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mobility shift assay, EMSA)#= qRT-PCR AR 7 iZBiE 4t R A B . [4R] Wik 2 4k
Bl RNA %484 T 3 o°2 (RpoH) LA Poypr B-#BE-ACP BL7K B4 (FabZ) F 3 Puyz. EMSA % R Faik A
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Transcriptional regulation of small RNA EsrE in Escherichia coli
SONG Jie HOU Bing-Bing YE Jiang WU Hai-Zhen" ZHANG Hui-Zhan

State Key Laboratory of Bioreactor Engineering, School of Biotechnology, East China University of Science and
Technology, Shanghai 200237, China

Abstract: [Background] Small RNA EsrE affects cell growth by regulating the expression of succinic
acid dehydrogenase in Escherichia coli, the exploration of its regulatory mechanism is conducive to
deepening the understanding of EsrE on cell growth. [Objective] To explore the transcriptional regulation
mechanism of small RNA EstE in E. coli. [Methods] Transcriptional regulators were screened by using a
dual plasmid reporting system; the interaction between RpoH and P,z was verified by electrophoretic
mobility shift assay (EMSA); qRT-PCR shows effects of the transcriptional regulators on EsrE. [Results]
The results of reporting system demonstrated that RpoH up-regulated P,,£, and FabZ down-regulated P, .
The results of EMSAs showed that RpoH bound the P,y fragment directly, however FabZ did not.
[Conclusion] RpoH is involved in the regulation of esrE transcription by binding the P,y promoter
directly, while FabZ is involved in the transcriptional regulation of EsrE indirectly by other ways.
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JEF A A W v BE DR A 2 S sz B 7 ks R 9, il
i =X AE FH JC 1 (cis-regulatory  elements)Fil iz X AE H
W32 558 . SER S w8, )8 3+ A
FiE Ry DNA P85 oI 1, gk 5
RNA R A (RNA polymerase, RNAP)/~ S5 54t
fo KIBFFRH KA 300 FPoE 25 gufid i
TERE T, Hoh 270 RhEA FR S, HR
30 FUJE TR SRS &, W45 RNAP Hi%
RIFDRE! M — AR RERIN T, o
N F 51 0SS AT 8 RNA R A i 2 L ) & 1
B SR A p ThRED . B Hr, Cho %
TR ARG SR I 25 v R 294 4 724 Fh o 1455+
s a7, s —E a2 R — o
A, A 28] 224 o T
ST

20 TR AT A E Ao 2 AR R R 4 X 45 AT 80 I A
AR AR 1 254, Hirp Small RNAs (sRNA)E
SR A E T, AR AR TR )
B EFFIR S R R SR,
sRNA [3ik52 Z 80 S UM IR 7y idss, ol B
PEIEAE YIRS sk, filn, RyhB E—
AT ZHME T E) sRNA, HEkSaf
if, Fe” iy i UM E - Fur 2406 RyhB (938
s RyhB AT LA b S48 [ R4 Fur 1 B
B FrS 2 R0 40 P 1T 59 sSRNA,
TERASANET, WA SRAEHIN T FNR (fumarate
and nitrate reduction)#1 ArcA (aerobic respiratory
control) 25 FnrS fgeik!!>161,

A S 2 i AT 5T e B KW A oA Hh A AE —
il sSRNA EstE, IHEBRFARRI A BRI H
m A KU, 3R HAERE EstE AR SRR Tl
SERR ST, SR, EstE BB AR
DR~ FR P ML 74 AN T T o A AIF 58 2 U0 1
7R 48 FN BE S 1 #8 5K 50 (electrophoretic mobility
shift assay, EMSA)IER] T o A+ RpoH AJ e xLi#%
EstE M4 5%

1 RS
1.1 ##l
1.1.1  E#KFARRL

E. coli IM83 I v A Y40k 5%
E. coli BL21(DE3) [l T & 1 #£ ik, pSp-zI'" |
pXG-10. pTrc99a FI pET-28a(-+)FTki 4351 T35
Wil REME A RIS, R BRI TR 38 R A
SR ERE(R 1)s
112 EHFHE

KIGFFE R R LB Wi i(gL): EHAM
10.0, PFEEEEHCY) 5.0, S LGN 10.0, FEFRIHHE 48
TORMAMNIUER, AN HTER. AHRMFR
BREE R M) TAEMREE S350 100, 50 F150 pg/mL. 75
5500 5 N I AL AR -B-D-2 ZUBE T (IPTG) B9 T AR M 5
} 50 pg/mL.
1.1.3  FERFIFLISE

