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Abstract: Heparin represents a significant category of straight-chain sulfated polysaccharides derived from
human sources. It is extensively utilized as a vital clinical medication for anticoagulation and the management
of thrombotic disorders. Lately, there has been a surge of interest in the biological information encoded within

the glycan chain of heparin, with its additional biological roles, including antimicrobial and anti-inflammatory
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properties, being progressively uncovered. However, the current methods for producing heparin analogs

predominantly depend on extraction from animal tissues. This approach results in product structural

heterogeneity, potential contamination risks, and intricate quality control challenges. Although there is an

option for the total chemical synthesis of heparin, the arduous synthesis process and the restricted length of the

glycan chains produced make it challenging to fulfill the clinical demand for structural diversity. Consequently,

the precise synthesis of bioactive heparin-like oligosaccharides through enzymatic cascade reactions emerges

as a viable strategy to address the issues currently encountered with heparin analogs. In this work, we provide a

comprehensive review of the recent advancements in the enzymatic synthesis system for the creation of

heparin-like oligosaccharides.

Key Words: heparin-like oligosaccharides; enzymatic synthesis; defined structure
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E3 HEEEESRULMWH
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LMWHP",

A, A LLE FIUDP-GIeNACN;/EPmHS2 1]
AL T AT HREE 21, SRERMUNEREE, @
AT R B AT N-TRER L, & R T 7EGICN
HIC2. CONL & A N-Ti R H: A THS AU FEbE . H
THAAERRPIN-TRERAAEM, XL =4 n] GExf
JFT 2 Tl R T A Bk A B A Pk, AT R R 3 i
S S 1) AR 2 7 S
3.2 EFEEEESRNEBINFEM

T 2 BRI B A R Je— RV P
B ARAE M IR R X SEFE A AR F T A R 2 B R AL
B o — AN O LT 1) 8 12 A 405 L P> AN A
CIRYRTE X/ iR A S =R SR Ve At
YIRIAE R, AT SEI VG PR R R = 2.k
B o

I BRI I N-BR R AT T B A 1
SN R A R EE, NDSTH &4 4 iad %
W ST TR AN BERE RS, AN Ut ST A
JE SRR AL R B A E . NDSTEG PUFEAL,
FRINDST K H 8 B AR B Th RE M 4% 32 0, £ Fb
HALRIE RGAOIE L3 R GO F R d R
kRGO B TNDSTI%35 . Zhang 2548
R RERIE RS TNLHL T NDSTL G &R
k. R, S5EERERGMHE, XEAEMERIE
ARG M A, HNDST AL #2085 = 3
BRI Uk, H it Bk & IS & S
FERHUDP-GIcNTFAE bR, TEGRPEZAE T
bRk =M OB, MEMAKXMHERERGE
Y RIEG B INSTHHT B MR I 1B . XiZ5hE
ik 2R R g A T H A R EMut02, S5EAER
MBP-hNSTAHH LG, 7E37 °C I MFE R T 105
B, MEALTEPERS N T 1.356% . DengZs 0 1)
PROSS-FRISM- 15 3 | T ALK NST-M8 R AL
e, RERE T HBEMEO.32468)MiE %
(2.531%).

TERAF R R A T, CS-episME— 71 50K
GleAB A NIdo A EE, X —HAXTFHERSEA
Ji 2 IR A ELAE P 2 e EEPY, C5-epi A RETEN-Fii
ML EAE A, A EAL AR T W U35 N GleNSHR
FIGIcARREE,  H BT PR AR C5-epi
CERBHFERIE RGPS T alEERL. A

M, EMERERGFHZELHTSHBEAM
FIE G120, XAl A S ECS-epi (I AR FRIE R ANE
PR, TSP @ — /AU, E TR
£ SRR C5-epi RAAAVIS3R, HEHE 5 L EEIE
O3S B AR B2 4165 02,2848 . CuilbBYR HI A8
BN FIM RIS, £ sl TR
A E AT S EALCS-epiff R B RIS, W
fiff i =135 1.6 TU/mg.

