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Abstract: Glycans are fundamental biomolecules of life, playing important roles in a vast array of biological
processes. These include cell growth and proliferation, immune responses, angiogenesis, and tumor cell metastasis.
They are also crucial in toxin interaction, protein folding and degradation, cell-cell communications, and cell-pathogen
interactions. Consequently, glycans are intimately linked to human health and disease, influencing the occurrence,
development, and metastasis of tumor, as well as inflammation, viral or bacterial infections. Due to their structural

complexity arising from the number of chemically similar (and often isomeric) monosaccharide building blocks, the
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position and orientation of glycosidic linkages, branching, and non-template-driven biosynthesis, the coding
information they carry far exceeds that of any other biological macromolecules such as nucleic acids and proteins,
which are generally linear structures and biosynthesized based on templates. To decipher the code information carried
by glycans, it is necessary to obtain some structurally defined pure glycans. Since isolating and purifying glycans with
defined structures from natural sources remains unfeasible, synthesis stands as the most reliable method for obtaining
them. In vitro biotransformation (ivBT), a novel industrial biomanufacturing platform based on multi-enzyme catalysis
in vitro, has become an essential approach to obtain high value-added products due to its appealing advantages in rapid
construction of nonnatural enzymatic pathways, higher product yields, faster reaction rates, and better tolerances to
toxic compounds. ivBT is gradually being developed into an important means of glycan synthesis. This article reviews
application of ivBT in glycan synthesis, the core elements such as synthesis of sugar-nucleotides, glycosyl transfer and
NTP regeneration, and key technologies of ivBT-based glycan synthesis like enzyme immobilization, microfluidics,
enzyme-mediated automatic synthesis, dynamic simulation, and ion liquids, aiming to provide guidance for its future
development, including synergism of multi-enzyme, reduction of production costs for special recombinant enzymes,
regeneration of biomimetic coenzymes, application of complexes of multi-enzyme, ivBT synthesis of sulfated glycans
and Al-assisted optimization of reaction conditions of ivBT synthesis, etc.
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Table 1 Comparison of three methods for glycan synthesis
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Fig. 1 ivBT synthesis of neutral (a) and sialylated (b) oligosaccharides under conditions of non-NTP-regeneration

TEA AR — AR (K2 . HET I, 06
JR I ivBT & s Al NTP 148 2644 F B i 1) ivB T
A CRINTP A 26 AF RS BT ivBT 5 B KK
1.2.1  3F NTP F &£ &4 T 487 49 ivBT &%,

ivBT & BORE 0T 11 R0@ A5 =2 00 A% 5 1 A=)
R SR ke R A AL 1 I B &S A TE
M AR JE I K A R A 1T 43 A R R R AN
MR R ER BRI REH LT R T 2
A 9E NTP B AR 6 1 F 1 — % 2 B 1k R
(OPME, one-pot multienzyme, 3 45HE A% H & Bk
% BA) TR AE L FR) W S A RE i) BIURR g i A A AR B
(enzymatic modules) H T & M- H MU T
9 AN W ALY % (GleNAc. GalNAc. Gal.
Gle. GlcA. Xyl. Man. Fuc. NeuSAc) < — M H
FTAEYRRE (B Do BRI B A i 4 55
ST TE R BE 8 A, R E AL T B R TERE
A RfLE . OPME R Gl i S i is i B e 5
o R A, OO U T 2 R A S B A 0
TH . % — 2 WP 4T 1 OPME & R L4 M)
M T & s A M R, 15 R ABO 4141
MAHTERESE ™ O-H BRI & P A

#. 5 H¥  (human milk oligosaccharide, HMO) K]
%E\A— [32-33] .

1.2.2 NTP B A &4 T 469 ivBT 4%,

N7 BEAK ATP. UTP. CTP. GTP 25 NTP &
A, NTP H 4 &R 44 5l N T B 1% ivBT &
B (B2,

2013 4, Wong % P il i A FI 74 i 1% I8k g

(pyruvate kinase, PK) /B BR /& BE =N 4 Wi iR
(phosphoenolpyruvate, PEP) 4 R 4 s L T

UTP. CTP. ATP. GTPZEYF NTP KA, Ik
T T Il JEg 40 5 1§ R globopentaose  (Gb5) . &
HE B {k GbS (Globo HD K ME W R 14 GbS
(SSEA4) ZEWEJ5T I e K 4% o 1% A R Gt R
TAEXT PR HMO %595 52 (1 & /i B

2017 4, Rexer 5§ V0 i i Al FH BRL 25 1) 38 11 56
WML £ W% (polyphosphate kinase, PPK) 2 (1D-
PPK2) /W& 5 (polyphosphate, polyP,) 4
RGSEUL T GTP F1ATP (W54, FE R T HE &
FHE IR 1 ivBT A .

