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Post-translational modifications (PTMs)

Glycosylation

S
\ Methylation

Phosphorylation

Acetylation

Wang YC, Cell Resaerch 2014



PTM is a modification on a particular amino acid.
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Glycosylation

Glycosidic-linkage between sugar and proteins/lipids catalyzed by
enzymatic reactions. Glycosylation produces different types of glycans
that are typically attached to cellular proteins and lipids.
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Regulation of cellular mechanisms by glycans
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Glycan as adhesion molecules
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Requires sialyl Lewis x.

4 Requires PSGL-1 molecule carrying
sialyl Lewis x and presence of sulfated
tyrosine residue(s) in its N-terminal region.




Glycan as blood group antigens
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Sequentially adding & removal of
monosaccharide to form oligosaccharide in
ER & golgi (major)
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https://www.glycopedia.eu
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Glycosylation

4. Sugar-donors

UDP-m GDP-y
UDP-m UDP-O

2. Glycosyltransferases m
(Glyco-T)

HEO<

3. Glycosidases

-

1. Acceptors
(Proteins & Lipids)

HO
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e Human:
3 Plasma |~ 200 Glyco-Ts
Secretory .‘C" Y, \. (add)
vesicle Lysosome ER, Golgi, Cytoplasm
@ (OGT)
Nucleotide/' @ ® ~ 80 glycosidases
SUGaS () by Transport | (remove)

@ vesieles ER, Golgi, membrane,
lysosome, etc.

NUCLEUS CYTOPLASM

Glycosyltransferase and Different ,
_[?" glycosidase enzymes ‘ QPR glycans { Proteins

® Phnsphate]
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Table 2 Glycosyltransferase and glycosidase enzymes.
Enzymes

Glycosyltransterase families

1.

X NSULR DN

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Alpha-1,2-glucosyltransferases (ALG10)
Alpha-1,3-glucosyltransferases

Alpha 1,4-glycosyltransferases

Beta-1,3-glucuronyltransterases (B3GAT)

Beta 3-glycosyltransferases

Beta 4-glycosyltransferases

Collagen beta(1-O)galactosyltransferases (COLGALT)

Dolichyl bp-mannosyl phosphate dependent mannosyltransterases
Exostosin glycosyltransferase family (EXT)

Fucosyltransferases (FUT)

Glucosaminyl (N-acetyl) transferases/xylosyltransterases (GCNT, XYLT)
Glycogen phosphorylases (PYG)

Glycosyltransterase family 2

Glycosyltransterase family 6

Glycosyltransterase family 8

Glycosyltransterase family 90

Glycosyl transferases group 1 domain containing
Mannosyl-glycoprotein N-acetylglucosaminyltransferases (MGAT)
O-linked N-acetylglucosaminyltransferases

Polypeptide N-acetylgalactosaminyltransferases (GALNT)
Sialyltransferases

STT3 oligosaccharyltransterase catalytic subunits (STT3)
UDP-glucose ceramide glucosyltransferases

UDP-glucose glycoprotein glucosyltransferases (UGGT)

UDP glucuronosyltransterases (UGT)
UDP-N-acetylglucosaminyltransferase subunits

Human
Glyco-Ts
and

glycosidases

Glycosidase (glycoside hydrolase) families

1.

S Nl ol

9.
10.
11.
12.
13.

Alpha-L-fucosidases (FUCA)
Amylases alpha (AMY)
Chitinases (CHI)
Galactosidases alpha (GLA)
Galactosidases beta (GLB)
Glycoside hydrolase family 1
Glycoside hydrolase family 31
Heparanases (HPSE)
Hexosaminidases (HEX)
Hyaluronidases (HYAL)
Lysozymes (LY)
Mannosidases
Neuraminidases (NEU)

Silsirivanit A. Advance in Clinical Chemistry, 2019



Nucleotide sugar-donors and specific acceptors
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Symbolic representation of monosaccharides

2007, 23 dor0 156 A 51041325 | CFG S S |UOXF CFG | 5P& |UOXF
Xylose Die Y JAN Galactosamine N N
Fucose A A ® Glucosamine | o
Hexose O O O Galacturonic acid < <
Galactose O O O Glucuronic acid & & H
Glucose O O [] |duronic acid < <
Mannose O O O Mannuronic acid P P>
N-acetyl hexosamine ] ] o KDN L 4 O
N-acetyl galactosamine ] ] ¢ N-acetyl neuraminic acid . 4 ® *
N-acetyl glucosamine L] L] B N-glycolyl neuraminic acid e < Y

Symbolic representation of monosaccharides with geometric shapes
as described in the notations used by the Consortium for Functional
Glycomics (CFG) and the Oxford Glycobiology Institute (UOXF). 14