RNA #3287 &, Roche/AT]; Tug DNA R4
fiti . Pfu MR ERAHE. T4 DNA %R, PRI
WY EEFN S s i &, TaKaRa AN kil
& . DNA 4fifki5%) & Fil DNA Marker, |7
AW TEAMR/A T ; SYBR Green PCR Master
Mix, TOYOBO /A+l; RNA RABHZOME, New
England Biolabs A ], b2 & ERUGAINAYL, i
KAEPHELABRAF]
1.1.4 5|4

WIE T s K 5193548 F Primerprimer 5 3R{F1%
i1, IFREMER ARHEA RA FG R, BARRS
FEILE 2,
1.2 A%
1.2.1 WRHIR & RFRIEE

Bmt 1 Xba 1 W] JEokL pSP-Z 345 lacZ &
B, 4 2 RIS DAL PR 2K pXG-10
PLtetO-1 JAZ)¥ Tl LIRGH R IM83 A4 Ny
Bitl, PCR ¥ 441538 Po,p H B, DY), &R
D EBUR IR E R PLtetO-1 F3 811, M
RIS Bk pESRE-Z.

L IM83 LRI AT, PCR ¥ B4R 15
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Table 1 Strains and plasmids used in this study

Strains and plasmids ~ Relevant characteristics Sources

Strains
E. coli IM83 Recipient for cloning experiment, F', ara, lac-proAg, rpsL, (Str"), ®80AlacZAM15 Our Laboratory
E. coli BL21(DE3) Recipient for cloning experiment, F~, omp, hsdSp(rg ", mg"), gal dem(DE3) Our Laboratory

Plasmids
pSP-Z Cloning vector for deletion or mutation experiment, Ap', lacZ Our Laboratory
pXG-10 Cloning vector of report plasmid used in dual-plasmid system, Py 0 promoter, Cm', lacZ Our Laboratory
pESRE-Z Report plasmid carried DNA fragment P,z as target, Cm', lacZ This work
pTrc99a Cloning vector of expression plasmid used in dual-plasmid system, carrying #rc promoter, Ap’ Our Laboratory
pTrc99a-RdgC rdgC expression vector, carrying frc promoter, Ap" This work
pTrc99a-SeqA seqA expression vector, carrying ¢rc promoter, Ap' This work
pTrc99a-RpoH rpoH expression vector, carrying #rc promoter, Ap’ This work
pTrc99a-RpoS rpoS expression vector, carrying #rc promoter, Ap' This work
pTrc99a-RpoD rpoD expression vector, carrying frc promoter, Ap This work
pTrc99a-FabZ fabZ expression vector, carrying fr¢ promoter, Ap" This work
pTrc99a-PhnF phnF expression vector, carrying frc promoter, Ap' This work
pTrc99a-UidR uidR expression vector, carrying frc promoter, Ap’ This work
pTrc99a-Fur fur expression vector, carrying #rc promoter, Ap' This work
pTrc99a-Dps dps expression vector, carrying ¢rc promoter, Ap' This work
pTrc99a-NikR nikR expression vector, carrying trc promoter, Ap’ This work
pTrc99a-DicA dicA expression vector, carrying trc promoter, Ap’ This work
pTrc99a-SucD sucD expression vector, carrying #r¢ promoter, Ap" This work
pTrc99a-YjiM yjiM expression vector, carrying frc promoter, Ap’ This work
pTrc99a-Pyrl pyrl expression vector, carrying trc promoter, Ap' This work
pTrc99a-Crr crr expression vector, carrying fr¢ promoter, Ap" This work
pTrc99a-PspA pspA expression vector, carrying frc promoter, Ap' This work
pTrc99a-OmpR ompR expression vector, carrying trc promoter, Ap" This work
pTrc99a-AccD aceD expression vector, carrying frc promoter, Ap" This work
pTrc99a-GntR gntR expression vector, carrying frc promoter, Ap" This work
pTrc99a-MdH mdH expression vector, carrying trc promoter, Ap’ This work
pTrc99a-HybD hybD expression vector, carrying #rc¢ promoter, Ap' This work
pTrc99a-AmiA amiA expression vector, carrying frc promoter, Ap This work
pET28a Cloning vector of expression plasmid used in purifying proteins, carrying T7 promoter, Km' Our Laboratory
pET28a-RpoH rpoH expression vector, carrying T7 promoter, Km" This work
pET28a-FabZ fabZ expression vector, carrying T7 promoter, Km" This work