2021 fF, Du %" @ i H 4 B B R &
(acetyl phosphate) /7. 2 ¥ [ (acetate kinase)
ARG SEIL ATP (A2, [ sk 51 N 7Y I R 4R
1k B (pyruvate oxidase, PyoD) #l il & b &
(catalase) 0% J5i A7 7™ A= 1) 3% TR 36 %% A0 O & I8 2% TR
ih, BASLH T ABE-N- B (Galpl-3GIcNAc)



%74 www.synbioj.com

803

HOSC O\, wrOR I-IO%O%OR

Hh S b

ESii

HO—

NDP
ONDP
PPi )G]P P i
FE R G ( % i e g
%
o—%

NTP
H

OPOY

ADP
B i il < ATP A B
ATP

HOS=—\ ,~ OH

(a)

HO% OR Siu—O—mﬂ\N OR

W7 1 f L B

I 1 A R

CMP-5ia

PPi
fE i (
Pi
Sia

o B

CMP

g
WP i
CMPIE 2 */%Epr

CTP

B2 NTPHEAELZMEFNHME () MMEREEIL (b) BRI ivBT &

Fig. 2 ivBT synthesis of neutral (a) and sialylated (b) oligosaccharides under conditions of NTP-regeneration
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Fig.3 ivBT synthesis of UDP-Gal(a). UDP-GlcA(b). UDP-GlcNAc(c). UDP-GalNAc(d)
(GalK—galactokinase; BLUSP—UDP-sugar pyrophosphorylase; PPA—pyrophosphatase; GlcAK—glucuronokinase; NahK—~N-acetylhexosamine 1-

kinase; GImU—UDP-GIcNAc pyrophosphorylase or N-acetylglucosamine-1-phosphateuridyltransferase)
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Fig. 4 1ivBT synthesis of UDP-Glc(a). UDP-Xyl(b). GDP-Man(c). GDP-Fuc(d) . CMP-Sia(e)
(HXK—hexokinase; PGM—phosphoglucomutase; UGP1—glucose-1-phosphateuridyltransferase or UDP-glucose pyrophosphorylase; UGHD—
UDP-glucose-6-dehydrogenase; UGD—UDP-glucuronate decarboxylase; ScGalK—galactokinase from Solitalea canadensis; ScGPUT—glucose-1-
phosphate uridyltransferase or UDP-Glc pyrophosphorylase from Solitalea canadensis; Glk—glucokinase; ManB—phosphomannomutase; ManC—

mannose-1-phosphate-guanyltransferase or GDP-Man pyrophosphorylase; FKP—fucokinase/GDP-Fuc pyrophosphorylase or fucose-1-

phosphateguanyltransferase; CSS—CMP-sialic acid synthetase)

[E 4], CMP-HE W R A2 il 1 CMP- R R &
% T R 4K M Y7 R RN CTP Je . & IR, [ I A B
PPifiIZERR [ 4(e) ],

2.2 MEEEBER

Wi #F2 W (glycosyltransferase) i i ## FE it
& O 28 IR R PRk IR & 5 24D LB
BETE R, W OROBE 5T DURE i 42 U7 S N 2 2 Ak
T, RAERNE. ZREBRES S . X
ity 75 AL 52 0 oy 1 RS HE A M 22 D e B & v
ANT] Bk

B9 R L E BOBE (GIeNAc. GalNAc.
Gal. Glc. GlcA. Xyl. Man. Fuc. NeuS5Ac), i
Tk AN [ P B S A 7% B AU B A B T A I R R 2
FE M2k b, BRI 3 A 41,3
FLNEERE R B-1,4- L ILNEH A . B-1,3-N-L Bk
IR H LG P-1,4-N- LB & L & W6 78
. B-1,6-N-LWEE FH & B, p-1,3-H %5
MERRHCAL NG B-1,4- T G MEREIR FERE MG . o-1,2-4

