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:} EVERY CELL HAS A GLYCOCALYX

collection of glyco-conjugates at the cell surface
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D) (GLYCO)BIOLOGY AT THE CELL SURFACE




HUMAN GLYCOSYLATION
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:} GLYCOSYLATION IN HEALTH AND DISEASE
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D) SITE-SPECIFIC MICROHETEROGENEITY

Paucimannose High Mannose Complex
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:}> DE-GLYCOPEPTIDES: EASIER, BUT AT A PRICE
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} MAPPING THE GLYCOPROTEOME
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:}) MAPPING THE GLYCOPROTEOME



:}) MAPPING THE GLYCOPROTEOME

LC-MS/MS
Isolating Generating Enrichment &  lonization Tandem MS  Interpreting  Quant and

Glycoproteins = Glycopeptides  Separations (MS/MS) Spectra Context



:}) THE RISE OF O-GLYCOPROTEASES




THE RISE OF O-GLYCOPROTEASES
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MS-AMENABLE O-GLYCOPEPTIDES
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MS-AMENABLE O-GLYCOPEPTIDES
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An enzymatic toolkit for selective proteolysis,
detection, and visualization of
mucin-domain glycoproteins

D. Judy Shon®®, Stacy A. Malaker®®, Kayvon Pedram®®, Emily Yang®, Venkatesh Krishnan®, Oliver Dorigo®®,

PNAS September 1, 2020 117 (35) 21299-21307
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:}) 0-GLYCOPROTEASE ENRICHMENTS
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> O-GLYCOPROTEASE ENRICHMENTS

GlycoCatch: Genovis (OpeRATOR)
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} ENZYMES FOR ENRICHMENTS IN GLYCO
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CHEMICAL BIOLOGY AND GLYCOPROTEOMICS
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Chemical Glycoproteomics TARGETED
Krishnan K. Palaniappamnd Carolyn R. Bertozz{”® ,Q )H

*Verily Life Sciences, 269 East Grand Ave., South San Francisco, California 94080, United States
*Department of Chemistry antloward Hughes Medical Institute, Stanford University, Stanford, California 94305, United States
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MOLECULAR
& CELLULAR
PROTEOMICS

MCP

A Pragmatic Guide to
Enrichment Strategies
for Mass Spectrometry-

based Glycoproteomics

Riley, Bertozzi, Pitteri,
Mol. & Cell. Prot, 2020
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:} GAS-PHASE ENRICHMENT

LC-MS/MS

Isolating Generating
Glycoproteins Glycopeptides

lonization Tandem MS Interpreting  Quant and
(MS/MS) Spectra Context

Field Asymmetric lon Mobility
Spectrometry (FAIMS)

bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

What are we missing by using hydrophilic enrichment? Improving bacterial glycoproteome

coverage using total proteome and FAIMS analysis.

Ameera Raudah Ahmad lzaham?! Ching-Seng Ang?, Shuai Nie?, Lauren E. Bird, Nicholas A.

Williamson? and Nichollas E. Scott*
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conventional

(-) FAIMS
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:) FAIMS FOR GLYCOPEPTIDES

What are we missing by using hydrophilic enrichment? Improving bacterial glycoproteome

[ ] @ N .
b l 0 Rx lv coverage using total proteome and FAIMS analysis.

THE PREPRINT SERVER FOR BIOLOGY

Ameera Raudah Ahmad Izaham! Ching-Seng Ang?, Shuai Nie?, Lauren E. Bird', Nicholas A.

Williamson? and Nichollas E. Scott*
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GAS-PHASE ENRICHMENT: DIA

LC-MS/MS
Isolating Generating ~ Enrichment &  lonization ~ Tandem MS  Interpreting ~ Quant and
Glycoproteins  Glycopeptides Separations (MS/MS) Spectra Context

Glycopeptide variable window SWATH for improved data independent
acquisition glycoprotein analysis

Chun Zhou®, Benjamin L. Schulz®Pe*
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:}) GAS-PHASE ENRICHMENT: DIA

LC-MS/MS
Isolating Generating ~ Enrichment &  lonization ~ Tandem MS  Interpreting ~ Quant and
Glycoproteins  Glycopeptides Separations (MS/MS) Spectra Context

ARTICLES nature methods

https://doi.org/10.1038/541592-019-0504-x

Glyco-DIA: a method for quantitative
O-glycoproteomics with in silico-boosted
glycopeptide libraries

