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Abstract: The research on the disease-inducing mechanisms of pathogens is an important way

to reveal the regularity of host infections. Streptococcus suis (SS) is one of the major pathogens
causing economic losses in the global pig industry. Among the different SS serotypes, SS
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serotype 2 (SS2) is the most pathogenic and widespread. This paper briefly describes the crucial
virulence factors of SS2 and elaborates on the mechanisms of SS2 in inducing streptococcal
toxic shock-like syndrome and meningitis, with a view to providing new ideas for the prevention

and control of porcine streptococcal diseases.

Keywords: Streptococcus suis serotype 2; virulence factors; disease-inducing mechanism

FEBEER T 2 % (Streptococcus suis serotype 2,
SS2) AT NN, X BRI S NS RR G
EFEE, Bk TE, SS2 RIFEM mBkIAEE, A
PRI 2 fit o 5 58 32 215 Y R0 TR 7™ i 1 B JER  o
i JI85 258 1% BK T H 85 R SE A LR 5 118 (streptococcal
toxic shock-like syndrome, STSLS)/& SS2 5|2 fY
SRR, oA S SS2 JERL S [EE Y
e H A REAR IR AU L RTS BOA AT
e, MEEFREN, BEl, CAMRELTZ
Pl SS2 Kl 512 , A HE 4% BR P (Streptococcus suis,
SS). SS2 K EfEA%HIEEH (Glaesserdlla parasuis)fi
ZE)OE R PCR AP, 5T Sao-MRP-EF
5 2 11 8 — R S SR ERS 1] 4% ELISA FLIRAS
W3 590 B B A I T 5 (CN202410201420.X)F!,
FLT X LAMP-LFD A5 A 5% BR 81 &I 5 4 r

FT1 BEErkE 22 BFEZHEFHIIIEE
Table 1

The function of major virulence factors of SS2

BETE 7 25 (CN202410201458. 7)), 55 5L BR 1H
WM 2 BE TagMan 520 286 5E f#& PCR
o T v BYL K B K TR -5 R A B TR ML R
TagMan SZRF2¢ Y6 it PCR Kl vk, AT
A T RN G BEBR A R, T RGIE
AT R BR A O AL o A ST 2 19 3 i
KM STSLS MKMFEHN TR 1), ERRGH
FR 2 AERE R BORALEL, DU R aE Bk e B
P BT L
1 R FRRATRE

1% 5EEK 1 (Streptococcus  suis, SS) L% K
PHMER, JB THEBRIARIEERR AR, R g3kt
RE& . WIRZRERIE, wfe . pod ok 2 55k
K, NEREEA, MR, A8, R

wIHT e

Virulence factor Function

CPS acts as an anti-phagocytic effect and protects Sreptococcus suis from neutrophils (PMNs)!7-]

SN FUFWEAE, DRAP R HE R T 5052 rh Mok 4 g A 7]
Capsular polysaccharide (CPS)
VA T RO PEFFREHERR T 2 28 375 1 o 5 1)

Muramidase-release protein (MRP) MRP promotes Sreptococcus suis serotype 2 (SS2) to penetrate the blood-brain barriert!]

89K PAI

PR MR AR, PR A BRI AR e E LR SRl 1)

89K PAI promotes the expression of suilysin, leading to the occurrence of streptococcal toxic
shock-like syndrome (STSLS) [1!-12]

IRk i
Enolase (Eno)

AT TR 2 -1

ARSI B MBI T, ek SS2 237 i 3 el 13181
Eno induces apoptosis of brain microvascular endothelial cells and promotes SS2 penetration
of the blood-brain barrier!3-18]

AT SS2 AR ET, Yk STSLS21]

Subtilisin-like protease-1 (SspA-1) SspA-1 facilitates SS2 colonization in vivo and induces STSLSI!%-21]

I
Suilysin (SLY)

St e i, e DRI S K 224 SR PR A LA, 5 STSLS AE01229]

