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H OE (¥X)] NERAR—FEEZORAERRER, DaARERTREELE. FE-aF 4
Gy ZAET AT AHARNAY, BATZOAYF . [Ba9] £3E0INE T 52394
F-aFEAG, ANFE-RFFERARABIRITZRA B REAG e 0T ok e ek, [Fik] @
WAL T AN S SR R AR LB I B FE-FE A% B4 K Ko FmE SR E
I MBS 2 A AT KA I 6 20 HA R BAR B e & 69 S A R 5 iB3T RAE R PCR #4 2 & & Ao
FFEARARTG AR, BIAMELFINAELHLELFLZ-NELZLAANFIAEZS; @i LacZ iR
LR HENFEERGE-NEZLOMWT AT BT RAEER. [4XR] SlE0iKE L ERTH
6 MRE T Al & -IaF A% AR vpl820 69435 F #(VP1820)x X AT & B A Al &, vpl821
49 R K A (VPIS21) AL A= VP1820 #y&t; B wpl821 A= vpl820 34tk vpl821-vpl820 %Al
YefM-YoeB &% -#L& % A %; % YefM EifE BT, YefM-YoeB 264 iAE R TF. [4
] ESlEmKEFELT A% I AEE-REF A%, B YeM-YoeB, Ai#t—F A% A%
Xt &) 7 fn I B b A i 2 0 R BT T KA,

KR SR hIKNE, FF-MEF A%, YefM-YoeB

Identification of the chromosomal YefM-YoeB toxin-antitoxin

system in Vibrio parahemolyticus
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Abstract: [Background] Vibrio parahemolyticus is an important food-borne pathogen causing severe
threats to public health. Toxin-antitoxin (TA) systems are widely distributed in the genomes of bacteria and
archaea, and possess important biological functions. [Objective] To identify novel TA systems in
V. parahemolyticus, and lay the foundation for exploring the underlying mechanism of bacterial
pathogenicity and drug resistance from the aspect of TA systems. [Methods] The putative chromosomal
type II TA systems in V. parahemolyticus were predicted by a web-based tool. The toxic effects of the
putative toxins on Escherichia coli and the antitoxic effects of the corresponding antitoxins were assessed

Foundation items: National Natural Science Foundation of China (31802210); China Postdoctoral Science Foundation
(2018M630615); Natural Science Foundation of Colleges and Universities of Jiangsu Province
(18KJB230007)
*Corresponding author: E-mail: zhengchengkun@yzu.edu.cn
Received: 28-09-2020; Accepted: 10-11-2020; Published online: 03-02-2021

E€MB: EXAAPEISB1802210); H E L5 B 254 (2018M630615) ; TLI8 4 ik B AR B % 3L 4
(18KJB230007)
*BIE1E&: E-mail: zhengchengkun@yzu.edu.cn
Igts BHEA: 2020-09-28; #EFHHER: 2020-11-10; MELE A BHE: 2021-02-03



2062 (DGR ESTE(

Microbiol. China

by growth curves analyses and spot dilution assays. Reverse transcription PCR was used to determine
whether the genes encoding the toxin and antitoxin were co-transcribed. The homologous proteins of the
newly identified TA system were determined by bioinformatics analysis. The regulation of their own
promoters by the antitoxin and antitoxin-toxin complex was detected by LacZ reporter assay. [Results] Six
putative chromosomal TA systems were identified in V. parahemolyticus. The product of the vpI820 gene
(VP1820) had bactericidal activity against E. coli, which could be counteracted by the product of the
vpl821 gene (VP1821). The genes vpl821 and vpl820 are co-transcribed. The vpl821-vp1820 locus
encodes the YefM-YoeB TA system. The YefM antitoxin positively regulates the promoter, while the
YefM-YoeB complex negatively regulates the promoter. [Conclusion] This study identifies a novel type 11
TA system in V. parahemolyticus, namely YefM-YoeB, and lays the foundation for further research on the
role of this system in the pathogenicity and drug resistance of V. parahemolyticus.