Zilu Ye®", Yang Mao®"?, Henrik Clausen®'and Sergey Y. Vakhrushev®™



:}) GLYCOPEPTIDE TANDEM MS

LC-MS/MS
Isolating Generating Enrichment &  lonization Tandem MS  Interpreting  Quant and

Glycoproteins = Glycopeptides  Separations (MS/MS) Spectra Context



:) GLYCOPEPTIDE FRAGMENTATION

Fragmen- Resonance Beam-type CID / Electron transfer / higher- Conventional
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Thaysen-Andersen et al., MCP, 2016, 15: 10.1074/mcp.0115.057638, 1773-1790



} GLYCOPEPTIDE ERAGMENTATION

Fragmentation methods affect instrumentation decisions
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:}) GLYCOPEPTIDE FRAGMENTATION

al-acid-GP C1inh CD14 CD5s9 Fetuin Fibronectin GP1ba Hemopexin
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:}) FRAGMENTATION SCORECARD
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:}) N-GLYCOPEPTIDE FRAGMENTATION
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:}) 0-GLYCOPEPTIDE FRAGMENTATION
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D) FRAGMENTATION SCORECARD

| Recommended

B Good

Acquisition Speed

Peptide Fragmentation

Glycan Fragmentation

Localization

Use for N-glycopeptides

Use for O-glycopeptides

pubs.acs.org/jpr

Optimal Dissociation Methods Differ for N- and O-Glycopeptides
Nicholas M. Riley, Stacy A. Malaker, Marc D. Driessen, and Carolyn R. Bertozzi*

Cite This: https://dx.doi.org/10.1021/acs.jproteome.0c00218 Read Online




:> GLYCOINFORMATICS

ol!!:";im Byonic

Available through Stanford (Protein Metrics)
GUI with viewing options
Flexible with fragmentation methods

Compatible with N- and O-glycopeptides

O

Interpreting
Spectra

pGlyco2.0

Free (Academic software)
GUI with limited (but still usable) options
Designed for sceHCD (more coming soon)

Generally only works for N-glycopeptides



RECENT BYONIC UPGRADES

MOLECULAR
M ‘ P & CELLULAR
PROTEOMICS
Peak Filtering, Peak Annotation, and Wildcard Search for

Glycoproteomics

Abhishek Roushan, Gary M. Wilson, Doron Kletter, K. llker Sen, Wilfred Tang,
Yong J. Kil, Eric Carlson, Marshall Bern*
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:}) VARIABLE MOD SEARCHING

Current Canon: _ o
O-glycopeptide from CD43 (leukosialin)
Peptide-centric

DB generation TGSLEPSSGASGPQVSSVK

7 potential O-glycosites,
allow up to 3 to be modified:

different theoretical spectra
for each PTM considered



:}) VARIABLE MOD SEARCHING

Current Canon: _ o
O-glycopeptide from CD43 (leukosialin)
Peptide-centric

DB generation TGSLEPSSGASGPQVSSVK

7 potential O-glycosites,
allow up to 3 to be modified:
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= & 2
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+ &D’ %! qj O-glycans
1 s
different theoretical spectra

for each PTM considered >60,000 .for ane peptide

combinations to consider




D) OPEN MOD SEARCHES

|dentify peptide candidates without pre-determined modifications

MS/MS Spectrum Theoretical Measured
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OPEN MOD SEARCHES WITH BYONIC

Open database searching enables the identification and comparison of bacterial

MOLECULAR
& CELLULAR glycoproteomes without defining glycan compositions prior to searching
PROTEOMICS
Ameera Raudah Ahmad Izaham+ and Nichollas E. Scotti#
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OPEN MOD SEARCHES WITH OTHER PLATFORMS

a) Preparation: MSFragger

Glycan mass list
1038.3751
12164226
1378.4757

[ Sequence database]

J
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[ In silico digestion ]

Deisotope and l rd
de-charge _ [ Fragment indexing ]
| v

(arbitrary length)

!