SLY increases the permeability of blood-brain barrier and promotes the development of

meningitis(?>?4; SLY interacts with PMNs to induce the occurrence of STSLSI22%]
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NG A % 29 A E AL, Horp i 2 7Y
JE MR RN B[40 25 H0 ) e i DL g2 el

SS2 AEFREA 1L 2 IRKIAT, 43l 1998 4%
TLHVE (25 BRGL A 14 BIFET-)FD 2005 4FPU)I|
B (215 B GL 1 39 FIFET)P, 7E 2005 4041
BRuEATH, REFEFIGIKEM A STSLS 5iF
AR, 39 BIFET ik 191 v R 434 i STSLS FirEL,
HEIER R IL 63%%%, HEfRiE 1990-2022 4 HAlH]
SS TERRMZ A EZK STl T 236 NGy, 7EA
I PRAE AR A R, IR o L A v, 290 83%
(59/71), HIK AWUMLAE , &7 LR 21% (15/71),
A1 SS2 i AL AL 2 15 90%12%), 2006-2021 4
TR 3R = N TR IEHRIE 75 B B B T
W, eI R A B B, SS2 i He
e, Ad 76.6%5Y,

2 FEFHRET

2.1 3 PR % & (capsular polysaccharide,
CPS)

CPS & SS2 WH %5t J N 7, BEHRHTSER
Y5 AN M Y A WV T, T B A% 4 5 200 11 3R 11
g3, DA fig 32 240 ML AR 3G . SS2 Yy JEpsE
M A . EFLRE . N-ZBEE SR A R
PEFIMEVR BR 2L A, ELBIh 1:3:1:1:1, - F el
185 kDal”

2.2 AEEEFERE A (muramidase-release
protein, MRP)

MRP & SS2 WIfLEEME [, T aAR/hN
136 kDa, FEAFAETIEAERUA AR b
W . MRP A 5 NP4 AR5 G, s
SS2 TEIMM H I, fEik SS2 MRl i & Ji .
2.3 89K PAI

SS2 BEMRHAFAE— DA R EEA i Be /Ny
89 kb F¥)E: /1 % (pathogenicity island, PAI), #iE
SN 89K PAI, HAYKE SS2 ST7 HkkH Bl & HH,

JEXT SS2 ST7 TR 1G5 AL 2 SR AR,
2.4 V21t EE(enolase, Eno)

Eno & —FMUpi BBy ¥, = 5H
fift o Jiang SFUSR I AL EG AT DL OB 2R
1 SA (ribosomal protein SA, RPSA)H 7y {71 F, fuf
Y9 JC Fy 45 #4935 (internally disordered region, IDR)
MEAEH, K RPSA MM %5 2 40 i
1, FEEdE RPSA-vimentin (VIM)TENR FTE ik
PiorFBERR, [ASAHMIN Ca> MR BERE N, 3 Ak
N Wi BRI 4 N 2 40 Y (brain microvascular
endothelial cell, BMEC)3ET=
25 MEMNEHZEHREE-1 (subtilisin-like
protease-1, SspA-1)

SspA-14& SS2 IV R 73 Ik R Bt (T4SS) 53 WA Y
B, JBTARBERIG, 16 SS2 B,
A5 RSAER I, fRIERRE 1 STSLS &ML,
Yin PR IAE /N, BR SspA-1 YR AR
RIS T SS2 M BOwPE, BEAKT STSLS kHH)
JLE; Znkaifb5 ) SspA-1 AliES THP-1 44
Jift1 435 IL-6 ., TNF-o 1 IL-12p70.

