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HAF &5 m RS A LU =071, (1) $EmnE i
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G N —, BTS2 DiReE E, HaliR )
HA & B4 PR 1% 1% - % %) #% /8% % (UDP-glucuronic
acid, UDP-GlcA)-5 JRH W BR-N- Z.IE i 41 ¥ % (UDP-
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BB DLW HABEBEAT e da 70 i, HASXTHAR) & )
KA ER/NREREIEN. B RiEeA
[ U (KTHASHEAT VR HA P &, Hubbard % A\ Mk
HS. zooepimicus FTHASHFAT R IMEAL B, SEIL [ 7E
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B. subtilis?iATERIE, 5B F LTl E TR
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ANFTAARARL S PP 4%, 7R 3-LaE A Chofi R R AR 1)
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M E YR REAE N R R, TeVE AR Ie ok, 1E
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RiL¥EEA, FBX T =g aEylslit— 01T
7Y,

Zi b, CaWE T Z2MAFEKE EH TGAGSH
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subtilisF RINE . A FEI LR E BT R A A R R
Wi % T GAGsF= =M 7 T EAFEZ 7. YuflStepha-
nopoulos[Sl]U\E. coli ToplOENTE =, BHHASHAAE
OERIR AR L R 7 A A M AN R IR HUR, 3 3IHA
7= B [ 1%48 mg/L. Widner2s N\P2EB. subrilis A164A5
PR R S H A3 2%, A HASFIRT R A A O 24 K]
HHATH A LIE, B3 —FRHAM B N0.8~1.0 g/L, X}
ST R N1.1x10°~1.2x 10° [ TRE @ bk, % T-ChAIT
RHIRI A& It 5t, HATEEHRTEE. coli FIB.
subtilisP R g 32121 S SR LA R AR .
Y EGAGsPISRIE, $é =& LR IEGAGsIE R AE
A, X 2R T2 AR A AT LR LR A
B, DAEAGE B — e e S AR R AR B B A
fIGAGs 7= 75 .
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BRC-6-5 0 4 JE 44 T T8 A1 115 T 45 28] 1 1 e SR 0 (1
4A). IRIETRRWABALE AN, CSHI LA A LR
VUFpEAL: CSA@4-O-fiigtk), CSC(6-O-fiilztt), CSD
(2,6-di-O-F Ak FICSE(4,6-di-O-fR e 14) ™). BREafk
1 205 AR W iE v B AR B A OG, CSARI
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J%CS. Bedini% NJF K 7 — R A M-t 2t
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CS& B 72 1) i 42 il O 28 1k s Ty b 3 18 A
W Fiit. fEChERIRA I AR, 3/-B IR I 7 -5/ - B IBE At iR
(3'-phosphoadenosine 5'-phosphosulfate, PAPS){E N
FRIL ML, Ch&d B R4-O-MiIR % M (C4ST)k6-
O-Ti TR ¥ # g (C6ST) 21l J5 TR B CSAMICSC. | T
PAPSHIM& B i, 9 T BRIRAA, N THIEPAPSHAE &R
G IR I R B PE (LA IR 2L ] (4D).  H i, C4STC
ZRIHTEE. colifIK. pastoristh F35, ik g
L I CSHRAL T H4AE. Zhous NSRBI MAEY)
B 25 B ) — PECSABRCSC. B 5E i@ B 41B.
subtilisSEIL T #BCE mINBAED A K, SRJEHFHC4ST,
CO6ST K 75 FE M IR #% # i (aryl sulfotransferase IV, AST
IVIEE TR R4, il i AR S A AL S Ch I C-
48 C-6"5 LI B IR AL T U CSABRCSC. 5K 21U,
D S8 A] DLIE ik 2 A0l (1) Bl A ) I v SR e 2E AT A Rk
(K14B).
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(LMWH, V¥ FE=5000)&% K5y TFEFE
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ST RFE @A Z) I H TR, (B4 s
PREBHAFZAR, 5 A5 e 10 ) S0 A s B2
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HP& B 23 K N-Iit /iR fk . Stk N-
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Figure 4 Sulfation system and its application in the sulfation of GAGs. A: Enzymatic synthesis of chondroitin sulfate. B: Enzymatic synthesis of
dermatan sulfate. C: Enzymatic synthesis of heparin. D: PAPS regeneration system
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LB, TERUEY) IR N ZRIL B & M AR B R A e
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KS- I A1 11 5 HAMGAGSIIAF 2 A TET, BRI
AW 4 R 8 T GleN Ac 5 R A& ik i 22 T] it N -t B,
GalNAcH 2 AR/ AR Z (R HO-FEFF 4R 1. KSHEHE
I I B R R B AT DK Gal A GIeNA KR B i 2 8 K &
V) AT RERE B AEAR. TR, J LA SR TR R
FEBF(Gal-T) & Wi 2. KSEWA ML & p-1,3-
N- AT RE e R e R B (B3 G T N- 2L 1 4 i 3 -6-
T FE L WE (GICNACOST) Bl,4-F 7, bH L 4 7% i
(B4GalT-1)FIK S - FL b F i R i 7 B (K SGal ST) i 1%
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Pk LR S5 A3, WAL RRK S 7 T RIS A Bt A —



