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Synthesis of microbial exopolysaccharides and their
mechanisms and applications in heavy metal remediation

MA Ying', JIANG An, SHI Xiaojun, LI Zhenlun, CHEN Xinping

College of Resources and Environment, Southwest University, Chongqing 400716, China

Abstract: The non-biodegradable nature of heavy metals (HMs) results in their long-term
presence in the environment, leading to severe environmental pollution and posing a threat to
human health and ecosystems. Compared with physical and chemical remediation techniques,
microbial remediation is praised for the low cost, environmental friendliness, and high
efficiency. When facing heavy metal stress or nutrient imbalance, microorganisms are
stimulated to produce and secrete extracellular polysaccharides (EPSs). Therefore, the
production of EPSs is regarded as one of the important strategies employed by microorganisms
to combat HM stress. EPSs not only protect microorganisms in extreme conditions such as low
temperature, high temperature, high salinity, or exposure to toxic compounds but also facilitate
the communication and transfer of information and substances both inside and outside the cells.
EPSs serve as a protective barrier to restrict the entry of HM ions into the cells and as a
medium for communication. EPSs contain multiple negatively charged functional groups
capable of complexing with HM ions, undergoing ion exchange, and participating in redox
reactions, thereby reducing the bioavailability and toxicity of HMs. Microbial EPSs play a
significant role in the remediation of HM-contaminated environments. However, there is
currently a lack of a systematic review on the synthesis process of microbial EPSs, the
mechanisms of the interaction of EPSs with HMs, and the application status of EPSs in the
environments with HM stress. This article provides an overview of microbial EPSs and their
classification, elaborates on the intracellular and extracellular biosynthesis mechanisms of
bacterial EPSs, explores the interactions between microbial EPSs and HMs, and discusses
research advances in the use of microbial EPSs for the remediation of HM pollution in water
and soil environments. Finally, it looks ahead to the synthesis of EPSs and the role of EPSs in
HM remediation, offering support for the further application of microbial EPSs in the
remediation of environmental HM pollution.

Keywords: exopolysaccharide; heavy metals; bioremediation; synthesis pathway
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Figure 1 Intracellular synthesis pathway of bacterial exopolysaccharides. A: The assembly process of
glucose nucleotide precursors. B: Catabolic process after conversion of glucose-6-phosphate to
fructose-6-phosphate. C: EPS synthesis and export pathway of Gram-negative bacteria. a: Hexokinase; b:
Phosphoglucomutase; c: UDP-glucose pyrophosphorylase; d: Glucose phosphate isomerase; Man: Mannose;
Fuc: Fucose; Glc: Glucose; Gal: Galactose; Rha: Rhamnose; GlcA: Glucuronic acid; Fru: Fructose; TCA:
Tricarboxylic acid cycle; P: Undecaprenyl phosphate (C55-P); Wzx: Flippase; Wzy: Polymerase; PCP:
Polysaccharide copolymerase; OPX: Outer membrane polysaccharide export protein; ABC: ABC transporter;
C-di-GMP: Cyclic diguanylate; TPR: Tetratricopeptide repeat.
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Interaction mechanism between microbial exopolysaccharides and heavy metals. M"": Heavy metal ion.

() H'8E Na', K', M@ % Re e FaUE T
Ay b HAG TSR R A I 4 R
Pb’". Mn®". Cd*"45) AR, R & 4R
Xt EPS (14 Bk 2 B0 HE AN )R B 1) A S A S A
1, GIUnER AT BE LA AT EPS HUA W IR AY
FATON B RS A AT LA 4545 T N [ st
A, HkAEYS pH EHZBVIME; BE#E pH EHTH A,
EPS HEREIAI ML I LS g R
apBa T, SIS A B TR A4 B I TS
I, MIIHEEE T 5 5 4 s 1 3 AN 10,
WAVFFER, ERM R, 8738 v n]



A 2| R, 2024, 64(3)

709

Rt = A,
3.1.3 EYIRE

B ERAVE LA, EPS iR REil 1t 5 Al v
LR B RN, ARG, X —HLii
B AEDUTTE . XA RS pH [EH VI,
FEMRPEAMT, AU & )m e IR 7
TE, MAERESAIT, ENsS RS G4
FRIALBYIUIVE ; AP UTvE i n] LA Rl i 5 HA
R IR B i e A B e = 1 P By e
1) ZFEE LA A S 2 24, EPS 5 &4
J& B B AIL R 52 2 220, DRI ME DX H gk A
HH A 52 SR 432106
3.2 &K

AEY) EPS 3 i S A0 I i A Ak K B2
HEBEETESMME, NmmEss et 54
PITTEAR, AV E SRS IS s
KA, FEAASEALR N . 9K BRI
TR B A= 0 Al (P )1, 5l A I i S b
SRR AT R B P IR , ANOK R R A
Y AL BT B B4 JE R DT
321 SHEERRM

