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WE: % x@F LIl 43 E GD201008-001 = Jr 8 5 % %4t (two-component system, TCS)
RscSR I % H ohdb, LI A £ 415 B 5 & T 2| 7 6 89 RscSR, x # 41 /& i 4+
RscS fr RscR #y = 4 45 Ay Fn fR <F 45 M9 3 38 47 2 A5 A 22 25 B 6k 2k 4k ArscSR § B AP #k
CArscSR, M AEH £ K&, RUALRBREY. WAMEH. UE L HHEETH
WHEERY, BN EEdEs@fnEtmt RN E . RETF, RseSR EF#
AHy TCS 4544 5, H o RscS BB A @A BB B4 M3, RscR EFR N F 7449, H
mAmERRLE, HhW®R. WAL HEXAREE RN GFEE IR E%HEE
WHEEBEN, MEZEEREAELETEAHNTHKE,; W ERERD R, IFAKRK
FANRI9h 2R, T ArscSRE KRR R /DNR AW T B 4§ 48h. HH KW,

RscSR 72 L #E TR BT M S B e A R & ) r B K EE R E A
REEIE: LIRS, —TRERS; WREY; WAL, REERL; &4

FESES:S941.4

TCHHEER T (Streptococcus agalactiae) X FR B
FE 55 BRI (group B Streptococcus, GBS), T 5]t
N (Homo sapiens). . 0% Zm FEGEY, H
2009 4 LAk, FeE R T £ 4 X 5 & B HE £ (Oreo-
chromis) HEER G, 25 % AE fa F2 58 o Bl 17 ™
L Beii e, HEZ N GBS, GBS By
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SEARERE: A

Tl B4 54 € DNA o4 54 7 X2 53tk
PR B SR 4% o A RS il , T LA ek R 8 =X
Btk A909 P /D AFEAE 22 FPOR[A B TCS, 28 H:
TEFEH P51 (NCBI % 55 . NC_007432.1) 7 H B
(9 I 4K UK fi 44 A TCS-1~TCS-22, 8k TCS-
13(CovRS). TCS-17(RgfAC) Fl TCS-4(LiaSR)%:
13 Al TCS © B iF 35 76 1% W BUw i e v B 4 2
YERT, 1BAT KA 9 F TCS My HE i AN 4650 (H 15
H B R, Faralla 289 &8, TCS-21 M55 F K-
TE A0 B A2 KT 30 57 300 A0 B B0 S0 ) 20
fi A A7, I AT 68 5 0 2L B BR B Y S I N
PEA O, (HERTIRE M AR VE R . AR 7E B AN
T PR %) A 365 BB T R G 2 A R A B R L 51 R
o 5% ¢ 28 e H D, SLE = A pE oY A B, EHL
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HEFRFE GD201008-001 1] #% /)N B (Mus musculus) F.
W R N AL, TR AR N AF I R 24 0 LI
20 1 A AR P R v R LR O AR R T R
WP, Cumley S5 I8, 7 WEAR 19 R 1 A FI
TR ER A M NS . Ik, 380N R pH.
e T P AR A IO IR 2R 1 X TG L B BR A 1 B N A
HAEFEEE L,

T T B TG 2L BE BK R R W A M PN A T
PLHI, SEHLL TCS-21(A S5 i 44 24 RscSR) Jy Bff
FERAR, RIHAEYE B2 F B HE A =4
S5t SRS AL i — D BF SR RBR rseSR G
TG 7L B BR B X R pH . H,O, 55 W A% 4 1A i 52
fe 1, LA KCHUE Wi 40 MO A Wi B8 ) R PN A7 Re
J1, IR 7 TG FLAE BK R E0R L 35 2 LA

R G E S RS RES

1.1 EHRSRN

TeAL AR GD201008-001 £k A 2010 4F
R X AR £ kR it oy BT KB AT  DHSa
B AL ER LA ARG RA A
ZME TR pSET4s™ | ZE 42 Jfi ki pSET2! i H A<
2#% Daisuke Takamatsu 15 1
1.2 K7

Green Tag™ Mix DNA ¥ & i . 2 x Phanta”

