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Mechanisms of the response of EsrISR system of Corynebacterium
glutamicum to hyperosmotic stress and maintenance of cell wall
integrity

JI Aoyi, FAN Zhihao, LUO Xintao, GAO Hui, XU Meijuan"

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,

Wauxi, Jiangsu, China

Abstract: [Objective] To elucidate the signal sensing logic of the three-component EsrISR system,
which is composed of the accessory protein Esrl, the histidine kinase EsrS, and the response
regulator EsrR, in Corynebacterium glutamicum under hyperosmotic stress and its molecular
mechanism for maintaining cell wall homeostasis. [Methods|] The core stress-responsive gene
cluster was identified through RNA-seq. A series of deletion mutants and overexpression strains
were constructed through homologous recombination technology. The transcriptional fusion
reporter system, field emission scanning electron microscopy/transmission electron microscopy
(FESEM/TEM), electrophoretic mobility shift assay (EMSA), and real-time quantitative reverse
transcription PCR, (RT-qPCR) were employed to systematically investigate the sensing threshold,
stress response patterns, and global target gene networks of this system. [Results] RNA-seq
showed that the esrISR gene cluster was significantly upregulated under 1.7 mol/L NaCl stress.
Under the same stress conditions, the deletion of the regulator EsrR led to a significant decrease in
biomass, with the maximum ODggy dropping to 47.8% of that of the wild type. Moreover, severe
damage and collapse of the cell wall were observed via electron microscopy. The construction and
analysis of reporter plasmids showed that this system was driven by an internal promoter, peaking
at 1.7 mol/L NaCl, with a maximum fluorescence intensity of 880 RFU/ODgy. The proposed
regulatory model indicated that in the absence of external stress, EsrS mainly exerted phosphatase
activity to repress the transcription of esr/, thereby maintaining the repressed state of the system
(deletion of esrS led to an approximately 15.0-fold upregulation of esr/). Upon sensing
hyperosmotic signals, EsrS changed its activity, promoting the phosphorylation of the regulator
EsrR. Subsequently, the phosphorylated EsrR specifically bound to the core regulatory region,
thereby activating the positive feedback regulatory loop. Transcriptomic analysis revealed
significant alterations in the expression of key genes associated with cell wall homeostasis in the
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esrR deletion mutant (AesrR). RT-qPCR analysis confirmed that EsrR functioned as a crucial
regulator of cell wall biosynthesis primarily by positively activating key pathway genes.
Specifically, the peptidoglycan synthesis genes murB and CGL _RS01830 were downregulated by
95.0% in AesrR and upregulated by 2.0-6.5 fold in esrR-OE; the trehalose biosynthesis genes #resS,
treY, and treZ were downregulated by 75.0%-83.0% in AesrR and upregulated by 2.5-4.2 fold in
esrR-OE; cmr4 and gatC were significantly repressed in AesrR and upregulated by 3.5-folds in
esrR-OE, thereby effectively maintaining the physical homeostasis of the cell wall. [Conclusion]
This study provides new insights into the regulation of cell wall homeostasis by the three-
component EsrISR system in Corynebacterium, providing critical genetic targets for the robustness

engineering of industrial chassis strains.
Keywords: Corynebacterium  glutamicums

hyperosmotic stress
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*1 AR ETH BRRAAER

1 AR5

1.1 EE. FRAKESI

A ST BT (i A RAR AL BORL AN 3R 1 T
Fr S YME B ANk 2 iR,

1.2 EFEMEFEZH

LB §5553(g/L): NaCl10.0, 15 10.0, [
BEH) 5.0. A LB H53734(g/L): NaCl110.0, FH
Ji: 10.0, EERRRY 5.0, BilEky 17.00 KIGFF RSz
AH#F] . A #-CaCl, 0.1 mol/L; B ¥#{-CaCl,
0.1 mol/L, 15% Hil. BHI 55383 (g/L): FikiL>
=R 38.5, [EI1A BHI #5555 (g/L): M0z
I 38.5, BUIEM 17.0. LBGS Hi5#3k(g/L):
FERER B 5.0, NaCl 10.0, &1 10.0, Hiz
BE 7.0, 20% FEWE . A2 FREAT RSS2 A R 2
(g/L): MR 38.5, H4E 3.0, 0.01% it
16-80, TB Bi7E3(g/L): BEREFRY 24.00, %
12.00, H7YH 4.00, K,HPO, 12.54, KH,P0,42.31.