HICHELSRIOLE, W Cr. Mo, Se. U Ml
Au %5, TEAALIRATT DL BE v i A sh i 25 1
TERATE, AL RS, EATTAT R i oxE
Vb BRI 07 EBPS R A B IR
PEREREMT, WSt Byt MEILAE, DIRORIE
TR A G PITTE B 4 i 3 T ) P O 5 X S
Rl e AL AR T &8 B 7, (AR R
VR A1, AT AR LI A B A A= 4 ]
i, SEMFRARE 4 )8 & F a7, pH {E7E
AR IR ML o v A 0, Y pH(E T+ = B
EPS HRJL | BEMESL | By BLA RS AE B RE A 1Y
T, AT 8 3R D 2 v 3k 4610
3.2.2 RN EURL

RITRTFFE R, EPS S4B 1Ak

ROV JE, ReR LR — A A RDE S Y 4
JE AN ARTIRL, it e R R L KA
BTG EMMERT L. BRI R Y K
WP TR, DK AR AR B
AN R 55 4 IR T A i g E Y fE
HLAN R AR Au® 38 J5 R ) 4 9 K B0k
(Au nanoparticles, AuNPs); 4H/NREEYIHHY
EPS /Wi 2 :0F, Au’ Ak Bl B2 F R .
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F, IS T K AnE N B &, R 4R
BEMET?, EPS R RBKE Ag IR JFUN M AR YN KR
(Ag nanoparticles, AgNPs), F:-1E N ]85 Bt fa ok
s Ag BIEETET
323 E£¥

A4y A 0175 50 4k (bacteria-induced
mineralization, BIM)FIAE 745 il 7 4k P Fp 2 751
M EPS 251 &HI# . 76 BIM 2l 2+, EPS
A AT B RE T D W R i S A R T
HAE, HFMESAERA R Y B AnmmRE .
figth . BRERER )T BN, WA TR
IkIRER R EEHUY) EPS Wi A Y fhad FRIE A%
WRBRESICUE ; T EPS HAR AL . BRI FNwER
SLAFERERIXT Cu* HAT R LR W R BE L AT
AR B T B AR R B ) T R
LA, 1% EPS i fEHF DTPA-Cu [ 2 715 e -3
T B ET WIE [ Cus(PO4)(OH), "7,

LA WL, Y EPS ANMYUBEWAE M AW
W2 o 700 %o B 4 i 8 - 2R A T 2 T B ) S AT s
HEE ST, PR s A Y AT Fi
B, AR RMAY EPS SEAEZ M
HAEHLHIG R T E NS E T2 %R (H
PSEAE—SE[a) 8. (1) EPS AW IHe—A 2 4%
Ryt A, HEE e R s FEMNd b &2 82
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FUE, RRWFRTT I — 2D PRI L5 (5 2%
(2) HuifAEY EPS X & JE/EH A Wit
AP AL A KGR, BT 2 — iR
EPS fEAEYAL i E LS 3) AFIGRUZEY
SRUEA EPS 287 5 T 4 B 1 HAENLGI /A7 B
x5, Fn, B—-E4R 52 A5ESRXT EPS
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54 @B T EAENU, % FEAF AN R 43 ) M
TEAMIEIRAE, WRABIY EPS XTH 4 & 14y
SRR R . ST, EE IR il 1E AR
PG F A2 RO F B R & Tk, Sy i AN e &
& JEMHE X EPS AL B, DA
AT R EY) EPS X oA— K B A4
J& i VE AL

4 7 EPS WIRAMEEALRT
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it 232 Ty W W WA R T A 0 58, 38— Fh e A= i
FIE DB, AR 255 R S0 P R L HeAh,
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4.1 = EPS MEYINATESRBISTRENK
(351

