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¥ OE. [88] a2 RKATH (Riemerella anatipestifer) £ —#F & e 69 3 L K M E, L5l
ERBRKZFMA., B TRERNRBEA 42 °C, YR EZRKHBALBELASATALEAREL
KRIE T EIRNRE, AT L RKKATE CH-1 PR L8938 i HAE], KRB M Z fabbd 7
R 2R KATH CH-1 4 A& 37 °CH= 42 |CTF #94t k4. [7 %] ¥z 2R KATH RA-CH-1 A
37 °C3E R EAT A KIE, 2R 37 °CA= 42 °CH#RL 1 h, BEFHK, RIRE RNA., A A4k
M A (RNA-seq) & K 3K 1F RA-CH-1 /£ 37 °CH= 42 °CF 8945 40 R 46 3048, 15 2138 2 B R X AR,
i@ i3 A B AR (gene ontology, GO)4k#4% E A= AT FH 5 KX H 208 #F 4 F (Kyoto encyclopedia of
genes and genomes, KEGG)# 4% 2t £ 7 & A K F #4758 £ o1, LB dnaK 1 4 2 523 R 3 ) 2
Thtem e, [HR] EHEHRF24NBFEZFEEAR, L P 169NMABARF LAF, 654
ARZFTIR. 2FZ2FAZAREL GO §E/M E2F E AT RMTAE. BEASH KA
Aot RNA REBELESHFZRATERS; RELZ7A XA ABITKEGG 5 EMTEZEZETREA
BB . HAB KA m ] ik A A B, 5 37 CEAMTA KA, dnaK $%k 5 FHME 2
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Abstract: [Objective] Riemerella anatipestifer is a Gram-negative bacterium infecting ducks,
causing serious economic losses to the duck industry. After infection, R. anatipestifer regulates
gene expression to adapt to the 42 °C body temperature of ducks. To identify the adaptation
mechanism of R. anatipestifer CH-1 in ducks, we sequenced and compared the transcriptomes
of R. anatipestifer CH-1 at 37 °C and 42 °C. [Methods] R. anatipestifer CH-1 was cultured to
the exponential growth phase at 37 °C and then subjected to heat stress at 37 °C and 42 °C,
respectively, for 1 h. The cells were then collected for the extraction of total RNA. The raw
transcriptome data of the bacteria cultured at 37 °C and 42 °C were obtained by transcriptome
sequencing, and differentially expressed genes (DEGs) were screened. Gene ontology (GO) and
Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses were carried out for
the DEGs. The gene dnaK involved in the response to heat stress was selected for preliminary
functional identification. [Results] A total of 234 DEGs were screened out, including 169
genes with up-regulated expression and 65 genes with down-regulated expression. The GO
enrichment analysis showed that the DEGs were mainly enriched in the nucleotide metabolic
process, glycosyl compound metabolic process, and core RNA polymerase binding
transcription factor activity. The KEGG enrichment analysis indicated that the DEGs were
mainly involved in oxidative phosphorylation, ribosomes, and bacterial secretion systems. The
deletion of dnaK impaired the growth of R. anatipestifer CH-1 at 42 °C, compared with that at
37 °C. [Conclusion] Compared with that at 37 °C, the growth of R. anatipestifer CH-1 was not
affected at 42 °C. The strain up-regulated or down-regulated the expression of heat shock
response proteins and other factors to cope with heat stress.

