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Biological functions of serine/threonine kinase phosphorylation
substrates in Streptococcus suis serotype 2
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Abstract: Streptococcus suis is a major zoonotic pathogen that can infect both pigs and humans,
causing severe diseases such as meningitis in humans. Its pathogenicity depends on the ability to
rapidly adapt to environmental stress and host immune responses. Serine/threonine kinases and
their corresponding phosphatases constitute a eukaryotic-like signal transduction system in bacteria
and play a key regulatory role in S. suis serotype 2, closely related to its biological characteristics
and pathogenic mechanisms. Through precise regulation of the phosphorylation and
dephosphorylation of downstream substrates, serine/threonine kinases/phosphatases form complex
signaling networks, thereby influencing various physiological and pathogenic processes of the
bacterium. This article systematically reviews the currently known substrates of serine/threonine
kinases in S. suis serotype 2, with a focus on elucidating how these kinases precisely regulate
bacterial growth and division, capsule synthesis, stress tolerance, adhesion, invasion, and
pathogenicity by modulating the phosphorylation status of functional substrates. This review aims
to provide new perspectives for deciphering the pathogenic mechanism of S. suis serotype 2 and the
development of novel antibacterial strategies.

Keywords: serine/threonine kinase/phosphatase; phosphorylation; Streptococcus suis serotype 2;
virulence; regulatory network
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PR PR TR G , S SRR o 2 AR
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AR, BEE BERR AL 1 B4 ORI T
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K, XLEETIRER FIRYIM L T eSTK /- AHE
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] Bt A 20 5 SS2 Y 22 & IR/ 71 & TR A T
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KR, 2 MAAERe ) TR, FAb FhE
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BRI IR B S ryEK RS, BT
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2.1 TABREINERR T A

T 1R ) BE Wi A8 A7 1§ (phosphoglucomutase,
GImM) R A 22 5 7 % 0 - 6- Wl PR T Ak B 28 2 A
EIRE-1-B0R , X J2A I UDP-N- £ Pt 2 L 3 A H
(UDP N-acetyl-D-glucosamine, UDP-NAG) Y -1
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1  SS2 STKHER L R4 E B R BB AL =
Table 1

SS2 STK phosphorylated substrate proteins and phosphorylation sites

SS2 Substrate proteins Phosphorylation sites Biological characteristics Effect on
strains virulence of
deficiency
SC19 STK Thr-167, Ser-175 Phosphorylated kinase, regulating Decline
(autophosphorylation) downstream signal transduction

ZY05719 GlmM Ser-101 Catalyses the synthesis of peptidoglycan Decline
precursors, maintaining cell wall integrity

ZY05719 BglF Ser-462 PTS system components, regulating Decline
B-glucoside uptake and metabolism

05ZYH33 DivIVA Ser-145, Thr-199, Thr-211 Regulating cell polarity and division, Unknown
directing the localisation of cell wall
hydrolases

SC19 FtsZ Thr-217, Thr-233, Thr-349, A key protein in cell division, forming Unknown

Thr-383 Z-rings to direct spindle assembly

SC19 MapZ Thr-26, Thr-66 Localise cleavage sites, stabilise Z-rings, Unknown
and regulate membrane contraction

ZY05719 Ccps Thr-4, Thr-7 Regulating the activity of tyrosine Decline
phosphatase CpsB, influencing capsular
synthesis

05ZYH33 Cps2C Unknown Tyrosine kinase associated with capsular Decline
synthesis

ZY05719 GntR Ser-41 Transcription factors regulating antioxidant Decline
stress-related genes (such as nox)

ZY05719 FadR Thr-230 Transcription factors regulate the arginine ~ Decline
deiminase (ADI) pathway, influencing acid
tolerance

ZY05719 Lacl Thr-29 Lacl family transcription factors, presumed Unknown

05ZYH33 CovR

Thr-45, Thr-148, Thr-150, Thr-159, Systemic negative regulatory factor

to be involved in metabolic regulation

Thr-168, Thr-194, Thr-219, Ser-40,

Ser-172, Ser-215, Thr-225

SC19 EF-P Ser-148, Thr-176

ZY05719 OsrP Thr-48

Unknown
Translation elongation factor, promoting Decline
polyproline protein synthesis
Participation in antioxidant stress and Decline