Master Mix = P& E DNA R4 . DNA Marker, %
33 7 & [HiScriptIl Q RT SuperMix for gPCR
(+gDNA wiper)] . ZEE AR £ [AceQ"gPCR
SYBR Green Master Mix (High ROX Premixed)]. =
2H wa ) &5 (ClonExpress” 11 One Step Cloning Kit)
B0 A R s v M A R Ry A R A E s BR
i1 A% R 9 VT (QuickCut™) B DNA K Bt it
M@ A% HBEAEYER (st AIRAF; 4
FOR R HUAH & . EZNA™ 415 5 RNA $#2HGR
& W I OMEGA Bio-Tek /A #l ; M WLEE & (Spe)
WAL E AR ARARAF; HHERGHY
FZEBR QLR B A R Segerh BTl 519 GR 1
H 75 M 5 A AR BB AT FR 2SR5

1.3 £ EEFESH

4 RscS 5 RscR AU 751 14 % I-TASSER
TE LR R 55 o5 JEAT 25 1 10 = 4 45+ 7000 U5 )
SMART X RscS 5 RscR i b £ 5F 25 ¥4 38 0 47 40
Fris, X S S M T R
1.4 EEREKBE

HEPH Bk 2 7 4H TR pSET4s-rseSR AU, LA
GD201008-001 #f 3L I 4 M BidR , fd H 514 rscSR-
P1/rscSR-P2 ¥ 3 | yiE [B) U8 &, {8 FH 51 ¥ rscSR-
P3/rscSR-P4 934 T Ui [Al 5 ; i@l @l & PCR, LA

®1 519ER
Tab.1 Primer information
H 2 A R A5 Jr BB /bp Elk7| FFHI(5-3")
target genes locus tag product length primers sequence (5'-3")

rscSRIER BRIGHRAIZES|Y)  primers for construction of rscSR deletion mutant

rseSR_3 Fr B 350 rscSR-P1 AAAACGACGGCCAGTTGACTGCCTGTTGGACCT
rscSR upstream rscSR-P2 TAAACAAGTCACAAATGTCC TTAAAGTTTTTT

rscSR e B 449 rscSR-P3 GGACATTTGTGACTTGTTTAAGCATGGCCT

rscSR downstream rscSR-P4 CCGGGTACCGAGCTCTAACCAGTTTCTAAGCGTAAT
rscSRNE T B 532 rscSR-A GGAATCATATTAAGTATCGCTG

rscSR internal rscSR-B TCTTAACTTCGTGAACGTCC

rscSREF EAMEMIERS| Y primers for construction of rscSR complemented strain

rscSR 2578 CrscSR-F GAGCTCGGTACCCGGACTGCCTGTTGGACCTAA
CrscSR-R CAGGTCGACTCTAGAACACCTTGCGGTAGACAA
KEERPCRE[Y primers for qRT-PCR
16S rRNA A964 RS00075 210 q16s-F CGACGATACATAGCCGACCT
ql6s-R CCGTCACTTGGTAGATTTTCC
rscS A964 RS10045 173 qrscS-F AGTATCGACGTTCGTGAT
qrscS-R TGCCAACCTTGTAGAAAT
rscR A964 RS10050 191 qrscR-F GCATTTCGATAGTATCAGT
qrscR-R CGGTGTAACATTAGTCCA
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R AR PCR 4 1S L Be o AR AR,
5|4 rscSR-P1/rscSR-P4 ¥ 1%, & b T iR IRE .
it o 21 v B K N GRS PCR P 5 &
EcoR 1Y) 14 fb Ah BR (%) pSET4s 2k /4% 4 . #%5 1k
ZERKFF R (Escherichia coli)DHS0 JE&Z S W, F
FHAT M - B T PCR 45 7 0 3 Hh PHPE e pe, $2 R
ek P JC AR 2 5 BT 20 °C AR

TG FLAE R PR 22 A A0 M A% o B R R R
) GD201008-001 P ¥ #% i 1 = 100 (M FR LK) 422 Fh
T 40 mmol/L DL-75 Z R 1) THY X5 5= W (%
0.2% BEEHHEEWIN THB B539R) 1, fF4IET 37°C
180 r/min %5 5% Z X5 B (ODygoo 29 4 0.6) J5 44 4
B E Tk b yKis 30 min, SRS, 4°C
8 000xg B0 10 min WWAE TR A, Fpdmilisidk, H
EB 2% bl il 15% Hm e/ &k 2 Ik, miGHEE
F 1 mL 15% Hiflih, 4% 88 100 uL/& 5 %% J5 IR A7
T80 °C