HENEE RO . -1, 3-H ML . o-1,4-25 VL0
R o-2,3-ME IR RN . a-2, 6-MEWH IR 5
B o-2,8-MERBRFEREME . a-1,3- L FLPEIEFE R B .
o-1,4-LANEEEFEBE . -1, 3-N- 212 34 78 2 bl %
. a-1,4-N-C B S 2 % % 1. B-1,4-N-
LRI AR . B-1,4-H T HEFE R
o-1,3-ARWEEEREEG . A MRS

2.3 NTPBHEER

NTP 2 ivBT & BOiH 5 i @ 1) — AN k), H2
H1- T NTP B4 bt ea B, 2 E00E B ivBT B K
KFtwEr, FrlASel NTP IR, Ge0F AR A2 U A8
R —AN A P, T NTP AR, O&8f
IRZWTFT, NTP AR T B AR (acetyl
phosphate) / ZFRINE (acetate kinase, AK). MR
#h (polyphosphate) / %R % % £h i 1§ (polyphosphate
kinase, PPK). NHARZING (pyruvate kinase) / M
J# % 3 P Bl B (phosphoenolpyruvate) « 5 B2 L R
(creatine phosphate) / WLERI#G (creatine kinase) 7.
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BOEA NARGE @R L 22 B AE ATP 77, S ATP ()
AR T — gt
231 AT UBARER %/ TG NTP B4 R %

AR T R AR TE KW WP A 2 IR R e
(25°C. pH 7.0 %M FHIFEHEM N 21 b, H2EH
T AT DO B E R R E AT SR, XA RS
O 2 HTNTPEA 7. 2B £k 1 whig &
ik A (AG®, -10.1 keal/mol) B&AE T PEP (]
(AG®, -12.8 kcal/moD), Jf H ANl 2, B P g (1
P

ML BE A0 SR 7 82 (uridine monophosphate
UMP) ik, %A RGN B H T UDP-Gal [
ivBT & B, P RiA 5] 95%. %7 T UDP-Gle
4 . Dus "7 Bz NTP #4E R 400N H T 3L
WE-N-Z BRI & B Lee % P Z A RGN H T
CMP-Sia [ A B K 3'- M 37 R 7L 0% i (3'-sialyl-V-
acetyllactose, 3'-SLN) [ & .

232 R T RAER R LIRAFR NG NP B 4
A%

KR ILIEY (PPKD 25 7 RBERR h 10 & ik
AR, WY IR T 5 M3 )R A,
PPK & Z 7 N W A K % : PPKI F1 PPK2 "™
PPK 1 = #4157 g N 1 ATP & iR iR 25, (H 2t
MEATE O TSI 5 IR B I ATP & . K
W PPK 1 [ i 40 5 57 £ 1% i /5> 2y ATP>GDP>UDP>
CTP. [k, 1R W% PPK1 M 04 4% £ 1) 1%k 56 1t AR
TwEuE % . FPPKIAHEL, PPK2 0 26 i fh i )2
N, BPSRBERR ER IR NTP &, I H PPK2 ik
GDP N . PPK2E—H 7 N =W KE: WK
Bl WRBE 2R K 3. H S 1L NDP
HALHNTP, TR 2 L NMP B 425 L NTP,
TR 3 W e R AL ERPSE N . FoRIE T
WAT T (Silicibacter pomeroyi) 1] — /> PPK2 %
W E A% Y () I B AR T AL A, A AR A
PR [ PPK2 F R A PPK3 5%

FWERR L (polyP) 2 —ZRH LA LHE MR
AR T e . MEALE T NTP F A
B ER R (LA L, polyP, AEHE R, && TakfbAd
72, ARG JE B0 43 B Ak Sk — B 1 ) e Y A
FFLPERM R (uridine monophosphate, UMP) Hi
K, 1&FEE RS0 LUN T UDP-Gal 1 ivBT & Y,

BALRAE 50% A7 B iz AE R R I N T V-
Z Bk FLBE B . 6'-SLN. 3'-SLN [ i &%« [k i A
il &
2.3.3 T o B BRI B/ B R B 79 BRI BR 69 NTP

% R4

ZNTP FA RGN FERALE T BRI i N
g (PEP) fE/KIEWF HIFaEME (pH 7.0, 25 °C
FAFFRIETERIN 10° b AR N BEER 25 B4R 1 3 5
(pH 7.0 FF 7K 1 B #E ) EH BB - 12.8 keal/moD) 27
T AR M 1Z NTP FR 42 R Gk 5138 A B8 1 SO
SR A= 18 1) PR T T 0 A ) R i il A e AR,
PLiZ 4R RSS2 5 1 IO 77 A M 1 3 AT
ZNTP H ARG O &R T 2 Mol i 1 ivBT &
AP SR, T I ERER AN 2 i 4, FF HAA
N iR B S Atk . Rk, ENTPHA RS
AIEE BT Tkt A 7= 2,
2.3.4 T ERE LR/ VUM B 49 NTP B4 R %