2.6 AN (suilysin, SLY)

SLY J& TH AL XXM HAE R TG R,
VEF T 2020 MR b R[S R I A 2 . Xu &FPY
KB SS2 AEAT R ST1 MR M1 F ik SLY 1] &
i NLRP3 RYME/MA BSOS, xR SRS
f) SLY JE51# NLRP3 i (1) 7853 22 254,
M5 [ STSLS,

3 FHRHLE

3.1 FERERK

SS i Ak i1 A 5 e AT/ a8 i A VT e 1)k
ki 8 8 1) T s S JBT e 22 BN TR 174 ik
%o SS AT BMEC Bltfe RAMA ¥, i
PN 20 ok s e O S NN VN T(TE: - ¥ R )
FAAZ A RN PN B2 4R B B . Dominguez-Punaro
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R A IR m R SS By NRE 2
PRARF LV TR I | XL A 9% 0 a0 i o e 3 375 e
i, T SOtk e P R B R K B 4% . Xing S0
30 L DK SRR G /N BB R R B MRP A 3
10 fi 57 e i v, O BN BRI S
553 KRB E M MHL M, s E T
A BRI EE S B RS, Al — 2P H
VER AL RE WG A AT AT . Pan SF0Y R BTE &
I & 1 (vimentin) Fl SS BEFE 1 Ssspl #F4& SS
5 375 100G S5 I R B P 06 5 1, Ssspl A2 i
SS ZHBHFI{R A BMEC,  FF7E i B 4 19 ] 38405 7
FRIESCI, 5 Ssspl B2 i EHFEAK SS Tk
I fi%i 57 B HE 7 5 vimentin J2& Ssspl WTESZIA,
Al ISR Ssspl 5 LG R AUAH EAEH . R
WIFHWT vimentin 1] A5 202 S HLIAXT SS HEHT
J1, A 5T Ssspl 5 vimentin HAE f vimentin
PUARSE FPLHIAR AT 2L, A5 8y fii AR Jak e 4
BT MBI A

YE R WA 2 # 1 FF, Eno 1 SLY 7
SS2 JE YL J5 T RN JIEE 58 2ok 7 vh K 45 EE YA
HE 1), Xia FEU4% P SS2 Eno 7] 5 BMECs
DA TR e o 40 i (astrocytes, ACs)AH H.AE T,
e i IL-8 2520 B X A e ik, 5 B SS2 2% Il
i . Liu 2EUSHESE SS2 Eno AL i ik 4141
g EHUR T E H HSPD1 £k, S8
BMECs T, il fixi 5 il i 3G . Wu 50
PE— 5T HSPD1 A 541 fFi v p-lsh &
H(ACTBFH HEAEH, it Smac-XIAP-caspase-3
R AT S M AE, R T
HSPD1 W3RIXFIPIRE AT # HSPD1 il 55 =% i
TREZm, RAMR O AR SRR, A
EOIRYT M AR S AL B . Eno W STV
JR ATV AE A, S BN B L R RN R 5
i Zhao ZEUMifi il CRISPR/cas9 41+ SS Jit
DK 2 Gt B0 20 2E i SS2 Eno 7P Bk, ML T

WP A TR RR, A AR R R I RRAL, IR
A S I 156 5 B 7R hCMEEC/D3 BAL 22 41 i 34 56 56
WE T Eno 55 21 ¥ Wi i 235 45 70 A 2 4 A7 35 10 1% 57
b 5y LW VR . O- 2 Bk i 22 & R Fi I il
(O-acetyl-homoserine sulfhydrylase, OAHS)57#
EVIERARG AR, Al O-LBkm 224 R
A R A B e =R . Wu SEUSE T A SS2
Ik SC19 ) OAHS BE[A K ik SC19-AOAHS
PEAT/NERSEES, HET I OAHS £ SS2 Jik iy rh
PIVERT, MRACTRAR M, B SC19-AOAHS
/N BUAA s R B AR, Il R R, JF HL
BZ OAHS 2 125 P il T bk 2 325 I i e e, [
B ] E AR SS2 RIAR SC19 753 P B 4
P RE R A  FNZ R IR i 5
() SS2 5 Jy [ -F Eno ik, OAHS Al i i
7 Eno A RS2 SC19 X i figi 5 s A 452473
dt el L, K3 OAHS i [H Btk BR il £ SS2 Ik
BRI i HA —E WAl AT

