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Abstract: It has been revealed that bacterial small non-coding RNAs are post-transcriptional
regulatory molecules that tune important processes in bacterial physiology, such as the
metabolism, virulence, and antibiotic resistance. In this paper, we review sRNAs’ regulation of
bacterial virulence and antibiotic resistance, which is of significance for revealing the
post-transcriptional mechanism of bacterial virulence and drug resistance.
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YRR RNA T 530 2t RNA FIEE 4
iy RNA (non-coding RNA, ncRNA), S51EHEF
o BRI 1 2 RNA AR, AESifS RNA R
Nz YRR A AN A B AR A Bl (S
DNA H¥Esk 5506 . BRMERB S %, H
MEBEZEYWERNC ER T TAERDG
RNAM, 5 EAZ YRR, 7RI A Y 2 R
BERNWAAAE— 2L E 4 fS RNA R B, #FRIEE
gmfil/N RNA (small non-coding RNA, sSRNA), M
B S I KT 52 i DA% A P 1 A A DA R B0
TR Y 25 T RIS 2574

1 sRNA

sRNA J&— R FIEZ AWy, K5
HHETE 40-500 MZITRRZIH], H DNA Hs{H
RN E R RNA 4372, sRNA 1% Hiiz
T AT L ] S 22 1) %) 11 G e 370 B S i
WA /N mRNA 13k 350k B 3Bl B IX
BILIT R, X2 sSRNA HAT 5 A A g A= 12
hee, ARPEERPUR S 3 28, gk 1
IR

2 SRNA xt#HE & 5 EEEH
KB Rt R

H AT, 4R I A Y K B sSRNA 17
T, 1 ELIE AT 22 P 42 76 5 53 e /KT VR 4 A T
T KB
2.1 sRNA F{FHEESERRIAEWEH
2.1.1 KBAFE

KIaFF 1 (Escherichia coli)f&—FiE i A
Y, d2 sSRNA Wi w24, HRTE M
HRILT FEA SRNA, M HEZHS5 T Knkt
BRI 57 1 S B0 PE R R o KT T BORRA A7 RS

#%(carbon storage regulator, Csr) R Fuls K HT
(B AR 5 A A B Bh I Rl kY, IR R
[ CsrA /& Csr REGHyH.OAH M, REUEIHEIE 5
WA B A REAERY | AR AR AR AN
BE M, EEMEREEEREEN, W
sRNA 73 CstB/CsrC BB 11 S 15415 CsrA 25
FTATE P, DN T 4% K e ) Z R SRR 2
e Ha 1

X TR 2R Em AN = S S R
JLRE TV VIARSC, BREEIUR Y 8 1 (ferric uptake
regulator, Fur)/2& 21 [# 55 2 A9 5 ) ¥R 7, nla
AT SRNA 55t , 4Rk 42 20 B
A, W ANRE PR/ A [RLR S IR OK
TERBFFE T, sRNA RyhB &5 T #F 50017
¥, EBEH%EMT, Fe¥'-Fur &5 rvhB 3N
454, Wi RyhB (%658 ;s ARG SEIF T, Fur
B P’ G R 20EE, rohB LR M %
TR ARRR , 5% %45 3]0 RyhB 5 Z R gntidE 24
TR E G HR mRNA 45455, 55 RNase E
R 455 1) mRNA, DT AR R FF T 0 8k
BT SR AN AR, 3 e HO i 32 PR PR B 1 34 )3
PEUCL, AN, RyhB 30X AT 1 14 2 A AE ) H.
HREER, WA AryhB 278 RRLE/ NS
JHlE P 0 B ) A D e R A B R

PG EE K (Shiga toxin, Stx)F& iz H L1 K
}#F 1% (enterohemorrhagic Escherichia coli)ff)
BRI F-, 4ok Stx1 Fl Stx2 BiZE, Al H1E 3
211 O R N> NI O R =
(globotriaosylceramide, Gb3)45 4, i ME{A 28S
rRNA 3% i B ERS , S E L, M
IR EANMEAET; 1 sRNA StxS BE#SE
stx]B mRNA FIREME VRS G0 w456 T il
B, 13 Stx1 G BT I 67%; IEAh, StxS i
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Tablel The action mechanisms of various SRNAs