Keywords: Riemerella anatipestifer; transcriptome; temperature

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



2370

WANG Siyi et al. | Acta Microbiologica Snica, 2024, 64(7)

& 2 B 2R [C AT 4§ (Riemerella anatipestifer,
RA)ZE—FP A/ NEFRE 2 R, B THEoe
FC AR+ (Weeksel laceae) HL G AT 14 & (Riemerella)! ',
P RS | RAEE R, MRS, &
A 21 FORTR B LI R E e, Ay iz
[ G2 SUORPE T, ZEFR B DAILIE 1 BYAN 2 Al
Sy B, B gE R BT R A B A T AR
RA-CH-1 MM 1 BRMAFRFREHED . 5341, 1%
HAG ZEM Y, XU E | BnE .,
RAER. AHE . ZFWE B, 2N, FH
TR AT A PEIIK. At % 30 #
i LA 250 A sk, T
Lk 7 KPR 2T, FElfm R AR MER B R
IR . TRIL, R — I 7 R 1 R 2 P AR o
IR B FRAR B P RO, AN B A B2 A B R Tk
BTSSR AR KT M Z—

20 DA AR A K S e R P 4 2 1 B A R
WORISE, AN RN . RN S
21 TR 38 3 9 35 AT %) S R R 3 0 B ) 2 AR
IS8 1 B AV T A P IR RE B, FRS  EELER ER AT TR
JERYL TG J5 08K 25 BN SRV, . 2 A T Ak
PNEOAEE T, HEE ) KA 2 A BE
S AR AR T B BR TR A 1 18 iR W 1 A 4
FOEHE A SMRBUE Z R, (RS
FI AR XX FOR RSB AN, KA AR
{5 108 5o 22 Tl R 425 IO 4% T A% W) 7 AN [ 49 )07 S8
W, It 2R A YA R AR S S5
PU IO A B 1 A

S 465 7 922 B SRR QA TR SRR L S i KT B
BALE], AWFFEIE TIXETE 37 °CHI 42 °C
PAFR L BE A5 R B SRl , XA TR T S A
TR B ZE AT T 538 o DA SR I R
dnaK g f6if, GERH T HCAE BN HCHT T R A
A5 Ry G 5 HLER QAT 181 A A7 0 S0 AL 1 2 1L
S22 0] LRy B I 1% B IR B A T B
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1.1 EMREFRAE

M 3% BLBR G AP A CH-1 #k (RA-CH-1) I
RA-CH-1 AdnaK i U1 4Mb K 2F sy = 24 B &
BTG T U A (=80 °C), [ FH IR /b A A 1Y
PR R = AR B IR 2 b, F 37 cCRE R K
FEH -

1.2 RA-CH-1 £ ZBINE

W4 75 F B IE B 1Y) RA-CH-1 $E P 7E fi
fi& K & R AR (tryptone soya broth, TSB)X% 57 ik
(OXOID A FE)H, B T2 SFEIK 37 °C., 180 r/min
iR, W H , M B ODgoo fH.,
W TRV A 2R F 2 BT 20 mL TSB 5573
1, M ODegoo A 0.1 JFIREEFR. W HIE T
37 °CHl 42 °CIZs SFEIRH, 180 r/min H55%,
WINA)4E 2 h I 5E — YK ODggo 8, FEH5FE 12 h, fif
FH GraphPad Prism 3K {1 5f I 5 FREL .

1.3 37 °C#A 42 °CT RA-CH-1 52 RNA &Y
2 H

¥ RA-CH-1 /T 20 mL TSB £ F 3,
BT2SEEIR 37 °C. 180 r/min 557 2 X450
(ODgoo N 1.0-1.5), H( 3 mL H T 5 mL EP &
H, AR IE T 37 °CHI 42 °CCOKIE R R SE 1 h,
SRIG IR T 7 000 r/min .0 5 min I FE A,
{#1 ] RNAsimple Total RNA Kit [ R AL R
AL FO) A FRA R, S B4 R UL B 9 7 2 4 il 32
BUAR TR 244 T B AR B RNA,

1.4 5% 3EAENF(RNA-seq)

