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changes, thereby enabling survival in fluctuating conditions. The alternative sigma factor RpoS (c°)
serves as a central GSR regulator in bacteria and is crucial for bacterial responses to various stress
conditions. Such regulators in bacteria are conserved, while polymorphic variations in rpoS are
prevalent across numerous natural isolates and acclimated strains. This polymorphism reflects the
adaptive trade-off mechanism formed by bacteria during the evolutionary process, positioning
RpoS as a key model for investigating fitness trade-offs in bacteria. This review summarizes the
functions and polymorphisms of RpoS and explores the potential environmental drivers underlying

its polymorphism.

Keywords: general stress response; fitness; RpoS function; 7poS polymorphism
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Regulation of rpoS expression and its mediated stress response (adapted from reference [7]). A:

Transcriptional regulation; B: Translational regulation; C: Regulation of stability and degradation; D: RpoS-

mediated stress response.
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RNA ArcZ (small non-coding RNA ArcZ, ArcZ)%
sRNAs 7E 7 T 118 QB Wk i {4 1 32 1+ 1 (host
factor I for RNA bacteriophage QB, Hfq)#J/F F ,
A5 5-UTR 255 AT 25-30450 , SEMT R BR*S
RPN kb, RpoS & e Mk F 2
RIAE KA FF B Te SO K, o° 823k M B
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i A Clp £ H i & & %) XP (ATP-dependent Clp
protease complex XP, ClpXP)415 RpoS & R HE
RO e S EUE SRR AT, %
Bt fipp i R B PRI, PUAE e A (anti-adaptor) 2 1
W PR YL R N RssB 41 i £ 1 (inhibitor of RssB
activity during phosphate starvation, IraP), EELH%
M Y. RssB #111 ill £5 H (inhibitor of RssB activity
during magnesium starvation, IraM) #l1 DNA i 13
M ;. RssB #111 il] &5 H (inhibitor of RssB activity
during DNA damage, IraD) ] i i f# 25 RssB FH Wt
Refamms, AIM42TH RpoS /K P>,
1.2 RpoS iFIT#FR

EEEFRAIT, RIBFE L 23% 5
[K2Z RpoS M#a, I SEHE KL AR 4 H X RpoS e
JERRRE Y HOBIRR L, TR A3 S BURAE Gk AN
IRBEPE 3 ema AL, DT BRI A0 1 AR E B
KB AT T W SEad P (R 1) FEf/ N IR
FLRA N WIS 5E R W], RpoS TR BUH AN
T 123 BISE R 200 A1 225 A FEDA 1 22 7 3%
ik, Hop R e BB T 90% (Y I IR R E PR
i T RpoS 1A 4 1B FR KM RRIE T, Sk
M, RFHEHPgRZHEEN, HAZ RpoS Hi%EL
]2 B ALt o o IR

Peano %5273 i ChIP-seq 5 AR 7E K 7 #T 1
HAEE T 63 TN BTN Y RpoS A4 S P A it
MR X, mEEEiESFIEER B
(osmotically-inducible lipoprotein B) # (X osmB
YUHR 4 il DNA 45 & 4 11 (DNA-binding protein
from starved cells)F& A dps. B % EHE FIEEH
E (osmotically-inducible protein E)%E K osmE Flfk
A7 )R H F A (carbon storage regulator A)
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protein) HE Kl sand . D- N Z B -D- N 2 52 R Ik il
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yhdP 25 & Ay T 4 TR b ke R A
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AL N PO B (AN dps. i Ak & HPI
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IR, AT A o NG R i A 75 2k e
AL AR E RN [RIREHL, RpoS b BE LTS 40
T A R G S PRSI R LK R AR (e L Ay
A ok g B8 28 0 Wi 3 758 T A R B FA TR ) | A OC
FEPCY S DU, VA O I R [V -6
2 4 Iif# (trehalose-6-phosphate synthase) J& [A] ots4
01 35 W -6- % 2 W% 2 il (trehalose-6-phosphate
phosphatase)J:[A otsB1HZ RpoS J#5*), Lacour
PG TR SR R R P KA FF R rpoS %
AR LR FRIBNE O, KB 41 AL FRIAK
T EFER, JFEER] 7 A E M RpoS 4%
HeH [dps. osmE. %iE1HEFHEH Y (osmotically
inducible protein Y)JE[E osmY. sodC. 308 #ZH#{A
#E H S22 (30S ribosomal protein S22)3& A rpsV/,
8 2 % BH 18 W) 45 & 8L A (tryptophan repressor
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Table 1 Important regulatory targets of RpoS