maintenance of cell morphology

YT DO AR ) Ik A B GlmM i Ak R i
GImM JECA A W51 FT BRI TR . £ SS2 Z i,
GImM [ I RE ELFE 45 1% ﬁ}ﬁﬁ%(Mycobacterium
tuberculosis) . 4 8 {0 ] % BK B (Staphylococcus
aureus) . i ¥ ZF {0 KT B (Bacillus subtilis) . 7%
JH 2F 6 #T 1 (Bacillus anthracis) . W ] 12 T
(Helicobacter pylori) I K15 7 [ (Escherichia
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coli)F LM T 43524878, UWIHE M. tuberculosis
T glmM ARG 25 T 4 BE G T 265 R JRE 8
TE S. aureus ™ GImM 192K i 23 5 | X H 480 PG AR
(AT 24 M S 3 BRI, L SR 8 2 R 7 1) v
WA e B subtilis H GlmM i CdaA
F1%) T 3% P 5 i) 40 T 0T 32 35 R 7R A Y 3 N BE
SEPU. FE SS2 th GImM 1Y STK R 1k A 4K
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Figure 1
SS2.
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G R N R I LB R 1k f5 , SS2 KSR M iy
TRA BAZBH, HETT 51 40 i R S 4 SR, SR
HE 2 AR RS . SN 2 R | 4 A o3 L Bk
M Sk AE D Ak, glmM SREERR R
ZI)r A IR, HXEgE s, Ak
Foip AT K 5 TR T AT 37 P 28 2 T R, TR L
WP AETE RE D58 , PRk 4 A X T R AR
FH¥G R, AW RIE BRE Wz 2B B Al &
IR RS [ 1) 55 1 9% TR R A SR Ao AR v A
REJ1, ASHHBUNMEREFK. L6k E,
STK i i3 i 7§ GImM 7& Ser-101 Ab i i iz 1k ok
Pl SS2 i i BE R AH A LA F1

Mechanistic diagram of the STK substrate protein phosphorylation regulatory signaling network in

2.2 B-EEVEEPEIRYF (beta-glucoside
operon, Bgl) F

PTS J& 4 P& e i A B G 2 R0, G 1
(enzyme 1, EI), #AF2UE MBEIR 2048 1 (histidine-
containing phosphocarrier protein, HPr) F1 fif§ II
(enzyme I, EI)%5 3 A~ FEHB M. E. coli BY
B- ] 25 HH A 59\ T (beta-glucoside operon, Bgl)
Y% (4 £ 1 BT BglG . BgIF Fl1 BgIB ZH jl— > it
BRI PTS RGe, 2505 5k - 40 W 1 Y 5 0
FH B A0 BelF BESE Bgl #4907 Rik Y
TV T, WES B 4 5 B iR
BRI, WS FRW, PTS 4150 5 4 I 4 )
I, I PTS %2 ML M H TP,

http://journals.im.ac.cn/actamicrocn



3208

TIAN Yutong et al. | Acta Microbiologica Sinica, 2026, 66(7)

1£ SS2 1 BglF A STK i FR fL 17 54 Ser-462,
Bk bglF st S 95N Ser-462 2875 Sy TN A TR)
PRI S, SS2 I & MAFIGRE S . B
JETE RLRE 71 . $T RAW264.7 475 W . Zh FfF =
ZERNEE )T R A el AR A RE ok 3 N A
[F) B9 A1 = A5 2 A A R e o R P A FH SR e
SS2 STK REWEMR 1k BelF, 445 40 54 [ B Fl FH e
FERURBREIRE ST, AT MR 240 B 0 A
23 WME S EE B DivIVA, FtsZ,
MapZ

2% QP R (GO R N AR R, 2l =
B )RR 2 RN RE R AL AN, X 6 I B I 7S
K R PE 2 S P MR SR KR
JE b BT Ik 2R B (peptidoglycan, PG), Jik R 4
S —Fofr ey SR 8 2o 2 IR S RTS8 1 R R
iy, EAEE MM, PEALHUARR EE DAHCHT
W B &K, JF8E Taw T 28585850
TR AT KSR 4 S A S —
827 Hm BEUME M RE W BT R A B
B FERT RS 25 8] B RORS S EME, A R
LT B BB R R 2 s R IR