RNA Pl | SC RS 2 K 359 ph A i
REBCERHE B FRA AT o B RNA 2460
GA8 IR, ZBRFEA A RNA (ribosomal
RNA, rRNA), 15 mRNA Bfi/5 il A fragmentation
buffer K15 7 i) mRNA BEHLIT W7 BE, %
MR R R R N e . ER Gk e, T
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AN TR] ST e BEAG 30 B S H bR T HLE i 1 1 7
3K pooling J& #£47 Ilumina M7 . 5 FH B 8% &
0 S A 1 1A 1R BB 48 CAS AVA B 23
AL R AR I T T 51 (sequenced reads), ULk
FrM raw data Y raw reads, 455 DL fastq SCIFA%
LAEGE, Hrb 5 7 7 41 (reads) 1 15 4147 L
DA K o8 by A0 Jo A L o D e )00 s
3B E L PR R A . GHC F R
Ak, RIS LMY clean reads.
1.5 EFRFRIEEFEWFER ST

FH Bowtie 2 320 U8 5 I 1 17 4 1647 5 [
WP o, RIEEEH N TES N A R
(VAR =Y SSNTE: Wa a3 e LIS PN Y e EZ S | ok
[l N 7 75 1) reads 0. SR 5 1T FEAS G 2L A
Y 2% ik {H (expected number of fragments per
kilobase of transcript sequence per millions base
pairs sequenced, FPKM), LI X5 e K fe 01 7
ERSNT. MBI ARRIEIRS, #Hfrgite
SR, TREREARTEANF ST RIBKT 2%
SHEER . B edge R XS AR Y read
count HEATAREA, SR (0 FH 67 300 o A A5 A 0k
TR B A 3 (P-value) T, S T2
R IAL L, 155 Pog Bl 25 572835 BE I i 1k
(B} [log, (fold change)[>1, P,qi{E<0.05.
1.6 EREREMEESH

RIS (gene ontology, GO)EHiid KA
IIREMZR G YR , 7T 53 0 A Wik 72 (biological
process). 4HffIZH i (cellular component)Fil 43—+
fig(molecular function) 3 B4, KL, X ik
Y 25 S RO IR T GO MiRes

WA NS R E A A B4 A (Kyoto
encyclopedia of genes and genomes, KEGG) /& %%
A TN, AR B2 AR
WPE, BRI B R AR ) R S (an
YR AR FAE R R G I R RN RE AU -

PRI, %o 2 4 19 2 S 3R A BRI i 4T KEGG 38
.
1.7 qRT-PCR ¥ iF RNA-seq £ R

I 25 5 3Rk R b 4 S B b R RN TS R A
R 10 DN, 78 NCBI $8 128 v i 6 H
FERB A, A PerlPrimer %% 4% it H
qRT-PCR 51¥1, 517 51INR 1 Fios. &R0y
1.3 $2HL37 °CHil 42 °CF RA-CH-1 A9 5. RNA,
SR 5 H L 5 5l cDNA #54% . qRT-PCR #:l
JIT 5 L DR (R AR G 2R3k K-

1.8 ZE A RENZE(Western blotting) 4 ]

# RA-CH-1 $/#F 20 mL TSB K553,
BTSSP 37 °C. 180 r/min 5535 2 %
(ODgoo N 1.0-1.5), H( 3 mL H T 5 mL EP &
WL A BITE 37 °CHT 42 CCK IR PR B G 5% 1 h,
BE)5 4 °C. 12 000 r/min 2.0 20 min PCEEEA,
P AR 1xloading buffer B85 10 min 7%
Fi o B RIFEVETT SDS-PAGE , LA 54 5] PVDF
B 15 BT 4 cCOKFR BT 1 o K3t Pl s iR
TBST #8343 ¥k, £HK 10 min, 7E{# ] DnaK £
SEREDUATT RecA 2 va BERUIAR S A T & 17K
Jo, BEIEBCH, R TBST ek 3 W, AKX
10 min, FEHUR P TEE 5, A A
Ak % ik 5f (enhanced chemiluminescence, ECL)
AR T DnaK & [ 19 #5150 .
1.9 HiELE

& GraphPad Prism 8 YEA 7544k PR FISE
H2E M. Bt Student’s t-test K 5 45312 I &
PE, P<0.05 Ry HAT G124 22 57