Target gene Gene function References
glitD Encoding glutamate synthase [1]
csrA RNA-binding protein, translational regulator [25-26]
vbil Unknown [27]
vdbK Unknown [27]
katE Hydroperoxidase 11 [28]
xthA Exonuclease II1 [28]
sodC CuZnSOD [28]
artl/P Amino acid transport and metabolism [29]
ansP Amino acid transport and metabolism [29]
tnaA Amino acid transport and metabolism [29]
ilvD Amino acid transport and metabolism [29]
fhud Iron acquisition [30]
cird Uptake of iron-siderophore [30]
fecl Sigmal9 [30]
osmB Osmotically inducible lipoprotein [31-32]
osmE Osmotically inducible lipoprotein [32]
dps Stress response to DNA-binding protein with a ferritin-like domain [32-33]
otsA Trehalose-6-phosphate synthase [33]
otsB Trehalose-6-phosphate phosphatase, biosynthetic [33]
sanAd Multicopy suppressor [34]
dacA PG carboxypeptidases [35]
vhdP Involved in GPL transport [36]
gltB Encoding glutamate synthase or glutamate-2-oxoglutarate aminotransferase, GOGAT [37]
dnak Encoding heat shock proteins [38]
osmY Starvation and stress response [39]
sodC Starvation and stress response [40]
rpsV Protein synthesis [41]
wrbA Starvation and stress response [42]
yahO Unknown [43]

binding protein A) #& A wrbd 1 K R 1k & M
(uncharacterized protein)%&[H yahO], XEEFEH 32
RS G FA M R . BRAGSRIBCRAE A |
HABE L SRR DA LR AZ A4S
Z 55 I % 1s K A TR % iz 5L H 1 (arginine
transport gene 1, artl) . FRA R 71z ATP 255 H M
(arginine transport ATP-binding protein) 4t A artP
N L- K A& ik e 5% iz £ H (L-asparagine permease)

A ansP]al A (0 % R i A (tryptophanase A)
F A tnad TN = F2 B TR W K 1 (dihydroxy-acid
dehydratase) & A ilvD] 1) 55 X [R] FE AR A6 T RpoS.
Dong 2OV T K A B8 X 85 E K 1 N RposS
I EAENT, i — 22 R K RpoS 7E X
G U NA LRSS Y Nk S E IR SNl Pin
{15 DnaK (DnaK chaperone protein) 3 (K dnak
VMR A R W [ R BN EA A
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(ferrichrome uptake protein A)JE K fhud . K
Z 1 4K H (colicin I receptor protein)dk [H cird
7 B R 8k o [l F Fecl (ferric citrate sigma
factor Fecl)J& [H fecl %5], [A]BS a6 15 = &R R
PEI (tricarboxylic acid cycle, TCA)AH I 3k K it &
k. AEHEBILIX) RpoS AORBURME 22 5+, S A
[Fi] 5iR B M B ) I TS RE 7S 3 AR R S Y
B BT N, AT AR A b 1 5 A4 TR A L 2 AR
IR RE
1.3 rpoS EFEHIZ M

JLAE RpoS 78 L e by H 9 4.0 T RE 2 W
i, {5 rpoS FEAE R IAHFTF B FIVD T T 06 45 2 Fp i
R SR b8 i A7 AE 2 8 (3R 2), X Bk
T2 TR 0 AN R 3R BE e 7 I i Ak N SR
mg, flhn, Alvarez-Ordofiez Z5E147%F 15 BB Iy
YL W W AT R (Cronobacter sakazakii) 1) rpoS
PRI P & B0, o 2 BRTAAEAE TG 5 7R S i
BOG, HiX 2 PR IEAS RN W 30 PR R R AR
Waterman "7 58 HRAERE =8 2 KT B b
EE 13 MRAFAEMT R M Sl i 2o 1Y, X Hi 2 bk
T R PR B PR 1Y rpoS FE RN P 45 5 R, 1%
SN R AR RE e R R AR, 53X RpoS &K
7% . Lalaouna %5551 i % 80 Rk 40 B 1Y 4 KL I 4H
TR, R T (Pseudomonadota) [JLH:
[T B B (Enterobacteriaceae)| i) mutS-rpoS FE K
X I J3E 2 5 {2 (40 bp—13 kb), T fiS B T
J& (Pseudomonas) W iX — X 38§ 25 ¥4 =5 B AR 5F
Bhagwat P08 TR H 34 AER 82 FREUR
PRI S B 0E, RIH T 20 BRI
# R Pr 7 (glutamate-dependent acid-resistance,
GDAR) &G B [E IR T RpoS DIfEHkJ: . Ferenci
VMR T K MR S % W bk
(Escherichia coli reference, ECOR) & Fit {4 jik .0
B 31 ¥RRIGFF I, H 22 BREE R rpoS FEHIAT
ETFHKEZAM03, 3.4, 4.2 kb)yFIHER X%
AR JC X RAE . Berger ZFPO N 2011 4EFE[E K
FF 58 9% 165 b & B0 Escherichia coli O104: H4 1)
rpoS Hk K 15 9% i 1 17 15 ATG—ATA 1 51 4%
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TR, H RpoS it AggR i £ L
il 41 1 Bz 2B 4 M K W #T T4 (enteroaggregative
Escherichia coli, EAEC)Fs 5 PERE J1 LK A0k .
Jordan ZECURHF T 18 BREREESEIEVS T T B rpoS
BSRKF, R 6 tRIEfEFE o 2840, HE
B I/ E R K i . Valencia 2502\ Pirajugara
T B i 328 #R KA AT IR, JFXFJC RpoS &
11 RpoS/RpoD #5511 40 R & 1Y rpoS it
T e, KIILF P A B9y o B bk 4 f 7E
C97G AR X 58725 . Wu ZB41 T 3 318 #k
SUZ LR AP, LI 45 IRAFIIX (B R
BT, 10 rpoS 7 T4 36 5RAR X,
HRAZ R To LRAB N RA, X R R
HARFIHEF rpoS [RIEAETE = BE 1 2 281

