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The biosynthetic pathways of microbial exopolysaccharides

ZHANG Yue', ZHANG Chao', DIAO Mengqi’, ZHANG Daizhou'?, LIU Fei'**, ZHANG Jinhua'**

(]COIIege of Pharmacy, Shandong University of Traditional Chinese Medicine, Ji’'nan 250355, China;
Shandong Academy of Pharmaceutical Sciences, Ji’nan 250101, China)

Abstract: Microbial exopoly saccharides (EPS) are a class of high-molecular polymers with significant
application value in the fields of medicine, food, cosmetics, et al. With the application of synthetic biology in
the synthesis of EPS, research on their biosynthetic pathways has received increased attention. This paper
provides a comprehensive review of the current research progress on the biosynthetic pathways of EPS, with a
focus on representative examples such as hyaluronic acid, xanthan gum, and gellan gum. The review highlights
the pathways, key enzymes, and genes involved in the biosynthesis of those EPS, and discusses the challenges
of EPS biosynthetic pathways, aiming to provide valuable references for further studies on the biosynthesis of
EPS.
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(UDP-Glc). UDP-%i %] §# i %2 (UDP-GIcA). GDP-
H & i (GDP-Man) S5 A% 1 B BE (A4 Jy i &7 jo di i
Bty {12 S N BT UK BEAL &) . AR SR UEAN ]
Z W] LA NHEY) 2 BE . shW) 2 BRI AE ) 2 08
=R Hodr, A 2 — 3 el B e G R A
TR (BLTE B 1l AN B 1) S AR AR R R i A
W R TG MISAELN I RAFAEALE,
AR 220 oy AN 22 0 L 4 IR A 22 6 R 2 i e
ZHE=2K AN 205 32 2 UK SR R IR 2 95
%, diuEE 2 PELLO-PLs v, T4l st 2 b
W) DA% B i % (hyaluronic acid, HA). Z5A SN
RENA . o, g oh 2 BT 35 R 5 S
% B¥(capsular polysaccharide, CPS)Fffi4) % ki
(exopoly saccharides, EPS)HE. CPS/rilhZ gk
S AT 5 4 I JE R T 5 8% PR T 44 i B A1 T i R
ASCHHE FIEPSHFFi HH 4 M N 6 s 7 28 L A1 Y
HHZhE.

EPSH A F 8 M 45 2 FEMER 2 M A i
PE, FEBRITARFE . £ i 0 TR K i S5 S 1 2
TTZRH S anHAW] PR 94t it v DR 4T 4
EE 90/ NI N e R (SN RN g ik )
B BERIE NG RENA. RZ 25 K
BN 2 BE S TR AP AR BV 25 e =
bR T 1) &% R B A 2 sk 250 Hian, B
HA. #JEE . 458K Bds 2 W% NRERIMEPS
5| S P VAS £ (RS2 N [ NP 7 | P
HEEMREDMHARIKE, EPSHIAEYE E AR
RGBT s . Rtk, XTEPSAEMIE At A 7t
S AL R = Bk & 5l e AR 27U 1)
KiE. H—PIRFTEPSHIAEN G S5 MFHE S H
IRk R, X T BAR 2 05 A 7 BOA LT K
B Z R R A R

EPSIAEY) & B AREEMAEAR I R, B
i A, 2l — RIVEE I N, A
WK T REDHEREC X — B R
Y20 1 A 2 B AL RS R RS S N, X e

BEZBNMMANE SR FER R, H2RE
FRFM . MEERENZW. Hil, HA. EJ5
e\ 25 RS R AL Z BRI AE YA L A
RTE T ARAT . W TE ORI, X L 2 HE Y R
PLAZ R BE K4k &9 (IMUDP-Gle. UDP-GIcA .
GDP-Man%§) AHT YR, 7EAHCHR AL N B P
REME . B, HARAEY) G R T EHA S K
HUDP-GlcFIUDP-GlcA¥ W NHAR &) HE,
— U H AN EPS U6 24 WH . AR SRR A A 2
A& HLEI T — P 7T, ARk AEHXHIX £
Z WG BUSEIRNIR R NEPS B K | FH 2 it
BEZMIRSC . RCEEMHA. BHER. 448
G ZPE RG], SaE H A G BOL ] T 7T
&, NEPSHIZEWG it it 2% .

1 EPSEYEBIEZEND3E

EPSHIFRE Z, HAWE BUSA BTN B
PRI AR A A K E M. BIRFh 45
& AFEE, (HEPSHIA A 15196 A5 X — £ i 15
X FEAEBEZERWASK., EERITH
. ZHRG AREHT . 251X 5% KN
SO T 20 M AN 20 M B B RRAE R n R
RAEWHIMARE, EPSHE ISR EE LN
M ABEK £ 12 (synthase-dependent pathway)Fll
Wzx/Wzy & 118128 (Wzx/Wzy-dependent pathway).
TEPIFRAS R R AL () LA 2 0 G Bog 2, A%
FRATAR & RZE A K, #E I SRk B ER AL
IR IL A AT IEHENDPEE P IR A il

