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5 ZFE: [8 9] #4285 (Sreptococcus suis) 2 — TR A F EERRBER, KR EELEH
HRA LA BB EIRFL-EL 4%, AL ELHRETHN, RiTHBRAEFEL -0
HEAvhEm AT RFEGEAR. [Fx] TR ARE oFA 52 K HN105 A E
WP BEZNIE FX-WHEFRAA. —F UL FXT-REZTRAANERFISNZEFT-REZTEAAL
#yiR b X & ; 15 ) Western blotting B =~ & & EH AR A N KA HE L. BB A HN105 4 %
AR, MBHEERER. RMEFREAMRARFE-LFRHEMNR, AR IZZ G HEERE 2 M 68

A VWIETS e ). ARG IAFERAGT A, [ER] AR5 s bRk aFa 5 &
B Ak HN105 J B 28 DF184 RS00980-DF184 RS00985 % A1 ¢4 Bt 2k 4% #% B4 (GenS-related
N-acetyltransferase, GNAT) A £ X - a2 2 4%, RERTFEH BB L2495 A
SsMarR-SsGNAT. SsGNAT 7 % /&£ X M 4T i (Escherichia coli)#) B i 8] IR & AZ FWAE A, BdndF 4%
TTAF fedE i), HEIRE SSGNAT 25 5 B WXL CB A BB EF RARA T —K
PEAAR L F 4 % A 458 ; SsGNAT AR AR RE N AR BN L, BirFEEREATHEIKT
il SSGNAT F# & 49 &L F; SsGNAT F Z AT 43R i 09 A A st /. BE S A A%
B ) LR, AR #om i AR 3R 2 AR & £ % 48 8.(human laryngeal cancer epithelial cells, Hep-2)
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Fa AJ S ofn % P R 48 i, (human brain microvascular endothelial cells, HBMEC)# 450t 68 7. [454€]
EIMFS T HAE IR A P AR & & K £ 4 SsMarR-SsGNAT, SsGNAT 4 % £ X W4T & K]
R IR EAREWAER, SRAEFHMA T I R K RE B, ZANA S —F B TR
B 0 BOR AR AR
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Abstract: [Objective] Streptococcus suis is a major zoonotic pathogen. This study aims to
characterize the acetyltransferase toxin of the toxin-antitoxin system in Streptococcus suis and
analyze the functions of the toxin, which may contribute to exploring the role of the toxin-antitoxin
system in the infection of S suis. [Methods] We first predicted the putative type II toxin-antitoxin
system in the genome of S suis serotype 5 strain HN105. We further determined the activity and
analyzed the phylogenetic relationship of the toxin-antitoxin system. Western blotting was
employed to determine the expression of the toxin in S suiS. We constructed the toxin-deficient
strain, antitoxin-deficient strain, and toxin-antitoxin-deficient strain with HN105 as the parental
strain to explore the effects of the system on the adhesion, biofilm formation, anti-phagocytosis,
and intracellular survival of S suis. [Results] The Gen5-related N-acetyltransferase (GNAT) toxin
of the toxin-antitoxin system encoded by DF184 RS00980-DF184 RS00985 in the genome of the
strain HN105 was predicted and identified, and the system was named SsMarR-SsGNAT based on
the conserved domain. SSGNAT toxin exerted toxicity in the periplasmic space of Escherichia coli,
and the antitoxin could neutralize the toxicity. SSGNAT toxin showed low amino acid sequence
identity and distant genetic relationship with other acetyltransferase toxins. SSGNAT toxin was
cleaved in S suis, and the reduced expression of antitoxin upregulated the expression of SSGNAT
toxin. SSGNAT toxin had no effect on the biofilm formation, anti-phagocytosis or intracellular
survival of S suis, while it affected the adhesion of S suis to human laryngeal cancer epithelial
cells (Hep-2) and human brain microvascular endothelial cells (HBMEC) cells. [Conclusion] We
discovered and identified the novel type II toxin-antitoxin system SsMarR-SsGNAT in S suis.
SsGNAT toxin exerted toxicity in the periplasmic space of E. coli, and its deletion promoted
bacterial adhesion to cells. The findings provide a reference for further unraveling the pathogenic
mechanism of S suis.
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¥ 5% BRI (Sreptococcus suis) & —FiE A
B AR U I AR A AR AR L L
FEFOCTT REE, HmA r a7 E K
ZET AP N B A BR B 5 (A TH 4%y
AHGE, FET 1998 4 2005 4K T 2 YHEtE
BRTAIERYe NP0 , 20 Bl al 14 F1 39 ABET-1,
FERERRT MG IR 2, MR8 JEME 2 b I iy 22
S, FEEERRTA T 43k 29 FMESIMIERY . Chz BUA
UEAFHEH & BRI 26 FhoH i) JE R PRI s AR,
A FE T FH AR SR A BR HIN105 A8 ik 2K AT 1ML 7
RS RUBRME, 20T B R AR AT DU N H AT A
s aE U, R AL AT A