KIHL, rpoS ZRNMETEL K B R FELMT
[RE S0 & 2L, Ratib Z5P87E K1k 1200 d K3
EIRIREEE TR AR, X1 117 MRR I B Y 4
LA MR R T rpoS FEH i 2510, H
HF 2 RpoS K35 W F LA 8 31 7-10 XY
T—C RATE 4 D PAT SRR 852 IE m e 4%,
Ui RpoS I HEM T BRI T T KIHAT Bk I 52 4
(R PR . SR, Snyder 57T o 55 32 5
TSR 96 PRAEEUHR KA T RpoS & 7 i
1T T5E, RIAUA 2 PR DA A 4 A B2k
SRR AR REOCE A Y fetE RpoS HHH ,
HiZRAS S =i Rl f b g4 (B
H IR X BEAS 22 35 RpoS I Ak 1Y rpoS F& A #E 1T
WP 20, P TC T HERR X LE B AR AETE rpoS
PSYANATNEZ N e2E

[ BE(EAS T 2 42, Chiang 251 i3 460
BEHARR A R A E S X 2 Fh RpoS 4K
(1) 2 AU > M5 8 PR R R Y 2 040 BR K AT IR
RpoS 7%, UHiisE i 6 ¥k RpoS T fg Hl 2 #k ;
X Hrf 45 BRAF SRR A rpoS Fe RN 7 25 i i
N, EEERETE 8 FhAE R SR F 81 A ] X
Z& 7% . Notley-McRobb 2PV 8 1 U E. coli
K-12 FE P 22 45 24 B o) i 0058 B 1] g 335 e Sk v
Figt 10d, 2 4 KIFE T o i ok S8 4k = BE 7 ik
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Table 2 Polymorphism of the 7poS gene in some bacteria
Bacteria Mutation status Mutation type Phenotypic difference References
species
Cronobacter 843 bp deletion Fragment No catalase activity [47]
sakazakii deletion
Single-base substitution at position 601 Nonsense No catalase activity
mutation
E. coli Premature termination of translation Nonsense Acid sensitivity [48]
mutation
E. coli C97G, G377T Missense Unknown [49]
mutation
T32G, G124T, T163C, QA269, T339C, Nonsense Unknown
T357G, QT392, C405T, T462C, QA518,  mutation,
T573C, G598T, C732T, C942T Frameshift
mutation
Ant94-nt121 Fragment Unknown
deletion
E. coli ATG—ATA Missense No catalase activity [50]
mutation
Salmonella  T897C, C687T, C1466T, G915A Missense Unknown [51]
enterica mutation
Single-base deletion at position 619, Frameshift Unknown
Single-base insertion at position 750 mutation
E. coli C97G, T374A, G376T, G926A Nonsynonymous Unknown [52]
mutation
A deletion at position 191, multiple base Frameshift Unknown
insertion at position 158 mutation
Single-base variations at 39 sites Synonymous Unknown
mutation
E. coli 96 bp deletion Fragment Grows faster when using succinate as  [53]
deletion the carbon source, and is sensitive to
acid and hydrogen peroxide
G148A Nonsense Grows faster when using succinate as
mutation the carbon source, and is sensitive to
acid and hydrogen peroxide
Multiple base insertion at position 32 Frameshift Grows faster when using succinate as
mutation the carbon source, and is sensitive to
acid and hydrogen peroxide
E. coli G297T, T383A Missense Has partial glycogen synthesis capacity [54]
mutation and catalase activity
T515G, G814T Nonsense Has partial glycogen synthesis capacity
mutation and catalase activity
Ant484-nt487, Antl151-nt155, Ant393- Fragment No glycogen synthesis capacity and no
nt397, AA900, Ant249-nt345 deletion catalase activity
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59, 78 RpoS % 1Y i S AL SUll- 1 AL W s
(catalase-peroxidase KatG, KatG)# ik [FE(IL; #—
AN 18 Ml UG A A2 AR AL (RposS TA14%) 4 73
RIEAT rpoS FEIN Y, & BLPIAT 73 B AR Y rpoS
AN AR, 2 BRSE 4k RpoS TifE. %5
%A, RpoS HyREH e Y 2 Ak £ 2 Pl 4 TR 119
F RIS SR S Rl TP )i A e

2 rpoS AN I EHF

RpoS FEHRPTINA IR EG R 1 5 2 0 H
BIER, HAS09 GSR 1] DL i AS ] i 30
BLT i 1 22 Fh PR B IR, DT 5 558 &4 7T 7F o
PRI N i N B # . GSR E’Jl}*&TE'FTﬁﬁ T 5
NS DO AEd ) SIS NS R el SO E S 1A I 40 £l i e O
Wﬂj]lﬁﬁﬁﬁcﬂﬁf)j(ﬁﬂi?ﬁfﬁm’?ﬂk?‘& 1) 44 T
St AR A L R AR O A kb
AFEE H rpoS 23S A7 7E, #2785 RpoS
5 PETE R AR B8 T Al e 45 4 B R — o R
IS BT s TEIXSERRIRAE SRR, RpoS 11
BTGB 28 G 0% Y T R 5 B 2 B TR R AH L HL 48 3
G g, I rpoS 1) HE 46 58 A5 75 41 i B E rh 75
DU EM, (HX— SR T E it — 2 9 B
WESE . LATR 5 A5 B AR JL AR OG5 PR 77 anfar 3K
S rpoS ZMRIE
2.1 GEMEROS)HE