2 BRS04

2.1 RA-CH-1 7 42 °C#1 37 °C T H 4 K
i 2%

Sy S5 WS 2 BEL SRR R B T LA 1 S 4R PN
WL, EEE TS ELERCAT I CH-1 BRTE
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£ 1 RT-PCR 3|4#1F%
Table 1  Primer sequences for gRT-PCR
Primers Sequences (5'—3")

B739 RS03260 qRT P1
B739 RS03260 qRT P2
B739 RS08415 qRT P1
B739 RS08415 qRT P2
B739 RS00030 qRT P1
B739 RS00030 qRT P2
B739 RS02635 qRT Pl
B739 RS02635 qRT P2
B739 RS04910 qRT P1
B739 RS04910 qRT P2
B739 RS02040 qRT P1
B739 RS02040 qRT P2
B739 RS04515 qRT P1
B739 RS04515 qRT P2
B739 RS05930 qRT P1
B739 RS05930 qRT P2
B739 RS04340 qRT P1
B739 RS04340 qRT P2
B739 RS09245 qRT Pl
B739 RS09245 qRT P2
B739 RS03945 qRT P1
B739 RS03945 qRT P2
B739 RS00425 qRT P1
B739 RS00425 qRT P2
B739 RS02860 qRT P1
B739 RS02860 qRT P2
B739 RS01115 qRT P1

B739 RS01115 qRT P2
B739 RS07255 qRT Pl
B739 RS07255 qRT P2
B739 RS01700 qRT P1
B739 RS01700 qRT P2
B739 RS01110 qRT PI

B739 RS01110 qRT P2
B739 RS09890 qRT P1
B739 RS09890 qRT P2
B739 RS05140 qRT P1
B739 RS05140 qRT P2
B739_RS00590 qRT P1
B739_RS00590 qRT P2
recAqRT P1

recAqRT P2

GCCAAATAACAGGAAAGCGT
TTCTACAGCCTCCTCAATTCC
TATCCCAGATACAGCGAAAGAG
GCCATAAAGCACTTTATCTCCT
AAGAGTTCAATGGATTTGGCTG
GGAATGTCAAACACAACCCA
TACGCTATTAGAACAGGTGCTC
GGATAATCGCTCCATACTTCCT
ATCACAAGACTACTAGAACTGC
AGCTAGCTTGTTAACATGCT
ACTACTCTTATTGTTTGGAGGG
CTTCTTCTGTTTCTGTTGAAGG
TCGCCTATTCTGCATAAGGT
GAGCATTCTCCAAGTTTCTCAC
TCCCTGCATTGAAGAAATTCC
ATCATGTTGGTAGGATAAGCAC
GTGGCTCAATTAGTTTACGAGG
TTAACTTGCTTAATGCCTGCC
TCCTGACCATATAGAGCAAGAC
TACCTTCAAAGCCTTCAATCAG
GCCAAAGTATTACCACAGCA
GCATTCTTCCCAAATCTAGCA
ATGTAACGCTTTATCCTAACCC
GGTTATCATCTTTCCGTCCAC
GGCGGAACTAATGGTAAAGG
TCTGTAAACTCTACGAGGTGTG
GGCACAGGAATCGTAATAGG
CTACTTCATCTTCAATCGTGGG
GGCACACCTAAATACTCAGG
GAACTATTTACCCATGAACCCA
CCATCTGACTATAATCCCGCT
CCCAAATACGCTAGTTCCCT
GCGTACACAAACATTCTTCAG
GTCTTTGATGCTTCCTCCAG
AACCAAACTGAATGACCACC
AGTTGTAATCTGCCTTTCCTG
TGATAAGGTTGAGAAAGACGC
CATTGATAGGAAAGTGGGCTC
GTTAGGCTTTATTCCACGAACC
CTGATTTGTTGCTCTGGGTG
TGAAACTAGGTGATGGTACG
CTTAGGATAACCGCCTACTC