e [R5 F 49 JRL pSET4s-rscSR HL 75 1k A
JC . 5% BR @ GD201008-001, ¥ 10 uL 150 ng/uL
1% T 20 ORI A EL 4R T K Ak i T 2L
BRI Z S MM, BRRWITIRS, #¥ 20
1E-20 °C F¥e & (9 Jo i fL i AR, KA 30 min,
ZJa, FHEMBAREAL, L2300 V/iem 200 Q
25 uF B ifi 4~5 ms 5, SEEDIRIN 1 mL B 5% & 75
(&4 30 mmol/L JEWEAY THY 55389 A B 7
W ERERK, B ESA 3mL BERHR
B D&, FR4IE T 28 °C 180 r/min 5 3% 4 h
JEIACH: W75 3R B4 B Wk B2 100 pg/mL, 4k
SRR 12h LA L.

5 96 G 7L 8% BR P BE R e ke Bk . IO AR AR R
B g% 12 h KA BRI S WA T35 100 pg/mL 0
BRMPIHETAR, 37 °C Higt. PRSI R T
FOHAE 2R Y THB W AREE FR 58, 37 °C 180 r/min
K2y 8 h, LUIE S LA il 2k 8 4 kL 5 o LA
ERTE GD201008-001 (1) F% N 20 & A s ss fie , Bifi )
it PCR Sk FHPE R . B PE PR T 28 °C
180 t/min #5 5% 8 h DL AR 10k DL |, LIS
[7] 5 i 2H XU e o KA AR 10 UK DA A TR VR A
JE B0 A T W R P A i THB Pl 1
37 °C iR FF . A% 3E THB e b 3 V% B0
Z TAHWERPUH AR, WS THB A -
() TR 7% G 5 TR AR TR WA R prbE 7 AR 8

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

THB “FHe | 37°C 3535, e BU 3558 e
KT, i PCR BIFE T A EHE ArscSR.

1.5 EEE#HKIGE

¥y 4 H &b H 2H kL pSET2-CrseSR. LA GD
201008-001 FREE K 2H Jy it , fifi 11514 CrscSR-F/
CrscSR-R, il PCR ¥ 34 &4 H YR MM A B .
fff 3R 2 v B K N G0k PCR Y3 = 5 &
BamH 1R V174 L AL B pSET2 3R % 1, J 5%
b %= KW #F 7 DHSa 1, I FH Bt 24 °F di Al PCR
0 O BHPE R, BREOUTORL . W TE %A
25 BT 20 °C {R-AE R

il & ArscSR I SZ A5 A0 M o K AR T 2 TR
pSET2-CrscSR H, 5 b A\ ArscSR B 25 40 il
JfiE L 100 pg/mL U 2 BT e . PCR
B UE H AME CArscSR.

1.6 K} EE PCR(QRT-PCR) &1 B 89 & H
ERKFE

15 FH A RNA 2 50t 500 & 40 391 2 O 40 &
BH Y TG 2L 5% BR 7 GD201008-001 BF A #k . ArscSR
FI CArscSR & RNA, i FH iz % s iR 80K B RNA
FUE SR cDNA, i 2 6 A 57 &5 25 4T qRT-
PCR, =K W25 1k 43 A7 3k IR AH X6 5% S K, LA
16S rRNA NS, i 274 i,
L7 EKHEZLEH

WA Rk . ArscSR Fll CArseSR KRG, %
H: ODgoy W Z [A] — e, #1100 (RFH L) %
P& THBR: SR, BT 37 °C 180 r/min & 1% 1%
#%, % 30 min W —¥K ODggqo
1.8  4HE i R 2 3 BE S 46

i B8 SCHR (170 09 77 2 #4740 BRI 1R S 5
FHVE RS o B0 A K 2= X800 1 B A= #k . ArscSR
F1 CArscSR L 8 000 r/min & .0 5 min, "W # 75
W, fNA pH5.0 THB #5577 & &, 37 °C 180 r/min
YEH 30 min, 1EFIRT G 431 8 1 - A iR v
WAL (CFU), LATHEAR R &,
1.9 HHEm SR B EE i

