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Fig. 1 Reaction mechanism of glycosidases
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Fig. 2 Reaction mechanism of glycosynthases
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B B-1,30 B-1,4- KA =Bk 7 A ] DLk 3|
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PA 4- FY 5L x J0 W 6 W 7 A0 0 R R 2 AR S i
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B FACHNINS, B RE VRS o B BB T, A2
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LA R HE AR XORE B (18] 3). 1k — *ﬁ%ﬁﬂ,ﬁﬁ
A 2- fiFd 5 2R A B 4 ) I B8 TP B B-1,6- SCHE
-B-1,3- ML =BT, A 85%, XX Fh = HE 4
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Wiy B ARG, DRI, T B 5 i ) I
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o BEEF B RO AR Y IRAE 2002 4F, kIR T3
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Fig. 3 Reaction mechanism of hyperthermophilic glycosynthase Ss3-gly Glu387Gly
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A GH31) [FR s SR 22 1 FUAS (AT 13 Fhilig
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T AE W8 U Bl A ) s N b, PR BRI 7 vh TR P T g
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ITAEk, Withers WF 903 )R T — 2R B b
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2003 4, Jahn 5P I A grobacterium sp. B- FiHETF
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B (thioglycosides), A AL O B A% T A %&%E&‘Z
P SEAR T AR, IX S R /D R B L) fi 2 S 1R
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Table 1 Examples of glycosynthases, thioglycoligases and thioglycosynthases?
*1 WBEESHE. MAEEBAAETS SR 0
ESUA GH R4 & BEFE AL R s/
Agrobacterium sp. 1 E358A B-glucosynthase  a-Glc/-Gal-F 4-NP-Glc/-Cel B-(1,3)-,8-(1,4)-di-,-trisaccharides
E358S™  B-glucosynthase  a-Gal/-Glc-F 4-NP-Glc/-Cel/ B-(1,4)-di-,-tri,-tetrasaccharides
-Man/-GlcNAc
Sulfolobus solfataricus 1 E387G B-glycosynthase ~ 2-NP-B3-Glc 2-NP-B-Glc B-(1,3)-,8-(1,4)-,8-(1,6)-(2-NP-)-
disaccharides
a-Glc-F B-(1,3)-,B-(1,6)-branched -tri,-
tetrasaccharides
2-NP-B-Gal Xyl-a-4P Gal-B-(1,3)-Xyl-p-4P2!
Cellulomonas fimi 2 E519S -mannosynthase o-Man-F 4-NP-B-Cel B-(1,3)-,B-(1,4)-di- to -
hexasaccharides
Schizosaccharomyces 31  D481G  a-glucosynthase  B-Glc-F 4-NP-a-Gle/-Xyl/-Man a-(1,4)-,a-(1,6)-disaccharides
pombe 4-NP-B-Gle
Escherichia coli 2 E537S® B-galactosynthase o-Gal-F 4-NP-B-Glc Gal-B-(1,6)-Glc-B-4-NP
Thermosphaera 1 E386G™  B-glycosynthase  2-NP-B-Glc 2-NP-B-Glc B-(1,3)-,B-(1,4)-,B-(1,6)-(2-NP-)-
aggregans disaccharides
B-(1,3)-,B-(1,6)-branched -tri,-
tetrasaccharides
4-MU-B-Glc Gle-B-(1,3)-Gle-B-MURY
2-NP-B-Gal Xyl-B-4P Gal-B-(1,3)-Xyl-B-4P2!
Pyrococcus furiosus 1 E372A%)  B-glycosynthase  2-NP-B-Glc 2-NP-B-Glc B-(1,3)-2-NP-disaccharides
Thermus nonproteolyticus 1 E338A  B-glycosynthase ~ CMP-3-F-Neu5Ac Man Oligosaccharides”
Bacillus licheniformis 16 EI134A  B-glucansynthase Glc-B-(1,3)-Gle-F  4-MU-B-Glc Gle-B-(1,3)-Gle-B-(1,4)-Gle-3-MU
Gle/Gal-B-(1,4)-  Gle-B-(1,4)-Gle-p-MU  Gle-B-(1,4)-Gle-p-(1,3)-Gle-p-
Gle-B~(1,3)-Gle-F (1,4)-Gle-B-(1,4)-Gle-MU™!
Gal-B-(1,4)-Glc-B-(1,3)-Gle-B-
(1,4)-Gle-B~(1,4)-Gle-MUP
Humicola insolens 7 E197AP  B-glucansynthase Gal/Gle-B-(1,4)- Mono-,disaccharides B-(1,4)-tri-,-tetrasaccharides
Glc-a-F
Hordeum vulgare 17 E231G B-glucansynthase Gle-B-(1,3)-Gle-F  Gle-B-(1,3)-Gle-F B-(1,3)-glucan
3-Thio-a- 3-Thio-o- B-(1,3)-S-glucan
laminaribiosyl F laminaribiosyl F
Cellvibrio japonicus 26  E320G B-mannansynthase a-Mannobiosyl ' 4-NP-Glc/-Xyl/-Cel/-Man  B-(1,4)-tri- to -heptasaccharides
P. furiosus 16  E170A B-glucansynthase «-Laminaribiosyl F Glc-B-MU Gle-B-(1,3)-Gle-B-(1,4)-Gle-3-MU
Gle-B-(1-3)-Gle-B-MU Gle-B-(1,3)-Gle-B-(1,3)-Gle-B-(1,3)-
Gle-B-MU
Agrobacterium sp. 1 E171AP"  B-thioglucoligase 2,4-DNP-B-Glc 4-NP-B-4-thio-Glc/-Xyl  Glc-B-S-(1,4)-Gle-pB-4-NP
Gle-B-S-(1,4)-Xyl-B-4-NP
C. fimi 2 E429A""  B-thiomannoligase 2,5-DNP-B-Man 4-NP-B-4-thio-Glc/-Xyl ~ Man-B-S-(1,4)-Glc-3-4-NP
Man-B-S-(1,4)-Xyl-B-4-NP
Agrobacterium sp. 1 E171A,  B-thioglucosynthase «-Glc-F 4-NP-3-4-thio-Glc Glc-B-S-(1,4)-Gle-B-4-NP
E358G™ 4-thio-Gle-B-MU Glc-B-S-(1,4)-Gle-B-4-MU

