanger1
1Department of Biochemistry and Cell Biology, Stony Brook
University; 2Department of Biochemistry, Albert Einstein

College of Medicine

Notch is a cell surface receptor that regulates cellular differenti-
ation, proliferation and apoptosis. Protein O-fucosyltransferase
1 (POFUT1) is required for Notch signaling, adding O-fucose
to epidermal growth factor-like (EGF) repeats on the Notch
extracellular domain. The Fringe family of β3-N-acetylglucosa-
minyltransferases can elongate these O-fucose residues to

further regulate Notch signaling. Notch mutations causing re-
ceptor activation have been associated with a variety of human
malignancies. Additionally, recent studies suggest that POFUT1
levels are elevated in several cancer types. Therefore, developing
tools capable of modulating Notch or POFUT1 activity might
lead to the development of therapeutics for these diseases.
Towards this end, we have screened several fucose analogs for
their effect on POFUT1 activity, Notch ligand binding and
Notch signaling. Injections of several GDP-fucose analogs into
transgenic Zebrafish embryos with a Notch-responsive reporter
caused decreased Notch signaling. Peracetylated versions of
these analogs are efficiently incorporated into Notch EGF
repeats and were effectively elongated by Fringe enzymes in cell
culture. These analogs appear to reduce binding between Notch
and its activating ligands, but have a much more significant
effect on binding of Delta-like 1 than other ligands, suggesting a
ligand specific effect and the importance of fucose structures in
Notch-ligand interactions. This effect is partially rescued by
Fringe elongation of the fucose analog residues. Ongoing work
in our lab seeks to determine effects of these analogs on Notch
signaling using ligand specific signaling assays, effects of these
analogs on cancer cell proliferation and in vivo effects of these
analogs on Notch signaling during development. This work
was supported by NIH grant GM61126 (RSH).

(111)Detecting Glycosyltransferase activities with
bioluminescent UDP, GDP and CMP assays

Laurie Engel, Jacquelyn Hennek, Gediminas Vedugiris,
Juliano Alves, Said Goueli, Hicham Zegzouti

Promega Corporation R&D, 2800Woods Hollow Rd,
MadisonWI

Glycosyltransferases (GTs) play a pivotal role in many biologic-
al processes, including cell-cell interactions, cell signaling and
bacterial cell wall biosynthesis. Many GTs attracted the interest
of scientists in diverse therapeutic areas, including diabetes, in-
flammation, infectious diseases and lysosomal storage diseases.
Because of the importance of this class of enzymes, there is a
need for biochemical assays to monitor their activity, their
mode of regulation, and to search for selective and potent inhi-
bitors. Activity based assays have been utilized successfully in
the discovery of small-molecule inhibitors for many classes of
enzymes like kinases or other drug targets. However, monitor-
ing glycosylation reactions was hampered by the lack of robust
non-radiometric assays. Traditional assays for GT activity are
not easily configured for rapid GT activity detection nor for
high throughput screening because they rely on detection of
radiolabeled substrate which requires product isolation, the use
of non-homogenous antibody based assays or mass spectrom-
etry. In a typical Glycosyltransferase reaction, after sugar trans-
fer from the donor nucleotide-sugar substrate, the nucleotide
moiety is released as the reaction product. Therefore, an assay
that detects the nucleotide molecule could be generically used to
assess all Glycosyltransferases activity in vitro. We developed
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three homogenous bioluminescent assays for measuring
Glycosyltransferase activities based on UDP, GDP and CMP de-
tection. Each of these assays is performed in one-step detection
that relies on converting simultaneously any of these nucleotide
products to ATP, then to light in a robust luciferase reaction.
The light output is proportional to the nucleotide concentration
produced ranging from low nM to 25 µM. These assays are
highly sensitive, robust, and resistant to chemical interference;
three features that are highly desirable and essential for moni-
toring the activity of the majority of GT classes and screening
for their modulators. Because of its versatility, this nucleotide
assay platform can be used with GTs that are tagged, native,
pure or affinity bound to beads. Examples of various applica-
tions of these nucleotide detection assays (UDP-Glo, GDP-Glo
and CMP-Glo) will be presented, including studies on specifi-
city of transfer of different sugars to different acceptors by
diverse GTs. We will show their utility in screening for specific
GT inhibitors and the study of their mode of action. The devel-
opment of the UDP, GDP and CMP detection assays will
enable the investigation of a large number of GTs and may
have significant impact on diverse areas of Glycobiology
research.

(112)Human acetyl-CoA: glucosamine-6-phosphate
N-acetyltransferase Transfers acyl Groups up to four

Carbons in Length
Inka Brockhausen, Dileep Nair, Min Chen, Xiaojing Yang,
Walter A. Szarek, John Allingham, Tassos Anastassiades

Queen’s University

Glucosamine-6-phosphate N-acetyltransferase1 (GNA1) cata-
lyses the transfer of an acetyl group from Acetyl Coenzyme
A (AcCoA) to glucosamine-6-phosphate (GlcN6P) to form
N-acetylglucosamine-6-phosphate (GlcNAc6P), an essential
intermediate in UDP-GlcNAc biosynthesis. An analog of
GlcNAc, N-butyrylglucosamine(GlcNBu) has shown healing
properties for bone and articular cartilage in animal models of
arthritis. The goal of this work was to examine if GNA1 has the
ability to transfer a butyryl group from butyryl-CoA to GlcN6P
to form GlcNBu6P which can then be converted to GlcNBu.
We developed fluorescent and radioactive assays for this
enzyme and examined the donor specificity of human GNA1
by a spectrophotometric method. Acetyl, propionyl, n-butyryl
and isobutyryl groups were all transferred to GlcN6P, but
isovaleryl-CoA and decanoyl-CoA did not serve as donor sub-
strates. Site specific mutants were produced to examine the
role of amino acids potentially affecting the size and proper-
ties of the AcCoA binding pocket. All of the wild type and
mutant enzymes showed activities of both acetyl and butyryl
transfer and can therefore be used for the enzymatic synthesis
of GlcNBu for biomedical applications. Another goal is to
develop inhibitors that could block the biosynthesis of
UDP-GlcNAc. (Supported by the Canadian Institutes of
Health Research)

(113) Application of a novel recombinant Aleuria aurantia
lectin for detection of fetal biomarkers of hepatocellular

carcinoma
Harmin Herrera1, Mounika Kanneganti2, MengjunWang1,

Lucy Betesh1, Mary A. Comunale1, Pamela Norton1,
Patrick Romano3, AnandMehta1

1Drexel University College of Medicine; 2University of
Pennsylvania; 3Baruch S. Blumberg Institute of Living Science

Dynamic changes in protein Asn-linked glycosylation have been
associated with many diseases including cancer. Our group and
others have reported that the development hepatocellular car-
cinoma (HCC) correlates with increases in core α-1,6-linked
fucosylation. Unfortunately, many of the reagents to detect
fucose often do so irrespective of linkage. This is problematic as
specific linkages may be more important for a given disease. To
address this issue, we have created several recombinant Aleuria
aurantia lectins (AAL) and through site-directed mutagenesis
and molecular modeling of these lectins, created lectins with
higher affinity of core fucose compare to wild-type AAL. Driven
by the increased specificity of this recombinant AAL, we used
this lectin (N224Q) to stain tissue, and can show that the
increased fucosylation observed in the serum of patients with
HCC is associated with increased fucosylation in the HCC
tissue. In addition, we have used this lectin as an affinity reagent
to identify novel core fucosylated biomarkers through the use of
a fetal liver cell line. That is, as many currently used biomarkers
are fetal in origin, we have used a fetal liver cell line to perform
glycoproteomics in an effort to find new biomarkers of HCC.
Briefly, Asn-linked glycan analysis of the cBAL111 fetal liver
cell line identified increases in core fucosylation as compared to
normal liver cell lines (THLE-2 and THLE-3). Extraction of
fucosylated proteins using agarose bound N224Q resulted in
the identification of a number of novel, core fucosylated, which
where not identified either through the use of commercially pur-
chased AAL or through the analysis of human serum or other
liver cancer cells. The potential for these newly identified fetal
glycoforms to act as biomarkers of HCC is currently under
investigation.

(114) Glycosylated sphingolipid biosynthesis and function in
Arabidopsis

Jenny C. Mortimer1,4,5, Toshiki Ishikawa2, Lin Fang1,
Beibei Jing1, Emilie Rennie1, Noriko Inada3, Xiaolan Yu4,
Jeemeng Lao1, Taku Demura3,5, Maki Kawai-Yamada2,

Henrik Scheller1, Paul Dupree4
1Joint BioEnergy Institute, LBNL, USA; 2Saitama University,

Japan; 3NAIST, Japan; 4University of Cambridge, UK;
5RIKEN Yokohama, Japan

Nucleotide sugar transporters (NSTs) translocate the substrates
for plant cell wall biosynthesis and other glycosylation pro-
cesses into the Golgi from the cytosol. NSTs responsible for the
cell wall precursors GDP-Fuc, GDP-Glc, GDP-Man and
GDP-L-Gal have yet to be identifi-ed. The Arabidopsis thaliana
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protein GOLGI-LOCALIZED NUCLEOTIDE SUGAR
TRANSPORTER 1 (GONST1) and its close homologue
GONST2 have been both previously identified as putative
GDP-Man transporters. In vitro, both GONST1 and GONST2
can rescue a yeast GDP-Man transporter mutant [1]. In a liposome
assay, GONST1 can transport all four plant Golgi GDP sugars
(GDP-D-Man, GDP-D-Glc, GDP-D-Fuc, and GDP-L-Gal) [2].
Sugars decorate glycosphingolipids. Glycosylinositol

phosphoceramides (GIPCs) are the most abundant sphingolipids
in the plant plasma membrane. Arabidopsis GIPCs contain Man
sugar decorations that are dramatically decreased in gonst12. Here
we show that gonst2 shows a small reduction in GIPC mannosyla-
tion and gonst1 gonst2 plants completely lack mannosylated
GIPCs, which indicates that GONST1 and GONST2 have redun-
dant function in GIPC mannosylation. From these data, we con-
clude that GONST1 and GONST2 specifically transport
GDP-Man as substrates for GIPC biosynthesis.
gonst1 displays a constitutive hypersensitive response. gonst2

has normal growth but gonst1 gonst2 is severely stunted with leaf
lesions and an early senescence phenotype. The characterization
of these mutants demonstrates that the loss of Man from GIPCs
has a severe effect on plant development and immunity, although
the signaling pathway is unknown. The distinctive GIPC-misgly-
cosylation phenotype has also allowed us to use a forward
genetics approach to isolate a glycosyltransferase (GT) likely re-
sponsible for GIPC glycosylation, and we will also present data
on its characterization, as well as some discussion about proposed
functions for glycosylated sphingolipids in planta.

References

1. Handford, et al. 2004,Mol Gen Gen.
2. Mortimer, et al. 2013, Plant Cell.

(115) Skp1 Glycosylation in Toxoplasma gondii: A Genetic and
Biochemical Study on its Evolutionary and Functional Role

Kazi Rahman1, MsanoMandalasi1, Peng Zhao2, Lance Wells2,
Ira J. Blader3, Christopher M. West1

1Department of Biochemistry &Molecular Biology, University
of Georgia, GA 30602; 2Complex Carbohydrate Research
Center, University of Georgia, GA 30602; 3Department of
Microbiology & Immunology, University at Buffalo, NY

14214

Toxoplasma gondii (Tg) is a protozoan parasite that causes
disease by proliferating intracellularly in muscle and the central
nervous system. Remarkably, Toxoplasma is able to grow at O2

levels down to 0.5%, which suggests the existence of a homeo-
static mechanism that accommodates its varying availability.
Previous studies in our lab showed that TgPhyA mediated
prolyl hydroxylation of Skp1, a subunit of SCF-class of E3
ligases, is required for optimal parasite proliferation especially
at low O2. In another protozoan, Dictyostelium discoideum
(Dd), Skp1 hydroxyproline is modified by 5 sugars via the
action of three glycosyltransferases, Gnt1, PgtA and AgtA,
which are also required for optimal O2-sensing. We now
provide tandem mass spectrometry evidence that TgSkp1

hydroxyproline is also modified by a pentasaccharide. Genomic
sequence data suggest that two predicted Dictyostelium glyco-
syltransferase homologs in Toxoplasma, TgGnt1 and TgPgtA,
form a similar core trisaccharide on TgSkp1. Reconstitution of
the glycosyltransferase reactions in extracts with radioactive
sugar nucleotide substrates and appropriate DdSkp1 glyco-
forms, followed by HPAEC analysis of acid hydrolysates of the
reaction products, confirmed the predicted sugar identities as
GlcNAc, Gal and Fuc. Disruptions of TgGnt1 or TgPgtA
result in truncated glycans and decreased parasite growth. Off
target effects were unlikely due to the restoration of the normal
glycan chain and growth upon genetic complementation.
Understanding the mechanism of TgSkp1 hydroxylation and
glycosylation is expected to help develop it as a drug target for
control of the pathogen, as the enzymes are absent from mam-
malian hosts.

(116)Diversity of Skp1 Glycosylation in Protists: Implications
for Understanding the Roles of Glycosylation in E3(SCF)
Ubiquitin Ligase Assembly and Cellular Oxygen Sensing

MsanoMandalasi1, Kazi Rahman1, Peng Zhao2, Lance Wells2,
Ira J. Blader3, Christopher M. West1

1Department of Biochemistry &Molecular Biology, University
of Georgia; 2Complex Carbohydrate Research Center,
University of Georgia; 3Department of Microbiology &

Immunology, University of Buffalo

Skp1 is an adaptor subunit of SCF (Skp1/Cullin-1/F-box
protein)-class of E3 ubiquitin ligases that plays important roles
in cell cycle regulation. In the social amoeba Dictyostelium
(Dd), Skp1 is hydroxylated by a cytoplasmic prolyl
4-hydroxylase (phyA) at Pro143, and subsequently modified
by a linear pentasaccharide that regulates O2-dependent devel-
opment. The glycan sequence is Galα1,3Galα1,3Fucα1,2Galβ1,
3GlcNAcα1- as deduced from exoglycosidase and NMR
studies, and its assembly is catalyzed by 3 proteins, two of
which have dual glycosyltransferase activities. We have recently
determined that the Skp1 protein of another protist, the agent
for human toxoplasmosis Toxoplasma gondii (Tg), is also
modified by a pentasaccharide. Homologs of the DdGnt1 and
DdPgtA catalyzed formation of a similar if not identical core tri-
saccharide (type 1 blood group H structure), but a homolog of
AgtA, the α-GalT responsible for addition of the outer two
sugars of the Dictyostelium glycan, has not been found in
Toxoplasma. Using bioinformatics approaches we predicted
two novel retaining, co-evolving, terminal glycosyltransferase
genes: GT32A-related to the yeast Och1 α-mannosyltransferase
and GT8A-related to glycogenin, and examined the effects of
their disruption. Knock-out parasites for each GT exhibited
intermediate growth rates relative to wild-type and TgphyA-KO
cells, and mass spectrometric studies revealed the expected trun-
cated glycans of 3 and 4 sugars respectively. Acid hydrolysis
and HPAEC analysis of reaction products of enzyme reactions
conducted in crude extracts indicated that GT32A and GT8A
consecutively add single glucoses at the 4th and 5th positions of
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TgSkp1 pentasaccharide, generating a glycan that is distinct
from the Dictyostelium product. Recombinant GT8a exhibits
unusual auto-glucosylation activity, reminiscent of glycogenin’s
role in priming metazoan and yeast glycogen synthesis, raising
the question of whether GT8A has a role in starch synthesis in
addition to TgSkp1 modification and if the observed growth
defect of GT8A-KO parasites is due to loss of either of these
functions. A genomics bioinformatics survey indicates that
the Toxoplasma glycosylation mechanism is more prevalent
throughout protists than the Dictyostelium mechanism.
Understanding the mechanism of TgSkp1 glycosylation will
enable future gene-swapping studies to test the role of the specif-
ic glycan structures in promoting SCF assembly as previously
described inDictyostelium.

(117) Biophysical Investigation of NCAM-Polysialyltransferase
Interaction

Gaurang P. Bhide1, Gerd Prehna2, Benjamin E. Ramirez2,
Karen J. Colley1

1Department of Biochemistry and Molecular Genetics,
University of Illinois at Chicago, Chicago, IL 60607; 2Center

for Structural Biology, University of Illinois at Chicago,
Chicago, IL 60607

Polysialic acid (polySia) is a cell-surface oncofetal antigen com-
prised of long chains of a2,8-linked sialic acid that is required
for nervous system development and is implicated in tissue re-
generation and cancer metastasis. Its large size and negative
charge allow it to act as an anti-adhesive as well as a reservoir
for signaling molecules. PolySia is synthesized on the glycans
of a select group of proteins by the Golgi-localized polysialyl-
transferases (polySTs), ST8SiaII (STX) and ST8SiaIV (PST).
Previous work by our laboratory has demonstrated that
polysialylation is protein-specific and requires an initial
polyST-substrate interaction prior to glycan polysialylation.
Using the neural cell adhesion molecule, NCAM, as a model
substrate, we have identified acidic residues in both the first
fibronectin type III repeat (FN1) of NCAM and a polybasic
region (PBR) of PST that are required for NCAM recognition
and polysialylation. The aim of this study was to investigate
whether the FN1 acidic patch and the PBR region basic residues
recognize and bind each other. Using isothermal titration calor-
imetry (ITC), we show that a purified recombinant FN1 domain
binds a PBR peptide consisting of residues 75-100. This inter-
action is specific because mutating the acidic patch residues or
select PBR residues, shown to be essential for NCAM polysialy-
lation, eliminate FN1-PBR peptide binding. Initial evaluation
1H, 15N HSQC NMR spectra of labeled FN1 titrated with un-
labeled PBR peptide, show distinct, dose-dependent spectral
shifts consistent with the ITC results. Residue assignments are
currently be made to identify the residues involved in this inter-
action. This work was supported by NIH RO1 GM101949 (to
KJC).

(118) Engineering glycan synthesis and analysis tools by
structure-guided directed evolution of multifunctional bacterial

sialyltransferases
John B. McArthur, Xi Chen

University of California - Davis

Pasteurella multocida alpha2–3sialyltransferase 1 (PmST1) and
several related glycosyltransferases in CAZy family GT80 are
multifunctional. They display linkage specific sialyltransferase,
sialidase, trans-sialidase, and donor hydrolysis activities.
Previous efforts on structure-based rational design have pro-
duced mutants with reduced sialidase activity, reduced donor
hydrolysis activity, or altered linkage-specificity. However, the
mutational landscape of these enzymes remains largely unex-
plored.In this work, new high-throughput screening methods
for assessing linkage-specific sialyltransferase and sialidase ac-
tivities are presented. These screening methods are likely
adaptable for the directed evolution of most other glycosyl-
transferase and exoglycosidase functions. Structure-guided
directed evolution of PmST1 was successfully conducted,
leading to previously undiscovered mutants with improved
alpha2–3-sialyltransferase, alpha2–6-sialyltransferase, and/or
alpha2–3/6-sialidase activities. In addition, multifunctional
Photobacterium damselae alpha2–6-sialyltransferase was engi-
neered to obtain mutants with enhanced alpha2–6-specific si-
alidase activity as powerful tools for glycan analysis. These
efforts greatly enhance our understanding of the mutational
landscape of glycosyltransferases from CAZy family GT80, and
this understanding will streamline future efforts to engineer the
sialyltransferase and sialidase functions of these enzymes.

(119) Galectin-7 controls keratinocyte proliferation and
differentiation through stabilizing JNK1

Hung-Lin Chen1, Daniel K. Hsu2, Huan-Yuan Chen1,
Fu-Tong Liu1,2

1Institute of Biomedical Sciences, Academia Sinica, Taipei,
Taiwan, R.O.C.; 2Department of Dermatology, School of
Medicine, University of California-Davis, Sacramento, CA

Galectin-7 is a β-galactoside-binding protein expressed by strati-
fied epithelial cells, including keratinocytes. Previously, we have
established that this protein regulates keratinocyte proliferation
and differentiation through the miR-203-p63 pathway. It is
known that JNK1 may be involved in regulating miR-203.
When we knocked down galectin-7 in keratinocytes, we ob-
served that the protein level of JNK1 was reduced but not the
mRNA level. In HaCaT cells, we found overexpression of
galectin-7 reduced the extent of ubiquitination of JNK1. MG-132
treatment of galectin-7 knockdown cells restored the JNK1
protein levels. Further, we demonstrated direct interaction
between galectin-7 and JNK1 by co-immunoprecipitation,
immunostaining, and mammalian two-hybrid analyses. Thus,
our data suggest a novel intracellular function of galectin-7 in
controlling keratinocyte proliferation and differentiation through
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interacting with JNK1 and suppressing its ubiquitination and
degradation.

(120) Growth factors do not mediate Golgi-to-ER
relocation of GalNAc-Ts

Lawrence A. Tabak, Lauren Beck, Kanishka Patel,
Monica Ajinkya, Raul Rojas

Section on Biological Chemistry, National Institute of Dental
& Craniofacial Research, NIH

The pattern and density of mucin-type O-glycans is regulated
by the substrate specificity and the spatiotemporal expression
of the family of UDP-GalNAc polypeptide:N-acetylgalactosa-
minyltransferases (GalNAc-Ts). Gill et al., (2010) reported
that EGF or PDGF induces a specific redistribution of
GalNAc-Ts from the Golgi to the ER in a Src-dependent
manner in HeLa cells, resulting in an increased density of
Tn-antigen (GalNAc α1-O-Thr/Ser) as assessed by HPA stain-
ing. As part of an effort to decode the signals that mediate ER
exit and Golgi retention of GalNAc-Ts we examined the intra-
cellular distribution of endogenous GalNAc-T2, GFP-tagged
GalNac-T1, -T7 and –T10, in relation to known ER (PDI) and
Golgi (Giantin) markers in HeLa cells under various condi-
tions. Stimulation by EGF or PDGF did not alter the intracel-
lular distribution of any the GalNAc-Ts examined. Moreover,
we did not observe any increase in HPA staining in the ER as
a result of growth factor treatment. We then examined the lo-
cation of GalNAc-Ts, HPA reactive materials, and other gly-
cosyltransferases in HeLa cells transfected with SrcE378G
(SrcE), a mutant form of Src containing an activating muta-
tion in its catalytic domain (Levy et. al, 1986). While, we
found that the HPA-labelled material, endogenous
GalNAc-T2, and GFP tagged GalNAc-T1, -T7 and –T10 were
redistributed to the ER of SrcE-expressing cells, we also
observed redistribution of MannIIa, and C2GNT1,
Golgi-localized enzymes components of the N- and
O-glycosylation pathways respectively, to the ER. We con-
clude that, neither EGF nor PDGF regulates the initiation of
O-glycosylation by re-direction of GalNAc-Ts to the ER and
that relocation of glycosyltransferases by Src activation does
not occur in a GalNAc-T specific manner.

(121) Structural Study of the Abruptex Domain in Mouse
Notch 1

Huimin Zhong, Octavia Y. Goodwin, Megan A. Macnaughtan
Louisiana State University

Notch signaling pathway is found to directly affect different
genetic and neurodegenerative diseases. Our research focus on the
mouse Notch 1 Abruptex domain (EGF24-29) in the extracellular
domain of the transmembrane protein, which consists of 36
tandem epidermal growth factor-like (EGF) repeats. The Abruptex
domain is flexible and is believed to regulate ligand binding, thus
plays an essential role in activation and inhibition of Notch signal-
ing pathway. Besides, both calcium binding and glycosylation
have an effect on ligand binding activity, but the mechanism is
unclear, so as the structure of Abruptex domain. They are also

involved in our project. NMR spectroscopy will be applied to
study the structure and dynamic changes for the specific EGF
repeats with and without glycosylation or calcium binding.

I’m now working on the expression of EGF25-26 and EGF27
respectively in Shuffle T7 lysY E. coli cells under different expres-
sion methods. Structural characterization by NMR spectroscopy
will be the next step after a satisfied yield is reached.

(122) A ΔnagZ E. coli Co-Expression System for Mapping
O-GlcNAc Modification Sites

Kelin Wang, Octavia Y. Goodwin, Fabrizio Donnarumma,
Kermit K. Murray, Megan A. Macnaughtan

Louisiana State University

O-linked N-acetylglucosamine (O-GlcNAc) is an important
post-translational modification of serine and threonine residues
in proteins. The specific amino acids that are modified are diffi-
cult to identify because of low sequence consensus and sub-
stoichiometric levels. Typically, sites are mapped using a proteo-
mics approach. While this approach provides valuable data on
a large number of proteins, only positive hits can be identified;
negative hits, or peptides without O-GlcNAc, cannot be ruled
out. We present a complementary approach, where a
protein-of-interest can be recombinantly expressed with the
O-GlcNAc modification. The ability to produce relatively high
yields of a single O-GlcNAc-modified protein allows for
O-GlcNAc site mapping, functional studies, and biochemical
characterization, such as 3-dimensional (3D) structural analysis.
In our prior work, E. coli NagZ was found to have hydrolase
activity towards recombinantly expressed O-GlcNAc-modified
proteins in vivo. This discovery led to the development of a
novel ΔnagZ E. coli strain for the co-expression of human
O-GlcNAc transferase (OGT) and a protein-of-interest. Using
this system, O-GlcNAc-modified human Abelson tyrosine
kinase 2 F-actin binding domain (ABL2) with a 6X histidine
purification tag was produced. A combination of matrix-
assisted laser desorption ionization (MALDI) time-of-flight
mass spectrometry and liquid chromatography tandem mass
spectrometry (LC-MS/MS) with collision induced dissociation
(CID) and electron transfer dissociation (ETD) were used to
identify four O-GlcNAc sites (S74, S94, S99, and S106) on
ABL2. The structural impact of each O-GlcNAc residue on the
3D structure of ABL2 was assessed, indicating a significant
backbone rearrangement induced by S99 O-GlcNAc.

(123) Insights into mammalian glycosylation enzymes coming
from large-scale eukaryotic expression platforms

L. Meng1, S. Wang1, R. Kadirvelraj1, F. Forouhar2, A. Ramiah1,
Z. Gao1, J. Seetharaman2, S. Milaninia2, G. Gahlay3,

M. Stuart3, J. Steel4, J. LaBaer4, D. Jarvis3, L. Tong2, Z. Wood1,
K. W. Moremen1

1University of Georgia; 2Columbia University; 3University of
Wyoming; 4Arizona State University

Glycan structures on cell surface and secreted glycoproteins play
critical roles in biological recognition and targeting events in
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animal systems. Many of the enzymes that synthesize these struc-
tures have been studied for decades but their enzymatic, biochem-
ical, and structural characteristics are often poorly understood
largely because they are challenging targets for functional expres-
sion even in eukaryotic hosts. Recombinant production of the gly-
cosylation enzymes generally requires eukaryotic expression to
provide chaperone systems and post-translational modifications
necessary for effective folding and function. We have recently
established a library of expression constructs encoding of all
human glycosyltransferases (GTs) and glycoside hydrolases
(GHs) as secreted catalytic domain fusion proteins for recombin-
ant production in HEK293 cells and baculovirus-infected insect
cells. In mammalian cells, we developed strategies for transient
transfection of suspension culture HEK293 cells to generate re-
combinant forms of the enzymes that can be purified from the
conditioned culture media. Comparison of expression levels in the
two host systems indicates similar trends where most proteins are
well expressed, but only a subset are efficiently secreted. Strategies
for enzyme purification, tag removal, glycan cleavage, and Se-Met
incorporation have been developed to produce enzymes that are
compatible with biochemical and structural studies. This presen-
tation will summarize our strategies for expression and down-
stream workflows for biochemical and structural studies.
Discussion of resulting structures and insights into catalytic
mechanisms and substrate recognition will focus on recently
determined structures of sialyltransferases and fucosyltransferases
coming from the mammalian expression platform. Supported by
NIHGrants RR-005351 and GM103390.

(124) Characterization of an archaeal hyperthermophilic
cellulase expressed in planta: glycosylation, activity and

substrate specificity
Patricia Bubner1, Heidi Szemenyei1, Shu-Lun Tang1,
Anthony Iavarone2, Stefan Bauer1, Douglas Clark1,

Chris R. Somerville1
1Energy Biosciences Institute, University of California

Berkeley, Berkeley, CA 94720, USA; 2California Institute for
Quantitative Biosciences, University of California, Berkeley,

CA 94720, USA

The hyperthermophilic archaeal cellulase EBI-244 has an
optimal temperature of 109°C, a melting temperature of 113°C,
and is resilient towards salt, detergents, and ionic liquids [1].
This makes it a promising candidate as an industrial glycosi-
dase. EBI-244 had been previously expressed in E. coli,
however, at disappointingly low yields. We here report success-
ful overexpression and characteriziation of the archaeal cellu-
lase in Nicotiana benthamiana. Transient in planta expression
targeted to the apoplast led to high titers of soluble protein (0.1
mg/g leaves). This enabled us to perform an extensive character-
ization of the archaeal enzyme.
Interestingly, we found several N-glycosylated sites in the

heterologous protein, which were identified using PNGaseF di-
gestion in H2O18 and MS. Moreover, using ammonia-based
ß-elimination (ABBE) and LC/MS/MS analysis, we also found a
small percentage of O-glycosylated peptides and identified the

respective O-glycosylation sites. This is especially interesting,
since Ser/Thr O-glycosylation has been rarely reported in plants
[2]. Further glycan analysis with LC/MS/MS, enzymatic linkage
analysis, and monosaccharide analysis of hydrolyzed glycans
using HPAEC-PAD allowed for detailed elucidation of the
glycan structures.

Furthermore, thermostability and pH-optimum of the plant
expressed enzyme were comparable to the E. coli expressed
enzyme. Therefore, the glycosylation seems to be crucial in ex-
pression, but not in activity or stability of the thermophilic glyco-
sidase. In order to test the substrate range, we tested its activity
on 11 different soluble and insoluble substrates: pNP-cellobio-
side, 4-methylumbelliferyl-β-D-lactoside, carboxymethylcellu-
lose, lichenan, Mannan, Xylan, Avicel, Whatman filter paper,
and pretreated corn stover, Miscanthus, and pine. We will report
on our results on these substrates, as well as the influence of the
N- and O-glycans on enzymatic activity and stability.

To the best of our knowledge, this is the first report of in planta
expression of a hyperthermostable archaeal cellulase and detailed
characterization of its glycosylation and enzymatic properties. As a
side note, it appears that plants may have significantly more
O-glycosylation of serine and threonine residues than previously
thought.

