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Research Prospect of Enzymatic Synthesis of Oligosaccharides
and Neoglycoconjugates
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Abstract; Oligosaccharides play important roles in many biological events. Large amount of
oligosaccharides with defined structure were required for illustrating the biological functions of
these oligosaccharides. These oligosaccharides are of limited availability by traditional
purification methods., Chemical and enzymatic syntheses of oligosaccharides are becoming
increasingly 'importaht in glycobiology and glycotechnology. Moreover, oligosaccharides often
exist as glycoconjugates attached to proteins or lipids. The development of simple and effective
methods for neoglycoconjugates synthesis, such as neoglycoprotein is neoglycolipids are
necessary for understanding of biological functions of these molecules. The most recent
developments in the enzymatic synthesis of oligosaccharides and neoglycoconjugates were
summarized in this paper.
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Fig.1 Glycosidase-Catalyzed Transglycosylation (A) and Condensation(B)
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Fig.2 Synthesis of 6’-Sulfated Disaccharides with p-D-Galactosidase from B. circulans
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3 BFBBEASABFOESRELE

B TR A R R B AR O B A AR AR T
AR FEVE RS REALMZE & R B RBEF . Crout 71
VielETESHC D HEEEBELNFESR
NARFIEREMAE FD-HHEUWE TR SAS
Bk, 50 CHEGFT.EVZE VU=
0:10MREARMALTCRENBEFE SR,

EX—REAN R HEFERSRFTAFHE, K

NREXREAATMEBRER T KOBRNEE. B
HHBENT 0% ~60% 2@, i H,Crout %
EHZFEMTFERBEELYREF LR, Sl
BT RS, o R AT B LR B H B R,

—BKR FEERNRE - FREES—2TF
FERN W —2F I RN AER—2FREER
—DFK. BiE.FBM Trichoderma reesei H 15
B i £F 4 K BB 1L 45 & RO VT L1 B R R i b
BEE. YBRENABSHERBEMLRBKHR
BEM P ER, M ABOE SRS
120 ~4% By HIRL A be 38 B-FLMEHF , X BOR F RT3 I
I RMFALEE (B 4(0)P, B RHE TR RS
KA REEE 4, H3-REMKERR
(I 1-BEOHAEZ A, LFERMEE. T
PG Im B LBE  FLBE S H 2 IR O 48 AR R 8 B
BAETUER 2-0-3-ABEH MM 1-03-35
E-R,S-Hm, A5 HmMIA 3 : 7 WERLED
BEER 0% (E 4, B 1,3-F_HA
FEREGERAH M, X TR RBUERAEUS
BARMUATA 17% 8 O- L R B,

% LacNAc FH o T i 5 40 B, % 6 BB 4
AR GRS 2 &4 486 RN T 15 B N9 52
EHEN-ZBEEIS BRREN-ZBEAELEN
BENAUABEGRYHFEFYEEN1/4. §
MM AR SRR AR, Lac-
NAc #H 2 8 # 48 -& K B A5 8l 1-0-3-N-Z Bt
B E-(R,S)-H ™,

4 BEBREMIKEES R

FRABEATIBEF—HRERpHEERES
WHERNERFEBUTR EBE P EA RS
HHFEEEARTAHERBENRE, RENET
MRERESE”, ZBERTKREEE, TLUAA
aBREHENRYEL TR R, KER™
VERNEZPHRE, BEmMAUERREH=E,
Withers % 8 WiRE M A8, IR M Agrobacte-
rium sp. WS #) B-BEH BE A9 Glu358 B N BB AL
ERINREE ;- AESBMERES
BRI, PR £k 60% (B 5(a)™, XplagK
B AU R gL A Eam - HRm e ™,
cHEEA B,

B AU AT LAB B A O e B,
BT LAY R LA B py s 4 B O, i g R
BB HEREES nAREBY . BRE.%F
HE AT AR, X MO T RS,
M Agrobacterium sp. 18 B\ i) p- 4% # B AWM Cellu-
lomoas fumi B3|M p-H BB — BB/ MEL
FIEEEAENEERE LS ZERE, AIAX
BT R BT NREE, TUEAFRR