¥ B8 Sk [18] 1 J7 vk 47 40 B i 4R b
BRACE, RSAVE AR o B AR R 3 X BOW Y A Rk
ArscSR 1 CArscSR il A 24 ¥k £ - 20 mmol/L 1)
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H,0, T 37 °C 180 r/min /E ] 20 min, FhI A2k
J& 4 2 000 U/mLAY i 48 Ak A B AE FH 10 min, H,0,
VRIS o A SUBEAE S 40 0l 58 3 7 Al i 4R
(CFU), VIR R,
1.10 AEEESHBEAEERE DR

e FESCHR [8] 1Y J7 I AT 40 T 0 7 W e T A
o OB K BN AR AR . ArscSR 1 CArscSR
BOWCEE I FH G A R 2% vh R VA TR (PBS) Yk
2K, TEET DMEM 1, LUEG L (MOD) o 1
i 298 10 BA )2 19 RAW264. 740 il Hh , 800xg %5 I
BLO A 10 min, SR 56 4 AR T 40 A 3% 7R
FENIEFE 1 h, BFLH PBS ¥ 3 IF A 1 mL &
LY 100 pg/mL 75 5 2 ) DMEM 4k 224555 1 h,
PIRSCMEAM TR o AL PBS P 3 K, A 1 mL
ddH,0 R F#'E 10 min, BlJ5 R ZINATIRST,
B S5 AT B LA B B A R

21 TR M PN A 35 B 0 R 5 BT A M SE IR R AL
XAETIMATERE, 20T 1. 4, 7. 10, 13h
A ddH,O Z4FE A0, 6 B R A4, IF
PL1h 0 BFaE] S, PLARXTTF 1 h B8R N X Ry

I [) 5 A B PN FE TG 3R
1.11 ‘AE MBS AN

R HIFLRR I SRR IO I 22 4 TR RAW264.7
A 40 i 25 1, i CytoTox 96® Non-Radioactive
Cytotoxicity Assay(Promega) i 7] & #E 17525 . 4l
M35 FRAFT TR, SCEHET— R4ZR T 96 fLtk .
Fie BN & WIS 4 . i H & LDH R
A (CJCHEAn D). FEA0ML A & LDH B4 . HE
2 i 5 K LDH B4l . AR FRURS IE 20 (G 4 i)
FrFR BT ML (OB AN M), HARE 4 DB AL
TESE A . A H & LDH B4 hoim A —E i
i, fff MOI i 1, 800xg % ifik 5.0 4 g i 10 min
J&, P an AR T AR SR A N R SR 4 h, TERE
& 3 h 25 min i, (6] L4055 X LDH B A A
PR I (oA A ) thin A 10 pL 24 W 4k 22 5%
F*o RIF, 800xg ZE I B LA MU AR 10 min, HEfL
B 50 uL VS B0 96 FLANM S S, &
FLINA 50 uL BCHIEFIIRY, O IRAEH] 30 min,
TELINA 50 pL 28 (-3, 4 490 nm AL OEAH,
Fie BN A H53 40 B 2 1k

SEIGZHOD 400— A [ K LDHBETHZHOD 49— SB4H M 1 &2 LDHEZEOD 400

M (%) =

112 NRFJBAME

e BESCHR [16] 09 07 35 347 /N BRUEE 0 A2
S TR S R S M TCR /N BRUBE LA B 4 41,
Bl BT 24 Bk . ArscSR F1 CArscSR FIPBS 4, 4340
10 H o PA1:100 (RF b)) ## el B W, 1F
P AR XN, BOEE R, HFRJCH PBS
PE3 WK, EET PBS H, JAREVKIE R 1.0x10° CFU/
mL. B H /N BUE I 355 100 pL T 57 25 51 5
X B4 7 55 100 uL PBS, A 1 h g 1k, ids#
NFFET 1 B o

1.13 Gt #h

% il GraphPad Prism 8.3.0 %K {4 X} 52 46 % 45
VAT M AL B, i ¢ K g0 b T 22 5% 5 VT o
M P<0.05 B, ZRAASIE L,

2 4

21 ZTiEITE Y% RseSR WEMERE S
RscS MR, N 5 SR, KX
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x 100%

HEAH M e RLDHBE AL O Do — ¥EAHNL H A LDHEHALODago

[B] A B 422 DCHRAR %, 430000 14 aa. 11aa. 9aa ¢
6 aa(|&] 1-a); C % HATPase c Z5#y48,, tbasH
B — Fh A o MY () 2l R B S A IR, B
AL TIRE, IS ATP 454G, JfMH 1 FLuk me L 5%
B 2 HisKA 45435, RscR W HA5 #L R 1) )7 1]
AT A5, N o b PR 5F IS REC 25 F4 5 (receiver
domain), & —A~WER 1k 32 IR 5, PN
MR ok, AP 2H 2 R B (HK) B Rk ; C Iy
YcbB Z5FIR, —Fl DNA 25 & 2524 1-b).