AR . AR BEEAR
FARTEA T TR AR K L BRI AR B AU A E SR
Gt = | B PREE R ) aUE R W A
1R KPP %Al (reactive oxygen species, ROS) X 4
P ELA AR RO Sl R RIS, AN R T
AR, WORAFTR A 3 R A
7 AL 1§ (superoxide dismutase, SODs), 1] 8 4
WAL 0 16 3 BN E ALY (A0 Hy0,); 3
ALYt —20 2 Fhat E AL S B (KatG Fl KatE)
ALK AAEA; iR ROS TEBREE)E T RpoS
W42 F (RpoS regulon), 44l B4 1A i ROS ] 3%
if, RpoS A I i H: ROS Pyl & 4t LA ¥ K
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ROS', KL, £ ROS Wi 3h 85 h, Difg ik
RpoS XY A7 2R EE, 1M RpoS RANKTE
ITEHE ) Ak T 4 2
2.2 BRMRME

S TR T I PR PR PRI A0, M A TR A A B
5& pH A T i K, RpoS ik K- FTF,
IEid R H S IraM ik K LA P TraM
2 PhoP [ 2% 15 #% & 1 (PhoP response regulator,
PhoP)/PhoQ /2 ## i (PhoQ sensor kinase, PhoQ)
WS ZRGIEVAEE, FRMEA PTEOS 417 PhoP,
5% TraM il RpoS A 7KF-4 it 40 18 i iR
it 52 2 W #6 I 22 F R T 3% /& & (acid resistance
systems, ARs), FH:H' AR1 il %75 2 RpoS Y4
PR FE R 1 5 5%, 1T RpoS 1 2638 M 32 C- I by 8]
1 (C-reactive protein, CRP) Fl ¥/ I 1 2 (cyclic
adenosine monophosphate, cAMP) f*) 1 i #5 ;  [A]
BF, MNP AL TR m IR T PR T, cAMP 7K
SRR BB 5 RpoS ik, EMEE AR2
PR R A DG TG M, (AR A 2R A7 AR B
145 A1 B Y BR i 37 6 41101, F LRI AT, RpoS
T 20 T TG R M 38 B R R PR AR, A
Bl T8 5 20 R AR PR Foh 28 P T B g B
2.3 SiEhE

B R R R E K, AT S B™ B
P, KIAFF o AR KR B H
AR TSR B R0 Y S W) W R i3 DR 5] LA 7
BIEE, RpoS 7 Bt ad & v [ Ff & 4% & 24
FH, HC T e A A R AR R A R DG A A
(IR, ]I T T A 5 B i 3 ] orsA4
Fl otsB KA HEAHZEVERS BT 7™ A=, T2 =5 2
BRI TE 5 15 35 R R85 o i 38 1 PR 3440, R
EEBINE T, DIReTE RpoS XFEFFANF 25
AR AE R OCE
2.4 EFREIME

5 FaRa R AR, FEREE E SR (N H %
BORRBI AT, rpoS G878 S i 2 I BB Y
T8N FEOLE, FEME IR AN Al by e A 2



AAER % | Rk, 2026, 66(5)

2099

RpoS YJREFLI [ 2 AR PRDS 04 K iz T e
A TR o 6 2 W B o ) 35 R 3 v, A B R
FAY(RpoS FEHIME IR I BOIFIE, FFXF 18 Hibl
BB R A AR A 4 B BRIFEAT rposS 3 I )
RITA 53 BRI rpoS FEH 4 K A A8 7, Hih
2 BRoE4= 22k RpoS THREPY, b4k, Ratib ZED8
TERIATHEETFR 200 ) LB, rpoS J& 5878 4
T ERNZ —; TEZEFRRGEMGT,
RpoS 948 —J7 T fift T R AT 0 I8 1 e
K MRIE R AR, 53— 7 1 T REFRBR T RpoS Xf
GIETRACIIIE DR A, 3 R o o R 4 5
TR B IR G IR (a2 AL A . A
R W], RpoS ZEAMKTEE TR #F T HE A
TR FEMEH, R RpoS (1978 3 BERS 7 R Hh [
FEFFE AL R i 2 251

L E#F5EHE 7S, RpoS Rk fivis 5 Py s
R PR . FE 2P a BREE (U ROS . R
B, Yifiett RpoS AEHR LA 771 3 i pi ik
FE; MAEE TR EIIHE AT, RpoS BYTE R
I A B AR B g, ARG S8 AR (AR A I 3R A5
PEREOL R AR T [81E F ok