10 £ & 5 &£ B B X % B F21 %

ASHHRERMRA _WMEFEPHHNEE B HERE3B%~82%, LESB),

o -0 o
\&;; "B o
OH Cellulase from HO HO CH,
T OH OH
reesel a
. »

HO CH, n=2-8
n
oH -0 OH oH -0 OH
HO HO OH HO HO 0
OH OH OH . OH \ACHz

. -
HO
\/\Cﬁz )
AN Ao
* HO HO
‘OH
. _
OH

4 AI-RM(CI-C8)EM T.reesei FBUMAERME LS H p LM (a) . (b)RBE. (c)H M
Fig.4 Synthesis of f-Lactosides with Cellulase from 7. reesei Using (a) 1-Alkanols{C2-C8}, (b) Allyl Alcohol and {c} Glycerol

\/ (a) B -glucosynthase

OH DPO

ot oy SaSiny ol

0,

(b) Thyoglycoligase

(@ BEFREORTBERBCOEHEEMEY, REEYHIEBT. SEXEYHL CAAHROSABRETIHE, b
IR/ MR EW T BEAORARETN, SR L REEORTFUNEHERERE-MPEEBUER. BEXND)
BER- OB R E RN SHTRBEE R,
BS BamOEENE
Fig. 5 Reaction Mechanism of Glycosynthases



28

BETHF BEORRKEBFHRLLOHGAALR

11

5 A AAEFES R K

FEERNSUTRARMEHANEARNE
FHE. B, TUHAR. FMEHERNRRAES
RHRREBRBERR EHBLBEE M. 55,
H Mucor himealis =14 ) N H1-3-N-Z. By © ¥ R B
AFHENREESIAYBEER B aREEE,P
YIFRA o R E FRE B RR L LY, i,
FRALRERFEAEEERTUARRERESEH
BRI b, 28R RA 1L — B PR K 64 R A 0 R
BRESCHEECH PAHETZANBREM,. ARG
B ol - ERRERE BN R R RETRE.
g BRI TRBRESIEMNLER
MR —FOMERS, X, RERKES
EMEbHESEBE M N-ARERNERRES
HEHHEE, TLGEL RN B o
2.-ERMEEBHALIYRABRABERS
R0, MBI RERTURE MAMBREN

I AT 4 5 I P A L R MR
6 LF-EELSARALEESG

HEAREARSHANENEAY. &6
Eafke ERBEELN 1 EMERED. BE
HE-XEERELNEOR REREENER
B4 BEHERN, EMNAEAWH/ M REEK
BT EEDT , B M TR R R A K
B BTFREARANMREENER, BWA
BAAHRASEHHNATRESRAUSHMIER
MAREBTHEE.

“AIHEAER(L-AER («PGABHE
LA A v B B L — FROK R
BEEY - MAECEILEBESGRALIKE
B” 2R ARRRR RO MM,
FEXMLE-RE Y, - EEE TS o« PGA fIGE
Ly REBEKABH «2,3-R o2, 6-ERBEFE
A UEAT R W B AL (B 6) :

o OH OH i
HO OHO O'O"mZ + CH,
OH AcHN !
CH,
-~
OH
o o
r it i
H NH~CH-C NH—CH-C-H
(‘:Hz CH, a.2,3-sialyltransferase
Ho OH OH i -
0 0 (|:=o (l:zo
HO O%o 0 NH OH
OH AcHN
l a -2,6-sialyltransferase
(o] (e
C i 1)
H NH—HC—C~—-NH—CH-CHH
oH | éu
1o coo T 1
0 CH. CH,
v OH i |
NHAo-g HO o c=0 c=0
HO OH o i i
HO. HO 0 NH OH ]
oH AcHN B
o
r it
H rm—ﬂ?——c————m—?ﬁvc- H
C CH,
. b |l
HO Co0o OH OH il P
- e il Bl
A e e, S
- NH
o v HO. 0 on J

HEEEFN-ZBEARES «PCAMBE LN r REBIFERNBR . AEEL o2.3 R 2, EERELBRERSL

CHe HFMERAREEH a2

L6 a2, 3NeuSAc REMATHER

Fig. 6 Chemo-Enzymatic Synthesis of Artificial Mucins That Contain Multivalent a2-6 ora2-3 NeuSAc Residues



