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Advances in transcription regulators of bacterial
exopolysaccharides biosynthesis
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Abstract: Bacterial exopolysaccharides (EPS) are widely used in food, pharmaceutical, and chemical
fields due to their unique physicochemical properties and physiological activities. Bacterial EPS such as
xanthan gum, gellan gum, and thermal gel are widely applied and favored in food industry. Transcriptional
regulators can regulate the expression of eps genes at transcription level to affect bacterial EPS
biosynthesis. Moreover, the regulatory mechanism of most reported EPS transcriptional regulators has not
been elucidated. This review summarizes the progress of bacterial EPS transcriptional regulators in recent
years and focuses on the research methods and regulatory mechanisms, in order to provide reference for
transcription regulation research of bacterial EPS.
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SRS R BERY, RETE R B R D B CE L
R AN LS e, RS L VA AN
BEMFAE EPS H T i . ARSI S TE &
w2 N

MIHE ML AL, AT EPS W] 43 Ay [ B 2l A
SRIZHE . AR M CANFREEIE . ) SRME AN SRR M)
TEMIAN B3R L, TARREIAS S, FE5E X
AR R OE R EPS M4 AL TS+ 7 Z2 Ml
B S FN 25 V8 ) BB 2 N AR B T M N B B,
SRR RRATAR . BEMEAL RGE . BEELHEA . JEER
(LI R g L NSRS SR R i A SR (RN A
G EEBRITIA B Z I . RE K
W, A EPS AMrA i eps FENFES I, fudE
PR BERPOE R . A O E RN
RA R LR, T EAFE T eps FERIFE AL
ML TR Song VLI T BEFLAT B
(Lactobacillus casei) eps FEHFFEF 3 A FEEFE X}
EPS Y& R e d . Xiong % SE R T RE B
HEFKTE (Streptococcus thermophilus) S-3 ) EPS J H:
R & LR AR 23 # . Kong 261 1F
SR ZH LIS B[RRI T REHEBRTE eps HEHIE
2 ANSCHEEIN, REIRS T EPS G, A
eps FEAFEMTRANI S AIRER EPS Y& e %
PR BEE T kA

S SRR IR o — R A B SR S R Y 2R
FRT, Z 5EAENBE . B A Qi s ek

x1 BEFERIPIEEF
Table 1 Common regulatory factors in bacteria

PSSP RN T eps FEDRFE AR LR (0] i 45
G, JABN eps BEIA HHE 5 S A5 I HR G SA8eR, T
JAPEANTE EPS MAEYA Y. (0 H AU An
EPS P o, HIRFENLR AR R, A
KIEARFIN) EPS WHEHFREFFSE . ASCFEEM
Y EPS a5 KRB 58y s AR B e 25
W, HRAWFEAEE EPS # kit s,
1 41 EPS Y aEHRRENTHES
& REEHLH

et R EPS R M FEh, e
B 0T DR A TR ) AN 2 A R TR AL TR A%
TS S A RRR M R a5 5, RB AR = P TR
FF 45 A HE L TR v X N R 25 A LS (RS A R
B, Motin", JEEEELNFGA, FEREEAR
A RIS G455, 5 EPS HEY)& MU UIAH
KER 1), WIES 65, JHEE T RNA
RA MR FF 5 7 B, X e g A Xk 5 Y
M RRIATIE/ YA . EPS sk R IR AL
H, AETE 3 RAMAYE S AN BRI R
gt W RGNS (GHSTIESF RS
1.1 BHKEE R4

RN (Quorum  Sensing) 221 1 K] F B Fp i
AL, RG-S 50 IR R R R L]
Z 5t EPS AWH M. PiAERA A EYIR L
B, BN RS, A S

Family Action Binding domain conformation Regulation function References

LuxR  + HTH Quorum sensing, biofilm formation, and metabolism [15-17]

TetR - HTH Antibiotic synthesis, biofilm formation, and osmotic stress [18-19]

GntR - HTH General metabolism, CPS synthesis, and virulence [20-21]

Lacl - HTH Carbon source utilization, virulence, cell activity, and carbohydrate [22-24]
metabolism

DeoR — HTH Antibiotic synthesis and carbohydrate metabolism [25-27]

ArsR  — HTH Metal and acid resistance [28-30]