Glycan sequon/residue | N-X-5/T (N-glycan)
check S/T/Y in peptide (O-glyca

[ Oxonium ion check] ‘ \I/ ‘

mass

L L
b) Search: MSFragger
x Check(s) fail: Oxonium and sequence checks pass: glycan search

non-glycan search [ Regular ions ] [ Shifted ions ] [ Yions ]
THE PREPRINT SERVER FOR BIOLOGY
Regular ions
only [ ]
Fast and Comprehensive N- and O-glycoproteomics analysis with MSFragger- []
Glyco PIERITIDIENAIS R PIEPTIIDIENAISR PIEPTIDIENASR PEPTIDENASR
by, c/z by, c/z, by + /z Y
Daniel A. Polasky', Fengchao Yu', Guo Ci Teo', Alexey |. Nesvizhskii*'? : Sequence mass only
Ultrafast indexed search | sequence mass + glycan mass

¢) Validation: Philosopher pipeline *
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2o Protein inference
3o
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Extended
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OPEN MOD SEARCHES WITH OTHER PLATFORMS

Fast and Comprehensive N- and O-glycoproteomics analysis with MSFragger-
Glyco

bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

Daniel A. Polasky', Fengchao Yu', Guo Ci Teo', Alexey |. Nesvizhskii*'?

a
Compositions Unique Unique Unique
Search searched BlycoRos glycopeptides | glycoproteins glycosites
MSFragger 182 44 187 2,822 1,070 2,138
Riley 2019 182 24,099 1,803 771 1,545
c iti Sit
b Glycosites C S50 ompom ions per Site
MSFragger-Glyco
2000;
8
& 1000
o MSFragger Glyco Riley 2019
500- Sites per Protein 450
0 4

MSFragger-Glyco Riley 2019
M Uniprot: experimental evidence
[ Uniprot: by sequence analysis
B Uniprot: by similarity

[CINot in Uniprot

MSFragger-Glyco

~n

Riley 2019



:}) 0-PAIR SEARCH EOR 0-GLYCOPEPTIDES

Identify peptide candidates without pre-determined modifications

MS/MS Spectrum Theoretical Measured
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m/z mass (Da)
+ Total glycan Mass: y15 y14 y13 y12 y11y10 y9 y8 y7 y5 y4 y3
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:) 0-PAIR SEARCH EOR 0-GLYCOPEPTIDES

@ Protein database @) Fragment index @ \dentify peptide candidates
) Best Scoring Peptide
- |“ ||I Theo. Peptide ~ Meas. Candidates (p1, p2, ... pn)
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@) O-glycan database @) O-glycan groups Precursor Filter
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:) 0-PAIR SEARCH EOR 0-GLYCOPEPTIDES

s}z O-Pair Search

Combining fragment-indexed Open Search with glycan group

delta masses and graph theory localization

@ Protein database

)
—
—

9 Fragment index

@) O-glycan database @) O-glycan groups

= & o M(g1) =0 N1

e :I’ :‘l m; M(g2) = O+O N2
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ks

More information:

M(g4) = I+l+=+= H1N4A1

HCD

product ion
triggered

Paired
spectra

EThcD

@) Localization

@ \dentify peptide candidates
Best Scoring Peptide

The?\}l Peptide ll\\/i/leas. Candidates (p1, p2, ... pn) .K.\.
—Am— M(precursor) = M(p2) + Am2 .\.
mass (Da) M(precursor) = M(pn) + Amn .

l

Precursor Filter ) )
©) Fine scoring and FDR

(D Match Am to glycan groups ) O-glycopeptide

Candidates 6
— Total Glycan Mass Score + +
+ é. Localization
M) % ] Probability <oore

bioRxiv Pre-Print: https://www.biorxiv.org/content/10.1101/2020.05.18.102327v1: provisionally accepted at Nature Methods



:}) O-PAIR SEARCH PERFORMANCE

12 O-glycan DB
BN
R IL

RIS

Mucins

MUC16
CD43
Podocalyxin

PSGL-1

Riley et al., JPR, 19 (8):
3286-3301 (2020)

B HCD-EThceD pair

HCD alone
B FThcD alone

Glycans Byonic O-Pair Speed Localized Glycosites
per peptide  Time (min)  Time (min)  Improvement  ( / O-Pair)
3glycans 862.76 0.40 2,161.09 /120
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:> GLYCOPEPTIDE QUANT: NOT STRAIGHTFORWARD

Quant and
Context
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:> ISOBARIC LABELING ALSO HAS CHALLENGES

Multiplexed Comparative Analysis of Intact Glycopeptides Using
Electron-Transfer Dissociation and Synchronous Precursor Selection

Based Triple-Stage Mass Spectrometry

Hongbin Zhu,* Chen Qiu, Connie M. Gryniewicz-Ruzicka, David A. Keire, and Hongping Ye
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ISOBARIC LABELING ALSO HAS CHALLENGES
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Quantitative Longitudinal Inventory of the N-Glycoproteome of
Human Milk from a Single Donor Reveals the Highly Variable
Repertoire and Dynamic Site-Specific Changes
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Examining and Fine-tuning the Selection of
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