1doA2SZ5 4 (1) A FUANHE 2 J 2R IR AL A2 1 1)
Fenlt, T HIdoA2SHIAEFE AR KARRE Bk T
KNG . 20STRERS 1M B A -G1cNS-GlcA-
GleNS-Hi-GleNS-IdoA-GIeNS-45 1) (1) = i 5 7 ),
i T CS-epif AL AR B2 P 1,  HGleAb%
FEAEH )% AR T1doA, {H20STHFIdoARTIEFEM:
mTGleA, [FICS-epi520STHL FH A BildoA2SHY
R . XARAN BN, 1doA2SHIAfE
B C5-epifh At HGlcA2S . XuZElOH i [H 4 i 20ST
ERBH RIS RGP ERE, B2 HHDR20ST
() 1 1k T BE 22 ¢ 3 2 1 2 &R Bk 2k (His 140 Al
His142). ZJa, AWK T KRB GH20STH3 -
TR IR I S - W R 52 & W P IR — SR AR i Ak 45 14
FHHhE T SRR R R R R R R, R
AFRR 189 AN T 2 55 (it 14 4 % 21 B 5 1) Gl A B
T, T SR AR Y 94 AFTH 106 A NI 2/ 465 1% 8 i it 4
R B Ido AP,

BRI, S R (1 6-O-FR R 1L
RERLIHI20S TR R AL IE M), B4k, FUFHS
Px20STR I EL20STIE Y AI20S T J2 b7 77 ) 5
BRI, X R, 2-O-FRERIL L AUE
HTE6-O-Tilitb 2 mr,  H20ST A7E i i) Al/ok =
) E 5 R B, DR TR — P
Mio NIH6OSTHA =AY, FIH ALK s
S, HA60STIM6E0STIH & T 1EAL6-O-Hi iz
o XuZEPRRE TR D m60STH = o & kg
i, 5 =R NSRRI L 70% 0 AU AR AL . 3
Tk, Wit T RAKR6OST Mt-4, ‘EAUGRERAL &1
S J5 AR i (1 0 i A ok S0, R i AR
A D A 2 B S 6-O- B BRAGA A ARG 4l 4%
i, TR R SRR R v G R

3-O-Ti R FE ] 2 T R PUEa I S AT &
(R4 2y, IX P TOWE 5 AT @ 56 F 1 45 45 5k
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Tk A AR 5 R

EEFIH R, B9 75 & A T A AR
Fi, DT 400 ) ot o g 1 61 . AR R AR A7 e
FOAFI3OSTEAR!, AFE1. 2. 3A. 3B. 4. 5Ai
6, XXLEIOSTI A (MR it COF 1) iz It
512, 30STUEAL & 6-O-F BRI R, /b
O-TR R AL 1) 32 48 e P 38 B H AR AR 3 1k 5 7
3OST3MM B BR 1A 2 A 6-O-Fi B AL (1) SEHE
WangZ: SR FI30ST3 4 Bl T B A Pk ifn i v i) 2
JIF & ZHE . 30STIRI3OST3 7 AN (AL 2 il v
Kl # A R 3-O- TR AL SE0E,  $onBAT] Lhad it
A FI3OSTIE AL AT AL 24 B VL A i, AT 3K
BEAHEZHRBRABIHMEZE RPN ETFR
FEHE
33 REXRARFEZEREEN

RNTAEFAMAILEAL, RS RE LS 2
JIF 2% S 0 o A8 F Gl A-pNPYE MR iR 24, Hik
JE ity 14D oF i 2R R TE A4 P4 RT RE AR A S R0
Bk Wy, [N RR X Brp NP LURA fR I R FH 24 1) %
E oy