P EBNE: ARl 2019 4F 49 % A5

RS LR, p4GalT-4, RME—E{LGal#EF2 3
A 38 J 14 A 0t GIeN A c-6- B iR £6 52 745k 36 110 2= L b 5k
RSN, XK SHEREIET B OR IR A AN AR R 1L A2 6 75 11,
AN H T CLIRIE T 7R N- 20 B & 3 A A R R R
(B3GnT-1, 2, 3, 4, 5, 6, 7)A] LLIE L B1-34 1L GleNAc
I EIGalZi# GaINAcHEIE J5 K iy, XTKSHHATHR R b 1&
TG BB PR B #% T LUK PAPS AL - % 1% 3 [ 56 %
FGalal # GIcNAcIC6 . KSGal6STr] LUK i & 3 [4]
AR GallfiCofr b, N-Z B 84 % H-6- i FR 7%
i (GleNAC6ST) ¥ it 2 25 1 45 72 2 GleNAc I C6hL
J:[66,67].

M T KSEZER A TIGIREST ErRE S, HE st
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VIR ATKSI G R ARIE.  H AT IR T R A A DG
RERECEEE T HR, XN EHT T EMEDH
SEILKS A Bt B4 1) 5241

6 BE4i5RY

BT g A LR EGE, Wi ) &
R RGAGsTS 2 12— VESF . Tov A 80w IR
TR BRI £ 5, 2T A ERKIRES
ST, B AT, MR R BHEE P GAGSH) £ %
BRIRRHEAITIE, Friv kRS DA 1T
PRIk, (HARAMRB T RMEY BT GAGS YL AR A7
FEVFZMA, B A Al A gt NS 2 A QB B VEAS
i B EEA R BEMACEESE. AT ik Bk
W, fERSMmt iR, BATHEE R YATS
THEATHEAE. (1) @RS SoE R TR g, H
AT 2 R AR & i P AN s, e 2 Tl
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Microbial synthesis of glycosaminoglycans with synthetic biology
strategies

JIN XueRong, ZHOU ZhengXiong, WANG Yang, LI JiangHua & KANG Zhen

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122, China

Glycosaminoglycans (GAGs) are widely used in cosmetics, health care and clinical treatments of thrombosis, osteoarthritis and
cancer. Commercial GAGs largely depend on extraction from animal tissues. However, the products have poor homogeneity and carry
potential pathogenic factors. Synthetic biology strategies for production GAGs and its oligosaccharides can avoid the above problems,
and achieve precise control of the sulfation degree and molecular weights of GAG. With the development of genomics and synthetic
biology, the biosynthesis pathways of hyaluronan, chondroitin, heparin, chondroitin sulfate and heparin have been elucidated, and
many genetic operation systems for platform strains have also been continuously improved. Construction of microbial cell factories
for producing GAGs has been considered as main development trends. This review summarized and discussed the recent biological
strategies for the production of GAGs and their oligosaccharides, and provided new ideas for near future studies.
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