12 £ &

5 £ # H R F R

F21%

i 1 0B R A Wi R X 4 F R B A 0 VB
ENSR.MUEEEFSATREZASRENAH
JE¥E. W o«2,6-SialoPGA WHINATFEEE L
260 000, BEXF £ % 3 AR A &% % # (A/Memphis/
/71CH3N2) RE BMHHE, 3 A FUR B BA%
B (B/Lee/4D R ABEMMKRERR. &5
Neu5Aca2,3Galp & NeuSAca2, 6Gal 8 A T ¥ %
BXERTRBERENMAREEEEELY -4
A, Bl —MIEEE R EIANEY,

7 %

EESEE GV AR AR N DNA Rk R
B EL AT DAy B2 R BIE A A L
BEARBHESR. NALEYER¥IAMNGH
BEBIEEEEBORELERE. EARFI.

3D S5H TE P S DO BE 09 75 4k % 4 Ho X4 4R T, AR A
FBARREBHECN BRSNS . BEAR—%
FHS=ZREMNXRAUREHEDROEES,
HERBEARBERNT 2R REELKE.
B, GEBREMNALFEY L TFRABIER KA
HHE HGLO2 it th g WEH B, R R A KM eE R 5%
BEHIRERAKE, SR T A REHARKERE
EEVETPHEERREOE L& RES, 10
BESAAEmMBELBEARR B HHH  LEER
AT HERER B EAEE,

GERR ESHMERLTUSI KB M
HEXREEIRE Y REFRBREEIBES
YR AEYEE MR R A BT X BT
RERWEFHEEARNBYECUREEEFE
X,

5 % ¥k (References) :

[ 1] Murata T, Usui T. Enzymatic synthesis of important oligosaccharide units involved in N-and O- glycans[J]. Trends Gly-
cosci. Glycotechnol, 2000, 65:161—174,

[ 2 ] Crout D H, Vic G. Glycosidases and glycosyl transferases in glycoside and oligosaccharide synthesis[J]. Carr Opin Chem
Biol, 1998, 2.98—111,

[ 3 Jvan Rantwijk F, Woudenberg — van Qosterom, Sheldon R A. Glycosidase-catalysed synthesis of alkyl glycosides[J]. J
Mol Cat B:Enzymatic, 1999, 6.511—532.

(4] PR BEZ EXH.%. KMBR LABTHELERBERFABI]. £RBT KL2H, 1998 24(4) :422-426.
GUI Li-giong, WEI Dong-zhi, CUI Yu-min, et al. Synthesis of Galacto-oligosaccharide by f-Galactosidase from Aspergil-
lus oryzae[J]. Journal of East China University of Science and Technology, 1998, 24(4):422—426. (in Chinese)

(5] X4, 8. ZEX % BHEB¥ARTMT AN ENSERMEAERBEREAEI] WEKEER. B
FR, 2006, 41(1).:133—139,

WANG Hong-mei, XIAO Min, LI Zheng-yi, et al. Screening and identification of3-galactosidase-producing microorganism
and enzymatic synthesis of galacto-oligosaccharides using its transgalactosylation[J]. Journal of Shandong University; Nat-
ural Science, 2006, 41(1);133—139, (in Chinese)

(6108 .HEE FDHBESHNASREREEBNTZHED]. ARE5RB T, 2003, 29(2).69—71.

MA Ying, SUN Jian-hua. The Synthesis of Fructo-oligosaccharides by g-D-fructofuranosidase from Aspergillus oryzae
[J]. Food and Fermentation Industries, 2003, 29(2) :69—71. (in Chinese)

[ 7] Kato T, Murata T, Usui T,et al. Improvement of the production of GFPuv-$-1,3-N- acetylgulcosaminyltransferase 2 fu-
sion protein using a molecular chaperone-assisted insect-cell-based expression system[]]. Biotechnol Bioeng, 2005, 89.
424433,

[ 8 ] Hidari K I, Horie N,Murata T,et al. Purification and characterization of a soluble recombinant human ST6Gal I func-
tionally expressed in Escherichia coli[]J]. Glycoconj J, 2005, 22,111,

[ 9] Hanson S, Best M,Bryan M C, et al. Chemoenzymatic synthesis of oligosaccharides and glycoproteins[J]. Trends Bio-
chem Sci, 2004, 29:656—663.

