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Background



Protein glycosylation

HIV-1 gp120

is a most common post-
translational modification
of protein.

More than 50%
mammalian proteins are
glycoproteins.

More than 70% clinical
therapeutic protein drugs
are glycoproteins.
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Protein glycosylation forms

N-glycan: Asn-linked oligosaccharide

O-glycan: Thr/Ser-linked oligosacharide

GPI anchor: 
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anchor to bilayer

Proteoglycan：protein-linked polysacharide
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N-glycan structures
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N-glycan core pentasaccharide

G lc N A c

M a n

G a l

N e u A c

GlcNAc

Man

High-mannose type：

Gal NeuAc Fuc

Complex type：
（biantennary, triantennary,

tetraantennary, bisecting, 

fucosylated)
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Biosynthesis of N-glycan

Endoplasmic Reticulum

Golgi
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Subtle change in glycan structure may lead to huge difference in function

Bird flu H5N1 host:  a2,3NeuAc cells (majority in birds)

Human flu H1N1 host: a2,6NeuAc cells (majority in human)

Example 1：

Example 2：

ABO blood antigen：

Example 3：

Heparin contaminantion in US on 2007：
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Glycosylation control?
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N-glycan profile of human IgG

GlycomicsFunction
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Endo
N-Glycan

RR

Endo

hydrolysis

transglycosylation

Endo
Product

hydrolysis

Glycoprotein 

protduct
G lc N A c

M a n

G a l

N e u A c

GlcNAc

Man

Transglycosylation activity of Endo-glycosidases
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Man9GlcNAc

oxazoline

Sialylated

complex-type

oxazoline

Endo-A

N171A

Endo-M

N175A

Chemical

Synthesis
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J. Biol. Chem. 2008, 283, 4469

J. Am. Chem. Soc. 2009, 131, 2214

J. Biol. Chem. 2010, 285, 511

ChemBioChem 2010, 12, 932

Glycosynthases:
Mutants of EndoA/M,

lack hydrolytic activity but

possess transglycosylation

activity using oxazolines

Endo-glycosidase for glycan remodeling

Method



A：wide-type

(hydrolase)

B：mutants

(glycosynthase)

N175: promoting transit-state

form

N175A: lost hydrolytic activity

Synthetic glycan oxazoline

Transit-state form

Mechnism of glycosynthase-glycan oxazoline system



Total synthesis of Man9GlcNAc oxazoline (~70 steps)
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300 egg yolks (3.3 L)

i) added 1.5 L water, stirred at rt for 1h

ii) lyophilization

Yolk powder (2.1 Kg)

i) Et2O wash (6 L x 2), 70% acetone wash (6 L)

ii) 40% acetone extraction (3 L x 2)

iii) drying of extracted solution

Yolk extract powder (36.7 g)

active carbon/celite (2:1) column,

eluted by 25% MeCN

SGP (1.9 g)

Nature resource N-glycan
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One-pot synthesis of N-glycan oxazolines from SGP

SGP

1) NeuAcase (Galactosidase, GlcNAcase)
2) Endo-M
3) DMC/Et3N
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Chemoenzymatic synthesis of glycoconjugates
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Chemical

total synthesis

One-pot synthesis

N-glycan oxazoline

Glyco-natural products
GlycopeptidesGlycoproteins
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Results



Glycan remodeling of antibody drugs

Application-1

Results



Antibody glycosylation

297terminal

sialic acid

bisecting

GlcNAc core

fucose

Man;GlcNAc; Gal; Glc; Fuc; Sia
Glycan

Fab

Fc

IgG Antibody
Fc glycan structure

Required for ADCC activity

Results



New-generation glycoengineered antibody drugs

Engineered glycoforms of Abs for enhanced functions:

Results



Glycosynthases for IgG 

glycosylation remodeling

Requirements:

1) core-fucosylated or non-fucosylated 

GlcNAc-IgG as acceptors

2) wide substrate specificity in glycan

3) good kcat/km for both donor and 

acceptor substrates

Endo S from Streptococcus pyogenes

Glycosynthases: EndoS mutants

Results
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EndoS mutant
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SDS-PAGE and LC-MS monitoring of 

remodeled Rituximab

Results



A B

C D

-1 0 0 0

0

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

7 0 0 0

8 0 0 0

9 0 0 0

1 0 0 0 0

5 6 7 8 9 1 0

R e te n t io n  T im e  (m in )

U
V

2
8

0
 A

b
so

r
b

a
n

c
e

 (
u

A
U

)

Light chain

Heavy chain

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 0 0 0 0

7 0 0 0 0

8 0 0 0 0

9 0 0 0 0

1 0 0 0 0 0

4 0 0 8 0 0 1 2 0 0 1 6 0 0 2 0 0 0

m /z

In
te

n
si

ty

0

5 0 0 0

1 0 0 0 0

1 5 0 0 0

2 0 0 0 0

2 5 0 0 0

3 0 0 0 0

3 5 0 0 0

4 0 0 0 0

4 5 0 0 0

4 0 0 8 0 0 1 2 0 0 1 6 0 0 2 0 0 0

m /z

In
te

n
si

ty

2 3 0 4 4

0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

1 0 0 0 0 1 5 0 0 0 2 0 0 0 0 2 5 0 0 0 3 0 0 0 0

m /z

R
e

la
ti

v
e

 I
n

te
n

si
ty

 (
%

)

LC-MS of reduced IgG

MS of light chain

m/z

MS of heavy chain

m/zDeconvolution

MS of light chain

Results



EndoS WT
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FcgIIIa receptor binding assay
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Glycan and protein folding

Application-2

Results



GlcMan9GlcNA2 glycan and protein folding
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Chaperone CRT/CNX

and protein folding



Glyco-cluster and lectin microarray

Application-3

Results



Probing lectin binding property： Lectin Microarray

J. Am. Chem. Soc. 2009

Glyco-cluster as a probe for molecular recognition

Results



O-GlcNAcyltion identification

Application-4

Results



O-GlcNAcyltion identification

Traditional method:

Results

ConA enrichment

O-GlcNAc 

peptides

LC-MS

Chemoenzyamtic label method:

EndoD

O-GlcNAc 

peptides

i) Glycan donor/EndoA

ii) ConA enrichment

LC-MS



O-GlcNAcyltion identification
Results

List1: traditional method

List2: chemoenzymatic label method

identified O-GlcNAc glycoproteins identified O-GlcNAc glycopeptides
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