Acknowledgments: Patricia Bubner gratefully acknowledges
support from the Austrian Science Fund FWF (grant J 3528-
B22).
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(125) Using CRISPR-Cas technology to quantify the relative
contributions of O-glycans, N-glycans and Glycosphingolipids

to cell adhesion
Sriram Neelamegham, Gino Stolfa, Nandini Mondal,

Zhu Yuqi, Buffone, Jr. Alexander
State University of New York, Buffalo, NY, USA

Glycosylation regulates diverse processes including cell signal-
ing, adhesion and development. There is often interest in dis-
secting the relative contributions of the N-glycans, O-glycans
and glycosphingolipids (GSLs) in regulating these complex bio-
logical traits. While, chemical inhibitors and siRNA have been
used, their effects are often incomplete or non-specific. To
address this, we developed a CRISPR (clustered regularly inter-
spaced short palindromic repeats)-Cas9 based toolset that trun-
cates O-glycan biosynthesis by knocking out Core 1β1,3Gal-T
Specific Molecular Chaperone (COSMC), N-glycans by target-
ing the β1,2 GlcNAc transferase (MGAT1) and GSLs by delet-
ing UDP-glucose ceramide glucosyltransferase (UGCG). As an
example, these reagents were applied to HL-60 leukocytic cells
to quantify the relative contributions of the different glycocon-
jugates to myeloid cell adhesion on selectin-bearing substrates.
All knockouts were confirmed by Sanger sequencing and
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enzymology measurements of Mgat1, β1,3Gal-T and UGCG ac-
tivity. O-and N-glycan truncation was accompanied by an in-
crease in cell surface Vicia Villosa (VVA) and decrease in
Phaseolus vulgaris (L-PHA) lectin binding, respectively. Mab
HECA-452 binding was reduced upon disrupting N-glycan or
GSL biosynthesis, with disruption of all three enzymes resulting
in almost no binding. Rolling and adhesion interactions on P-
and L-selectin were ablated in the COSMC knockouts with
MGAT1 deletion also resulting in increased rolling velocity on
L-selectin. All three glycan families contributed to E-selectin de-
pendent adhesion with the O-glycans and N-glycans contribut-
ing to leukocyte recruitment, and GSLs regulating slow cell
rolling velocity and the transition to firm arrest. Overall, the
genome editing tools developed here may be broadly applied in
studies of cellular glycosylation.

(126) Structure and functional analysis of galectin-11 of
domestic sheep (Ovis aries)

Sakthivel Dhanasekaran1,2,4, Adam Shahine2, MD Shakif
Ul Azam1, Dene Littler2, Sally Troy2, Matthew Johnson2,
Jamie Rossjohn2,3, David Piedrafita1, Travis Beddoe2,4
1School of Applied Science and Engineering, Federation

University, Churchill, Victoria, 3842, Australia; 2Department
of Biochemistry and Molecular Biology, Monash University,
Clayton, Victoria, 3800, Australia; 3Institute of Infection and
Immunity, School of Medicine, Cardiff University, Heath Park,
Cardiff, CF14 4XN, UK; 4Department of Animal, Plant and

Soil Science and Centre for AgriBioscience (AgriBio), La Trobe
University, Melbourne, Victoria, 3086, Australia

Galectins are an evolutionarily conserved family of proteins that
translate glycan recognition into cellular effects. To date, 15
galectins identified in vertebrates, however the expression of
galectin-11 is reported only in ruminants such as sheep, goat and
cattle. Galectin-11 play a critical role in several important bio-
logical processes, such as reproduction and parasite mediated
innate immune responses [1–3]. Currently, these two areas are of
major importance for sustainability of ruminant livestock pro-
duction. Despite the emerging biological significance of
galectin-11, no structural information is available. It is expect
that the structural studies will unravel the functional mechanisms
of galectin-11 activity. Therefore to understand the basis of struc-
tural and functional interaction of sheep galectin 11 with
glycans, we crystallized recombinant galectin and the crystal
structure was determined at 2.0 Å resolution [4]. The overall
structure of Galectin-11 was highly similar to that of galectins 1,
2 and galectin-10 of mammalian lectin. Interestingly, amino acid
variations observed in galectin-11 has potential role in inter mo-
lecular and cellular attachments. From the current results, further
studies are underway to explore the molecular basis of glycan-
galectin interaction.
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(127) Predicting the HILIC Retention Behavior of Individual
Glycopeptides

Barry Boyes1,2, Majors Badgett2, Ron Orlando2
1Advanced Materials Technology Inc; 2Complex Carbohydrate

Research Center

The ability to resolve isomeric glycans while attached to tryptic
peptides would greatly facilitate glycoproteomics since this
would enable glycan characterization while connected to a
peptide tag that provide the glycans’ location. Reversed-phase
liquid chromatography (RP-LC) is typically used to separate
peptide/glycopeptide mixtures, where hydrophobic interaction
drive the retention. Hence the hydrophilic glycans, which do
not interact significantly with the RP-LC stationary phase, play
little to no role in the separation. This behavior makes it difficult
to resolve isomeric glycans attached to the same peptide by RP.
Alternatively, glycans interact extensively with the stationary
phases used in Hydrophilic-interaction chromatography
(HILIC). Therefore, HILIC should be capable of resolving iso-
meric glycopeptide mixtures, i.e., glycopeptides having the
same peptide backbone but isomeric glycans.

We selected a neutral HILIC material for this study to minim-
ize the undesired ionic and/or coulombic interactions between
acidic or basic groups on the analyte and stationary phases.
Experiments performed on the trypsin digested glycoproteins
demonstrated that the glycopeptides can be resolved as well as
the released glycan. For example, the branching isomers found
on the immunoglobulin G glycopeptides with the G1F glycan
can be resolved, as can glycopeptides containingα2-3/2-6 sialic
acid linkage isomers. All of these separation patterns are similar
to those that obtained from HILIC-MS analysis of the released/
procainamide tagged glycans.

We are devising models to predict retention of glycopeptides
in HILIC separations. A wide range of peptides and glycopep-
tides have been analyzed by LC/MS to obtain retention proper-
ties. Linear dextrans are used as a retention calibrant, enabling
peptide and glycopeptide retention to be expressed in glucose
units, permitting comparison of peptide retention across differ-
ent LC-MS systems. Regression analysis of the experimental re-
tention provides coefficients for peptide length, amino acid
composition and glycan structures. Combining retention
models of HILIC separations of peptides, glycans, and
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glycopeptides is directed to prediction of retention of previously
uninvestigated glycopeptides.

(128) Reciprocal feedback regulation of ST3Gal1 and GFRa1
signaling in breast cancer cells

Tan-chi Fan1, Ming-yi Ho1, Wen-der Lin1, Chih-hao Chang1,
Huiling Yeo1, Alice Yu1,2,3

1Institute of Stem Cell and Translational Cancer Research,
Chang Gung Memorial Hospital at Linkou, Taoyuan, Taiwan;
2Genomics Research Center, Academia Sinica, Taipei, Taiwan;
3Department of Pediatrics/Hematology Oncology, University

of California, San Diego, CA, USA

Aim: The premature alpha2,3-sialylation of core carbohydrate
structure leading to shorter truncated glycans has been well
documented. Six different alpha2,3-sialyltransferases catalyze
the transfer of sialic acids to Gal; however, only the expression
of ST3Gal1 mRNA is elevated in primary breast cancers com-
pared to normal or benign tissues. Our aim is to investigate
the role of ST3Gal1-mediated sialylation in the function of
proteins and further characterize the molecular mechanism
underlying ST3Gal1-mediated cancer metastasis. Result: An
interesting ST3Gal1 targeted cell surface protein we identified
is GFRa1 (GDNF family receptor a 1), which is a
glycosylphosphatidylinositol-anchored protein. Binding of
GDNF to GFRa1 induces trimerization with RET, the receptor
tyrosine kinase, and promotes RET dimerization and subse-
quent phosphorylation, regulating neuron cell proliferation,
differentiation and neurite branching. Recently several inde-
pendent studies showed that GFRa1 and RET were overex-
pressed in estrogen receptor (ER)-positive breast cancers. Most
importantly, activation of GDNF signaling leads to ER phos-
phorylation at Ser118/Ser167 and estrogen-independent tran-
scriptional activation of ER-dependent genes. Thus, GFRa1/
RET signaling is involved ER-positive breast cancers and in
their response to endocrine treatment. So far, no O-linked sialy-
lation site on GFRa1 or RET has been reported. We found
GFRa1 to be a substrate of ST3Gal1-mediated O-linked sialyla-
tion, which is crucial to GDNF-induced signaling in
ER-positive breast cancer cells. Silencing of ST3Gal1 in MCF7
and T47D cells reduced GDNF-induced RET, AKT and ER
phosphorylation, as well as GDNF-mediated cell proliferation.
To decipher how sialylation affects the function of GFRa1, the
GDNF-induced interaction between GFRa1 and RET were
examined by co-immunoprecipitation assay in MCF7 cells
transfected with control or ST3Gal1 siRNA. ST3Gal1 silencing
greatly impaired the interaction between GFRa1 and RET and
dampened the downstream signaling. Notably, GDNF can
stimulate the transcription of ST3Gal1, forming a positive feed-
back loop. Mechanistically, we demonstrated that GDNF
induced Sp1 phosphorylation via PI3K/AKT pathway, leading
to the upregulation of ST3Gal1, which is confirmed by ChIP
assay. This is the first report linking GDNF/GFRa1/RET signal-
ing and O-linked sialylation in breast cancer. Our findings also
support targeting ST3Gal1 is a new promising strategy for the
treatment of ER-positive breast cancer.

(129)GAG Sequencing, Aided by Sulfate Site Isotope Exchange
andMSn

Qing Guo1,2, Vernon N. Reinhold1,2
1University of New Hampshire Glycomics Center; 2Molecular

Cellular and Biomedical Sciences

Glycosaminoglycans (GAGs) are sulfated polyionic glycans that
participate in a host of important biological processes such as
blood anticoagulation, pathogen infection, cell differentiation,
growth, migration and inflammation, to mention a few.
Unfortunately, there has never been a facile way to approach
these structural details at the sensitivities most frequently avail-
able. To approach these problems we describe here a series of
selective chemical steps that includes sulfate release, isotopic
(CD3- and CD3-CO-) replacement and methylation that pro-
vides a stable product ideal for sequencing by multistage disas-
sembly in the ion trap mass spectrometer, (MSn). As
documenting steps, we applied these chemical modifications to
a series of disaccharides and a synthetic GAG pentamer,
Arixtra®. Upon disassembly, the B-ions provided monomer
composition while characteristic cross-ring fragments identified
carbon ring position. The N- and O-sulfo groups are differen-
tiated by deuterium containing mass compositions. A fragment
library of these products is being assembled as an adjunct to our
larger fragment library, some fifteen years in the making. The
uronic methylesters do not significantly alter the fragmentation
patterns.

(130)Glycomics research on GAGs using SPR biosensors
Fuming Zhang, Robert J. Linhardt
Rensselaer Polytechnic Institute

Glycosaminoglycans (GAG) are anionic, polydisperse, linear
polysaccharides that are often highly sulfated. Many physio-
logical and patho-physiological processes can be modulated
through GAG-protein interactions including: blood coagula-
tion, cell growth and differentiation, host defense, viral
infection, lipid transport and metabolism, cell-to-cell and
cell-to-matrix signaling, inflammation, Alzheimer’s disease and
cancer. Surface plasmon resonance (SPR) is a powerful biosen-
sor technique used to measure biomolecular interactions in real-
time and a label-free environment. SPR spectroscopy has been
successfully used for quantitative modeling of GAGs/heparin-
protein, and biological evaluation of glycotherapeutics (such as
heparin and low molecular weight heparins) in our lab. This
presentation reports SPR studies on the interactions between
GAGs/heparin and proteins and the application of SPR in gly-
comics study.

(131) Biological activities of alginate oligosaccharides prepared
by enzymatic digestion

Mikinori Ueno, Tatsuya Oda
Nagasaki University, Faculty of Fisheries

Alginate is an acidic linear polysaccharide with immune-
modulating activities. In this study, we found that enzymatically
digested alginate oligomer (AO) with various degrees of
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polymerization (DP; 2–5) induced a higher level of nitric oxide
(NO) production from RAW264.7 cells than undigested algin-
ate polymer (AP). Reverse transcription-polymerase chain reac-
tion (RT-PCR) and western blot analysis revealed that the
expression level of inducible NO synthase (iNOS) in AO-treated
RAW264.7 cells was higher than that in AP-treated cells. AO
induced nuclear translocation of nuclear factor (NF)-κB p65
subunit in RAW264.7 cells to a greater extent than AP.
Although AO and AP induced similar extents of phosphoryl-
ation in three mitogen-activated protein (MAP) kinases, c-Jun
N-terminal kinase (JNK) inhibitor exhibited the most potent in-
hibitory effect on NO induction in AO- and AP-treated
RAW264.7 cells, among three MAP kinase inhibitors that were
tested.

(132)One-Step SEELWith ST6Gal1 Results in High Efficiency
Labeling and Detection of Cell Surface Sialoglycoproteins
Seok-Ho Yu, Tiantian Su, Peng Zhao, Lu Meng, Kelley W.
Moremen, Lance Wells, Geert-Jan Boons, Richard Steet

University of Georgia

The bioorthogonal chemical reporter strategy has been widely
utilized to study biomolecules that are not encoded by the
genome. In this approach, the biosynthetic machinery of a cell is
hijacked by feeding a metabolic precursor functionalized with a
chemical reporter for incorporation into a target biomolecules
such as glycoproteins. Next, a bioorthogonal reaction is per-
formed to modify the reporter with a probe for visualization or
enrichment. Chemical reporters can also be directly introduced
into glycoproteins by performing glycosyltransferase reactions
at the cell surface. This process, termed SEEL (Selective
Exo-Enzymatic Labeling) takes advantage of purified recombin-
ant glycosyltransferases and the corresponding functionalized
nucleotide-sugars to install chemical reporters on cell surface ac-
ceptor glycans. We previously demonstrated that recombinant
ST6Gal1 sialyltransferase and CMP-Neu5Ac9N3 can be
exploited for the selective labeling of N-linked glycans of living
cells with azido-modified sialic acid. The attraction of the SEEL
approach is that it only labels a specific class of cell surface
molecules (i.e. N- vs. O-glycans) and does not rely on feeding
with metabolic substrates that must compete with natural sugar
precursor pools. We sought to explore whether SEEL could be
accomplished using a single step by installing a biotin-
conjugated sialic acid on the surface of HeLa cells. Surprisingly,
the one step SEEL procedure employing exogenously adminis-
tered CMP-Neu5Ac analogs modified at C5 or C9 with biotin is
not only feasible but dramatically improves cell surface labeling
of glycoconjugates compared to conventional two-step SEEL or
metabolic labeling. As a proof of principle, we show here that
labeled cell surface glycoproteins can be internalized and stored
in vesicular structures upon pharmacological treatment with
chloroquine. Furthermore, we take advantage of the high effi-
ciency labeling with CMP-Neu5Ac5-biotin to enrich and iden-
tify glycoproteins by LC-MS analysis. This analysis detected
subset of glycoproteins whose steady-state level at the cell
surface is variably reduced after an internalization period, and

whose cell surface residence and intracellular localization
change dynamically upon lysosomal disruption. This new meth-
odology offers exciting possibilities to track, capture and iden-
tify subsets of cell surface glycoconjugates in the context of
healthy and diseased cells.

(133)Modifying an insect cell N-glycan processing pathway
using CRISPR-Cas9 technology

Hideaki Mabashi-Asazuma1, Chu-Wei Kuo2, Kay-Hooi Khoo2,
Donald L. Jarvis1,3

1Department of Molecular Biology, University of Wyoming,
Laramie, WY 82071; 2Institute of Biological Chemistry,
Academia Sinica 128, Nankang, Taipei 115, Taiwan;

3GlycoBac, LLC, Laramie, WY 82072

Fused lobes (FDL) is an enzyme that simultaneously catalyzes a
key trimming reaction and antagonizes elongation reactions in
the insect N-glycan processing pathway. Accordingly, FDL func-
tion accounts, at least in part, for major differences in the
N-glycosylation patterns of glycoproteins produced by insect and
mammalian cells. In this study, we used the CRISPR-Cas9 system
to edit the fdl gene inDrosophila melanogaster S2 cells. CRISPR-
Cas9 editing produced a high frequency of site-specific nucleotide
insertions and deletions, reduced the production of insect-type,
paucimannosidic products (Man3GlcNAc2), and led to the
production of partially elongated, mammalian-type complex N-
glycans (GlcNAc2Man3GlcNAc2) in S2 cells. Recombinant
human erythropoietin expressed in the CRISPR-Cas9 treated S2
cells also had a lower level of paucimannosidic structures and
higher levels of complex-type N-glycans, including some unusual
extended N-glycans such as Hex-GlcNAc2Man3GlcNAc2,
HexNAc-GlcNAc2Man3GlcNAc2, and HexA-Hex-GlcNAc2
Man3GlcNAc2, in addition to GlcNAc2Man3GlcNAc2. As
CRISPR-Cas9 has not been widely used to analyze or modify
protein glycosylation pathways or edit insect cell genes, these
results underscore its broad utility as a tool for these purposes.
Our results also confirm the key role of FDL at the major branch
point distinguishing insect and mammalian N-glycan processing
pathways. Moreover, the presence of some unusual, complex
N-glycans in CRISPR-Cas9 treated S2 cells indicated S2 cells have
some unidentified N-glycan processing pathways. Finally, the new
FDL-deficient S2 cell derivative produced in this study will enable
future bottom-up glycoengineering efforts designed to isolate
insect cell lines that can efficiently produce recombinant glyco-
proteins with chemically pre-defined oligosaccharide side-chain
structures.

(134) Glycoengineered monoclonal antibodies using a
chemoenzymatic approach and their affinities for FcγRIIIa and

variable antibody-dependent cellular cytotoxicities
Takashi Shirai1, Masaki Kurogochi1, MasakoMori1,
Kenji Osumi1, Mami Tojino1, Shou Takashima1,

Masahiro Tomita2, Atsushi Takayanagi3, Shin-Ichiro Shoda4
1The Noguchi Institute; 2Immuno-Biological Laboratories Co.,
Ltd.; 3Keio University School of Medicine; 4Tohoku University
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IgG antibodies contain N-glycans at the constant region of
the heavy chain (Fc domain), the N-glycan can modulate
the effector functions of IgG antibodies, such as antibody-
dependent cellular cytotoxicity (ADCC) and complement
dependent cytotoxicity (CDC). Generally, N-glycans on glyco-
protein produced from mammalian cells have the introduction
of fucose (Fuc) to the initial N-acetylglucosamine (GlcNAc)
residue at the reducing terminal end of the N-glycan, called as
core fucose. It is known that IgG with depleted core fucose sig-
nificantly enhances the binding activity for Fcγ receptor
expressed on natural killer cells and macrophages, etc, and
have higher ADCC than IgG with core fucose. In this study,
we performed a rearrangement of Fc N-glycans using che-
moenzymatic approaches with endo-β-N-acetyl glucosamini-
dases (ENG’ases). As starting materials, we used an anti-Her2
monoclonal antibody (mAb) (trastuzumab) produced from
transgenic silkworm cocoons and Chinease hamster overy
cells. Firstly, the heterogeneous N-glycans on mAb were fully
transformed into GlcNAc or GlcNAcα1-6Fuc by the digestion
of ENG’ase. Next, we prepared N-glycan moieties from hen
egg yolk SGP and chemical synthesis using a carbohydrate
building block, and obtained oligosaccharide oxazolines from
a single step conversion as glycosyl donors of transglycosyla-
tion reactions, respectively. The desired N-glycans (M3, G0,
G2, A2) were transferred from the corresponding oxazolines
to the GlcNAc or GlcNAcα1-6Fuc on the intact mAb using the
transglycosylation reaction of an ENG’ase mutant, and then
the glycoengineered anti-Her2 mAb with/without core fucose
was obtained. We found that the affinity of glycoengineered
anti-Her2 mAb for FcγRIIIa-V158 depended on the glycoform
of N-glycan using the microtiter plate assay and surface
plasmon resonance (SPR) analysis. In addition, the ADCC
assay for the glycoengineered anti-Her2 mAb was performed
using SKBR-3 and BT-474 as target cells, and revealed that the
glycoform influenced ADCC activity.
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(135) Enginereered genome editing tools for glycogene
activation and inactivation: “On/off” switches for glycogene

function
Eric P. Bennett, Zhang Yang, Weihua Tian, Henrik Clausen

University of Copenhagen

The emerging gene editing tools for precise editing of mamma-
lian genomes such as ZFNs, TALENs and CRISPRs, have revo-
lutionized bioscience. These nuclease-based gene editing tools
introduce double-stranded DNA breaks and lead to a variety of
rearrangements at the breakpoint mediated by cellular repair
events including non-homologous end-joining (NHEJ) and
homologous recombination (HR). Examples of their use in ab-
rogation of gene function (knock out, KO) are well reported in

the literature and improved targeting [1] and indel identification
methodologies [2] for genome editing have allowed for func-
tional inactivation of numerous genes involved in shaping the
human glycome (glycogenes) [4, 5]. However, reintroduction of
glycogene function through nuclease mediated target specific in-
tegration of glycogene encoded donor constructs (knock in, KI)
is limited to only a few examples. In contrast to the effectiveness
by which glycogene function can be abrogated by use of precise
gene editing, effective nuclease mediated KI of glycogenes is
generally hampered by the lacking cellular HR capacity. We
here describe a novel and improved non HR dependent strategy
for precise integration of glycogens at safe harbor loci.
Importantly, use of this strategy allows for stable and controlled
expression of glycosyltransferases at normal physiologically
relevant expression levels. Examples for both KO, constitutive
and inducible glycogene KI and use of engineered genome
editing activators will be covered in this presentation.
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(136) Peracetyl N-thioglycolyl-D-galactosamine
(Ac5GalNTGc) as an efficient glyco-tool for the

glycoproteomic investigations of mammalian cell surface
CD antigens

Srinivasa-Gopalan Sampathkumar1, Sriram Neelamegham2,
Vandita Dwivedi1, Asif Shajahan1, Gino Stolfa2,

Monika Garg1, Syed Meheboob Ahmed1
1Laboratory of Chemical Glycobiology, National Institute of
Immunology, New Delhi, India; 2Department of Chemical and

Biological Engineering, NY State Center for Excellence in
Bioinformatics and Life Sciences, State University of New York,

Buffalo, NY, USA

Owing to their localization on mammalian cell surface, the CD
antigens invariably participate, regulate, and mediate various
biological processes. Genetic approaches for the elucidation of
glycan functions by knocking out either a given glycoprotein or
a glycosyl transferase, respectively, results in the loss of entire
glycoprotein and alters glycosylation of hundreds of substrate
polypeptides. In this context, development of efficient small
molecule based inhibitors of mucin-type O-glycosylation
(MTOG) which could selectively modulate glycosylation, but
not protein expression levels, provides a complementary and
valuable tool to reveal the significance of glycans in the physio-
logical functions of glycoproteins.

We have recently shown that metabolic processing of
Ac5GalNTGc (1) resulted in an efficient post-translational in-
hibition of MTOG in a thiol dependent manner (Agarwal, K.,

Meeting Abstracts 2015 SFG Annual Meeting

1274

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/article/25/11/1207/1988660 by guest on 20 M

arch 2024

http://dx.doi.org/10.1093/nar/gku251
http://dx.doi.org/10.1093/nar/gkv126
http://dx.doi.org/10.1093/nar/gkv126
http://dx.doi.org/10.1038/nbt.3280
http://dx.doi.org/10.1038/emboj.2013.79


et al. J. Am. Chem. Soc. 135, 14189-97 (2013)). In order to
demonstrate the utility of the non-natural hexosamine analogue
1 for the investigation of mucinous glycoproteins in general, we
studied its application to the highly mucinous leukocyte glyco-
protein CD43 (leukosialin / sialophorin). This antigen carries
80-90 mucin-type O-glycans, displays a rod-like structure, and
broadly regulates the formation of immune synapse and
immune activation. However, the precise functions of
CD43-glycans remain unclear. To characterize the modulation
of glycoforms of CD43 we have established a lentivirally trans-
duced Jurkat cell line stably expressing CD43-(extracellular
domain)-Fc-His. Jurkat cells were chosen as they are known to
carry low levels of elaborated glycans due to inherent defects in
expression and activity of C1GalT and C2GnT. CD43-Fc-His
was subjected to digestion with multiple enzymes and analyzed
by nano-LC/MS/MS. A CID product triggered ETD approach
on wild-type CD43-Fc-His identified 32 new S/T sites to be oc-
cupied in addition to nine sites overlapping with an earlier
report by Remold-O’Donnell and coworkers. These investiga-
tors used Edman sequencing to identify 25 occupied S/T sites
on CD43. Many of these sites on CD43 from Jurkat cells carry
Tn, sialyl-T, and disialyl-T glycan structured as elucidated by
Fukuda and coworkers. Molecular characterization of MTOG
in CD43 both in terms of site occupancy and microheterogene-
ity, along with efficient inhibitors such as 1, might provide
useful insights in to the biological functions of glycans.

(137)GRITS Toolbox – A software system for the archival,
processing and interpretation of glycomics data
Rene Ranzinger, Brent Weatherly, Sena Arpinar,

Shahnawaz Khan, Mindy Porterfield, Michael Tiemeyer,
William S. York

Complex Carbohydrate Research Center, University of
Georgia, Athens, GA, USA

In recent years, the amount and throughput of glycomics data
production has steadily increased and is likely to grow even
faster with increasingly recognition of the importance of
glycans in biological processes. This trend calls for new software
tools capable of processing, interpreting and storing large
numbers of data sets along with enough associated meta data to
satisfy minimum information requirements of journals and
databases.
GRITS Toolbox is a modular software system consisting of

small software components, called plugins, which has been
developed for the archival, processing, and interpretation of gly-
comics data. Several plugins have been implemented for storing
and displaying information about a project, including a descrip-
tion of the biological source, physical processing and tracking
of the samples that were analyzed, along with information spe-
cifying how the analyses were conducted. A separate plugin
allows any type of digital data (e.g., NMR or chromatographic
data) to be associated and archived together with these meta
data sets.
GRITS Toolbox has an extended suite of plugins for the pro-

cessing and interpretation of mass spectrometric (MS) data of

free glycans, including semi-automatic interpretation algo-
rithms and a sophisticated set of data displays. The integrated
data processing module, called Glycomics Elucidation and
Annotation Tool (GELATO), annotates MS data with glycans
and glycan fragments from a glycan structure database. An ex-
tensive set of graphical user interface functions can then be used
to visualize, review, manually modify and export the interpreted
and annotated MS data. In addition, the results of several differ-
ent experiments can be displayed side by side and compared to
identify differences in the glycosylation patterns of the analyzed
samples.

The quality of the MS data annotation depends critically on
the databases that provide glycan structures for the annotation.
Therefore, several databases are provided with GRITS Toolbox.
These include N-glycan, O-glycan and glycolipid databases that
have been generated using knowledge from a human-curated
glycan structure ontology (GlycO). This ontology was populated
by experts at the Complex Carbohydrate Research Center using a
web based curation system, called Qrator (http://glycomics.ccrc.
uga.edu/qrator/).

The current version of the software system is freely available
from our project website: http://www.grits-toolbox.org.

(138) GlycoMob – an Ion Mobility Mass Spectrometry
Database

Matthew P. Campbell5, Weston Struwe1, Kevin Pagel2,3,
Justin LP Benesch1, David Harvey4

1Department of Chemistry, University of Oxford, Oxford,
OX1 3QZ, UK; 2Free University Chemistry, Institute of
Chemistry and Biochemistry, Takustrasse 3, 14195 Berlin,
Germany; 3Department of Molecular Physics, Fritz Haber

Institute of the Max Planck Society, 14195 Berlin, Germany;
4Oxford Glycobiology Institute, Department of Biochemistry,
University of Oxford, Oxford, OX1 3QU, UK; 5Biomolecular
Frontiers Research Centre, Macquarie University, Sydney, NSW

2109, Australia

Ion mobility mass spectrometry (IM--MS) is a promising analyt-
ical technique for glycomics that separates glycans based on the
size and shape of gas- phase ions and, in conjunction with mass
spectrometry, provides glycan precursor and fragment masses.
IM–MS collision cross section (CCSs) measurements can add
an extra dimension of structural information to glycomics data
storage and analysis pipelines, but we lack the required bio-
informatic infrastructure to handle such data.

GlycoMob is a database initiative under the UniCarb um-
brella, which is focused on the storage of IM–MS data including
absolute CSS values of N-glycans, calibration standards, syn-
thetic oligosaccharides as well as glycan fragments and tandem
MS data. GlycoMob is a modular extension of the freely avail-
able UniCarbKB framework that extends the MS resources pro-
vided by UniCarb-DB. The database uses the UniCarbKB user
interface to retain familiarity across UniCarb- related resources.
GlycoMob is organised into three major sections including: (i) a
listing of structures and compositions stored in the database; (ii)
biological content- specific data collections including glycans
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released from purified glycoproteins; and (iii) a description of
analyzed commercial glycans. We shall highlight the data collec-
tions available and efforts to integrate the database with other
resources provided by the UniCarb program. In addition, the
search functionality will be presented including options to
browse data by: (i) absolute CSS value and underivatised mass;
(ii) by glycoprotein; and (iii) by composition.
Finally, we will describe our efforts to build an open platform

(based on the GlycoRDF initiative) for searching data stored in
the UniCarb family of databases including ion mobility CSS
data. This new infrastructure offers an efficient solution for
data discovery that combines the curation efforts of UniCarbKB
and the experimental data sets.
As the technology improves and further data is generated, the

database will be continually updated and populated with CCS
values for glycomic applications. With its envisaged growth
GlycoMob will become a vital resource for analyzing glycomic
ion mobility data.

(139) A substructure search method for carbohydrate structures
based on the WURCS notation using Semantic Web technology

Issaku Yamada1, Kiyoko F. Aoki-Kinoshita2,3,
Masaaki Matsubara1, Nobuyuki P. Aoki2,
Daisuke Shinmachi2, Hisashi Narimatsu3

1The Noguchi Institute; 2Soka University; 3National Institute
of Advanced Industrial Science and Technology (AIST)

In recent years, the Semantic Web, otherwise known as Web
3.0, which functions on top of the World Wide Web, has been
rapidly growing in importance as a means to link life science
data. To support this new trend, research on applying Semantic
Web technologies to glycan data has progressed. Furthermore,
we have developed an increased level of support by providing
the Web3 Unique Representation of Carbohydrate Structures
(WURCS) as a new unique linear notation for representing car-
bohydrates on the Semantic Web.
In this presentation, we have developed WURCS-RDF as a

representation of WURCS using Resource Description
Framework (RDF). We were able to perform substructure
searches using graph comparisons of glycan representations by
using SPARQL queries and WURCS-RDF. WURCS is com-
posed of several informational parts about the carbohydrate
structure, which are then stored in RDF format as
WURCS-RDF. As SPARQL is a query language for RDF data;
it was then possible to query the RDF for specific details about
the multitude of WURCS structures in WURCS-RDF format.
In order to perform substructure search, a triple-store (a data-

base of RDF data) needs to be prepared, containing the carbo-
hydrate data to be searched. The preparation procedure is as
follows:

1. Obtain the WURCS representations for the carbohydrate
structures.
2. Convert the WURCS representations to WURCS-RDF.
3. Store the WURCS-RDF to a triple-store database (eg.,

Virtuoso, Blazegraph,…).

Substructure search can then be realized by the following pro-
cedure.

1. Obtain the WURCS representation for the query carbohy-
drate structure.

2. Generate WURCS-SPARQL query for structural search
fromWURCS.

3. Search the database using the SPARQL query.

As a result, we were able to directly perform complex carbohy-
drate queries by directly using the database query language, as
opposed to previous methods that required algorithmic manipu-
lations of the data for querying databases. Because of this, queries
can be performed very quickly for large data sets, and as such,
this method is currently being used in the GlyTouCan repository.

We are currently considering the classification of carbohy-
drate structures using the hierarchical relationships in these
results and the various rules defined byWURCS for representing
carbohdyrates at the atomic level. Furthermore, we are consider-
ing the application of WURCS-RDF to glycopeptides/proteins
and glycolipids using RDF.

Acknowledgement: This research was supported by National
Bioscience Database Center (NBDC), Japan Science and
Technology Agency (JST).