FEImAS LN BE s EcoR 1l BamH 143 5l X i 4]
LR A BRI pTre99a, FIFH T4 %450 & 40 41
VEFE DR BRI AR, DA AR A5 32 35 TR 1 2 35
ki pTre99a-X., PCR itk &: b, T
0.5 umol/L, #i#x 1 pg, Tag B 2%, dNTPs
0.2 mmol/L, Buffer 10%., PCR JZhi%kf4F: 97 °C
5min; 95°C30s, 56°C 1 min, 72°C40s, 304>
PEER,

W ) B e RS AL N E. coli
IM83 4 e B oA 15 TR, [ P 41 25 ook
KFORAS AL A E. coli TM83, A4 s BUTURIAR

HHER RS
1.2.2  B-FFEHEGEGIE N E

E. coli IM83 XUt kr e 25 Ttk T+ LB 3557 v
37 °C. 190 r/min #& K535 2 XU (ODgoo H
0.6), MAFEFH IPTG JFET 16 °C LR F#
12 h, WEER, PBS WML . EEFIHTE
PR (MR 150 W, TAE2s, [ABK2s, 5min),
4 °C., 13 000 r/min #.0> 30 min I4E EIHRR . B-
2 ZUBE T B BEE I € 7225 SCIR[19]. B-F2LbE
FEREREE I E ARUT . LacZ BHE J1=(4ano ME
{1 000)/(J52 oz Hs} ] > TR )
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Table 2 Primers used in this study

Primers Sequences (5'—3") Application or reference

Py -1 Biotin-TGCACCGTTATCGCCTACGC Amplification of probe P,z used in EMSA
Pogr-1 TGCACCGTTATCGCCTACGC Amplification of probe P,z used in EMSA

Pesre-2 GCGATATCACCGGTATAAGG Amplification of probe Puyr & Peyz used in EMSA
ORFwE*-l Biotin-GCAAAGCCATGCGCGGAGGC Amplification of probe ORFES,E* used in EMSA
ORF., -1 GCAAAGCCATGCGCGGAGGC Amplification of probe ORF .z used in EMSA
ORF,,z-2 CAGTTTTTCCAGCCGTTTGG Amplification of probe ORFgz & ORF,z used in EMSA
S1-F AAAACTGCAGTGCACCGTTATCGCCTACGCCAGTG Construction of report plasmid pESRE-Z