B S A5 YE IR 275 3k
Mechanism characteristics Example Action mechanism References
B HA R R IG 1E M1 RNA 5 RNase P IGHELLIE 07215 (RNA il (419 5 5] (2]
Self-special activity As a catalytic subunit of RNase P, it participates in the splicing of tRNA
precursors
tmRNA [FlEF H A tRNA Fl mRNA A5 6E [2]

Both tRNA and mRNA functions
4.5S RNA  SHZWERSE G, (O BHEAS 2 i 25 15T ) P J5T I 50 400 1R 5 5 2 7% (3]
It combines with ribosomes to transfer translated proteins to
endoplasmic reticulum or bacterial plasma membrane
S E A B EAR RsmY/RsmZ 45 RsmA #1456, FEAE RsmA XFIHAR mRNA B 940 i [4]
Interaction with protein It combines with RsmA protein to reduce the inhibition of RsmA on
target mRNA translation
6S RNA 5 RNA RAWEST0)ZE A AR HyG v, W0 40 = 78 & pH 3R8E R 417 [5]
Wit Fe [ pspF 15 5%
It combines with RNA polymerase (S70) to change its activity, thus
inhibiting the transcription of pspF, a gene necessary for bacteria to
survive in high pH environment
CstB/CstC ¥ 5 EF CsrA B A, WIS BWEE WL & [6]
It combines with the post transcriptional regulator CsrA protein and
inhibits its binding to the target gene
5 mRNA FX 454 PrrF EBE A Hiq EAWEIEI T, 5 antR mRNA 2545 506 H %, [7]
Paired binding with mRNA DN T 35 5 ) 2 A B L T 98 A 8 1y 2 g PR 1) 7 A=
With the help of the chaperone Hfq protein, it combines with antR
mRNA and inhibits its translation, thus regulating the population sensing
and virulence factor production of Pseudomonas aeruginosa
STncl50  SEUGIEVSTTIRE 1 fimA mRNA 254, S0HIILRIRE, M40 [8]
ARBET)
It combines with fim4 mRNA in Salmonella typhimurium to inhibit its
translation, thus reducing the invasive ability of bacteria
LhrC 5 i B B A ST R I W A N T 9 R B 2R B9 ap B mRNA 45 [9]
CEE (RN 2 N 2 (1 N R
It combines with /apB mRNA encoding the adhesin required by Listeria
monocytogenes to enter non-phagocytic cells and inhibits its translation,
thus reducing bacterial virulence

RyhB £ mRNA Fexf, ¥pB) RNase E FEfF45 4 mRNA [10]
It pairs with a variety of mRNA to helps RNase E degrade the combined
mRNA

Spot42 5 galE mRNA 254, THE galK FEFE M54 5¢ [11]
It combines with ga/E mRNA, thus interfering with the transcription of
galK gene

DsrA/RprA 5 rpoS mRNA 454, SR HARRG SIS, [EHE B, MM [12]
Wi A A T ) 25

It combines with 7poS mRNA, exposes its ribosomal binding site and
promotes its translation, thus affecting the virulence of Escherichia coli

OxyS 5 flhA mRNA FCXF, B P AL RS & G0, S R [13]
It pairs with fTh4 mRNA, blocks its ribosomal binding site and inhibits
its translation

Qrr 5 luxR mRNA 254, B HAZBHRSS G005, WHI R, vim [14]
A e B T N —— Bk 22 R R R
It combines with /uxR mRNA, blocks its ribosomal binding site and
inhibits its translation, thus inhibiting the expression of basic serine
protease, a virulence factor of Vibrio alginolyticus
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AT SR A IR B JERE D 6° S'UTR X LA 4
G HEMBS R IR, 15105 P R e
ABEFRIE A K AR E AN T 20%,

DRSSO (uropathogenic Escherichia
coli)H1 ) sSRNA RyfA BEMSIH 13 #2540 74 1 B A p
RUG A G G 8, DT 5 0 HLAE IR 2% v 1)
JEFHRE ) 5 LI REH], PREGECR R 1w
) AryfA BRI IEAE /IS BB IDE AT IR P A9 7 2%
S TR Z S AR AR 1/146 F1 1/10 0001,
212 EFRBRE

B 23 Al B TR (Pseudomonas  aeruginosa) &
— R UL H A A Tz BT , 7E B 2R B A
BBk P B A E A R, i RER
Ok 2 B 2% NG A B U W4 4
GacS/GacA RUZH 43 2 8 % il g Al B BB TAT 1Y) 75