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

37 °CHN 42 °CPIRMELEE A1 T A K 4,
BAE 1 Fim. 76 37 °CHI 42 °CHMU4ETF,
RA-CH-1 WA K IJC i 2% 22 55, B0HIHG% HLER IX
FF TR AT LA 3 356 DR 3R 3k ) 8 4 oFe 3 1 1 4 P 1)
TR

2.2 HFRAMNFREITH
JFIREIR 2 U8 . P TRRK A . GHC &
T AR I O R T L AR 2 TR .

23 ERFREERSH

Wy B s vh B 2 22 e Rk BE A [[log, (fold
change)>1 J P,<0.05]189 it 45 R anEl 2 Frws .
X FE SRR R 37 °CF, RiFRIE N 42 °C

TR ERRRIEREIL 234 4>, HpEE A
PR3 169 4>, W2 TP R 3t 65 4~
24 ERFTIEEER GO Mg EE R0
KEGG B EEN
XFARAG Y 22 S AR FE R AT GO T BT,
HAEF] 726 1~ GO LhREHFE, ééffﬁ%iiaﬁﬁiﬂlﬁ

FEENA 624 GO IhREERE, iy
#2(biological process) 37 />, 4 ffi2H 77 (cellular
component) 6 ~F143F I fE(molecular function)

42 °C
-4 37°C
6 - =
= e
!
Q
2t /
/.l 1 I I 1 1
0 2 4 6 8 10 12

t/h

1 RA-CH-17£42°CFA37 "CE MY TRIE K%
Figure 1 The growth curves of RA-CH-1 at 42 °C
and 37 °C. Data are shown as the mean of three
replicates, with the error bars representing+standard
error.
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x2 NFHHERERR
Table 2 Sequencing data quality

R 24 PR JE AR A IR AR R Q20 Q30  G+C &
Sample name Raw reads Clean reads  Clean bases (Gb) Error rate (%) (%) (%) G+C content (%)
CH 1 37 26 046 258 25445514 3.82 0.01 98.50 95.81 37.25

CH 1 42 18048 532 17631106 2.64 0.01 98.50 95.85 36.51

19 1. M GO BHE/ras frp, EHUR R F1
30 4 term ZxFRIRE, WK 3 R, Z=5AE
B TAEY IR R MEE S EY
& Wi FE (cellular nitrogen compound biosynthetic
process) . 4% ¥ A ¥ & WL iL 2 (heterocycle
biosynthetic process). 5 IZRMHE VI EY) G
1 2 (nucleobase-containing compound biosynthetic
process) . FE [ 3% ik i# 7 (regulation of gene
expression) ﬁﬁ{ﬁiﬁiﬁﬁ(nuoleoside metabolic
process) . ML PRI FE(glycosyl compound
metabolic process)d; J& FANMIAL /I8 T2
JE iz P (transport vesicle); J& T4 FIIRE/2K

DEGs (234)

+ Up-regulated (169)

* Down-regulated (65)
+ No significant

300.0 1

200.0

100.0

237

Log, (fold change)

2 ERFEEREANL
Figure 2 Volcano map of differentially expressed
genes (DEGs).

Y 3= 2 N BKEEE M (endopeptidase activity), 1%
L RNA RG W45 G 5 s 15 7 (core RNA
polymerase binding transcription factor activity).
.0 DNA #HiME RNA RAETLS G5 3 T4 5
P 15 P (core DNA-dependent RNA polymerase
binding promoter specificity activity). o K-
P (sigma factor activity)% .

oy 3K 22 S 3R GA BRI TR R S IR A
KEGG &0, #lR#M 20 4~ KEGG
18 P2 S R TR . anlEl 4 FnE S R,
P Hbds Al b SR i3 B B KEGG a8 % 1 1) 22 5L IR
B 22 AL BB LA, Ak HR Oy KEGG i
B, HER/MURTER S KEGG 18 #% F AL
B, BN ERRE LB EERAN
251K AN 169 NP1 KEGG 5 %>
Br, RBILEGT AU 22 4 KEGG Uik
e, H 4482580 KEGG URE T
9 A B B (ribosome) . 4R AL B iR 1L (oxidative
phosphorylation) . 4l & 43 MW %R 4t (bacterial
secretion system) & £5 [ it /M (protein export),