Keywords: Vibrio parahemolyticus, toxin-antitoxin system, YefM-YoeB
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it BA R B A THERU. 14k, RelBE
KI5 2 -PUEE R RSB ST A= Y vl iy
T R R % s By e mE

FERI MR, BRI vp1842-vp1843 J
R ARGE g IS T BB R DL R RS, X%

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



D25 RN ek FRR-BIEE RS YefM-YoeB 9% E 2063

AT TS Qi B — M RYE G4, 5K
FHghS Dinl-YafQ 72 -HUHE R R G0N A 7 W]
PEUOL KT B s S R I vp1843 FKikfE
MR AN A K, RS TR R LR vpi1842
FLREh B R B TEIER ;s 1Ak, FE R
Fk VP1843 #5225 | H 40 14 40 W 25 iy i s el
VP1843 #: % E A5 DNA UJEIES G, RewsbE
% DNA; VP1842 $iL8E R BET Al VP1843 MI%IR Y]
B PENT 2E KAT I Tk VP1843 W] LI E
5 T (/R DNA BEfF ;76 RV 9K P 3 R 4
Joidam 1 [R5 EE A B 7 VR B vp1842-vp 1843 FE K
U8 H I, VP1842-VP1843 HE-Fil X A4 0]
AEAE 1 2L T 2 Je BRI AL, 245 R 1
IR 15 YL ik B E T ke s,

TADB 2.0 7E£% T B i &l v 1 9K RIMD
2210633 FR QLA lk F4ts 6 e 1 BB R -t
HERG, Hh— O SHFS A TR R
HERS, B—MHOAESLICIEEN ARBFIE AR
TH4MEE N RERERINERRARTEE T 1
HIEENTERIIERERS, EWE B0 a R
BNZRG S HABAE ) YefM-YoeB 7 % -Hi 5 5
RGN, A5 Ui — SRR e R Pl
R ARG YIRS T X R T8 25 HE AR 24 2
it [RIEG AN b 1T RS R R R AL
EHARERE L,

1 RS
1.1 ##
.11 E#. RAFEFREG

R MR RIMD 2210633 i #EFl pBADhisA
Bk A SIS AR AF . RGBT Topl0 BEPRIA H
FigMER A B AR IRAF . KB WM3064
AT pHGEILO 1 JURE B v BHBE B 15 15 VE BFF 52 Jr
IS5 AT B3 2 R it 9K R RN K B AT T 4 LB
Kigrdk, 37 °C Kigk. Higk WM3064 B Rk &isk
WM 50 pg/mL B I PE R (DAP). KiFRT
pBADhisA JSURL YA BB IN 75 pg/mL M2 N H

3 157 pHGEIOL JBURLAY 4 B IS 1 50 pg/mL
RIBEER .
1.1.2 EZE RTINS

DNA H AT PrimerSTAR Max Premix. PRl
RN VI . T4 DNA 4R sl g, £H
EAYEARALE)ARAF; DNA RBEE 2xTag
Master Mix, g 50 MEREAE VIR B A R Al
P41 DNA $2HURH &, RRAERHE )
A PR E]; PCR O i 6 A0 ook /) i B Bt
&, BT R CRIDA R A 5 RNA $2 05
&, IS RN A R A E] LB Bk
LA FR . DAP Fl BCA IR M E an &, 4L
Y TR R ARRAF B-F 2L B S 1
Feril ), A RIEFEREERH A RA A .

PCR 1%, Bio-Rad /A H]; AR HLIKASUFIEE IS il
B &5, FigREEFHTARA A BildE 58t
YEEETT NanoDrop200, T B AL 254 BRZS A 5
CMax Plus B, A0 FIXER(EI) A RAF
PR, P R AR TR A .
1.1.3 3%

MRAEREI S M INE RIMD 2210633 B AR HE
AP FIH] Primer Premier 5 #1F531514. 519
FEAIILER 1, 51BN A YR ARG PR
iy
1.2 A%