LadS

Transcriptional
activation

GacS |:> GacA —
(Phosphorelation)

RsmY
RsmZ

Transcriptional
repression

RetS

1 GacS-GacA-RsmY/RsmZ-RsmA/RsmF & JiFIEM K ~= &

ZoCHEZ, HEgWE T EEERAR . BN C
F AprA B8 1 (— PR 28 11 ) 9 5 1 e 40 T
TS, FIRTBEER LAY GacA #i% sSRNA RsmY
RsmZ 5%5%, RsmY Fll RsmZ 5 #FHM & H
RsmA } RsmF 2546, [A[#E52 00 5 XTHEFR mRNA
AL, BTN A B RE T 5 AR 1 VI
B E . T3SS Fatk® N FiyREZ
RsmA/RsmF Wik, T T6SS. A=¥#i i
B AR RIR I SZ B (B 1)5 RO i
Y& RGN A TE B S A I B X 18 AR G2
PEREAR A8 P R rp 432 R F.

NrsZ J&AEH SR A - NtrB/NtrC 3¢
o R F 7 sSRNA, JLREMS I 1 1F [ 17
9 rhIA mRNA B AR -5 A, T
BRI 2 5 4 A B B T ) AR T B 2 DT AR

Acute virulence

Motility
Type III secretion

RsmA
y Chronic virulence

RsmF
Biofilm formation

Type VI secretion

Wy 2245 GacS/GacA & EES

W GacS FIFEI VARG S R T 2R 25 11 GacA ZHA%, 24 GacS #3415 , GacS 45 GacA Z 0] kK EWiF# , GacA
BeERR1L, LadS. RetS J&P ML ML AR BN, 43 5I%t GacS fAeEfe b FpmlvER ; BEMR1LI) GacA
MG SRNA RsmY/Z (%5 5%, —F SRR E 1 RsmA/F 454, JEMI0Z RsmA/F 2 (R T3SS .
T6SS K E Wi 1 A F iy ik

Figure 1 Schematic diagram of GacS-GacA-RsmY/RsmZ-RsmA/RsmF virulence control network. The
two-component system GacS/GacA is composed of sensor kinase GacS and homologous reaction regulator
protein GacA, phosphorus transfer occurs between GacS and GacA, and GacA is phosphorylated when GacS is
activated, LadS and RetS are two independent sensor kinases, which promote and inhibit GacS respectively;
Phosphorylated GacA activates the transcription of SRNA RsmY/Z, which combines with the translation
regulatory protein RsmA/F, thus affecting the expression of bacterial virulence factors such as T3SS, T6SS and
biofilm regulated by RsmA/F protein.
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KT H T PesA J& PAPI-1 7 ) 13 i
M sRNA, BRSS9 11 S3A FlfnyE
FE 1 S31 A pyoS3A .pyoS3I mRNA Z5& 3115 F
THFRIE, DA IE [ R Y AR R B SRR R
LRI R S3 R, A REVELF 4k i N5
S LM TR S, RIS ApesA
70 R T 200 FRLA- 6 5 B S s JE g B A R R
R U

SRNA AmiL J& 7 4 & {5 5 it 7 o A Y
— R Y sSRNA, R4 23415 B0 M T 1)
Z RN 135976 AR AR S B, LGSR IR B R (1)
G EWREIE R . s S, RS R B
AmiL FERSHL [ I PhzC H 1 (SRIK I A Rk
R OCHE )M RIL,, MRS IR = 1
GG SLIREER BN, Aamil FEASRRIILEIKTE
RRB AP TR AERE S T 60%, 1
amiL 323 37K TR R 1 2R IR TR 28 B 7KF T B 1
2y 30%2,
213 EELIE

B ELIKE (Vibrio cholera)i& N2 AL YLk
AL A, BB R SR L B 0 Y X
M EYE, TR BRI N AET . TEREELINES
1, sRNA Qrrl. Qrr2. Qrr3 F1 Qrr4 M)k 32 3|
RN RGBT, US4 Qrl-4 1y
BE SR HERRIL Y LuxO G )5 , RERSHE IR 1
Hifq A B0 B 380 I8 B DG SR #7504 AphA 1Y
Feik, T R A CAF LuxR AR,
DAPAR LN & 0P, Sam s R, 5
— TR SRNA VamR [FJFEIE 2 28 AL R ARk
N RGEREE ST AN AR e, A
S Y 3,5- W e -2- % (3,5-dimethylpyrazin-
2-ol, DPO)AIKT BFH, & VamR %% sk i
il AphA 2 1A B, M i 22 AL R B 25 ) 3