(140) Expression of C1-Inh with excellent glycosylation profile
and serum half-life in CAP-Go.2 cells

Silke Wissing, Jens Woelfel, Helmut Kewes, Christian Niehus,
Corinna Bialek, Sabine Hertel, Nicole Faust

CEVEC Pharmaceuticals, 51105 Cologne, Germany

Due to their clinical importance, the development of therapeutic
proteins has accelerated immensely over the past years.
However, the expression of highly glycosylated recombinant
therapeutic proteins like for example blood coagulation factors
or serum proteins, has remained a challenging task.

C1-Inhibitor (C1-Inh) is glycosylated with 7 N-glycans and 8
O-linked glycans. Plasma derived C1-Inh (Berinert) as well as
recombinant C1-Inh from transgenic rabbits (Ruconest) are
approved for the treatment of acute attacks in patients with her-
editary angioedema. However, the recombinant product shows
a dramatically reduced serum half-life in pharmacokinetic
studies in comparison to the plasma derived counterparts.

We have developed the CAP-Go protein expression platform
to confer optimal glycosylation to complex glycoproteins like
C1-Inh. The CAP-Go.1 cell line has been modified to facilitate
expression of proteins with fully sialylated N-glycans.
Recombinant proteins like human alpha-antitrypsin or human
placental alkaline phosphatase produced with CAP-Go.1 show
a significantly prolonged serum half-life in rats. However, ex-
pression of rhC1-Inh in CAP-Go.1 cells has no positive impact
on the pharmacokinetic profile.

Expression of rhC1-Inh in CAP-Go.2 cells, which in addition
addresses the O-linked glycosylation patterns, results in a signifi-
cantly increased serum half-life of compared to its counterpart
and is actually indistinguishable from the plasma-purified
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protein. C1-Inh expressed in CAP-Go.1 or CAP-Go.2 cells show
a similar reduction of terminal galactose on N-glycans, but their
O-glycans differ. O-glycan analysis shows that rhC1-Inh
expressed by CAP-Go.2 cells contains only core1 O-glycan
structures, highly comparable to plasma-derived Berinert. Our
results indicate that in addition to N-glycosylation, also the
structure of O-linked glycans plays a crucial role in bioavailabil-
ity and pharmacokinetic properties of glycoproteins.
In conclusion, rhC1-Inh expressed from CAP-Go.2 cells,

which have been optimized for the expression of N- and
O-glycosylated proteins, display glycan patterns closely similar
to plasma-derived C1-Inh. The resulting molecule has a signifi-
cantly prolonged serum half-life as compared to C1-Inh gener-
ated on a conventional human cell line.
Our new recombinant molecule matches serum-derived C1-In

all aspects analyzed: specific activity, serum half-life, and glyco-
sylation pattern and offers the advantage of being producible at
large scale on a safe platform.

(141) Extending the functionalities of nanoLC-MS2/
MS3-based glycomic pipeline in mapping and quantifying the

critical glycosylation features
Ming-Yi Ho1, Cheng-Te Hsiao2, Po-Wei Wang2,

Jian-You Chen2, Yu-Dai Kuo2, Hua-Chien Chang2,
Chu-Wen Cheng2, Shui-HuaWang2, Kay-Hooi Khoo2

1Institute of Stem Cell and Translational Cancer Research,
Chang Gung Memorial Hospital, Taiwan; 2Institute of

Biological Chemistry, Academia Sinica, Taiwan

The essence of glycomics is not to enumerate as many distinct in-
dividual glycan entities but more so all the biologically relevant
glycosylation features of a cell or tissue, primarily in terms of the
expressed terminal glycotopes. Towards this end, we have devel-
oped and further refined our existing nanoLC-MS/MS-based gly-
comic workflows for concerted non-sulfated and sulfated glycans
analysis. Our approach is largely driven by target-selective multi-
stage, multimode fragmentation to zero in on resolving and quan-
tifying isomeric constituents of variably fucosylated, sialylated
and/or sulfated glycotopes at high sensitivity. Over the years, we
have accumulated evidence for sulfation on practically all com-
monly found glycotopes including those of multifucosylated ones
decorating the mucosae. Since sulfation alters significantly the
binding affinity and hence productive recognition of glycotopes
by endogenous lectins and those of microbes, ability to quantify
the overall degree of sulfation becomes an urgent need yet to be
realized. We have now adapted the conventional GC-MS-based
methylation analysis method for targeted nanoLC-MS/MS quan-
tification of reducing terminal GlcNAcitol and GalNAcitol resi-
dues for N- and O-glycans, respectively. In concert with reliable
fractionation of sulfated and non-sulfated permethylated glycan
pools, our glycotope centric glycomic analytical pipeline can now
be extended to include a relative quantification of the overall
degree of N-glycan core fucosylation, O-glycan core 2 or 4
branching, and sulfation for the respective pools. Other specific
residues can likewise be targeted to quantify a particular struc-
tural motif. Applications to various cells and tissues have allowed

many insights never before possible, some of which will be select-
ively presented in this communication.

(142) Permethylation of glycopeptides and tandem high
resolution MS-MS analysis for the rapid elucidation of

N-linked glycoproteome
Asif Shajahan, Mayumi Ishihara, Parastoo Azadi

Complex Carbohydrate Research Center, University of
Georgia, Athens, GA

The rapid and reliable analysis of protein glycosylation is cur-
rently unavailable due to the lack of comprehensive and univer-
sal methods. We have developed a platform for the analysis of
glycoprotein by integrating glycomics and glycoprotemics in a
single experiment through the permethylation of glycopeptides
and their tandem mass spectrometry analysis. The availability
of high resolution tandem MS-MS techniques and data analysis
platforms would open new paradigm for the analysis of per-
methylated glycopeptides which were used for the characteriza-
tion of glycan structures couple of decades ago. Such a method
would drastically simplify glycoprotein analysis and thus
enables it for standard laboratory operations and facility.
Moreover, glycans with unique glycosidic linkages, particularly
from prokaryotes, which are resistant to removal by enzymes
and chemical liberation (β elimination), could also be detected
and analyzed by such a complementary methodology. Herewith
we present the analysis on N-linked glycopeptides of ribonucle-
ase B and fetuin, performed through the tandem MS analysis
of permethylated glycopeptides generated via protease
digest. Complete permethylation on both glycan and peptide
portions were achieved by a modified permethylation condition.
Interestingly, the glycan patterns, glycosylation site and their oc-
cupancy are all detected and identified in a single experimental
procedure. Acquisition on a high resolution LC-MS/MS system
with fragmentation methodologies such as high-energy collision
dissociation (HCD), collision induced dissociation (CID) pro-
vided the complete sequence of the glycan structure attached on
the glycopeptides. On the other hand electron transfer dissoci-
ation (ETD) provided information on the sequence of the glyco-
peptides along with the site of glycan occupancy. Expanding
the applicability of the current method by suitable modifications
would enable development of a complementary method for the
rapid detection of glycosylation on glycoproteins.

(143)One-pot consolidated glycomics and glycoproteomics
experiment using permethylation of glycopeptides and

high-resolution tandemMS analysis
Parastoo Azadi, Christian Heiss, Asif Shajahan,

Mayumi Ishihara
University of Georgia, CCRC

We have developed a platform for the analysis of glycoproteins
by integrating glycomics and glycoproteomics in a single one-pot
experiment through the permethylation of glycopeptides and
their tandem mass spectrometry analysis. Currently, mass spec-
trometry experiments on both released glycans (“glycomics”), as
well as on intact glycopeptides (“glycoproteomics”) are needed
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to fully elucidate the structure of glycoproteins. Glycomics
depends on a derivatization procedure called “permethylation”,
in which every hydroxyl proton is replaced by a methyl group.
Separate glycoproteomics experiments are needed because glycan
release abolishes all site-specific information. We will show data
from a consolidated workflow where permethylation and MS
analysis of intact glycopeptides has given all the necessary infor-
mation pertaining to the glycoprotein, including glycan fine
structure, attachment site, and glycosylation degree in only one
experiment. This method promises to drastically simplify glyco-
protein analysis and make it widely accessible. Additionally, this
method is well suited for analysis of glycans with unique glyco-
sidic linkages, particularly from prokaryotes, which are resistant
to removal by enzymes and chemical liberation (β elimination).
Complete permethylation on both glycan and peptide portions
was achieved with minimal peptide degradation by a modified
derivatization procedure. Acquisition on a high resolution
ESI-MS/MS system with fragmentation methodologies such as
high-energy collision dissociation (HCD) and collision induced
dissociation (CID) provided the complete sequence of the glycan
structure attached to the glycopeptides. On the other hand elec-
tron transfer dissociation (ETD) gave information on the se-
quence of the glycopeptides along with the site of glycosylation.
The proposed methodology has the potential to accelerate glyco-
proteomics research and to make it accessible to the wider bio-
chemical and biomedical community.

(144) Analysis of samples as well as their mixtures allows
RElative QUantItation of Everything Meaningful

Sami T. Tuomivaara, William S. York
University of Georgia

Evaluating the accuracy of the results from quantitative analyses
poses many challenges for the experimentalist. We have
reviewed numerous combinations of samples, workflows, and
data analyses and identified criteria that can be applied to
resolve these fundamental problems in quantitative analysis.
However, the unique features of the different samples, work-
flows and desired information content of the data can make it
difficult to apply these criteria without either considerable in-
vestment of resources, or considerable modification of the ana-
lytical process. For instance, using standards is one of the most
common ways for compensating for the uncertainty and error
in analysis, but all of the various ways of utilizing standards
have their shortcomings. Here, we present a novel approach for
the relative quantitation of analytes, whereby the samples ana-
lyzed alone and as mixtures provide the information conven-
tionally obtained by employing standards. The application of
this novel approach is extremely simple: for comparing the rela-
tive amounts of components in two samples, a mixture is pre-
pared from aliquots of the samples. The samples and the
mixture are then processed and analyzed in parallel according
to the intended workflow without any additional requirements.
We show that all the information required for relative quantita-
tion of analytes between two samples is contained in the

samples and the mixture themselves, and no standards, instru-
mental calibrations, or knowledge of the response factors of the
analytes are required. Using well-defined mixtures of purified
glycans in our proof-of-principle analysis, we are able to
compute the absolute fold-differences of the amounts of the in-
dividual components between two samples. We dubbed this
concept REQUIEM, for RElative QUantItation of Everything
Meaningful, reflecting its wide applicability. We analyze data
obtained by chromatographic as well as single-stage and
tandem mass spectrometry approaches to demonstrate the ap-
plicability of REQUIEM. We also show that REQUIEM ana-
lysis contains a wealth of information about the linearity of the
analytical data generated by diverse workflows and that non-
linearities introduced into the workflow can be, at least in prin-
ciple, corrected by suitable linearization protocol without sacri-
ficing validity of the results.

(145) Glycopeptidomics: Where Lectin Enrichment, ETD and
New Bioinformatic Tools Can Get You

Robert J. Chalkley, Katalin F. Medzihradszky
University of California San Francisco

Glycopeptide analysis has the potential to be much more in-
formative than analyzing released glycans, as it can provide in-
formation about site-specific heterogeneity. Unfortunately, it is
also much more challenging to perform, so has mostly been
employed for single protein analyses. However, several recent
technology developments have made global glycoproteomic
analysis a viable approach. In this presentation I will highlight
some of these advances, and present examples of the types of
data that can be achieved.

Lectin weak affinity chromatography using wheat germ ag-
glutinin has been developed as a method that enriches most
types of glycosylation, both N- and O-linked. Electron transfer
dissociation provides efficient fragmentation of peptide back-
bones while leaving glycans intact, allowing identification of
peptide glycosylation sites and attached sugar compositions,
while complementary CID data can provide confirmation of
identifications and sometimes linkage information. Some search
engines have been adapted to analyze glycopeptide data, and I
will highlight special features of Protein Prospector that have
allowed identification of thousands of unique glycopeptides in
different tissues and species.

This work is supported by the NIH NIGMS grant
8P41GM103481.

(146) Chemoenzymatic Synthesis of homogeneous N-glycans
Lei Li, Yunpeng Liu, Cheng Ma, Jingyao Qu, Peng G. Wang
Department of Chemistry, Georgia State University, Atlanta,

GA 30303

Quantification, characterization and biofunctional studies of
N-glycans on proteins remain challenging tasks due to complex-
ity, diversity and low abundance of these glycans. The availabil-
ity of structurally defined N-glycans (especially isomers)
libraries is essential to help on solving these tasks. By using
anefficient chemoenzymatic strategy, namely Core Synthesis/
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Enzymatic Extension (CSEE), we are preparing diverse
N-glycan libraries with defined structures. A few Core structures
containing small numbers of monosaccharide residues were
chemically prepared in a convergent strategy. Each of these core
structures was then extended to 5 to 15 N-glycan sequences by
enzymatic reactions catalyzed by several robust glycosyltrans-
ferases. Using this strategy plus a HPLC based purification
method, around 80 N-glycans (containing 63 isomers) were
successfully prepared into min 98%. The synthesized glycans
were then applied in glycan micro-array and glycan analysis.
The CSEE strategy provides a practical approach for “mass pro-
duction” of structurally defined N-glycans, which are important
standards and probes for glycoscience.

(147) Towards rational in vivo glyco-engineering: insights into
N- and O- glycosylation of the model filamentous fungus
Neurospora crassa from glycomics and glycan analyses

Patricia Bubner, Shu-Lun Tang, Stefan Bauer, N. Louise Glass,
Chris R. Somerville

Energy Biosciences Institute, University of California Berkeley,
Berkeley, CA 94720, USA

Glycosylation plays key roles in the transport and secretion of
proteins, cell wall stability, host-pathogen interaction, and in
protein stability, activity, and substrate binding. Filamentous
fungi are important protein producers in industrial biotechnol-
ogy, but more importanly, some of them, such as Aspergillus
fumigatus, are opportunistic human pathogens [1]. It is there-
fore of great significance to first, understand glycosylation path-
ways of filamentous fungi and the roles that glycans have in
pathogenesis in order to identify novel drug targets. Second,
comprehension of how glycosylation of secreted proteins influ-
ences their stability, activity, and substrate-binding properties is
crucial for optimized industrial enzymes.
With a near-complete collection of knockout mutants and a

comprehensive set of genetic tools available, the filamentous
fungus Neurospora crassa lends itself as a model system for
studying glycosylation in filamentous fungi [2]. N. crassa is
non-pathogenic and, moreover, secretes large amounts of glyco-
sylated proteins. Hence, it is an ideal system to study N- and
O-glycosylation of filamentous fungi, the latter one of which is
particularly poorly understood.
Here we present a multi-facetted approach comprising first,

detailed N- and O-glycan analyses as well as glycosylation site-
mapping of cellobiohydrolase I (CBHI), the major protein secreted
by N. crassa; second, a combined top-down and bottom-up whole
glycome approach. Detailed analysis of CBHI glycosylation
revealed several N- and O-glycosylation sites. N-glycans are of the
high mannose type typical for filamentous fungi, which, contrary
to yeast, do not hyperglycosylate. Interestingly, O-glycan analysis
showed a significant amount of branched glycans also different to
yeast. Furthermore, galactofuranose (Galf) is present in N. crassa
O-glycans. Galf has been reported to play a role in pathogenesis in
pathogenic organisms, but is not found in mammals, which makes
it a promising potential drug target. We also identified four major

genes involved in Galf-ylation, a first step towards rational in vivo
glyco-engineering in filamentous fungi.

Acknowledgments: Patricia Bubner gratefully acknowledges
support from the Austrian Science Fund FWF (grant J
3528-B22).
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(148) The Official Release of the International Glycan
Structure Repository
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Ritsumeikan University, Shiga, Japan; 9The Noguchi Institute,
Tokyo, Japan; 10Niigata University Graduate School of

Medical and Dental Sciences, Niigata, Japan; 11Center for
Biomedical Mass Spectrometry, Boston University School of

Medicine, Boston, MA, USA

The first official release of the International Glycan Repository
(GlyTouCan), was completed in July to enable the registration
of glycan structures through a web browser or programmable
interface. This repository also provides a variety of methods to
query and browse the relationships of structures based upon
logic inherent within the registered glycan information. As
reported earlier, the repository is a freely available, uncurated
registry for glycan structures that assigns globally unique acces-
sion numbers to any glycan independent of the level of informa-
tion provided by the experimental method used to identify the
structure(s). That is, any glycan structure, ranging in resolution
from monosaccharide composition to fully defined structures
including glycosidic linkage configuration, can be registered as
long as there are no inconsistencies in the structure format.

By entering a known ID for a glycan into a text field at the
top of the page, it is possible to quickly view all aspects of the
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specified glycan structure, including related linked data. There
are also two other search pages that allow users to draw a struc-
ture or enter the structure in a textual format to search for regis-
tered glycans containing the specified structure.
A detailed manual is now also available, describing the func-

tionality in the frontend of GlyTouCan, backend Glyspace web
services, and linked data endpoint. The aim of GlyTouCan is to
simplify the identification of glycans and to help link related
data within the many life science databases available world-
wide. The main repository page can be found at http://glytou-
can.org. Each page has a manual icon that links to a detailed
explanation of the functionality available.

Acknowledgement: This research was supported by National
Bioscience Database Center (NBDC), Japan Science and
Technology Agency (JST).

(149) Toward the Rational Design of Antibodies with
Improved Therapeutic Potential

Morgan L. Nance1,2, Jason W. Labonte1, Jeffrey J. Gray1
1Johns Hopkins University; 2University of California, Davis

It is well understood that differential glycosylation can be used
to modulate an antibody’s therapeutic potential. Unfortunately,
since an antibody’s carbohydrate composition is dependent on
which enzymes are expressed in the eukaryotic cell line used for
production, the testing of different glycoforms is challenging,
time-consuming, and expensive. An alternative method of
design is thus required to create new and improved therapeutic
antibodies more efficiently. We have developed a framework
within the Rosetta structure-prediction and design software
suite for modeling saccharides and glycoconjugates, including
glycoproteins. Updates to the Rosetta code have allowed access
to all of the relevant torsion angles, (ϕ, ψ, ω, ν, and χ), enabling
the ability to capture the energetic contribution of the conform-
ational variability that is intrinsic to carbohydrates, such as
flexibility, stereochemistry, and branching. The addition of a
library of low-energy ring conformers and a glycosidic bond
scoring method has facilitated the incorporation of carbohy-
drates into Rosetta’s core functions and protocols.
We will present the beginning framework of an algorithm

that will rationally predict amino acid and carbohydrate muta-
tions to improve antibody–receptor binding and therapeutic po-
tential. We will demonstrate Rosetta’s modeling capabilities by
presenting images of various antibody and antibody–receptor
structures. Lastly, we will highlight Rosetta’s ability to recapitu-
late experimental binding affinity data, as well as our plans to
further test and improve this functionality.
Our work will advance the efforts of antibody engineering

for increased therapeutic potential, as well as expand the com-
putational tools available to scientists working with antibodies
and other glycoproteins.
Financial support: EAGER award, NSF Division of

Biological Infrastructure (1541278).

(150) Comparative analysis of enforced a(1,3)-fucosylation
using intracellular and extracellular methods

Bradford Dykstra1,2, Jungmin Lee2,4, Conor Donnelly1,2,
Luke Mortensen5, Charles Lin2,3, Derrick Rossi2,4,

Robert Sackstein1,2
1Brigham andWomen’s Hospital; 2Harvard Medical School;

3Massachusetts General Hospital; 4Boston Children’s Hospital;
5University of Georgia

To analyze structure-function relationships of discrete glycan
determinants, we have selectively altered cellular glycosylations
using enzymatic approaches. To this end, we have created
modified RNA constructs encoding glycosyltransferases and
have also developed conditions to exoglycosylate cell surfaces
without affecting cell viability. In this study, we sought to deter-
mine how the introduction of fucosyltransferase VI (FTVI) into
the Golgi would affect the cell surface expression of fucosylated
lactosaminoglycans, comparing these structures with those gen-
erated by exofucosylation using purified FTVI enzyme. To
address this question in a clinically relevant cell system, we uti-
lized human bone marrow mesenchymal stem cells (MSCs),
which are natively devoid of α(1,3)-fucosyltransferases but
display lactosamines and sialylated lactosamines. MSCs were
transiently transfected with modified RNA encoding human
FUT6 (FUT6-modRNA) or incubated with purified FTVI
enzyme and GDP-fucose (FTVI-exofucosylation). Expression of
sLex and Lex were measured by flow cytometry and Western
blot immediately after FTVI-exofucosylation, or 48-72 hours
following FUT6-modRNA transfection. Both FUT6-modRNA
and FTVI-exofucosylation created considerable amounts of
sLex on the cell surface, with FUT6-modRNA cells showing
slightly higher overall levels. FUT6-modRNA created modest
levels of Lex on the cell surface, while FTVI-exofucosylation
created no detectable Lex. Western blot of sLex revealed that
FTVI-exofucosylation of MSCs created two predominant
sLex-bearing proteins of �90kD and �65kD, while FUT6-
modRNA created these and several additional sialofucosylated
proteins. Functional assessment of E-selectin binding capacity
was performed using a parallel plate flow chamber containing
TNF-stimulated (i.e., E-selectin expressing) human endothelial
cells. Untreated MSCs had virtually no tethering/rolling activity
under flow conditions, while both FUT6-modRNA and FTVI-
exofucosylated MSCs demonstrated robust E-selectin binding
activity, with tethering/rolling observable at shear stresses up to
4 dynes/cm2. To assess MSC-endothelial interactions in vivo,
intravital microscopy imaging of bone marrow micro-
vasculature was performed following MSC administration
intravenously. Studies to date indicate that FUT6-modRNA and
FUT6-exofucosylated MSCs display significantly increased
bone marrow homing, with no observeable differences. In con-
clusion, though enforced α(1,3)-fucosylation by introduction
of FTVI enzyme within the Golgi (FUT6-modRNA) yields
more cell surface sLex and a more diverse repertoire of sialofu-
cosylated glycoproteins than FTVI-exofucosylation, the
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functional impact of enforced exofucosylation is similar among
intracellular and extracellular glycoengineering approaches.

(151)Next generation insect cell lines for the production of
glycoproteins with homogenous, humanized N-glycan profiles

Christoph Geisler1,2, Don L. Jarvis1,2
1GlycoBac; 2University of Wyoming

The baculovirus / insect cell system (BICS) is a proven, powerful,
and versatile protein production platform. It is safe, fast, rela-
tively easy to use, and can produce correctly folded proteins
with higher eukaryotic post-translational modifications, includ-
ing glycosylation.
Consequently, the BICS is used to produce biologically func-

tional proteins including vaccines and diagnostics for a wide
variety of academic and industrial applications. The utility and
safety of the platform is further underscored by the recent FDA
approval of three BICS-produced biologics for clinical use in
humans.
However, BICS-produced glycoproteins contain relative simple,

paucimannose insect-type N-glycans. In contrast, the same glyco-
proteins made in mammalian protein production platforms
contain complex, terminally sialylated human-type N-glycans.
Thus, therapeutic glycoproteins that require the presence of human-
type glycans for their efficacy cannot be produced in the BICS.
We have previously addressed this problem by engineering insect

cells with the biosynthetic machinery required to produce human-
type glycans. Although these early generation glycoengineered cell
lines could produce the desired glycan structures, they were ineffi-
cient, and yielded proteins with a mixture of insect- and human-
typeN-glycans.
Here, we present several new glycoengineered insect cell lines

that can produce proteins with various human-typeN-glycan struc-
tures. Each of these new cell lines are designed to produce glycopro-
teins with a distinct glycan structure, selected because they appear
on commercially important biologics, and are critically important
for their therapeutic e-fficacy.
We provide data demonstrating that the next-generation cell

lines can produce recombinant glycoproteins with nearly homogen-
ous glycan profiles that lack insect-type structures.
Thus, GlycoBac’s new cell lines enable the BICS as a bona fide

platform for the production of effi-cacious glycoprotein biologics,
and allow biopharmaceutical manufacturers to take advantage of
the system’s unique advantages. The new cell lines are also power-
ful tools for basic and applied research that requires homogenously
glycosylated proteins with human-type glycans. Finally, the new
cell lines allow investigators to compare various glycoforms of the
same protein.

(152) Development of novel qualitative and quantitative
workflows for mass spectrometry based glycoproteomics

and glycomics
Julian Saba, Rosa Viner
Thermo Fisher Scientific

Glycosylation is an important post-translational modification
that plays crucial roles in biochemical processes. However,

characterization and identification of glycopeptides and free
glycans remains analytically challenging. Though, mass spec-
trometry has emerged as one of the most powerful tools for
studying glycosylation. Large scale, high throughput workflows
using mass spectrometers for glycosylation lags behind other
post-translational modification analysis. The main reason for
this is the use of mass spectrometry acquisition strategies that
are not developed with glycosylation in mind. Here we will
present novel workflows that minimize some of the pain points
associated with glycopeptide and glycan analysis. We will also
discuss the development of novel fragmentation technique
termed electron-transfer/higher-energy collision dissociation
(EThcD). This fragmentation strategy combines electron trans-
fer dissociation (ETD) and beam-type collision-induced dissoci-
ation (HCD) to produce new fragmentation that provides more
complete fragmentation of glycopeptides than either ETD or
HCD alone. Thus, providing increased confidence in site local-
ization of glycosylation. We have applied these techniques in
characterizing glycopeptides from human serum enabling large
scale intact glycopeptides analysis. We will also present syn-
chronus precursor selection (SPS MS3) acquisition strategy that
enable multiplex quantitation of intact glycopeptides using iso-
baric labels such as tandem mass tags (TMT). This type of
quantitation prior to the development of SPS MS3 was impos-
sible on commercial mass spectrometers. In this approach
parent ions are selected in MS1 scan, isolated in quadrople and
fragment by ETD in the ion trap. Synchronous precursor selec-
tion is then performed in the ion trap, where multiple MS2 frag-
ment ions are selected and isolated using single trap fill and
waveform. Up to 20 fragments could be isolated simultaneous-
ly. Selected MS2 fragment ions are then transferred back into
HCD cell and HCD MS3 is performed. The MS3 fragments are
then detected in the ion trap or Orbitrap for reporter ion based
MS3 quantitation. Using this method we were able to quantify
almost 90% of identified unique TMT6 labeled human serum
glycopeptides. We will also present workflows and tools for
simplifying free glycan analysis.

(153) Canine respiratory tract derived glycans that bind
specifically to hemagglutinin proteins of H3N2 avian origin

and H3N8 equine origin canine influenza viruses
Chun-Kai Yang1, Minhui Guan1, Lei Li2, Cheng Ma2,
Nan Zhao1, Jingyao Qu2, Lei Zhong1, Peng G. Wang2,

Xiu-Feng Wan1
1Influenza Systems Biology Laboratory, Department of

Basic Sciences, College of Veterinary Medicine, Mississippi
State University, Mississippi State, MS 39762; 2Department of

Chemistry, Georgia State University, Atlanta GA 30302

Influenza A viruses (IAVs) are enveloped, segmented,
negative-strand RNA viruses belonging to the family
Orthomyxoviridae. Besides human, IAVs naturally infect birds,
pigs, horses, dogs, and sea mammals. Two subtypes of IAVs
emerged and have been epidemic in dog populations, including
equine-origin H3N8 (cH3N8e), first isolated in Florida in
2004, and avian origin H3N2 (cH3N2a), isolated in South
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Korea and China in 2006. We previously demonstrated the mu-
tation of hemagglutinin glycoprotein from cH3N2a could facili-
tate infection in dogs due to the change of influenza host
tropism and the binding preference on Neu5Acα2–3Galβ1–4
(Fuca-)-like or Neu5Acα2–3Galβ1–3(Fuca-)-like structures
(Yang et al. 2013. Journal of General Virology, 12:2599-2608).
However, whether these two subtypes of IAVs from different
host origins would require the same types of host receptors in
dogs are still not clear. In this study, we have developed and
applied glycomics approaches to characterize the N-linked
glycan profiles in the upper respiratory tracks and the specific
receptors bound by cH3N8e and cH3N2a. Through
LTQ-Orbitrap mass spectrometry characterization, a total of
1479 and 1980 spectrums were identified, and a total of 158
and 303 N-linked glycans were matched with those from
current glycan databases in trachea and turbinate tissue
samples, respectively. A novel pull-down technique was then
developed and applied to determine glycans bound by hem-
agglutinin of IAVs. Results showed that hemagglutinin from
both cH3N8e and cH3N2a bound to the glycans with terminal
structures of α2-3 linked sialylated glycan and of galactose. In
addition, hemagglutinin of cH3N2a binds to the glycans with
N-Acetylglucosamine/N-Acetylgalacotosamine terminals, as
were also supported by glycan motif characterization from
glycan array data. The bindings between these glycans and IAVs
were further validated through solid phase binding assays using
synthetic glycans and the whole viral particles. In summary,
these results suggest that conserved glcyans be bound by hem-
agglutinin proteins of two subtypes of canine IAVs. Additional
experiments will be needed to assess the roles of these glycans in
viral infections.

(154) Sparse learning from glycan array data suggests that
terminal complexes of specific sub-sequences and branches

affect the binding preference of influenza Avirus
Nan Zhao1, Lei Li2, Minhui Guan1, Lei Zhong1,
Chun-Kai Yang1, Peng G. Yang2, Xiu-Feng Wan1

1Influenza Systems Biology Laboratory, Department of Basic
Sciences, College of Veterinary Medicine, Mississippi State
University, Mississippi State, MS 39762; 2Department of
Chemistry, Georgia State University, Atlanta GA 30302

To infect a cell, influenza A virus (IAV) first binds to glycan
receptors on the cell and initiates a multi-step pathway.
Different strains of IAVs may have different binding affinities to
the same glycan. Previous studies showed that the glycans with
α2,3- and α2,6- sialic acid terminals were bound preferably by
avian- and human-origin IAVs, respectively. However, the ter-
minal structures determining the binding between glycan and
IAV are still not well characterized. In this study, we developed
a sparse learning method to identify glycan motifs from glycan
array data. A new feature vector with multi-branch sub-
sequences was incorporated. These features were coded in a
way different from the solely substructure-based features in
current methods, none of which code the multi-branch patterns
of a given glycan. This feature presentation was developed

based on the rationales that antennary forms (e.g. bi-, tri- or
tetra-antennary) of glycans were documented to affect signifi-
cantly the interactions between glycans and IAVs, and that
native glycan sequences were mostly of a tree structure with
multiple terminal branches. Through regression models, we
attempted to identify glycan terminal sub-sequences and
branches being responsible for binding affinity of an IAV.
Results showed that glycan terminals formed by multiple
mannose saccharides contributed to the binding of both human
and avian origin IAVs. Second, dual terminal saccharide motifs
composed of either two Gals or two GlcNAcs were recognized
by avian origin IAVs. In addition, an additional asymmetric
branch with the pattern Galβ1-4GlcNAc, was suggested to
trigger the binding preference of a glycan with α2,6-linked sialic
acid to avian IAVs. Cross validation in silicon and solid phase
binding assays using synthetic glycans were performed to valid-
ate the results from sparse learning. In summary, these results
suggested that, in addition to specific terminal subsequences,
glycan terminals of multiple branches would be one important
factor affecting the interactions between a specific glycan and
IAV.