DARTIN WS CHER[19]. (Gle, #IZGHE:; Gal, F3UBE; Cel, £14E —##; Man, HEEH; GlcNAc, N- ZWiHibilg; Xyl, ABE, 4P4- %

i -1- [, NP, Ai3EA, NeuSAc, N- ZTEAHEZTR). 2K/ B E5 16 AN

DNP, fifJeas; MU, 4- FJE<: TR ;
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HTRACKE B, B da WoR T HRAORE T R 0/ F AL
i, SAREEAE AL RBET A AE T, LA SH- BN
ZARKREILTE B AR R BUAAE, 24Ky
T PRV T 4 T T R e RV [ DX Bk P 0,
T AR A2 o A BB 1R A7 T L. B RR
HAER EEMITRME, ER SR O- Bitf

/\E

;;S;f::;fSL/ODNP____*H

OH)

‘I SR

(b)
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37%7“

fF’FFﬁi

R, WA by 5 A P R R SURE T B 1E F AL
i, RIS SRR VAR 97, T T2

AT, Withers BF 5T % K005 1 & B AN A LB
Tl oAy AL &, R T SR AR TR
¥E A B B (thioglycosynthases) 29, il 4[] #%
Agrobacterium sp. B- HIHE T M AL O BRI D) g 24
BN A IR FIN RAZ LR, TR R A
Glul71Ala. Glu358Gly (3 1), LAGAUHE b4t
P UL SH- BE Ay BE AL 52 A4 G B 1 At AXOBE 7 7
45%~51%. 5 PR LG, AR AR A i
B FEAR L, JR R A e e 0 S SRS
PIAR EAT IS 1w 254 (18] 4b), IFAN HEGE AL
YER. SR, BrACRE 5 Bl DR B DS A AR IR
ANSARGRACHE T B A D218 K Bl RE A AA, iy ELZ2
W Ko AEARAG,  PRIAE N H B0 5 AT B B 5L 52
PRI S A

I

Fig. 4 Reaction mechanism of thioglycoligases and thioglycosynthases

El4 SmAHEEIBIEmAEE S KEBIERE

() B AR il LA — R 1 D B A
JU S 10 254, DLARACRE A B R A

75 B B A R g BT 5T AT Kt R R [ I
Withers flf 5T & X p& D) # V. ] A grobacterium sp.
B- HIWE Y & Bl Glu358Gly HEAT T S5k (1 [l A1 &
PO, AE [ AH A i i, AbgGlu358Gly RE i &4 M
1k 2 3L BE 5t ¥ #% 2] PEGA (polyethylene glycol
polyacrylamide copolymers)# JIf 14 (R BEJE 52 44 I,
JER AR IE 83%~90%, =4 [ 21k 90% LA
R T R TR RE AR A R VR R, 3R
W 52 JOR A0 23 W) 5 KL 53 W 50/ . BT ol il o A 5
BCERE, e TR aidb ok B, SR T SR
i, O HON T KR R S S B it T R I