V3-R CTAGCTAGCGCGATATCACCG Construction of report plasmid pESRE-Z

LacZ-B CGGCTAGCATGACCATGATTACGGATTCACT Construction of report plasmid pESRE-Z

LacZ-X  GCTCTAGAACTCGAGGGATCCCCTTACGCG Construction of report plasmid pESRE-Z

rdgC-1 CATGCCATGGATGCTGTGGTTCA Construction of expression plasmid pTrc99a-RdgC
rdgC-2 AAAACTGCAGTTAACGTTGTGCTTC Construction of expression plasmid pTrc99a-RdgC
seqA-1 CATGCCATGGATGAAAACGATTGAAGTTGATGATG Construction of expression plasmid pTrc99a-SeqA
seqA-2 AAAACTGCAGTTAGATAGTTCCGCAAACCTTCTCA Construction of expression plasmid pTrc99a-SeqA
fabZ-1 CGCGGATCCTTGACTACTAACACTCATACTCTGC Construction of expression plasmid pTrc99a-FabZ
fabZ-2 CCCAAGCTTTCAGGCCTCCCGGCTACGAGCACAC Construction of expression plasmid pTrc99a-FabZ
rpoS-1 CCGGAATTCATGAGTCAGAATACGCTGA Construction of expression plasmid pTrc99a-RpoS
rpoS-2 GCTCTAGATTACTCGCGGAACAGCG Construction of expression plasmid pTrc99a-RpoS
rpoH-1 CCGGAATTCATGACTGACAAAATGCAA Construction of expression plasmid pTrc99a-RpoH
rpoH-2 CGCGGATCCTTACGCTTCAATGGCAGCAC Construction of expression plasmid pTrc99a-RpoH
rpoD-1 CCGGAATTCATGGAGCAAAACCCGCAG Construction of expression plasmid pTrc99a-RpoD
rpoD-2 GCTCTAGATTAATCGTCCAGGAAGCTACGCAGCA Construction of expression plasmid pTrc99a-RpoD
phnF-B CGGGATCCATGCACTTGTCTACACA Construction of expression plasmid pTrc99a-PhnF
phnF-H CCCAAGCTTTCAGTGCTCCATAGTG Construction of expression plasmid pTrc99a-PhnF
MdH-1E  CGGAATTCATGAAAGTCGCAGTCCTCGGC Construction of expression plasmid pTrc99a-MdH
MdH-2H CCCAAGCTTTTACTTATTAACGAACTCT Construction of expression plasmid pTrc99a-MdH
UidR-1E  CGGAATTCATGATGGATAACATGCAGA Construction of expression plasmid pTrc99a-UidR
UidR-2H CCCAAGCTTTCAGGATGCGGTTAAGA Construction of expression plasmid pTrc99a-UidR
NikR-P CCGGAATTCATGCAACGAGTCACCATCACG Construction of expression plasmid pTrc99a-NikR
NikR-2 CGCGGATCCTCAATCTTCCTTCGGCAAGCACTGC Construction of expression plasmid pTrc99a-NikR
DicA-P CCGGAATTCATGGAAACAAAAAATTTAACTATCGGC Construction of expression plasmid pTrc99a-DicA
DicA-2 CGCGGATCCTTATCTTTTATTTGTCCGCTGACGG Construction of expression plasmid pTrc99a-DicA
gntR-1 GGCAATTCCATATGAAAAAGAAAAGACCCGTACTTC Construction of expression plasmid pTrc99a-GntR
gntR-2 CGCGGATCCTTAAATAGATCCGCCCGGTGACAAG Construction of expression plasmid pTrc99a-GntR
AccD-1 CGCGGATCCATGAGCTGGATTGAACGAATTAAAA Construction of expression plasmid pTrc99a-AccD
AccD-2 CCCAAGCTTTCAGGCCTCAGGTTCCTGATC Construction of expression plasmid pTrc99a-AccD
FabZ-1 CGCGGATCCTTGACTACTAACACTCATACTCTGC Construction of expression plasmid pTrc99a-FabZ
FabZ-2 CCCAAGCTTTCAGGCCTCCCGGCTACGAGCACAC Construction of expression plasmid pTrc99a-FabZ
Pyrl-1 CGCGGATCCATGACACACGATAATAAATTGCAGG Construction of expression plasmid pTrc99a-Pyrl
Pyrl-2 CCCAAGCTTTTAATTGGCCAGCACCACATTATGG Construction of expression plasmid pTrc99a-Pyrl
YjiM-1 CGCGGATCCATGTCACTTGTCACCGATCTACCCG Construction of expression plasmid pTrc99a-YjiM
YjiM-2 CCCAAGCTTTTACAGCATCTCAATAAAGGC Construction of expression plasmid pTrc99a-YjiM
Crr-1 CGCGGATCCATGGGTTTGTTCGATAAACT Construction of expression plasmid pTrc99a-Crr
Crr-2 CCCAAGCTTTTACTTCTTGATGCGG Construction of expression plasmid pTrc99a-Crr
SucD-1 CGCGGATCCATGTCCATTTTAATCGAT Construction of expression plasmid pTrc99a-SucD
SucD-2 CCCAAGCTTTTATTTCAGAACAGTTTTCAGTGCT Construction of expression plasmid pTrc99a-SucD
AmiA-1 CGCGGATCCATGAGCACTTTTAAACCACTA Construction of expression plasmid pTrc99a-SeqA
AmiA-2 CCCAAGCTTTTATCGCTTTTTCGAATGTGCTTT Construction of expression plasmid pTrc99a-SeqA
HybD-1 CGCGGTACCAAGGTTTTGTAATGCGGAT Construction of expression plasmid pTrc99a-HybD
HybD-2 CCCAAGCTTTCAGACATGCGCCGTCTCCTTAGGA Construction of expression plasmid pTrc99a-HybD
PspA-1 GAGCGCCATATGGGTATTTTTTCTCGC Construction of expression plasmid pTrc99a-PspA