(155) GLYCOPAT: An open-source data analysis platform for
individualized glycoproteome analysis

Sriram Neelamegham, Liu Gang, Lo Y. Chi
State University of New York, Buffalo, NY, USA

Glycosylation is among the most abundant and diverse protein
post-translational modifications (PTMs) identified to date. The
structural analysis of this PTM is challenging due to the diverse
monosaccharides which are not conserved among organisms,
the branched nature of glycans that result in non-linear struc-
tures and heterogeneity in the glycan distribution at a given site.
Glycoproteomics experiments have adopted the traditional
high-throughput LC-MSn proteomics workflow to analyze site-
specific glycosylation. However, comprehensive computational
platforms for data analyses are scarce. To address this limita-
tion, we present the first open-source, modular software for gly-
coproteomics data analysis called GlycoPAT (GlycoProteomics
Analysis Toolbox). The program introduces ‘SmallGlyPep’ as a
minimal linear representation of glycopeptides for MSn data
analysis. It enables MS/MS analysis of N- and O-linked glycosy-
lation using a comprehensive scoring scheme to rank the hits
based on cross-correlation analysis and probability based
approaches. False discovery calculations are used to determine
the acceptable score and to eliminate false positives. Facilities
for parallel computing for the analyses of large datasets and
GUIs (Graphical User Interfaces) for persons unfamiliar with
programming are also provided. Program validation is per-
formed using simple proteins and mixtures of standard glyco-
proteins in a variety of fragmentation modes including CID
(collision induced dissociation), HCD (higher-energy collisional
dissociation) and ETD (electron transfer dissociation) modes. In
a final example, the program is used to characterize the human
coagulation glycoproteome using cryoprecipitate purified from
5cc of fresh donor blood. Thus, GlycoPAT can enable precision

Meeting Abstracts 2015 SFG Annual Meeting

1282

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/article/25/11/1207/1988660 by guest on 20 M

arch 2024



medicine by characterizing individual human glycoproteomes
with limited biological sample amounts.

(156) Glycan Remodeling of Therapeutic Proteins using
Galactosyltransferase and Sialyltransferases

Steven Mast, Sybil Lockhart, Justin Hyche, Sam Tep, Ted Haxo
ProZyme, Inc.

Glycosylation of therapeutic proteins can play critical roles in
product quality and efficacy; controlling or optimizing glycosy-
lation has many potential benefits. Terminal galactosylation has
been shown to directly impact complement-dependent cytotox-
icity (CDC); terminal sialylation can affect serum half-life; core
fucosylation modulates antibody-dependent cellular cytotox-
icity (ADCC); terminal and bisecting N-acetylglucosamines and
high mannose glycans can impact ADCC as well as rate of clear-
ance. An alternative strategy for modifying glycosylation is
through the use of selected glycosyltransferase enzymes in a
post-expression setting. In this way, glycomodified products can
be quickly generated for various applications, such as structure-
activity relationship (SAR) studies and quality-by-design (QbD)
experiments. There is even potential for the use of glycosyltrans-
ferases as a means for generating glyco-opitimized therapeutics.
Presented here are the results from glycomodifications per-
formed on Rituxan® and Enbrel® using a galactosyltransferase
(GalT) and two sialyltransferases (α(2-3) and α(2-6) ST).
Analysis of 2-AB labeled N-glycans by UPLC®-FLR demon-
strates the ability to generate biotherapeutics with varying
degrees of galactosylation and sialylation.

(157) GlyrReSoft: A tool for assigning sites specific
glycoprotein glycosylation from integrated omics data using

rigorous statistics
Joseph Zaia, Joshua Klein, Kshitij Khatri, Shun Yip

Boston University School of Medicine

The mature glycosylated structures of most glycoproteins
remain unknown. This is because X-ray and NMR data typical-
ly do not resolve glycan micro-heterogeneity and the flexible
nature of glycan chains prevents efficient three dimensional
structural studies. As a result, it is necessary to use site-specific
glycosylation to model glycoprotein three dimensional structure
using glycans actually present on functional molecules. Each
protein glycosite is occupied by a variety of glycoforms, each
with varying interactions with binding partners; however, due
to the lack of effective software tools for glycoproteomics, the
roles site-specific glycosylation plays in protein-protein/protein-
glycan interactions remains loosely-defined. In addition, there is
no consensus regarding appropriate statistical methods for
assigning biological significance of glycoproteomics data.
Bioinformatics remains a serious bottleneck in glycoproteomics.
The field needs a consistent means of assigning the biological

significance of glycoproteomics data. In order to assign site-
specific glycosylation structure from complex glycoprotein
samples that contain several glycosylation sites from one or
more core proteins, it is necessary to integrate proteomics, gly-
comics and glycoproteomics data. This is because the search

space scales exponentially with increase in glycosylation sites
and glycan compositions. Therefore, the conventional FDR
methods used in proteomics are not applicable in glycoproteo-
mics. While the analytical methods for acquiring mass spectral
data for these three domains are well established, no software
tools are available for integrating all the information into
mature glycoprotein structures.

We developed the GlycReSoft program to (1) assign glycan
and glycopeptide compositions and abundances from LC-MS
and LC-tandem MS profiling experiments, (2) build an accurate
search space by integrating glycomics and proteomics results for
the glycoprotein sample, and (3) define the most probable
peptide sequence, glycan composition, and site of glycosylation
from tandem mass spectra and the defined search space. The al-
gorithm assigns the significance of results across experiments
using p-values and false positive rates to calculate false discov-
ery rates. In this way, we provide a model of glycopeptide-
spectrum match evaluation that takes advantage of recent devel-
opments in proteomics tailored for glycopeptides.

(158)Mucin glyco-profiling by magnetic bead capture
approach and its predictive biomarker value in breast- and

colorectal cancer
Nicolai N. Maolanon1,2, Roman Gineste4, Chunmei Cao1,

Xin Hu1, Joy Burchell3, Guoxiang Cai1, Ola Blixt2,
Zhi-Ming Shao1

1Fudan University Shanghai Cancer Center, China; 2University
of Copenhagen, Denmark; 3King’s College London, England;
4Transgene Biopharmaceuticals Technology (Shanghai) Co.

Ltd., China

We sought to develop a method for detection of the cancer
related carbohydrate antigens, Neu5Ac-α2,6-GalNAc-β1-Ser/
Thr (STn) and GalNAc-β1-Ser/Thr (Tn), on CA15-3 (MUC1)
and CA125 (MUC16). Aberrant glycosylation are observed in
all cancers and the full potential of these aberrations have not
fully been exploited in prognostics, prediction and diagnostics.
Most procedures focused on glycomics in cancer involve chro-
matography (such as HPLC methods) and mass spectrometry
for analysis and requires highly specialized staff and lab facil-
ities. We recently demonstrated improved differential diagnosis
of ovarian cancer patients by microarray glycoprofiling of
CA125 (MUC16)(Chen et al. 2013). To further develop this
assay into more user friendly assays, this work describes the
magnetic bead based method, Luminex®, to measure the pres-
ence of the cancer related carbohydrate targets, STn- and
Tn-antigen in serum or plasma samples. Luminex® is designed
for measuring concentrations of circulating biomarkers in a
multi-plexed fashion. However, by modifying the protocol by
incorporating an enzymatic cleavage step and using Vicia
villosa lectin for detection, the presence of STn- and
Tn-antigens on individual biomarkers could be revealed. The
method was successfully developed and was used to detect dif-
ferential expression of STn/Tn-antigens in breast- and colorectal
cancer patients. For MUC1-STn/Tn in triple negative breast
cancer (TNBC), a significant difference between patients with a
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pathological complete response (pCR) (n = 14) and those with
non-pCR (n = 26) was observed (p = 0.024). A biomarker for
the pCR in TNBC is highly relevant since there is a close correl-
ation with survival in this group (Cortazar et al. 2014).
Evaluating the overall response rate (clinical response) in stage 4
colorectal cancer also revealed differences between the groups
of responders and non-responders. The method thus looks
promising as a tool for predicting response to treatment in
breast- and colorectal cancer and potentially in other types of
cancer.

(159) The use of Isotopically Labeled IgG for the Relative and
Absolute Quantitation of N-linked Glycans

Ron Orlado1,2, Shujuan Tao1, Yining Huang1, Emily Betchy1,
Alex Harvey2, Barry Boyes2,3

1Complex Carbohydrate Research Center; 2Glycoscientific,
LLC; 3Advanced Materials Technology Inc

The ability to accurately quantitate the glycan chains attached
to glycoproteins has wide-ranging implications. Numerous
studies over the past 40 years have demonstrated that abnormal
glycosylation occurs in virtually all types of human cancers and
demonstrate the potential of using glycan markers in either a
diagnostic or a prognostic manner. The glycosylation on recom-
binant protein therapeutics is also known to have profound
effects, with one of the better-known examples being the
increased serum half-life of erythropoietin (EPO) resulting from
glycoengineering. Hence, the quantification of glycoprotein
glycans play important roles from the discovery of new diagnos-
tic/prognostic markers to the development of therapeutic
agents.
The focus of this presentation is the evaluation of an IgG with

isotopically labeled glycans as an internal standard for both the
relative and absolute quantitation of N-linked glycans released
from both human serum IgGs and whole human serum. We
have developed a selected reaction monitoring (SRM) LC-MS/
MS assays for every known N-linked glycan and for glycans we
anticipate as being likely. During this study, we observed that
the largest source of quantitative variation was associated with
the enzymatic glycan release procedure. We subsequently deter-
mined that PNGase F released glycans with different structures
at different rates and/or completeness. The dissimilarity in
release rates led us to develop a glycoprotein with isotopically
labeled glycans as this would compensate for the primary
sources of variation and systematic deviation in the standard
glycomic workflow.
We have found that the use of this internal standard has led

to significant improvement in the accuracy and precision in the
SRM analysis of the 120 most abundant N-linked glycans
released from human serum. For example, the coefficients of
variation (CVs) was reduced by over ten-fold, dropping the
standard deviation to less than 10% from the over 100% devi-
ation obtained without the labeled standard. Similar improve-
ments were also observed in the inter-laboratory variability
despite experiments being performed by different researchers in
different locations. The improvements associated with the

isotopically labeled IgG lead us to predict that this will be a
valuable standard for the analysis of glycoprotein glycans.

(160) An Cell Platform for Endothelial Heparan Sulfate
Function Study

Hong Qiu1,2, Jingwen Yue1,2, Alison V Nairn1, Guoyun Li3,
Fuming Zhang3, Stephanie A Archer-hartmann1, Mitche
Dela Rosa1, Parastoo Azadi1, Toin H. van Kuppevelt4,

Wellington V. Cardoso5, Koji Kimata6, Robert J Linhardt3,
Jeffrey Esko7, Kelley WMoremen1,2, Lianchun Wang1,2

1Complex Carbohydrate Research Center, The University of
Georgia; 2Department of Biochemistry and Molecular Biology,
The University of Georgia; 3Department of Chemistry and

Chemical Biology, Center for Biotechnology and
Interdisciplinary Studies, Rensselaer Polytechnic Institute;

4Department of Biochemistry, Nijmegen Centre for Molecular
Life Sciences, Radboud University Nijmegen Medical Centre;
5Pulmonary Center, Boston University School of Medicine;

6Research Complex for the Medicine Frontiers, Aichi Medical
University; 7Glycobiology Research and Training Center

Department of Cellular and Molecular Medicine

Endothelial cells are one of the major cellular components of
blood vessels that form the inner monolayer endothelium of
blood vessels. Endothelial cells usually keep quiescent, but can
be activated by environmental cues, such as growth factors and
cytokines. Endothelium is the interface between blood and peri-
vascular tissues and determines vascular permeability of blood
cells, gases, and macromolecules. Under normal physiological
conditions, endothelial cells maintain vascular homeostasis and
respond to environmental changes to regulate inflammatory
and immune response, vascular tone, coagulation and fibrinoly-
sis. Endothelial cells are also key players in angiogenesis that is
finely tuned by the balance between pro- and anti-angiogenic
factors. Angiogenesis plays an essential role in physiological
conditions such as embryonic development, menstruation, and
wound healing, as well as in pathological conditions such as
tumor growth, inflammatory disorders, eye diseases, stroke, etc.
Therefore, understanding the mechanisms that control endothe-
lial cell functions will greatly advance us to develop effective
treatment for vascular related human diseases. Recent genetic
data suggest that heparan sulfate is a key regulator for endothe-
lial function. To facilitate investigation on role of heparan
sulfate in endothelial cells and endothelium, we reported here a
cell based platform for endothelial heparan sulfate function
study.

(161) Thermobaculum terrenum: investigating occurrence of
O-GlcNAc signalling in bacteria

Mehmet Gundogdu, Adam Ostrowski, DaanM F van Aalten
University of Dundee

O-linked N-acetylglucosamine (O-GlcNAc) is dynamic and re-
versible post-translational modification of Ser/Thr residues of
proteins. It is considered to exist exclusively in eukaryotes. In
humans cell lines, it cycles �1000 nucleocytoplasmic and
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mitochondrial proteins involved in regulation of numerous intra-
cellular processes. Interestingly, protein O-GlcNAcylation inter-
acts with protein phosphorylation via cross talk over many
proteins: given this link, it is not surprising that aberrant
O-GlcNAcylation plays a role in diabetes, cancer and
Alzheimer’s disease. However, unlike phosphorylation where
multiple kinases and phosphatases modify target proteins,
O-GlcNAc cycling is mediated by only two enzymes, O-GlcNAc
transferase (OGT) and O-GlcNAc hydrolase (OGA).
Due to these complexities found in existing eukaryotic models

(mouse and Drosophila), there is a need to develop simpler
model systems. We identified Thermobaculum terrenum, an
uncharacterised thermophilic eubacterium, which encodes intra-
cellular proteins homologous to metazoan O-GlcNAc cycling
enzymes. Presence of both putative OGT and OGA homologues
indicates probability of functional O-GlcNAc cycling system dir-
ectly comparable to that of metazoans.
We hypothesize that T. terrenum can be utilised to develop a re-

ductionist system to study molecular mechanisms of O-GlcNAc
signalling. I present: enzymatic characterisation of TtOGA using
O-GlcNAcase assay and substrates derived from validated human
O-GlcNAcome; that two OGA-specific inhibitors can competi-
tively inhibit TtOGA; crystallographic models of TtOGA in
complex with TAB1-O-GlcNAc and TtOGT bound to UDP,
showing the catalytically competent active sites of the putative
O-GlcNAc cycling enzymes of Thermobaculum terrenum.

(162)O-linked ß-N-acetylglucosamine is exposed on the
surface of B-lymphocytes in late apoptosis

Tríona M. O’Connell1,2, Ruth Larragy1,2, Grainne O’Keefe3,
Seán Doyle3, Dermot Walls1,2, Brendan O’Connor1,2

1School of Biotechnology, Dublin City University, Glasnevin,
Dublin 9, Ireland; 2Irish Separation Science Cluster, Dublin
City University, Glasnevin, Dubin 9, Ireland; 3Maynooth
University Department of Biology, Maynooth University,

Maynooth, Co. Kildare, Ireland

It is known that apoptosis induces changes in the surface
glycosylation of cells. In particular, exposure of terminal
N-acetylglucosamine (GlcNAc) is characteristic of late
apoptosis. Using the bacterial lectin GafD, and flow cytometry,
we have demonstrated the exposure of O-linked β-GlcNAc
in late apoptosis.
Ramos cells (ATCC no. CRL-1596), a B cell line of Burkitt’s

lymphoma origin, were used as a model of apoptosis. Anti-IgM
binds to the B cell receptor, and in the absence of co-signalling
by CD40, induces apoptosis in the cells.
GafD, a fimbrial protein from E. coli with O-β-GlcNAc

binding specificity, was biotinylated and labelled with streptavi-
din conjugated BV421 (BioLegend). Confirmation of binding
specificity was carried out by inhibiting lectin binding using free
GlcNAc.
Apoptotic cells were incubated with BV421 GafD for 30

minutes, washed, and labelled with Annexin V-FITC and propi-
dium iodide(BD Biosciences). Cells were then measured on a
BD FACS Aria and analysed with FlowJo. A sub population of

late apoptotic cells were identified that were positive for GafD
labelling.

These cells exhibiting GafD binding were isolated through
cell sorting. As O-β-GlcNAc is a common intracellular sugar
residue, it was necessary to isolate the outer membrane of the
cells by ultracentrifugation in order to identify the O-β-GlcNAc
bearing protein. Membrane proteins were analysed by western
blot and the relevant GafD binding proteins excised from
matching gels for identification by mass spectrometry.

(163)O-GlcNAc expression levels epigenetically regulate colon
cancer stem cells and colon tumorigenesis by modulating

expression of transcriptional factor MYBL1
Huabei Guo1, Bing Zhang2, Phillip Buckhaults3,

Michael Pierce1
1Complex Carbohydrate Research Center, University of

Georgia, Athens, GA,30602; 2Boston Children’s Hospital,
Harvard, Boston, MA 02115; 3South Carolina College of

Pharmacy, The University of South Carolina, Columbia, SC
29208

The post-translational modification by O-linked -N-acetylglu-
cosamine (O-GlcNAc) is a unique glycosylation of serine and/or
threonine residues of a broad range of cytosolic and nuclear
proteins, and is catalyzed by a single enzyme, the O-linked
N-acetylglucosamine transferase (OGT). Studies have impli-
cated O-GlcNAc in the regulation of pathways that link to
oncogenic phenotypes, as well as the roles of O-GlcNAcylation
in development and epigenetic regulation of gene expression. In
the present study, the epigenetic regulation of colon cancer stem
cells (CCSC) by the expression levels of O-GlcNAc was investi-
gated. We found that when colon tumor cells with attenuated
OGT levels, due to OGT-shRNA expression, were injected into
NOD/SCID mice as xenografts, tumors grew significantly
slower than the tumors formed by injection of control cells, sug-
gesting a reduced proliferation of tumor cells due to inhibition
of OGT expression. Significant reduction of the percentage of
CCSC was observed in tumor cell populations with OGT
knockdown, compared to control cells, while tumor cells
treated with TMG, a specific O-GlcNAcase (OGA) inhibitor
showed increased levels of O-GlcNAc and an increased CCSC
population, indicating that O-GlcNAc levels could regulate the
CCSC compartment. When grown in suspension, tumor cells
with OGT knockdown showed a reduced ability to form tumor-
spheres (both in size and number), indicating a reduced self-
renewal of CCSC due to reduced levels of O-GlcNAc.
Leveraging microarray and RNA-seq analyses, we identified the
transcription factor MYBL1, which was up-regulated in tumor
cells with OGT knockdown. Overexpression of MYBL1 in the
tumor cells led to a reduced population of CCSC and reduced
overall tumor growth in vivo, consistent to the effects of OGT
silencing. Furthermore, two GC rich regions (CpG islands) and
a significant chromatin enrichment of O-GlcNAc modified pro-
teins, which overlaps with histone repressive modification
H3K27me3, were identified near TSS sites of MYBL1, implicat-
ing that O-GlcNAc modification epigenetically regulates
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MYBL1 expression, likely functioning similarly to H3K27me3.
Therefore, the aberrant CCSC compartment observed after
modulating O-GlcNAc levels is results, at least in part, from the
epigenetic regulation of MYBL1 expression by O-GlcNAc,
thereby significantly affecting tumor progression.

Keywords: O-GlcNAc / Colon cancer stem
cells / Epigenetic regulation /MYBL1

(164)O-GlcNAcase is an epigenetic regulator of Drosophila
development

Ilhan Akan, John A. Hanover
National Institutes of Health, National Institute of Diabetes

and Digestive and Kidney Disorders

Development in Drosophila is a complex and dynamic process
regulated, in part, by members of the Polycomb (Pc) and
Trithorax (Trx) complexes. The recent finding that O-GlcNAc
Transferase (ogt/sxc)is essential for Pc repression raises the
question of whether this nutrient-sensing pathway plays a role
in regulating proper development. OGT transfers O-GlcNAc
onto key transcriptional regulators in response to graded levels
of the nutrient-derived precursor UDP-GlcNAc, which can
then be removed by O-GlcNAcase (OGA). We observed that
many O-GlcNAc enriched chromatin sites were also occupied
by Pc, and that O-GlcNAc influences cell cycle regulation.
We produced a null allele of oga (ogadel.1) in Drosophila to
examine the in vivo consequences of disturbed O-GlcNAc
cycling during development and adulthood. ogadel.1 mutant
flies were viable with no obvious developmental defects. The
Trx family members Trx, Ash1 and Compass member Set1
histone methyltransferases are O-GlcNAc modified in ogadel.1

mutant ovaries. Our results suggest that the loss of OGA dis-
rupts proper gene expression through affecting Trx, Set1, Ash1
function.

(165) Comparison of the Sciatic Nerve and Brain Synaptosome
O-GlcNAc Proteomes

Alma L. Burlingame1, Jason C. Maynard1, Sungsu Kim2,
Jefferey Milbrandt2

1University of California, San Francisco; 2Washington School
of Medicine

O-linked N-acetylglucosamine (O-GlcNAc) modification of
serine and threonine residues in cytosolic and nuclear proteins
has been implicated in diverse molecular processes within the
cell from epigenetic regulation of gene expression to synaptic
plasticity. O-GlcNAcylation can affect protein function through
altered phosphorylation, protein half-life, and possibly via alter-
ing protein-protein interactions. Cellular levels of O-GlcNAc
are sensitive to cellular metabolism, notably the level of glucose.
Misregulation of O-GlcNAc has also been implicated in several
human diseases, including diabetes, cardiac infarction, and neu-
rodegenerative diseases such as Alzheimer’s disease and
Parkinson’s disease.
Diabetic neuropathy is the most common peripheral neur-

opathy, affecting more than 20 million people worldwide. It is

characterized by nerve damage that results in symptoms ranging
from numbness in the extremities to severe pain. Because
O-GlcNAcylation is regulated by cell metabolism we hypothe-
size that O-GlcNAcylation may play a specific role in diabetic
neuropathy. We utilized wheat germ agglutinin (WGA) affinity
chromatography to enrich O-GlcNAc modified peptides from
rat sciatic nerves without the need for chemical derivatization
on or enzymatic cleavage of the glycan resulting in the enrich-
ment of intact glycopeptides. Higher energy collision-induced
fragmentation (HCD) and electron transfer dissociation (ETD)
were utilized to identify over 250 O-GlcNAc modified peptides
from more than 100 proteins. Of these proteins, a substantial
number were also identified in mouse brain synaptosomes [1].
This study compares the O-GlcNAc proteomes of the central
nervous system (brain synaptosomes) and the peripheral
nervous system (sciatic nerve). The O-GlcNAcylated proteins
unique to the sciatic nerve are candidates to link diabetic neur-
opathy to cellular metabolism.

Financial support was provided by the NIGMS Grant
8P41GM103481(to ALB) and NIA Grant 013730 (to JM).

Reference

1. Trinidad J.C., Barkan D.T., Gulledge B.F., Thalhammer A., Sali A.,
Schoepfer R., Burlingame A.L. (2012). Global identification and
characterization of both O-GlcNAcylation and phosphorylation at
the murine synapse.Mol. Cell. Proteomics MCP 11, 215–229.

(166) Deregulated O-GlcNAc Cycling in Turner Syndrome
John A. Hanover1, Clara M. Cheng2, Dona C. Love1,

Carolyn Bondy2, AhmedM. Gharib1
1NIDDK, National Institutes of Health; 2NICHD, National

Institutes of Health

X chromosome parent-of-origin inheritance may contribute to
sex-based differences in coronary atherosclerosis (CAS) and meta-
bolic disease. This is plausible because men are monosomic for a
maternally-derived X chromosome (XM) since the Y chromosome
comes from their father, while women have both maternal and
paternal X chromosomes expressed in equal ratio due to random
X inactivation.To test this hypothesis, we compared coronary
artery calcium (CAC) measured by CT in women with Turner
syndrome monosomic for XM vs. those monosomic for a
paternally-derived XP. The two groups were similar in age, body
mass index, lifetime estrogen exposure and prevalence of CAS
risk factors such as family history, hypertension or diabetes.
However, 14/35 of the XM group had positive CAC scores, com-
pared to 0/15 of the XP group (P = 0.002). The prevalence of CAC
in the XM group was similar to that of age-matched men and sig-
nificantly greater than that of age-matched women in the general
population. Microarray and RNA-seq were then used to screen
for differences in X-linked gene expression in XM vs. XP groups.
The chromatin modifier OGT (O-linked:N-acetylglucosamine-
transferase; Xq13.1) consistently differed in expression in XM vs
XP women, and was altered in a similar manner in normal 46,
XMY men compared to 46,XMXP women. O-GlcNAcase expres-
sion was also differentially expressed inXMvs XP.Immunoblots
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confirmed significant differences in levels catalytically active OGT
and resulting changes in the levels O-linked N-acetylglucosamine
on target proteins in XM versus XP women.These data show that
monosomy for a maternally derived X-chromosome is associated
with coronary atherosclerosis regardless of sex. Altered expression
of the chromatin modifier OGT from XM in 45,XM women and
46,XMY men has emerged as a potential causative factor in the
risk for CAS.

(167)O-GlcNAc transferase is required for fidelity in C. elegans
development

Michelle R. Bond, John A. Hanover
National Institutes of Health

Implicated in cellular processes including cell signaling, protein
turnover, and gene expression, O-linked N-acetylglucosamine
(O-GlcNAc) is added to Ser/Thr residues by a single enzyme,
O-GlcNAc transferase (OGT). Without appropriate protein
O-GlcNAcylation, organismal development does not proceed
correctly. Indeed, knockout of OGT in mammals is lethal. To
explore the role of O-GlcNAc in body plan development, we
took advantage of the model organism C. elegans, in which
OGT-1 is non-essential. Importantly, ogt-1 knockouts have
been shown to be immune-compromised and exhibit a number
of stress-related phenotypes.
C. elegans ogt-1 genetically interacts with players in Hox

gene regulation including bar-1 and pal-1, the homologs of
beta-catenin and Drosophila caudal, respectively. Moreover,
C. elegans ogt-1 resides on chromosome III directly upstream of
the Hox gene cluster, suggesting an evolutionarily conserved
role linked to development. We hypothesize that O-GlcNAc
“fine-tunes” the expression of C. elegans genes required for the
fidelity of body plan development.
We investigated several phenotypes to determine whether loss

of ogt-1 influences appropriate development of characteristic
hermaphrodite and male body segments. Hermaphrodites
lacking both OGT-1 and BAR-1 activities have an everted
gonad, or spew phenotype, suggesting an important intersection
between OGT-1, Wnt signaling, and vulva precursor cell fate
specification. Moreover, while male C. elegans lacking either
bar-1 or ogt-1 alone have negligible V6 male ray defects, up to
43% of bar-1;ogt-1 double mutants display development
defects in the male-specific sensory organ.
Our data highlight that O-GlcNAc is indispensable for

C. elegans developmental patterning. We suggest that the add-
ition of O-GlcNAc may play a key role in regulating PcG chro-
matin proteins required for early patterning of Hox gene
repression in C. elegans.

(168)Hepatoprotective effect of a polysaccharide from
Auricularia auricula root on acute model of liver injury
Changqing Tong, Yaxu Zheng, Guoli Guo, Wei Li

College of Food Science and Engineering, Dalian Ocean
University, Dalian 116023, China

A water-soluble polysaccharide was isolated from Auricularia
auricula root (AARP) by hot-water extraction and 80% (v/v)

ethanol precipitation. Based on the calibration with Dextran,
AARP had a molecular weight of approximately 8.6 × 105 Da.
The quantification of monosaccharides of AARP was analyzed
using high-performance liquid chromatography. According to
the corresponding relationship of peak and migration time,
AARP mainly consisted of six kinds of monosaccharides appar-
ently. The mole ratio of mannose, rhamnose, glucose, galactose,
xylose and fucose of AARP were calculated as 1:1.64:23.22:1.
28:7.35:0.45. The protective effect of AARP on acute carbon
tetrachloride-induced liver injury was investigated in mice.
Treatment with AARP decreased serum aspartate aminotrans-
ferase (AST), serum alanine aminotransferase (ALT), and mal-
ondialdehyde aldehyde (MDA) levels; increased superoxide
dismutase (SOD) activity; and improved hepatic injury in the
acute model of liver injury in mice. These results suggest that
AARP possesses potent hepatoprotective activity.

(169) The use of a lectin MCL-T dip to extend the shelf life of
Pseudosciaena crocea during storage at 4°C

Wei Li, Xiaolong Wang, Yue Chen, Changqing Tong
College of Food Science and Engineering, Dalian Ocean

University

Earlier, a GalNAc-/PSM-specific lectin (MCL-T) was purified
from the Manila clam Ruditapes philippinarum. MCL-T exhib-
ited the antibacterial activities against Staphylococcus aureus,
Bacillus subtilis, and Shewanella sp. However, there have few
studies on the use of the lectin to extend the shelf life of fish
samples during storage. The aim of this study was to investigate
the effect of MCL-T dip treatment on the quality changes of
P. crocea during storage at 4°C. MCL-T (40mg/ml) solution
was used for the dip treatment. The control and the treated
fish samples were analysed periodically for total viable
counts (TVC), pH, total volatile basic nitrogen (TVB-N),
2-thiobarbituric acid (TBA) and sensory characteristic. The
results showed that the effect of the lectin dip treatment on the
fish samples was enable the good quality characteristics to be
retained for longer and to extend the shelf life of P. crocea
during storage at 4°C. This work was supported by a grant
from the Marine Public Welfare Research Project
(201205022-7).

(170)Hepatoprotective effect of a fruit vinegar with the oyster
polysaccharides (CGPS-1)

Wei Li1, Xinyao Li1, Chengcheng Cai1, Linge Li2,
Changqing Tong1

1College of Food Science and Engineering, Dalian Ocean
University; 2College of Life Science, Northeast Forest

University

Fruit vinegar beverages are popularly consumed, since the main
component of fruit vinegar, acetic acid, has numerous beneficial
effects, including anti-hypertensive activity, cholesterol-lowing
activity and antiobesity effect. Nowadays, various types of fruit
vinegar are produced using different raw materials.
Polysaccharide is a kind of major raw materials for fruit
vinegar. A water-soluble polysaccharide was isolated from
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Crassostrea gigas (CGPS-1) also has been found to exhibit
various biological activities. The sensory evaluation of fruit
vinegar with CGPS-1 was determined using an orthogonal
design. In addition, the hepatoprotective effect of this fruit
vinegar with CGPS-1 was investigated. The protective effect of
CGPS-1 on acute and chronic ethanol-induced liver injury was
investigated in mice. Treatment with CGPS-1 decreased serum
aspartate aminotransferase (AST), serum alanine aminotrans-
ferase (ALT), and malondialdehyde aldehyde (MDA) levels;
increased superoxide dismutase (SOD) activity; and improved
hepatic injury in both the acute and chronic models of liver
injury in mice. The present results support this fruit vinegar
with CGPS-1 may have health promotion activity. The work
was supported by grant from the Marine Public Welfare
Research Project (201405017-03).

(171) Evaluation of antioxidant activities of a glycoprotein
from brown alga Hizikia fusiformis

Mingjiang Wu1, Yue Wu1, Changqing Tong2, Wei Li2
1Zhejiang Provincial Key Lab for Subtropical Water

Environment and Marine Biological Resources Protection,
College of Life and Environmental Science, Wenzhou

University; 2College of Food Science and Engineering, Dalian
Ocean University

The glycoprotein (HFGP-A) was isolated from Hijikia fusifor-
mis by ammonium sulfate precipitation, ion exchange on
Cellulose DE52 and HPLC. The total carbohydrate content was
found to be 41%. The sulfate contents of HFGP-A were no
determined. SDS-PAGE showed that the HFGP-A had a mo-
lecular mass of 19 kDa. Gel filtration of HEGP-A on TSK-gel
G4000PWXL indicates that it exists oligomer in its native state.
For HEGP, glucose, galactose and fucose were the monosac-
charide units, accounting for 6%, 14% and 80%. HFGP-A con-
tains high amount of acidic amino acid Asx. According to the
principle of β-elimination reaction, the oligosaccharide moiety
and peptide moiety of HFGP-A might belong to N-glucosidic
linkage. HFGP-A was analyzed by Fourier-transform infrared,
1H and 13C nuclear magnetic resonance spectroscopy.
HFGP-A showed free radical scavenging activity against hy-
droxyl radical, DPPH radical and ABTS+ • radical. The work
was supported by grants from the National Natural Science
Foundation of China (31470430).

