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Stress response of Yersinia enterocolitica to polymyxin B
ZHAO Tong SUYa MENG Jiao CHEN Jingyu'

Beijing Laboratory for Food Quality and Safety, College of Food Science and Nutritional Engineering, China Agricultural
University, Beijing 100083, China

Abstract: [Background] Yersinia enterocolitica, an important food-borne zoonotic pathogen, is
commonly exposed to cell envelope stresses due to its living environment and epidemic properties. The
envelope stress responses of Y. enterocolitica play a very important role in maintaining its environmental
tolerance and virulence. [Objective] Explore the role of Y. enterocolitica in regulation of cell envelope
stress. [Methods] Polymyxin B was used to disrupt the cell membrane stability of Y. enterocolitica, and
we explore the response of regulator of capsule synthesis (Rcs) system to the envelop stress by polymyxin
B from the changes in growth, motility ability, biofilm formation ability and related gene expression of Y.
enterocolitica. [Results] The cell membrane pressure caused by polymyxin B inhibited the motility and
biofilm formation of Y. enterocolitica, which were restored after blocking the Rcs signaling pathway. The
expression of genes regulated by Rcs system, such as fIhC, hmsS and hmsT, were analyzed. The results
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further confirmed the regulation of Rcs system in response to the membrane pressure induced by
polymyxin B. After sensing the envelop stress signals, Rcs system could actively regulate gene expression
and cause pleiotropic changes to improve the resistance of Y. enterocolitica to polymyxin B. [Conclusion]
This study clarified the specific regulatory role of the Rcs system in response to membrane stress caused
by polymyxin B, and will deepen the understanding of the environmental response mechanisms of Y.

enterocolitica.

Keywords: Yersinia enterocolitica, polymyxin B, envelope stress, stress response, regulator of capsule

synthesis (Rcs) phosphorelay system
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P AE R BINEUN(ODeoo 2978 0.4 2471/ Nz 2
11 498 IS /R ZR T B ORI S ODgoo 2974 0.50 e T8
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W4T ZINRERAMUS B B R A G 480 nm
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HMZHER B ek, ¥k 1 ho HEBEEA
TCHE .04, 4000 r/min 250 10 min YR,
PBS S8 MRV 2 U5 E A I 200 pL 21 14277
WhAF] 96 FLH, A 20 uL 10 mmol/L NPN %5
R, FEHZLHEE N 100 pmol/L, JHZIhBERHRMY
[B]F&E 10 min JI—¥K, ANFHHEE 3 H¥E17. 2T
REM AR S EOR BN - R IEIK 350 nm ., &40
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155,49 °C 155,68 °C 15 s, 30 M ; 68 °C 5 min;
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%1 RT-qPCR #1854
Table 1 Primers for RT-qPCR amplification
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(National Committee for Clinical Laboratory
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WS, TEWIR LNNS BRIk g irilE . Seanss
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R 2 WA, BN ) S BAT B (8] 1A B
HIZ KR R B 23 B0 NS 5 2 B /R AR TR B HL A e

BIL B4 GiL7)s 2! P
Primers name Primers sequence (5'—3") Size (bp)
fIhC-F GGACCTTGGTTCGCTTTGTT 20
fIhC-R GGCAGATTGCGGAGAAAGTT 20
hmsT-F TATAATCGCCGTGGGTTGGA 20
hmsT-R CACTAAGGCTTGGTCTCCCA 20
hmsS-F AGCATGGAAATGACGGGAGA 20
hmsS-R TTAACGACCGGTGCAACTTC 20
16S rRNA-F TACCGCATAACGTCTTCGGA 20
16S rRNA-R TCTGGACCGTGTCTCAGTTC 20
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R B IR T /N2 R 98 B 7R 2% TR 4 A )
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Polymyxin B
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8 50t
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Figure 1 Damage of polymyxin B to the stability of Y. enterocolitica cell membrane