R -PL ;R A Y (toxin-antitoxin system, TA
system) ] JZ AFFE T 4H BRI TR A L £ 4R 55 Bk
b, 2 DS A, A3l dm A AN
REMPMER S FAREnEREA". TAR
5 B W) TE K AT i (Escherichia coli)fé Bkr %k
R, HATE FURBHE R e T T RE , ualifr
N4 JE A4 (post-segregational killing, PSK)#/L
L NN TA REHAFLEE
AEWEETIRE, WSS A T R 2 . BOm P
Vi BA T TR B . R B ) 8 AR 0 TR Y TR i e
JpEEUCYl DR, TR TA RGP RE S5 E
FHALH R Eo B B 45 5 54 = & BT & 57
A SR S, MRIEPIRER M DL B R Bt
BRIEM TR, BRfdA I 8 FhEalm TA &
G0 HAPTR TA ZRGo7E 4N B 3 R 41 40 A e
Hrz, HAEEAYEDRERY . EIREER-
ERARGT, BR SEREHE BT
WERIEW 2 MEAM, MEEEFERELT
i REN SHRREGIERE SRR
BEPENCL MY AN AL F R IPRES TR, ARE
T B 22 B N 2R I BEK A, B R B IOR HEREE
YERL, M 4 i A G 2h P, BRTE 7
KW # W . 45 # 93 3 FF A (Mycobacterium
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tuberculosis) . 4 B {4, #j % K [ (Saphylococcus
aureus)ZE A kR LK TA 240810230 (A Xt
FEEEERTA TA REMIBFFRAIR D

AWFFERTIAE S AELR T TAfinder TN T
SRR MRS 5 BIRAR HN105 JE R 2H i) —
NI TA 24: SsMarR-SsGNAT, J- A HE R
LA DF184_RS00980 i fith— A~ . Mok Jk e % iy
(GenS5-related N-acetyltransferase, GNAT), GNAT
SEAFE T IS AE ) 5 EAZ R Y b i) — R 2R, i
T OB A B ORI RS 2 Y R
AW RERY ) H A & L S B = 1
WF5E 3 ZE AR v e A 2 T B e A i A% e B AT T
(Klebsiella pneumoniae) . ¥»[ ] [ (Salmonella)
KRIAFF B 20250 e % B M 1 it R A ARG
fGE . AL 5 BB EEER A HN105 XS 42,
PRI SsGNAT i Z X 4 4 2K 1 2 B 2 e 11 5
me, DU B IIRA T M8 HEBR TR GNAT 5 R
RER-VUEER RGN REEILE S A H ) fE 4
%,

1 HE5xZ

1.1 EFERFIFLE

THB 557500 T35 5 R Toll bl v i AE
W1 AR A PR ) 5 2x Tag PCR Master Mix T R4
SOMERE A M HOR A IR W) ; DNA Marker 1T
2L EEYEARGIRA T . DNA F B E i
177 £ (DNA Fragment Purification Kit)I) I/
YR EAY) TG B Al ; DNA Polymerase 11y
T TaKaRa KiEFEAY TREANF; ARFEALITH
i Sk ComS (GNWGTWVEE)H R &t 4 ki Ak
WIRHEABR A FG L 51 Oligo 6.24 1A
BT I i o S W B A YRR A BR A /A AR
1.2 EfR. g FH