(O SVNEN

sRNA VrrA #EHEEFLINEIMEE N A
(Outer membrane protein A, OmpA)i-G A
K, HAeg 5 ompA mRNA HIAZ A2, S0 15
BCXT KA OmpA & 111 8% 5 3l 70 OmpA
B & B, VirA BB 8 IE [a] 3 45 A B A I
(outer-membrane vesicles, OM V)RR, Tk
W2 it R OMVs IE AR 55 71 A
FALBIBEAE, [FIBT VirA I8 e85 1 745
% I8 F B 2 HL 8 18 B (toxin co-regulated pilus,
Tep) A B2 i 22 LA R 9 i A e Bl fe T 5 it
S, BEFEE KB VieA fEFHBEE H Hq AUERENT,
TR TR AR Vip RIS, XA
FEMMHELEZEERZMETHAEED . H—
SRNA CoaA #iFSEREASHE 0] 25 5 2wt Tep 1 R4
K714 rcpl mRNA DI EIRE, MM s Al
SN I N E B RE TT , =LK AcoaR Z87BHRHY
/N A R B G AR T B A R B R BT RO
2.14 THEHABIKE

4 25 {04 28 BRI (Staphylococcus  aureus)I&

— R AR A, Ret T RN 53 £
FlogeRs . e EOMEBREH, sRNA RNAIII
REAS IR 24 B8 A GBI I Rk . 3L S 5 2
P8RS hla mRNA (0-7 1.2 gt mRNA)ZE
G, et R E AL &AL, NS o-
Vs I 2 i A3k L 3R BE S 5 AR mRNA (4 spa
mRNA | rot mRNA)IEHRSE A0S 455,
Hil#FR mRNA [ #iF, IF5 RNase I 2[4 H
7S HFR mRNA FEE(& 2), Hh spa mRNA %
4 WO A BRI ) EEFMEN A M oot
mRNA Zifh a5 R M Hl 4% 8 3 Rot, RNA III 7]
WL HNE Rot & 16 UGS ZF bR
SR,
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Figure 2 Schematic diagram of RNAIII binding target mRNA. RNAIIl combines with different mRNA to
regulate the expression of its corresponding protein, further explanation is provided in the text.

Autolysin (ATL)ZE [ & 4 v €0 %) % BK 7 i)
FEABR ENEENEIRFZ 25 TX
i AN RE R A2, 5 4 v (0 4 BK AT A 2
S PEZ VA, sSRNA SprC B85 atl mRNA 4%
A VAR IEAZ AL, Tl ATL S E RS
i, BFFER A B A A ER T AsprC RZERRAY
ATL 5 R IK K- AHA T8 A B AT T 42 5
B =5 BB 4 R R 00 4 XoT 2 728 ok 1 A I
VEFHALAR 38 55 , 5032 sRNA B354 F) T4
PR 5 1 AR

175 B R 24 f# B8 A (hyaluronate lyase A,
HysA)Fffh22 R 1M D (serine proteaselike
protein D, SpID)J&4: ¥ A #j A PRI EH L 5 1
N7, B R8s E ARy b ks
HE/EH; sRNA RsaF X} HysA #l SplD £ H
MK B R, SERER IR, ArsaF
%A Bk P hysA mRNA #% K T W T
80%-99.9%, HysA MG TR T 80%-90%, FF

Pt T HAYBIE R, splD mRNA 53K
TUWT 20%, [R)EE  ERE AT & B R R
it 5 T 384T TR AT s AR, RsaF 93t 3Ri6
W53 hysA mRNA ZKF-Fi% B Jo i S ik e
VAT 24 1%, 1 H hys4 Fl splD mRNA TE rsaF"
[ %Mk HP G R T X A T i ),