3 RE5RE

30 P VL 985 52 7 A A BRI R AT SR 22 A A )
O SEmg, i o T RpoS 1F o Hok .o iM% c
P, 38 s A A TR P R B 8 B A DG B Y
ik, TEANEHFRBEIE o FE R R E B RE
AR AL TS PR AT L R N PR B O AR
B PR RS, RpoS RENZIE 4 4% GSR &= 2
PRLXT PR3 P58 R A2 1, DT Ay 200 T i A 3
FERSE . AB5INh, RIEEZDIRE N E 5
TOMERSE, MifEZFh 4 H ¥ &I rpoS 17 1E L
A, X—IRPIR, FERRE A4S RpoS 1k
AJRE 2 1T BNk 20 PR A AF R T, DRI A R B
rpoS S 7 M A [ AL >R 3 0 B AR, IX
TRIE T TR AE A 5 B 3k — AR A AL
B I SASTE N 5 BEAl, A S 06 % 2 A PR
ARG R BE 32550, RIRERE S 3RAS rpoS

FEHRA B, R, HRPHET, K
FF 0 B A2 MR 229 rpoS 28 ZE RRBUIR, 3t 4
A RpoS Z8AFFE R 8 PREE T A g B L S8 it 1
WEHE . RS BRTM R LI rpoS Tt LS8 [ 4 Hy
BPAE RIS, (HORHERR 2 B R A R
W R T S A IR T & A R S AR T e

AT HED , rpoS 22 A5 PR SR S HLHI T Ak
JEERIE o TR RNA A B OB 1) 555+ LA
K AR B RUT . RNA BA A% O il 0 i i
FEAN B AT E E , I RpoS (P37 i 18 A
RpoD CGZRiEK) L ks A £S5 T
20 D AR O AN [ ) A A RS 2 48 T 11 A e
HIRBER, RpoS K # 15 I J0E N AR 7 )
%, A B TANSE P, B LU E R AR K
A5 A R B A A PR R
YT A KRR T & ppGpp FLE IS RpoS
FEIR{H RpoS MRAFE N 3 PR A0 3 S 253 5 A% 0
IR, i RpoD SR ZILNH, SFEAIH
DRI N7 8 i R T 1 55T R s BRE 5F Y e S BE
FECL BEEE, RpoS 28 48 (R X6 % 0 il B 45 4 1k
FIFREEE, TR YT RpoD (1) 5% 44l ,
RN SRAF AL R AR X — IR R T #7 f1Y
FEprLst, B RpoS 2878 B AE WA MEL | 3
AEAFRE ST, HIAT DAAEE 5 5 v SR8 N B AR
P XPPIREE UL SRS <A K A BhAS AU
fifi RpoS B A 4 B i b 5 A Be (AL TR 56, K
21 T o BE 7 X AN AT I A4 I 58 TR g $R AL T Ay
T

B H AR RIS, AR IET RpoS MIBFFE AT
PLMELR 3 AN ZEHIERA . EHUHIZm, A
2 L 2H 2 AR AT RpoS T4 25 i s A5 738 Ak
LA A0 TR R AR S B T R T AE AR )2 T
SR ¥ SEREHOTB, HERIEARR
BT T 1% rpoS BE R Z2 A PRS2
) i H: 22 A v 0K 3 IR 2 Ak sh Sy 2R LD A
I R AR 4 N T2 1, ] DL S 5 I R
DU R rpoS 28540 % Hdg h Stk Rid =2

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



2100

SHI Jiali et al. | Acta Microbiologica Sinica, 2026, 66(5)

VAT PERI R, LUK BT T AR K-
5 A T TR RS

& STk A= EH

AR : 30 BRTHE: PUTIARE; 4
B R SCEEG BEUTR : IR Rl SR
. MR RIEZE. OES . SRR
EERImMR AT ERA

VEH PRI AEAT AT ] fiE
M E 2T A sl AR R

SRMAAS S AR o T AR

Sk

[1] Bouillet S, Bauer TS, Gottesman S. RpoS and the
bacterial general stress response[J]. Microbiology and
Molecular Biology Reviews, 2024, 88: e00151-22.

[2] Schellhorn HE. Function, evolution, and composition of
the RpoS regulon in Escherichia coli[]]. Frontiers in
Microbiology, 2020, 11: 560099.

[3] Gruber TM, Bryant DA. Molecular systematic studies of
eubacteria, using sigma70-type sigma factors of group 1
and group 2[J]. Journal of Bacteriology, 1997, 179(5):
1734-1747.

[4] Ferenci T. What is driving the acquisition of mutS and
rpoS polymorphisms in Escherichia coli? [J]. Trends in
Microbiology, 2003, 11(10): 457-461.

[5] Kim W, Choi JS, Kim D, Shin D, Suk S, Lee Y.
Mechanisms for Afg-independent activation of rpoS by
DsrA, a small RNA, in Escherichia coli[J]. Molecules
and Cells, 2019, 42(5): 426-446.

[6] Bak G, Han K, Kim D, Lee Y. Roles of rpoS-activating
small RNAs in pathways leading to acid resistance of
Escherichia coli[J]. MicrobiologyOpen, 2014, 3(1):
15-28.

[7] Handler S, Kirkpatrick CL. New layers of regulation of
the general stress response sigma factor RpoS[J].
Frontiers in Microbiology, 2024, 15: 1363955.

[8] Guan JY, Xiao X, Xu SJ, Gao F, Wang JB, Wang TT,
Song YH, Pan JF, Shen XH, Wang Y. Roles of RpoS in
Yersinia pseudotuberculosis stress survival, motility,
biofilm formation and type VI secretion system
expression[J]. Journal of Microbiology, 2015, 53(9):
633-642.