FERERRTA HN10S 4388 [ B i D™,
ARSI EARAF . SEEERRE ZY05719 4355 F Y
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NG PHAEHEER BRI HE , ARSI E AR,
FEFERKTATE THB WA SR T 37 °C 180 r/min
FEIRIR 1597 27T ODgoo HEL7E THB [E{A RS
FRHEEPT 37 °C. CO, HEFRfffrE R,
PETFEIAINAUEE Hy 10 pg/mL A 5 10%
(L EARFUEO R . RKIAAFE Topl0. DH5a.
BL21(DE3)&Z #7E LB AR =5 F 37 °C.
180 r/min F& KR 1% 15 55 28 i ODgoo (HEL/E LB
BRI T 37 CCRE AR B R, R
T ERINAUEE 100 pg/mL EEHER
5% 50 ug/mL A RAE R

/NERIE I BN RAW 264.7 . AMESE L Rz 40
Jifd(human laryngeal cancer epithelial cells, Hep-2), A
i 3% 1ML 45 P B2 40 B9 (human  brain - microvascular
endothelial cells, HBMEC) A< S5 % (545 . 41 il
TEEH 10%/G4F M3 (fetal bovine serum, FBS)f)
DMEM #5325 37 °C. 5% CO, KiFRfHFf B B
3 12 h,
1.3 EFHARNAEE

Tt E A ik s vk 1.
pBADHisA . pBADHisA-pelB T 2H KA 1IH)
#: LLHN105 6t , fiff 5 [ 9% TA-T-F/TA-T-R .
TA-F/TA-R 7359 S RILD R R-HUag R AL o
H B3 K 4alifbr= 45 pBADHisA . pBADHisA-
pelB AL [F] i F] EcoR 1. Xho I fid)], 37 °C/k
7 30 min J5 [AICEED) 4 3 wL B H AL
3 uL FEYIEA S 4 WL iE$EE Ligation Mix 1827,

x1 BTHESEHERNNSIIFT

BT 16°C, 2h, HEHZHMEE S,

pET28a B2 F iR EL : LI HN105 4
R, {35 #% pET28a-T-F/pET28a-T-R 4 14
SsGNAT 5 Bt , FIFEgYIf7 A Xho I, EcoR I
B H A Bo R R pET28a FKih#ikh . B E4
BRAREL A DHS o 8837 2540 M A 00 7 5 2 o $
HEREIEE A Bk, HE-20 °CHh &AL,
14 HUKBHERZS

MJCE ) 1.5 mL EP 4 H il A 50 uL KA F
PRS2 A5 10 pL EH= ek 4 pL SR,
R RERATE VKIS 30 min, 42 °C/KVE#K
90 s JEiHE T K ##E 2 min, [ EP &M
A 900 pL LB i ikkE 5L, IRAEET 37 °C,
180 r/min #EKHEF: 1 ho 5 000 r/min 5.0
5min, 375900 uL i, FHRIRMEREEE
WEE, WA T & 100 ng/mL Z R E R
50 pug/mL RAFEE R LB BAREFREE |, 37 °C
B SRAA R E R IR, R H PRI R VR EA T
PCR %5 o
1.5 HKHhZ&rnE

B A mA R UL & 3k pBADHisA |
pBADHisA-pelB HJ R Top10 T 100 pug/mL
FRH R RN LB AR 373 37 °C 180 r/min
PR E IR, W HLL 1:100 5423 50 mL &
100 pg/mL Z T HF R R LB WA= H . 4
YN ODgoo (HZI N 0.3 I}, K= YwisE sy, —
IIMALHE R 0.2%0 L-BTHiffbE, H—Mh A

Table 1 Primers for construction of plasmids

Primers Sequence (5'—3") Endonuclease
TA-T-F CCGGAATTCTTAGAAATATTGTTCAAAAGC EcoR 1
TA-T-R CCGCTCGAGATGAACATTGAAACCTATAAA XhoI

TA-F CCGGAATTCTTAGAAATATTGTTCAAAAGC EcoR 1

TA-R CCGCTCGAGTTGGAAAATTTAATTATACAG Xho I
pET28a-T-F CCGCTCGAGGAAATATTGTTCAAAAGC Xho1
pET28a-T-R CCGGAATTCATGAACATTGAAACCTAT EcoR |