WRIRZ S 74 e = A0, KR
TR R 35 5 77 2R 1 H RS N -43.1 kJ/mol, iz & T
ATP /K it B ) H B AE (=30.6 kJ/moD) » H 98 1%
NTP 4 Z G4k A5 e, (HJ2 T &% ADP
(1) K, EEIB N AR R SR B %, 4 A R o] B AR
TR IR /2 TR 5 T R 5 1 TR 5/ SR Tl TR 6 U g 1)
— AN, Zhang F U HEZ B AERR N T
-2 , 3-ME VR A 51 1T ivBT & B

3 FHETIVBT & sl SR BB AR 5 W

3.1 ETESEEMRIRERNIVBT S5

B fE o RARI AL ), B ik 1k
min R, HATCAER M. B, 915, 75
7K Ak P A QU N S R B T R PR AR KRR
FE R T RN AT, AESERR N ISR, iR
SRIR . SREE . <R BT A HLE NS R R A
Wi g PR 1, A SR MRS . [EE Rl
AR 7 S RO 2 R IR AR e L 25 F (i pH
fE AV LIRS AT B A s =,
I SEBUR R g 1 X R Ak R A A S B
RRERII T 0 Ak, W R AL IE T (T Bt Y
SR, 8 G0/ B i 5 B R AR BRI S 45
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fE AL NN T, R e e T e,
T2
3.1 AT RAAZ T4 (Ni-NTA) 69 B B T 46
90 04 ivBT A 1%,
EJREARMEEN B, NREE S B ST
SRR, LR R R AR O TR T A =R e
BE5 NI, Co" S SR E T RAERAMIEM, &
IR M s AR i, AT A B 4y B 44k
1 H . Ni-NTA SERIE N LA B AR E.
BE % iR 52 58 vy B0 3B SRR . R R4 2R e e 1 U A
A, TTZATEARM A, FHCEA
T 5T 4 Ni-NTA B T 1 [ 52 108 7%
2001 4£, Chen %5 " i i {3 F £ F Ni-NTA 11
“HE IR T” (superbead) Ik [# %€ 4k T UDP-Gal F
TEM AN WA AR E G : 20
(GalK)\ “PILBE-1-B IR R BB (GalT) . Hi
%) W - |-l 2 PR Y Tk 2 7 Tl BP9 UDP-7] % B £
LG (GalU). WHAERBEES (PKD %%, MIIHT
RYVERER IR, P~ EAMTE 70% UL L.
TESL A b, F WS BIBN B i — P i Al
M B kT SR w7 H AR AR
(OB, LALLM (GalK). 3LRE-1-HR R
T L B (GalT) . UDP- % & # £5 i 1R 1k i
(GalU) Bl5 %) 0 - 1-BE R R 1 I i o iy . Al TR I
(PPA) . UMP ¥l (UMK) . #% 1R — i B2 i il
(NDK) . R BEE (PPKD, & T [ &L
MIFEIR S Bi 2%, LAEFLBE . UMP. BB H

I P AR 1A

J5RL T UDP-Gal 14 %
312 A TEMEMTRFOEER TG ERNG
ivBT & 5%

P 11 T S 160 1 £ 40 i B 25 ¥ PR 21 80 el H
W HRPE. SRR ERIEHMR.
N T TR R R SR, TR I B ) 6 5 T DL
T il 0 T 5 A o AR I B AR K 20 SRR ) AT
T TR B OR B E AR T BE R s ), A A A T XL
M & R M ST RAE R 2 18], TR eI e, T T
RSl JF B 7 B 2R i o T R A
MR R PR L ORI SE IR G, (T EAE AN B, R AR
W — R A BT SR [ 2 LR . Gao &5 1
5 T b AE RS B A 1 P ARGA T S W R AT
PEfg, VLRI e, XL gD N T