121 alamilERektBENESE-MER
RGRY TN

FH TADB 2.0 7628 1 HLU V05 0 g 7 o, 9 7 ) 11
E N BRBR-PIHRRG . @7 R SCHk[16-18]81
P ARGSEE MRS I BGER-NHRERLR,
VE R AR
1.2.2 EHEFRRAWE

BE B RiH TR TR AR . 28570 &l
B, FHANR SR Z] DNA HRBGR ] AR R i
IR RIMD 2210633 B KA IEFZH DNA DA 4
DNA M1E#x, F PrimerSTAR Max Premix #1549
X 0402-F/0402-R . 1820-F/1820-R. 1884-F/1884-R
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Table 1 Primers used in this study

RN 5lHaRK Elkz2] NI PR
Gene Primers name Primers sequence (5'—3) Endonuclease Size (bp)
vp0402  0402-F CCGCGAGCTCGTGAGGACGGTTGGTATGAG Sac 1 1422
0402-R AAAACTGCAGTTAAAGAAGCCTACTCATTTCAG Pst1
w1820 1820-F CCGCGAGCTCTTGATGAGTAGTAGTCAACGTTTATT Sac1 273
1820-R AAAACTGCAGTTAGTAGTGGTAACGACATGAAATT Pst 1
vpl884 1884-F CCGCGAGCTCATGTATCCGGCTTGTTATGAG Sac 1 186
1884-R AAAACTGCAGCTATAAGAACCGGATGCAGTAAT Pst1
vpl885 1885-F CCGCGAGCTCATGACCGAAATTATTTATACGGA Sac 1 129
1885-R AAAACTGCAGCTATTCGAACGTTTCAATTAAAGT Pst1
w1821 1821-F CCGCGAGCTCGTGAAGACTATACTTGTTCCATTAAAT Sac1 562
1821-R CTACTACTCATCATCTACTCATCAATTAACTCTCGTGC
1820-F2 AATTGATGAGTAGATGATGAGTAGTAGTCAACGTTTATT
P1821-1820-F CGGAATTCAAGTTGTTGAGCTTGTTCGAC EcoR 1
1821'-R1 AGCTGTTTCCTGTGTGAGATCTAGTCTTCACTACTCCAGTTGTACAG
1820"-R1 AGCTGTTTCCTGTGTGAGATCTCGTTGACTACTACTCATCAATTAACT
1821-1820-R1 AGCTGTTTCCTGTGTGAGATCTTTAGTAGTGGTAACGACATGAAAT
Common-R2 CGGGATCCGTAATCATGGTCATAGCTGTTTCCTGTGTGAGATCT BamH 1

F1 1885-F/1885-R 43| #E4T PCR ¥"1%, PCR [ )i/
K Z : DNA 24 Jiff PrimerSTAR Max Premix 25 pL,
5% F #1 R (10 pmol/L)4% 2 L, DNA itk 1 pL,
7K 20 uL, PCR R 4514 : 98 °C 3 min; 98 °C 10's,
54°C15s, 72°C 1 min, 30 ME¥H; 72 °C 1 min;
16 °C fiAF. ¥ 341 DNA Jr BV J5 5 pBADhisA
FikiiEds, ARG Topl0 J&a23
. FERTEH, PRBCREVE SRS 4T PCR
WeE, PCR WA R : 2xTag Master Mix 10 pL,
519 F AR (10 pmol/L)4% 1 uL, BT 1 uL,
JK 7 uL. PCR SR Z514F: 95°C 5 min; 95°C 15s,
55°C 15s, 72°C 1 min, 30 ME¥H; 72 °C 1 min;
16 °C ff-ff. % IEWM RS UTORL, HF—20 i
1T DNA 7 %55 .