ERZS 5B ERERHEA T,
DivIVA J&—FE 2% [ B B s B AR 8 1 4
il SURE 2 P ) e A R AT B R B &
W, RO RRE R BR S TR N IT 45 5 2 40 AR L 17
pily 23R e 4 DXk A K v i o A A
T 3% B 57 5 R IF PR e -, BiAk
SRR YA £ S 5 H DIvIVA AW
T P 40 s R 20 5, 76 K 2 504 TR 1 240 it B
JOR SRR 114 A B R A1 M 384 o & S A TR,
1 B. subtilis 24078 Th Min 255 11 3¢ 58 5 40 43
40907 E , DivIVA 2 Min £ 4t 1Y 5 5 2 hl
g3, LA A0 AR Y Z PR DB b e A
ARHFHR > 2k oA A s e B b A 2
X (Listeria monocytogenes)™ ' divIVA W2k 5|
A AT B R, A A RS A%
E—id, BB RY, 1 M. wberculosis
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DivIVA (X Fx Wag3 )& A1 /D), 4 Wag3l
IIREZ T M. tuberculosis IR A 52 3] ™ H
M, 5B MR S R R A K B ER FE
SS2 "1 DivIVA (1) STK @2 fb v &5 A Ser-145
Thr-199 1 Thr-211, 4 divIV4 538 i 55 =84
(4 Ser-145. Thr-199 ¢ Thr-211 72 4y N 2 i)
M R AL S . SS2 4 5 B 41 i BE K fift i
MG E AR, I Ao i B ps , TR
R (ERERA S, DivIVA IR HE5E
MItG [P , T2 38 Ao 428 ) L2 (8] 43 A (] 4224
2 PG R,

TEAHTA Th =53 2R 5 WA A B 3 2405 =X
SR, AR A AN [ B AL R BE 4 2R
B T B A RE SR ) FtsZ 28 1 40 i pBY
FtsZ 5 R ZHUR A% A W) A 2 B A0 R 2% rh Y
FEMMTEN, BRS—E AR R
MMEAR, X T2 E aWiasst
S 7E SS2 th FtsZ (4 STK BEMR 1k 17 5y
Thr-217. Thr-233. Thr-349 1 Thr-383, FtsZ ¥
BERRALALRTE FtsZ 1Y C ¥, 1M HAFNLSAE FtsZ
)N Ui, BRI SE, FtsZ BUMERR LIRS 548 %
BREA 20 73 2422 A1 1 56 8 i AR TR AT R

MapZ 1E R 4 2468 E AP, 1 S, suis
{149 TE T o o o7 v A HE A B AR I o IR R
KB EAANG, A0 FEEMIEE R
Gy B4 BRERG KM/ N A 1 BRES 7 SS2 Hh MapZ
i) STK Wz LA &4 Thr-26 1 Thr-66, #F5%%
PHEIX 2 AL ST 548 Ry N TR LA ] MapZ
BERRALSS , RASE RO MR RE E iR e A, 2
7 MapZ BYBERR AR R I 25 S5 1F T 5 4354
AR, ATREE S T Z PR AR E MR RIS
SEH . STK Al REIE 1 XF MapZ A4l R 1 16 1 i
VA S B S A P AL 5 (AR TR R, BEmRfk
Ige sk 2k i) MapZ /571 5 STK &AM HAEH
e WY = 35 [R] £ 7E 5% B 1R Ak A& 4 A0 i oA 45 &
B,
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24 EEREZHEEHMERXER CepS,
Cps2C

SN B S, suis FRHERYTE IR T, T
REMSTE TS E ML P AFG TRkt S22 B 1t 775 25
SR FEAREY S SR, CPS 1E S. suis BUR
ML ) BARYVE A, DL R H I S 1 4 2 S
FE SS2 JE YLt A b R A K AR T RE H BT A7
EA Lo

CepS REfE B4 5 I AR BRI CpsB 454,
#E 1T 5% i CpsBCD B MR M 5 R L my Uifig, 7&
CPS & LA ¥ rh i e fh o, FEBERR LIRS
[) CepS X CpsB W R kG M H A M HI/EA, i
STK 451 CepS PR b U REAFBRIZAM S, M
Ha5® CpsB XJ CpsD [ LR L/EH . CpsD 1E
H Wzx-Wzy {2 H 11 57 CPS A 11 B i 2 ik
VA, LR R AR S B RS A R 45 BRI SS2
JERR LB A R S i N 78 SS2 Y CepS
) STK B% & 1k i »5 & Thr-4 5 Thr-7, &tk
CcepS aliil i 5 2848 (Thr-4 5% Thr-7 58748 TN &,
BRI Hms R Ak, SS2 K F i CPS =it L%
R 20 SR T R BN L X B W A