(172)Htm1p-Pdi1p acts as a folding-sensitive gatekeeper for
N-glycan-dependent ER-associated protein degradation

Yi-Chang Liu, Erin Quan Toyama, Danica Galonic Fujimori,
Jonathan S. Weissman

University of California, San Francisco

Our understanding of how the endoplasmic reticulum-asso-
ciated protein degradation (ERAD) machinery efficiently targets
terminally misfolded proteins while avoiding the misidentifica-
tion of nascent polypeptides and correctly folded proteins is
limited. Here we report that the Htm1p-Pdi1p mannosidase
complex acts as a folding-sensitive gatekeeper for the first

committed step of luminal N-glycoprotein degradation via
ERAD. We reconstitute this step in vitro with purified
Htm1p-Pdi1p and two model glycoprotein substrates (CPY and
RNase B) whose structural states we can closely manipulate.
Our studies establish that Htm1p-Pdi1p preferentially acts on
compact, partially-folded proteins while excluding native and
unfolded species. We further show that Htm1p-Pdi1p is able to
read folding information distal from the N-glycan. Finally, we
show that Htm1p “hijacks” Pdi1p, shutting down its oxidore-
ducase functions while retaining its isomerase and chaperone
activities against misfolded proteins. Thus Htm1p-Pdi1p acts
coherently to ensure that only truly misfolded proteins are tar-
geted for destruction via ERAD.

(173) Environmental and pathogenic triggers of inflammatory
bowel disease

Won Ho Yang1,2,3, Douglas Heithoff1,2, Jamey D. Marth1,2,3
1University of California Santa Barbara; 2Center for

Nanomedicine; 3Sanford Burnham Prebys Medical Discovery
Institute

Inflammatory diseases have been difficult to understand in part
because their origins mostly remain a mystery. The human in-
flammatory bowel diseases (IBDs) which include Crohn’s
disease and Ulcerative Colitis (UC) are inflammatory syndromes
with a predominant environmental origin that may include
pathogens and endogenous metabolic factors. The limitation of
genetic variation in understanding the IBDs is further evidenced
among human monozygotic twins with a disease concordance
of approximately 30% in Crohn’s disease and less than 20% in
UC. Multiple animal models of IBDs have been established that
promote and modulate intestinal inflammation. However these
models and the proteins involved may or may not participate in
the natural disease process. A predominant environmental com-
ponent of disease has not been identified and this has become a
major impediment to achieving a better understanding of IBD
pathogenesis. We have found that repeated low-titer sub-lethal
oral infection with the bacterial pathogen Salmonella enterica
Typhimurium (ST) generates pathological signs of intestinal in-
flammation among normal wild-type mice that do not other-
wise acquire inflammatory disease. ST infection has been widely
to model human food poisoning and the lethal complications of
sepsis at higher titers, but its use in a sub-lethal titer and re-
infection protocol is novel to this application. We have identi-
fied a second factor involved that appears to modify the onset
and severity of this progressive intestinal disease model. The
St3gal6 gene is conserved among mammals and encodes the
ST3Gal-VI sialyltransferase that produces sialic acid linkages
on glycoproteins of cells of the intestinal tract. Our findings in-
dicate that ST3Gal-VI deficiency reduces sialic acids on intes-
tinal glycoproteins including the anti-inflammatory intestinal
alkaline phosphatase isozyme in causing intestinal inflamma-
tion phenotypes similar to wild-type animals having received
repeated sub-lethal ST infections. These results infer that the
presence of sialic acids produced by St3gal6 is protective to
normal wild-type animals receiving repeated sub-lethal ST
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infections. Loss of St3gal6 function can occur by genetic or
metabolic mechanisms, the former by gene mutation and the
latter by the induction of host or pathogen neuraminidases. The
latter possibility will be investigated further as it represents a po-
tential integrated environmental mechanism of disease. Our
findings demonstrate that repeated infections of the gastrointes-
tinal tract that are cleared by the host nevertheless initiate in-
flammatory responses that are maintained and amplified by
subsequent infections. Additional and mechanistic studies per-
taining to these findings include parallel investigations with an
additional enteric E. coli bacterialpathogen. These novel animal
models of intestinal inflammation are providing unique molecu-
lar and mechanistic information that may be relevant to under-
standing and treating the human IBDs.

(174) Analysis of porcine gastric O-linked oligosaccharides
using LC-ESI-MS/MS

Barbara Adamczyk, Chunsheng Jin, Medea Padra, Sara
K. Lindén, Niclas G. Karlsson

Medical Biochemistry, University of Gothenburg, Gothenburg,
Sweden

Helicobacter (H.) suis is highly prevalent in porcine world-wide
and also causes gastric disease in humans. In order to obtain
better insight into H.suis infection and the oligosaccharides
involved in pathogenicity, we investigated O-linked oligosac-
charides purified from porcine gastric mucins isolated from pigs
with and without experimental infection, using LC-ESI-MS/MS
approach. Our analysis of porcine samples derived from healthy
controls and H.suis infected pigs has identified the presence of
several glyco-epitopes that differed between infected and
control pigs. In particular, structures containing LacNAc
(Galβ1-4GlcNAc) epitopes on extended core 1 and core 2 were
significantly decreased in H.suis infected pigs whereas structures
with blood group H (Fucα1-2Gal) and sulphation on core 2
were significantly increased. These data provide information
about possible structures involved in H.suis infection and the
interplay between gastric mucosa and gastric bacteria.

(175) Systemic lupus erythematosus associates with the
decreased immunosuppressive potential of the IgG glycome

Jerko Štambuk1, Frano Vučković1, Jasminka Krištić1,
Ivan Gudelj1, Maria Teurel Artacho2, Toma Keser3,

Marija Pezer1, Maja Pučić Baković1, Irena Trbojević Akmačić1,
Clara Barrios4, Tamara Pavić3, Yong Zhou5, Haicheng Song6,
Qiang Zeng7, Xiuhua Guo8, Paul McKeigue9, Olga Gornik3,

Tim D. Spector4, Wei Wang10, Gordan Lauc1,3
1Genos Glycoscience Research Laboratory, Zagreb, Croatia;

2University of Granada, Granada, Spain; 3University of Zagreb
Faculty of Pharmacy and Biochemistry, Zagreb, Croatia;
4Kings College London, London, UK; 5Beijing Tiantan

Hospital, Beijing, China; 6Hebei United University Affiliated
Kailuan General Hospital, Hebei, China; 7Chinese People’s
Liberation Army General Hospital, Beijing, China; 8Capital
Medical University, Beijing, China; 9University of Edinburgh,

Edinburgh, UK; 10Hospital del Mar, Institut Mar
d’InvestigacionsMediques, Barcelona, Spain

Objectives: Glycans attached to the Fc part of immunoglobulin G
(IgG) are important modulators of IgG effector functions.
Inter-individual differences in IgG glycome composition are large
and they strongly associate with different inflammatory and auto-
immune diseases. IKZF1, HLA-DQ2A/B and BACH2 genetic
loci that affect IgG glycome composition show pleiotropy with
systemic lupus erythematosus (SLE), indicating potentially causa-
tive role of aberrant IgG glycosylation in SLE. The main objective
of this first large multicentre case/control study was to determine
whether SLE is associated with altered IgG glycosylation.
Methods: Using UPLC analysis of released and 2AB-labelled
glycans, the composition of IgG glycome was analysed in 251
SLE patients and 252 matching controls of Latin American
mestizo origin (discovery cohort) and in two independent replica-
tion cohorts of different ethnicity (108 cases and 193 controls
from Trinidad and 107 cases and 200 controls from China).
Results: Multiple statistically significant differences in the IgG
glycome composition between patients and controls were
observed. The most significant changes included decreased galac-
tosylation and sialylation of IgG (that regulate pro- and anti-
inflammatory action of IgG) as well as decreased core-fucose and
increased bisecting GlcNAc (that affects antibody dependent cel-
lular cytotoxicity). Conclusions: IgG glycome in SLE patients is
significantly altered in a way that decreases immunosuppressive
action of circulating immunoglobulins. The magnitude of
observed changes associated with the intensity of the disease, indi-
cating that aberrant IgG glycome composition, or changes in IgG
glycosylation may be an important molecular mechanism in SLE.

(176) Surveillance and isolation of glycan-binding pathogens
from primary samples by 3D mucin biomimetic array

Miriam Cohen1, Mia L. Huang1, Christopher J. Fisher1,
Walter Boyce2, Kamil Godula1, Pascal Gagneux1

1UC San Diego; 2UC Davis

Many pathogens utilize host glycans as receptors for binding to
host tissues and facilitating infection. Host range is determined
by the pathogens binding specificity for certain host glycans. A
well-known example is influenza A virus (IAV) specificity to
host sialic acids, which depends on the linkage to underlying
glycans. Human specific IAVs bind to Neu5Ac in alpha2-6
linkage to underlying glycans, which are commonly found in
human upper respiratory tract. Avian and pinnipeds IAVs are
specific for Neu5Ac in alpha2-3 linkage to the underlying
glycans. The rapid mutation rate of IAV requires a constant sur-
veillance effort to identify zoonotic IAV with newly gained
ability to bind Neu5Ac in alpha2-6 linkages. These viruses have
the capability to bind human upper respiratory tract, and thus
pose a pandemic threat.

We have developed a three-dimensional mucin biomimetic
array (3D array) that allows for identification of glycan-binding
specificity of IAV in crude biological samples. In this array,
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glycoconjugates are attached to a long polymer backbone
forming synthetic mucins (mucin-biomimetics). An array of
these mucin-biomimetic polymers is conjugated to magnetic
beads to form a glycan library. This unique high-density and
flexible glycan display enhances multivalent binding by the
virus, while the magnetic bead core enables isolation of IAV
from crude biological samples. Furthermore, bound IAV is
detected based on the intrinsic enzymatic activity of the virus.
This simultaneously eliminates the requirement for strain-
specific antibodies, and increases the detection sensitivity. This
method required significantly fewer viruses for analysis com-
pared with other glycan array methods, we used as little as 0.45
HAU of virus for reliable detection.
We have successfully applied this array to screen binding spe-

cificity of human, avian and pinniped IAV samples. In addition,
we were able to extract and propagate IAV from primary
samples. Thus the 3D array is a useful tool for monitoring
glycan-binding specificity of zoonotic IAV. Our enzymatic de-
tection approach is highly versatile, by changing the reporter
molecule this method can apply for additional glycan-binding
viruses. Once the mucin-biomimetics are synthesized, producing
and using the 3D array is inexpensive and does not require
special equipment, making it ideal for widespread surveillance.

(177) Real time single cell level monitoring of sequential lectin
binding enabled by the Lab in a TrenchMicrofluidic Platform
Tríona M. O’Connell1,2, Arnaud Coudray3,4, Damien King3,

Laura Santana González3, Jens Ducrée3,4,
Brendan O’Connor1,2, Dermot Walls1,2

1School of Biotechnology, Dublin City University, Glasnevin,
Dublin 9, Ireland; 2Irish Separation Science Cluster, Dublin
City University, Glasnevin, Dublin 9, Ireland; 3School of

Physics, Dublin City University, Glasnevin, Dublin 9, Ireland;
4Biomedical Diagnostics Institute, Dublin City University,

Glasnevin, Dublin 9, Ireland

The merely diffusion-based reagent exchange on the microflui-
dic “Lab-in-a-Trench” (LiaT) platform [1] permits the observa-
tion of cellular changes upon lectin binding and elution in real
time. We have used this shear-free micro-confinement environ-
ment to perform sequential lectin binding on individual Ramos
B-cells. Common microfluidic systems for cell based assays are
open or operate in continuous-flow mode. However, by creating
a flow-free, 4-nL sub-compartment in the microchannels, the
LiaT platform allowed us to handle small cell samples and to
deliver reagents to the cell surface [1] while continuously moni-
toring and tracking individual cells.
Cell surface glycosylation is often examined using fluores-

cently labelled lectins. By labelling the cells with lectin and then
eluting with free sugar, the image of the labelled live cell can be
captured. The cell can then be fixed with a variety of fixing
agents, including 4% formaldehyde, and then probed post-
fixation in order to compare the binding patterns of lectins on
the same cell surface. This allows a mix of live and fixed assays
to be carried out on the same cell, while understanding some of

the changes in binding that may occur after fixation. It can
allow researchers to ascertain whether epitope releasing proto-
cols need to be incorporated into their fixation procedures
when analysing cells with particular lectins.

Captured cells can also be treated and monitored for surface
changes over time. B-lymphocytes are captured in the trench
and induced to apoptose using anti-IgM. Stains such as propi-
dium iodide and labelled lectins are then flowed through the
system and their rate of binding monitored.

We have previously demonstrated a method for sequentially la-
belling single cells with fluorophore labelled lectins [1], and have
extended the system to demonstrate the binding patterns of
lectins to cells before and after fixation. We have also used the
system to induce apoptosis in the trench and monitor the binding
rate of GSL-II in comparison to propidium iodide uptake.

Reference

1. O’Connell Tríona M., et al. Sequential glycan profiling at single cell
level with the microfluidic lab-in-a-trench platform: a new era in ex-
perimental cell biology. Lab on a Chip 14.18 (2014): 3629–3639.

(178) Targeting Cancer-Specific Glycans by Cyclic Peptide
Lectinomimics

Maria C. Rodriguez1,2, Austin Yongye2, Mihael Cudic2,
Jose Medina-Franco2, Mare Cudic1, Predrag Cudic2

1Florida Atlantic University; 2Torrey Pines Institute for
Molecular Studies

The transformation from normal to malignant and metastatic
phenotype in many human cancers is associated with alteration
of cell surface antigens, including the over-expression of certain
glycans. Targeting such antigens has been achieved using lectins
or monoclonal antibodies (mAbs). Broad specificities of lectins
and cumbersome and expensive preparation of mAbs necessi-
tate alternative approaches. Synthetic peptide-based carbohy-
drate binding reagents offer numerous advantages over lectins
and mAbs including the relatively small size, stability (through
non-natural composition), increased half-life, ease of synthesis,
low cost, and appropriate shelf life. Odorranalectin [1], a
17-mer cyclic peptide isolated from a frog skin exhibits lectin-
like properties. In particular, this cyclic peptide selectively binds
L-fucose. Simple structure of [1] makes it ideally suited for
synthetic modifications, including combinatorial chemistry
approaches, to improve its selectivity for fucose-containing
glycans. However, for combinatorial modifications of [1] Cys
residues have to be omitted from the sequence in order to avoid
undesired thiol group oxidation during the synthesis. This work
describes the design and preparation of novel lectinomimics
based on [1], namely amide analogs differing in position of the
two key residues involved in the lactam bridge: [Dap6,Asp12]
[2] and [Asp6,Dap12] [3]. Molecular modeling studies showed
clear differences in conformation of [2] and [3], resulting from
the opposite orientations of the amide bond, with the closest
conformation to the [1] observed for peptide [3]. The amide
bond in [3] preserves the H-bonding pattern found in [1],
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stabilizing the β-turn conformation required for binding of the
carbohydrates. Based on this study, we hypothesized that [1]
and [3] should exhibit similar lectin-like properties. ITC
binding experiments revealed comparable affinities of [1] and
[3] toward two model glycoproteins, fetuin and asialofetuin,
with highest affinity for asialofetuin. Similarly, in cell based
assays, the preferential binding of [1] and [3] was observed for
breast cancer cell lines that overexpress fucose-containing
glycans in comparison to the healthy control cells. Predictably,
peptide [2] in our binding assays did not exhibit lectin-like prop-
erties. In summary, our data clearly demonstrates suitability of
[1] for further modifications to find novel lectinomimics for
applications in the medical and bioanalytical fields.

(179) Sequential one-pot multienzyme (OPME) systems for the
synthesis of carbohydrates and glycoconjugates

Xi Chen
Department of Chemistry, University of California-Davis

Carbohydrates and glycoconjugates play important roles in
biology. Obtaining these structures in pure forms will help to
elucidate their functions and explore their potential therapeutic
applications. We have developed highly efficient one-pot multi-
enzyme (OPME) systems for synthesizing various carbohydrates
and glycoconjugates from suitable glycosyltransferase acceptors
and simple monosaccharides as donor precursors. These OPME
systems can be used in sequential for large-scale production of a
library of human milk oligosaccharides, synthesizing glycan epi-
topes for biological function studies, and glycan engineering of
glycoproteins. Our efforts on enzyme characterization, structure
studies, and protein engineering of glycosyltransferases as well
as their applications on enzymatic and chemoenzymatic synthe-
sis of glycoproteins, glycolipids, and human milk oligosacchar-
ides will be presented.

(180) Ion-pairing UPLC-MS method for profiling and
characterization of low molecular weight heparins (LMWHs)

Dandan Zhou, Zhirui Wang, Christian Heiss,
Stephanie Archer-Hartmann, Parastoo Azadi

Complex Carbohydrates Research Center, UGA, Athens, GA

Low-molecular-weight heparins (LMWHs) are prepared by
chemical fractionation or enzymatic depolymerization of
unfractionated heparins and wildly used as anticoagulants to
prevent and treat deep vein thrombosis or pulmonary embolism.
Each type of LMWHs has a characteristic molecular weight
profile and unique structural feature due to different depolymer-
ization processes. To date, the structural analysis of LMWHs
has been proven to be challenging because of their high negative
charge, polydispersity and microheterogeneity. The approaches
could be classified into “comprehensive”, i.e. looking at the
intact sample at the cost of sacrificing structural details or “spe-
cific”, i.e. isolating and exhaustively characterizing individual
components that could be lacking of completeness information.
The comprehensive analysis relies on a combination of molecu-
lar weight distribution by size exclusion chromatography,
NMR spectroscopic fingerprinting and chain mapping by

cetryltrimethylammonium coated strong anion exchange chro-
matography (CTA-SAX) of intact sample. On the other hand,
the specific approaches include disaccharide analysis, fragment
mapping followed enzymatic digestion and sequence of oligo-
saccharide species by HPLC and MS. Here we present a simple
and efficient reversed-phase ion pair ultra-performance liquid
chromatography mass spectrometry (RPIP-UPLC-MS) method
to separate and evaluate of various commercially available
LMWHs products. Take enoxaparin sodium for example, this
RPIP-UPLC-MS method is demonstrated to be superior to the
current chain mapping CTA-SAX analysis by getting another
dimension to the fingerprinting of enoxaparin, namely that of
mass resolution, and thus greatly improve the overall resolution
of chain mapping. The mass spectra recorded of each eluting
peak are able to separate coeluting species on the basis of their
mass and thereby enhance the uniqueness of the sample finger-
print. As a consequence, subtle structural differences between
samples could be found and compared. This method achieves
the goal of both “comprehensive” and “specific” analysis of
LMWHs, which provides not only the good separation and
identification of oligosaccharides as high as dp16, but also
detailed sequences including 1,6-anhydro forms and saturated
non-reducing end residues. In conclusion, the developed
Ion-pairing online UPLC-MS method is successfully applied for
the separation, identification, characterization, and pharma-
ceutical stability analysis of various LMWHs.

(181)High throughput and high resolution glycan analysis by
capillary electrophoresis on Applied Biosystems DNA

sequencers
Jenkuei Liu, James Stray, Shaheer Khan, Brian Evans,

Steve Gorfien
ThermoFisher Scientific

Currently, high resolution glycan analysis is performed using
single channel UPLC and CE methods; there is no method for
glycan analysis that combines high throughput and high reso-
lution. Here we demonstrate the development of a complete
process for high throughput and high resolution analysis of
glycans consisting of a simple and fast sample preparation,
glycan separation by multiple channel capillary electrophoresis,
and an easy, rapid data analysis program.

Current glycan sample prep methods are laborious multi-day
processes containing long enzymatic deglycosylation, purifica-
tion of released glycans, fluorescent labeling and excess dye
removal steps. The labeling reaction typically requires vacuum
drying of purified glycans and the use of a toxic reducing chem-
ical, cyanoborohydride. Common analysis methods such as
UPLC and single capillary electrophoresis only analyze a single
sample per run. Existing fluorescent dyes 2-AB for UPLC and
APTS for capillary electrophoresis have the limitation of only
separating certain glycans. Growth in bio- pharmaceuticals and
adjacent markets necessitated the need for a high resolution and
high throughput glycan platform.

We have developed a simplified sample preparation that
involves an enzymatic deglycosylation in <1 hour, purification
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of glycans using magnetic beads, elimination of vacuum centri-
fugation, elimination of toxic cyanoborohydride, and novel
fluorescent dyes. After rapid labeling, the labeled glycans are
separated with an Applied Biosystems 3500xL capillary electro-
phoresis instrument that simultaneously runs 24 samples
through 24 capillaries in 45 min. This instrument combines re-
producible high throughput and high resolution glycan separ-
ation. New fluorescent dyes are highly sensitive and improve
detection and quantitation of glycans at very low levels in com-
parison to traditional APTS labeling. Glycans labeled with
these novel dyes can also be analyzed by UPLC. Our new ana-
lysis method can analyze glycans from low glycoprotein input
(< 10 µg) and provide glycan quantitation data from 96 samples
in <8hrs.
Our glycan analysis software can rapidly analyze multiple ele-

tropherograms and provide glycan profiles, relative quantities,
and glycan structures. Our fully integrated solution of easy
sample prep, high throughput instrumentation and software
can address the current unmet need of a high throughput and
high resolution glycan analysis solution.

(182) Analytical Services and Trainings at the Complex
Carbohydrate Research Center

Parastoo Azadi, Roberto Sonon, Stephanie Archer-Hartmann,
Mayumi Ishihara, Zhirui Wang, Christian Heiss,

Radnaa Naran, Ian Black, Dandan Zhou, Artur Muszynski,
Scott Forsberg, Asif Shajahan, Justyna Dobruchowska

University of Georgia

The CCRC Analytical Services Laboratory at The University of
Georgia offers services for structural characterization of glyco-
conjuagtes derived from animal, plant or microbial origin. Our
scientists have many years of experience on designing/conduct-
ing a wide array of experiments in the area of glycobiology. The
service laboratory is complimented with state-of-the-art instru-
ments such as Thermo Orbitrap Fusion MS, Velos
Orbitrap-Elite MS, LTQ-Orbitrap MS, AB SCIEX TOF/TOF
5800 MALDI-MS, Bruker MALDI-TOF MS, Capillary
Electrophoresis MS, High Field NMR, HPLC, HPAEC, and
GC-MS. We present examples of glycoconjugate analyses that
utilize a combination of techniques. Briefly described below are
some analyses for each class of glycoconjugate.
Glycoproteins: glycopeptides and peptides analysis, release of

N-and O-linked glycans from purified, gel-prepared, cell or
crude tissue glycoproteins; mapping N-and O-linked glycosyla-
tion sites on peptides, identification of type of N-linked glycans,
i.e. biantennary, triantennary, tetraantennary, high mannose,
hybrid or complex; determination of residue and linkage com-
position and their sequence in oligosaccharides, ring size,
anomeric configuration, and determination of points of attach-
ment, and linkage of non-carbohydrate constituents such as
phosphate and sulfate.
Glycosaminoglycans (GAGs): isolation of GAGs from cells

and tissues, depolymerization, analysis and quantification of di-
saccharide building blocks (analysis, quantification of HS/CS/
HA, CTA-SAX, molecular weight determination, degree of

sulfation, isolation and sequencing of individual oligosacchar-
ides by MS and NMR.

Polysaccharides: determination of glycosyl and linkage com-
position, ring size, and anomeric configuration; and purification
to homogeneity by SEC and/or ion exchange chromatography.

Lipopolysaccharides (LPS): isolation of LPS directly from
bacterial cells, release of Lipid A from O-antigen, and character-
ization of Lipid A by MS and O-antigen by techniques used for
polysaccharides.

Lipids and glycolipids: determination of fatty acid compos-
ition of ceramide, diacylglycerol or triacylglycerol, and phos-
pholipids.

We also offer annual hands-on training courses on techniques
for structural characterization of glycoproteins, polysacchar-
ides, and GAGs. On these trainings, participants perform
benchtop experiments and analyze end products by mass spec-
trometry, HPLC-UV and fluorescent detection, HPAEC-PAD,
lectin blotting, and thin layer chromatography. The hands-on
experience is further enhanced by lectures from experts/scien-
tists on various fields of glycobiology. In addition to the above-
mentioned trainings, we offer a separate mass spectrometry
course for glycoproteins.

(183) ß-galactosidase probes for detection of cellular senescence
by mass cytometry

Lisa Willis, Matthew Lumba, Mark Nitz
University of Toronto

Mass cytometry (MC) is a powerful technology that combines
the cellular resolution of flow cytometry with the heavy isotope
detection of inductively coupled plasma mass spectrometry
(ICP-MS). The greatest advantage to using MC is that low spec-
tral overlap theoretically allows for the simultaneous quantifica-
tion of > 100 different tags, such as labeled antibodies, DNA
intercalators, etc. Our group is engaged in developing small
molecule reporters on cell state and metabolism that are com-
patible with MC. To this end, we have synthesized a new probe
for cellular senescence. Senescence is characterized by arrested
cell division, shortened telomeres and increased activity of
β-galactosidase and is important for tumor suppression, wound
healing and development. There are two widely-used assays for
senescence, a chromogenic and a fluorescence-based assay. The
chromogenic assay relies on hydrolysis of X-gal and subsequent
precipitation of the dimerized chromophore, detected by manu-
ally counting the percentage of blue cells in a time consuming
and highly subjective process. The fluorescent assay, which
employs a digalactosylated fluorescein-C12 that becomes fluor-
escent upon galactose cleavage, is far more objective and amen-
able to higher throughput detection. Both of these assays
require that the lysosomal pH be artificially raised to 6 in order
to decrease the background signal from non-senescent cells.
Our probes contain a tellurophene reporter group that is con-
nected to a galactoside warhead which, when hydrolyzed, gen-
erates a quinone methide that is subject to attack by a nearby
nucleophile. This reaction produces tellurophenes which are co-
valently linked to intracellular components, allowing for the
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quantification of β-galactosidase activity in individual cells.
One of the strengths in this approach is that tellurium has seven
stable, commercially available isotopes which are biologically
identical but chemically distinct. Cells, tissues and organs could
be treated successively with a probe containing different Te iso-
topes to determine when a cell became senescent and, by multi-
plexing with MaxPar-labeled antibodies, it would be possible
to identify these cells in a complex mixture.

(184) Structural Modification of the Therapeutic Tripeptide
KPV by Reductive “Glycoalkylation”

Abigael C. Songok1, William T. Doerrler2, Carol M. Taylor1,
Megan A. Macnaughtan1

1Department of Chemistry, Louisiana State University, Baton
Rouge, Louisiana, USA; 2Department of Biological Sciences,
Louisiana State University, Baton Rouge, Louisiana, USA

Research has shown that the anti-inflammatory message se-
quence of the α-melanocite stimulating hormone (α-MSH)
resides in the C-terminal tripeptide, KPV. The end-capped KPV,
Ac-KPV-NH2, has anti-inflammatory and antimicrobial proper-
ties similar to α-MSH. Since KPV lacks the pigmentation effects
observed in α-MSH, it serves as a better therapeutic agent. As a
small molecule, KPV has advantages of being chemically stable
and less expensive to produce compared to α-MSH, making it
amenable to large-scale pharmaceutical production. However,
like other peptide drugs, there are challenges, such as rapid
elimination by renal filtration, low solubility, and enzymatic
degradation. For peptide drugs, frequent dosage is often
required in order to keep the drug in circulation. To circumvent
these challenges, most peptidyl drugs currently in use are chem-
ically modified to increase the drug’s half-life and improve oral
bioavailability. Our research uses a novel glycomimetic ap-
proach to modify lysine residues in therapeutic peptides. The
ε-NH2 group can be converted to a piperidine ring with two hy-
droxyl groups at C3 and C5 (ε-NH2 glycoalkylation). The
structural change is expected to reduce proteolytic recognition
of lysine and create amphiphilic properties to enhance solubility
and absorption of modified drugs.
Deoxygenation of 1,2:5,6-di-O-isopropylidene-α-D-

glucofuranose at C3, followed by selective hydrolysis of the less
substituted acetal and cleavage afforded an aldehyde. As a
model, Nα-p-tosyl-L-lysine methyl ester (Ts-Lys-OMe) was re-
ductively alkylated with the glucose-derived aldehyde.
Hydrolysis of the remaining acetonide unmasks a hydroxyalde-
hyde. In the presence of NaBH4, a second intramolecular reduc-
tive amination takes place, giving the piperidine diol, which has
been confirmed by NMR and X-ray crystallography. A similar
modification was applied to the KPV tripeptide at the α-NH2

and/or ε-NH2 positions. The antimicrobial activity of
Ac-KPV-NH2 reported in literature, will be compared with the
newly synthesized glycoalkylated KPV derivatives: Glyco-
KPV-NH2, K(Glyco)PV-NH2, and Glyco-K(Glyco)PV-NH2.
The α-glycoalkylated, ε-glycoalkylated, and the acetylated KPV
derivatives have been successfully synthesized and character-
ized. The synthesis of the remaining compound is ongoing and

the antimicrobial activity, against Staphylococcus aureus and
Candida albicans, of all the four derivatives will be tested.

(185) Development and Applications of Novel Highly Sensitive
Fluorescent Dyes for N-glycan Analysis

Shaheer H. Khan, James Stray, Jenkuei Liu,
Bharti Solanki-Nand, Brian Evans

Thermo Fisher Scientific

Analysis and quantitation of glycans, primarily N-glycans is
limited by the availability of number of fluorescent molecules
with superior sensitivity and selectivity. The fluorescent mole-
cules currently used for glycan labeling lack key fluorescent
properties, necessitating the use of large quantities for glycan la-
beling. Because of the low fluorescent signals from N-glycans
labeled with these molecules, the requirement of input glycopro-
tein is also very high. To address this bottle neck we developed
two novel fluorescent molecules for N-glycan labeling with su-
perior sensitivity. Because of the structural differences, these
molecules also provide different selectivity for labeled
N-glycans. Their high fluorescent response helps in quantitation
of N-glycans present at very low levels in a glycoprotein.

In this presentation we report the development of two new
rapidly reacting fluorescent dyes (TEAL™ and TURQUOISE™)
for N-glycan analysis. New dyes also eliminated the use of toxic
sodium cynaoborohydride from the labeling chemistry. A
number of N-linked oligosaccharides (IgG glycans) consisting
of both charged and neutral glycans of which some were unre-
solved when labeled with conventional APTS dye were fully
baseline resolved on labeling with our proprietary dyes.
N-glycans labeled with these novel dyes can be analyzed over a
LC or CE separation platform. These dyes labeled N-glycans
can also generate better mass spec signals, when analyzed over
mass spec methods.

