A SR IR Jun. 20, 2022, 49(6): 2183-2192

Microbiology China DOI: 10.13344/j.microbiol.china.210904
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved
oI4R A
DIk | 4=

ExPEC
I T-A

Y, TR® R4 AdIY, £ER BKE

1 WA R B A B RS EM T A & RGO, mE mM 350013
2 feRl RS BB, 3 :IL 430070

B, TR, FEASC, BRI, £5 R, PR, WA R 7 B A Y ExPEC LA (A1 1A T-A R4 £S5
GEZIR[T]. A W e AR, 2022, 49(6): 2183-2192

Hou Bo, Wang Chenyan, Li Shaowen, Zhou Lunjiang, Che Yongliang, Chen Qiuyong. Effects of sub-inhibitory concentrations of
alkaloids from Macleaya cordata on the expression of outer membrane protein and type II toxin-antitoxin systems of ExPEC[J].
Microbiology China, 2022, 49(6): 2183-2192

i E: (5% otk aBRELB. RTABFAYHRREZRE L LH AL L
B T2y, AR ZAHEAR. [B ] FI5 2478 RE R, & RRLm. RITH
st My o0 B A v K M AT B (extraintestinal pathogenic Escherichia coli, ExPEC)EZ4MEE & A LAz
E R A= 11 A &% -5 % (toxin-antitoxin, T-A)R AKX B KA Hom, TR ITHE D A W BT
ExPEC @i AR EFHHwegTaeds. [H5] iR TR 11 ﬁ-’l T-A %% 4B yafON. hicAB.

priF-yhaV # % &) ExPEC *f fnAR#%. @ & KLk, JRIT K BASLAE F R D IPHE IRE; £ 1/2 MIC
LA E K E AR AR K. R KBS T, i e ExPEC % A A (wild type, WT)
R AR E G 10lC B K AR (AtolO) ) TR SMEE G A B ompC. ompX. tolC. ompF Faif 4=
F B acrR. rob. marR. rpoS. soxS &L &7 ee, VARSI T-A % %A B yafON. hicAB. prlF-yhaV
ik, [4R]) T-A 2% hicAB #= priF-yhaV #: X BT A E F 9HBRMRZH 24142, mA
hicAB # X B #rat f AR ARG BUE AR F 245, 12 MIC & & R 4082 F 188 WT ﬁu AtolC H #h 8y
ompX = t0lC 3B &k, wfARadrH WT B4k r0lC LB 69 kL, f AtolC Bk F 1/2 MIC f2ik
B B RFELLBR BT R BRI R A2 B IALSE ompX F= ompC 09 KB KL, ®xt ompF & 1% RFA2
B34, 1/2 MIC AR aiAe & & R A2 Z R E WT F= AtolC B marR A B &L, JFH oAk
BRI T VAR rpoS A B 69 £ 1k, 1/2 MIC & T R A2 % TE1& WT B AR e) yafN KB Rk, R HH

BEWE: FEEARBFREEHTED H(31802190); HE4 H AR FIA (2018105053); H L 4 4lb Bh2# i 1 4 1 H
(AGY2018-4)
Supported by: National Natural Science Foundation of China (31802190); Natural Science Foundation of Fujian Province
(2018J05053); Fujian Academy of Agricultural Sciences Foundation (AGY2018-4)
*Corresponding authors: E-mail: HOU Bo: houbohouwei@126.com; ZHOU Lunjiang: lunjiang@163.com
Received: 2021-09-30; Accepted: 2021-12-08; Published online: 2022-01-07



2184 (/S Microbiol. China

m AtolC B R yafN 3B R A KT 1/2 MIC stk sk, & R E Lok, RIFTH BRI F A2 Huip 6 WT
B #R hicA A= hicB B & ik, ALt AtolC B #k hicA #= hicB #9 KB & ik; 1/2 MIC ks, & &
Lok, RIFTHABTFAZBIME WT A2 AtolC B#ked priF KB RE, T hARSREFH7 4 yhaV
ARERE, [£#£]1 1A T-A 24FMNERE AL ExPEC *F RE A%y RN, SMNEEE
TolC #) T M T T-A ZA AL @A R EA — 2%, LA TRALETRE.