A L-AZHE R B S5 A D

2023 4F, Chao 5§ " {df F RIS 19 BE 0 2 S
B R g AR TR B R, RS ST, 19
) 70 [ 58 14 0 24 LB 5= P 4 Il M R e RS
I FH 1 5E 16 iy Jl D HE AL & B T 22 A 2 % G5 ) 1Y e
WIRACZENE, QA NFLERE . N-WEEE AW
O-H #WEHE . O-N-L R AL+ FLHE (GalNAc) Hl
%,

3.1.3 kT4 A AAER (MOF) &) 85 B 2 46 0 4%
JR 8 ivBT & A,

% J& A Ml HE 42 (metal-organic framework,
MOF) & 1 )& & 1 5 A JLEC A 4 B 2 £L & 1k
ML EHEARAmEREAR, sl i
B, RAEFIEVIAHANE R E TR AL 2
Rt 7 A A0 e M B T A A g i AR Y T E Ak Bl 2
A, AL RENE SCELOT A IX [ e AR, N2 B
73T B AL 4 0 25 Hh (KRG ) 7. MOF [ FLIE 45
UARNEE (ST A ZUIE 2 P AV LT N
A LML N SRS T4 S
MOF {1 il JUAF H7 & J i >R i) — b 37 284 110 ] 7€ AL
BEEBOR, B 2 TR AR AR . BRI
Y IR 0 Bl AR B <5 i 0 [ € 46 . MOF AE
— b B I E AL g AR 1R T REE N R AR ORI
FR6HR . MOF REH4 B [ 52 75 — AN A PR 2 B 1
A BG4 22 P g A [F] I ] i€ 42 MOF i, g
R P P o 2 D P S A T U o R AR KOR A R
N T 8 0 22 il 0K S SN #2, fl MOF AE 22 il 3 [
5T A SRR LR g

BT 2 8] B B B A B 4 3% (modular-
enzymes assembly by spatial segregation, MASS)
FEWE, 2023 4F Zhang 55 VY R T — AN 8 FH 1 i [
SEMCE &, HE I IR % A 1) MOF RiOkL 40 4% 2 A4
Ml (glycoenzyme) CHL¥% FKEURAG . oMk -1-BE MR
JRE B FER ST ) DU T R B IR/
RUEREES NTP ARG, IR EARF 6
DI TR A OB D . . SRR R 2 5%
) ko

T+ 4 % £ fL MOF (hierarchically porous
MOF, HP-MOF) ) HAHRKKMMN. BRI,
45 Bl 73 1 % [ S8 FE BRI FL A, N T IR
FEAL s IR HLB A b, TR & e B
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%, [A itk HP-MOF & >k Bk 52 2 BiF 72 A 53 1) 5 40
2024 4, Peng %% ' {fi F{ MILS3  (— 7l HP-MOF)
] 5 AT B IR - Y R B A -2, 6P VR
IR ¥ # B, MILS3 [& & g 1 fe J1 ik 2 7
226 mg/g, EAAIK T 6'-MERERFLEE (6'-SL), [
EACEER DL T B R G . pH e PRI fig
e e, AR 13 )G R ATTE 80% LA L.

3.0.4 AT A AR W % 64 4 da B AL 649 6 R 6

ivBT &~ 1%,

TEER A, AEDadliE s FHES, NKRA
SURBLAM B BE ORI M M CHE . B A 45
FEAE T I 2H BRI A e MU M e . B ZE 2,
XL GE R R T D REME AR A A T Y
SR AARE VE T A AL R P B K A I b R
I ). IERIRT R, FRY 2R E A
i, @WMOF. W ibE M Z Wy, 154 &
R DL R U1 R AT S, (E R T AR
B BTV R IUBIURT R AR X A U T T
DATE S B 82 F A

Han %5 7 3@ It 76 R IE 7 — Pl 4 5 11 A4 55 2F
FOAT B 3R 10 4 78 A WL M 4% (OSN,  organosilica
network) & T — A AN L4 T.) (SACF,
semiartificial cell factory) . {F # ¥ F. 7 5l ik &
OSN [ A2 MR A,  DAAL 255 A8 & i35 4%
B ivBT 1% . RALIRJZE A5, SACF RILH
99.5% MIAEXT VG, JFHAFMEK. E20RELR
ffi I K35 480 h J5, SACF {#FF 7 50% L L AI#1 46
.