[10] Endo T, Koizumi S, Large-scale production of oligosaccharides usmg engineered bacteria[J]. Curr Opin Struct Biol,
2000, 10,536 —541.

[11] Murata T, Kosugi M,Nakamura T,et al. Enzymatic synthesis of sulfated disaccharides using 8-D-galactosidase-catalyzed
transglycosylation[J]. Biosci Biotechnol Biochem, 2001, 65:2456— 2464,

[12] Uzawa H, Zeng X, Minoura N, Synthesis of 6-sulfodisaccharides by #-N- acetylhexosaminidase-catalyzed transglycosyla-
tion[J]. Chem Commun, 2003, 7,100—101.

{137 Saitoh H, Takagaki K,Majima M,et al. Enzymatic reconstruction of glycosaminoglycan oligosaccharide chains using the
transglycosylation reaction of bovine testicular hyaluronidase[J]. J Biol Chem, 1995, 270,3741—3747.

[14] Fukuda M N. Purification and characterization of endo-B-galactosidase from Escherichia freundii induced by hog gastric
mucin[J]. J Biol Chem, 1981, 256:3900—3905.

[15] Scudder P, Lawson A M, Hounsell E F,et al, Characterization of oligosaccharides released from human-blood-group O e-
rythrocyte glycopeptides by the endo-p-galactosidase of Bactercides fragilis; a study of the enzyme susceptibility of
branched poly(N-acetyllactosamine) structures[J]. Eur J Biochem, 1987, 168.585—593,



%2 ¥ AETE.GEOAMERAHBLO NN ALER 13

[16] Leng L, Zhu A,Zhang Z,et al. Cloning, functional expression and purification of endo- §- galactosidase from Flavobacte-
rium keratolyticus[J]. Gene, 1998, 222.187—194, '

[17] Murata T, Hattori T, Amarume S,et al, Kinetic studies on endo-g-galactosidase by a novel colorimetric assay and synthe-
sis of N-acetyllactosamine-repeating oligosaccharide g-glycosides using its transglycosylation activity[J]. Eur J Biochem,
2003, 270.3709—3719.

[18] Murata T, Honda H, Hattori T,et al. Enzymatic synthesis of poly-N-acetyllactosamines as potential substrates for endo~
p-galactosidase-catalyzed hydrolytic and transglycosylation reactions[J]. Biochim Biophys Acta, 2005, 1722.60—68.

{197 Vic G, Crout D H G. Synthesis of glucosidic derivatives with a spacer arm by reverse hydrolysis using almond g-D-gluco-
sidase[J]. Tetrahedron:Asymmetry, 1994, 5,2513—2516, .

[20] Vic G, Hastings J J, Crout D H G. Glycosidase-catalysed synthesis of glycosides by an improved procedure for reverse
hydrolysis: application to the chemoenzymatic synthesis of galactopyranosyl-(1-—+4)-O-B-galactopyranoside derivatives[J].
Tetrahedron: Asymmetry, 1996, 7.:1973—1984.

[21] Yasutake N, Totani K, Harada Y,et al. Efficient synthesis of glyceroyl p-lactoside and its derivatives through a condensa-
tion reaction by cellulase[J]. Biochim Biophys Acta, 2003, 1620.252—258.

[22] Yasutake N, Totani K,Harada Y,et al. Synthesis of glyceroyl g-N-acetyllactosaminide and its derivatives through a con-
densation reaction by cellulase[J]. Biosci Biotechnol Biochem, 2003, 67:1530—1536.

[23] Mackenzie L F, Wang Q,Withers S G,et al. Glycosynthases;mutant glycosidases for oligosaccharide synthesis[J]. J Am
Chem Soc, 1998, 120.5583—5584,

[24] Jakeman D L, Withers S G. On expanding the repertoire of glycosynthases; mutant g-galactosidases forming g-(1,6)-link-
ages[J]. Can J Chem, 2002, 80:866—870.