LA SH- HE A BERESZ AR i AR 1. ()RR A 1F & el S A0 B I AR BLAE
LL SH- i A2 52 A et A SR

A
3 BEESAERRESRE

B il A R B OR R R T e PO S
W FEIR TR AR SRR R B 1), B3RS
B e R RS SRR AR R, T AR T
S N B ) 0 71 (mechanism-based inhibitors)-
Wi () =R A5 R 3 M+ 08 RS TN SRAR Il 1) Ity 27 1 ot
TG TV E

FIHT, 258 BH MR A% A 2 R e HL AT 30
T3 2 R FH LT S S AL 7). 2- B4R -2-
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AR 5- R - AR RT 2,4- R JEOR -2- B A
-2- G - B R AR T AN S E SR AR MR IR R R A AL
AR, TSR AE AL O TR AR 2 I 3L
SEEPHE L - il b () A T AEOR, HLIBE S5 R R T
(electrospray-ionization mass spectrometry, ESIMS)
iz, AR AL R S R IR (0 25 E IR B AT AE
X JRE T, E ST R R SR AT R 2 - i )
Y, TERGERICHE, SR 5 bR IC B0 56 A R TR TR 5
Yy, HPLC 785, Mo gk rboo B IR A i A 40 1)
A, BT ARG RIS R S T E I ER S R, R
) B I % 1% (tandem mass spectrometer) [ 4
% K4 (neutral loss scans) it A € 2. HPLC 3% [
HRIER K. 2B AR TR b, BT MS/MS
I T DL ARl A R IR R A R, B
N FEIR. X — 45 R T LU I Edman [ fi#
I P2k AT B0 UE RN,

Ak, AT E RO AR A 1 B ) A
OVEIERR: KRR AT RIR TR X, W T e A
[l Y 4 B PR R & 2 R 70 | HEA T 38 URAR . A R
2 il AR T PR O- BT PR A ORI T AR,
RALAL m N TR D) e B LR . A7 R AL 56 48 R
ANRETR AL TR AL A [ 3 A SRS T A R
N RHEEARE, M0 NN SNESR AL A I & B
Jois SRARWERER FHTAG, (HISCRAEIRLE], A
TR AR ] TS AR, A A AT S B R B
Wy, s AR REM 5 R RIS AL B AH S H) 9
OB B SR FUR AR T B SO, ISR AR AT
RN SRAZAR R LR,

TERE TR R A IR IR, T LUK

SRR IR AT i AT E AL, HAESR AR s ik
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Fig. 5 Mechanism of the two-plasmid system in the glycosynthase screen™
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Fig. 6 Mechanism of the Dex-Mtx yeast three-hybid system in the glycosynthase high-throughput screen™
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Glycosynthases: a Novel Efficient Synthetic Tool for Oligosaccharides’

LU Li-Li, XIAO Min™, ZHAO Han, WANG Peng, QIAN Xin-Min
(State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, China)

Abstract Oligosaccharides are one of the essential physiological constituents of glycoproteins and glycolipids on
mammalian cell surfaces and microbial metabolites. They have considerable potential as therapeutics but are only
now slowly assuming this important role. One of the reasons for their slow development has been the considerable
difficulty in synthesizing oligosaccharides on the scale necessary for their clinical evaluation. Classical chemical
and enzymatic methods both have limitations in synthesizing large-scale oligosaccharides. In recent years, the rapid
progress on molecular biotechnology has promoted the development of retaining glycosidases in oligosaccharides
synthesis, which led to the production of a novel class of enzymatic activities termed the glycosynthases. These
new enzymes are retaining glycosidase mutants in which the catalytic nucleophile has been converted to a
non-nucleophilic residue, synthesizing oligosaccharides in high yields ( the highest yields reach 99%) without any
hydrolysis. Furthermore thioglycoligases and thioglycosynthases have been developed subsequently in the past
three years. Glycosynthases can be screened in high-throughput assay by the two-plasmid system and the yeast
three-hybid system respectively. Their activity can be significantly enhanced by substituting alternative residues for
nucleophile, additional random mutations and optimizing reaction conditions. Their regioselectivity can be

modified through changes in receptors.

Key words oligosaccharides synthesis, glycosidases, glycosynthases, screening in high-throughput assay,

improvement of characteristics
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