Cai %R F A R A 44 1 N B AL AR I 2 BRpNP
FB, AT CUE RV L BRAH AT I Gle AR S, 158
TN EERE, BE MR GlcARRIE, NERTEKT
JF R BERERRAL T AT RE . Zhang 5 LONA K ] iR 4
e Kb B A D I Ji i T JiR it 0 A Gle Ak 3k
(-G, 38 Smith A7 BT B, SRIL T BHE
T REMIGIC AR IR B ERR, R1G T HA 5%
A AR GE R 1 P DR R A [V 25 T0E

4 BRESRE

VRO BEREG RREZE T  EEE 01, P& I
T ERBITRIE IR iz N T 5. SR, 24
I BRI ) S IRV AT R AR S R i, H
FEBEE B BORS B ig KRS, XL R 51 A 1 AT
b B 7 oy 7 ST IE T4 G R E CEN 7 R e o | P o R A 90
FFE 78 BAR AT AT . B iy & 1R AR A AR 2% 1
B EBOL BRIRE] TR S . MHELZ T, fhAEE
PRI R EEE A S AL RO, S A s
R 2 FETE ARV, RO & R A Vs T
AT 2R T A R

EAER, MBI A AT 2R SR ) S A
R, AOET R BE SR OEAR L BRI SRR T R B
HEMARNEERTT, HRXNS5FRFEEES
Jol 1) I 1) JE 0 R S A AT AR AR LA BRI AN TIE 7, K
Wl TEZ. BHREETE. SRARNE. XL
W FURCR AR R HE B T 0 B 5 R T 3R S0
MR . &4 ik, SamIE R T id2s5F A
A7 A TRV TR A A W ) P 3R T W (3R 3), H i 2R
JHF 2R SR B A pL sk L PR 5 O BT R ER SR 2 YA
=, HEEER, SR EEnE .

It 5 0 T 2R T RSO X i 1 R R S ek A M
LR B A WA, BRATAT LS B 45 4 52
BT 2R ZERE RS v & . AN & R AT
eI 7 B R AR 25 3R T AT RE, BOATT R
FA HAb W35 P (I 3R R e T B K 3E
B o AL A BEE LR A O PR SR AT R SERE Uy

R3 ERUFHBEASHINEERFEFTERSE

&Y gt AL BueE R
(GlcA-GIecNS3S6S)n-GlcA-AnMan (1: n=4, 2 e
cA-Gle n-GlcA-AnMan (1: n=4, 2: 1: 515+40 nmol/L . N
1320 n=5) me fime UER T KA R85 2000 671
2: 145424 nmol/L UDP-GIcNTFAYE LA )
3: (GIcA-GIeNS6S)s-GlcA-AnMan 3: > 100000 nmol/L
Kq:
4: 5.2+0.2 nmol/L g pn "
4534 GIcNR6S-GlcA-GIeNS386S-1doA2S-GIeNS6S- 5: 9.1+0.2 nmol/L SLﬁé\gH% 1%:;@;?%%.32
) GlcA-AnMan (4: R=Ac, 5: R=SO;H) ICso(BTF X a): MR
4: 2.8 nmol/L PRSMUREETE
5: 3.6 nmol/L
WAEW6-9% 1t 5 MK B A1 O-FR R AL
B R AR BRI S AT DA 2 54T & T B A HIF X afI$iF [ a
GleNS-(GlcA-GIeNS),-(GlcA-GlecNAc),-(GlcA- o A . ‘ g e ;
6961 GICNS),-GlcA-AnMan (6: n=2, 7: n=3, 8: mg BEMAGAE &, RIVH SRS EAMEML 5 P 1 K/ B 5 16 i R 5

n=4, 9: n=5)

MIHTF X avE P 1908 Bos IS 4T
FLaffith, 218ERPLL HEaRKIHF L a

&

B, (EIXLESERE R A A E TR
JEZ B R AL AZ M
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(%4£3) 3 FERAUFEEASRNEEEITREERLE
tEw M FUBL Pt e