3.2 BEFHMREFOERNIVBT S5

m4E  (microfluidic) FEAZfFHMEE (R
SPRECTEIECE O A B EER N AR (R
BB FBIGNT) MRS &R =R,
W kb RARME . 1. e
A s A R S TR % 8 R R A
BB L. 5T BaERE, i
e BB BRI S WA RR 9 S
% (lab on a chip) " flA % M BHFIE 2 — & 17E
OR BE A5 T B Rr AR M 5T, Gn J2 AR
W A B IX S MURE AR I B, A A mT DL sk
P — FF ' FT7 1 i M DL 58 B 0 ANl 4

HHl, MR N E 2P BAE R
(1R ST 0 A0z 1 R S

2009 £F, Martin % " 5 S0 A R T 3K 18] € 1E
REAE A K ORE 5 SR i A8 T VB0 B B O 4%
(digital microfluidic, DMF) °F & | il i ffi
D- ] %] Bl J12 -3-O- T 5 56 7% Bg xR AT 200, (2
R AT 5% A

2020 4, Gong 55 7 1 4 4 A W) K AR L Y
N- P 7 e W ] 2 AR B SR A SR B M sk L
SR 5 3 ALY PR — 4% 2 I 2 A8 v 0P TR A
*F & (ultrahigh-frequency-acoustofluidic, UHFA) |
[ AR 26 F T B B T AR ER B T Y 6'/3"- M VR TR FL R
% (6'/3"-sialyl-N-acetylglucosamin), =& >64%.

WS M (DMP) &, Rk &R
Yo CAIREIZ T & BB IR IR RO M) & o B 45
HR%EE, /EDMFF& L5 T 117 AFLSERER
B ER, 78 RHEAE90% LA b (J&]5) 777,

3.3 ETFEXEREMSHIXEIERNIVBT 5/

Z KA DNA G A TF K, ik T 2 k&
R AL BRAZ R SR DS W iy, AR HiHES)
TAEREER R R . BRI OO gk B AN
WA 2 JE R AR A R I 58 = > AR
H TR L R S A i A 2 2R, ABERAS
GERJ A YRR —MOBE SR G, AR
BAmEL M A GE ST T A Ok 581
FEIT 2% 07 o B 5T A s 8OR B ) R ) 240 0 R
ok ORE ) E OB S, g2 — WAk BBk AR
TAEE ™,

BE B2 X A0 Ay B0 0T 1R A B RE W8 AR 22 JIK AN 5%
AR IBFEAE A 3 & A L SEal . i deapsk, %
THE T H 30 A A B 7R R o ik . 5T H
) A A B AL RE ALk VAR ORI
Seeberger ZIZ MR A ) IR T HT 2K A A
CRE 1R B0 o [ AR AR A A, %A U E H
RREZLE- S HIES =3 YR A a4 S A (=
T W 5T [ AH B AR TE B 40 28 A6 B8 3R B AR
S, PR 2022 AR R I AR IR Y R T
BT FOOE H S 1 B Bh0E PO A AR A A, K
TSI T 1080 FEBE KA ko

BT B (A0 G b o Bt . OSSR
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[~ Modul TEA/H.C ;
L e (ag TFAHO B4
[ ‘a} /q: o
3-SL-tag u"_ n

oo n 3-SL
Lac-tag :
| Module 2 A
L b p4 tag TFA/H,0 QQ(’ i
6-SL-tag 6-SL
Mndu!c 3 TFA/H,0 _ P4
Module | w ’ ‘u?» ./Chj_.
|- tag O-[—.—ng 3'-SLN-lag 3-SLN
GlcNAc-tag LN-lag
ilcNAc-tag Module 2 g6 s TEAHO, s o,
. U—l-tag
6-SLL.N-tag 6-SLN
Bt @ tag = o -
Muodule 7 34 Module 3 . TFA/H.O ;
O—.—llg — 3 g 5 B Module 6 ” 2
B3
e LNT Il -tag [NT-tag LSTa-tag

@ Glucose QO Galactose [l N-acetylglucosamine A Fucose ’,-'\"-zlcct)*Incuraminic acid
B5 T HCF R HMO (¥ ivBT &t ™
Fig. 5 ivBT synthesis of HMOs on the DMF platform”

