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Abstract: Extracellular polymeric substances (EPS) are high-molecular-weight natural polymers secreted by microorganisms into
their surrounding environment. EPS establish the structural and functional integrity of biofilms, and are the key component that
determines the physicochemical properties of biofilms. As the basis of bacterial life activities, EPS can provide an ideal
environment for chemical reactions, nutrient capture, and resistance to environmental stress. EPS secreted by bacteria can benefit
soil functions through its properties (such as adhesiveness, hydroscopicity, and complexation), e.g., increasing aggregate stability,
enhancing water retention, and fixing heavy metals. Therefore, in-depth research on soil EPS is key to better management of
biologically mediated nutrient turnover and soil health. To this end, this review first introduces the concept, components, and

controlled factors of EPS, and especially emphasizes the interdisciplinary consistency of the term EPS. The paper then
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summarizes the soil ecological functions of bacterial EPS: 1) Act as cells’ protection layer, such as preventing cell desiccation,
maintaining the stabilization of extracellular metabolism, and affecting the adhesion process of cells on the solid surface;
2) Regulate biological response, such as assisting the symbiosis between bacteria and plants, resisting the sterilization of
antimicrobial compounds, and influencing genetic material transfer; 3) Alleviate abiotic stress, such as enhancing the
water-holding capacity of soils, improving salt tolerance of organisms, and adapting microbes to extreme environments; and
4) Improve the overall functions of soil, such as driving soil particle aggregation, promoting soil aggregates stabilization,
achieving the capture of nutrients and extracellular storage, holding heavy metals and reducing them by acting as electron transfer
media and electron donors, and adsorbing organic pollutants and accelerating their biodegradation. Finally, we suggest future
research opportunities of bacterial EPS in soil: a) Promote the specific extraction and accurate analysis of soil EPS; b) Clarify the
relative contribution of EPS-protein and Glomalin-related soil proteins to soil aggregates stability; c) Evaluate the relative
importance and correlation between soil EPS and other soil health indicators; d) Consider the benefits of bacterial EPS for the
research and development of novel biofertilizers. This review calls for more scholars to pay attention to and study bacterial EPS

and its functions in soil ecosystems, and to explore its potential application in the development of environmental-friendly

agriculture.
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Fig. 1 Conceptual framework of ecological functions of bacterial extracellular polymeric substances ( EPS ) in soils
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R E B RFEE ST, IEB T EPS-2E R A PR R A
BYF EPS 76+ HER A B B

We B A EPS BB W Wy R HLAfor , TS M 4
Yy URL Y A1 47 N - Chen 202 % BLZE NaCl Al MgCl,
W, BEiEC EPS 20 Al o0 Vi 5 1R A 2 12 a0 AR Ak
WORLATHE, WAE CaCly %W i BERR AR WA ) F o5
BRB ORI S, EPS 5 Ca® UM REME R A B T ks
HIR ., B3 EPS B4V 38 R BRI 4 I 2 14 433 4
25 [R5 BELR N o ARG 48 Ak A 9 1A SR %, T Vg
FR AR AN Ca™ 45 4 W38 i 4 A FOURE A 11 38 5k o150
EPS-Z Ml {2 g0 K ki AT 5, 1 EPS-28 1 B A7 B

T a) BT MEQENE YRTMEYRETEALE; b) SR &A R EIY 200 um JE B M4

) VURRE R B BRI

) EPS /K J5 SEM [E14 . Note: a ) field experiment for microbial inoculation on mineral surfaces based on mesh bag method; b )200 um

nylon mesh bag containing biotite minerals in this experiment; ¢) SEM image of microbial EPS deposited on biotite after dehydration.