The underlines indicate restriction enzyme sites.

http://journals.im.ac.cn/actamicrocn
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e ZJE4ER 2 h I E 4154 i) ODgoo B . LAKEFE
5] A A A A, 2 ERT ODgoo TEL A AR BRZ il A
Mgk [RIEF, ZEMAZIAKEEN 0.2%0 L-BlHi{H
WiJ5 ., & 4 h JH PBS W BT IR T LB Bl
et b, 37 CTF G FR RO BRI B
(colony forming units, CFU),
1.6 GNAT [EEZFFIHIEL X F0 5247

#£ NCBI /Wil b2 B398V 1T IR TacT,
1 ik KT O157:H7 AtaT . AtaT2, K
FFI& HS ItaT, Mt s B A e KacT, 3 RGN
B GmvT Z &0 741, ] CLUSTALW #E4 743
R 75 He A1 F MEGATLT A3 R Ge EAL A
1.7 ERKRHRAVADETIEE

FIH B ARFEAC DA SR REER B B AR,
S P9I I3 2. 5 R AR BRI T %
WF : {5 1% T-U1-F/T-U1-R . T-D1-F/T-D1-R
AP HE R HN105 #2235 [K DF184_RS00980
0 BRI e, TS X SacB-CM-F/
SacB-CM-R /" 14 7 85 R Bt BL I DL R Rem il
JECHEE IR Y Hh ) B SacB-CM . i FH 51 9 %t
R-T-you-F/R-T-you-R il @il 75 PCR [ )y i 2
R IRNIEE A A K P E] B SacB-CM. il
B J5 W77 0y 38 2k T B R PR UK 3 O A
DNA Jie [RIBCRF G I 4 Ak —F % 5000 1) TR e
1:50 564 THB WA SR, 37 °C. CO, KiF%
FArhErELE SR MR E] ODgoo 2974 0.042 H,
B 100 uL FEBINA 5 uL /55 (GNWGTWVEE)
10 WL Bik@E R Bo™¥), T 37°C. CO,H55%
FPErE R 2 he BRI T HEEH R 10 ug/mL
i) THB ~FA , )k H BB % , (1 5 1975 JC-T-F/
JC-T-R. JC-T-youl-F/IC-T-youl-R ., JC-T-you2-F/
JC-T-you2-R, JC-SacB-CM-F/JC-SacB-CM-R X
B REARRIRIEAT PCR %8 . 5 R ITURHK
PROGH 5 3 58 R A IR B BRZL  FH5 14
%7 R-T-wu-F/R-T-wu-R %8 2= 3L T 7]

<l actamicro@im.ac.cn, & 010-64807516

VAR P AT A SRS Ak, T 10%EHE ) THB
ARG TR, A RS0 JC-T-F/IC-T-R
JC-T-wu-F/IC-T-wu-R , JC-SacB-CM-F/IC-SacB-CM-R
X8 R IR B HRUES T PCR %528 . BLaE &k
M BER-PUEER BB BRI R R |
1.8 SsGNAT ERRIFIAFAL K

¥ pET28a-SsGNAT 4 JFiki 5% A BL21(DE3)

LB AR5, 37 °C, 180 r/min R H IR E
ODgoo 2J4 0.6 JIA 0.5 mmol/L IPTG F-7E 16 °C
TRIRES 12 ho Y H 4 °C.9 200 r/min 250> 5 min
AT PBS W8 2 3, 120 mL F-ififRse
PR R P AR A R 30 min, S AR A AT
FH 50%, B TAE 4 s R 10 s, W FIEIHRKIR
1 044 pm F1 022 pm A9EASLUE. H 15 mL
ddH,O {H VR FIZMTAE; 5 mL EIHVRg vhilk
SEARARAT s BRI IR B LSRRG T ARG
FERUHE G EE 3 F0 1) I 10 mL _-isf#genp
WPERE . T FHTER Y 50-500 mmol/L BRI JE Y
IR PR BRI A RO 2 mL EP
Bk