PRHEA . B ER A PTUABB A E S G LSS RSB B Sk B BT & . MBI T —
BT H 52 2 AL il OV = 2 1A RE R -N- R N R T & i Lpoly

1994 4, Wong 55 "™ 95 IR 4RI T BT B (2 bl (N-isopropylacrylamide), PNIPAM] 1EA# Ak, 4
B AU [ AH & BRI B AT G . HARIEE PABEIR AR T FE R BE N, PNIPAM W] DU fi#
W T AR — A R OB IR s fE = N R KV WR B b P B R R 2 A3k AT g 4 B
AR b, SRl A A ) R R R R B g 5 A 1 BN . i FE TR, PNIPAM 731 N T UE
MY R AL B 2 BT XOBB IR &% s R4, ZHPIPIEN-4 BT R AE REERPLIE, S8 5 F) 8 U8 s LB 5%
Tk FLHE i (GIeNAcB1—3Gal) [ 5 5| B A w45 4L PRI S A Al . B PL16% B RURR (Z55)
R b, R AR BB A S A % DU VR R Lewis Xo X AR 7 ] H T ) 4% 1
FUREAIME R A IR BIN- OB AL MR i b, Dl B =08, DOREAURERR, %% 40 A% BASBE 2 R g
BT ] e 1T BB EAT TR A I PURE (NeuAco2— S BHAS I KVE BB M R 2 — . 2020 4, %]
3Galpl—GIcNAcpl—3Gal) . PN 368 3t A5 FH IR B A DA B ik T T 2k e JE R A 1)

2010 #F , Nishimura % " J& F /& 20 W A W E B, SR T A = HERREIK, RS IR
(HPLC) B&FF R T —Fh N L iy IR F AW 57 G A T A AS [ F o e R Bl o B B S R T R
Z A2 R H G7 W% - % [poly (amidoamine) , e AT Eap ) N
PAMAM ] ¥ BUIR 3R & WAE 9 B i A7 4 o2 1) 4= B 20194, Boons 5§ 7 # L T REA T HE R A K
BB G . DIl 4 R, ZAE TG L 1 MR R M E &, fBTHZE R SARE (7-{2-[2-
Lewis X PURERT A=Y, (H/7 2 HH 16%. RIEF (N-methyl-aminooxy) ethoxy] ethoxy} naphthalene-
LR AP R KRk, UKL ERE R 1, 3-disulfonic acid), W] LLH BT 2 E 154N R
HEREGMBAMAMEFEW . P, MG 75 R T B g2 RO B, KOR T AL

2018 =, Wang [ BA ™ 38 i 50k Ik & A T it R . Bz 6 B RIS AN R S
TR T 5 — 6 LA N B AR IRE BT & A, SR T MR R, SR R-N- SR LRI AT A |
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HMO Fl N-H 5 55

gr BT, HEAAPER MBS E RS T —
SE R R, BAVRAEAE— A2, B, HELRLsE
DURE BT S A R, PR R LRI, TR R
e R PR AE B WU R a0 B ), R S
MEIERIRE R E G R, 555, Bk, B
H 36 A K AR B TE

3.4 BETFaHFEMRIERR VBT 56X

BT B B 70 AL RE T ) ivBT A R I
Fk 4 b, Rexer 5 Pl 1 Bl 7y 2 B4
GDP-Man ¥ %, Mahour 5 "% 2 45 £ {1 1) 52 56
A, WIS ) AN UDP-GleNAc ()&
A D o

e e 5 T S G RN AL 00 2R G I T o FR A AT
Schelch %5 ™ % 3 488 3'-SL 1 7= K 2 & 8 75%
(104 gL, WA/ I#m 7 1445, &2
15 g/(L-h) o 38 i 35 T A5 400 0 410 A 412 il 1) 48 FH == B
FlEAR (T8 7 43%), R®M T TS 2 mH
B P B P B

3.5 ETEFEHIERNIVBT &M

B FAA Gonic liquid, TL) A& HFAHE 7
YT AE, BAEAGHER. BiFfib¥iae
PEAIAAR S M ARRE Y H 1914 SR KB R BIL LA
kK, BETFBIAERRECHZ =AY,

BT AR R 52 IR VA AR EE L R S S
T 5 I ) AR E MR, AT S A v T O M AL AR
RS DY 0.05% (R0 TE B
M ([Chl[Prol> FHDYH E ALK M ([TMGH]
[PhO D) FAAEMITENL T, H R i B [ € CO, A%
PEFEm 1142 5. B TR S CO, ¥ HuiE M v [H]
A, G A RE, IR B 5 AL S 1R
TGRS E M. HhAh, B FIRIARLE R 10 )R AL 4
i 1 (nicotinamide adenine dinucleotide, NADH)
5 CO, MFEES, IFFAER B iE AL RUE BRI A B,
M HE R T EG . BT Rl g R, AT E 1
A RE O G B A R T T
(ionozyme) FIMED:, RIFERR € B+ WA 1 2
RBAE . Li & 2 5 0.1 g/L MR B, 22 % 1