(f#28)
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PspA-2 GCCGAATTCTTATTATTGATTGTCT Construction of expression plasmid pTrc99a-PspA
Fur-1 CCGGAATTCATGACTGATAACAATACC Construction of expression plasmid pTrc99a-Fur
Fur-2 CGCGGATCCTTATTTGCCTTCGTGCG Construction of expression plasmid pTrc99a-Fur
Dps-1 CGGGAATTCATGAGTACCGCTAAATTAGTT Construction of expression plasmid pTrc99a-Dps
Dps-2 CCCAAGCTTTTATTCGATGTTAGACTCGATA Construction of expression plasmid pTrc99a-Dps
OmpR-1 CGGGAATTCATGCAAGAGAACTACAAGATTCTGG Construction of expression plasmid pTrc99a-OmpR
OmpR-2 CCCAAGCTTTCATGCTTTAGAGCCGTCCGGTACA Construction of expression plasmid pTrc99a-OmpR
rpoD-X1 CAACCAGGTTCAATGCTCCGTT qRT-PCR
rpoD-X2 TTCCTGGGAAAGCTCAGAACCGA qRT-PCR
lacZ-RT1 TTCGTCTGGGACTGGGTG qRT-PCR
lacZ-RT2 AAACTGCTGCTGGTGTTTTG qRT-PCR
estB-X1 ~ AATCAGCAAAGCCATGCG qRT-PCR
estB-X2 TCAGGGCATCAACAGCAC qRT-PCR
rpoH-RT1 TCGTCAAAGTTGCGACCACCAAAG qRT-PCR
rpoH-RT2 ATCGTCGTCGGAAGACAGGTCAAA qRT-PCR
rpoH-F GGGAATTCCATATGACTGACAAAATGCAA Construction of expression plasmid pET28a-RpoH
rpoH-R CCGGAATTCTTACGCTTCAATGGCAGCAC Construction of expression plasmid pET28a-RpoH
fabZ-IN  GGAATTCCATATGCATATGTTGACTACTAACACTCATACT Construction of expression plasmid pET28a-FabZ
fabZ-2B  CGGGATCCTCAGGCCTCCCGGCTACGAGCAC Construction of expression plasmid pET28a-FabZ

T BRI A DD D) (05 T R T

Note: Restriction enzyme sites are underlined.

123 Z=HRERFESHL

0 BRI P O e RS AL E. coli
BL21(DE3), #fhF LB £##%H 37 °C. 190 t/min
PEIREE IR, T ODgoo 2170 0.6-0.8 B Jinifs 5
IPTG, 16 °C }3% 16-20 h, 4 °C. 13 000 r/min £
O 30 min WAER, PBS WIRUER . HEG T
FEFE IR, BLOWEE FISTW . B R A Z A Al
fk, ItiE1F SDS-PAGE 43#7 .

124 ERITHII(EMSA)

Bl 6% A 1 2R D1 s T P BB G mRWﬁi
YIZIREL Pogre %ﬂORng;E PSS A= ) 22 A A
ﬁ%Pmﬁnmmm(%n,mﬂﬁA%@m
[20 mmol/L Tris (pH 8.0), 0.1 mmol/L EDTA,
1 mmol/L DTT, 50 mmol/L NaCl, 4 mmol/L
MgCl, 5%l L), 500 ng Poly dI-dC].
PCR RWAZR: b, T4 0.5 pmol/L, itk
IM83 JERI4H 1 pg, Taq 2%, dNTPs 0.2 mmol/L,
Buffer 10%. PCR JZhi2&fF: 97 °C 5 min; 95 °C
30's, 56 °C 1 min, 72 °C 40 s, 30 MEH, 445
G ZPAATE RNA RETZOMRT, Sel i O m
5 RpoH &iRA, MTUO/KIAEEE 25 min, K5

e BRI A G55 9% w0 FNAR Y A ¥ R85, =i
BCE 2-5 min, FIIAEYIREE, TRS)E
28 °C JE 25 min, HEFTHELIK K AL2E KGR B
I
1.2.5 HIARTIE

E. coli IM83 LUk 15 Rtk T LB hAK =R
XA K (ODgoo 1 0.6), H4 3 /T

25, 37 f1 45 °C 3 MARIAIRER:FE, AR E

3APEATEEES, KEFR 1 h AR RA R TR B-
FLBETT B BE S 1 5 # qRT-PCR 4347 o
+1
5' 3
—150 +38 +53 +240
1z, ORF.yr
188 bp 188 bp

1 EMSA FTR#R$t Poyp 1 ORF p

Figure 1 Probes P,z and ORF,,; used in EMAS

TE: Por BREMLT esrE B tRIANLA FIF-150 T HE+38 4L,

BN 188 bp; ORFeyp IRENM TG SR IANL S FiE+S3 &
+240 4b, SR 188 bp.