1.9 EHkESH1LLE SSGNAT ZH Western
blotting %

PR MRS . S BOCHR[3 110 7 %0
HhRAE R 54k SsSGNAT & 31T Western
blotting il . H(SERHEF A 5xSDS loading
buffer JF& W 15 min. BL.OWE i, #H17
SDS-PAGE. HLUK4S 5K 2 5% BN 2 R AR R &
J#i (poly vinylidene fluoride, PVDF)fE |-, F-H
PBST (1xPBS+500 pL Tween-20)Fe (4 5% A
W5F 37 °C., 80 r/min FH[] 2 ho A& 1 BT
SsGNAT Z saEHUAHIAEYS 1:1 000 #i k), T
37 °C, 80 r/min %5 2 h, F PBST ¥EME 3 Kk,
B 10 mine IAEHUR BT DS 1:1 000
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Table 2 Primers for construction of deletion strains

Primers Sequence (5'—3")
SacB-CM-F GGATAATGCTGAAAACTCCTT
SacB-CM-R TAATTCGATGGGTTCCGAGGC
JC-SacB-CM-F TAACAAAGCATACTATGGCAA
JC-SacB-CM-R GTGGCTCTAACTTATCCCAAT
Primers for construction and identification of toxin deletion strains
T-U1-F GTTGGCGTCTTGACGACAGCTGCT
T-U1-R TTTTCAGCATTATCCGTTGACAAAAACAAATTCCCTTAT
T-D1-F GAACCCATCGAATTAAAGACGCTCTTCAATGCTTCCT
T-DI-R TGCGAGCAGTCTGTTTGCCGTC
R-T-you-F CTTGATTTTCTAGGAGGGGCTTAT
R-T-you-R CTTTAGCTTGGAAACCCTTCTTCT
JC-T-F ATTTTCTATACAGATGGATGG
JC-T-R GAAGCATTTATTGCTATGAAC
JC-T-youl-F CGACTTTTATCCTCTATTTTAT
JC-T-youl-R TTAGGATAGAATCATTTGCATC
JC-T-you2-F GCCACTTTATACAATTTTTGAT
JC-T-you2-D ATACAGCTACGACAGTTTAACC
T-U2-F GTTGGCGTCTTGACGACAGCTGCT
T-U2-R GTTGACAAAAACAAATTCCCTTAT
T-D2-F TTTGTTTTTGTCAACAAGACGCTCTTCAATGCTTCCT
T-D2-R TGCGAGCAGTCTGTTTGCCGTC
R-T-wu-F GTCTTGACGACAGCTGCTCTCC
R-T-wu-R CAGTCTGTTTGCCGTCATTTTG
JC-T-wu-F CTGTCCAAGTTTCTCATTTGTA
JC-T-wu-R AAAATTAATTTCATTTAGCAAC
Primers for construction and identification of antitoxin deletion strains
A-UL-F GGTGCGGACATTTTTACT
A-UI-R TTTTCAGCATTATCCGATGGACGTCAACACAGT
A-DI-F GAACCCATCGAATTACAATAGACACCTCTGGCATTT
A-DI-R CTGTGCTTGTCTGTCAGGTCT
R-A-you-F GGTGCGGACATTTTTACT
R-A-you-R CTGTGCTTGTCTGTCAGG
JC-A-F GATAAGTGTTTCAATTGCTTC
JC-A-R ATTTGCTAGGAAACAAATATC
JC-A-youl-F TATCCAGGCGAGGTTC
JC-A-youl-R GTTTGTTTGCCGTAATGT
JC-A-you2-F GGCATTACGTCTAACGA
JC-A-you2-D TCTCTACTGGGTAGCCTA
A-U2-F GGTGCGGACATTTTTACT
A-U2-R CAGAGGTGTCTATTGGATGGACGTCAACACAGT

(F5%5)

http://journals.im.ac.cn/actamicrocn
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(B3R 2)
Primers Sequence (5'—3")
A-D2-F GTGTTGACGTCCATCCAATAGACACCTCTGGCATTT
A-D2-R CTGTGCTTGTCTGTCAGGTCT
R-A-wu-F GGTGCGGACATTTTTACT
R-A-wu-R CTGTGCTTGTCTGTCAGG
JC-A-wu-F ATTCGGAACGTTGTTGA
JC-A-wu-R GCGAAGCTAAGACCATTA