(186)N-glycan composition of both immunoglobulin G1 and
the Fc gamma receptors contributes to affinity

Ganesh P. Subedi, AdamW. Barb
Roy J. Carver Department of Biophysics, Biochemistry and

Molecular Biology, Iowa State University

Immunoglobulins (Ig) interact with various cell surface recep-
tors to elicit immune responses against invading pathogens and
immunogenic antigens. The most abundant serum antibody,
IgG1, binds many receptors through the Fragment crystallizable
(Fc) region in a mode that requires Fc N-glycosylation at
Asn297. The naturally occurring Fc N-glycans are complex
type biantennary forms and Fc N-glycan composition has been
associated with multiple diseases, possibly due to a role of the
N-glycan in Fc structural integrity. Very recently we determined
that Fc N-glycosylation modifies only the local Fc secondary
structure and has little influence on the predominant quaternary
structure Fc samples in solution at physiological temperature
and pH (Subedi and Barb, Structure (2015) in press). However,
it is unclear how N-glycan composition influences Fc function.
To further elucidate the role of Fc glycosylation in receptor
binding we measured the affinity of IgG1 Fc glycovariants
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toward various receptors including: FcgRIa, FcgRIIa, FcgRIIb,
FcgRIIIa and FcgRIIIb. Fucosylated and afucosylated Fc forms
with various terminal glycans were prepared by modifying
the glycan composition during the protein expression phase and
following protein purification. The impact of glycosylation
heterogeneity was investigated by expressing soluble Fc-binding
domains of receptor molecules in lec1-/- cells that produce
uniform Man5 N-glycans. Interestingly, receptors with
homogeneous Man5 glycoforms show increased binding affin-
ity toward fucosylated and afucosylated Fc glycoforms and indi-
cate FcgR glycosylation is an important component of Fc
recognition.

(187) Characterization of the interaction between N-terminal
annexin A1 residue and tumor-targeting carbohydrate-mimetic

IF7 peptide
Motohiro Nonaka1,2, Toshio Sasai3, Masato Nagaoka3,

Michiko N. Fukuda1,2
1Laboratory for Drug Discovery, National Institute of
Advanced Industrial Science and Technology (AIST),

Tsukuba, Ibaraki 305-8568, Japan; 2Sanford-Burnham-Prebys
Medical Discovery Institute, La Jolla, California 92037, USA;

3Yakult Central Institute, Kunitachi-shi, Tokyo 186-8650,
Japan

Annexin A1 (Anxa1) is known as the best marker for tumor-
angiogenic endothelial cells. In the previous studies, we identi-
fied a carbohydrate-mimetic peptide, designated IF7, bound to
N-terminal domain of Anxa1 protein. Upon intravenous injec-
tion to tumor-bearing mouse, IF7 rapidly delivered anti-cancer
drug to tumor site (Hatakeyama et al., Proc Natl Acad Sci U S
A 108; 19587-92, 2011). In this study, we characterized in
detail the interaction between IF7 and Anxa1 using a synthetic
16-mer Anxa1 N-terminal peptide, MC16. Kinetic analysis
demonstrated a comparable dissociation constant (Kd) of IF7
and Lewis A glycan with MC16. Computer-simulated three-
dimensional models suggested IF7 fits into a pocket at the
Anxa1 N-terminus created by dimerization. A plate-binding
assay of IF7 to MC16 and its mutated forms showed that K9
and E6 residues are required for the binding. Those results col-
lectively suggest that Anxa1 N-terminal is sufficient for the
binding to IF7 as well as to Lewis blood group type glycans.

(188) A system for the analysis of fucosylated glycoforms in
liver disease – the development of the Doylestown Plus

algorithm for the early detection of hepatocellular carcinoma
AnandMehta, Comunale Mary Ann, MengjunWang

Drexel University College of Medicine

Hepatocellular carcinoma (HCC) is a heterogeneous disease
that most often arises in a background of long-term liver
disease and inflammation. Despite this relationship, it has been
difficult to predict or diagnose progression to HCC at stages
early enough to initiate effective therapy. We have documented
several consistent changes in the glycoproteomic profile of
individuals with HCC, including increased fucosylation of
N-linked glycans on selected serum proteins and in HCC

tissue. Importantly, we show that increased core fucosylation
is directly associated with de-differentiation of hepatocytes
and with the appearance of markers indicative of a transition
of cells from an epithelial to a mesenchymal state. In an effort
to develop these finding into clinically useful biomarkers, we
have incorporated one identified glycoform, fucosylated
kininogen, into a logistic regression model incorporating log
transformed alpha fetoprotein (AFP), age, gender, alkaline
phosphatase (ALK), and alanine aminotransferase (ALT) to
better identify those patients with HCC. The analysis of fuco-
sylated kininogen was performed through antibody capture of
the target protein followed by lectin detection using recombin-
ant Aleuria aurantia lectins with altered fucose specificity. In
addition the assay required the removal of the inherent fucosy-
lation on the capture antibody through the de-glycosylation of
the antibody with recombinant PNgase F and the removal of
serum anti-gal IgG and IgM before analysis. This algorithm,
referred to as the Doylestown Plus algorithm, was tested on
209 patients, 116 with HCC and 93 with liver cirrhosis. In this
study, currently used marker of HCC, alpha fetoprotein (AFP)
had an AUROC of 0.8393 while fucosylated kininogen alone
was 0.8101. The Doylestown Plus algorithm increased this
dramatically to 0.9835. Importantly, if only the 62 patients
with early tumors and with AFP less than 20 ng/mL where
included (n = 155), the AUROC was still 0.9788, with 85%
sensitivity at 95% specificity, highlighting the potential of this
system to increase the detection of early HCC. In conclusion,
we have developed a system for the specific and accurate ana-
lysis of fucosylated glycoforms in the serum of patients with
liver disease and utilized this system to increase the early detec-
tion of HCC.

(189) A rapid, simple high throughput sample prep method for
N-glycan analysis

Bharti Solanki-Nand, Jenkuei Liu, James Stray, Shaheer
H. Khan, Brian Evans
Thermo Fisher Scientific

Glycosylation is one of the key critical quality attributes of mAb
based biotherapeutics. Glycosylation changes can impact
biotherapeutic’s safety, efficacy, clearance and immunogenicity,
making it necessary to accurately detect and quantitate the
changes. Glycan profiling begins at cell line development and
continues through process development.

Current glycan sample prep methods are laborious and
tedious multi-day processes containing long enzymatic deglyco-
sylations, purification of released glycans, fluorescent labeling
and excess dye removal steps. The labeling reaction typically
requires vacuum drying of purified glycans and the use of toxic
reducing chemicals such as sodium cyanoborohydride. Growth
in bio- pharmaceuticals and adjacent markets necessitated the
need for a rapid, simple high throughput N-glycan sample prep
method that can also preserve the integrity of glycan structure.

Here we report development of a N-glycan sample prep
method consisting of rapid deglycosylation followed by
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magnetic bead based glycan labeling and excess dye removal
steps. We eliminated time consuming vacuum centrifugation
from the workflow and the use of toxic sodium cyanoborohy-
dride, resulting in a streamlined automatable method that can
process 96 samples in about 8 hours. Our workflow is analysis
platform independent and the labeled N-glycans can be sepa-
rated and quantitated over a CE or LC platform.

(190)Development of an Instant Glycan Labeling Dye for High
Throughput Analysis by Mass Spectrometry

Michael Kimzey, Zoltan Szabo, Vaishali Sharma,
Alexander Gynes, Samnang Tep, Adele Taylor, Aled Jones,

Justin Hyche, Ted Haxo, Sergey Vlasenko
ProZyme, Inc.

The characterization of glycans on biotherapeutic proteins is one
of the most important activities in the development process.
Various approaches are utilized, and they typically include the la-
beling of released glycans with a tag to allow for fluorescence de-
tection; a process that often requires numerous hours to complete.
In addition to fluorescence detection, mass spectrometry is also
often utilized. Unfortunately, many of the most commonly-used
fluorescent tags are somewhat limited with regard to MS sensitiv-
ity. We present a novel instant glycan labeling reagent for MS
(InstantPC) that provides markedly increased MS and FLR sensi-
tivity. This new dye is part of a workflow which utilizes a rapid
in-solution digestion, instant labeling, and cleanup of excess
InstantPC label prior to analysis. InstantPC is shown to lend itself
to both rapid (5-minute) and high-resolution (60-minute) HILIC
methods for N-glycan separation, allowing flexibility for screen-
ing applications as well as in-depth characterization.

(191) Identification of the cell-surface glycoproteins responsible
for binding and cellular uptake of pertussis toxin

Nicole Nischan, Jennifer J. Kohler
University of Texas Southwestern Medical Center

Bordetella pertussis, or whooping cough, is a contagious bacter-
ial disease that infects about 16 million people annually world-
wide with a 2% mortality in infants younger than one year.
Without available treatment, infections are controlled by
population-wide vaccination. However, infections in the US
have recently risen to 1950s levels (41,880 cases in 2012).
Reasons include neglected vaccination, but also a “waning im-
munity” of vaccinated individuals due to B. pertussis adapting
to the vaccine by increased antigenic divergence and elevated
levels of its major virulence factor, pertussis toxin (PT). PT con-
sists of one active subunit A and five different B subunits that
mediate binding to cell surface receptors. After endosomal
uptake and retrograde transport to the cytosol, subunit A gets
activated and ADP-ribosylates Gi-proteins, interfering with
intracellular communication. Increased intracellular cAMP
levels further affect normal biological signaling. While the sys-
temic effects of PT downstream signaling have been extensively
studied, limited knowledge is available about the cellular
binding and uptake of PT. Microarray screens and surface
plasmon resonance hint that glycans are involved.

Here, I present findings on the cell-surface interaction
partners of PT. I employed a photocrosslinking tool, a
cell-permeable, diazirine-modified N-acetylmannosamine
(Ac4ManNDAz) that cells metabolize to diazirine-modified
sialic acid (SiaDAz) and incorporate in their glycans. Upon light
irradiation, SiaDAz-containing glycans form covalent bonds
with nearby molecules, allowing the capture of binding events
too weak to study by immunoprecipitation methods. Using
Ac4ManNDAz in human bronchial epithelial cells and neuro-
blastoma cells, I captured both low and high molecular weight
binding partners of PT.

Investigation of the glycan component by using small mol-
ecule inhibitors revealed that gangliosides do not crosslink to
PT. However, the presence of crosslinking products depended
on both the synthesis of N-linked and O-linked glycans in both
cell lines. Perturbance of N-linked glycan synthesis by kifunen-
sine even led to a significant decrease of PT-binding.

Current efforts focus on chemical site-specific biotinylation
of PT while maintaining its binding abilities. These efforts will
lead to identification of both protein and glycan components of
cell-surface PT receptors, with a long-term goal of enabling
developing therapeutic agents to perturb the cell entry of PT.

(192) Binding Specificity and Biological Significance of Novel
Marker Antibodies for Human iPS Cells: R-10G and R-17F
Toshisuke Kawasaki1, Hiromi Nakao1, ShogoMatsumoto1,
Hidenao Toyoda2, Kenji Kawabata3, Nobuko Kawasaki1
1Research Center for Glycobiotechnology, Ritsumeikan

University, Shiga 525-8577, Japan; 2Laboratory of
Bio-analytical Chemistry, College of Pharmaceutical Sciences,
Ritsumeikan University, Shiga 525-8577, Japan; 3Laboratory
of Stem Cell Regulation, National Institute of Biomedical

Innovation, Health, and Nutrition, Osaka 567-0085, Japan

Marker antibodies, which recognize specifically human iPS/ES
(hiPS/ES) cells, would be valuable not only for examining the
roles of glycans on pluripotent stem cells, but also for medical
applications of these cells. Recently, we generated two monoclo-
nal antibodies (R-10G and R-17F, both IgG1 subtype) by inject-
ing hiPS cells into mice. The binding properties of these
antibodies were studied immunohistochemically by flow cyt-
ometer on suspended cells and laser confocal scanning micros-
copy on cultured cells in comparison with those of marker
antibodies frequently used to characterize hiPS/ES cells, includ-
ing TRA-1-60, TRA-1-81, SSEA-3 and SSEA-4. The antigens
of these novel antibodies were studied biochemically by
MALDI-TOF-MS and MSn, Western blot and TLC blot, and
glycan microarray after purification of the respective antigens.

The results indicated that these antibodies recognized undif-
ferentiated hiPS/ES cells and quickly disappeared upon differen-
tiation. Thus, they are marker antibodies for hiPS/ES cells. The
binding properties of R-10G and R-17F were clearly distinct
from those of the frequently used hiPS/ES marker antibodies.
R-10G recognized a type of keratan sulfate with no or little
oversulfated structures. Immunohistochemical staining indi-
cated that a single colony of undifferentiated hiPS cells consisted
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of different cell subtypes containing keratan sulfate with slightly
different structures [1]. The predominant portion of the R-17F
epitope on hiPS cells was identified as LNFP I (Fucα1-2Galβ1-
3GlcNAcβ1-3Galβ1-4Glc). R-17F recognized and bound evenly
to almost all over the cell membranes, indicating that LNFP I
may be a membrane component distributed ubiquitously on the
pluripotent stem cells. Interestingly, R-17F had a strong cyto-
toxic activity to hiPS/ES cells, not only in free-cell suspensions
but also in colony-forming cultures. The cytotoxic activity of
R-17F was augmented markedly on addition of the secondary
(anti-IgG1) antibody and was not mediated by apoptosis.
R-17F may be beneficial for safer regenerative medicine by elim-
inating residual undifferentiated hiPS cells in hiPS-derived re-
generative tissues, which are considered to be a strong risk
factor for carcinogenesis [2].

References

1. Kawabe K, et al.Glycobiology, 23 (3), 322–336 (2013).
2. Matsumoto S, et al. J. Biol. Chem., in press (2015).

(193)Heparan sulfate: a master regulator of developmental
angiogenesis

LianchunWang1, Yamaguchi Yu2, Junlin Jiang1,
Siyuan Zhang1

1Complex Carbohydrate Research Center and Department of
Biochemistry and Molecular Biology, University of Georgia,

Athens, GA 30602, USA; 2Sanford Children’s Health Research
Center, Burnham Institute for Medical Research, 10901 North

Torrey Pines Road, La Jolla, CA 92037, USA

Angiogenesis is a process in which the primitive vascular plexus
or capillaries remodel into a mature vasculature. Angiogenesis
is essential for embryonic development and is also a key compo-
nent of tissue repair and healing. Many of the events that occur
during normal angiogenesis are recapitulated in pathological
processes, such as tumor angiogenesis, ischemic coronary artery
disease and stroke. Therefore, new insights into normal angio-
genesis will advance our understanding of this fundamental
process, and may also lead to the development of rational thera-
peutics angiogenesis-related diseasess. In the past years, we have
examined the functions of heparan sulfate (HS), a highly sul-
fated polysaccharide, in vascular development. Our recent
studies uncovered that the axon guidance molecule Slit3 inter-
acts with Robo4 to promote endothelial cell (EC) functions in
vitro and neovascularization in vivo, and our examination of
EC-specific-Ndst1 knockout (Ndst1ECKO) mice, in which the
sulfation modification of EC-HS is reduced, demonstrated that
EC-HS promotes developmental angiogenesis in diaphragm by
functioning as a co-receptor for Slit3-Robo4 signaling. These
studies documented that EC-HS is required for developmental
angiogenesis in diaphragm and elucidated a positive regulatory
role of EC-HS in Robo4 signaling. However, it remains
unknown if EC-HS is required for developmental angiogenesis
in general in multiple organs and if HS also modulates other

angiogenic pathways. In ongoing studies we examined the
EC-specific Ext1 knockout (Ext1ECKO) mice in which the ex-
pression of EC-HS is completely abolished. The Ext1ECKO mice
exhibit profound and severe developmental angiogenesis defects
and are embryonic lethal, revealing that EC-HS is essentially
required for developmental angiogenesis in multiple organs.
Phenotype characterization uncovered that the Ext1 ablation
disturbs EC functions, including tip cell sprouting and filopodia
formation, and mural cell recruitment, phenocopying the vascu-
lar development defects displayed in mice that are deficient in
vascular endothelial growth factor (VEGF) and platelet-derived
growth factor-B (PDGF-B), respectively, leading to our second
hypothesis that EC-HS facilitates both VEGF- and PDGF-B sig-
naling to essentially modulate developmental angiogenesis.
Currently we are actively testing this novel hypothesis. We
anticipated that our studies will establish that EC-HS facilitates
multiple angiogenic signaling, including Slit3, VEGF and
PDGF-B pathways, to function as a master regulator in vascular
development.

(194) RNA-seq Analysis of Pluripotent and Differentiated
Human Stem Cells

Alison V. Nairn, Mitche dela Rosa, Michael Kulik,
Michael Pierce, Stephen Dalton

University of Georgia

The field of transcriptome analysis has recently shifted from
using microarray- based methods, which restrict the set of tran-
scripts queried, to whole transcriptome analysis using a
sequencing-based platform, termed RNA-seq. Several sequen-
cing platforms are currently available for performing RNA-seq
analysis, but no standard methods for analysis of the resulting
sequencing data have yet been established. We are studying
human embryonic stem cell (hESC) development as a model
system for analysis of changes in glycan-related gene transcripts
that occur during cellular differentiation. Previously, we used a
qRT-PCR platform to analyze transcripts for a collection of
�900 glycan-related genes in populations of pluripotent and
differentiated human stem cells. We are currently expanding
our analysis to include the entire transcriptome using RNA-seq.
This platform provides an unbiased view of changes in gene ex-
pression as a result of changes in stem cell development and
may yield information on additional genes that interact or regu-
late glycan-related gene expression that are not yet known. We
have previously optimized our strategy for aligning sequencing
reads and have validated the repeatability of technical replicate
runs (R2 > 98%) and correlated our RNA-seq data with paired
analysis by qRT-PCR (R2 > 90%). Currently, we are optimizing
the strategies for differential expression analysis for our
RNA-seq data using parallel data sets from our qRT-PCR plat-
form to validate the results. We also plan to incorporate bio-
logical replicate analysis in our qRT-PCR validation to provide
statistics on biological variation of transcript abundance while
reducing the costs of replicate analysis by RNA-seq. The long-
term goals are to identify changes in transcript abundance for
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glycan biosynthetic and catabolic genes, assign these transcript
changes to metabolic pathway steps, and correlate the data with
parallel analysis of glycan structures derived from mass spec-
trometry analysis. We will present RNA-seq data for undifferen-
tiated H9 hESC cells as well as H9 cells differentiated into
cardiac progenitors (WT-1), smooth muscle (SM) and a hepatic
lineage (Liver). Metabolic pathways will be used to highlight
changes in glycan-related transcript abundances between ES
and differentiated cell lines including summaries of transcript
changes that are unique to different stages of differentiation.
(supported by NIH grant P41GM103490 to JMP)

(195) Identifying disease-specific differences in human muscle
glycosylation that affect muscle function

Brian J. McMorran1,2, Francis E. McCarthy1,2, Alison
V. Nairn3, Zhongyin Liu4, Lara K. Mahal4, Kelley

W. Moremen3, Carrie M. Miceli6,2, Rachelle
H. Crosbie-Watson5,2, Linda G. Baum1,2

1Department of Pathology and Laboratory Medicine,
University of California Los Angeles, Los Angeles CA; 2Center
for Duchenne Muscular Dystrophy, University of California
Los Angeles, Los Angeles CA; 3Complex Carbohydrate
Research Center and Department of Biochemistry and
Molecular Biology, University of Georgia, Athens GA;

4Biomedical Chemistry Institute, Department of Chemistry,
New York University, New York, NY; 5Department of
Integrative Biology and Physiology and Department of

Neurology, University of California Los Angeles, Los Angeles
CA; 6Department of Microbiology, Immunology and

Molecular Genetics, University of California Los Angeles, Los
Angeles CA

Little is known about the function and regulation of glycosyla-
tion during muscle development and in muscle disease. Plant
lectins have historically been used to qualitatively characterize
glycosylation of healthy and diseased muscle; however, in these
studies, it is not clear how well lectins discriminate among dif-
ferent types of glycans, nor if the lectins recognize different
glycans on different glycoproteins. Moreover, work to date has
focused on rodent muscle cell glycosylation, and early studies
showed that patterns of lectin binding to rodent muscle cells
were not seen with human muscle cells.
We have evaluated changes in muscle cell glycosylation utiliz-

ing a panel of lectins with varying specificities. Using C2C12
murine muscle cells, we have performed quantitative lectin
binding studies and found unique patterns of lectin binding to
discrete complements of sarcolemmal glycoproteins during myo-
blast differentiation into myotubes. We have also analyzed the
transcript abundances of a large panel of glycosyltransferase and
glycosidase genes, using quantitative real time RT-PCR
(qRT-PCR). This analysis revealed changes in transcript abun-
dances for three genes that are significantly up-regulated during
murine muscle cell differentiation and have interrogated the roles
of the enzymes encoded by these genes in creating specific glycan
epitopes. We are now characterizing glycosylation of human

muscle cells derived from healthy donors and from patients with
Duchenne muscular dystrophy (DMD). Utilizing lectin micro-
array technology, we have identified unique patterns of glycosyla-
tion that distinguish human myoblasts and myotubes, and
distinguish healthy and dystrophic muscle. Importantly, the gly-
cosylation changes that we observe on differentiating human
muscle cells are distinct from those we have observed for murine
cells, emphasizing the species-specific nature of some forms of
glycosylation. The overarching goals of this project are to deter-
mine how changes in glycans on human cells affect function of
healthy and dystrophic muscle, and to identify novel therapeutic
approaches that will restore proper glycosylation, membrane sta-
bility, and sarcolemmal adhesion in dystrophic muscle.

(196) A multitumorigenesis TGF-beta induced EMTmodel to
characterize glycan changes associated with hepatocellular

carcinoma progression
Aarti A. Ramanathan, Harmin Herrera, Mary A. Comunale,

Laura Steel, Michael Bouchard, AnandMehta
Drexel University College of Medicine

Hepatocellular carcinoma, like most cancers is a highly hetero-
geneous disease with several factors adding dimensions to the
complexity, often amidst a background of chronic liver disease
and inflammation. A major challenge to treatment is inability to
diagnose the disease early and incomplete understanding of the
progression and heterogeneity involved in it. Alterations in gly-
cosylation pattern have been frequently reported in cancers, in
different levels and/or often associated with certain proteins.
However, the functional significance and the mechanisms
behind the alterations are relatively less known.

Our lab uses a glycoproteomic approach to identify proteins
with alterations in N-linked glycosylation for use as HCC bio-
markers, and have documented several consistent changes in the
glycan profile in serum proteins and tissue samples of indivi-
duals with HCC compared to controls. Coincidentally, we
found that these alterations, specifically increase in fucosylation
and sialylation on proteins are normally associated with the
process of de-differentiation in primary rat hepatocytes, and
can be further upregulated through specific activation of indi-
vidual cancer-associated pathways. Since cancer progression
involves acquisition of multiple mutations and disregulation in
more than one pathway, we employed a stepwise activation of
multi-tumorigenesis along with TGF-beta induced EMT model
and characterized the N-linked glycan changes associated with
cancer progression in transformed normal hepatocytes by
N-linked glycan sequencing and lectin blot analysis, along with
proteomic analysis. We observe several transient glycoproteomic
alterations, but consistently observe increased levels of protein
sialylation and alpha-1,6-linked core fucosylation. These corre-
lated with decrease in epithelial characteristics and increase in ex-
pression of genes and proteins involved in activation of
mesenchymal phenotype. To further elucidate whether these
glycan changes are directly involved in EMT process; specific
inhibitors of the glycan alterations were employed and evaluated.

2015 SFG Annual Meeting Meeting Abstracts

1297

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/article/25/11/1207/1988660 by guest on 20 M

arch 2024



(197) Visualization of N-linked Glycan Distribution during
Early Murine Development by MALDI Imaging Mass

Spectrometry
Peggi M. Angel, Huarong Xu, Danielle Lowe,

Dorothea Jenkins, Richard R. Drake
Medical University of South Carolina

Changes in N-glycosylation are well known features of normal
embryonic and fetal development, but can also be associated
with specific congenital disorders of glycosylation and other dis-
eases. These N-linked glycosylation changes are associated with
multiple organ system involvement. Investigating these develop-
mental changes in N-linked glycome can be challenging due to
the small size of the rodent model(s) and the need to investigate
multiple organs during the growth process. We have previously
reported the use of matrix-assisted laser desorption/ionization
imaging mass spectrometry (MALDI IMS) for the investigation
of N-linked glycan distribution across formalin-fixed paraffin
embedded tissue sections. Here, we extend the method to inves-
tigate N-linked glycan distribution in whole body sections of
mouse during early development. We report sample preparation
of the whole body mouse pup amenable to N-linked glycan ana-
lysis by MALDI IMS, including fixation, sectioning, on-tissue
PNGase F digestion, and MALDI matrix selection. After specia-
lized sample preparation, N-linked glycan distribution was sub-
sequently mapped using Fourier transform ion cyclotron
resonance mass spectrometry (FT-ICR; Bruker Daltonics).
Using the developed approach, we mapped N-linked glycans in
histological cross sections from postnatal day 1 mouse pups. A
total of 27 N-linked glycans were identified by accurate mass.
The majority of identifications were consistent with complex
N-linked glycan structures (85%, 23 glycans). Many of the
complex N-linked glycans showed the most intense signal ori-
ginating from the brain tissue (52%, 12 glycans). Complex
glycans also mapped with highest intensity to musculature
(26%, 6 glycans), skin (4%, 1 glycan), and the craniofacial
cavity (4 glycans, 17%). Four species were linked to high
mannose structures and showed the highest intensities in the
brain, with lower intensities in the musculature. Interestingly,
we mapped 8 N-linked glycans to both the mother’s milk in the
mouse pup stomach and the brain, and not in other organs, in-
dicating a potential to map concomitant nutrient uptake and
neural development. This approach could be applied to many
types ofdevelopmental models and time courses, and offers the
benefit of simultaneous detection of the distribution of multiple
glycan species across the entire organism.

(198)Novel Regulatory Mechanisms Controlling Sialylation in
Drosophila Nervous System

Hilary Scott, Boris Novikov, Ilya Mertsalov, Courtney Caster,
Vlad Panin

Texas A&MUniversity

Sialic acids participate in numerous biological processes in a
broad spectrum of organisms, including bacteria, and animals.
While glycoprotein sialylation is essential for the mammalian

nervous system, the functional mechanisms of neural sialylation
are not well understood, given the complexity of the nervous
system and glycosylation pathways.We use Drosophilaas a model
system with simplified glycosylation, well-characterized develop-
ment and superior genetic techniques. We previously described
the function of the sialylation pathway in the regulation of
nervous system development and neurophysiology. We character-
ized the two genes responsible for the last steps in the sialylation
pathway: CMP-Sialic Acid Synthetase (CSAS) and Drosophila
Sialyltransferase (DSiaT). Our data indicated that both enzymes
function within the same pathway that regulates neural excitabil-
ity. However, they showed complex genetic interactions suggest-
ing unusual regulation of the pathway. Our recent experiments
concentrated on the mechanism that underlies this regulation.
We used two strategies, focusing on (i)in vitrocharacterization of
the CSAS protein, and (ii) elucidating the relationship between
CSAS and DSiaT functionsin vivo. In the first approach, we puri-
fied recombinant CSAS and characterized its enzymatic activity.
We found that this enzyme is significantly different from its previ-
ously characterized counterparts. The Drosophila enzyme
demonstrated different preferences for pH, metal cofactors, tem-
perature and substrates, which is consistent with evolutionary
adaptation of the enzyme to its unusual subcellular localization
in the secretory compartment, rather than the nucleus in verte-
brate synthetases. In the second line of experiments, we examined
the requirement for CSAS and DSiaT activity in vivo using a
panel of cell-specific drivers. Our results revealed an unexpected
role of CSAS in glial cells, while DSiaT activity was found to be
important in neurons. Together, our results suggest the existence
of a mechanism that relies on bipartite regulation of the sialyla-
tion pathway distributed between two cell types in the nervous
system, glia and neurons. This novel mechanism takes advantage
of both molecular and cellular strategies to control the excitabil-
ity of neural networks. Further experiments are required to eluci-
date the details of this regulation, and test whether this
mechanism is evolutionarily conserved.This project was sup-
ported by NIH/NS075534 to VP.

(199) Analysis of cell surface glycans and associated gene
expression in human hematopoietic stem and progenitor cells

Nandini Mondal1, Robert Sackstein1,2,3
1Department of Dermatology, Brigham&Women’s Hospital;
2Department of Medicine, Harvard Medical School; 3Program

of Excellence in Glycosciences

Human hematopoietic stem and progenitor cells (hHSPCs),
broadly identified by cell surface expression of CD34, include a
heterogeneous population of primitive hematopoietic stem cells
and more differentiated progenitors. HSPC transplant is
employed to treat leukemia, aplastic anemia and various other
disorders. Efficient homing of HSPCs to bone marrow (BM)
and lodgment within the hematopoietic niches is critical
towards achieving successful transplantation. E-selectin/
E-selectin ligand interactions mediate HSPC recruitment on the
BM endothelium leading to homing. The sialyl Lewis-X (sLeX)
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tetrasaccharide ((CD15s) identified by monoclonal antibodies
(mAbs) CSLEX-1 and HECA-452) and its isomer sLea
(identified by mAb CA19-9) are canonical E-selectin binding
determinants. Expression of relevant Golgi-resident glycosyl-
transferases (GlycoTs) directing synthesis of sialofucosylated
lactosaminyl glycans is critical for E-selectin ligand biosyn-
thesis. In this study, we performed a comparative analysis of
glycoT gene expression in hHSPCs isolated via immunomag-
netic purification of CD34+ cells from the three major clinically
relevant sources: Cord blood (CB), G-CSF-mobilized peripheral
blood (G-MPB), and BM. Gene expression measured by quanti-
tative RT-PCR demonstrates that fucosyltransferases (FUT) 4
and 7 are the most abundant α(1,3) FUTs in the HSPCs from all
three sources, whereas all other α(1,3) FUTs (FUT3, 5, 6 and 9)
are either very low or undetectable, and the α (2,3) sialytrans-
ferases ST3Gal3, ST3Gal4 and ST3Gal6 are expressed at mod-
erate to low levels in these cells. These results correlate with a
wide distribution of HECA-452 and CSLEX-1 binding levels
among the HSPCs from all three sources. While none of these
cells displayed expression of the CA19-9 epitope, curiously, the
β (1,3) Galactosyltransferases (β3GalT1, 2 and 5) that create the
type-I lactosamine (LacNAc) in sLea were detected at moderate
to high levels in the CB and BM-derived cells but were low in
cells from G-MPB. However, the β(1,4) GalT β4GalT1 synthe-
sizing the type-II LacNAc in sLeX was found in lower levels in
the BM-derived cells compared to the other sources. Overall,
our studies to date indicate that expression of glycoTs encoding
sialofucosylated lactosaminyl glycans differ significantly among
the hHSPC populations used in clinical transplant, and the
results provide insights into creation of glycoengineering
approaches to improve homing and engraftment of these cells
upon transplantation.