K223 RIE TN 65 MEEFH#IT KEGG
wEAHT, KBS T 35 4> KEGG 1L
e, HhERRATHEREET 3 %
G4 R A RH DG K, AR R N (R AR
(phenylalanine metabolism) . RNZ R . M =R
a5 R A= ¥ 5 il (phenylalanine, tyrosine, and
tryptophan biosynthesis)Fl{ It 2 iR Fll 25 A FR

W (cysteine and methionine metabolism).
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Nucleoside metabolic process

Glycosyl compound metabolic process

Cellular nitrogen compound biosynthetic process
Ribonucleoside metabolic process

Heterocycle biosynthetic process

Nucleoside biosynthetic process

Ribonucleoside biosynthetic process

Glycosyl compound biosynthetic process

Regulation of gene expression

Nucleobase-containing compound biosynthetic process
ATP biosynthetic process

Energy coupled proton transport, down electrochemical gradient
ATP synthesis coupled proton transport

E Carbohydrate derivative biosynthetic process
2 Lipoprotein metabolic process
8 Hydrogen transport
Proton transport
DNA-dependent transcription, initiation
Transport vesicle
Core RNA polymerase binding transcription factor activity
Core DNA-dependent RNA polymerase binding promoter specificity activity Biological process

Sigma factor activity

Protein binding transcription factor activity Cellular component

Oxidoreductase activity, acting on NAD(P)H
Endopeptidase activity

Small protein activating enzyme activity
Hydrogen ion transmembrane transporter activity
Chaperone binding

NADH dehydrogenase activity

NADH dehydrogenase (ubiquinone) activity |

0 10 20 30

Molecular function

3 EREFE GO EEHKE
Figure 3 GO enrichment analysis of DEGs.
RNA degradation |
Ribosome | e
Pyrimidine metabolism } -
Purine metabolism | -
Protein export | . O value
Porphyrin and chlorophyll metabolism 100
Phenylalanine, tyrosine, and tryptophan biosynthesis | Q.73
Pentose phosphate pathway t g;g
Oxidative phosphorylation | ® - 0'00
Nicotinate and nicotinamide metabolism '
Metabolic pathways | .4
Fatty acid metabolism ey
Fatty acid biosynthesis 12
Cysteine and methionine metabolism @16
Biosynthesis of secondary metabolites | «
Biosynthesis of amino acids
Beta-lactam resistance
Bacterial secretion system .
Argnine and proline metabolism
ABC transporters

0.1 0.2 0.3
Rich factor

4 LiERERKEGG B£#=E
Figure 4 Enriched KEGG pathway scatterplot of down-regulated DEGs.
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&5

Ubiquinone and other terpenoid-quinone biosynthesis
Tyrosine metabolism

Thiamine metabolism

Sulfur metabolism |-

Riboflavin metabolism

Phenylalanine, tyrosine, and tryptophan biosynthesis -

Phenylalanine metabolism

Pentose phosphate pathway

Nicotinate and nicotinamide metabolism
Mismatch repair

Glutathione metabolism

Folate biosynthesis

Fatty acid degradation

Cysteine and methionine metabolism -
Carbon metabolism -
Butanoate metabolism |-

Biosynthesis of amino acids |

Arginine and proline metabolism
Alanine, aspartate and glutamate metabolism

2-oxocarboxylic acid metabolism

TRZEHEE KEGG EE#H AR

T

T

0.2 0.3
Rich factor

0.1

Figure 5 Enriched KEGG pathway scatterplot of down-regulated DEGs.