LysR  +/— HTH Carbon and nitrogen metabolism, biofilm formation, and flagellar [31-33]
movement

OmpR + Winged helix Heavy metal, CPS synthesis, and virulence [34-35]
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SO R FFEN LI 4R 32K G A B
22 % R N B 25 {5 5 45 T (N-Acyl-Homoserine
Lactones, AHL)R% . G 4 H N EMEES 0T
(Autoinducing Peptides, AIP)ZR Gt MG H 55
53F AL-2 Z%:. Licciardello 28U Ep: SO I B
(Pseudomonas corrugata) 1 % B, 5 5 R 4
Pcol/AHL 1 LuxR ZE K PooR 414
MRS, VA EEIRAN A A . TE B AR P
(Rhizobium melilot)}', 155 &% Sinl/AHL 514
K7 ExpR AU BEAIEN RGE, JRTS TR Py ZFh
EPS [LEWIA R, BhAl, —Bedi i b R A7 7E
ZFORFIAE S FIRTTHLE . B, ZEELIRE
(Vibrio cholerae)"FA77E 3 FiZ L2 A F LuxO 1
FEANER EPS A BRI A P B 0 A AR Y R 5t -
CqsA/CAI-1 (AHL 225543 F). LuxS/AL-2 Fl—F
RAEEE S RGP,
1.2 XHPIBIERS

XL 53 72 550 S 4 DA 3 1 AR 9 AR PR B AR A 1
BE S TR, — Mk 4l & IR G 2 R
BOLIR, @ WA R OGS,
PSR IR (8 1P, Black %17 # (2 Rk

\Signal

Sensor domain

W (Myxococcus xanthus)P & ISR FE EPS
557 EpsW FI4] 2[R 3l DifE, EpsW # DifE 3
IR EPS Bl FestiiER T ResB 5
ResC MO/ 258, PR LuxR KGR H -+
ResA FL[EBTE KAAT I (Escherichia coli)JEfiZH
B IR kML R WAL 2F AT B (Bacillus
amyloliquefaciens) SQRY H {7 7E WAL 43 5 R 48
ResDE, ResD #{##Mf ResE ¥ & fe vEA: W
Ji, e EPSM VieRK (JF5 T VieR FIj
fif} VicK). ComDE (J##% A ComE Fl# i ComD)
A1 CiaRH (J#2 K ¥ CiaR FE G CiaH)ZE W45 &
GiAE FLIR T hR 2 WA A 2 AR A
AN, B AFAEAR SR EPS WU 3 IR R
45, 40 Minic Z % BUREHEEBRE eps FENFE Y
1% 2 BRI EpsD 7] B0E A8 11 EpsE, 845 EPS
H e AR ) FRIBEEEIRTA eps HERIFE FOC
I epsA Tl epsE, RERE4Em EPS G, Hr
epsA PiE AR A JARE D 7 EpsAl™. 1Ak, AT
FIFAAEELRY) CRISPR-Cas9 LM 4 RAfMT T T 0
FUFFEE LC2W w1 EPS ALY & Bl
e AETE AR SRR T LC2w 21707,
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Figure 1 Classical two-component regulation system
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AR TF SaRRE N Z A%, W
W ZIRME S N RIE G S, AEMAME A
FEPS J3ilh. HHr, P59 (c-di-GMP) FIERE
PR — MR (c-di-AMP)ZEZH TR EPS W% 5 A I
Schiper 4 MO17E #5 A MR v 46 K399 141 (Sinorhizobium
meliloti)"F &P, AraC FiGEHEREF CuxR ) H
RAE c-di-GMP RYFEF R IR0 EPS. GBS
JIE(P. putida) KT2440 H1, c-di-GMP #liil & $: K
T FleQ 5 EPS &ML bes B TRIZEEN. 47
LB PRI (P. aeruginosa), c-di-GMP #ii] FleQ
T EPS FEFE I pel TENIIZ A FERM Fazli
g W) B P o-di-GMP 76 37 A A1 58 B /K 4
(Burkholderia cepacia)™ i 13 55 & 45 R 2 K
5 EPS A : c-di-GMP B 5ii% BerB-RpoN A%
il berd 4wt P 5 [N F BerA, BerA 5
c-di-GMP 454, ik EPS & 3L bep et 3515 .
HEKE B AMEEENR c-di-GMP AH, i
A RIETEME R H A T 08 c-di-AMP fERIEY
EPS ¥R . TERRAEERE Y, c-di-AMP 552
RFE ) CabPA MIHAEN, S2MmEE %A F VieR 4%
EPS GINH CHEEL N gofB (5 IS AL e RS i)Y
FERPY ) [RREAEAS IR BE BRI (S. mutans)H', Cheng
22518 Rismondo Z5021% BiE ¥ F CdaR JE#
ARG CdaA )G, IRl c-di-AMP S
W28 S AL RO AT EPS AR . 4 B (A 4
BKTA KdpDE MU /3 R4 A AR KdpD
J& o-di-AMP ZREN, S5 EY &
5 A MIRETE
2 I EPS &M FRER T MR
ik