o, Y 3 1498715 &5 H (phenol-soluble modulin
alpha, PSM-a)J2: 4 v (04 45 BR A AE 0% ™ A 1 i
SR BE R 2 —, A5l RAFEL 40 . 40
FE DN 1) 22 T 20 i 2 26 0, R AR I 2 N )
A, IR Y ATE CY. SRNA Tegd1 J&:H
S WO AR BR B TP i PSM-a i IR FR A B
BE ST R (9 —Fh sSRNA, BFSE &K IR Tegd1 M3t 3
KRR T PSM-o [UFRIRAKE RIFINAE ), TTE
R T Tegdl M 3% 24 MHRIEZ 5,  FUMH R
Yu A5 R ep 4 W00 4 BR BV IS 1 RN B ) 38
VES, IXAPRETERT Tegdl MEAT AN 515 B
2P0 KW Tegdl FIfEit PSM-a YR IL, KEH
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Xt Tegdl 7= SE ML E—2E R AT, M
15 Tegdl AT RENF B A BT 4 B (0 4 2 3K D B L 1)
B A A5
2.2 sRNA FIEHETEFEERIEZINE N
HPIEE L (OMV's) Az FH 41 727 M IS 43 W4 1 3Tk
B, HH AR | 2R M BURIIE 2 B (lipopolysaccharide,
LPS)F4 i, OMVs Ji- i1 32 S b 252 1 E A
99 i T AR B A R A —Ah ML g kR
Z R [RBAPE B ) OMVs HR 7776 K it sRNAs,
¥ H OMVs BEREIRA A sSRNAs A8 RNA
FERY IR, HApER4r sRNAs REMS I i P84 15 T 5
PR e 2k S g S B 1 1 B an, fEE T
S b B 2 A IR T AR A g A P R e e
W OMVs #4 sRNA-52320 6% 515 41+,
sRNA-52320 il #i[7] LPS/MAPK {55
AIZZ AR, A3 i X 20 B SR ) B 2 S
V870 TL-8 43 WA T Fh M A i 1) /)N BRI £ 2 75
A By T ] 2 AR L TR A S BE S AR S 18
P il R Rk Y 5 Al 2R £ T 1T (Actinobacillus
actinomycetemcomitans) il I OMVs 43 W 1Y
sRNAs A] DUZF 3 ML 5 B, 30T e 200 P A
NF-xB {5 5 B HIB TNF-a 774, ek
Rk 12 5% 210 R 1) 3 6 5 R B SO PR R AT T
OMVs Wi sRNAs #4688 B e b Je 4, ]
I LPS 55 TL- 1o 0274, bl BAsf
7% Wi 5 I (Listeria monocytogenes) OMVs H
f sRNA RIi32 i & BLRE NS ) e 46 I
YA A= TFN-B, AT 3905 ot o 7 240 L 1A 1)
HagER

3 sRNA MHEEHAEEmE M
Hy R 121 F

KA F5T L AN nT A sRNA $Ef 7% 5%
Ja R I PTAE RS, X2 sSRNA Al kA

[vi) F 7 AL A 5 00 40 A1 A e A 2 240
3.1 BEIAEMEERNE RS EImE
20 T 251

sRNA GImY/GImZ BEWi S5 K
R I R-6- R A B (glucosamine-6-phosphate
synthase, GImS) & BGH #%, HETMIATT LPS KAk
RHE G GlmZ fEAHBEE T Hiq WM T 5
glmS mRNA 456, 25t gimS MR SS G 0105,
M HEIE Rk, RapZ A5 GlmZ 45
4, 5T RNase E [§f# GlmZ, 1 GlmY 5
GlmZ Z5¥925M), [FIFERERS S RapZ 454 ; MEA
PN 14 4 %5 B B -6- % TR (glucosamine-6-phosphate,
GIeN6P) K- FEAKHT, GlmY 153 25 RapZ
T LE A A GlmZ By R AF R I, AT A ik
glmS mRNA FHHPE, 15 GIeN6P AWk & 1k,
MR GIeN6P KRBT GlmY AYFR S
il , I RapZ 5 GImZ 454, GlcN6P Y& AL
ZEINHI(E 3); DAPE L R R A
TEPXTAOCHU A R RYER, PR GIER
GIeN6P Kk TFREfEHE T sSRNA GlmY HFH
£, AL GImS HRIAHTG GleN6P FKikK
STl A, T v AR A 2 R A A A T