AR A TR A I W S R on P
TR, 5 2 M P B — 22 WA R T N BB R TR
A BN B b RIS, AN BT S A ) B Sy
WA AN o KRR K FE RN 431 ot ) BE 5 AT/ &
Mg LU A o¢, 5 R A R BY U 70 Bk B A
AR, W, MAHEGHmKBISEHES RN Z
B e N 2 — ML R AR I [F) 2 0, kg
ZHESE . AL, B D-H & b R FIN-D- £ B
i Jie XU A LG I HA BUR 75 ZEUDP-Glc A
UDP-GIcNACH FiBEAZ H IR A 4, {HH 3G A7)
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AT S, SR (Wzx)1E F 2 1 40 il oy ik
ANWAMEZ TR B 2 ), AR R A i (Wzy) B
B I HE 2 M I A R A R S S A
o HIWzx/Wzyi@ 42 & B 20— BURR & H 2 F
PRy, JE TSN, WAL SR,

2 HBREPSHAEY A BIRE

NI R X e 2 0, e AT A g
B EIWE TS AR AT A o A ST SR = B A
Wi ARSI IHA ., a2 hE . He
WL REE SRR, Wazx/ Wy W& 4R A B
JRE . S5, LA R [E) I R A Bl A i 4 AN
Wzx/Wzy [R5 i 12 25 1 1Y) LR T i 4 22 W S5 i A=
YIEPS AW & i % . A SOl 6 i 1l g 7Y
EPSAEY & ISR IR, LA J5 S0t 50 R v
RAEME S HZ R IR .
2.1 ERARER

HA & —Fft fH D- %) 47 2 1% FTN-D- 2 15k 7] 2
FEAR AT B-1,3- W LF BRI B- 1,4- W 5 5 5 T A T )
Ho T 2R, a1 0N(C L HyNO ), HAR
B RIFFKENE, FEBHE0UE RS,
Ir T 85K R I R B HE S B — R AR K X B 7K
X, FEIPHpRs B R AR AR 4 T
JREMIZE S, HAW 5 A s A o7 i mHA KA
X TFEHAM IS . S FREHARG R
MR . Bt . TR EAR R VSR
P, FEHATRWEES. & FHERE &R
Hs AR AR 2> TR EHA (R X 2 7 R B AT
1} 10 H A MR LEY) 2R, 5 m AR 4 T 5 &
HAM LB @M 5, 8T AP M B IR, B4R
TR R R gy, (HEA LR Lk E. 2
A 1 A RO PR 5 22 o A FE R

HAMAED A R T A EIKEEE, HHAG
¥ UDP-GIcAFIUDP-GIcNAc T B 33 3 B-1,3- 9

FHAIB-14- R B i e Ryl HAE
FLE 1 M IR SIS AR ARG 5 5 R R RS, T
ARE A s R Y2255 2 0, R aZ W
WAV R BRI B A R B Re s A=
AR . AR AT AIHA . H AT, HAGEN
A CEBEBR AT R 41 P A9 7 A, o S B TR A 2 I
FhA S BERR B 55 . HAG BT A6 75 16 9 A AR 40 o
#&UDP-GlcAFTUDP-GIcNAc(&1). UDP-GlcA&
B R B i W -6- B IR A1 4 B - 1-B R ATUDP-
GleHI AL IR, t— RV TR, Bk
o A BE S R S L AR R B -6- T
g, 2 JG 1 o- % B8 i %5 B% 22 £/ B (phosphofru-
ctomutase, Pgm)fJEEAL T T B 2 0E-1-15 R, 2R
J& 1E has CH: IR 9 15 1f) U D P -7 %1 b £5 0% 1% 1L g
(UDP-glucose pyrophosphosphprylase, Ugp)HJ{F H
TIEMUDP-Gle, %4 it has B3 K 4% i UDP-
1 %7 4 i & B (UDP-glucose dehydrogenase, Ugd)
[y i 0 B A BUDP-Gle A", UDP-GIeNAcH ik
73 SRS AR T ) W - 6- B R 1E has E5E DX 9 L) 1 T 12
] %7 M A4 B (phosphoglucose isomerase, Pgi)ffH
AR E-6-BERR, IR BE-6-BER K IRA B E
Jie SR - 6 - B3 TG T e e A il 98 TR 26 M Y R 7 g
IR TR 60 W fie L T % Tl £ 1R A A Y A2 BEU D P-
GleNAc!™. Hja, fEBLEAHAARIER T,
UDP-GlcARIUDP-GleNACcAE ¥ #8244 lRHA 43 W
WSk FEHAEDGBOIRET, hasiid e R E 5|
SRHEVEE R, (R & B R A HA . b4,
TEM A R R, WA RS, 8R4l
RESHER Z W SHHAR A& O %
I B R TR A R I I R b B SR AT PR AR R
AP ARy AR SR B, BT RN S IEAE R
A P RS R 2 AT B (Bacillus - subtilis)!™. LB
IR (Lactococcus lactis)! ). & B AR AT
(Corynebacterium glutamicum)'" 2537 5 JE& 45 4 ffy i3
ITHARI 20 B
22 RESHE

Wtk 2 B (Curdlan) X AR AGEER, 72— FiH
400~5001 7] %] W ik 38 5 B- 1,3 -1 B3 4 17 ok
Mgtk T REW, H TR N(CH0s),, H
XiF 4 F BN S.3x104~2x 10, 1% 2 WEAN AT 10 S B
ghty, AUt — &K EEAL R Bk 2 R LLE E A
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