Note: The P,z probe contains 188 bp, covering the regions of
—150 to +38 relative to the transcription start site (TSS) of esrE.

The ORF,y probe contains 188 bp, covering the regions of +53 to
+240 relative to the TSS of esrE.
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1.2.6 RNA #i#E % qRT-PCR
RNA i, &F% K qRT-PCR L5543
Hk[18]. RNA fili# K B RNA fhi#i7]£; RNA
[ B cDNA SR U iR & 3 qRT-PCR
A HrF ] SYBR Green PCR Master Mix, PCR JZ W
& b FF51445 0.5 umol/L, ¢DNA 100 ng,
SYBR Green 50%, Plus solution 10%,., PCR Jzhj 4
£: 95 °C 3 min; 95°C 10's, 60 °C 10's, 72 °C
10s, 40 MG
2 HR554W
2.1 EsrE ¥ RiEEEFHEIE
ARSI A T AR S DNA pull-down 525
i E E. coli IM83 HAFTES esrE Jii 817 (P osi) HH

HEGMEN, ek BE DNAZSSEN . Uhe
HEE, B EOM. IR S
FIR ST Pur BOIEYE, BT T RURRR 5 R
i, H— G ToRn, BRI Py FBORRAL S
lacZ, H " RFIRFTORL, BEliA Rk &AM
EE 2A). K XUTTRL RIS AL E. coli IM83, If:
AT B UMY RIS A, 25 R B/R RpoH i
FORE B E T, FabZ 3 FkEHE B & T %,
177 At A6 356 2 1 3 3R A AN Y A il S (K] 2B),
H1, RpoH & RNA KA Sigma 32, FabZ Ky
B-FRLEHE-ACP /K. SEIG45 SR B RpoH 1E 174
Por SO THYIETE, FabZ FHTE Pue I THY
Tt

A N

pTrc99a-X % P, > |
Vv

Candidate gene >

N

pESRE-Z

| Peer > |
Vv

lacZ >_

™

0 1 Control -
| CJIPTG 1

h

(O8] P W
(= (=3
T T

: .

H
[ ]

HH

B+
——
——
H

%

*

HH

[
(=]
T

—_
(=
T

B-galactosidase activity (miller unites)

H

]
il
H

0
< <
\\@c\o ‘3@3 \;\8{\ ¥ bQ% @& 5\0?' W Qo\x sxy& ﬂ\\@

¥ o«

2 esrE BT EFRIEE

g .
Qﬂ(\ ¢ Q%Q?v "é\& o“& s@& &%G OCCQ «*\86 \\‘ioo o*&

Figure 2 Identification of the transcriptional regulators of esrE
TE: A: SUBRARY RGURTEE; B: B-HFUBHTEEE A AT, IREAI A 3 AW EL AT, Control: RIFAN IPTG 155
IPTG: %M IPTG i#5%; Vector: BHPEXTHE, B pTrc99a+pESRE-Z. *: P<0.05; ***. P<0.001.

Note: A: Reporter system with dual plasmids; B: Analysis of B-galactosidase activity. Bars correspond to the mean+SD of three biological
replicates. Control: Without IPTG; IPTG: With IPTG; Vector: Negative control, pTrc99a+pESRE-Z. *: P<0.05; ***: P<0.001.
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2.2 FabZ %0 RpoH 913 Rk K4k

Fik— 538 RpoH Fil FabZ 5 P,y HIFHSE
P, Ll pET-28a (+) KA # A, E. coli BL21(DE3)
R B IR AR RN R (1 E1 T T 1 %35 . SDS-PAGE
5> M2 W] H #5 £ H Hise-RpoH (33.6 kD) Al
Hiss-FabZ (19 kD)7E M5 b 7% AR A U5 o 3 A7
FE(E 3A 1 3B). XA BiE T HARE AT
T4l Ak I 4 AN [ U R A K ik A VR )
Hiss-FabZ A 152 5 WU /MR I R — 25 1, T
Hiss-RpoH WITERE#E Z R R A (B 3A),
AT B J2 RNA A B AL 152, O A7 DF5E
FWIPORFE LT L5 A RNA AW B WA, B
fik RpoH 5 RNA RAWEZ L EFIIZE A, Bz
RS RpoH , PRI RpoH 4 8 2H 263Kk 64T T4
b, 2 AE R 35 36 b I A AE F- (150 pg/mL).
SDS-PAGE -t s, Stifb)a ke 7 aifE
FHe B2 12155 1 Hise-RpoH HAREE (8] 3C).