W AR RE 755, DA B AE /I UGS T rp 2
WAL RTA iR

AR T 2 R W TR AL TE R A W R Ak g b oy
oA e, (HHAEME R AR S . R N &
FO R 5 T & P2 AN T 2R T LA
R4k ﬁk(Streptococcus pneumoniae)%ﬂﬁﬂ , HIZ
R I R A2 B IR A5 B CpsC SN C R
Uiy 5 1 S R I B CpsD B 13 R 1 FH 9 45004
cps2C FERI T I UEE DR AR T3, At i) 1%
Z R4 Cps2C TE S. suis W45 ML 51 AR T
P57, 5 S. pneumoniae W& R TR L CpsD HA
B AR, T8 T HERAE . Bk Cps2C
EEIEAN BRI R S R E P
Cps2B HIMIN C ¥ 23 IR S Cps2C Fili 3%
K TE Al A 3 1 Cps2BetC, Cps2C # i#h 2 E
R S ML, fE A STK fEHE R SR,

Cps2C REME WA H IR R kM ik (55, e
STK #] LA#EH2 1k Cps2C 14, 7F SS2 W fEAE
STK {5 S B PTK {55 B A AR TL Sz 10,
2.5 4% FET GntR. FadR. Lacl

Iz 3% [N F~(transcription factor, TF)J&—3J5hE 5
FrE LA 5t iR A4EE DNA JFPASE A, Jafs
T G S B 1 T o U7, B S X A
(A A7 2 e H B, il I I R S N T B IR AL
VR SS2 M EaTE s, J& STK AYHE ZMET
Bz

GntR FEFEENF) 2045 T, wl
Z 5 MR YE . GntR FGHE LT
SR TR, 44 FadR, HutC., MocR,
YtrA. AraR. DevA fl PImA. Tl 225
S. pneumoniae JE K0 A BANTE S HEE . AR
SEE PR (Streptococcus mutans)fb%%ié H A
Pk . R A A R DL KB A T 2 T
[#O%1 7F SS2 rft GntR ¥ STK B iR kA7 ti Ky
Ser-41, #k7K gniR K& PH B3 o 55 58 48 (¥
Ser-41 22748 Ry N & ) M il e iRt )5, SS2 Xt
/N BB EEE A ECE TE L K A B b A AR RE T B
FIEAK. SS2 AY STK i GntR AR LA H T
nox LRI, X EE AR AR F iR R
TR0 HJK] P iz Hit 22 % — 4% ¥ iR (nicotinamide adenine
dinucleotide, NADH)F{ 2 , /K -F ) NADH £
o BE O AL A, SR Tk B,
T4 136 14 % (reactive oxygen species, ROS)AY A%
it o LA BLRE 1 Z 3 v] fE & SS2 7 77
AR AR 18 S J PRI 01

FadR J& T GntR 5<%, /& GntR 55 i
R F R KA K T, FadR i 5 i
Z 58k B AL A8 B 8 R LR A,
[ B 1 I8 45 2 5 18 0 R A2 906 i iy il e 2 1R 3%
KB BB 5Y KW, FadR 215 £ Ak B it
PR, kL B A HE T 20 B N PR & e F Y
7E SS2 ' FadR /Y STK 2 k.13 &5 4 Thr-230,
TR fadR K5 R EGHE 1 55948 (WPFF Thr-230 28428
KRR I B RIS, A2 RGN R
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i BE B EAE Y R RE ) B M 9 . FadR RE
2k A5 K 2 R i IV B B (arginine deiminase, arcA)
M)A 2h+ X5, FadR BMfb3gE 7 H Y adi j3
FMEEGREST, $&5 T ADI I BRIEKF,
I 7ORS =R 1 B F A R, T R A
T SS2 WTHFRTEANTE Ty, HI5S T 32BN LY
A B TE R R e M e

Lacl J&— M A % ¢ K7, i % 0T AT
W 2R AR S B AR A EUO, SE Aok, iF
ZWT 5T 2R Lacl S5 s a4 I 142 1l 2 240 e
) Z P A, naRACHE . AT IR B U
SRR A i ST, O AT AR A0 B R
J1, BARH I S T A (carbon catabolite
protein A, CcpA) W FE e M IR A MY Lacl 05 %
SRR B CepA Ab, 22 RBHPE R P&
AVFZ Lacl 57 0 HoA sl 51, H Aif
XoF 3% 6 1 D3 (R BIF9E i AN TR A o Lacl 8055 ¢
5~ Rv3575¢ 1 MH [T B AR Ay Wl — B Y577 78 7Y 17
O T M. tuberculosis W41 3 Lacl FKJGE: 5
K+ NCgl2689 FER 4ifih T 2 5 AR A L-F bt
TR WA Y NCgl2688 JE PR i 1E 18 5 K 1~
TEA & R FT 1 (Corynebacterium glutamicum) i)
B R R B e IR A L2 R
R & 4 T AR RhaR & —FiogiAl
(1) Lacl G ST 7, BS 57 BH2h
R B AR AT SRR 10 5 SO 53 fire A QA G Bk A
IR, FE SS2 ot Lacl i STK MR ALA7 15 A
Thr-29, STK *I Lacl A8 fb & MHBH 1 T I 5
S B F X a1
2.6 fLJLAIEREF CovR