[9] Landini P, Egli T, Wolf J, Lacour S. sigma S, a major
player in the response to environmental stresses in
Escherichia coli: role, regulation and mechanisms of
promoter recognition[J]. Environmental Microbiology
Reports, 2014, 6(1): 1-13.

[10] Lange R, Fischer D, Hengge-Aronis R. Identification of
transcriptional start sites and the role of ppGpp in the
expression of 7poS, the structural gene for the sigma S
subunit of RNA polymerase in Escherichia coli[l].
Journal of Bacteriology, 1995, 177(16): 4676-4680.

P4 actamicro@im.ac.cn, 7 010-64807516

[11] Gentry DR, Hernandez VJ, Nguyen LH, Jensen DB,
Cashel M. Synthesis of the stationary-phase sigma factor
sigma s is positively regulated by ppGpp[J]. Journal of
Bacteriology, 1993, 175(24): 7982-7989.

[12] Merrikh H, Ferrazzoli AE, Bougdour A, Olivier-Mason
A, Lovett ST. A DNA damage response in Escherichia
coli involving the alternative sigma factor, RpoS[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2009, 106(2): 611-616.

[13] Mika F, Hengge R. A two-component phosphotransfer
network involving ArcB, Arc4, and RssB coordinates
synthesis and proteolysis of o (RpoS) in E. coli[J].
Genes & Development, 2005, 19(22): 2770-2781.

[14] Battesti A, Majdalani N, Gottesman S. The RpoS-
mediated general stress response in Escherichia coli[J].
Annual Review of Microbiology, 2011, 65: 189-213.

[15] Mandin P, Gottesman S. Integrating anaerobic/aerobic
sensing and the general stress response through the ArcZ
small RNA[J]. The EMBO Journal, 2010, 29(18):
3094-3107.

[16] Sledjeski DD, Gupta A, Gottesman S. The small RNA,
DsrA, is essential for the low temperature expression of
RpoS during exponential growth in Escherichia coli[J].
The EMBO Journal, 1996, 15(15): 3993-4000.

[17] Moon K, Gottesman S. Competition among /fg-binding
small RNAs in Escherichia coli[J]. Molecular
Microbiology, 2011, 82(6): 1545-1562.

[18] Kim W, Lee Y. Mechanism for coordinate regulation of
rpoS by sRNA-sRNA interaction in Escherichia coli[J].
RNA Biology, 2020, 17(2): 176-187.

[19] McCullen CA, Benhammou JN, Majdalani N, Gottesman
S. Mechanism of positive regulation by DsrA and RprA
small noncoding RNAs: pairing increases translation and
protects rpoS mRNA from degradation[J]. Journal of
Bacteriology, 2010, 192(21): 5559-5571.

[20] Klauck E, Lingnau M, Hengge-Aronis R. Role of the
response regulator RssB in ¢° recognition and initiation
of &° proteolysis in Escherichia coli[J]. Molecular
Microbiology, 2001, 40(6): 1381-1390.

[21] Rodriguez-Martinez K, Muriel-Millan LF, Ortiz-Vasco C,
Moreno S, Soberén-Chavez G, Espin G. Defining the
regulatory mechanisms of sigma factor RpoS degradation
in  Azotobacter  vinelandii  and  Pseudomonas
aeruginosa[J]. Molecular Microbiology, 2023, 120(1):
91-102.

[22] Lange R, Hengge-Aronis R. The cellular concentration of
the sigma S subunit of RNA polymerase in Escherichia
coli is controlled at the levels of transcription, translation,
and protein stability[J]. Genes & Development, 1994,
8(13): 1600-1612.

[23] Bougdour A, Cunning C, Baptiste PJ, Elliott T,
Gottesman S. Multiple pathways for regulation of ¢
(RpoS) stability in Escherichia coli via the action of
multiple anti-adaptors[J]. Molecular Microbiology, 2008,
68(2): 298-313.

[24] Wong GT, Bonocora RP, Schep AN, Beeler SM, Lee
Fong AJ, Shull LM, Batachari LE, Dillon M, Evans C,
Becker CJ, Bush EC, Hardin J, Wade JT, Stoebel DM.
Genome-wide transcriptional response to varying RpoS



AAER % | Rk, 2026, 66(5)

2101

[25]

[26]

[27]

(28]

[29]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

levels in Escherichia coli K-12[J].
Bacteriology, 2017, 199(7): e00755-16.
Dong T, Schellhorn HE. Control of RpoS in global gene
expression of Escherichia coli in minimal media[J].
Molecular Genetics and Genomics, 2009, 281(1): 19-33.
Yakhnin H, Yakhnin AV, Baker CS, Sineva E, Berezin I,
Romeo T, Babitzke P. Complex regulation of the global
regulatory gene csrd: CsrA-mediated translational
repression, transcription from five promoters by Eo’’ and
Eo®, and indirect transcriptional activation by CsrA[J].
Molecular Microbiology, 2011, 81(3): 689-704.