A

97.2 =
66.4
443

29.0—

20.1— s =
14.3— . Q ®
RpoH

kD 1 2 M3 45 6 7 8 9 1011
97.2

£ B
66.4— 4
443 oy
29.0_ = - — —— —
=
—

20.1
ui3—ir- B

RpoH+rifampicin

3 FabZ 71 RpoH EHEHRIES A4k

kD1234M567891011BkD

972 —
664— = —

443188
2000 -

20.1—
143 =

2.3 FabZ 1 RpoH 5 P, E& HHEE

B4l 4k 5 i) 8 24 35 11 Hise-RpoH Fl Hise-FabZ
5 DNA R4 Poyr 23 BIHEAT TSN EMSA, EA
SHE S AR DNA WiEBR,
S 5 26 R B UE RpoH 15 Py 945 A,
% &% RpoH i RNA R4 W Sigma HF(6>),
18 1 25 S A% O i (core enzyme)FL[R] & 4 )7 455 L R
ESERIIhAE, ITE EMSA 7K 2 tPom AR O BEE
xR S5 RN 4A PR, BTSN RpoH B BR
TR INAZ O BT B R A B B 456 4, A
HALEAELE T Jr e B 454, R RpoH 5
BEEREF I 85 6 T ORI BER . B R
Fric B9 ¥ BR & (competitor, & 4A) Fil X B8 5 £
(ORF,ys", [ 4B)Z5H IR RpoH 5 Py, Z 45
A HAGTF %, (H EMSA 455 7R FabZ HEAZE 4
Py REH(F 4C). HILIEW], RpoH o] H 5454 =
esrE FERMA B TIX, KA AR

1 M2 4 3 M 5 6 7 8 9 10 11

| ||

| 1

FabZ

Figure 3 Overexpression and purification of His¢-FabZ and His¢-RpoH
1 A: Hise-RpoH BRI H4fL; B: Hise-FabZ EH KA SAML; C: Hise-RpoH FINAIEF5 HAE KK Halifk. M: HEAMRIE
Sy 14 SR, B BEUE. A R 5 WG 6-11: ARIMREKEF R VR (0. 50, 100, 200, 300 A

500 mmol/L).

Note: A: Overexpression and purification of Hise-FabZ; B: Overexpression and purification of Hise-RpoH; C: Overexpression and

purification of Hise-RpoH with the presence of rifampicin. M: Protein Marker; 1—4: Whole-cell protein of recombinant proteins before

induced, after induced, precipitation and supernatant after ultrasonication; 5: Flowthough from the Ni-NTA column; 6—11: Proteins purified
by Ni*" affinity chromatography (20, 50, 100, 200, 300 and 500 mmol/L).
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P e e e ORF, ;" >
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Figure 4 EMSAs assays of FabZ or RpoH with the P,z probe

S[5[%

P, | )

T AT RARICIORED Peyr (188 bp. 5 ng)5 RpoH 57 FabZ  FILFIMFE | il BIHEHAEH (ORFoys )Rl BEIAEFRICIYE 4 (competitor)
sk 6 A IR S FREHR DNAE 1 ML SR, Core enzyme: RNA BEAMHLLEE +: WMl — AL

Note: Biotin-P,z (188 bp, 5 ng) were incubated with purified RpoH or FabZ, Negative probe (ORF.. ) and 100-fold excess of unlabeled
specific competitor were added as control to confirm the specificity of the band shifts. The free probes and DNA-protein complexes are
indicated by arrows. Core enzyme: Core enzyme of RNAP; +: Add; —: Not add.

2.4 RpoH iA4Z EsrE B35 3R

T HE—HRGE RpoH X esrE BYFE SR
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R 25 5 @R, HAFE IPTG 15551 %35 RpoH 1Y
TOLT, BEEA A B EETH R (B 5A), XK
RpoH Z 51##% esrE FLHF B FKIE, i RpoD Hl
RpoS NAS 5,