EPS HAA KM LR 35 1 E #e F1 Fn
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KIW R RE ST, PRI 2 — A B ROR
T 1 B RS K AR BRI FEE AR s R
U N g AW 5 T e AN RN 67 5 5 e VA<
EPS i i 4 4 J& FH B 71l sh 455 8] EPS YR
PESERT R AT b, 7R BUR K b R BRI
AR S| FEZE/ERT. Concordio-Reis %5
38 T W 1R (Enterobacter sp.) A47 43 I
WD EPS TEAEFE Pb> 5 Y K 1A )y T A BT
(RO 1, AR DA AT A W G ik 2 4 1) A R 5
FIA H e PR o TR 1Bk 1% (Rhodococcus opacus)
FIER 21 21 3R 7 (Rhodococcus  rhodochrous) 7t pH
HR 2.0-7.5 7K RILXT Cd. Pb. Ni, Co
M Cr SRR MIRE Sy, Homdk Omad
SRS A R B 2 B B R 3 AL
124, Bk (Enterococci sp.) MC1 Xt58 FI4L )
F RN 46%F 43%, T 77 R ZF A A TR
(Bacillus acidiproducens) SM2 %4 i) 2[R N
43%1, BRANGSL, W EPS gl ol & —Fh
AW TIMESH, BT AR & i
far, AT 2 BRaK s 1 HAf 1 EE 42 iR 5o X
TR ESRE . & BAEL, H R
N 12.5%-81.8%. 11.8%—-33.7%. 26.4%—100%
M 32.7%-100%5% Bk OIR & Bk ¥ (Nostoc
sphaeroides) L 5811 A 2 L Bk N 1A &K iy
Pb, Cd. Cu. Mn, Cr Al Ni*¥, HEEHEMN
g FH A a3 85 1 — Bl R R ) EPS (Y B A
B, HEE TRV A IRER , SRR IR 1k B
ZEWH I SR, & I 5 K A R B I T B A L
W ESIRIAE ST, nIVE R ER R T I A P Fh
R bR A 4w s 7,
42 7™ EPS WEMNATESRSRLIE
(4]

AEY) EPS HA SR KW 3% R G AN
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e, DT AG T 2 & % Wikkr=/E EPS
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JEIA , $E T IERRA SRR, e AR K
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RERS LR MR Cr MRS , 48 538 BN R T & 2F
FBAEYED R a. MR b FENE
b, R FEY TRENILAARS, B
4k Cr LR, IR ED =2, 7=
EPS I VE 40 T MR BB R A R M
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AR S R, > CdT A S
FRER, FFEMT cd A R EP,

Upadhyay P90 75 & B, 24 6 08 1
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RO R IR LY, XA BT LT Zn® AW
5o YD S EERRER RS T AL Y alg8
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B PO R A4y 1 AR AP, T i 1
YA R, 24 R 1k, EHIZFANE ) EPS
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FIFTHEY) 2255 R BRI 4 i et —
PR ARMBITE, ZEIRZFE MR,
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caerulescens)., I 7T(Arabidopsis halleri) . i
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DRI e S A ) R itk D B < S 1 G [t , it
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KIBE HE 26 1ok, MYME R it ™A
KEEa B, RS Y, 7]
RE PR BRI IR S b, Bl s et Mt

http://journals.im.ac.cn/actamicrocn



712

MA Ying et al. | Acta Microbiologica Sinica, 2024, 64(3)
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Table 1 Application of exopolysaccharide-producing microorganisms in remediation of heavy metal pollution
Exopolysaccharide producing strain  Polluting medium Types of heavy metals for bioremediation Reference
Enterococci sp. MC1 Fertilizer polluted water Cd*', Pb** [81]
Bacillus acidiproducens SM2 Fertilizer polluted water cr** [81]
Nostoc sphaeroides Industrial polluted water cd*, Pb*", NiZ¥, Mn*, Cr**, Cu* [84]
Cyanothece sp. Industrial polluted water Cu®’, cd*, Pb* [85]
Rhodococcus rhodochrous Waste water cd*, Pb*', NiZt, Co*", Cr** [95]
Rhodococcus opacus Waste water Cd*", Pb*", Ni*, Co?", Cr?* [95]
Aspergillus terreus AMLO02 River pollution cd*, cr*', Pb*, Ni*', Cu?, Zn* [96]
Paecilomyces fumosovoseus 4099 River pollution Cd*, cr*', Pb*, Ni%*, Cu®", zn* [96]
Beauveria bassiana 4580 River pollution cd*, cr*’, Pb*, NiZ¥, Cu?t, Zn** [96]
Klebsiella sp. H-207 Waste water cr [97]
Anthrospira platensis Tannery industrial effluents cr®* [98]
Pseudoalteromonas agarivorans Farmland soil Pb** [88]
Halomonas sp. Farmland soil As™ [89]
Bacillus gibsoni Farmland soil cd*, cr*', NiZ¥, cu*t [91]
Bacillus xiamenensis Farmland soil cd*, cr*', NiZ¥, cu*t [91]
Cellulosimicrobium funkei Industrial polluted soil cr [92]
Halophilic bacterium Waste contaminated soil Cd*, pb** [93]
Azotobacter sp. bd39 Mine contaminated soil Hg* [99]
Bacillus cereus BDBCO1 Soil around the car workshop ~ Cr®', Ni**, Cd* [100]
Bacillus cereus NC7401 Soil around the car workshop ~ Cr®', Ni**, Cd* [100]
[