SLY CAUESEXT SS Ml & iy & e HAT &
FAERP, Sui S A N R AR S8 56 E
T SLY Al 3@ a3 80 111 453 i fig T A2 (group
I1I secretory phospholipase A2, PLA2G3)3 fil I
ik e B P a5 e, O FLE BRI i B2 AT LA
# BMEC F¢jit TNF-a, %5 PLA2G3 /K-
Fik, DT IR L 5 B ) SE R, S SS B
BB 251 . Ouyang 554 i 4 TRIM32 Bk
RK#FAT/DRER, 5 WT dX AN
TRIM32 S nl$#fin SS2 ke ifi fixi J5# i A 1 5%
PEFI R AE FRAZ AN Y 5545, BRI SS2 ik I 1Y)
K, HF5 a5 R R TRIM32 i@l Je K
JS2 N A 7 R 5 TR R O P 9
3.2 STSLS

BERR T B IK 58 25 B 1iE (streptococcal  toxic
shock syndrome, STSS)J&H 17781 A BIFEER
(group A Streptococcus, GAS)5 [ )RR e 45E
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m%

S. suis

. Brain
‘ _ Apoptosis N
- S. suis

1 Eno 7 SLY £ SS2 FREANAE £ FMO1ER  Eno Al dEfis AT 1 HSPD1 %1k, HSPDI #J
5 ACTB #54, ZidREfe#t Smac Kik, Smac Rk R XIAP, HRAPIE caspase-3, FH
BMECs J#17; SLY ] LUJil# BMECs il TNF-a, % PLA2G3 ik, T3 BMECs J1-, f#if} BBB
WA, SS2 i ik I i 57 B pE A FP . S suis: Streptococcus suis serotype 2; BBB: L fiki B .

Figure 1 Role of Eno and SLY in SS2-induced meningitis. Eno promotes the expression of host heat shock
protein HSPD1, which binds to ACTB, a process that promotes Smac expression, which in turn inhibits XIAP
and ultimately activates caspase-3, leading to apoptosis of BMECs; SLY stimulates the release of TNF-a
from BMECs, which induces the expression of PLA2G3, leading to apoptosis of BMECs, making the BBB

permeability to increase and SS2 to enter the brain through the blood-brain barrier. S. suis: Streptococcus suis
serotype 2; BBB: Blood brain barrier.

HAE, IEIRERI St m i R . R Ik Zh
JEEHE I A RO L N B, SR B 2T
e, HFEE, BUEER. GAS M4
12 1 M 2 DL REBR B B R A S BT
Jrg ik i STSS M FZEY it SS2 Ik GAS fif
BRES, A5 g% PR sk M K 9 5 K [H]
U5 DNA JP1, BRIRF i SS2 51 1) STSS FR
kBRI T B R SORE LR A AE(STSLS)PY . STSLS

55U g 0 A DR T B o B ORI 6,
IL-1B. IL-18, TNF-o, IL-17A Fl IFN-y ZB351

SS2 B YL ] L E H R4 i (neutrophil, PMN)AI
M4 P B 41 it (endothelial cell, EC), {2{#i PMNs
HECL SR B, B R R T P 4 (reactive
oxygen species, ROS)FIZHEE 1, XF EC &5
2 f s AR 00, SS2 7R AR B AN L1 EE 1 PepO
ST — T GE B 2T v Tl SR 2T 4k 35 12 5 A 1 2 h R
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FEEPTE, Jin EPVE B PepO FL[H Y i 2
SS2 Xt AP Ik LL-37 K/ B i Ik mCRAMP
B, PepO BUIIEHF LL-37 Al mCRAMP f#
fife o RA DB SRR A K, B A3k R T
SS2 RS, [FIET PepO ik H &4 il E 4 g
LL-37 F1 mCRAMP f& i B4 & & 16 J] o