BEPT# R - R A RSB TRL A : DLREE
I3 RIMD 2210633 FE ik ALK 4 DNA S fsiA,
F PrimerSTAR Max Premix F15|#)%} 1821-F/1821-R
F1 1820-F2/1820-R 435454 vp1821 1l vp1820 11
DNA F B, B H ) DNA K BOMEAR,
PrimerSTAR Max Premix 154X} 1821-F/1820-R

HEATES PCR [N, 155 vp1821-vp1820 FE 1)
DNA HBt, & PCR RWIKZ: DNA REH
PrimerSTAR Max Premix 25 puL, 2 4~ DNA F Bi4%
1 pL, 7K 19 pLo S Z&fF: 98 °C 3 min; 98 °C 10's,
54°C 155,72 °C 1 min, 5 M§¥F; 72 °C 1 min; 16 °C
A7, %—% PCR ZEH)IGHMESIY F Al R
(10 pmol/L)#% 2 pL, #1755 —% PCR. PCR JZ )
%1% 98°C 3 min; 98°C10s, 54°C15s, 72°C
1 min, 30 MEFR; 72 °C 1 min; 16 °C {77, DNA
H BB 5 5 pBADhisA FUkLgERE, 4L Topl0
BTSN, J52E T PCR %58 F DNA P55 .

LacZ # i Biki MR EE . 275 SCR[21]49 2
LacZ #fe45 ok o LA MR RIMD 2210633 FE Ak
MR ZH DNA S#sH , A PrimerSTAR Max Premix
Mg %t P1821-1820-F/1821'-R1 . P1821-1820-F/
1820'-R1 F1 P1821-1820-F/1821-1820-R1 4351|444
vp1821-vp1820 WIE S+ X IM—/NEt vp1821 %
5 IX 8 sh 7 vp1821 Fl—/NBx vp1820 (K4t
X, Ja8h T X vp1821-vp1820 1) DNA H B,
PP 3 ) DNA R B, ] PrimerSTAR Max
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Premix 15| 475} P1821-1820-F/Common-R2 #£4 756
2 #% PCR ¥, 15800 IARLS &AL 5751
(Ribosome-Binding Site, RBS, 5-AGATCTCACAC
AGGAAACAGCT-3)f) [-id DNA HBt., DNA A
Bt JE S5 pHGEIOl Bk, $5b KImFFe
WM3064 &2 A4/, 52217 PCR 452 F1 DNA
Wy 285 o
123 BIEKmELENBRESENSHEER

%4k pBADhisA FIEE 8 R 175 5 KI5 FURLAY
KIGHF R Top10 BBREERN T U 0.1% 1 25 4 (57 11
RBRBIWEIE)W LB Kk, 52Ky
HFHA(ODg30=0.6-0.8), 6 000 r/min &5.0> 5 min Y4
FRSEH LB ¥ e it —k, P& LB B9k
HE, BEEHAR 1:100 B TR 0.1%
BT R AARE (5 4RI 0.19% 3 2 B (M i 45 1) 1Y
LB it Bl o3 T 96 LAl gt
fL 200 pL, ®E 3 AELE. KA ERE T
37 °C. 120 r/min WFEIR, HFE 1 h BGE, FHREG
FRGE ODsos {H, 2L 7 h, LHIMFEAERK
HHES 3
124 BEHEKMEENBRENSENSESH
Y R FR4E A

%:4r, pBADhisA F1 pBADhisA-vp1821-vp1820
JRL ) R IAFF IR Topl0 WRAREERD FESIN 0.1%1i %)
Wi LB 59k, WG TRE ODgoo H 0.6-0.8,
6 000 r/min #5.0> 5 min PR REIAJG ] LB 3557 20k
1k, P& LB I iidia, B+ 1:100
Fe 943 S BERE T4 0.1% BT RiAr B G5 S 4514 Fil
0. 1% i 2 AN 510 LB 3535 5L, B o2
T 96 fLAfadEFRMRH, 4L 200 pL, #HE 3
KA R IR E T 37 °C. 120 r/min AYFEIRH,
gl 1 h B, FIEEFR G E ODsos {8, 220 i
7h, Z:flAHE AR L
125 HESHIEENSZENREIFTEERNRE
ENERRFEERNPRIER