Peano C, Wolf J, Demol J, Rossi E, Petiti L, De Bellis G,
Geiselmann J, Egli T, Lacour S, Landini P.
Characterization of the Escherichia coli 6> core regulon
by Chromatin Immunoprecipitation-sequencing (ChIP-
seq) analysis[J]. Scientific Reports, 2015, 5: 10469.
Chiang SM, Schellhorn HE. Regulators of oxidative
stress response genes in Escherichia coli and their
functional conservation in bacteria[J]. Archives of
Biochemistry and Biophysics, 2012, 525(2): 161-169.
Lacour S, Landini P. 6°-dependent gene expression at the
onset of stationary phase in Escherichia coli: function of
oS-dependent genes and identification of their promoter
sequences[J]. Journal of Bacteriology, 2004, 186(21):
7186-7195.

Dong T, Kirchhof MG, Schellhorn HE. RpoS regulation
of gene expression during exponential growth of
Escherichia coli KI12[J]. Molecular Genetics and
Genomics, 2008, 279(3): 267-277.

Wise A, Brems R, Ramakrishnan V, Villarejo M.
Sequences in the —35 region of Escherichia coli rpoS-
dependent genes promote transcription by E sigma S[J].
Journal of Bacteriology, 1996, 178(10): 2785-2793.

Patten CL, Kirchhof MG, Schertzberg MR, Morton RA,
Schellhorn HE. Microarray analysis of RpoS-mediated
gene expression in Escherichia coli K-12[J]. Molecular
Genetics and Genomics, 2004, 272(5): 580-591.

Weber H, Polen T, Heuveling J, Wendisch VF, Hengge R.
Genome-wide analysis of the general stress response
network  inEscherichia coli:  o>-dependent  genes,
promoters, and sigma factor selectivity[J]. Journal of
Bacteriology, 2005, 187(5): 1591-1603.

Rida S, Caillet J, Alix JH. Amplification of a novel gene,
SanA, abolishes a vancomycin-sensitive defect in
Escherichia coli[J]. Journal of Bacteriology, 1996,
178(1): 94-102.

Park SH, Choi U, Ryu SH, Lee HB, Lee JW, Lee CR.
Divergent effects of peptidoglycan carboxypeptidase
DacA on intrinsic 3-lactam and vancomycin resistance[J].
Microbiology Spectrum, 2022, 10(4): e01734-22.
Douglass MV, McLean AB, Trent MS. Absence of YhdP,
TamB, and YdbH leads to defects in glycerophospholipid
transport and cell morphology in Gram-negative
bacteria[J]. PLoS Genetics, 2022, 18(2): ¢1010096.

Jo JH, Seol HY, Lee YB, Kim MH, Hyun HH, Lee HH.
Disruption of genes for the enhanced biosynthesis of
a-ketoglutarate in  Corynebacterium  glutamicum[J].
Canadian Journal of Microbiology, 2012, 58(3): 278-286.
Kluck CJ, Patzelt H, Genevaux P, Brehmer D, Rist W,

Journal of

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Schneider-Mergener J, Bukau B, Mayer MP. Structure-
function analysis of HscC, the Escherichia coli member
of a novel subfamily of specialized Hsp70 chaperones[J].
Journal of Biological Chemistry, 2002, 277(43):
41060-41069.

Yim HH, Brems RL, Villarejo M. Molecular
characterization of the promoter of osmY, an rpoS-
dependent gene[J]. Journal of Bacteriology, 1994, 176(1):
100-107.

Gort AS, Ferber DM, Imlay JA. The regulation and role
of the periplasmic copper, zinc superoxide dismutase of
Escherichia coli[J]. Molecular Microbiology, 1999,
32(1): 179-191.

Izutsu K, Wada C, Komine Y, Sako T, Ueguchi C, Nakura
S, Wada A. Escherichia coliRibosome-associated protein
SRA, whose copy number increases during stationary

phase[J]. Journal of Bacteriology, 2001, 183(9):
2765-2773.
Yang W, Ni L, Somerville RL. A stationary-phase protein

of Escherichia coli that affects the mode of association
between the trp repressor protein and operator-bearing
DNAJJ]. Proceedings of the National Academy of
Sciences of the United States of America, 1993, 90(12):
5796-5800.

Ibanez-Ruiz M, Robbe-Saule V, Hermant D, Labrude S,
Norel F. Identification of RpoS (c%)-regulated genes
inSalmonella entericaSerovar typhimurium[J]. Journal of
Bacteriology, 2000, 182(20): 5749-5756.

Mitchell AM, Wang W, Silhavy TJ. Novel RpoS-
dependent mechanisms  strengthen the envelope
permeability barrier during stationary phase[J]. Journal of
Bacteriology, 2017, 199(2): e00708-16.

Baev MV, Baev D, Radek AJ, Campbell JW. Growth of
Escherichia coli MG1655 on LB medium: monitoring
utilization of sugars, alcohols, and organic acids with
transcriptional microarrays[J]. Applied Microbiology and
Biotechnology, 2006, 71(3): 310-316.

Kaasen 1, Falkenberg P, Styrvold OB, Strom AR.
Molecular cloning and physical mapping of the otsBA
genes, which encode the osmoregulatory trehalose
pathway of Escherichia coli: evidence that transcription
is activated by katF' (AppR)[J]. Journal of Bacteriology,
1992, 174(3): 889-898.