TERER R B, bR R A
JEEE 1 BT-DNA AHEAER . AR R 5 WA
Tk R HAR B S AR 20 B RYe a5 F e UUTE |
DNA SEFZMHAFIEE MR S I 7E AN & EPS 4

PR F T o e )
21 REREEFNE

e o Jiw e % UL 3E ¢ R (Chromatin
Immunoprecipitation Assay, ChIP)7EANIFFEIE$E
7 -# DNA #HEAE M, 565 S T
(ChIP-on-chip)al = i f:0 J37 (ChIP-seq) &5 &, fEHE
B 0 BT 240 T PN R IR - R RE DR 6 i, MR A
FekVEE ML, Partridge ZEPUF ] ChIP-on-chip 43
Br A5 ) K B #F 0 8 #2  F NsrR 9 45 & i 5%
(AANATGCATTT), %L AF1E T A & & HE A
mqsR-ygiT WA Zh+ X3, WERE EPS & .
ChIP-seq HAHFEVD TR (Salmonella typhi)5i&
25 M 0 R4 R F- OmpR A EAE A S, Hf
16 gltd (FPEPRGTEIE) . sdhC (BRI A I
VR tvid (Vi ZHEA0)6 R R )3 24~ 5 EPS
FE A B SR e P, ChIP-seq
WERH A /i o 7 AlgR MY E IR SR N A
WFIBE SR F3RIK, iLREY c-di-GMP A EAEH]IR]
PR EPS AR R
2.2 DNA FEMEHHEA

DNA SEFZHTRE /T B 55 E DNA P AR
HEA, FIE eps FEF G 3+ R Bl SR A
(g EPS PN F0 . wu PSR i 98 4 BR TR (S.
pneumoniae) D39 H1 ] S"EYI R ALK TR LA
WA ST cpsp RN, LR 2] 6 sk a5 Al
T, M CpsR il 24 G cps FEINFERHLIE S 20
M AW 6 B o TE 4 0083 44 BR 1A (Staphylococcus
aureus)'™P, HEWFEALH) psm (B PR H 5
. 2 5 AR ORI T- 25 FZE B 0 18 1 4
FHEF MgrA, MgrA il il psm 223588 A= Wik
Rk, WELETERE EPS AR, 1 St A
M R fisZ I B XEUCE RN AR 2
BT LexA, st DNase 1 il i H
DNA Z545 L5 (LexA Box), M RAFETZ4
EPS £ L L,
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Table 2 Advantages and disadvantages of research methods for bacterial EPS regulators