LB T 121 °C’K i 15 min, TB F 115 °C’K
7 20 min,

B AR AR IR 450 30 °C. 220 t/min,
R AE RAWRE . AN EER 100 pg/mL,
RAREEEK 50 pg/mL., AFE XK 20 ug/mL.

1.3 BRREHREIIE

FIH pK18mobsacB ZF 12 5T 4545 1) FEME L
FEIEH sacB, (HRARSEIT R REL, &3
BRI ) H Y

Table 1 The strains and plasmids used in this study

Plasmid/Strain Feature

Plasmid
pET28a Shuttle vector between E. coli and C. glutamicum, Kan®, Py,
pXMIJ19 Shuttle vector between E. coli and C. glutamicum, ChI®, P,,,
pK18mobsacB Suicide plasmid carrying sacB for gene deletion in C. glutamicum, Kan®

pET28a-esrR
pXMIJ19-esrl

pET28a harboring esrR, Kan®
pXMJ19 harboring esrI, ChI®

(firsk)
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Plasmid/Strain

Feature

pXMIJ19-esrS

pXMIJ19-esrR

pXMI19-P,,s-mKate2

pXMI19-P, p-mKate2

pK18-Aesrl

pK18-AesrS

pK18-AesrR

pK18-ACg0424

pK18-AmurB

pK18-AtreY

pK18-AtreS

pK18-AtreZ

pK18-AgatC
Strain

E. coli BL21(DE3)

E. coli DH5a

CA00

ESO01

ES02

ES03

ES04

ES05

ES06

ES07

ES08

ES09

ES10

ES11

ES12

CAO01

CA02

CAO03

CA04

CAO05

CA06

CA07

CAO08

pXMIJ19 harboring esrS, ChI®

pXMIJ19 harboring esrR, ChI®

pXM1IJ19 harboring P,,,;s and mKate2, Chl}
pXMIJ19 harboring P,z and mKate2, ChI®
pK18mobsacB for esrl deleting
pK18mobsacB for esrsS deleting
pK18mobsacB for esrR deleting
pK18mobsacB for Cg0424 deleting
pK18mobsacB for murB deleting
pK18mobsacB for treY deleting
pK18mobsacB for treS deleting
pK18mobsacB for treZ deleting
pK18mobsacB for gatC deleting

The expressing host for recombinant protein
The expressing host for recombinant protein
C. glutamicum ATCC 13032

BL21 harboring pET28a

BL21 harboring pXMJ19

BL21 harboring pK18mobsacB

BL21 harboring pET28a-esrR

DHS5a harboring pXMJ19-esr!

DHS5a harboring pXMJ19-esrS

DH5a harboring pXMJ19-esrR

DH5a harboring pXMJ19-P,,;s-mKate2
DH5a harboring pXMJ19-P,,r-mKate?2
BL21 harboring pK18-Aesr/

BL21 harboring pK18-AesrS

BL21 harboring pK18-AesrR

CAO00 harboring pXMJ19-esr!

CAO00 harboring pXMJ19-esrS

CAO00 harboring pXMJ19-esrR

CAO00 harboring pXMJ19-P,,,s-mKate2
CAO00 harboring pXMJ19-P,,z-mKate?2
CAO00Aesr]

CAO00AesrS

CAO00AesrR
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*2 AWRETASI
Table 2 The primers used in this study

Primer names

Primer sequences (5'—3)

pET28A-F
pET28A-R
pET28A-esrR-F
pET28A-esrR-R
F-pET28A-esrR-F
F-pET28A-esrR-R
P19-esrl-F
P19-esrl-R
F-P19-esrl-R
FF-P19-esri-F
P19-esrS-F
P19-esrS-R
F-P19-esrS-R
F-P19-esrS-F
P19-esrR-F
P19-esrR-R
P19-F-esrR-F
P19-F-esrR-R
p19-P,;s-mKate2-F
p19-P,,;s-mKate2-R
p19-P,,;s-mKate2-F-F
p19-P,,;s-mKate2-F-R
p19-P,,r-mKate2-F
p19-P,,r-mKate2-R
p19-P,,r-mKate2-F-F
p19-P,,r-mKate2-F-R
esrl-S-F