Alvarez-Ordéfiez A, Begley M, Hill C. Polymorphisms in
rpoS and stress tolerance heterogeneity in natural isolates
of Cronobacter sakazakii[J]. Applied and Environmental
Microbiology, 2012, 78(11): 3975-3984.

Waterman SR, Small PL. Characterization of the acid
resistance phenotype and rpoS alleles of shiga-like toxin-
producing Escherichia coli[]]. Infection and Immunity,
1996, 64(7): 2808-2811.

Ferenci T, Galbiati HF, Betteridge T, Phan K, Spira B.
The constancy of global regulation across a species: the
concentrations of ppGpp and RpoS are strain-specific in
Escherichia coli[J]. BMC Microbiology, 2011, 11: 62.
Berger P, Dumevi RM, Berger M, Hastor I, Treffon J,
Kouzel U, Kehl A, Scherff N, Dobrindt U, Mellmann A.
RpoS acts as a global repressor of virulence gene
expression in  Escherichia coli 0104:H4 and

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



2102

SHI Jiali et al. | Acta Microbiologica Sinica, 2026, 66(5)

enteroaggregative E. coli[J]. The Journal of Infectious
Diseases, 2024: jiae151.

[51] Jordan SJ, Dodd CER, Stewart GSAB. Use of single-
strand conformation polymorphism analysis to examine
the variability of the 7poS sequence in environmental
isolates of Salmonellae[J]. Applied and Environmental
Microbiology, 1999, 65(8): 3582-3587.

[52] Valencia EY, Barros JP, Ferenci T, Spira B. A broad
continuum of E. coli traits in nature associated with the
trade-off between self-preservation and nutritional
competence[J]. Microbial Ecology, 2022, 83(1): 68-82.

[53] Chiang SM, Dong T, Edge TA, Schellhorn HE.
Phenotypic diversity caused by differential RpoS activity
among environmental Escherichia coli isolates[J].
Applied and Environmental Microbiology, 2011, 77(22):
7915-7923.

[54] Notley-McRobb L, King T, Ferenci T. 7poS mutations and
loss of general stress resistance in Escherichia coli
populations as a consequence of conflict between
competing stress responses[J]. Journal of Bacteriology,
2002, 184(3): 806-811.

[55] Lalaouna D, Fochesato S, Barakat M, Ortet P, Achouak
W. Multiple transcription-activating sequences regulate
the RsmZ regulatory small RNA of Pseudomonas
brassicacearum[J]. Journal of Bacteriology, 2012,
194(18): 4888-4893.

[56] Bhagwat AA, Chan L, Han R, Tan J, Kothary M, Jean-
Gilles J, Tall BD. Characterization of enterohemorrhagic
Escherichia coli strains based on acid resistance
phenotypes[J]. Infection and Immunity, 2005, 73(8):
4993-5003.

[57] Wu YR, Xin YQ, Yang XY, Song K, Zhang QW, Zhao
HH, Li CX, Jin Y, Guo Y, Tan YF, Song YJ, Tian HY, Qi
ZZ, Yang RF, Cui YJ. Hotspots of genetic change in
Yersinia  pestis[J]. Nature Communications, 2025,
16: 388.

P4 actamicro@im.ac.cn, 7 010-64807516

[58]

[59]

[60]

[61]

[62]

Ratib NR, Seidl F, Ehrenreich IM, Finkel SE. Evolution
in long-term stationary-phase batch culture: emergence of
divergent Escherichia coli lineages over 1 200 days[J].
mBio, 2021, 12: e03337-20.

Snyder E, Gordon DM, Stoebel DM. Escherichia coli
lacking RpoS are rare in natural populations of non-
pathogens[J]. G3, 2012, 2(11): 1341-1344.

Imlay JA. Where in the world do bacteria experience
oxidative stress? [J]. Environmental Microbiology, 2019,
21(2): 521-530.

Moreau PL. Regulation of phosphate starvation-specific
responses in Escherichia coli[J]. Microbiology, 2023,
169(3): 001312.

Imlay JA. The molecular mechanisms and physiological
consequences of oxidative stress: lessons from a model
bacterium[J]. Nature Reviews Microbiology, 2013, 11(7):
443-454.

[63] Anand A, Chen K, Yang L, Sastry AV, Olson CA, Poudel

S, Seif Y, Hefner Y, Phaneuf PV, Xu SB, Szubin R, Feist
AM, Palsson BO. Adaptive evolution reveals a tradeoff
between growth rate and oxidative stress during
naphthoquinone-based aerobic respiration[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2019, 116(50): 25287-25292.

[64] Kim M, Choi N, Choi E, Lee EJ. CIC chloride channels

in gram-negative bacteria and its role in the acid
resistance systems[J]. Journal of Microbiology and
Biotechnology, 2023, 33(7): 857-863.

[65] Ma Z, Richard H, Foster JW. pH-dependent modulation

of cyclic AMP levels and GadW-dependent repression of
RpoS affect synthesis of the GadX regulator and
Escherichia  coli acid resistance[J]. Journal of
Bacteriology, 2003, 185(23): 6852-6859.

[66] Altendorf K, Booth IR, Gralla J, Greie JC, Rosenthal AZ,

Wood JM. Osmotic stress[J/JOL]. EcoSal Plus, 2009.
10.1128/ecosalplus.5.4.5.