% ft pBADhisA . pBADhisA-vp1820 Al
pBADhisA-vp1821-vp1820 JE KK HFE Topl0

FRRIERN T 0.1% MBI MEY LB #5973, Kigk
% ODgoo M 0.6-0.8, 6 000 r/min Z5.0> 5 min WL H
)5 LB R0 1k, P& LB H Rk
o B EWAES N 2 Oy, —IREsIn 0.1%B 4
APEGE T2, F5—Husim 0.1%# &5 Al 5%
F), KR RCE T 37 °C. 220 r/min MIFER PR E,
FEB 0.5 b BUH, FHUSIN 0.1% 5 225 0 14 1 1R 55 2%
M (Phosphate Buffer Saline, PBS)#:17 46 B Fi
B, KRB S pL SR 0.1% AR
LB AR b BFHCE T 37 °C IR Th 3R s
EVEERE SR
1.2.6 ElAMINE RNA 2EUKR vpi821-vpl820
RO

RNA #2H¢: RIVEIMYNE RIMD 2210633 bk
RiF2 2 ODgoo 4 0.6-0.8, F RNA HEEGAF & H
P S RNA, #EL RS HZ NGB, 58
PR RE HL IR RNA 52384, NanoDrop200 il 5
RNA B F Ango/Aago TH o

vp1821-vp1820 IHe sk opHr: RNA Kl &4
Joi, FH SRS SRR & A i cDNA, [a] s 58 BH P o)
HAZH cDNA- (SN SCFG Sk . DL cDNA | B[R 2
DNA F1 cDNA-J#tk, F5190%F 1821-F/1821-R
1820-F/1820-R #1 1821-F/1820-R 4354 4% vp1821 .
vp1820 Fll vp1821-vp1820 1) DNA F B, Bhilaike
JE H R AS AT 15 B R/
127 FE-MEERY VP1821-VP1820 B4
ERELS

MRAEREI M INE RIMD 2210633 B AR HE A
AR, w1821 i YefM 1, M vp1820 %
fih YoeB % 1., 7E NCBI R b2 % HAb AN i
K YefM FI#E % YoeB MEILRIFF], H&EHA X
T.H BLASTP ZM VP1821., VP1820 5 HA 4N
YeftM . YoeB & [ E SRR 74 [FJEH: . ] EBI
M ) Clustal Omega (https://www.ebi.ac.uk/Tools/
msa/clustalo/)iE1 7 Z 3 EbXT, Fbxd 4k 5 A ESPript
3.0 (http://espript.ibcp.fr/ESPript/ESPript/)fii i . A
THAE YetM-YoeB B R -HiHE R R Gu /e A 7E T H:
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N B A b, DRI KR VP1821, VP1820
W HERR)T 5 W S% )75, i BLASTp K& &L
SIER AN 3B b [R5 2R 1, 9 2 b 2 kR 7 471
I
1.2.8  B-FFEEESE RN (LacZ R & LK)
S SCRR[21 AT B-F LW B 5 A 55
A LacZ 45 FRIE) WM3064 HRHEEEFEE ODgoo
4 0.6-0.8, 8 000 r/min &[> 5 min WAL, H
PBS ¥t 1 K, MZEZE sl (pH 7.5 #9 0.25 mol/L
Tris-HCI, 0.5% Trion-X100) & . F#E A P e AL
BAMFE N, 130W, HH 6s, [FES8s, &
BfA] . 45 min), 8 000 r/min 5.0 5 min WE Ei .
FH BCA 5 P B2 52 X0 8l 22 175 ) o (VAR B
F - B-2 FUBE Y R A 70 & e i i p-2
FLPEITBEE T, BRE RSN S Ul 15
2 HR54WH
2.1 EAMIEZRER ERIBERE U BEE-
TADB 2.0 7E£% T 500 &1 75 1 9K 5 RIMD
2210633 kYL ik Fgitt 6 X 11 B R-HLEER
RYL(FE 2). Hb, vpl842-vp1843 B A MUFSL it
— X B R- LA E RS, VPI830-VP1829 HiiESL T
TEPEN OIS, AR BRI B 4 SHBGE 11 R R R -
BRRGI Y E TR,