TOnkE T R G AR P A e A TR ) — b
5 A5 5 5 5 R 40, CovS/CovR & 5 Bk i
M) oS R &™), fE IR EE R
(Streptococcus pyogenes)™' CovS/CovR Xt 175 BH it
2 & RS 1 7= A ke 2 B s A Y R R AL
5 BR B (Streptococcus agalactiae) ' CovS/CovR
AT ALHE B ) B AE N A BE A 6% 1 HE
Z2IR BN FE S suis B CovR H& — > K JL
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B, Jo AR 0 R R B g Y S A
(CovS)P", 7E SS2 1 CovR 1) STK iR 1L 7 A5,
A Thr-45, Thr-148, Thr-150, Thr-159. Thr-168.
Thr-194, Thr-219, Ser-40, Ser-172. Ser-215,
Lyr-225P"10 gtk i 2, 76455t CovR WY
Ah e, FEIFRIE— BT RAH AT
27 ENEEHETF P

Y1 A ZE{#1 [H 7 P (elongation factor P, EF-P) T
20 tihed 70 EAE IRTE R 3R A IVTE Th B
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fE SS2 ™ EF-P 1Y W M2 1k £ 51N Ser-148 Fil
Thr-176, EF-P IR ALY RN 2 380 SS2 22
i £ 11 T A E N, DT 4 e 20 R I A o
i 1P,
2.8 REXEHR OsrP

FEFZ B R 173 R A RO T B
RE, AT iX Se 8 F B S BE A B T S IR AL
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ek, WSS TEPAMR X A AE P K 20
fifl (human brain microvascular endothelial cells,
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WRIRALAB X SS2 T ALBE N B R T2, Gk
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SS2 F1 %% B BR B 9 W (Streptococcus suis
serotype 9, SS9) 2 H [E i 4 v f i UL I LI AL o
£ SS9 H STP AUAFAE TEtkH, Uil STP =
57 889 iy Be et A, HAT, STK 7E S. suis
Hh A SY AR v T AL A 2 A, A i 3 A

Hanks
Streptococcus suis STK N — IXI
Streptococcus agalactiae Stk1 N — IXI
Streptococcus pyogenes SP-STK N — [XI
Streptococcus pneumoniae  StkP N — [XI
Streptococcus mutans PknB N — IXI
Enterococcus faecalis PrkC N — IXI
Staphylococcus aureus Stk1 N — IXI

E2 ZFZRPAMKETNLEER/ 7 RERAEE

HORSCHE # /D . X AT RESE T SS2 B PER |
RSP R R T e SR, HET SS2 1 STK 7&
YRG5 EREA L IV A T )
PEAER], S FRHEN STK £ 48 16 HoAt 1 375 28 v
Al eI FE P OG5 o AR5 AT A Bl 1A
A LEXT . PRSFASTH B A A T B, B0 I 46
STK 7& H A 1L 7% AL v IS 5 DI RE S ), 10Kf
A B TR S, suis Fh N BRI 22 5 0 TR A
3.2 5#mkERAEMRRENLE
1E S. pneumoniae "' STK/STP R4t 52 £ 2
S R ok, AL AE M RE AR . DNA
B4 PR AR N A el Hop
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)& S. pneumoniae W5 — 9 K B STK iR
YU T Ak ik BE BR 7 (group A Streptococcus,
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TR M 51 4, H 7K % I (cysteine, histidine-dependent
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A T RETE T 40 e BE K i TS R0 S MR T,
A Ay 2 AR RREE M), CovR #E SS2 2
A C 20 K BIAE A GAS (1) STK !, #
FRALAL 1R Thr-65, 38 it 1 225K Thr-65 7& 4

™ 1 11 11 v \%
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— —C
— — €
— —C
— —C
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— — C

Figure 2 The serine/threonine kinase in Gram-positive cocci.
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