esrl-S-R

esrl-X-F

esrl-X-R
pk18-F-esrl-F
pk18-F-esrl-R
esrS-S-F

esrS-S-R

esrS-X-F

esrS-X-R
pk18-F-esrS-F
pk18-F-esrS-R

AGCAACCGCACCTGTGGC

GCTTCCTTTCGGGCTTTGTTAGC
CGCGGATCCATGGTTGATGTGTTTTTGGTCG
CGACGGAGCTCGAATTCTTAGTCAAG
CACTCGAGGGATCTTGACTAAGAATTCGAGCTCC
CAACCATGGATCCGCGACCCATTTG
CGAAAGGAGATGAGTACTTTTCAGGAGC
GATCCTCTAGAGCTAGTCATTCTGATCAGC
CTCATCTCCTTTCGACCTGCAGGCATG
CTAGCTCTAGAGGATCCCCGGGTACC
CAGGTCGAAAGGAGGTGCCTTTATATCC
GATCCTCTAGAGCTACACATCCATGGTG
CTCCTTTCGACCTGCAGGCATG
GTAGCTCTAGAGGATCCCCGGGTAC
CTTGCAATGCATCATCATCATCATCACGTTGATGTGTTTTTG
CTGCAGGCATTAGTCAAGATCCCTCGAGTGAG
GAGGGATCTTGACTAATGCCTGCAGGTCG
GATGATGCATTGCAAGCTTAATTAATTCTGTTTCC
CAGGTCGACGTGAACGTGGCCAAG
TCCTCCTTTATCCTGCACCGCGGTC
GTCGACCTGCAGGCATGCAAGC
TCTAGAGGATCCCCGGGTACCGAGC
GGAGGACAACCATGCTATCCGAATTG
GGAAGCTTTTATCGATGTCCGAGTTTAGAC
GATAAAAGCTTCCCCGCGAAAGCGGGGTTTTTTTTTTTG
CTTAATTAATTCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTC
CATGATTACGAATTCAGACTCTATTGTGGAGTGTTGAGG
GCAGGCGTCACAGGCACGATAC
CCTGTGACGCCTGCCATACGAG
CGAGCTCCCCGACCCTATGTGAG
GTCGGGGAGCTCGGTACCCG
GAGTCTGAATTCGTAATCATGTCATAGCTGTTTCC
CAGCTATGACATGATTACGAATTCCTTCAAAGTAGATGGGATCG
GTACGACCAACGCTTGCCCCGCAG
CTGCGGGGCAAGCGTTGGTCGTAC
GGTCGACTCTAGAGGATCCCATTTCGATCAACTTGAGGTTTGCCC
GGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGG
GAATTCGTAATCATGTCATAGCTGTTTCCTGTGTGAAATTG

http://journals.im.ac.cn/actamicrocn
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Primer names Primer sequences (5'—3")

esrR-1-F CATGATTACGAATTCGAAAAAGGGGAGTGGGG

esrR-1-R CTTTTTAGCCGCCAGCCTTTCAGGTTAC

esrR-2-F GAAAGGCTGGCGGCTAAAAAGAGTGGCG

esrR-2-R GTACCGAGCTCCTGCTACACCGGGTGG

pk18-F-esrR-F
pk18-F-esrR-R
esrlS 5' UTR-F
esrlS 5" UTR-R
esrR 5" UTR-F
esrR 5" UTR-R

GTGTAGCAGGAGCTCGGTAC
CGAATTCGTAATCATGTCATAGCTGTTTCC
GCTTGGCAGGGATGCGTGCGG
GATATAAAGGCACCGCTTGCCCCGCAG
CCTGAAAAGTACTCATAGACTCTATTGTGGAGTGTTGAGG
CGCTTGCCCCGCAGGCTG

1.4 HKphZaINE

A5 I TR PR R TR/ 49 1 S 26 T AH B BHI $t
PEREARREFREE L, 7F 30 °CHa IR 5 3747 3 & 5
F% 24 h, HATHEREA. SEFRAHRE, WP
LHRECRTR I, TR G T T O R, B
Fh 22547 10 mL WAk BHI A HUIERS RS IR L,
30 °C. 200 r/min ¥53% 12 h, ZXEUE KB E
ODsoo 5 4.0, FRIFIHEALFP I, B Lkl
FhFRALRRFU BN 1% BYFER i, i
50 mL Hrfif BHI AHR Bt il AR 5 #2569 250 mL
AN PR B = AR, 30 °C. 200 r/min #5557
FEFP G RIS ODeoo H R 0.1, H RN, REFE
2h BURE 1 UK, BRI 200 pl 555500, DIRHE
Fh Y Zs S TR FAE X R, 58 A-m] 0L 2ot
FCREE TN E P 600 nm Ak BTG EE(E(ODeoo) o