_ 0.1% Glu
-= pBADhisA

| -« pBADhisA-vp0402
-+ pBADhisA-vp/820
-+ pBADhisA-vp1884

| - pBADhisA-vp /885

A

0.8

0.6

ODS95

0.4

0.2

¢ (h)

1 FEREFERREM KB EEKTZE
Figure 1

*2 BAMNEREALNEBENESZ-MERAR
Table 2 Putative chromosomal type II toxin-antitoxin
systems in Vibrio parahaemolyticus

% RN Piag RN 275 30k
No. Toxin gene Antitoxin gene Reference
TA1 vp0402 vp0403

TA2 vpl1820 vpl821

TA3 vp1830 vpl1829 [16]

TA4 vpl1843 vpl842 [16-18]
TAS vpl884 vpl885

TA6 vpl885 vpl1886

22 ERFAwpl820 TiEFYM KBHEREESH
{ER

% pBADhisA Fll 4 MEE 5 3 53 855 FUkL
43 LA K AT T Top 10 J8Z 2541 7E 78 0.1%
B MR S5 0. 1% BT REAF TR G5B S 214 0
Rigpdkrp, MEAN R K. g5 B, EiRm
HI%HE ST, pBADisA-vp1820/Top10 HkkZR I
ARG, FEALHAM T AR A Topl0 FEARAN
%4k pBADhisA FUkI MK —B(E 1A); 1
IR HNB R A4 55144 T , pBADhisA-vp1820/Topl0
BRANBBIE & AR, A i dk A K — (&l 1B).
DL E2E UL vp1820 Fik =it KA Topl0
FRREA B, N vp1820 HIGHR. HT
FoAt 3 MBE B R I FRB W N HA B EAE
M, G T BHR-DUERRENEARRE,

0.1% Ara

- pBADhisA

-+ pBADhisA-vp0402
0.6 - = pBADhisA-vp820
-+ pBADhisA-vp 1884
-+ pBADhisA-vp1885

B ogr

% 0.4

0.2

0.0

Effects of induction of putative toxins on E. coli growth

TE: A: WS T A BRI AR INE; B: BSINBTHAAMEAE T 2% M bk i A K th 2k

Note: A: Growth curves of the strains in the presence of glucose; B: Growth curves of the strains in the presence of arabinose
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5 S S B A A vp1821-vp1820 R Ge iHE— T i
Y TAE,
2.3 EE wpl821 RiEFHRERFA vpl1820 RiE
EYmEEER

¥ pBADhisA Fl vp1821-vp1820 il £33k Bk
(pBADhisA-vp1821-vp1820) 43 5l %% 4k, K i #F &
Top10 JBAZ A ML . FEANIN 0.1% 45 25 B (I 45 1F)
F 0. 1% BT HAFTRE (75 T A5 10 R B R S b, 0 240 2R
AR, SRR, ERINEEEAET, 24
AR A K 2R ILT- 2 2 F A (B 2A); FEE BT
FiAAME 415 T, pBADhisA-vp1821-vp1820/Top10
AR R I B A K B G (8 2B). DA E&5 R
VAR vp 1821 IR =W e P A vp 1820 iKY
BEMEVEFE, HED vp1821 SRASHITEZ
24 VP1820 EBREEM, VP1821 gEHh N
VP1820 BIRE &

AR AR LI E vp1820 Kk R
1 3 B T S R T T B K T T A e
il KA I AR B K, e A0y
— U 0.1% M A BE A 1F), S — 0 ism
0. 1%BTHEAFTHE (5T 451F), BERR 0.5 h 43 51| IR gt
IR BT SR, 760 h, 3 DEBRIER A%
WEFIBT AR S5 T I AE RSO —3(& 3A); 1E

0.1% Glu

-o- pPBADhisA
-= pPBADhisA-vp1821-vp1820

0.8

0.6

OD:y5

0.4

0.2

0.0

1 (h)