2.2 rseSR EFiRKEMR. BEHKRERE

X8 Az Bk . ArseSR Fll CArscSR #£ 417 PCR 4%
E o HH T rscSR-P1/rscSR-P4 i#F 47 PCR #" 1#
WF, FERFAE BRI E] 2 925 bp B9 H A HBE, Bl
H A9 FE A L3R EREE (350 bp). HAYFEA (2 126 bp)
K H O 3 BT Ui R R (449 bp) 4H R, T AR
ArscSR 1 CArscSR £ il ] 799 bp ) PCR ¥ 44
FEgy . BIER E U R R (350 bp) BT Ui R R
(449 bp) A ;s [RIES, f#FH rscSR N5 4 rscSR-
A/rscSR-B % 7€ B, 78 B A4 ¥k F CArsceSR A I
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transmembrane HATPase ¢ REC YcbB domain
(@) (b)
1 T RscS (a) # RscR (b) = 4 L5 F{R 7 &5 #y 5

(a) 2 BRI 8 RscS, T 4tfh. BEMEIB e X 3, #5 €0. MAb 4538 (b) RIS T RseR, . {5 S HIUR, &6 RARMKE, 4
. DNA 25 & 45 135

Fig.1 Predicted 3-D structures and conserved domains of the RscS (a) and RscR (b)

(a) histidine kinase RscS, green. transmembrane region, blue. HATPase c; (b) response regulator RscR, yellow. receiver domain, green. aspartate

residue, red. DNA-binding domain

| 532 bp ) PCR Y3477, Mi7E ArscSR H KK F B ryFE R B 5% (] 2-b)s
D0 AH R B (] 2-a), BEHA DA EE rscSR 116k B .
. . T LET; ¢ sk SEA
A bR R AN 2.3 rscSR BR&XT L FL STk B & K EE J1RI 52
ffi H qRT-PCR K il ¥ A= #& . ArscSR TE37°C 244, BPARE. ArscSR FICArscSR 1)

CArscSR T rseSR % s K-, 45 R WIR, ArscSR AR R TOH 25 5 (K1 3), B T R4 Rse-
HhJE H RSG5, B AR S CArscSR Y RER I SR MYBRR AL AE THB Bk A K ae

< 4r
bb M 1 2 3 4 5 6 7 8 & | OrsceS
- ﬁé}_.rscR a:_
3000 - [ ETH;%
W, |
750 - éé
500 - %3 1L
%5
E ko kKoK
20 : : :
1 2 3
[LR7S
strains
(@) (b)

2 rscSR EFEGRK KK B 4K PCR £ E F4E Rk F
(a) rscSR Ak 5 HAMA PCR %5 ; M. marker 5000, 1. B M %F &, 2. B £ £k GD201008-001, 3. ik J 4%k ArscSR, 4. H ANk CArscSR, 5. B 14 5t
I, 6. B 42 ¥k GD201008-001, 7. 1t ¥k ArscSR, 8. H4hFk CArscSR; (b) QRT-PCR 5l rscS Al rscR 3 R B5 3%, 1. BFAERR, 2. B bk ArscSR,
3. HAMK CArscSR; 3R 5 BF/E MRAT L 22 53 5 3% (P<0.001); R H
Fig.2 Identification and detection of the rscSR gene-deleted and gene-complemented strains

(a) PCR identification of the rs¢SR gene-deleted and gene-complemented strains; M. marker 5000, 1. negative control, 2. the wild-type strain GD201008-
001, 3. ArscSR, 4. CArscSR, 5. negative control, 6. the wild-type strain GD201008-001, 7. ArscSR, 8. CArscSR; (b) The transcription levels of rscS and
rscR by qRT-PCR; 1. the wild-type strain (WT), 2. ArscSR, 3. CArscSR; *** represents significant difference compared with the wild-type strain
(P<0.001); the same below
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MR EE B ODygq

absorbance at ODy,
[«

0.5 ¢ —o— Bk WT
—— HURER ArscSR
—— Mk CArscSR

0

01234567 8 910111213
B [8)/h

time
3 EFHEHK. ArscSR K CArscSR <%k

Fig.3 Growth curves of ArscSR, CArscSR and
WT (the wild-type strain)