(200) Reduction of a single E3 ubiquitin ligase alters neural
glycosylation and synaptic homeostasis in Drosophila

Nickita Mehta, Peng Zhao, Katherine Tiemeyer, Lance Wells,
Michael Tiemeyer

Complex Carbohydrate Research Center

The regulatory pathways that control tissue-specific glycan ex-
pression are not well understood. A mutagenesis screen was
undertaken in Drosophila to identify mutants that are deficient
in the expression of a family of structurally related, neural-
specific N-linked glycans known as HRP-epitopes. These epi-
topes are detectable by anti-HRP antibody staining. To date,
three mutants have been recovered, each in different genes. Each
mutant lacks HRP-epitope expression during embryonic stages
and, as a group, the mutants exhibit genetic interactions with
each other in regards to the loss of HRP-epitope. Additionally,
all three mutants exhibit a similar neuromotor defect as adults.
While mutant adults are motile and can right themselves when
flipped over, they all fail to exhibit spontaneous climbing activ-
ity, which is a robust behavior in wildtype adults. One of these
mutants, originally designated ms16, affects the expression level

of an E3 ubiquitin ligase known as roc2, which has previously
been demonstrated to be essential for neural development.
Differential proteomic analysis in ms16 mutants, compared to
wildtype, revealed that ATPalpha (Na+/K+ pump-alpha subunit)
is increased in ms16. Since the activity of this pump is essential
for maintaining membrane excitability, we hypothesized that an
excess of ATPalpha may enhance action potential propagation
by allowing a more rapid recovery of the ionic gradients neces-
sary for subsequent rounds of regenerative ion currents along
the axon. Increased conduction efficiency along motor neurons
might be expected to impact the disposition of pre- and post-
synaptic markers at the neuromuscular junction (NMJ). The ex-
citatory glutamate receptor at the NMJ, GluRIII, was misloca-
lized in MS16 larval NMJs, largely by sequestration at an
internal post-synaptic site. Thus, altered roc2 activity impacts
neural transmission in addition to altering neural-specific glyco-
sylation. It is not yet known whether specific pre- or post-
synaptic glycoproteins are aberrantly glycosylated in ms16, a
current focus of these studies, but Golgi compartmentation is
significantly altered in the mutant, suggesting multiple sites of
activity for this E3 ligase.

(201) Glycomics of the terrestrial worm Enchytraeus japonensis
Tadahiro Kumagai1, Mayuko Suzuki2, Mayumi Ishihara1,
Shigeru Ogawa3, Kiyoshi Furukawa2, Kazuhiro Aoki1,

Parastoo Azadi1, Michael Tiemeyer1
1Complex Carbohydrate Research Center, University of
Georgia; 2Nagaoka University of Technology; 3National

Institute of Technology, Nagaoka College

The terrestrial worm Enchytraeus japonensis is an oligochaeta
which reproduces asexually by fragmentation (autotomy) and
regeneration. This worm has served as a model animal to study
regeneration. The mechanism of regeneration has been grad-
ually elucidated by histochemical and molecular biological
approaches. However, little is known about cell surface glyco-
sylation in this organism, especially as it relates to regener-
ation. We analyzed N- and O-glycans harvested from
asexually grown worms by NSI-MS. Glycoproteins were pre-
pared from the organism and N-glycans were released enzyma-
tically and O-glycans were released chemically. The released
glycans were permethylated for subsequent MS and MSn
analysis. N-glycans were detected primarily as a series of
high-mannose type and xylosylated high-mannose type struc-
tures. The O-glycans were composed of glucuronylated
N-acetylgalactosamine core structures (HexA1,GalNAc) with
a glucuronylated core1 structure (HexA1,Hex1,GalNAc) as a
minor component. Differential permethylation with deuterated
iodomethane (CD3I) allowed the detection of endogenously
methylated glycans in the earthworm. Approximately 35% of
the high mannose type glycans carry methyl groups at their
non-reducing terminal and/or internal mannose residues.
Additionally, a fraction of the total glucuronic acids (GlcA) on
O-glycans was methylated and detected on the GlcA1-GalNAc
core structure.
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(202) Analysis of Polysialic Chain Length through Human
Embryonic Stem Cell Differentiation

Donald J. Bernsteel, Ryan Berger, Stephen Dalton,
Michael Pierce

University of Georgia

Polysialic acid (PSA) is a polymer of sialic acid that can consist
of over 400 monomers. The main acceptor substrate of PSA is
the protein Neural Cell Adhesion Molecule (NCAM), which
has two N-glycan sites where PSA can be added. Biosynthesis of
PSA can involve two polysialyltransferases ST8Sia 2 (STX) and
ST8Sia4 (PST), which act in a processive manner—either in
concert or individually—to form α2,8 sialic acid linkages and
synthesize the polymer. Work using knockout mice of PST and
STX shows that STX expression causes an increase in chain
length; conversely, in vitro studies using recombinantly
expressed human proteins of NCAM, PST, and STX suggest
that PST forms longer polymers than STX. We have measured
chain lengths of PSA on cell types that have been differentiated
from human embryonic stem cells. Little is known about how
chain length varies throughout the differentiation process, espe-
cially on non-neuronal cell types. We have chosen to study two
PSA-NCAM positive cell types: epicardium and neural crest
cells. Epicardium cells are derived from endoderm and can be
further differentiated into heart endothelial cells, smooth
muscle cells, and cardiomyocytes. These cell types were also
chosen since epicardium cells only express PST, while neural
crest cells predominately express STX. Measuring chain length
was done using 1,2-diamino-4,5-methylenedioxybenzene
(DMB) that labels the α-keto acid of carbon 1 of sialic acid and
can be detected by fluorescence. Labeled samples prepared from
various cell types were separated by HPLC using a DNAPac
PA100 strong anion exchange column, and samples were
detected by their fluorescence. Our goal is to further understand
how the interplay between NCAM, STX, and PST has on chain
length of PSA-NCAM, and how this chain length could possibly
regulate cell differentiation by affecting growth factor binding.

(203) LC-MS Analysis of NB-DNJ and NB-DGJ in Biological
Samples of Drug Delivery Study for Sandhoff Disease Mice
Ceng Chen, Zeynep Akgöç, Thomas N. Seyfried, David

S. Newburg
Boston College

N-Butyldeoxynojirimycin (NB-DNJ) and N-butyldeoxygalac
tonojirimycin (NB-DGJ) are imino sugars that specifically
inhibit ceramide glucosyltransferase, which catalyzes in the first
step of glycosphingolipid biosynthesis. These imino sugars can
be used in Substrate Reduction Therapy to prevent or reduce
brain glycosphingolipid GM2 accumulation in Sandhoff
Disease. We developed an LC-MS method to rapidly resolve
and quantify NB-DNJ and its structural isomer NB-DGJ, as
part of an effort to track the drug delivery pathway from
nursing mouse dams to their newborn Sandhoff Disease pups.
Several biological samples, including plasma, milk, and brain
tissue, were extracted and purified sufficiently for Mass

Spectrometry analysis. The NB-DNJ and NB-DGJ in each
sample were resolved in 5 min on a SCX strong cation exchange
column by LC-MS, using an isocratic aqueous solution contain-
ing 0.02% ammonium hydroxide (pH = 10.4). A calibration
curve of standards had a linear range of 1-100 ng/mL, the
sample recovery was 94%-105%. Matrix effects were mini-
mized by extraction of the imino sugar from the biological
samples. The limit of detection is 100 pg/mL (S/N >3) and the
limit of quantification is 1 ng/mL (S/N >10) for both NB-DNJ
and NB-DGJ in plasma, milk and brain samples. LC-MS ana-
lysis of these samples allowed tracking the route of the drug
delivered from the dam through her milk to its final destination
in the pup brain. A restricted ketogenic diet enhanced this drug
delivery. This method can be applied to a wide variety of investi-
gation of human glycosylation disorders.

(204) Clinical Significance of Glycosylation Changes in Oral
Cancer

Bhairavi N. Vajaria1, Rasheedunnisa Begum2, Prabhudas
S. Patel1

1Biochemistry Research Division, The Gujarat Cancer &
Research Institute, Ahmedabad, Gujarat, India; 2Biochemistry

Department, The M.S. University of Baroda, Vadodara,
Gujarat, India

Background: Alterations in cell surface glycosylation play a key
role in oral cancer progression. The major objective of the study
was to evaluate clinical significance of glycosylation changes in
oral cancer. Sialylation and fucosylation changes were evalu-
ated from tissues, serum as well as saliva to understand the clin-
ical utility of saliva as a non-invasive tool, in patients with oral
precancerous conditions (OPC) and oral cancer. Subjects: The
study enrolled 100 healthy controls, 100 oral cancer patients,
50 patients with OPC, and 46 post treatment follow-ups of oral
cancer patients and glycosylation parameters were evaluated
from tissues, blood and saliva. Methods: Native PAGE followed
by schiff’s staining for glycoprotein profiling, spectrophotomet-
ric assay for total sialic acid, total protein and α-L-fucosidase
activity, spectrofluorometric method for sialidase activity,
linkage specific biotinylation and ELISA method for α-2,3 sia-
lyltransferase activity and α-2,6 sialyltransferase activity and
dot blot method for α-2,3 and α-2,6 sialoproteins, and semi-
quantitative RT-PCR for glycosyltransferases were performed.
Results: Glycoprotein profiling depicted an increase in serum
192kDa, 170kDa, 117kDa, 44kDa glycoproteins from controls
to patients with OPC to oral cancer patients. Moreover, a
230kDa glycoprotein signified tobacco associated glycoprotein
involved in neoplastic transformation of oral cancer. The results
revealed an increase in serum and salivary TSA/TP ratio,
α-L-fucosidase activity, sialidase activity, α-2,3 ST, α-2,6 ST ac-
tivity, fucoproteins, and α-2,3 sialoproteins in patients with
OPC and oral cancer patients as compared to controls.
ST3GAL1 mRNA expression was higher, while FUT3 and
FUT5 expression were significantly lower in malignant oral
cancer tissues as compared to adjacent normal tissues. Serum
and salivary sialidase activity, α-2,6 ST activity and
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fucoproteins, together with salivary α-2,6 ST and serum
α-L-fucosidase activities were decreased in CR as compared to
PT. While serum and salivary sialidase activity, α-2,3 ST and
fucoproteins were increased in NR as compared to PT levels.
The markers were correlated according to stage and metastasis.
Conclusion: Increased expression in saliva as compared to
serum indicated potential utility of saliva in monitoring early
changes occurring during neoplastic transformation of oral
cancer and also in treatment monitoring. Characterization of
230 kDa glycoprotein can give insight into tobacco associated
glycoproteins involved in oral carcinogenesis.

(205)Newmolecular probes to evaluate the role of
Oglycosylation in Alzheimer Disease

Razieh Eskandari, Hong Yee Tan, David J. Vocadlo
Department of chemistry, Simon Fraser University, Burnaby,

Canada

Alzheimer Disease (AD) manifests by development of extracellu-
lar amyloid deposits (plaques) and intracellular aggregates
known as neurofibrillary tangles (NFTs). The formation of neur-
itic plaques result from accumulation of the insoluble amyloid ß
peptide (Aß) whereas NFTs arise from an abnormally hyperpho-
sphorylated form of cytoskeletal protein tau. A clear parallel
between the levels of NFTs in brain and the severity of AD sup-
ports a role for tau dysfunction in AD. One mechanism that has
recently emerged for regulating both tau and Aß pathologies is
the modification of tau and other proteins by O-linked
N-acetylglucosamine (O-GlcNAc). Because O-GlcNAc levels are
regulated in part by glucose availability, its levels are believed to
decrease in AD because of impaired glucose utilization, which is
an early hallmark of AD. We hypothesized that the lower level of
O-GlcNAc in AD brain, as compared to healthy human brains,
leads to a failure of protective function of O-GlcNAc and pro-
posed that increasing O-GlcNAc levels could hamper tau aggre-
gation and reduces its toxicity towards neurons. In this regard
inhibition of the enzyme O-GlcNAcase (OGA), which acts to
hydrolyze O-GlcNAc from proteins, leads to increased
O-GlcNAc levels. We have therefore pursued small molecule
inhibitors of OGA and found these can block tau-driven neuro-
degeneration by increasing brain O-GlcNAc levels, providing
good support for the idea that increasing O-GlcNAc levels could
be beneficial for AD. Here I will describe recent efforts toward
the generation of improved OGA inhibitors having improved
potency against OGA as well as improved cellular and brain
penetration. These new tools will be important for further valid-
ation of OGA as a therapeutic target and should prove useful to
improve our understanding of how inhibiting O-GlcNAc pro-
cessing acts to protect against AD pathologies.

(206) Role of the Deglycosylation Enzyme NGLY1 in
Development and Disease: Insights from Drosophila Studies
Antonio Galeone1, Seung-Yeop Han1, Chengcheng Huang2,

Akira Hosomi2, Tadashi Suzuki2, Hamed Jafar-Nejad1
1Baylor College of Medicine, Houston, TX; 2RIKEN Advanced

Science Institute, Wako, Saitama, Japan

The N-glycanase 1 gene (NGLY1) encodes an evolutionarily
conserved deglycosylating enzyme that acts onN-glycoproteins.
Hydrolysis of N-linked glycans by NGLY1 results in the release
of free oligosaccharides and the formation of deglycosylated
peptides/proteins. Mutations in human NGLY1 cause a rare
congenital disorder with severe developmental delay, multifocal
epilepsy, involuntary movements, abnormal liver function,
gastrointestinal dysfunction, small hands/feet and absent tears.
It has been shown that NGLY1 participates in the endoplasmic
reticulum associated degradation (ERAD) of some misfolded
glycoproteins in yeast. However, the specific roles played by
NGLY1and its homologs in animal development are not
known. We are using mutant and cross-species transgenic ana-
lyses in Drosophila melanogaster combined with yeast experi-
ments to determine the role of NGLY1 in cellular homeostasis
and the molecular mechanisms underlying the NGLY1 mutant
phenotypes. Human NGLY1 has a single Drosophila ortholog
called PNGase-like (Pngl). Loss of pngl results in a severe de-
velopmental delay and semi-lethality, with rare adult escapers
(<1%) that exhibit a high frequency of early death and steril-
ity. In vivo studies in yeast indicate functional conservation
among yeast png1, fly pngl and human NGLY1. Moreover,
pngl mutant phenotypes in Drosophila can be rescued by
transgenic expression of wild-type NGLY1 but not by a
mutant NGLY1 identified in a patient. Together, these results
validate fly as a model to understand the function of NGLY1
and may provide a framework for understanding the patho-
physiology of NGLY1 deficiency in human patients. I will
present our recent findings on the mechanisms by which Pngl
regulates fly development.

Supported by the Grace Wilsey Foundation.

(207) Development of Zebrafish Models for Congenital
Disorders of Glycosylation

Elsenoor J. Klaver1, Heather Flanagan-Steet1, Hudson
H. Freeze2, Richard Steet1

1Complex Carbohydrate Research Center, University of
Georgia; 2Sanford Children’s Health Research Center,
Sanford-Burnham-Prebys Medical Discovery Institute

Congenital disorders of glycosylation (CDGs) are a group of
diseases caused by mutations in genes involved in N-glycan bio-
synthesis. Despite a common biochemical basis for many CDGs
(the underglycosylation of glycoproteins), the diversity and vari-
ability of the clinical manifestations in different CDG subtypes
points to unique pathogenic mechanisms within this pathway.
To address the cellular and biochemical mechanisms connecting
altered glycosylation and impaired tissue development, we have
generated zebrafish mutants for several CDG target genes using
morpholino-mediated knockdown, TALEN induced lesions and
traditional genetic screens. The selected genes, which represent
different nodes within the N-glycosylation pathway, include: 1)
alg1, a β1,4-mannosyltransferase that catalyzes the first manno-
sylation step during LLO synthesis, 2) pmm2, the phosphoman-
nomutase responsible for converting M6P to M1P (the
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precursor for GDP-mannose), and 3) stt3a and stt3b, two iso-
forms of the catalytic subunit of the oligosaccharyltransferase
(OST) complex. Preliminary phenotypic analyses of these
mutants is beginning to reveal new insight into how impaired
N-glycosylation - via these different mechanisms - affects early
development. The stt3a-CDG model shows cartilage pheno-
types similar to those found in our previously characterized
pmm2-CDG model, indicating a common mechanism of action.
stt3a-deficient embryos also have a cardiac defect not observed
in the pmm2-deficent embryos. Surprisingly, knockdown of
alg1 in developing embryos yielded no obvious morphological
defects despite sustained loss of normal alg1 message during
early development of the zebrafish embryos. We are currently
focused on the biochemical analyses of these mutant zebrafish
lines in an effort to uncover how deficiency in the different
genes altered the N-glycosylation of proteins during early devel-
opment. The ultimate goal of these studies will be to identify
sensitive glycoproteins or pathways that can explain the clinical
features of the disease subtypes.

(208) Glycosphingolipids involved in contact inhibition of
WI38 cell growth

Xiaohua Huang1, Nathan Schurman1, Kazuko Handa1,
Sen-itiroh Hakomori1,2

1Division of Biomembrane Research, Pacific Northwest
Research Institute; 2Depts. of Pathobiology and Global Health,

University of Washington, Seattle, WA, USA

Contact inhibition, the inhibition of cell growth (proliferation)
by cell-to-cell contact, is a fundamental characteristic of normal
animal cells, and is lost in malignant cells. Cell density-dependent
growth inhibition is mediated by molecules in the surface mem-
brane. We previously demonstrated the involvement of specific
glycosphingolipids (GSLs) in contact inhibition of hamster NIL
cells. The present study extended this investigation to diploid
human embryonic lung fibroblast WI-38 cells. Expression levels
of ganglio- and globo-series GSLs at high and low cell density
were evaluated by surface staining, flow cytometry, and TLC
immunostaining. GD3 was significantly higher in cells grown to
confluence in monolayers. Real-time RT-PCR analysis of mRNA
levels of glycosyltransferases involved in GSL synthesis revealed
upregulation of ST8SIA1 in the confluent cells. High-density cells
were treated with P4, a specific inhibitor of GlcCer synthase, to
investigate the role of the GSL increase. P4 treatment resulted in
reduced GD3 expression and increased cell growth, as detected
by BrdU incorporation. Further studies are underway to examine
the effect of ST8SIA1 knockdown on WI-38 contact inhibition,
and of exogenous addition of GD3 to sparsely growing cells. We
will discuss properties of WI-38 cells vs. SV40-transformed
VA13 cells, and the possible roles in contact inhibition of mem-
brane molecules (growth factor receptors, integrins, tetraspanins)
that are typically co-localized with GSLs in microdomains
termed glycosynapses.

(209) Evaluation of fucosylation as diagnostic marker in young
onset diabetes

Tamara Pavić1, Agata Juszczak2, Edita Pape Medvidović3,
Mislav Novokmet4, Mark McCarthy2, Gordan Lauc1,4,

Katharine Owen2, Olga Gornik1
1University of Zagreb, Faculty of Pharmacy and Biochemistry,
Zagreb; 2Oxford Centre for Diabetes, Endocrinology and

Metabolism, University of Oxford, Churchill Hospital, Oxford;
3Merkur University Hospital, Vuk Vrhovac University Clinic
for Diabetes, Endocrinology and Metabolic Diseases, Zagreb

University School of Medicine, Zagreb; 4Genos Ltd.
Glycobiology Division, Zagreb

Maturity onset diabetes of the young (MODY) is a monogenic
form of diabetes caused by mutations in one of the 11 different
genes, which consequently leads to pancreatic beta-cell dysfunc-
tion. HNF1A-MODY is the most common form seen in adults
and it is frequently misdiagnosed as type 1 or type 2 diabetes.
Identification of this form of diabetes is of great significance,
since the hyperglycaemia in HNF1A-MODY is very sensitive to
oral treatment with sulfonylurea and may lead to an individual
being able to discontinue assumed life-long insulin treatment.
Current diagnostic protocols miss cases through low sensitivity
and, up to date, the only reliable method for diagnosis confirm-
ation is the sequencing of susceptible gene. Our previous studies
have identified HNF1A as a master regulator of plasma protein
fucosylation and have also determined that the fucose level is
significantly lower in HNF1A-MODY patients than in other
types of diabetes and healthy controls. The aim of the current
study was to evaluate the diagnostic accuracy of the glycan test
in a clinical setting using an unselected population with young-
onset diabetes. Patients enrolled had increased risk of diagnostic
misclassification and were recruited through the Croatian
Registry of Diabetes and Young Diabetes in Oxford Study.
Employed computational approach, based on random forest
classification of total N-glycan profiles, served to determine the
best algorithm to distinguish HNF1A-MODY patients from
population without HNF1A-MODY. Described approach has
the potential to produce a rational diagnostic protocol and
could improve the differential diagnosis of diabetes.

(210) Glycogenosis type III shows markedly reduced serum
apolipoprotein C-III sialylation

Nina Ondruskova1, Tomas Honzik1, Hana Kolarova1,
Helena Poupetova2, Jiri Zeman1, Hana Hansikova1

1Department of Pediatrics and Adolescent Medicine, First
Faculty of Medicine, Charles University in Prague and General
University Hospital in Prague; 2Institute of Inherited Metabolic

Disorders, First Faculty of Medicine, Charles University in
Prague and General University Hospital in Prague

Introduction: Glycogenoses (glycogen storage diseases, GSD)
form a group of rare inherited metabolic disorders with an esti-
mated frequency of 1:40 000 that are characterized by a defect
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in either synthesis or degradation of glycogen, leading to a
tissue-specific accumulation of normally or abnormally
structured glycogen. Typical biochemical findings include hypo-
glycemia attacks, hyperlactacidemia, hyperlipidemia, hyperuri-
cemia and metabolic acidosis. Recent studies have shown that
some of the diseases that are associated with altered lipid pro-
files (such as metabolic syndrome) present with an increased
level and abnormal glycosylation of apolipoprotein C-III
(ApoC-III), which is an important part of lipoprotein particles.
The aim of our study: was to analyze the spectrum of sialylated
ApoC-III isoforms in the group of 32 patients with various
types of GSD (2x type 0, 7x Ia, 4x Ib, 6x II, 7x III, 1x VI, 5x
IX). Material and methods: Serum was separated by isoelectric
focusing (pH 3.5-5) using PhastSystem (GE Healthcare), fol-
lowed by diffusion blotting (60 °C) and immunodetection with
ApoC-III antibody. The chemiluminiscent signal was quantified
densitometrically using Quantity-One (Bio-Rad) program.
Results: Pathological ApoC-III glycosylation, defined by rela-
tively decreased fully glycosylated form disialoApoC-III and
increased monosialoApoC-III and/or asialoApoC-III, was
found in GSD types Ia (4/7), Ib (3/4), VI (1/1), IX (4/5) and in
all patients with GSD III (7/7), despite their therapy to prevent
hypoglycemia. GSD III showed the most significant ApoC-III
hypoglycosylation, with mean values of asialoApoC-III: 10.6%,
monosialoApoC-III: 69%, disialoApoC-III: 20.5% vs. ref.
range: 3.3%, 53.3% and 43.4%, respectively. No changes were
detected in GSD type 0 or II. Conclusion: GSD types Ia, Ib, III,
VI and IX present with moderate to profound serum ApoC-III
hyposialylation, which seems to be partly linked to their ele-
vated serum triacylglycerols levels. Our observation broadens
the knowledge of GSD pathophysiology and in future might
help monitor the patients’ therapy. Supported by: UNCE
204011, IGA MZ CR NT-12166, RVO-VFN64165, SVV UK
260148/2015

(211) Protein Glycosylation in the Metabolic Origin of
Obesity-Associated Diabetes

Peter V. Aziz1,2,3, Douglas Heithoff1,2, Austin Fullenkamp1,2,
Jamey D. Marth1,2,3

1University of California Santa Barbara; 2Center for
Nanomedicine; 3Sanford Burnham Prebys Medical Discovery

Institute

Acquired alterations of protein glycosylation are among the cel-
lular origins of common disease. In normal metabolism, the
GnT-4a enzyme produces an N-glycan linkage essential for
pancreatic beta cell glucose transport, glucose-stimulated
insulin secretion (GSIS), and physiological glucose tolerance.
Acquired deficiency of GnT4a function occurs in human Type 2
diabetes (T2D) and in the obesity-associated mouse model of
T2D. Beta cell glucose transporters lacking GnT-4a glycosyla-
tion are internalized and degraded, resulting in glucose intoler-
ance, loss of GSIS, and a substantial contribution to peripheral
insulin resistance. Enforced beta cell-specific GnT-4a expression
protects obese mice from the onset of diabetes in large part by
maintaining functional glucose transporters at the plasma

membrane. We also reported a computational model of glucose
transport that identified a metabolic threshold crossed in T2D
whereby diminished glucose transport disrupts glycolysis.
These findings have indicated a cellular origin of pancreatic beta
cell dysfunction in the cause of obesity-associated diabetes and
have provided a foundation for novel approaches that may ul-
timately prevent disease. Yet it is unclear why species have con-
served a mechanism eliminating pancreatic beta cell glucose
transport and sensing, and thereby impairing cellular functions
including GSIS. In this regard, it has been known that fasting in
mammals leads to glucose intolerance and the loss of GSIS. We
have hypothesized that beta cell GnT-4a function may be dimin-
ished during fasting as an advantageous response to nutrient de-
privation and impending starvation. We have measured
metabolic parameters during fasting and have generated data to
determine if down modulation of GnT-4a is an advantageous
mechanism of thrift to prolong survival during famine. When
induced over long periods of time however, during nutrient and
lipid excess as in obesity, this mechanism is pathogenic and
induces metabolic disease signs of diabetes.

(212)N-Acetylmannosamine Mitigates Neuraminidase-induced
Podocyte Injury in Mice

Marjan Huizing1, Obiageri Okafor1, Patricia M. Zerfas2,
Steven Bodine1, Matthew F. Starost2, William A. Gahl1, Jeffrey

B. Kopp3, May Christine V. Malicdan1
1Medical Genetics Branch, NHGRI, NIH, Bethesda, MD,

USA; 2Office of Research Services, OD, NIH, Bethesda, MD,
USA; 3Kidney Disease Section, NIDDK, NIH, Bethesda, MD,

USA

Podocyte injury is present in a wide variety of glomerular dis-
eases and can lead to end-stage renal disease. Current therapies
do not achieve sustained remissions and often have adverse
events. Recent findings imply that a subset of patients with
glomerular disease may have an ongoing desialylation or
impaired resialylation of certain renal glycans (glycoproteins
and glycolipids), as detected by lectin histochemistry.

We induced podocyte injury in mice by intraperitoneal injec-
tion of Vibrio cholera sialidase (NA), an enzyme that preferen-
tially removes α2,6-linked sialic acid endgroups from glycans.
The sialic acid presursor N-acetylmannosamine (ManNAc) was
administered in drinking water at a �1 g/kg/d dose, either
prophylactic (starting 10 days prior to NA and continued for 5
days), or therapeutic (starting 12 hours after NA and continued
for 4.5 days).

NA-injected wild type mice developed proteinuria and renal
insufficiency in a dose-dependent manner. Podocalyxin and
other glomerular glycans were hyposialylated. Histopathology
showed acute renal injury predominantly in the cortical region,
swollen podocytes, and glomerular mesangial cell hyperplasia
and hypertrophy. Ultrastructural studies showed podocyte foot
process effacement. Importantly, both prophylactic and thera-
peutic ManNAc treatments increased renal glycan sialylation
and significantly reduced urine albumin/creatinine ratio and
podocyte injury at day 5 (N = 14 mice per group).
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ManNAc holds promise to mitigate the hyposialylation-
related disease mechanisms of glomerular diseases; ManNAc
has minimal toxicity and is orally administered. ManNAc is
currently tested in a Phase 2 clinical trial for the rare hyposialy-
lation disorder GNE myopathy. We plan a Phase 1 clinical trial
of ManNAc in patients with glomerular diseases.

(213) Functions of glioma glycosaminoglycans in cellular
invasion

VyM. Tran1, AndrewMcKinney1, Anna Wade1,
Balagurunathan Kuberan2, Joanna J. Phillips1

1University of California, San Francisco; 2University of Utah

Glioblastoma is the most common primary malignant brain
tumor for adults and confers a poor prognosis. Understanding
how extracellular matrix (ECM) properties and remodeling is
regulated in brain tumor invasion is critical. Proteoglycans
(PGs) are a major component of the ECM regulating the activity
of signaling pathways and cell-microenvironment interactions.
Heparan sulfate (HS) and chondroitin sulfate (CS), glycosami-
noglycan (GAG) side chains attached to proteoglycans, can
bind and alter the bioavailability of diverse ligands, including
growth factors, morphogens and chemokines. We hypothesized
that glioblastomas would harbor specific alterations in both
amounts and fine structures of HS/CS chains leading to specific
tumor cell phenotypes that influence disease severity. In this
study, we profile HS and CS amounts and structures using
LC-MS analysis from two different tumor progenitor cells
(TPCs) in a murine model of GBM, based on the genetic ma-
nipulation of neural stem cells. Interestingly, the two TPC types
differ with respect to total CS and HS amounts. Furthermore,
differences in expression of GAG biosynthetic and post-
synthetic remodeling enzymes such as heparanase (HPSE) are
consistent with the GAG profiles observed. Consistent with a
role for HS and HPSE in tumor biology and behavior, heparin
inhibited tumor cell invasion in 3D matrigel assays only in cells
with high HPSE expression. Ongoing studies aim to both
pharmacologically inhibit and genetically ablate HPSE function
in the tumor microenvironment to determine the contribution
of HPSE to tumorigenesis.

(214)O-glycosylation is required for peritrophic membrane
formation to maintain gut homeostasis in Drosophila

Liping Zhang, Kelly G. Ten Hagen
Developmental Glycobiology Section, National Institutes of
Dental and Craniofacial Research, National Institutes of

Health, Bethesda, MD 20892

The mucous layer is important for the luminal protection of the
mammalian gastrointestinal tract. It is composed of large,
highly glycosylated proteins known as mucins, which are
secreted by goblet cells. Defects in the formation of the mucous
layer are associated with human intestinal diseases, such as
colitis and colon cancer. In Drosophila, there is the similar
mucous layer known as the peritrophic membrane (PM), which
forms along the intestinal tract and serves as a barrier to micro-
bial infection as well as a lubricant for food passage. Because of

the high degree of conservation between Drosophila and
mammals with respect to signaling pathways that control intes-
tinal development, Drosophila has been used to gain insights
into the factors involved in intestinal regeneration and disease.
Here, we employ Drosophila to study the function of the
mucous layer in intestinal homeostasis and regeneration. We
find that the loss of an O-glycosyltransferase (PGANT4) dis-
rupts formation of the PM. PGANT4, which regulates polarized
secretion in secretory cells of the digestive tract, is required for
proper PM formation. Loss of PGANT4 resulted in the disrup-
tion of the PM along the entire digestive tract. Moreover, loss
ofPM results in activation of the immune response, epithelial
cell detachment and apoptosis. Our findings demonstrate the
importance of O-glycosylation and the mucous membrane in in-
testinal protection and homeostasis, and provide a good model
for studying how disruptions in this membrane lead to intestinal
pathology and inflammatory diseases.