Primers for construction and identification of toxin-antitoxin deletion strains

TA-U1-F TTGCAGTATGCGGTGATTTGCTTG

TA-U1-R TTTTCAGCATTATCCTAACTTAAAAGAACAAGATCAAGC
TA-D1-F GAACCCATCGAATTAAATTAAATTTTCCAATAGACA
TA-D1-R TGGTCGCTCTGGAGGCTTTCC

R-TA-you-F TTGCAGTATGCGGTGATTTG

R-TA-you-R TGGTCGCTCTGGAGGCTTTC

JC-TA-F TTAGAAATATTGTTCAAAAGC

JC-TA-R TTGGAAAATTTAATTATACAG

JC-TA-youl-F CTTTGGATTGGGTGCGGACA

JC-TA-youl-R ATGTGGTAGCCGTGATAGTT

JC-TA-you2-F CGGCATTACGTCTAACGATA

JC-TA-you2-D CCTTTGGCTCTGTCTCGAAG

TA-U2-F TTGCAGTATGCGGTGATTTGCTTG

TA-U2-R TAACTTAAAAGAACAAGATCAAGC

TA-D2-F TCTTGTTCTTTTAAGTTAAATTAAATTTTCCAATAGACA
TA-D2-R TGGTCGCTCTGGAGGCTTTCC

R-TA-wu-F TTGCAGTATGCGGTGATTTG

R-TA-wu-R TGGTCGCTCTGGAGGCTTTC

JC-TA-wu-F GCTCAAAACCCTGTCCAAGTT

JC-TA-wu-R AATCCCTTCTATAAGTTTCTC

FiF8)F 37 °C. 80 r/min I 7 40 min., Fi PBST
PERE 3 ¥k, BEK 10 min, F] ECL fb2# &6
SNV G TE Tanon-5500 {78 G, 10 RARAF AL
Gah .
1.10 FESETKE R RE S E

2 HESCHR[3 1] 7 J7 32 0 5 4 3R 1A 1) 28 A
RB 7o BF MRS b Bz 4 M (Hep-2) Fr AN i 457
N 2 4 il (HBMEC) 7E & A 10% i 4 1L 3 1Y
DMEM KRk 3%, HEIANMAE 24 FLANAEES
FEM RSB B (2 5x10° N ANA/AL) . K m

<l actamicro@im.ac.cn, & 010-64807516

Br 7% Z X B0 (ODgoo M 0.6-0.8)f5 Ff DMEM 1%
FRILVEB IR R 5107 CFU/mL. 400553541
HRAEFLIA | mL B, 800xg &.L» 15 min, If
T 37°CHFE 2 ho WA IO PBS P 51K
DABS 25 A B %) 20 T o 7 4 A A5 FL A 900 uL
TCHEBTF/KFI 100 pL 0.25%M8i5E [ fiF-EDTA
BT 37 °C ALFE 10 min, {40 B K 2RI
Wi BT UR AT T THB P-4 |, 37 °C. CO, i FR4fi
P E R IR . K H I THB A b B2
o, IR R AR AR R 3 ik



REWAE | A=A, 2023, 63(9)

3581

s, JRRE 3 M EA
1.11  FESEEKE E VIR AR BE TN E

2 BE SCHR 7 5 [1 7] 06 000 2 495 ik BR BT 24 0
HETE B RE T o A5 P AR HN10S . B R B bR
e R B HRERN T THB WA R: R vh A4 K
% ODgoo 294 0.6, B 2 pL HREER THL 5
A 200 pL THB MAARE SRR 96 FLVIRHE TR R
o, WARECR A 10 MR, Bl THB IR 57
FEAE R BAPEXT BE OB 96 FLV IR SRARCE T 37 °C
B FE R B RESR 3 do s A RE RO AL PBS
VeV 3 K. FH 200 pL HHEE[E 2 30 min J5 37 A H
R AR N T A 0.1%%5 S8 = F x4
Yo gL 8, 30 min, Y a8 e fe A YL,
HRAK e 2 WK, BREUFs g il . T )5 AL
A 33% BRI B THERH 30 min LUBELES i
2 TR E HAE 595 nm K AR
1.12 BEIKEN AR ERGENE