(LCh][Ser]) Fl1-23E-3-FIEpkme & £ ([Emim]
CD 737 e 2 I It R Il ) (A v PR 51 T 16.2%
H124.2%. [Chl[Ser] M [Emim]Cl&7s 7 B —
PAE IR T B SR & v

H A% T 5 7 AR TE ARV A RO RE R i R
T AR TR B4 FUWE T G A A4 00 e FLBE 5L Ak SR A
14 M. Lang 55 Y KILTE 45% (40 1,3-
T F R R R R R R ([Mmim][MeSO,]) H,
DLFLBEVE N Bl L (44, D-ARBE AN H il 18 3L 52
PRI, -2 UM B 3G M A 3G T 1.3 5 A
3.11%. Sandoval %5 "' B2 FhIDk w288 5 - A 35 mT
DA 5 B-2F- 7L 7 I & B Galp-1,4-GleNAc [ fE
Bayon 25 P R B 1-1F T FE -3 H I Ik M B S Al TR
#h 1-butyl-3-methylimida-zolium hexafluorophosphate
([BmimJ[PF Jn] LARY 5 B-F- FLKE 1 1§ & Bl GalB-1,
3-GalNAc H1 Galp-1,3-GIcNAc [ 7= %, 43 j) ik 5
97% H199%.

A A BN B 3 B T R I, B R AR G I AN R Y
HLHI 520 PA26ST I NmCSS HITE 1 K 5 1123 240,
M T e A R 6'-SL e 11 (R R %R
2459

4 g =

ivBT £ AR Tl A= il ¥ ar vy, AME
ESR =Rtk = N B K (S ey s NI E SN
R, T H B A R OR 5 R AR ) 2 4 M e 1
PN AR . VBT B4 BN B BORE R B — AN B 2
HAR-G . A2 ivBT R R & BObE i I 7 %
Pk :

(D FEfPrEPE RS B2 ivBT HERE o,
ivBT L EE R Z P AE [ — pH. i B S R N A i
FM T RBAREIBAT. SR, A B 508 & B
KA ZESR, T B S50 s oA UK.
Tt 1) F107 S AH 25 14 T B8 51 A 0 M AR 4 o) 2R
SE R PR R R E MR Ok, BT R G T I R AT
% 75 T BUAET DA DR UE B 00 P [ AL B0 J0HE R 2
5 AT FEIX 77 TH A 8 FH V0

(2) PRARFF R E ARG A=A Tk~
I3 VA () A K29 100 7o/ T el (TE), Tk
AR 7 R P B A R T RAS © IR 250 Jo/ T e
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B (FED DY, (HZ, TolkAr= i E 4k iR
PIRCAAI SR Ly, AR T —Le il Can i 7L 30
VISRIRIIPERESE), EATE M LR R AT B . e
IR RIL RA G UKL, EBEZF YRR
e, IR METS BB E v YRR RE, DRI E AT 38 el A
MRIEAT, FECEAIM AT AR R E
KUAK TR, PR 7 ivBT FH T 3 26 5% )5 1)
KBRS AE F= RN B Can — M % R FL-N-DU B% DSLNT
A4y S2 HMO & ) . I, 7 EIF & &
PRI A B Al AR R, BRI oo A 1 AR
FRAR

(3) LT M ER AR 4k
WA AR S R A AL . H AT NTP
FAFEIEN OB R L/ O TR . R /R
T PR AT A T T U e/ TR U B R T A TR . ol R
WURR/ LR Bl 5 1A R 46, (H# ek 2 sl /D17 AE —
ERRIRME, WA . R tE . B st
()43 B8 i 1) L 2 7 oY, REIF R BEE B A%
GNTP AR AR, BARACHEBELHIMLFEHE
ATP ({318, EAXPR T2 =/ oe, & Ttk A
AR BE G T,

0

4 ZWEAEHHTIVBT &MRBERNITR 5
AN B ERIR SRR AR, AN TFZ RPEE 2
e A (XRRAREAE) e, XEE A Aol it
BV E BT A P A& s, Jfdd
EH-EAMBAERRE. R NER S A &
(PDHe) i P AKAMEZM A7 — ", HA
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