PidaE Y, RpoH SR TR F, At
i 5 PCR LI H 48 T ANFREET rpoH Y esrE
BEFERYAHOCHE . SEISE R Wos Y Aniusat T 45 °C
PORIBCT . rpoH BRI ACFRE N, esrE BRI
()% KA R3S (B 5B), UERA T RpoH 5
esrE R IEAH G [RIEF, AUBRL R 2 S8 5 7R 78
45 °C BT, Pegp S0 B-2FFUAR 110 1l 175 42
25 °C 45 37 °C A7 Fri mi (8 5C), €4t PCR SL5
IR Poye T lacZ FEH B 5% KA Frdi
(¥l 5D), W] 45 °C T RpoH ikt iy 4 = 4
SR T Peg JH B FHNIEE, WTAEHE T lacZ FEPRIY
Bk, P WL B E Im EOE g5 b, E
— A UEBA T RpoH ¥ esrE BY%: 5%

3 548
ATHIRFSE & B0, AL T ubiJ FEIA 375 ) sSRNA

EstE HA M7 05 81 F (Pesr), HiZJH 8 FAEALE
A O . 55T DNA pull-down Al S04
AR, TEARS Pe,p WTESS A MRIEE . M
JRRAR S RGN EMSA 25645 T KB RpoH (07)
A HEL AR Pur, LTS Pup MR, o
T 5% 0TS A RNA B 456 25 5h
FHIORSFIF S, SRR 5. KB
B RNA BA MY I 6 1 rpoH (htpR)FEN Fitiy
FRL, RSP BA S R BRL
WOAE R EstE Rk E WA it e, FRIFER
RpoH J##% EstE ¥, o T HEBRSL 5 R G0 R Y
EFRYE, BATRIUET o’ Ml o”° 25 EstE 5 L
AT e, 1231k RpoD (67o)ﬁ RpoS (038)#K%
M) P HOHESRIGEME . X EELERAUEA] RpoH 7
sRNA EstE A5t rh R ESAER] . thoh,
M B8 R & , RpoH Fr iR 51 B9 £/ ~F F 51 K
TTGAAA-N,3.1,-CCCCATNT " | F& ] i i
MEME Suite 5.0.5 (http://meme-suite.org/index.html)
TELRN 3T T Pegr BIFH, FHFRAY R BNZIRT
JEA o FE 2 X S A 2R B — B IF AR ST T )
TTCGAC-N,-CCCCTTAT (1 6). H AN RpoH X
esrE sSRNA AT gE o H A&

FabZ & KWAFF# T H B-FLeHE-ACP ik
fiff, [FlREf DNA pull-down LA K% Fifi 5 4 5 1% 20 A
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5 {KAMSZIEISIE RpoH FH4E P,

Figure 5 RpoH regulates P, in vivo

TE: A: i RGEHT RpoS. RpoD 1 RpoH it RIKI Peyr FUHESKIEE, RIS IPTG 755k LA K 28 BUTURE[F] I A g BT R 5
B: qRT-PCR iR SE N T rpoH I esrE B mRNA K5 C: 4ty REEDHTRIRGELN T Pegs HYHE SRIEVE; D: qRT-PCR 2347
PARTELIN T Peyrr I3 SIS BEH lacZ 1) mRNA K. IR2ELIE 3 WAEWELMFHE. *: P<0.05; **: P<0.01.

Note: A: Transcriptional activity of P,z with overexpression of RpoS, RpoD and RpoH. Culture with no addition of IPTG and strain
harboring empty vector were used as negative controls. B: qRT-PCR analysis of the mRNA levels of rpoH and esrE upon heat shock in JM83.

C: Transcriptional activity of P,z upon heat shock in JIM83/pESRE-Z. D: qRT-PCR analysis of the mRNA levels of the reporter gene lacZ
upon heat shock. Bars correspond to the mean+SD of three biological replicates. *: P<0.05; **: P<0.01.

Temperature ( °C)

TGCACCGTTATCGCCTACGCCAGTGTGTTGCCGAAACTTCGCGATCGCCAGCAGCTTACCGCA
CTGATTCGCAGTGGTGAGCTGGAAGTGCAGGGCGATATTCAGGTGGTGCAAAACTTCGTTGCG
CTGGCAGATCTGGCAGAGTTCGACCCTGCGGAACTGCTGGCCCCTTATACCGGTGATATCGC

6 Peer gﬁu EF‘ RPOH %é{ﬁ lﬁ\ E‘]ﬁ*ﬁ
Figure 6 Analysis of the binding site of RpoH in P,z
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A sRNA EstE (5%, 1331k FabZ Al BEI A
SRR A S T, WS EstE 195 5% .
B2z, AL R T KA E+ RpoH
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Figure 7 Model of esrE transcriptional regulation by multiple factors
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