PR BRI A M RE R A & 4N, sSRNA A g
WA LPS BT 5 A it 251 . EptB
SRR A —Fh LPS &1, GEUSIEML LPS
FIIET A B LT, AU LPS X4 1E
Wi Z2 R TR R B E A ST, R I 7 A it 2 PR
sRNA 73 MgrR REFEHIT] eprB mRNA HYHEHE,
M4 S LPS A, S KT X Z R0
FRPAERNBURPERR &, IR AmgrR &
AR PRI Z B R U A BRI 10 577, 1k
AN, HRERE A B Y SRNA Sr006 At i 23k B
TIERIEIR A BIEEILES Pagl AY/K-, M FEAR
R e {15 P B T 22 286 P 3R 2B R A SRR
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Peptidoglycan
lipopolysaccharide
Transcriptional _ Rap”.
repression Y/

GleNep GlmY tanZ
ap

ﬁ i{\; l S\’ \/j\ﬁ RNase |
Glms  Glmz C—) GImZ

Degraded
ﬁ / Transcriptional
activation

3 GImY/Z-GImS F 5B 4R & B~
EE  sRNA GImY/GImZ #3255 K+
GImS 14 B I8 15 LPS R RBER G i, SCh
PR T HE— 2 Y I A

Figure 3 Schematic diagram of GImY/Z system
regulating cell membrane synthesis. sSRNA
GlmY/GImZ regulates the synthesis of LPS and
peptidoglycan by participating in the synthesis
pathway of GImS in Escherichia coli, further
explanation is provided in the text.

3.2 BEBAEAYNERSMNEEE WMEE
it 24 1

KIGFFE ) cyed mRNA Zatddid & -
WL R IRAIFEZE T, 1 sSRNA GevB REFEFEA
BT S Z 85 G IR L RIRE, MRk
PRI D-FR 22 B R H AU S 2, OprD 2K
12 A 2t A B R TR 7 T ik T R S B AR R AR
B FEEFLEH, sRNA Sr0161 fEfS#LA oprD
mRNA T RHE, (0405 0 w4 2Rt
A R 2510, SRNA o RT3 1 4 1 40 T 4 250 1
ANHERZ AN T 251 . 1 MdtE, MdtF & TolC
B 1 LRI ZH 5 i MAtEF-TolC &R 4t 2 K FT 14 &
L2 HMERE Z —, sRNA DsrA A DL i
TG KT A MAtE Al MAtF 2 1 2 2L 5 )
ik, T sRNA SdsR 5 t0/C mRNA ZAHAZE &
AL R R LR | DT AR KR AT R %
B A B 2R B 2R
3.3 BENTHEIRGE S MARETTZE

KIGFFE sRNA SdsR 195355251 RpoS (—f#

FEFNE o HF)NFRIGIHEEER AR B E (—2E LU
SIARAE A DNA BB R)FIEEE, SdsR
P S BB I IR A OB S R MutS 5
B, BURRASTEA N AR R, (HAN kA
i 25738 S 4l eI I [RIRs, Ao & B
sRNA 7EXIE R T RERS A F A i R85
B SRNA GevB REMSIH 12 A F5E KA 1R (141K 5 4%
PEREARANAE Y RpoE (B S 0% o T )7KF,

1M RpoE 7Em /KT 24 RpoS BYIHFEAEH(&
4), it GevB KT EEH RpoE fYRiA
[ B E T RpoS /i3 AR B,

Epol  (Low-level)

Biofilm repair RpoS

i My

SdsR

GevB J_

Error-prone DNA repair VutS (Mismatch repair)

N

El 4 GevB. SdsR 25X EIEGERREN
HREE  sRNA GovB i) S5 5% # M H 13
RpoE £ B /K TR, #Emif#ifs RpoS &M
ARIKIKCE ETEs BRIGE sRNA SdsR il S BLE
S5, RpoS HHILREW L DNA REMIVIYER
ik, B DNA REBHIVS 55 A RE
)32 R 1 ) R 78

Figure 4 Schematic diagram of GcvB and SdsR
participating in genetic information change of
Escherichia coli. SRNA GcvB reduces the expression
level of RpoE protein by maintaining membrane
integrity, thus increasing the expression level of
RpoS protein; In addition to activating SRNA SdsR
to inhibit the mismatch repair of Escherichia coli,
RpoS protein can also promote the expression of
DNA polymerase IV, and indirectly promote the
mutation of Escherichia coli by virtue of the
error-prone nature of DNA polymerase IV in repair.
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