Bl 2 w4 i e SR EPS iR

Fig. 2 Microbial colonization and EPS deposition on mineral surfaces
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Tak kR E Y EPS X4 Uk A A R R %
PETFIRR pH. B THRIELL K& EPS #JEP, EPS Bk
A DAFE YA R AT DUE 4 R, R 2E f
VE R A 23 Ta) 4 BELAG N, JF 32 500,
52 REEFARKIRE

i )+ HE AN EPS 4R B EPS 4147,
FHATH EPS 5B RMEE R R E kK, AR
J& ( Bacillus ) FMEPEE ( Pseudomonas ) J&=#x
JIE JEV UG BT 4036 EPS FITE J8 A S %) - 3 4 g 1241
AR AR MR ( Pseudomonas putida ) GAP-P45
A v I R AR R E M 50% LA 1P TEis A o
BT, A EPS a0 i UE A 2 AT IR
( Bacillus amyloliquefaciens ) HYD-B17 , HBAK ZEf T
W ( Bacillus licheniformis ) HY TAPB18 FlAf & 24
FF ( Bacillus subtilis ) RMPB44 545 T 4 1[4 3R
Ay fa e PN HYD-B17 BBk e oA S ks
R AR, X LLb kL AR A Y M RE 25 S BT
EPS 41l or AN, I BBk 7 e mbn ) R
WIS IR T AN [F A5 EPS 20 43 1 8 AR ek
RAROR o AH LG T U SRpE A 1458, ism i i
JEE T LASE N - S kL 22 6] A 25 A s R, TR E b
SREEA DL N 2% i TR A R VE T, PR 2054
P 1) 22 5 e FL AT RO AR TR A SR ) 8 i o J R
4 B R A R R AL RSk g M, sk
o1 AR ALBRZE M BB B, ff EPS 5 X
AR ) UKL ik, 1 T3 I BURR A AT SR AR Y 7T i
P Cheng %P ARk -1 b 435 7= A4 EPS 1y4%
MR ( Pseudomonas chlororaphis ) A20 Flf#
HH AT E ( Bacillus proteolyticus ) A27, MHR T
VS IR A B s EPS A - e A R AR AR T 1 5
e, A VS T P TR ke A4 320 9 v KRR PR R AT 2R
AR —A5 LA L AL NSRS R ST A20
(9 EPS, BSANFEEE 1 2R AT IR A27 Y EPS i A
RUCTE R eI = o R, 430 EPS A9 340 TR
X AT SRAR R i A AS e DA S - R Ay el st B AT B 2L
B

Tyl T —S0r k2 ny e, 14 EPS 52 2
MRAR Z 156TE, 139 EPS B 2w /E N e H R Ik
R PR P Ar 2 — 4 100 S i ) - e p S in 45 Fh g
A YIRE EPS B, 0 o~ A0S . Bt FLME T
. DNA [ilg 1 D7 i, 445 ity T Ak 34 RS 1) 1 398 64T
7 A RV BERR R AR, DR S ASORL A LA 1) R

BN, e PLBAL BRIE I T A I ORLA HILT ) BRI
FW] 118 EPS A B T UK AT AT 5 7E A R AR
199 Redmile-Gordon 510N % P + 338 a] $2 B AY
EPS 252 Y A sz, Jf B 2R
RIEWMBRENES EPS-8 A BT & &t Z M A£ 75 B4 Y
ARG o Sher 4510215 s il 22 5% 33 A [A) R B, & PR
WA B () oA o] DA 3F - SRR A= ) 7 A= EPS-2
Wi, BJE Zoeg e A Hr fum A o Ar 2B, 148
o EPS-Z W i 5 B R ARE M 2 (R A7 AE 1E A7 G
KR, ZHG AR RS T TS 4R
HET —FPAE I i BEDL o Zethof U IS T2+
B FA YR ST A RIS . -4 EPS & E
T A RARFEE M2, % S P AR 8 43 b ) 44 it
T Rt AR BT, R T AR BRI A
KL EPS A i, AR WIS Z B R 2R A+
BERE TR B K s - HER AT SRR B A EPS-Z 0
i [ 2 AR PR 2 BB e o B S Sl A ) 25 O
Braftot, M B & BLAE ) 7 258 S5 EPS- 205 & it
/ey A+ e R 2 [ AE AR IE A OGS RV, 3 EPS
21 4% P SR AR R P ) DR R B T B ER T - R
Mo bR H O SORAR B S RS . LA, T A5
TR T R W], R 2 A0 PH S 1
EPS j~ it FIEkZE EPS 454y, i — D145 1 14 EPS
Sl P SR AR Ay s 1 RT3
53 BREEFRS