WH5E )5 (N Bers
Methods Advantages Disadvantages
RN BEL i 2 6 IMRIEATFE DNA 585 FUSTAHEAE T, Frm i A REE S WHA NS, RREFERFS, g —
EMSA Rapid detection in vitro, strong specificity Cannot reflect the situation in vivo and identify the target
motif
DNA 45 AR AR E T AL R ANREEMABLVE L], &5t H A2k
DNA microarray Effective determination of downstream target genes Cannot directly reflect the mechanism of action,
expensive and high analysis requirements
T b} PSSR i DNA-ZE FUBAHELAE , SR AL M RTIA 3T 2 R B4 2R rh v A1
Yeast one hybrid FE i Low accuracy in the non-yeast system
Identification of DNA-protein interaction with
folding and modification of protein precursors
et B TTE LA 7% DNA-SE FUSTEAAR N SIS FTIE GL , o SRR 3E LR et 2 sehifds s IR 8 1 it R IR B ol 7
ChIP SEEEE A e AR
Determination of dynamic action between DNA and Difficult to obtain specific protein antibody and limited
protein in vivo and identification of the binding sites sources of specific gene for regulator
of target genes
DNA SEFIZEHHA T mRA Ry, PR, IR AL L85 = I N B A | R e ey
DNA affinity High purity of active substances, property stability, High requirements for ligand and inevitable non-specific
chromatography and simple operation binding
RNA-seq SILH A AT LR ek 25 5T, il . AP7ERMEAR RNA 2, SRR EWLALAH BT
HEE M. KBITEE Ribosomal RNA interference and cannot directly reflect
Gene expression differences at the genome level,  the interaction
quantitative accuracy, high repeatability, and
wide-range detection
UL ENEZR %N A PRGN | 2 A ZSHFITE PR E Wk A A SC PR 14 75 e R 1% A P PR
Phage display Fast and simultaneous test, stability of protein Limited capacity and genetic diversity of phage library
structure and activity
POLR BT BB T AR TV SRR 500 | (R0 , (GE T4 Sl Ay, el s il

Luciferase assay

AP

Biolayer interferometry

P TRET B A

Scanning probe microscope =

BRI BEL s S 3
EMSA

RIS 734 A5 5 e i

Strong light signal and SNR for promoter-regulator
interaction, multiple analysis of signal transduction
pathways

MG TH SN/ TIRAHEAR T, REUE FEARGEEZOR™ S, 52 AR g S
B, EAAERLK

Detection of molecular interaction based on light
interference, large sample size

JEFG o HRARGIN R N - SRR A, iy ARSI PRISERIE AR S R R, AT TR AS i

Only suitable for transcriptional activation detection,
inapplicable for transcriptional inhibition

Limited sample purity, and easily affected by non-specific
binding

High requirements on test environment and sample purity,

Detection of DNA-regulator by atomic resolution, ~and unsuitable for large sample screening

high accuracy
PRSI DNA 528 S0 EAEF , Fr Rt R N RE R SE S A ST, ARERfE S5, 45—
Rapid detection in vitro, strong specificity Cannot reflect the situation in vivo and identify the target

motif

23 EARPEAESRIE
E ¢ BH 4 52 36 (Electrophoretic Mobility Shift
Assay, EMSA)A] D EH W B /R EEHE TR eps KA

AR EAE, RAEUE S BT . Zhou 251M5E
i EMSA IEB K F OpaR 1 AphA 5l i 5K
(V. parahaemolyticus)JEfEZ MR cpsQ Ja sh T
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XA R kg & . R EMSA IERH 4 Ry
+ CopA BB S REEIKTA cps Ja shF X IRE 145
&, SRR EPS, B 7 NigR £
EMSA £ W A] R SRS & AT SRR A Hofi e 18 FAR
PHARSCHEDN, e 4n T EPS®,
3 HEfRE

H AT 20 EPS % s id #E b 5841 A R 1 Ry FR
PE, CHREREEE 2L DM REERRE . 4
0,75 250 R AT ARV gt 150 P AT S5 ) R ) B0 T
B30 e LR . MACERUT R (B. licheniformis)
FIUAL BE 2F AT B (B subtilis) %5 25 HE B AT 4
TN FLSE R 22 SRS AR N, RS
ZHERE N T RRE R . Ak, AN PR
i EPS W LE s A A B R iR A g . i, 7
FUFF B b & BUA RERH IR 1 17 SerRUVORI#iX
I 7 JEE R 3R 15 IR 7 CgeRYMVATREYS EPS A:M14ik
MK, (HIFRELIUESE . FRATFET B FLAT B g A
HERRD EPS # s se b, FIHH eps JashFIX
5 DNA SEFZHT 2N R R v e A 4 ]
T, A AREEE TR R UE S EPS & ARG
AR T, BIET A EMSA 1 DNAase 1
Footprinting 514 PN FA SN AR Ty itk — 2 UE 52 A1
WFFE AR . BRI . AT
ARAEHET B AR 5 722 07 i
EPS A F0F5T, A % 0 2258 80 00 40 i
EPS J#EE T, NERAMEHT EPS A9 i M
2K BEE SR
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