T TR TR e B R M SRS A - 3 Bl (ODgoo=
0.1-0.8) B O T, it FHJC TR A= BRER AKX AR W it
T MAS B B Ja AT o A HE AL TR PR
Je B A= UG RS 3 AR R . B AL
BE IR B R RE AL BR . XF A Y ODgoo fH A NALFR
FIH GraphPad Prism {422 il I LU 4 45 TR Bk 1)
AR ZR
1.5 TGRS

{5 FH G %1 0 N BHI 35 35 3554 Fi HLBR
WK, BBECKEN 1.5 mL E.L08H, U
4°C. 2500 r/min &[> 1 min, WL H T K
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NPITRARTTTE . WA REGEIZ N 2.5% I R[]
EMCHTIE T 2RE, T4 °CHrEFE e
FEMEEWG, A 0.1 mol/L PBS %% 2 i
3K, BHR 10 min, Fifi e fif FHAS BE MR BE 1 TEoK £
B HEAT K oAb B 58 B AORE A F - S
Bi(Hitachi 2 7P T UREEAT)
1.6 KRLHKSEMZ M SRSELE

VR 7 ) A TR A AT T i 7 2 X B A K
(ODgoo 19 4.0), SRJG LA 10 3575 B Rh B % S0 7 B
F 107, BB A 15 uL MR, TE
A AR SR ARV B 8 9 BHI AR BT A
B, T30°CTRH555 24 h ZRETEK D, WEEs S,
1.7 RNA HJ$2ER. R3%R

RNA #2HUJ5 ¥ I RNA simple $2 BULF] &
[RARAE AR A ) A R A A 45 . S e
g & i % 5 PCR (real-time quantitative reverse
transcription PCR, RT-qPCR){#fi | ChamQ SYBR-
qPCR Master Mix 2] & (a2 128 ro A= YRk
ABRATD, ARTEWBEIAS,
1.8 FRENMFDH

WA F TR AT T 4 AP T BHI B SR S
30 °CHEFEZE ODgoo 4 0.6 5}, 4 °C, 12 000 r/min
20 2 min, WUERIRDIE, HIRAMRE . EH
FEXTECRT IO, F22 0 THERR G T8
I 52 B R IR, DT i e 5 72 ok L
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AL RIS . 48 NanoDrop ND-1000 4% iR K6
WA (LabTech 23 m)) A I RNA (1) ¥ B 5 4l B .
FETF Mlumina — AR /5 18 59 5 5 (HiSeq 4000)
W, HAEMERRH A FRA 7 78
1.9 RREEEFEFER PCR

VEPET 14 DA, DLEKF . fHER
iKY 16S rRNA JEH NS A, DA% Sk s
1 cDNA JHiHR , f#i ] ChanQ Universal SYBR
gqPCR Master Mix #f 17 RT-qPCR 73 #r, i il
mRNA MIX} ik, qPCR 455 556 4174
Puah 3L log, fold change| &7 .
1.10 £ R 1T # £ 30 (electrophoretic
mobility shift assay, EMSA)

DI IREFTIA ATCC 13032 L[R2 MR
fdi 3% 2 s T PCR 31 . PCR S {4
% (25.0 pL): 2xKeyPo SE Master Mix 12.5 uL,
. FUHFSI#(10 pmol/L)4% 1.0 uL, DNA
0.5 pL, ddH,0 10.0 uL. PCR JZ i 5514 : 94 °C
AR 2 ming 98 °CAEE 10s, 58 °CiRk 30's,
68 °CHEfH 30 s, I 35 HEH; 72 CCL G i
10 min, VIR ZiAL IS 345 H LAY 5-UTR )5
ST HE . B EstR 8 . EMSA Z5 5% s
PREFTF 25 °CAM T E 30 min 5, A L
W, IFTE 6% JEAE M RN IS IMERLEERE 1 4 °C.|
100 V HLIK 2 h, fd FH OGS AR & 48 T Ak 25