AN - BEIAEE i () A R i ) T3 E FR A
EPS fZE Ay LW, EPS A] LU AR AL 728 559
U109 KR EPS FEA /NG S AT FHIFE SR
B 2% 2 T 4 AR e TR R RE RO, R, %
#| EPS WY 7r 745 M lL#IE 2%, EPS WY 58 2R A b 98
B PRI, eI SZ R BT, AR
B ( Rhizobium ) NZP 2037 ] LRI H & 431 ff) EPS
B e — o ms JR U7 22 R AT R R B R
AN 2l o W) EPS-ZE (A A AL
AT “RAzIE” P AR 43I EPS AT AR — Rk
it RSN SRS, (HAR AT WF 5% OC1E EPS 7R
ZRVE SRS B A ORI ET o FeUE [R5 b
ICHAR (SIP ) AT T 451 [ fi# EPS HIUAEY) . Wang
2GS F ) 437 2 A i BB DL I [ 0B ( Beijerinckia
indica ) ) EPS, WZEH| EPS W WK% Lk 1) 40 14
Ffb, JLHZEZERER ] ( Planctomycetes ), Costa
LUK Acidobacteria Granulicellas HRE WHI15
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1) EPS AN & 4L K, fdi ] SIP AR Z5 5 7% H H 4l
HARRE M W5 A% EPS BT WI R FTRe, JF4
FE AT K A B Y T AN B RE S . WHILS TRPR
EPS FZPVFR W] ( Planctomycetes ). JEHEET]
( Verrucomicrobia ). T#£# ] ( Ascomycota ) Fl14H
T ( Basidiomycota ) 47 [F] 4L eah,
TG B FIH EPS AE M —mili i 40 e, ik
T EPS YEf e H AL P Aoy i (v e A gt 1,
54 EHFFEESE

YT 2> 6K EPS W] DL 5 XoF 5 4 Ja 1) W o [
Fro KEWFFEEHETT EPS %48 B 1 09 A 1wk i vk
UL D Ry T A T T Y - R A T A W s AR A
S . EPS BTy AE Y W B e 1 I3 BT
HREH, BIanREL . IR . Hidk . MR HSE,
e 5 PHE T Z )= AR B s 5 1o AW
N EPS ‘H gl 5 & @ Z Rl ZFpLi], A4E P sk
Bf . BFscHR . A MUTIEERES P EPS 1
SRR AR I SEA .. 2R E
AP 1 EPS S H 4R Z A4 AR
Frgg A oom BEAR L, B E Langmuir ¥
Freundlich J5 #2200 [Emf, 436 EPS 23 M Fff £
TIEG YR, Y E e E SR RE T .
Mikutta ZEUESE T POYT, Cu® Rl Zn® e AR 24
¥ ( Bacillus subtilis ) EPS-JiHE + /K0 B -5 Y
AW R Bl A s B PR T EPS AR T
WA AE N5y, T Y467 EPS 3 7 +
Xof B 45 Ja ) W SRR R R % s KR AT e R b IR P
T EPS W srF R4l flE P 4lsy, JF B XKk
W B 4 J B A o EPS-ZK P T T ATk
X Hg (1) MR EE ™, EPS X S AL 4R me i
Zn WL EA pH HOBME, I H EPS (155 M
FLAE i AR v 2 4 RN, Nkoh 450V % B
AR EPS Hehn 1 LS AR I B9 OB AT, 3
X Cu® il CA> MR BB, #e ) Bk
A Iy DA K 255 1 X6 Bl 1 0] 722 W ey 80 o 4
JE WL, PR, -3 EPS A A= 4 W BRHAE FE B 35
Mol 5 o 452 J& B4 T o

YT EPS BB 25 P R B AR HI AT LAOR37 4 i 652
A B E T, BT e Cut Tl R e B
B ( Pseudomonas fluorescens ) ) i I IF i 41 it
R AW VAR, 21V U) = B =R VR O 8 AN ]
G EMa S T A EPS A RRIERIL