Biosynthesis of nucleotide sugar donors

. NDP-sugar biosynthesis mainly in cytoplasm
Il ll (except CMP-Sia synthesis is in the nucleus).
Glucose Glucosamine Hexosamine
v Extended Pathways
Glucose-6P
v v
Fructose-6P —® Glucosamine-6P —» Glc Ac-6P
T MPI GNE |
P Man Ac-6P e
/GDP-Fucd—GDP-Man ﬁ/_—\Man Ac-1P4-—| l GlcAc-1P ADP
e S, PR CMP-Sialic Acid l HAGK (.
GALE GALE ATP

v .
Glucose-1P e UDP-GlUCOSe wpp UDP-Gal Ac gl IDP-Glc Ac Glc Ac

I

Gal Ac-1P OGT OGA

N-linked,
O-linked glycosylaton _ Gal''Ac
<

modified proteins

Akella et al BMC Biology, 2019



Glycosidic linkages in oliogo/polysaccharides

CHon B12gme B1,4 — 026
) B4 B14 I
o 1 a-1,6-Glycosidic bond i L]
) +/- A al,6 g
CHZOH H CHz

Monosaccharide
Structure of monosaccharides (beta, alpha)
Position of linkage (C-2, -3, C-4, C-6)
l
High Complexity

No tem plate Lacto-N-difucosylhexaose
Orczyk-Pawitowicz M, Nutrients 2020

B1,4




Protein Glycosylation

Protein glycosylation encompasses:
1) N-glycans (N-linked glycosylation): Asn, GIn (rare)
2) O-glycans (O-linked glycosylation): Ser,The, Pro-OH+Tyr (rare)

Asparagine

' " N-linked o
GLoH o E,H Asn . N-glycosidic bond
A— 1s* sugar: GIcNACc
=) / — Ser/The : O-glycosidic bond
MAo:ylgluco::riz:m ]'ST Sugar' Any
s Tryp (rare) : C-liked
: m"°"'"'§‘w*‘1 mannosylation
GH,OH x wi  O-linked
-0 2 O- CH CH
C O
H H é
H NHCOCH,
N-Acetylgalactosamine
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N-linked glycosylation: from ER through Golgi

Fructose-6-P

CDG-Ib|
Mannose — Mannose-6-P

CDG-Ia|
Mannose-1-P

Cytoplasm

r1iph
Glc:Man-GIcNAC:

14-sugar structure

OST

oligosaccharyltransferase

0. ".{5:""

ER

Asn-X-Ser/Thr
(X = AA except Pro)

"Genetic Disorders", book edited by Maria Puiu, ISBN 978-953-51-0886-3

[\/Asn protein backbone
@A‘/\N\ dolichol phosphate

® phosphate

- ribosome

B nN-acetylglucosamine
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@ glucose
A fucose
O galactose
4

sialic acid

Lysosome

Cis-Golgi

Secretory

i g4

tcpe-114, £
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Trans-Golgi

Medial-Golgi and

trans-Golgi
network


http://www.intechopen.com/books/genetic-disorders

N-linked glycans

High Hybrid :
igh mannose b - High mannose type
Endo H
Endo F2 Endo H Neuramlnldase
Endo = Endo 2 HYbr'ld Type
+ Complex type
B GIcNAc
PNGaseF PNGaseF © Man
© Gal
€ NeuNAc
Biantennary complex Triantennary complex Tetra-antennary complex

Neuraminidase

o Neuraminidase
Endo F3 Neuraminidase *

Endo F2 ' Endo F3 i

PNGaseF PNGaseF PNGaseF
19



O-linked glycan

clucose  SYMBOLS
S O-Man: ER

O D-Galactose Q Glucuronic Acid

‘ b-Mannose G Iduronic Acid O-Fuc: ER
Bl N-Acetyl-p-glucosamine * L-Xylose O-GIC: ER
[ ] N-Acetyl-p-galactosamine A (-Fucose O_GGI: ER

e oot O-GalNAc: Golgi (mucin type)
¢ > 4 O-GlcNAc: Nucleus, cytoplasm,

._* s« mitochondria, ER
8t 23 1

Y A A -

Ser/Thr Ser/Thr Ser/Thr Ser/Thr  Ser/Thr Ser/Thr Ser/Thr Ser/Thr
lCorel Core 2 Core3 Cored O-mannoseO-fucose 01Iucose| O-GIcNAc

O-Glycans | 20



K.T.-B. G. Schjoldager, H. Clausen / Biochimica et Biophysica Acta 1820 (2012) 2079-2094
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O-GIcNAc modification