2.5

qRT-PCR I&iF RNA-seq 5%

REIE RNA-seq 2553, ##%08 1.3 gk
PEIUE RNA J5 , BRI 2E 5323k iRATT 5
FER K 10 4>, dlid qRT-PCR J5 ik #a
DA SE DR AR O SRk K. 5 5R i 6 PR,
VEBUELIRITE 37 °CHI 42 °CFeik /K- 5 40 45
R—3%.

2.6 RA-CH-1DnaK 7£ 37 °C#0 42 °C T Y
FTIETE A

RO I S v RE Y dnaK 7E 42 °CHE s 4i b i
F B, HEUETERARE T DnaK I RIBER
B, AF5TiET Western blotting X} HAEA

[l B2 I RIBACE AT T 50, S5 aE 7 B
o HEESERAMBOLE BATIRBER B, TE
42 °CHfIE 1 h )5, DnaK & FEA B, A
ZHEH RecA I3k JoH I oA .
2.7 dnaK f#%K /5 & im RA-CH-1 7£ 42 °CHY
K

SRy i — 2 B U R IR g s R e R 2 L
AR ICHT B ZE R AR Py i 3 0 A B AR, A SR
M5E T RA-CH-1 AdnaK 7E 37 °CHl 42 °C4 4 F
B AL, g5 R uE 8 R, 5 37 CAMTF
AHEG, 7E 42 °C4 4 F , RA-CH-1 AdnaK JCi:4:
o, UL dnak X BLER FCAF B 1 X $A0 38 2
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qRT-PCR
= RNA-seq

Relative fold change

AR AN WA WA IR WA AN s AN W4
T I AR R N AR AR AR

Fl6 LiRAAFTIAMBEREE qRT-PCR £ R

w@

Relative fold change

Ly =3 gRT-PCR

0.8} = RNA-seq

0.6

0.4 :

et L O LA

Figure 6 qRT-PCR verification results of up-regulated genes (A) and down-regulated genes (B). Data are
shown as the mean of three replicates, with the error bars representing + standard error.

A
kDa M 1 2
130

100
70

55 67.8 kDa
40
35

25

E 7 RA-CH-1DnaK 7 37 °C#1 42 °C T BIRIZIE R

C
kDa M 1 2

170
130
<678 kDa 100
u 55
40

35

36.8 kDa

25

15

A:RA-CH-1 B {AZE FA7E 37 °C (Jkif 1)H01 42 °C

(VKiE 2) SDS-PAGE #55. B: Western blotting #;ill RA-CH-1 DnaK 7£ 37 °C (Jkii 1)F1 42 °C (Jki& 2)%)
FikiE. C: Western blotting £l RA-CH-1 N2 RecA 7E 37 °C (WKl 1)1 42 °C (Jkil 2)py £ ik
Figure 7 The expression levels of RA-CH-1 DnaK at 37 °C and 42 °C. A: SDS-PAGE results of RA-CH-1 at

37 °C (lane 1) and 42 °C (lane 2). B: Western blotting analysis of RA-CH-1 DnaK at 37 °C (lane 1) and 42 °C
(lane 2). C: The expression levels of RA-CH-1 reference protein RecA at 37 °C (lane 1) and 42 °C (lane 2).

REE, (EUE AT AT LA o 98 55 A RE I g 2%
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Figure 8 The growth curves of RA-CH-1 AdnaK
at 42 °C and 37 °C. Data are shown as the mean of

three replicates, with the error bars representing =+
standard error. ***: P<0.001.
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W% 4 It (anthranilate phosphoribosyltransferase,
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ribosomal protein S20 (B739 R304910) . 30S
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ribosomal protein L11 (B739 R01720) ., 50S
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YHTR b R GEAAIEE, 4 preprotein translocase
(B739 _RI02040) . preprotein translocase subunit
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TR 2= R RA R N W A TR N A R A,
K& @ R A K% I (B739_R03725 |

B739 RS09950) . #% Mt Xt i M A B A A
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