GIeNS6S-GlcA-GI1eNS3S6S-(IdoA2S-GIeNS6S)n-

GlcA-pNP(10: n=1, 11: n=2, 12: n=3)

WAEM0- 143 B BRI PUE S S AR T —F 4 Wiy —m
1T Gronsp s T A GIENSISOS-(OAZS= Sk (K,fi15-30 nmollL)e ICSOHIFXa)  LMWH-—fk &r14, JExf
AP & (HLCUPHAMKHE TG, WA RME]  fr & A R 5500 s A

14: GIcNAc6S-GlcA-GleNS3S6S-(1doA2S- BUF M aif it 71, A RIFIIIFRATH

GleNS6S),-1doA2S-GIeNS3S6S-1doA2S-GleNS6S-

GlcA-pNP

GIcNR 6R-GlcA-GlcNS6R-GlcA2S-GlcNS6R-

GlcA-pNP(15: R=R=H, 16: R=H, R;=SO:H,

17: R=R;=SO;H) . e o . ,
15-17f1 E1doA2SHI/NHERILH SPLRLILBEN & & B T =P & GleA2S YN
182117 GIcNR6R-GlcA-GIcNS6R-IdoA2S-GIcNS6R- S0y, KfEH 12 nmolL; &GIeA2SI/S  H, 1EH] T 1doA2S 45 K% 4

- GlcA-pNP(18: R=R;=H, 19: R=H, R;=SO;H, FEAS 5 Bt il s 2 BUEE e E R

20: R=R,=SO;H)

21: GIcNS6S-GlcA-GIcNS3S6S-1doA2S-

GlcNS6S-GlcA-pNP

Ky

22: GlcNS6S-GlcA-GIcNS3S6S-1doA2S- 22: AKIE FH30ST3I AR T &M

GIcNS3S6S-GlcA-pNP 23: 5.1+1.4 nmol/L 23, A& -GleA-GIcNS3S6S-
ypoql 23t GIcNS6S-GleA-GIeNS6S-1doA2S-  24: 5.6+2.6 nmol/L BT, fHAT PSR

GIcNS386S-1doA2S-GIcNS6S-GlcA-pNP ICso(FiF X a): fig 45 A FF & on PR I v

24: GlcNS6S-GlcA-GIcNS3S6S-IdoA2S- 22: 11.0 nmol/L P, BTSN M 4 BT DR

GIcNS3S6S-IdoA2S-GlcNS6S-GlcA-pNP 23: 7.7 nmol/L M1

24: 10.9 nmol/L
Ky:

25: GlecNS6S-GlcA-GIcNS3S-1doA2S-GleNS- 25: 840 nmol/L

GlcA-pNP 26: 429 nmol/L A A \

60 26: GleNS6S-GleA-GleNS3S-IdoA2S-GleNS6S- 27: 508 nmol/L o Fﬁﬂfﬁ o @25. . iZLF Ko
25-27 mg , ) TEPE R DA 22459 3858 e il

GlcA-pNP ICsy(PiF X a): B, AT T A

27: GIcNS6S-GlcA-GlcNS3S6S-IdoA2S-GIeNS- 25: 11.5 nmol/L ’

GlcA-pNP 26: 8.6 nmol/L

27: 8.7 nmol/L
FER T —Fh ik B 45 4 i
o FHE I A A4 A R A
GIecNS6S-GlcA-GleNS3S6S-1doA2S-GleNS6S- ICso(HLF X a): Ehlied
[40] 50 a2 . Al o
2% GleA-GleN Mg 95 imol/L Z A GlcA-GIcNPNZ#

W&, SR T BT 2 S
H R

KB B T R S0 S Bist LA O 45 & 2R AT, KyfEB,

(U | SRRy

H

FE o, (EAE SR KRR A L B

AR 7= A s 5 7 ) T e P il RN, Ak
LA R AT R R EOR B AT T A B0 K R
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