Yin ZEUWESY £, SspA-1 7E =65 /] SS2
05ZYH33 Wtk AR B i EE 2 AE ], SspA-1
3 PG THP-1 RV AY 4R T &Y IFN {5
S %A St IL-6 Fl TNF-a =4, 3 H.
THP-1 fiTA W E WEZ0 i %) TLR2 7] DL
A SspA-1 3f 7”4 IFN-B. IL-6 Fl TFN-a, TLR2
PYASE 512 5 SspA-1 S 09 18 IFN 559
o TIR #3511 Mal, TRAM Fl MyD88 LA %
IRF1 FI IRF7 W F#IE S 5 T SspA-1 531
TLR2 NAAF T & IFN 3l J%1°), Deng 2521% B
M RAF A FE R (11 SspA-1 Fll SspA-2 1] 5 A
C3a 1 C5a AHEAEF, #0044t M ) i fh 1k
FAELAWEVE R, e dE SS2 7 MLV H B4 15 A
M. B iR EGE, flifiTIAh SspA-1
SspA-2 RJ BeAEiF SS2 7 Il fiki it 5 i 38 il ki A
B . SS2 05ZYH33 WAk IV BY 43 WA &5 L
SspA-1 ik TLR2 PAGHE B%F1 T %Y IFN 38 2% 5
Kl A F A, BT E SS2 FEfA
AR, ff SS2 TEAR N AEfrd m v B, Rl e X
SspA-1 TR ABFF A FI TR SS2 TEARN &
B, XF SS2 PifE HAEEE XL,

Ouyang <54 i M g6k SS2 05ZYH33
Pk TRIM32 JEP /N RTS8, 5 WT 4
XTH & I TRIM32 FE R ek B 2 REAIC T SS2 J%
YL 5 1 T IE K S A R A R i e A,
LYy SS2 /N U B A5 245, DT dkk £
B R HE S STSLS, £ TRIM32 Xf
STSLS #Liil o8 B H %5 Lo

16 SS2 YL A, PMN ] LLid i AR L

=5 STSLS ByFH K # (A 2). CPS fE
b SS2 WMEEEMH, FILIFE PMN /35540
MaEt Xt SS2 | R EASE, Bleuzé FPIEAN
T PMN X} SS WA 15RET7, &P CPS A LABH 1L
KZE PMN DIREFOG , [FEFS 5 kg i
Jitd 7MiF5 4 Y (neutrophil extracellular trap, NET)AY
B, ABATAE B4 PMIN BEI805 , Aok 20 -
41 ff 4 V% 3] 3% Kl F (granulocyte-macrophages
colony-stimulating factor, GM-CSF), GM-CSF
fEHE IL-8 MRSk, Fafk H 7 IL-8 il i #a fh A
PR EROLFHZE PMN, 1 B8 0K AT ROS o
Liu 40V B SS2 vh HP1717 7] LA 5 H W5 41 it
RAW264.7 H4ShE R F iy ik, /MNRass
HP1717 SRR EIEL T SS2 FEMRNAYESL, %
RT/NRBFET- 3, HEM HP1717 v BB SS2 i
F% STSLS #YIAHX . Hui SR SS2
HP0487 A L5 R 4 Al B AR, JR7E SS2
5 PMN MR R EELEEN, 45 RERY]
HP0487 FIAEA BT SS2 X PMN 5 RAW264.7
HIPTEWEAEF . HP1717, HP0487 1 SS2 J& YL
i STSLS w1y HARE A ek — 2R

SLY 7E STSLS Wy &4 . K e hie & #24k
F. SS2 ST7 mEutksmaEtkh SS2 ST1 Fkk
WALTIOR, ST7 Witk SLY Rk /Ko, (2%
JIEEsR, JFH 5 ST WtkAHLL, ST7 WtkA
A 1Y 89K PAI, nffdi SS2 ST7 B bk FE I H 4 i
A I K E EoE DY, Chen ZV & # N
SS2 05ZYH33 W kE4 I SLY HlF/NE PMN
BT % 45 & % H (heparin-binding protein,
HBP)J}if S MAE BN, 4558 B8R 5K 8 SLY
23155 NLRP3 RUE/MARTE, S35 IL-18 F
IL-1B BB, IL-18 553 A SRS 4 i F T ik
ELZ0 A A0, (A5 SS e 1 H TFN-y 7K T
H. A E R AL T R TR . XEXT
SS2 55 PMNs Bt HBP W1 IKHRIE , A L%
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CPS & SLY
S. suis