KGEIR: MM ERERIATH;, HES AW, LIERE; IMNERY; FE-REEEZA

Effects of sub-inhibitory concentrations of alkaloids from
Macleaya cordata on the expression of outer membrane
protein and type II toxin-antitoxin systems of ExXPEC
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Abstract: [Background] Protopine, sanguinarine, and chelerythrine are main components of the new
veterinary drugs Boluohui powder and Bopuzongjian powder in China, which have multiple
pharmacological effects. [Objective] To preliminarily reveal the influence and mechanisms of the
alkaloids from Macleaya cordata on the physiological activities of extraintestinal pathogenic
Escherichia coli (EXPEC), we evaluated the effects of sub-inhibitory concentrations of sanguinarine,
chelerythrine, and protopine on the expression of outer membrane protein (OMP), their regulatory genes,
and type II toxin-antitoxin (T-A) systems of ExPEC. [Methods] We measured the minimum inhibitory
concentrations (MICs) of protopine, sanguinarine, chelerythrine, and antibiotics on the EXPEC mutants
with the deletion of yafON, hicAB, and priF-yhaV. We then compared the expression of OMP genes
(ompC, ompX, tolC, and ompF), their regulatory genes (acrR, rob, marR, rpoS, and soxS), and type II
T-A systems (yafON, hicAB, and priF-yhaV) between WT and the fol/C-deleted strain (Ato/C) exposed to
1/2 MIC of protopine, sanguinarine, and chelerythrine. [Results] The sensitivity of hicAB- and
prlF-yhaV-deleted strains to chloramphenicol increased by 2—4 times, and that of 4ic4AB-deleted strain to
sanguinarine also increased by 2 times. Chelerythrine at 1/2 MIC significantly up-regulated the
expression of ompX and tolC in WT and AtolC, while sanguinarine inhibited the expression of 70/C in
WT. Protopine, sanguinarine, and chelerythrine at 1/2 MIC up-regulated the expression of ompX and
ompC while down-regulated that of ompF in Atol/C. Sanguinarine and chelerythrine at 1/2 MIC
significantly promoted the marR expression in WT and Afo/C. Moreover, sanguinarine improved the
expression of rpoS. Protopine at 1/2 MIC significantly lowered the expression of yafON in WT while
significantly increased that in Ato/C. Protopine, sanguinarine, and chelerythrine at 1/2 MIC
down-regulated the expression of hicA and hicB in WT while up-regulated that in Ato/C. They improved
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the expression of priF in WT and Atol/C, while sanguinarine significantly inhibited the expression of

yhaV. [Conclusion] Type II T-A systems and OMPs participate in the responses of EXPEC to alkaloids.

The integrity of OMPs (such as TolC) affects the role of T-A systems in bacterial responses to stress, the

mechanisms of which remain unclear.

Keywords: extraintestinal pathogenic Escherichia coli (EXxPEC); alkaloids of Macleaya cordata;
sub-inhibitory concentration; outer membrane protein (OMP); toxin-antitoxin (T-A) system
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7l & RNeasy Mini Kit, Qiagen /A F]; DNase I
I A M, Fermentas 23 F); Ju bk 5l &
PrimeScript RT Reagent Kit, Thermo Fisher 2y
w2 E midF & SYBR Select Master Mix,
Roche 23wl ; 51#1(F& Dirg st &l A WA
BRAEIG . 26 PCR AL, Bio-Rad A H].