TE: A BEAIINESS R B: NPN IWELER; C: BRI INEST R D: SEFMHRIESTR . *: P<0.05; **: P<0.01; ***: P<0.001;

ik, P<0.000 1

Note: A: Membrane potential measurement result; B: NPN measurement result; C: Nucleic acid leakage test result; D: Protein leakage test

result. *: P<0.05; **: P<0.01; ***: P<0.001; ****. P<0.000 1
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—oYE o
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05} ’ 05
04 0.4}
S 03t S 03
02+ 0.2
01} 4 01F
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INZHWEE B J5, 53R A KA T B R 1R
i, UERHZSARREIEIN T X 2R B A9MUSM:,
RoesF M AR [ B A8 715 /Mg 45 1 9 ISR A% B 0T
ZHAER B HNUHR, B 2C B, BEZMEE B
TE LNNS £ He 920 B2 I 0.5 MIC 513 0.8 MIC
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AR AR . S R AE K LR e, 45
FHH Res RGN AN R 2 B 1 B MRS e T 28T
—EMRATE
2.3 Res RRERBRIE I N E P 3HIEsnEF4E )
AR X BE 1 B =2

AR 132 3l BE 1 A P09k BROE B RE 1 X/ N
S51 R EB/R AR A AE AR A R X, A lGE
R, Res REREGELTHTEE ., WEMEs L
B ZEA S AR B8 T, DT e HHZ Bl g
H IR I EE I AR K BE T A T IRISIE M
S5 REB/RARE T Res RGN Z R R B 5| AL
JEIREL BRI 07, AR5 3 Ao [ AR 35 SR (A Dk Bl 5
55 D R0 AE W IS S VAN Res RGETEMUE T
FIN A HNF I Bl RN A D R BCRE 1 A5

TEARRINZHTEZE B 19 LNNS 2f [ A R; 755

® ArcsF ®---® ArcsB

0 2 4 6 8 10 12
¢ (h)

0 2 4 6 8 10 12
t (h) t(h)

0 2 4 6 8 10 12

B2 EFEHR. resF A resB RATHATE LNNS 1EFFE PRI K ih 2k
Figure 2 Growth curve of wild-type, rcsF and rcsB mutant strains in LNNS broth

TE: A RIEIMZKSE R B; B: W1 0.5 MIC ZHE K B; C: U1 0.8 MIC ZHH X B
Note: A: No polymyxin B added; B: Add 0.5 MIC polymyxin B; C: Add 0.8 MIC polymyxin B
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W, 4 Res iR BERHITS , resF Fl resB 378K K
S ER R E S T A, VKRS BRI m
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T i 2B 32 3 vk N A ) BRI R RE 2 B T
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24 FEMXEEMBNERKESH
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R 2784 st B ARIE RS A E e Hr, &
mE 4 FiR.

Kl AA NABIMZHTER B AR fihC.
hmsS. hmsT WIFIDXEE 5K DL Y.E ATCC23715
FAEOT 5 K- R UE, 24 Res XU 3 RGEDLIEIR
J&i , Y.E-AresF F1 Y.E-ArcsB W fIhC FEDR AR X 5% 55
K5 B AERRAR T 3 o0 2 2 A5 3 ARG
Y.E-ArcsF 1 Y.E-ArcsB ' hmsS. hmsT &R AR XS
B SOV 5 B AR ARAR Fe AT B A IS o UERFE/DN
st RUB/R AR, Res A RGNS T L SE
SARC . hmsS hmsT FFAESAYE, A 13
VK BhRe 1 S R R T

WKl 4B FR, WMZREZR B WE AR
STIhC . hmsS. hmsT BIFHRTFG A SR Z K5 TR
K B WEFAEMAMEL T M, RAEK Y.E-ArcsF Al
Y.E-ArcsB W fIhC ., hmsS . hmsT WA 5% 5K AR
AR, IEMITERIMZ MR B J5, B4R
RAZPR A UK S EE 1 A AE YR EOE iR 1 # sz B T
i

Y.E-ArcsF w= Y .E-ArcsB
B

0.5r
0.4
0.3
0.2
0.1

Biofilm formation (ODsys)

0.0

0 0.5 0.8
Concentration of polymyxin B (MIC)

3 ZHEEBXTFEMR. resF 0 resB REKIKENBE 1 (A)FIEMBARTL BLBE 1(B)BI R/
Figure 3 Changes in the levels of swim motility (A) and biofilm formation (B) in wild-type, resF and rcsB mutant strains in
LNNS medium supplemented with different concentration of polymyxin B

Note: A: Swim motility; B: Biofilm formation
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==Y .E

Fold change

fhC hmsS hmsT

4 REBEXERMETKFELERL

Y.E-ArcsF w= Y .E-ArcsB

Fold change

Figure 4 Changes in transcript levels of related phenotypic genes

T A: RISIMZHEZE B; B: INNZHKEEB
Note: A: No polymyxin B added; B: Add polymyxin B
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