TR DA A S5 i DY A T RE T D S
SCHR[32109 7 LA T IS 208 M. /N BRUIE
FLWEI RAW 264.7 16 24 FLANMES F- b Ry 55
FHZ(L 7T10° NEMLAL) . BPARR HN105 . 3
B R BT 5 R IS R 8 R 2 0 B0 S LR
Y H (multiplicity of infection, MOI) A 1 {2441 il .
BT 37°C. CO b mEfEM 1h J55E b
JZWITFH PBS P14 3 K M 500 pL 75 8 K (&
W 5 pg/mL)FIR KRR (LUK 100 ng/mL)Y
DMEM J5 &F 37 °C. CO, ¥iFEfh & 1.
2. 3h, I PBS ¥ 7K, A 1 mLddH,0, %
Y2467 10 min J5 S S2 WRF T 4R LA FL 7843 2467 . X
T e SRR LR RS VR A T THB P, 37 °C.
CO, K& h R RO RV « AR e R
o 3 T, JEUEE 3 R B
1.13 GitESH

AR RN E | A e BR BRI RE S | A
5 BR DA AE W R FCRE T A S K A P

SN rERIME R EKL 3 ),
GraphPad Prism 8.0 #{For Ar ¥t R . Al
BRBAERCRT t K3 AT B R 434, P<0.05 £
hESAFIFE L

2 ZERE54

2.1 SsMarR-SsGNAT S&-MEZRGHIERE

5 THIE SsMarR-SsGNAT HE-HHE R
5 W 6 M, ffi ] pBADHisA JE kL 5
pBADHisA-pelB ik 473 Jil i 1 15 A 8 3R 5k
DF184 R00980 5 # % - i 7 K it
DF184 RS00980-DF184 RSD0985 (1 i £H Jii i
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Figure 1

Effect of toxin and antitoxin induction on the growth of Escherichia coli Top10. A: The effect of

SsGNAT toxin was detected by spot dilution assay. B: The cytoplasmic toxicity of SSGNAT was detected using
pBADHisA plasmid. C: The periplasmic toxicity of SSGNAT was detected using pBADHisA-pelB plasmid. D:
Cells were diluted and plated on LB agra plus 100 pg/mL ampicillin at the times indicated to quantitate CFU
per milliliter. The error bars represent the standard deviation of at least three independent biological replicates.
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Figure 2 Phylogenetic analysis of the amino acid sequences of GNAT toxin between Sreptococcus suis and
Gram-negative bacteria. The phylogenetic tree was built using MEGA 11 for homology analysis of GNAT toxin;
The NCBI accession number of the strain is shown in brackets; The ruler represents the unit length of difference
values between the amino acid sequences of GNAT toxin; The number represents the length of the evolutionary

branch.
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Figure 3 Purification of SSGNAT and Western blotting detection. A: Purification of SsSGNAT toxin. M:

Marker, 1-8: Gradient elution. B: Western blotting to

detect SSGNAT toxin in S suis, Groel was used as loading

control. C: Western blotting to detect purified SSGNAT toxin.
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Figure 4 SsGNAT toxin inhibits Streptococcus suis adhesion to HBMEC (A) and Hep-2 (B) cells. The error

bars represent the standard deviation of at least three independent biological replicates. **: P<0.01; ***:
P<0.001; ****: P<(.000 1.
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Figure 5 SsGNAT toxin has no effect on biofilm formation ability, anti-phagocytosis or intracellular survival
ability in RAW 264.7 of Streptococcus suis. A: Phagocytosis rates in mouse macrophage RAW 264.7 of HN105,
ADF184 RS00980 and ADF184 RS00985. B: Survival rates in mouse macrophage RAW 264.7 of HN105,
ADF184 R00980 and ADF184 RI00985. C: Biofilm formation of HN105, ADF184 RS00980 and

ADF184 RS00985. The error bars represent the standard deviation of at least three independent biological
replicates.
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Figure 6 Model diagram of toxicity of SSGNAT toxin and its effect on adhesion of Streptococcus suis.
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