[25] Hrmova M, Imai T,Rutten S J,et al. Mutated barley (1,3)-8-D-glucan endohydrolases synthesize crystalline (1,3)-8-D-
glucans[]]. J Biel Chem, 2002, 277.:30102—30111.

{261 Okuyama M, Mori H, Watanabe K, et al. a-Glucosidase mutant catalyzes "a-glycosynthase” -type reaction[J]." Biosci Bio-
technol Biochem, 2002, 66.928—933.

[27] Fairweather ] K, Faijes M,Driguez H,et al. Specially studies of Bacillus 1,3-1,4--glucanases and application to glyco-
synthase-catalyzed transglycosylation[J]. Chem Bio Chem, 2002, 3.866—873.

(28] Jahn M, Stoll D, Warren R A J,et al. Expansion of the glycosynthase repertoire to produce defined manno-oligosaccha-
rides[J]. Chem Commun, 2003, 12:1327—1329,

[29] Fort S, Boyer V,Greffe L,et al. Highly efficient synthesis of B(1-4)-oligo- and -polysaccharides using a muntant cellu-
lase[J]. J Am Chem Soc, 2000, 12254295437,

[30] Jahn M, Marles J, Warren R, et al. Thioglycoligases:mutant glycosidases for thioglycoside synthesis[J]. Angew Chem Int
Ed, 2003, 42:352—354.

[31] Saskiawan I, Mizuno M,Inazu T,et al. Chemo-enzymatic synthesis of the glycosylated a-mating factor of Saccharomyces
cerevisiae and analysis of its biological activity[]J]. Arch Biochem Biophys, 2002, 406:127—134,

[327 Ohta T, Miura N, Fujitani N,et al. Glycotentacles:synthesis of cyclic glycopeptides, toward a tailored blocker of influen-
za virus hemagglutinin[J]. Angew Chem Int Ed, 2003, 42:5186—5189.

[33] Sato M, Sadamoto R, Niikura K,et al. Site-specific introduction of sialic acid into insulin[J]. Angew Chem Int Ed, 2004,
43:1516—1520,

[34] Misc il RE. WEAMEGMTI] £EWHARER, 2005, 16(1):60—63.

SHI Li-nan, WU Jun. An analysis of saccharide of glycoprotein[J]. Letters in Biotechnology, 2005, 16(1): 60—63. (in
Chinese)

[35] Velcich A, Yang W,Heyer J,et al. Colorectal cancer in mice genetically deficient in the mucin Muc2[J]. Science, 2002,
295,1726—1729.

[36] Kawakubo M, Ito Y,Okimura Y,et al. Natural antibiotic function of a human gastric mucin against Helicobacterpylori in-
fection[J]. Science, 2004, 305:1003— 1006, '

[37] Totani K, Kubota T,Kuroda T,et al. Chemoenzymatic synthesis and application of glycopolymers containing multivalent
sialyloligosaccharides with a poly(L-glutamic acid) backbone for inhibition of infection by influenza viruses[J]. Glycobiol-
ogy> 2003, 13:315—326. )

[38] Kobasa D, Takada A,Shinya K,et al. Enhanced virulence of influenza A viruses with the haemagglutinin of the 1918 pan-
demic virus[J]. Nature, 2004, 431:703—707.

[39] HEW.BFEY.HILE. % FEMEFEAR HGLO2 WA pBEBYEN S RHAN] £ TRER, 2005, 21D
84—91.

YANG Xue-pengs YANG Shou-jun, HAN Bei-zhong, et al. The Structure-function relationship of thermostable B-glycosi-
dase from the thermophilic eubacterium thermus nonproteolyticus HG102[J]. Chinese Journal of Biotechnolgoy, 2005, 21
(1) :84—91, (in Chinese)

[40] BEH UK, EWI. ERHLERER pHHFHNHERBAREEI]. W THR, 2006, 4(1).44—49.

FENG Hui-yong, Y1 Hong, WANG Li-li. Oligosaccharide synthesis performance of §-Glycosidase promoted by directed e~
volution[J]. Chinese Journal of Bioprocess Engineering, 2006, 4(1):44~—49. (in Chinese)

(FEHE R A