AR R Y 25 S T EPS BYAELERS AN T 40 i %
SR M 2", SRRk, BFE A B EPS LR
FAL A A L PR EPS 0T L 2o 2 45 3
HE G R BT (AgR Au™) W R TC R 40K ik,
M REAR T 42 J8 B F 1 A= A v U224 Bk
Zhang U515 3 EPS 25 i & THUBAL R UTEE, I
SHEOT T A Y AR SRR TE A, DA T i
TR R HOR AR o oo o + 1%
EPS 94 A +3EAfLTEHrZ —, Redmile-Gordon #l
Chen!"*%V % B % 1 +- 1 v 40 338 i 40 W EPS-Z B
TR PRI R , VBN —FP R Xt Zn® Wihae (9 T 52
Ll . 208 M vEAG T 5 Hi5 Y + 58 rh 4 e
BV 2 & @ prtE e ke, R LI n]
W Jr i EPS-ZME M EPS-ZE 4 i /E N BixE Cr il
3 1) g 7 5 g 27
5.5 WRBHIBEFRBHLITEY

HNEH EPS [0 WA REAS A 3L A HLTS Y IR 1Y
8 77, EPS A SRk LB s K &R, A F]T
i 1E /LA (A LTS Y Bt . A L IR R kT
Peyte L HER A Ariz . R R AR R R S G
FEHEAHLT A EHE R, £ EPS HEN
JEAH A e R 2R T OREE R BG4l
RO ) D) ELAT R BE AR U201 EPS 1 —Fh AR
FMIEER, REUSREACR Mmoo A A sk A, Mo
BEA PTG Y B . FURE R AR . A
Lt T Tween 80 %54 WLARTHING MR, HE P EPS R
WL AL IE P, e AR PR EPS AR
TIEZS A LTS G et B SRk s 4 S5 4h
Mz TRl R, ARl T el T 25 A e e
Yy Wi it 22 38 55 JR N R AT 22 R AR s 5
A, Hh EPS B4 T MER 1 25 R 1 AR R B
I T 2R TR A YRR EPS ST IR
] ) AH B AR A R R G R, P ss &
S Z KA EAE PP, Han 07K 1 4
Y153 52 AR B R 2 A 1 v P IR L 45T
A Y R IR S R X AR (a ) BE IR BN A 9 2 fi
MRS, BFFE 25 R, AR MR A R T
AR TE AL, It H A LA L 0 AR 4 i A TS
W) EPS B, Mk TR (a) BRI,
VFZ R A v S A 7= A ZL TG EPS 1Y fig
F1, NI R A B 5 A HLYS YL R B SR AL T VAR A 10
A EY,
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6 ZiiHREY

+ AN TR B 40 R — R IE N A A R B ) OR
W&o AP EPS B3 WA — R i i IR EE | ks
W, AR AL 2 SN AR A4 20 i 7 36T A A i
B R AR R 2R 0 HE R 4 A EPS
S EZREIR A Y, HIOBe I T AL 2544 .
EPS W] LIAEF + 4 PH 3 | st 4 498 0 i RN T 4 4
HE 7. SRR AR R D EPS 16 AT Lok S5 A8 9 A
A PIXF SR FOK A R, NI A #8 F B 38 -iA:
Y-REY B REAR T RE . RN EA BRI T fg
Wy, aE R S g A W B R R ek k3% EPS
FILE, Bl RS R 2 b Al % e

EPS JE—KE M AYREY) , WIS |
PRBE T BE AL 5 B A AR N T, (HIA At
A5EH 5T T B EPS AR A R A 5
JIT ¥ K () R RIAR DG ML . RIS, B EPS A9 & R
FRAE AT RE S RIS TER N A, o R AETG
WERABSE . - W R HEAE I $E T4 i
PUARAL S A Fr B R 5 RAE ik (I mg3tdR . 7
TLHMERE . WOCIL R A B A B . BT
ML e . OB H LR E DS . RoE R R
PREF . K TR F RS EOR | L AR i g 1 ]
JE LR T 3 A R A AR A B R A ) DL R S U A 2
ARG A, W2 EER EPS M4 258 st %
PEE, e &R EPS 78 1A S RGP T RETE
Jio i EHEEFREE N, EPS [17E A T RE Bk &
5 kBRGS0 EPS X 3R 43 A7 A AR Y
T, SRR L IEA D ELEE M NSRRI, R
HR AL 2 4 OR3P IR 5 M R 4R AL S s 5 i 4 o