£1 AT qRT-PCR B34
Table 1  Primers for qRT-PCR

Primer name® Sequence (5'—3’)

Size (bp)

rrsGF TATTGCACAATGGGCGCAAG!! 234
rrsGR ACTTAACAAACCGCCTGCGT!
ompCF CACTACCGTTTTTACCCTGA 136
ompCR GGTGGTGATACCTACGATTC
ompXF CTGCAACTTCTACCGTAACT 109
ompXR GGGCTGTTGTCTTCTTCATA
ompFF GTTACGACCGTAGTCGATAG 187
ompFR TTATGCCCGTCTTGGTTTTA
t0lCF TCCCTGCAGTTAACTCAATC 151
10lCR TCAACACGTTGAAATAAGCG
acrRF TTGATTGGGTTCCTACTTCG 142
acrRR GCCAGACAGGTGATGATAAA
robF GACGGTTTATCCTTACGACA 217
robR AGTTAACGTGTTGATGGTGA
marRF AATTATTCCATTGGGTCGCT 156
marRR TTTTTCAGTTCAACCGGAGT
rpoSF ATTTATGTCGATCTCACGCA 220
rpoSR CATTTGGGTTGGGGAAAATC
soxSF CCAACCCCAGCTAAAGTTAT 210
soxSR ACCAATCTTGATGTGCTGAT
berF GTGAAAAATGTGCTGACGAT 149
berR TTGACAATCTCAACATCGGT
yafOF CCAATTCAGCAGAACGAATG 123
yafOR TTGTTATCTCGAGCCAGTTT
yafNF TCTTTCTAATAATCGCCCCG 147
yafNR CGGCGTGTAATTTCCTCTAA
hicAF TGGCAGCAACCATTTAAAAC 119
hicAR AACTCAAACCGAGTTGTTTC
hicBF GTCGCCTCTAAAGTATTGCT 117
hicBR GTGCAAGTTAAATAGGCGAG
prlFF ATTACGAAATTCTGCCTGGT 142
priFR TGAATGTTGAATGGACGAGT
yhaVF GCGGTAGTCCATAAAGTGAT 248
yhaVR TTGCTGAATACGGTATAGGC

Note: * Subscripts F and R indicate forward primers and
reverse primers.
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B0 5 min WOERAHTRTRA , i e vl il £ 1 350
B 454 TR R i TR i AL PR, #5 B RNeasy Mini
Kit P B HUE RNA, JfLL DNase I %} RNA
PEATALFR BRI 4] DNA ., BRHREU S RNA
% H8 PrimeScript RT Reagent Kit 150 45 Ji2 5 5
7 ¢cDNA J5—40 °C {#17-45 1 .
1.3.2 LR EEE PCR

Z: M SYBR Select Master Mix 18] 5%
SYBR green ¥, LA rrsG BEHERNS LA,
XAMREE A IERH ompC. ompX. ompF . tolC J
VWL acrR . rob. marR. rpoS. soxS. ber
ALY T-A RS HE N yafON ., hicAB . priF-yhaV
HATRIB RN, LRSI LR 1. PCR
FWAAZ . 2xSYBR qPCR Mix 12.5 pL, cDNA
20 uL, k. F#EZI¥(10 pmol/L)% 1.0 pL,
ddH,O 8.5 pL. PCR JZJii%5fF: 95 °C 1 min;
95°C 15s, 58°C20s, 72°C20s, 40 PMEH;
SRIG M 72 °C FFE 95 °C, 4 20s FH 1 °C, ¥k
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Table 2 Antimicrobial susceptibilities of EXPEC
strains (ug/mL)

Strain KAN CIP AMP CHL PRO SAN CHE
WT >512 256 >512 32 256 128 256
AhicAB >512 256 >512 8 256 64 256
AyafON >512 256 >512 32 256 128 256
ApriF-yhaV >512 256 >512 16 256 128 256
AtolC >512 16 >512 1 128 8 16
Note: KAN: Kanamycin; AMP: Ampicillin; CHL:

Chloramphenicol; CIP: Ciprofloxacin; PRO: Protopine;
SAN: Sanguinarine; CHE: Chelerythrine.
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The effects of sub-inhibitory concentrations of alkaloids to outer membrane protein genes (A) and

Figure 1

Y LAY
T

2 (B)

P<0.05; **:. P<0.01.