(215) The Effect of Amplified POFUT1 in Hepatocellular
Carcinoma

Allen H. Lee1, Michael Schneider1, Scott Powers2, Robert
S. Haltiwanger1

1Department of Biochemistry and Cell Biology, Stony Brook
University, Stony Brook, NY 11794; 2Department of

Pathology, Stony Brook University, Stony Brook, NY 11794

Notch signaling is important for the determination of cellular
fates during development as well as maintaining adult tissue
homeostasis. Mutations in Notch are known to cause several
diseases including developmental defects affecting heart, liver
and vasculature and several types of cancer. Protein
O-fucosyltransferase-1 (POFUT1) is a glycosyltransferase which
modifies the Notch protein within the endoplasmic reticulum.
POFUT1 is responsible for adding an O-fucose to epidermal
growth factor-like (EGF) repeats within the extracellular
domain of Notch. In addition to its glycosylating properties,
POFUT1 has been proposed to have a chaperone activity
helping to stabilize the proper folding of Notch. POFUT1 has
been identified in focal amplicons in human hepatocellular car-
cinomas (HCC), and preliminary data suggests it may function
as an oncogene. We seek to answer the question of how
POFUT1 affects Notch activity in HCC. We hypothesize that
amplified POFUT1 increases Notch cell surface expression and
increases Notch activity promoting proliferation in HCC. In
order to study these effects we will knock down POFUT1 levels
using retroviral shRNA constructs. The retroviral constructs
also encode GFP and a puromycin resistance marker for detec-
tion and selection, respectively. We generated several retroviral
constructs and tested them using HEK293T cells. Successful
viral transduction was confirmed with fluorescence microscopy
and selected for with puromycin. We identified the highest GFP
expressing cells (top 10%) through FACS sorting. After sorting,
we confirmed POFUT1 knockdown with qRT-PCR. A
POFUT1-knockdown HEK293T cell line was successfully
developed with at least 80% knockdown of POFUT1 when
compared to an empty vector anti-POFUT1 transduced cell line.
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We will use the same retroviral shRNA constructs to knock-
down POFUT1 in several HCC cell lines. With the development
of POFUT1 knockdowns we can study the effect of the loss of
POFUT1 on cell growth and Notch activity. This work was sup-
ported by NIH grant GM061126.

(216)Mesangial Deposition of Mannan-Binding Protein during
Exacerbations of IgA Nephropathy in HIGA (High IgA) Mice
Kazuhide Uemura1, Masashi Honda1, Yuuki Hashizume2,
Tatsuya Morimoto2, Takahiko Ono3, Toshisuke Kawasaki4
1Department of Biomedical Sciences, College of Life and

Health Sciences, Chubu University, Kasugai, Japan; 2Division
of Molecular Medicine, School of Pharmaceutical Sciences,
University of Shizuoka, Shizuoka, Japan; 3Department of

Nephrology, International University of Health andWelfare,
Atami, Japan; 4Research Center for Glycobiotechnology,

Ritsumeikan University, Kusatsu, Japan

Complement is a major pro-inflammatory innate immune system
whose components often deposit in various types of glomerular
nephritis. Lectin complement pathway is initiated by mannan-
binding protein (MBP), which is also called mannan-binding
lectin (MBL). To date, role of lectin complement pathway in IgA
nephropathy is not fully understood. HIGA mouse, a murine
model of IgA nephropathy, is an inbred strain derived from ddY
mouse with a high content of serum IgA. In this study, we have
investigated mesangial deposition ofMBP inHIGAmice after ad-
ministration of lipopolysaccharides (LPS) using immunohisto-
chemistry. On days 1 and 4, LPS (E. coli O55) were
intraperitoneally administrated at 5 mg/kg into 12-week old
female HIGA mice. These mice were sacrificed on day 11, and
then renal tissues and sections were obtained. Number of glom-
erular cells and PCNA (proliferation-related nuclear antigen)
positive cells were significantly increased by LPS administration,
indicating that LPS administration induced histological exacerba-
tion of IgA nephropathy in HIGA mice. In the glomeruli of
LPS-administrated HIGA mice, mesangial deposition of MBP-C
was significantly increased compared to control. Further histo-
logical examinations revealed that MBP-C deposition in LPS-
administrated HIGAmice was partly co-localized with the depos-
ition of IgA. These findings suggest that MBP may be involved in
the exacerbation of IgA nephropathy in HIGAmice.

(217) The role of N-glycans in laminin binding by
a-Dystroglycan

Mabel Pang, Linda G. Baum
University of California Los Angeles

DMD (DuchenneMuscular Dystrophy) is a fatal disease affecting
boys and young men that results from loss of dystrophin, a linker
protein that connects intracellular actin to extracellular matrix
(ECM) through the Dystrophin-Glycoprotein complex (DGC) at
the muscle cell membrane. In the DGC, alpha-dystroglycan
(αDG) binds to laminin in the ECM via unique O-mannosyl
glycans. αDG also bears N-glycosylation sequons; while the func-
tions of N-glycans on αDG are not known, prior work demon-
strated that tunicamycin treatment of muscle cells resulted in

reduced αDG, most likely due to misfolding and degradation. In
addition, we previously demonstrated that inhibiting conversion
of high mannose N-glycans on αDG to complex N-glycans, by
treating cells with deoxymannojirimycin, reduced the ability of
αDG to bind laminin, indicating that N-glycans, in addition to
O-mannose glycans, regulate laminin binding by αDG.

To elucidate the functions of N-glycans on αDG, we utilized a
soluble construct of αDG, DgFc5. DgFc5 expressed in
C2C12 murine muscle cells was secreted from the cells,
O-mannosylated as shown by binding of the IIH6 mAb, and
bound laminin. However, kifunensine treatment of C2C12 cells
expressing DgFc5 reduced laminin binding by endogenous αDG
but did not reduce complex N-glycans on DgFc5 nor reduce
laminin binding to DgFc5; this suggested that N-glycosylation
sequons on soluble DgFc5 were modified by OST/STT3b. We
found that knockdown of STT3B in cells expressing DgFc5
reduced laminin binding to the secreted construct, further support-
ing the requirement for N-glycans in laminin binding by αDG.

Thus, to interrogate the roles of specific N-glycans on soluble
DgFc5, we mutagenized each of the three N-glycosylation sites at
amino acids N141, N641 and N649. Mutagenesis of the sequon
at N141 did not affect laminin binding. However, mutagenesis of
the sequons at N641 and N649 both reduced laminin binding
while not affecting DgFc5 protein production and secretion. Thus,
specific N-glycans on αDG regulate the ability of αDG to bind
laminin. The precise role of these N-glycans, possibly in optimal
presentation of the αDG polypeptide to O-mannosylation
enzymes during synthesis, or in optimal presentation of
O-mannosyl glycans to laminin for binding, is the focus of our
future work.

(218) Sialylated, fucosylated keratan sulfate elicited in Mac-2/
galectin-3-positive microglia of transgenic model mice and

patients of ALS
Kenji Uchimura1, Tahmina Foyez1, Yoshiko Uchimura1,
Shinsuke Ishigaki2, Narentuya 1, Zui Zhang1, Gen Sobue2,

Kenji Kadomatsu1
1Department of Biochemistry, Nagoya University Graduate
School of Medicine; 2Department of Neurology, Nagoya

University Graduate School of Medicine

Keratan sulfate (KS) is a sulfated glycosaminoglycan that com-
prises repeating disaccharides of galactose (Gal) and
N-acetylglucosamine (GlcNAc). Monoclonal antibody 5D4
recognizes KS structures that contain Gal and GlcNAc when
both are C6-sulfated. We previously showed that a class of KS
inhibits neuronal regeneration/sprouting after injury in central
nervous tissues. Roles of KS in neurodegenerative diseases are
unknown. Amyotrophic lateral sclerosis (ALS) is a motor
neuron-degenerative disease. Here, biochemical analyses
revealed that the 5D4-reactive KS is elicited in the central
nervous tissues of SOD1G93A ALS model mice and patients
with sporadic ALS. Histochemical and immunoelectron micro-
scopic characterizations showed that the 5D4-reactive KS is
induced in Mac-2/galectin-3-positive activated/proliferating
microglia of SOD1G93A mice at disease end-stage, and that the
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KS is an O-linked glycan modified with sialic acid and fucose,
which has thus far been shown to exist in cartilage. Intriguingly,
microglial KS was detected in the spinal cord and brainstem but
not in the cerebral cortex of SOD1G93A mice. We found that
KSGal6ST, a Gal-6-sulfotransferase, is required for biosynthesis
of the 5D4-reactive KS in microglia of SOD1G93A spinal cord
and brainstem by generating SOD1G93A/KSGal6ST-/- mice.
Analyses of SOD1G93A/GlcNAc6ST1-/- mice corroborated the
requirement of GlcNAc6ST1 for the KS biosynthesis. These
results indicate that the both Gal-6- and GlcNAc-6-sulfated KS
elicited in the spinal cord and brainstem are associated with the
degeneration of spinal/bulbar lower motor neurons in ALS
pathology and may play a role in disease progression via micro-
glial activation and proliferation.

(219)Ovarian cancer cells specifically express LacdiNAc and
show elevated B4GALNT3/4 expression

Francis Jacob1, Merrina Anugraham2, Andreas Schötzau1,
Neville F. Hacker3, Nicolle H. Packer2, Viola

A. Heinzelmann-Schwarz1,4
1Ovarian Cancer Research, Department of Biomedicine,
University Hospital Basel, University of Basel, Basel,

Switzerland; 2Department of Chemistry & Biomolecular
Sciences, Biomolecular Frontiers Research Centre, Faculty of

Science, Macquarie University, Sydney, Australia;
3Gynaecological Cancer Centre, Royal Hospital for Women,

School of Women’s and Children’s Health, Randwick,
Australia; 4University Women’s Hospital of Basel, University

Hospital of Basel, Basel, Switzerland

Serous adenocarcinomas derived from the ovary (OC) and peri-
toneum (PC) represent a heterogeneous group of highly aggres-
sive cancers which exhibit remarkable homogeneity, both in their
morphology and clinical behavior. The specific molecular profiles
of these cancers remain unknown and they are treated identically,
despite a poor 5-year survival rate of only 20%. The aim of this
study is to elucidate glycan structures on glycoproteins differenti-
ating high grade advanced stage serous OC from PC.
The glycome of cancer tissue samples and normal as well as

cancer cell lines was studied using LC-ESI-MS/MS. N- and
O-glycans were enzymatically and chemically released, respect-
ively from membrane glycoproteins. The expression of glycosyl-
transferases involved in synthesis of specific glycan structures
were studied using RT-qPCR. Transcriptomic data sets were
incorporated to verify cell line based observations. Data were
analyzed using R program (https://www.r-project.org/) including
BioConductor, generalized linear model, random forest, receiver
operating characteristics and Kaplan-Meier analysis.
The clinicopathological analysis of two data sets (n = 560)

revealed that PC have a worse clinical outcome compared to OC
(p < 0.05). The glycan repertoire on the cell surface proteins
revealed in total of 55 distinct N- and 9 O-glycan masses among
all cancer tissue samples with varying relative ion intensities
within a mass range of m/z 600 to m/z 1200. The glycomic pro-
files comparison of OC and PC revealed twoN-glycans with m/z
1205.0 (terminating with sialylated LacdiNAc: GalNAcβ1-

4GlcNAc) and 937.3 (both terminated with LacdiNAc) clearly
discriminating OC from PC tissue (p < 0.05). The area under the
curve for both glycan masses was 0.93 and 0.89, respectively.
The LacdiNAc motif was further identified on immortal and
primary ovarian cancer cells but not on benign human ovarian
surface epithelium. Gene expression analysis revealed several can-
didate genes, namely B4GALNT3, B4GALNT4, ST6GAL2,
ST3GAL4 and ST3GAL5 as encoding glycosyltransferases, po-
tentially involved in the synthesis of sialylated LacdiNAc.

Here we demonstrate that OC express the unique LacdiNAc-
type glycan structure correlating with elevated gene expression
signatures for glycosyltransferase-encoding genes. Further investi-
gation of the involvement of this glycan motif in the context of
ovarian and peritoneal cancer cell lines is ongoing.

(220) Assessing pathogenic mechanisms of congenital disorders
of glycosylation and dystroglycanopathies using zebrafish

Desiree von Alpen1, Habon Issa1, Chiara Ardiccioni2, Oliver
B. Clarke2, Heather L. Pond1, AdamW. Oaks1,

David Tomasek2, FilippoMancia2, Chiara M. Manzini1
1Department of Pharmacology and Physiology, The George

Washington University School of Medicine and Health
Sciences, Washington DC, USA; 2Department of Physiology

and Cellular Biophysics, Columbia University, New York, USA

Disorders affecting different types of glycosylation originally
appeared to be phenotypically and mechanistically different.
However, recent genetic studies on mutations in the compo-
nents of dolichol-phosphoryl-mannose synthase (DPMS) have
suggested that this may not be the case.

DPMS synthetizes dolichol-phosphate-mannose (Dol-P-
Man), the principal donor of mannose in the ER. Dol-P-Man is
involved in the synthesis of the protein O-and C-mannose, of
the N-glycan precursors and glycosylphosphatidylinositol
(GPI) anchor. In vertebrates, DPMS is composed of three pro-
teins: DPM1 contains the catalytic subunit, and DPM2 and 3
anchor and stabilize the enzyme in the ER membrane.
Mutations in any of these three genes have been identified in
patients with clinical phenotypes characteristic of both con-
genital disorders of glycosylation (CDGs) and dystroglycano-
pathies. CDGs are characterized by psychomotor delay,
hypotonia, musculoskeletal defects, progressive microcephaly,
delayed myelination and seizures. Dystroglycanopathies, which
are specifically characterized by a disruption in glycosylation of
dystroglycan (DG), encompass a very heterogeneous group of mus-
cular dystrophies often associated with severe eye and brain mal-
formations, including lissencephaly and hydrocephalus. DG is a
key extracellular matrix (ECM) protein and is extensively glycosy-
lated (primarily via O-mannosylation) in order bind various ECM
components. Several genes coding for glycosytranferases involved
in O-mannosylation have been foundmutated in the patients.

Dol-P-Man synthesis appears to be positioned between
CDGs and dystroglycanopathies, yet, it remains unclear why
dystroglycanopathy phenotypes vary in their tissue presentation
and severity. In order to better understand the function of
DPMS, we used the structure of a bacterial homolog, GtrB, to
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model the vertebrate enzyme. We have developed zebrafish loss
of function models for dpm1, 2 and 3 to study functional effect
of different mutations on the human protein and reveal poten-
tial genotype-phenotype correlation.
The in vivo dpm1 model recapitulates phenotypes observed

in human patients and was successfully rescued by injection of
human dpm1 mRNA. In addition, loss of dpm1 affects expres-
sion of dpm2, suggesting that dpm1 affect transcriptional activ-
ity of other DPMS components. Study of dpm2 and dpm3
models is underway.
These models will be used to assess enzymatic activity, subcel-

lular localization, interactions of the DPMS components and
glycosylation status of α-DG.

(221) Identification of novel inhibitors of ppGalNAcT1:
Implications for asthma therapy

Soumya N. Krishnamurthy, Akiko Horichi, Jennifer J. Kohler
Department of Biochemistry, UT Southwestern Medical Center

Asthma affects nearly 10% of the children and 8% of the adults
in the United States. Overproduction of mucus is a common
pathological feature in asthma and other respiratory disorders
such as chronic obstructive pulmonary disorder and cystic fibro-
sis. Mucus primarily consists of gel-forming mucin polymers;
therefore our approach relies on high throughput screening and
cell-based assays to identify novel inhibitors targeting mucin
biosynthesis. Here we describe a novel small molecule screening
approach to target key enzymes of the mucin biosynthetic
pathway, the polypeptide N-acetylgalactosamine transferases
(ppGalNAcTs). The enzymes, ppGalNAcT1 and ppGalNAcT2,
were over expressed in Pichia pastoris and purified by
affinity chromatography. Using a reaction mixture containing
UDP-GalNAc, a mucin-derived peptide and the purified
enzyme, the activity of ppGalNAcT1 was confirmed by a
UDP-release assay and HPLC of the glycosylated and the non-
glycosylated peptides. Subsequently, a preliminary screen of the
Prestwick library (1280 FDA-approved drugs) employing
ppGalNAcT1 was carried and 16 hits were identified. We will
report the results of biochemical and cell-based assays to evalu-
ate the ability of hit compounds to inhibit ppGalNAcT activity.
We will also describe experiments testing the ability of hit com-
pounds to inhibit mucin production in human bronchial epithe-
lial cells (HBECs), including the use of air-liquid interface
culture as an in vitro model for simulating the respiratory epi-
thelium system. Ongoing work includes efforts to further screen
for novel ppGalNAcT inhibitors and evaluating candidate inhi-
bitors as pharmaceutical lead compounds.

(222) Roles for heparan sulfate in receptor tyrosine kinase
signaling in glioma

Joanna J. Phillips, Vy M. Tran, Henry Gong,
AndrewMcKinney, Joseph T.C. Shieh
University of California, San Francisco

Heparan sulfate (HS) chains mediate diverse interactions with
components of the extracellular environment, including extra-
cellular matrix, ligands, and cell surface proteins such as

receptor tyrosine kinases (RTKs). In high-grade and low-grade
glioma we observe distinct patterns of gene expression of HS
core proteins, GAG biosynthetic, and post-synthetic remodeling
enzymes within clinically relevant tumor subgroups. Thus, we
hypothesize that HS-mediated events are an important deter-
minant of brain tumorigenesis. Using primary human glioblast-
oma (GBM) xenografts, we demonstrate a requirement for
intact cell surface HS in the activation of several RTKs and their
downstream signaling pathways, including PDGFRA. While the
role for HS varied across primary GBM lines, up to 86% of
RTK activity detected was HS-dependent. Considering the com-
plexity of HS interactions on the cell surface, we focused on
how HS modulates PDGF-BB and PDGFRA signaling. Cell
surface PDGF-BB binding was dependent on intact cell surface
HS, but not chondroitin sulfate (CS), and heparin, a highly sul-
fated HS, could compete with the cell surface for PDGF-BB
binding. A major determinant of HS-ligand affinity and specifi-
city is the sulfation status of 6O-sulfate (6OS) on HS. Addition
of the extracellular sulfatase SULF2 removed 6OS and
decreased binding of PDGF-BB by approximately 20%.
Consistent with a role for HS in PDGFRA signaling, growth of
cells with 100 µg/mL heparin increased tumor cell proliferation,
increased PDGFRA activation, and increased activation of
downstream signaling pathways. The ability of heparin to
promote proliferation, however, was tumor specific. In another
primary GBM xenograft, heparin treatment had no effect on
proliferation but decreased tumor cell invasion in 3D-matrigel
invasion assays. Given the diversity of HS-dependent functions
in the extracellular environment, therapeutic targeting of HS in
human GBM has great potential although patient selection may
be critical to promote anti-tumor effects.

(223) 37 new ALG1-CDG cases define 26 new mutations, a
xenoglycan, and suggest an ALG1 structure

Bobby G. Ng1, Sergey A. Shiryaev1, Erik Eklund2,
Kimiyo Raymond3, Per Bengtson4, Piotr Cieplak1,

Gert Matthijs5, Hudson H. Freeze1
1Human Genetics Program, Sanford-Burnham-Prebys Medical

Discovery Institute, La Jolla, CA, USA; 2Department of
Pediatrics, Clinical Sciences, Lund University, Lund, Sweden;
3Biochemical Genetics Laboratory, Mayo Clinic College of
Medicine, Rochester, MN; 4Department of Laboratory

Medicine, Lund University, Lund, Sweden; 5Centre for Human
Genetics, KU Leuven, Leuven, Belgium

Asparagine-linked glycosylation protein 1 homolog (ALG1)
encodes the β1,4 Mannosyltransferase that adds the first of nine
mannose residues to the growing lipid linked oligosaccharide
(LLO).Fourteen pathogenic mutations in ALG1 from 17
patients are known to cause a rare autosomal recessive disorder
termed ALG1-CDG (formerly CDG-Ik).

We combined whole exome sequencing and targeted gene
panels to identify 26 novel variants in 37 new cases of
ALG1-CDG. Pathogenicity of each variant was confirmed
based on its inability to rescue impaired growth or hypoglycosy-
lation in an alg1-deficient yeast strain.
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Most congenital disorders of glycosylation (CDG) patients
are initially identified by hypoglycosylation of serum transferrin
(Tf), but the test does not indicate the defective gene.
ALG1-CDG patients typically have Tf with 30-50% of the
N-glycosylation sites unoccupied. Our analysis of serum from
11 ALG1-CDG patients showed that �3% of Tf molecules
contain an unusual xeno-glycan, NeuAc-Gal-GlcNAc2. We
suggest that GlcNAc2 is transferred to proteins from the doli-
chol carrier where it serves as a “decoy primer” for addition of
NeuAc-Gal in the Golgi. Much smaller amounts of this tetrasac-
charide are detected in sera from PMM2-CDG and MPI-CDG
patients, making it a useful biomarker for ALG1-CDG.
Finally, we modeled ALG1 protein in silico to predict how

each mutation might affect ALG1 structure. The vast majority
of mutations probably influence GDP-Mannose or
Dolichol-PP-Chitobiose binding. However, several mutations
appear in regions unlikely to affect substrate binding. We specu-
late that these mutations could affect ALG1 interaction with
other early stage LLO biosynthetic proteins such as DPAGT1,
ALG13, ALG14 and ALG2, which are known to reside in two
complexes in yeast.
(Supported by R01DK99551 and The Rocket Fund)

(224) Pathogenic mechanisms associated with abnormal protein
O-mannosylation: Cell culture and Drosophila models
Vlad Panin1, Ryan Baker1, Daniel Leon-Aparicio2,

Agustin Guerrero-Hernández2
1Texas A&MUniversity; 2Cinvestav, Mexico

Protein O-mannosyl transferases 1 and 2 (POMT1/2) form an
enzymatic complex that initiates the biosynthesis of
O-mannosyl glycans on Ser/Thr residues of Dystroglycan and
some other secretory pathway proteins. Deficiencies in either of
these POMT proteins lead to dystroglycanopathies. These de-
generative diseases are commonly associated with ER stress,
which can be potentially linked to alterations in intracellular
Ca2+ homeostasis. To test that hypothesis, we decided to over-
express POMT enzymes in cultured cells and analyze the regula-
tion of Ca2+ homeostasis inside subcellular compartments. Our
results suggested that POMTs could affect intracellular calcium
regulation, which we predict would alter muscle contractions.
We tested this prediction in vivo using Drosophila as a model
system. In Drosophila both embryonic somatic and adult
cardiac muscle undergo repeating contractions without any ex-
ternal stimulation. They propagate in waves down the length of
the embryo or heart, and can be initiated at the anterior or pos-
terior end. We found that while wild type heart most frequently
beat from posterior to anterior, POMT1− hearts more frequent-
ly beat in the opposite direction. We observed a similar abnor-
mal contraction pattern in mutant embryonic somatic muscle.
We also found that mutant hearts are smaller, suggesting devel-
opmental defects and overcontraction. Taken together, these
results revealed the connection between developmental and
physiological abnormalities associated with defects in protein
O-mannosylation. These data are consistent with aberrant
calcium regulation in vivo, though whether these aberrant

contractions do indeed result from improper handling of Ca2+

flux remains to be determined. Our current research focuses on
revealing molecular and cellular mechanisms that underlie Ca2+

regulation defects associated with abnormalities in the protein
O-mannosylation pathway.

This project was supported in part by NIH/NS075534 to VP
and CONACYT 2012-037(S) grant to VP and AGH

(225) Immunogenic non-human sialic acid in biological and
bioprosthetic heart valves

Vered Padler-Karavani1, Eliran M. Reuven1, Shani
Leviatan Ben-Arye1, Tal Marshanski1, Imen Fellah2,

Roberto Duchi3, Gabriella Crotti3, Jean Christian Roussel2,
Michael E. Breimer4, Hai Yu5, Sophie Conchon6,
Jean-Paul Soulillou6, Cesare Galli3,7, Xi Chen5

1Department of Cell Research and Immunology, Tel Aviv
University, Tel Aviv, Israel; 2Department of Thoracic and
Cardiovascular Surgery, Institut du Thorax University
Hospital, Nantes, France; 3Avantera srl, Laboratory of

reproductive technologoes, Cremona, Italy; 4Department of
Surgery, Institute of Clinical Sciences, Sahlgrenska Academy at
University of Gothenburg, Gothenburg, Sweden; 5Department

of Chemistry, University of California-Davis, Davis, CA
95616, USA; 6Institut de Transplantation–Urologie–

Néphrologie, INSERMUnité Mixte de Recherche 1064, Centre
Hospitalo Universitaire de Nantes, Nantes, France;

7Department of Veterinary Clinical Sciences, University of
Bologna, Ozzano Emilia, Italy

Cardiovascular diseases are the number one cause of death
worldwide. Each year 1.5% of the population is diagnosed with
heart valve disease. In Europe, over one in eight people over the
age of 75 years suffer from moderate or sever aortic stenosis.
Currently there is no medicinal therapy for treatment of calcific
aortic stenosis. Bioprosthetic heart valves (BHVs) are the
straightforward choice of prosthesis in aging patients. This is
mainly due to the fact that by using BHVs the patients don’t
require daily and life-long use of anticoagulants. However
BHVs relative short durability (10-15 years) is the major reason
for the use of mechanical heart valves in patients under the age
of 50. Immune responses against the BHV are thought to play a
major role in the premature failure of BHVs. BHVs are pro-
duced by using cardiac valve tissues as well as pericardium
tissues from animal sources – porcine, bovine and equine. We
hypothesized that immune responses to carbohydrate antigens
in such biological non-human tissues might contribute to their
reduced durability. In vertebrates, cell surface carbohydrate
chains (glycans) usually express terminal Sialic acids (Sia). The
two most common types of Sia are Neu5Ac and its hydroxy-
lated form Neu5Gc. However, in humans Neu5Gc is not natur-
ally produced due to a loss of the CMAH gene. As a result,
humans recognize Neu5Gc as non-self and induce an immune
response against it. Here, we characterize the Sia content on
porcine and bovine cardiac tissues, as these are the sources of
tissue for the manufacturing of BHVs. In addition, we analyze
sialic acid types on the commercial BHV TRIFECTA™, one of
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the clinically commonly used BHVs. We demonstrate that both
animal-derived cardiac tissues and commercial BHVs express
Neu5Ac and Neu5Gc, and that serum from healthy human
donors can recognize Neu5Gc-containing antigens on these
tissues. Furthermore, affinity-purified anti-Neu5Gc IgG from
polyclonal human IgG specifically binds Neu5Gc-glycoantigens
on the commercial BHV. In addition, we developed a mouse
model that induces expression of a polyclonal anti-Neu5Gc IgG
that similarly recognize Neu5Gc-containing antigens on the
BHV. This model will serve to further investigate the immune
response effects on deterioration of BHVs in-vivo.

(226) Regulating the regulator: O-GlcNAc transferase
in human disease

Krithika Vaidyanathan1, Peng Zhao1, Melanie May2,
Charles Schwartz2, Lance Wells1

1Complex Carbhydrate Research Center, University of Georgia,
Athens GA; 2Greenwood Genetic Center, Greenwood SC

O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA) govern
the cycling of the regulatory O-linked β-N-acetylglucosamine
(O-GlcNAc) modification on serines and threonines of over two
thousand nuclear and cytosolic proteins. Recently, we have dis-
covered missense mutations in the TPR domains of OGT,
hypothesized to be involved in protein-protein interactions and
targeting, that have been associated with X-linked intellectual
disability. In order to gain a better understanding of how
the human OGT is regulated and the impact of mutations, we
have conducted a variety of experiments. Using lymphoblast
cell lines from affected males and unaffected male relatives,
we have begun to define the OGT-interactome using
co-immunopurification followed by tandem mass spectrometry.
We have already defined more than 100 OGT interacting pro-
teins and are in the process of validating and assigning function-
al meaning to these interactions. Further, we have uncovered
interacting proteins that are lost in the cell lines from patients
harboring mutations in OGT. Furthermore, we are defining and
investigating the impact of the post-translational modification
status of OGT including tyrosine phosphorylation and
O-GlcNAcylation in the patient and control cell lines. Finally,
using a metabolic labeling/Click chemistry approach, we are
quantitatively defining the O-GlcNAcome of the patient and
control cell lines. Thus, the data presented here better defines
the regulation of OGT and uncovers deficiencies in regulation
caused by naturally occurring mutations that are associated
with human disease.

(227)High-throughput characterization of the functional
impact of IgG Fc glycan variability in juvenile idiopathic

arthritis
Hao Cheng1, Austin W. Boesch1, Barbara Adamczyk2,
Ciara McMannus,2, Henning Stöckmann,4, Pauline

Pauline Rudd,4, Peter A. Nigrovic2,3, Margaret Ackerman1
1Thayer School of Engineering, Dartmouth College, Hannover
NH; 2Division of Rheumatology, Immunology and Allergy,

Brigham andWomen’s Hospital and Department of Medicine,

Harvard Medical School, Boston; 3Division of Immunology,
Boston Children’s Hospital and Department of Pediatrics,
Harvard Medical School, Boston; 4National Institute for
Bioprocessing Research and Training, Dublin Ireland

Juvenile idiopathic arthritis (JIA) encompasses all forms of
chronic idiopathic arthritis that begin before age 16, with preva-
lence estimated at 1 per 1,000 children. The disease causes stiff-
ness, swelling, and pain in the joints, and the majority of
affected children require therapy indefinitely to avoid disabling
joint injury. Previous studies have indicated that the disease is
associated with a decrease in the galactose content of circulating
IgG antibodies, a phenotype associated with other systemic in-
flammatory diseases. However, the functional consequences of
these glycan changes is not clearly defined. Here we describe a
high-throughput, Luminex-based assay to quantitate the affinity
of serum IgG for relevant soluble and membrane ligands in
order to characterize the impact of IgG glycan variability on
antibody effector capacity. We compared 58 subjects with new-
onset untreated JIA with 158 healthy pediatric controls.
IgG-specific glycans were characterized by UPLC. Application
of unsupervised principle component analysis and supervised
elastic net algorithms demonstrated strong predictive capacity
to use either IgG glycosylation data or IgG receptor binding
profiles to discriminate the JIA subjects from controls, with up
to 86% prediction accuracy. Additionally, we found that differ-
ent JIA subtypes can be successfully resolved using antibody
binding data. Five-fold cross-validation and permutation tests
were applied to further validate classification models, and replica-
tion studies using independent cohorts are in progress. Together,
these results support the potential of combined structural and bio-
physical IgG phenotyping to facilitate disease classification and to
identify potentially important function implications of IgG glycan
changes in JIA and other disease states.

Supported by the Rheumatology Research Foundation (MA,
PAN) and NIH award AI099435 (PAN).

(228) The Influence of E-selectin Domains on the Binding of E-
selectin to its Ligands

Fajr Aleisa, Kosuke Sakashita, Dina AbuSamra,
Jasmeen Merzaban

KAUST

Selectins are key adhesion molecules responsible for initiating a
multistep process that leads a cell out of the blood circulation
and into a tissue or organ. They are composed of an N-terminal
extracellular C-type lectin like domain, followed by an
Endothelial Growth Factor like domain (EGF), a defined
number of consensus repeats CR (also called “sushi” domains),
a transmembrane domain and a C-terminal cytoplasmic tail.
The adhesion of cells (expressing ligands) to the endothelium
(expressing the selectin i.e., E-selectin) occurs through the inter-
action between the lectin domain of selectins and sLeX present-
ing ligands. Investigating the mechanism by which structural
domains of selectins are involved in the binding functionality
and kinetic behavior of selectin-ligand interaction primarily
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focused on lectin domain as the main binding domain while
other domains received less attention. We prepared a number of
different recombinant E-selecin proteins where various domains
were removed, the E-selectin proteins were created as a
monomer or dimer, and/or strategic residues were mutated to
change the conformation of the selectin molecule.
Using a novel real time immunoprecipitation surface plasmon

resonance (SPR)-based in vitro binding study developed in our

lab, the interaction of recombinant E-selectin proteins with
immunoprecipitated endogenous ligands (i.e. CD44 and PSGL-1)
captured on a CM-5 chip was assessed. These studies provided
quantitative binding kinetics of on and off rates of selectin-
ligand interactions and suggested that robust binding is depend-
ent on the presence of the sushi domain(s) and oligomerization.
These results provide significant implications on the mechanism
of E-selectin binding to its ligands.
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