(DKilling

(5)SLY stimulates PMNs to

1 HBP
2)IL-8 productlon re ease
® ( ) ::
~

= PMNs HBP o Al

(BNET release (@ROS production

.V ,J - ‘\\ ‘L‘

-

B 2 SMRARSSHKEPSRRHEAMENHEXEE O PMNs /SR GdiEn, HF CPS
TRAr, BEAR T X SS2 WA J1; @ SS2 U5, il PMNs Bt IL-8; ) PMNs A IR NET, i
PR A SS2, (FUEL B NET & S8R SE KL ; @ PMNs Bit ROS RIS R B, i o i
MIpEH M E; © SLY ALURIEL PMNs B HBP, #ALIMAE B . PMNs: PrERigiif; CPS: 3
ML HE; NET: ki g sMAERip ; ROS: TEPES; HBP: HFR4EEA.

Figure 2 Neutrophils are involved in processes related to streptococcal toxic shock-like syndrome. () PMNs
mediate the killing of cells with reduced killing of SS2 due to CPS protection; @ SS2 infection stimulates
PMNss to release IL-8; 3) PMNs can release NET for capture killing of SS2, but excessive release of NETs
leads to the development of inflammation; 4 PMNs release ROS into the tissue interstitial space, resulting
in cellular damage such as endothelial cell (EC); & SLY can stimulate PMNs to release HBP, causing

vascular leakage. PMNs: Neutrophils; CPS: Capsular polysaccharide; NET: Neutrophil extracellular trap;
ROS: Reactive oxygen species; HBP: Heparin-binding protein.

— 554878 HBP 7E STSLS HFAGAHGIE .. 4. gl S b+ S AR MKk E,
DL ERFFE 74U T SLY 5 SS2 BUmtE s UIME LUK IEIR S 15 EAHEAE IR IR A, ik
X, JF H SLY 7E SS2 YL Bk 4 & STSLS T SS2 BURMLEIIBFIE . SR, %% AR A B
R R E SRR, HEid SLY MiRe @) EAUEiREZ PR . HE, SS RNAL L
%, SLY &SRR B IR, HHEH 2, SO RAORINME. HAT, R R ERE
ww%mﬂmﬁr%a UL X SLY 7€ SS2 & Ik SS2 & Bk W Ast T4, HARIPPE R A

e (g ELIRAE FE A 0t — 45 T B RETH IR O 7E i MR AR B A Y SS2, WANRER) Ik
. L 22 e v I 4l 1 Mn%m%iT
4 RKZ % SS. §S2 BEIEHRIEEIG 2 EIOCE

PR, BEE SR fogdlse . Bl PCR INIE, HARRMER M. @Wiﬁ
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AIEEPE, 55 R ) H A s SR AR TE 58 SR
ALK T BR A 10 copies/uL, A B F i e 2
R PR 2h W 9 SE B IR PR 2 . I
U, SS2 HIBUR ML AR e 2B, HRG R
3 STSLS Ko fisi [ 4% 8 2 th Z b 11 [ 1 #y
FIVEHT, SS2 sk il nl, 285 M e,
B 1 R Z [0 AR B AR A5 AR G AL e A e i —
HRAMESE . M ETHE ST E S Z — K IH 2 3 208
BT, W EORHLE, IR Zom L
AR B B2 W SRR R . AN, X T
SS2 BURMLKIWEFE 2 LIMASMAR S 32, X F ik
WahWilse, 2R skt B, EFRIREE
KA ZE S, JF HAMmERNA R, H1E
T 122 e A O R 550 D 2 R 54, R AR TR] 7
P55 M R R — R R DR e 2R R 5 L Y A A
FEARR MR LB R D A, FRe 242
SR A W HARE—DRGHE . TR TIE EERR
TR Y O AL
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