their regulatory genes (B) expression of EXPEC WT and Ato/C strain. Values are shown in means + standard
error of the mean. Statistically significant fold changes were determined using two-tailed unpaired Student’s ¢

tests. *: P<0.05; **: P<0.01. The same below.

il , i H TolC AR [ K 5B XM E S5
IO I N (R AE ELA S A
2.3 HIEKE MR . BE<LR. R
FHRAHEE I B T-A REEEFIEFIN
#R

T-A RGTEYEFRFA A B RE )y T R ¥
HEAER, AR B R A AR .
JEZRELHE 5B B A E T B4 T WT #l ArolC
W IR yafON . hicAB F priF-yhaV i% 3 4~ T-A
RGN W RIEKY. 851/ BN, 16 172 MIC
P IMARTE . FUESRLLIR . B R Bfe7E T, /J
DI AR EHSZ R WT BRRA AtolC HFRRY

yafO Fl yafN FER ) FRIE K, 2 H 20T
TERT WT BEARE yafO Ml yafN JERIKV-3FR 18 8.
% EFH(P<0.01), 24580 Bl A7 7E I S R T
WT R PRI yafN 5K ik (P<0.01); 7£ AtolC
BRAP, 21 SR R R BET yafIV 3 R G Rk K F
HLEWHN(P<0.01) (K 2A), 7E 1/2 MIC #IMiAR
Bl 1B SRLImE . SR B AEAE T, Al DAAS [
FEREHOFRAIR WT BERR Y hicA T hicB SER ik,
ML HE AtolC BREH hicA F1 hicB JEN Ak,
Horp AT RO AtolC Rk hicA F hicB &K 3
5 B R B 5 (P<0.01) (K1 2B), 458K M
AN 11 TolC MY 588X T T-A RS hicAB 5

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR A B A B 1Y% (R A= 06t EXxPEC - SEAMEE AT I8 T-A RGERKIA 5400

2189

oWT 8 AtlC

B WT+sanguinarine @ Ato/C+sanguinarine
WT-+protopine AtolC+protopine
8 WT+chelerythrine & Arol/C+chelerythrine
Ag 30r

.2

% kek

2

g

><

[

=

&

=]

5]

&=

s

g

)

Z

B

Normalized fold expression

Normalized fold expression

B2 THMEREEMEIT WT 1 AnlC Eik 11
B T-A RFEEEREHF N
Figure 2 The effects of sub-inhibitory concentrations
of alkaloids to type II T-A genes expression of
EXPEC WT and AtolC strain.
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FBRAFTE T LT WT Fil AtolC R yafON
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P SELLR . 5B B AEAE T, AT DU [A] 2
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HAE WT WHRAEAE AR A IEOL T, priF FEH
FIREMA RIS, yhaV KR kR B E R
I, XECF R T A BN T 0 0 B v A
e, P9 7 385 S 1 T A A 40 B A R B, A
77 3t G X 401 P 3 B %7 o SR, A P SR AT
FAERS WT ERER yafO Fl yafN FER K- ik
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VR yafN FERFRIE; TAE AtolC HitkH, 4
TEAE SR B BBl ST yafN 3 IR G 26 15 7K SF- B g 1
hns #E 172 MIC PYIMLAREE . 1) SE20m . Ji b
IR AETE ] DUAS [ A2 B b R AIE WT B AR 1)
hicA 1 hicB 3L R 35  (HAE U AtolC K hicA
N hicB FEH )RR . O A MIEE KT K-12
FERRH, HicA (58 4> aa)J Rk 5 1 ompAa F5E4b
R (L mRNA 7EREE 07 s TS, R s
S A 2 11 R R SR T e, AT RS A 7R A
KA, 10 hicB (2K FT LA AT HicA 97 R AE
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W, I HI IR v AL Ak AR At 2 M A
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R AT XS A PR U L TR 52 1145 B A0 B 1) e 2 R P8
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GRS R, I H 40 18 S 2 4 v 7E T-A
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