@ aic
B GIcNAC

O-GIcNACc cycling

OGT: O-linked B-N-acetylglucosaminyl transferase

OGA: B-N-acetylglucosaminidase(O-GIcNAcase)
OGP: O-GIcNAcylated protein

22



Biological roles of O-GlcNAcylation

i /‘ @ Phosphate
Protein Conformation, o o ll GIcNAc

| Protein stability
Activity ¢ )‘)é\ b')\) o’h
Proximal site

o)

Protein degradation

protein-protein

interactions . .
Protein expression Regulate transcription 23



Protein digestion
(e.g., trypsin)

Enzymatic and/or
chemical glycan release
(e.g., PNGase F)

Acidic hydrolysis

Analyses of glycans

Intact Proteins

No
labeling

Released Glycans

.
.
sme
e

204 44
«

EIE
A

Fluorophore
labeling

Acidic
hydrolysis

Underivatized

Monosaccharides

= -

Derivatized

Zhang L. mAbs, 2016

Lectin
Microarray

RP/IEX-HPLC

MS (MALDI
or ESI)

CE
PAGE/IEF

LC-ESI- or
MALDI-MS

CE-MS

HPAEC-PAD,
PGC

MALDI-MS

MALDI-MS

HPLC (HILIC,
RP, AE)

LC-ESI-MS

ESI-MS/MS

CE

HPAEC-PAD

RP-HPLC

Glycan profiling
Glycan heterogeneity
Glycoform determination

Sialylation heterogeneity

Sialylation heterogeneity

Peptide mapping for
glycosylation site identification

Peptide mapping for
glycosylation site identification

Structural information by comparing
with known glycan standards

Glycan profiling (permethylation
normally employed)

Glycan profiling

Structural information by comparing
with known glycan standards

General structural determination

Glycan sequence and linkage
information

Sialylation heterogeneity; isomer
and glycoform differentiation

Quantitation of individual
monosaccharides

Quantitation of individual
monosaccharides

Lectin-
based

MS/MS



Analysis of glycans and glycoproteins

Lectins

Sugar-binding proteins

Binds specific sugar structure
(like antibody)

Found in animals & plants
Applications in science,
medicine and technology

Crystal structures of
(A)amaranthin lectin
(B)WGA

(C)pumpkin lectin

(D)jacalin lectin

(E)SBL

(F)Galanthus nivalis agglutinin (GNA)
(G) ricin 25



Plant lectin as a tool for analysis of glycans

Groups
Fucose
Mannose/Glucose

GIcNACc

Gal/GalNAc

Sialic acids

Complex glycan

Lectins

Ulex europaeus |
Concanavalin A
Lens culinaris
Pisum sativum

Abbreviations Preferred Sugar Specificity

UEAI
ConA
LCA, LcH
PSA

Griffonia (Bandeiraea) simplicifolia Il GSL 1l

Wheat Germ

Succinylated Wheat Germ

Datura stramonium

Lycopersicon esculentum

Solanum tuberosum
Ricinus communis |

Griffonia (Bandeiraea) simplicifolia |

Dolichos biflorus
Sophora japonica
Soybean

Vicia villosa
Wistera floribunda
Jacalin

Peanut

Erythrina cristagalli
Maackia amurensis
Sambacus nigra
Phaseolus vulgaris

Phaseolus vulgaris

WGA
sWGA
DSL

LEL, TL
STL, PL
RCAI
GSL |
DBA

SJA

SBA

VVL, VVA
WEFA, WFL
Jacalin
PNA

ECL, ECA
MAL Il
SNA
PHA-E

PHA-L

aFuc

aMan, aGlc

aMan, aGlc

aMan, aGlc

a or BGIcNAc

GIcNAc

GIcNAc

(GIcNAc)2-4

(GIcNAc)2-4

(GIcNAc)2-4

Gal

aGal, aGalNAc

aGalNAc

BGalNAc

a>BGalNAc

GalNAc

GalNAc

GalB3GalNAc
GalB3GalNAc
GalB4GIcNAc

A2,3Sia

a2,6Sia
GalB4GIcNAcBR2Mana6 (GIcNAc[R4)
(GIcNAcpB4Mana3) Man34
GalB4GIcNAcB6(GIcNAc B2Mana3)Mana3

26



Lectin-based techniques

. Lectin affinity chromatography
. Lectin blotting

. Lectin microarray

. Ab-Lectin micro array

. Lectin-captured ELISA

. Lectin histo/cytochemistry staining
. Etc.

NO U D WINE

27



Lectin affinity chromatography

sample

Chromatography
column

Tube for collecting
glycoprotein after
separation

Eluate #1

Eluate #2

ic

gents.
ies
odies

gs and

ling

idin

i Kits

dagdarose

e

Developing innovative labeling and detection
systems for biological and medical science.