B2 HESBERSEMERRENABTEEKHZM

0.5 h B, WA T 3 DR K IES
A IR AFHE 254 T () pBADhisA-vp1820/Top10
RIRRTE Al ORI (8] 3B); 7E 1 h I, &5
BRTESEAR AR K AB LA 0.5 h BF—3% (&l 3C). LA
ESARULRT VP1820 HAARIGYE , TE R Hh
P HFRIR 0.5 h BIWTDICRBEANE, 17 VP1821 fE
HFT VP 1820 A B TGk -
2.5 E[E vpl821 F1 vp1820 HiEF

FEHZEA A HT Bos vpl821 FN vp1820 Z [
11 RS E S (A 4A), M 2 AR LS, 4
BRI N 108 RNA, USR8, cDNA. 433
Pl cDNA. JE[HZH DNA #1 cDNA- A, HHEHE
BV I8 1% vp1821 . vp1820 F1 vp1821-vp1820
) DNA FBt. 450K, LA cDNA AR 1
1 vp1821-vp1820 i Br 55 DL SE R A M BAR P4 H 1Y
R BRAN—8, REET w1821 Flvpl820 Fr Bt
K/NZ A, T cDNA-ANBEY 1 H vp1821-vp1820
1 B (B 4B). LI ESSHRUEH] vp1821 F1 vp1820
e,
2.6 EEFE vpl821-vpl820 475 YefM-YoeB
E-MBRAS

MHERIAMINE RIMD 2210633 (R 2H 1
BE, vpl821 it YefM HLFEZ, vpl1820 it Al

0.1% Ara

-e- pPBADhisA
-a- pPBADhisA-vp1821-vp1820

0.6

0.4

ODy5

0.2}

0.0

Figure 2 Effects of coinduction of putative antitoxin and toxin on E. coli growth
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Note: A: Growth curves of the strains in the presence of glucose; B: Growth curves of the strains in the presence of arabinose
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Figure 3 Detection of the bactericidal effect of toxin and the neutralization of antitoxin by spot dilution assays

H: A: 0h; B: 0.5h; C: 1he 10710 FIRFRRTE Glu RSN Ara ZORUSnBTHATDRE

Note: A:O0h; B: 0.5h; C: 1 h. 107! to 10°¢ indicate dilution multiple. Glu indicates the addition of glucose, and Ara indicates the addition
of arabinose
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4 EEFE vpl821-vpl820 LEEF SR

Figure 4 Co-transcription analysis of the vp1821-vp1820 locus

W A: FEEFE wpI821-vp1820 LM, B: HHEF0Hr: M: DL2000 DNA Marker; 1-3: JA5[#%F 1820-F/1820-R 41 (4%
4-6: F 1821-F/1821-R ¥ ¥&MZE 4, 7-9: FI 1821-F/1820-R #3045 s 1. 4 A1 7 J&LL cDNA WA L H; 2. 518
JERIIEHAL DNA LD 0455 3. 6 1 9 2Lk cDNA-J BUR I 925

Note: A: Genetic organization of the vp1821-vp1820 locus. B: Co-transcription analysis: M indicates DL2000 DNA Marker, lanes 1-3
represent the amplification using primer pair 1820-F/1820-R, lanes 4—6 represent the amplification using primer pair 1821-F/1821-R,
lanes 7-9 represent the amplification using primer pair 1821-F/1820-R, lanes 1, 4 and 7 represent the amplification using cDNA as the
templates, lanes 2, 5 and 8 represent the amplification using genomic DNA as the templates, lanes 3, 6 and 9 represent the amplification
using cDNA- as the templates
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Figure 5 Multiple sequence alignments of the V. parahaemolyticus VP1821-VP1820 proteins with the YefM-YoeB

toxin-antitoxin systems from other bacteria
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Note: A: Alignment of the VP1821 protein with the YefM antitoxins from other bacteria; B: Alignment of the VP1820 protein with the

YoeB toxins from other bacteria
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Figure 6 Autoregulation of the promoter by the antitoxin and toxin-antitoxin complex
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Note: A: Schematic diagram of the LacZ reporter plasmids; B: Measurement of B-galactosidase activity. The data shown are means +
standard deviations of three independent experiments; statistical analyses were performed using the one-tailed unpaired # test
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