+- 4 EPS MBFGE IEAL T AR LIBT BE, LIF
SRR A R — 25 BT, LIS HEXT + 38 EPS
R LA -

1) EPS Bi/r i Hfb i . wifb 148 EPS Je
A5 EPS-Z 4. EPS-FR Al EPS-Z LM, nf
LA i) Y F00 2 A i 1) A 00 B 2R R X BRI 2% 14 1) 35 7
Mo IR RNE R SR R S I R S AT
T EEN LAY EER, Bl TR X
Gy IX e ALY R SRR, DT ME LA A 1R 2+
SRR 2 il A ) J 135136 st A Ak W SRR YR Y
RO 20 R ZARAT R BELAS T 2450 - e R R e
AR E— 2 X AL R R . Rk, t-4 EPS

PR AR 7 A i BBCTRION YA 0 B Sy JHL AR A O ) A 2 (LA
HagEbs B R ZI4E = % EPS 5+ 56
Z[E] Y G HR A

2) EPS-H A 5 ERBEHE R M C - EHEN
( Glomalin-related soil proteins, GRSP ): ER% 5 2 &
DA R L AR R 7 ) . GRSP 4 BT v
HAFEBH A, BOXT IR T A R +h 92 vl s v 45
G K AP BRSO 5 o 120 B B SR U B
WA A 5 T 2R R A e i Sl LR A & Y, OR
KAEIE GRSP ZRIFFE IR I SCIBRAE ), R,
TR T A A, IR IR IO T AR P
WA R IR LT, 22 A1 — 2PN GRSP &5
T RAREEN R CRATGEIHRE T 145
EPS-Z [ T () 47 3L 42 B 2% Redmile-Gordon 457!
RI EPS-HE B AT SR AR R 1k i v FE SRR T
TIEAYUTIEL EPS-Z 4. R, B EPS-HH LS
GRSP % 4 3 A F AR A M A X DT k2 221
A BT 515 R TAR S R T 0N R 5
PO 38

3 ) EPS VR HUS Ay H I R FE bR . T Ak
A= 0 L PR 15 G AR AR AT 8 I3 M B By S D o,
— ARG B 752 R IR ( Cation exchange resin,
CER ) JAHEHC 4 EPSPO, %)+ EPS (AT,
AT AT AE A S LY AL
(] 1) 2E P Py BRAR 2 ST ok A, 4 TR BEUE ) G A )
S AL, HfEE A3 BPS &R — U A=
YisFdehs o @UCK 3% EPS M8 b BTl & 76 1 3%
AL Ak R, R RSl R R AR bR —,
JEITAL 58 EPS 5 Ho A - 38 £ B 48 A =z (] ) AH X 32
BEVEFAH B OCHRME |

4) EPS #E3l B A W NERMIE &« 3 BEAf H Ak 2
NERHRIA 25 Y PR B G 3, 38 i A& B ST N B
FRBAT R SR B A7 1. LR A DL R
B B0 R s A I R 25 1 R T A RO, A
PLUIE 53504 M2 b 0] B 45 6 7T LASR 37 43 0T el 1
b R T G 7k | TR 2 0 S 1 e s SO (E R /L1
SR B CE A AR A, SRR RN B e AR
Wyt R BEAE TG R . 5 I8 E] EPS X - HEA P A+
SR IE s2 00, AT AR EPS X Ak W B bk 2k
Iraudt, sEmE s ALE YA PUIE . EPS BEREA AL
Hb A P oA R AE - S P B E S S A, CRE G
F IR R R AR R TR Ry KRR A
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