Agarose bound Lectins

Agarose bound* Aleuria Aurantia Lectin (AAL)
Agarose bound* Concanavalin A (Con A)
Agarose bound* Datura Stramonium Lectin (DSL)

~Agarose bound* Dolichos Biflorus Agglutinin (DBA)

Agarose bound* Erythrina Cristagalli Lectin (ECL, ECA)

»Agarose bound* Galanthus Nivalis Lectin (GNL)
Agarose bound* Griffonia (Bandeiraea) Simplicifolia Lectin I(GSL I, BSL 1)

Agarose bound* Griffonia (Bandeiraea) Simplicifolia Lectin Il (GSL II)
Agarose bound* Jacalin

Agarose bound* Lens Culinaris Agglutinin (LCA)

Agarose bound* Lotus Tetragonolobus Lectin (LTL)

Agarose bound* Lycopersicon Esculentum (Tomato) Lectin (LEL, TL)
Agarose Bound* Peanut Agglutinin (PNA)

Agarose bound* Phaseolus vulgaris Erythroagglutinin (PHA-E)
Agarose bound* Phaseolus vulgaris Leucoagglutinin (PHA-L)

ORDER/PRICING COMPANY SUPPORT PRODUCTS APPLICATIONS CONTACT US

Agarose bound* Pisum Sativum Agglutinin (PSA)
Agarose bound* Ricinus Communis Agglutinin | (RCA I, RCA429)
Agarose bound* Ricinus Communis Agglutinin Il (RCA Il, RCAgg , ricin)
Agarose bound* Sambucus Nigra Lectin (SNA, EBL)

Agarose bound* Soybean Agglutinin (SBA)

Agarose bound* Ulex Europaeus Agglutinin | (UEA 1)

Agarose bound* Vicia Villosa Lectin (VVL, VVA)

Agarose bound* Wheat Germ Agglutinin (WGA)
Agarose bound* Wisteria Floribunda Lectin (WFA, WFL)
Agarose bound*, succinylated Concanavalin A (Con A)
Agarose bound*, succinylated Wheat Germ Agglutinin (WGA)
Chitin Hydrolysate

® QWSugars

Unconjugated Agarose Beads
VECTREX AAL Reversible Nucleic Acid Binding Matrix

28



Lectin blotting - gw

Biotin-conjugated lectin

R
S s
. = . "
.. ..\' | pots
Wash MW o
{ Top b
SDS-PAGE/2D-PAGE < = /$treptavidin-
. — HRP
Blotting to membrane >
y A
\ 4
Probe with Lectin NormaWpatient o
T —e—

ConA RCA-I LCA
HE CCA HE CCA  HE CCA

= me

Normal Patient

https://ruo.mbl.co.jp/jutaku/english/sugar_chain_marker.html

-— SS ==

HE CCA HE CCA

WGA PNA

HE CCA HE CCA

L
o e

PHA-L PSA

DBA

HE CCA

sWGA

HE CCA HE CCA HE CCA

== an
—t |
+1 &=

Detection of patient specific chain
sugar molecule

— -
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(DLectin spotting

Lectin array

Tumox tissue Normal tissue
shnd. )3"'
Protein extraction Huorescem labeled
from 1 mm? -size lycoprotein Fluorescent-labeled cell
tissue section (2)Binding reaction,
@ * ° * ¥
v o g'* Lectin array
m Cy3-labeling O\* ?
$° $°

[} @Scanning

XBinding reaction ,

0000 @O® 00 @00 . .o array

Glycan profiler

Scanmng

e Sibens St G Gbes.

Lectin array is a practical approach to profile glycans expressed on proteins and cells by means of
lectins, as decoder molecules, each which shows different sugar-binding specificity. Thus, distinct
sugar-binding patterns will be obtained for different cells and glycoproteins.

http://www.aist.go.jp/aist e/aist today/2009 31/feature/feature 03.ht
ml
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http://www.aist.go.jp/aist_e/aist_today/2009_31/feature/feature_03.html
http://www.aist.go.jp/aist_e/aist_today/2009_31/feature/feature_03.html

Lectin-antibody array

Fluorescent-labeled
/ streptavidin SBA-captured ELISA
b bt et hi é | Substrates
RN sy
3

W W 3 £ 3 Antigen {serum)
+ | Biotin-conjugated lectin o
Cf |

39*‘ Soy Bean Agglutini (SBA)
Lectin -captured ELISA

YYYYy | §
Antibody array SO
0 0 B




Lectin-histo/cytochemistry staining

HRP-streptavidin

Lectinhistochemistry
of CCA tissues

(14 lectins)
LI IR A / “ ’

ycans in Tissue/Cells