HH-
Bt o

2 ERGHT

21 AEBREMEESZSMETHEK
HYHEIFEE K esrISR F%i0 58 S RO FA AL

EN R s buRa NS RIS
TR [RIRE B 0998 385 R Wm0 B A= Y (WT) B AR A
KAL) . A KL (E DR, BEE NaCl
WRETHR, WT BRI I ] i 5 K, ok
ODyoo THAE 1.7 mol/L NaCl £ T 8 % BE 20 F [
24 32%. 1.9 mol/L NaCl X A= K (1 41 i 5 Sy &
%, ODgoo /N 5.5 247, 1S Wpa i B gt — 2

PEFEZE 2.1 mol/L B, BEARIMAERZ 2] TR
i, B K ODeoo INAE 1.5 24, 24 2.3 mol/L
i PR R A A U s A ol

FX3GRER, S =Hn RE R R
% esrISR stk W 2% By, BdE o, 1E
1.7 mol/L NaCl JiE T, JE[H esrl 1) FPKM {EH
JCa TR 30.9 B ETHE 3 324.3, S50
ik 107.3; FEH esrS 5FHEH esrR ) FPKM {H L

15 0.0 mol/L
—=—1.1 mol/L
1.3 mol/L
—1.5 mol/L
10+ e  —1.7mol/L
s -—l"j:/,,,,,,, S aED e e 1.9 mol/L
3 [t — Y
8 /’, i 2.1 mol/L
0 20 40 60 80
t/h

Bl ATEEENZSEEHENAREETEEK
pEAD)

Figure 1  Effects of hyperosmotic stress under
varying NaCl concentrations on the growth of
Corynebacterium  glutamicum. Growth curves of
Corynebacterium glutamicum under various osmotic
pressures (0.0-2.1 mol/L NaCl) were measured over
time, with a control group (without added stress) for
comparison. The 0.0 mol/L NaCl group is the control
group. Data represent the mean of three independent

replicates.

=3 ZiHD FRYGesrISRTEL.7 mol/L NaCLKE T /Y
YR RE
Table 3 Transcriptome data of the three-component

system esrISR at a 1.7 mol/L NaCl concentration

Gene FPKM values Fold change
(WT vs. 1.7 mol/L NaCl)

esrl 309 vs. 3 324.3 10731

esrS 28.0 vs. 349.7 1251

esrR 76.3 vs. 402.9 5371

T indicates up-regulation.
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Figure 2 Structural domain architecture and amino acid sequence alignment of the EsrISR system proteins. A:

Schematic diagram of the domain structures of Esrl (novel sensor protein), EsrS (histidine kinase), and EsrR

(response regulator) (Numbers indicate the amino acid positions of conserved domains); B: Multiple amino acid

sequence alignments of EsrS with homologous kinase proteins (top), and EsrR with homologous response

regulators (bottom). The blue box indicates the conserved histidine (His) phosphorylation site, and the red box

indicates the conserved aspartate (Asp) phosphorylation site. The letters highlighted with a red background

represent highly conserved amino acid residues across different species.
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Figure 3

Transcriptional orientation and specific fluorescence intensity of the EsrISR system promoters

under hyperosmotic stress. A: Schematic diagrams of the P, and P.,z promoters; B: specific fluorescence

intensity (fluorescence/ODgq ratio) of the P,s and P, reporter systems under hyperosmotic stress conditions
(1.3-2.1 mol/L NaCl) in the wild-type pXMJ19 and reporter strains (P19-P,;s and P19-P ).
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Figure 4 Regulatory mechanism of the EsrISR system. A: Relative messenger RNA (mRNA) levels of the

esrISR genes in mutant strains; B: EMSA analysis of EsrR binding to the promoter regions of Py,s, P.gz, and the

negative control P,.z. The + and — denote the presence or absence of the EsrR protein, respectively. The 25x and