Pseudomonas stutzeri AS22

Farmland soil

Cu2+ C02+ Pb2+ Cd2+ FeZ+

Z N, BEY) EPS 1A IE S A R
BT HAg A it @i A AR )
SN, A5 EPS H (415 40 g A AE 20 g 4R mT
VIR T E 4w Wbt (EfA SRR, Sy
EPS A] DL i ik W e S p) 8 - A ik — 2B O I
BSPEER , Sl E < Jm ry [T, HL RS AY 6
F Al LR A N, B EPS el 1
Bk T LBRIS R SNSRI B BNV, EPS
A 5 R | B I B ) A e B )
R, Wi T SRR, S T ARPR A
Yook, S LA PR SR, e T HIER
BRI TEANB S, IS R R NA TR
EIR AR R BN, Wik, MEY EPS &%
B b RN K P R SR 2 A L e R R

Zi b, 7 EPS MRMA B T HAEE &8 i
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JE W SRR E . R, (AR EPS, JRHJE AN
EPS, TERFMMAEMBER, CaBNESE
5 Yo PIE 2 9T (O AR sk,
A EPS ARG, TL@ EPS IR Moy, RIff
X T AU B R BRI, B TR TE vk B
SIRIAEE TAENG, ATLAE Y | A s e A
1B, B, FEARSCR A, 1 22 jE A H
FLIA EPS SRffHIK . IR P 4 8 V5 YL n)
A, Hura H 3L/ R T AR A TSR
T RE FNAIHT, X4 A 2 48 10 5 I 1 AN 3
3. RKBIBEIE RIS B o F A Bk L R
Y 2E TR SR L2400 M, BRI AL T A
AW EPS E B &R i5 e Z N H . (E15 8
P, MYMEE A —E R R, A
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Tl A W R ) A D A 52 U R A R A i
AV 1o AR EPS AUCA B T R BRE B8 15
e, b mT LIRS G R i N A R A K Ak
Ho R, HBRTHMAMAEY EPS feit®
e/ R E Z IR AR D . T,
APGEIZH H AT IE 2R T 5 A9 EPS Xl EY
A AR A R AR AR T 5T, AR AIRSE
TS UEEY) EPS 2 [8] B BiR R E 52 FG B 4
J& 5 G L IERIAE FHPL .

5 #hERE

AR T Y EPS KHA 2, Wik T
WAEY) EPS WAL T IRATIARIE M . R5
FUREA M A P16 B 72 e T i) EPS
HESEZENEAENLS, Gy Al
WL SRR RN AE, R T IMAY) EPS TR
A& 15 Je KA K 38 52 U T ) 1 o Gk e
FEEIR R, FIABAY BPS M TH 4 @ T5 YL
16 5 AL RE B iff DA% GE W Ak Ty 2 TV il e 1) [
R, R R UE | ATRRSL H IR AP B R 5K
. ARRJILAE, FTLATUNGAY) EPS BYFF A& FI
IVRRER R Ee g sy S 2 N AR E AT IR DI B RS
M, BEBARBE G S IR A, A
EPS {7 i 25 18 22 Pk RN it e (R ) 22 [ R

(1) WARS EPS MEMMSESIEIHE
YERLI . ESR H HT BB 32 S TR 7 4 o Sk,
{EARSERLZ A KAFFEIE I, W6 75 LG RS2 55 5L
e s 2 A2 AR, SO AR R
MAEYI A=Y EPS & G . PHREEL R AL
il LA e H 4 S Jiik e i VR FA AL

(2) 548 EPS M5 -3EAE T Z [8] -
Ro FHEH] EPS X 4 & 1 W fH AR Sy
AT AW A 35 ) EE 4 i, 348 ] R I A 4 e
WEJEE T, W Zn, Cu, Mn %5, A
EPS A RE S ECRIEVIFR S - TR, K, &5

BAWHFITH AT, WANRRED SES
B EAENLS, PAAHENH EPS, TE4ERRRAE
YIRS TR R e p et -, #extEs
Ja& B S R

(3) H AT oY 3 4 A S 50 E BT
b, RS % i R S A T LA AR AR
SR, 76 RIS, GV 2 AR SRS 451,
BanEEE . pH . BT E . AVLATCHLE &
DA e At 3 Ak S 500 VR AR i 8y TR
KL, T — 25 RIS 3 5 W2 F S I = B
SERN B BRSSO T R =
SEBR N FHZ B 2558, IF 2% IR PRI rh 1 2 2%
PR e IAh, (EASERR RIS 7 Il AL FE 4N
] 45 555 [DISCRN TG 3 A BRI B B9 EPS LA ]
o R S ) TR A 28] ) 4 5 o X By T T
SEAKHIE ST By 1], X FE—25 1 A e
EPS 7E 5 42 J& 15 Ye3h BRRTZE I [ i Ty LA f e
=9

2 AR, XHMZEY EPS ML . A RibL
il A K 5 1 4 R i EAERIL ] A 98 AR A HL A B
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