150% indicate the molar ratios of the added EsrR protein to the DNA probe in the reaction mixtures.
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Figure 5 Effects of the EsrISR system deletions on the hyperosmotic stress tolerance and growth of
Corynebacterium glutamicum. A: Spot assays of the wild-type (WT) and mutant AesrS under different
hyperosmotic stress conditions (1.1-1.7 mol/L NaCl); B: Growth curves of the WT and mutants under normal

conditions (left panel) and 1.7 mol/L NaCl hyperosmotic stress (right panel).
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Figure 6 Effects of the EsrISR system deletions on the cell morphology of Corynebacterium glutamicum under

normal conditions. A: Surface morphology of the wild-type (WT); B: Surface morphology of the mutant AesrsS;
C: Surface morphology of the mutant AesrR. The cells were observed using field emission scanning electron
microscopy (FESEM).
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Figure 7 Transcriptomic analysis of the AesrR mutant under normal conditions. A: A volcano plot showing
differentially expressed genes (DEGs) between the wild-type (WT) and the AesrR mutant (A total of 703 significant
DEGs are highlighted, including 193 up-regulated and 510 down-regulated genes); B: KEGG pathway enrichment
analysis of the DEGs (The color of the bubbles represents the g-value, with greener colors indicating smaller

g-values and greater statistical significance, while the size of the bubbles represents the number of genes).

o

Gene number
e 10

e 20
® 30
® 40

g-value
1.00

I 0.75
0.50

0.25
=520.00

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



4916 JI Aoyi et al. | Acta Microbiologica Sinica, 2026, 66(10)

=4 FERRRTRPARERSEXCRERRERKT

Table 4 Transcriptional levels of key genes involved in cell wall homeostasis in wild-type and mutant strains

Gene locus Gene Function WT AesrR
FPKM FPKM
NCgl2470 murA UDP-N-acetylglucosamine 1-carboxyvinyltransferase 299.5 476.6
NCgl0346 murB UDP-N-acetylmuramate dehydrogenase 804.6 N.D.
NCgl0345 CGL _RS01830 3-phosphoshikimate 1-carboxyvinyltransferase 593.4 0.2
NCgl222] treS Maltose alpha-D-glucosyltransferase 13.9 2.0
NCgl2037 treY Malto-oligosyltrehalose synthase 63.3 103.7
NCgl2045 treZ Malto-oligosyltrehalose trehalohydrolase 99.5 1334
NCgl2534 otsA Trehalose-6-phosphate synthase 389.1 370.7
NCgl2537 otsB Trehalose-6-phosphate phosphatase 508.7 528.1
NCgl2385 cmrA Mycolate reductase CmrA 90.6 113.7
NCgl1198 gatC Asp-tRNA (Asn)/Glu-tRNA (Gln) amidotransferase subunit GatC 158.8 65.5
NCgl2773 pks13 Polyketide synthase Pks13 141.3 237.5

N.D. indicates not detected.
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Figure 8 RT-qPCR analysis of target gene expression in AesrR and esrR-OE strains across different growth
phases. Relative mRNA levels of genes involved in peptidoglycan synthesis, stress response, and cell envelope
modification (murd, murB, CGL_RS01830, treS, treY, treZ, otsA, otsB, cmrA, gatC, pksi3) in the esrR knockout
mutant (AesrR) and esrR overexpression (esrR-OE) strains were determined relative to the wild-type strain across
multiple growth phases. A: ODgy=1.0; B: ODgp=2.0; C: ODgp=3.0. The 16S rRNA gene was used as an internal
reference gene for normalization. The horizontal dashed line at y=1 represents the baseline relative expression
level of the wild-type strain. Error bars represent the standard deviations of three independent biological
replicates.
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Figure 9 Proposed working model of the regulatory mechanism mediated by the EsrISR three-component
system in response to cell envelope stress. Under non-stress conditions (upper panel), the auxiliary membrane
protein Esrl interacts with the sensor kinase EsrS, inhibiting its autophosphorylation and keeping the response
regulator EsrR in an inactive state. Upon exposure to cell envelope stress signals such as high osmolarity (lower
panel), the inhibitory effect of Esrl is relieved. EsrS autophosphorylates and subsequently transfers the
phosphoryl group to EsrR. The phosphorylated EsrR (EsrR-P) then binds to the promoter regions of target genes,
activating the transcription of its own esrISR operon (positive feedback loop) as well as genes involved in
trehalose (treS/treY/treZlotsAlotsB),
biosynthesis, thereby reinforcing the cell envelope to combat the environmental stress.

peptidoglycan  (murA/murB), and mycolic acid (cmrA/gatClpksl3)
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