2.4 rscSR R 5 Xt 4 B i BR A0 i & 4 S BB
A

SRR, ArseSR B Tt B2 L 1% fig
W2 235 F I (P<0.001), CArscSR ¥RAK &2 % B /1 4k
K (K 4-a), SEFARRA L, ArscSR BRI AL
o e 1 3 T M (P<0.01), CArscSR ¥RK &
B A RAKE (K] 4-b). R I #E R 48 RscSR
A Bh T 0 FL A% BR A K BT ER BT A A0 R 1 1 3 R R
AR &
2.5 rscSREREITMEIMNEEGE NFMBRAGFE
Ealiob-All

5 W REAH L, ArscSR MR TG R &

P8 (P<0.01), CArscSR ¥R BRI (4] 5-a);
ArscSR FRAE 3 F1 6 h F P AE 15 R B (IR TP AR Ak

80 r
| *kk | sk |
[ | 1
o 60
X =
N
£S5 40
&g
” 20 ==
0 L
1 2 3
[
strains
(@)

(P<0.001), CArscSR ¥Rk 2 2P kK- (B 5-b)s
2.6 rscSRERST T FL SE TR AR S RS2 I

SEFARRAAL, ArscSR BRI EEME B E T
4 (P<0.05), CArscSR #RAKSE 2 BF A ARKF- (K 6)-

2.7 rscSR RS T FL TR EBUR DB

ANERSEE R, N RV BF AR AR 19 h N4
AT, MY ArscSR 43 AL TR ] Ry 48 h,
/N BB YL CArscSR 4= 86 T 1) 8] 2 21 h (H 7).
X & B RscSR % JC 7L 4 2R 08 5 1 A — s,
AT R /N L BE T .

3 iR

TCS 1 by 41 B i g A0 554 34 855 1R 9 04 oo 44
XoF 41 B S0 14 R A 45 5 I 1) G A ) oA AR
FH . H Al WA 5 8RO 25 4 ST A 6 (L
RS ) B HK 225y 0 325, 3R A1
HK., 355 8% N HK FTZH 5786 HK2Y . A 5%
UG B 2E T 45 R B R, RseS 1 N gl 54
o DX, g S X 2 [ (e X SRR R e, Bz
HELAI RN S5 AR S, A 1 BEUER N HK IR A, HE
T B A7 78 AH L ) 4 Bl %R 2R, R 4
FARAF S, WOk R T MM Y ) 2 R (1
P BB 1), oK VR T 40 At B 5 A il L Al
RS W55, ] BEJE N 4 A A A O 1 o)
WAE S, M To bR E AR g R
B 0 A R R AL A . EARE RN

80 r
ok | * |
| 1
N 60
= g —
&g ==
20t
0 I
1 2 3
(LS
strains
(b)

4 FFHEMKR. ArscSR B CArscSR THER L (a) ST (b) BE
LB ARk, 2. BBk ArseSR, 3. FLAMBE CArscSR; * P<0.05, *#P<0.01, ***P<0.001; 7
Fig. 4 Acid tolerance (a) and H,0, tolerance (b) ability of ArscSR, CArscSR and the wild-type strain

1. WT, 2. ArscSR, 3. CArscSR; * P<0.05, **P<0.01, ***P<(0.001; the same below
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9o &
50
| kol | * |
o 40 [ | 1
QE
;;é 30 | B
ix’:‘%‘ % — —
& %) 20 —
= —
S 10 |
0 L L L
1 2 3
[0S
strains
(@)

10
0 —o— T4k WT
— BRRHE ArscSR
80 - —&— HAME  CArscSR
Q
% g 60t
g £
gy v
20 +
0 I
0 3 6 9 12
BERNI 8] /h
time post-infection
(b)

B 5 B4k, ArscSR & CArscSR I &M SRR SR

(a) 40 FH 1 E W 4 il RAW264.7 T fig

; (b) 4l 75 B 40 il RAW264.7 fl N 773 Bt

Fig. 5 Phagocytosis and intracellular survival of ArscSR, CArscSR and the wild-type strain

(a) phagocytosis rate of S. agalactiae strains by RAW264.7 macrophages; (b) intracellular survival of S. agalactiae strains in RAW264.7 macrophages
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Identification of two-component system RscSR in Streptococcus agalactiae
GD201008-001 and its influence on the bacterial stress
response and virulence

NIE Meng, MAKe, CAOQing, HUANG Hao, JIShuting, LIU Yongjie"
(College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Streptococcus agalactiae infectious disease outbreaks have occurred continuously in Oreochromis spp.
farms in China since 2009. In order to further explore the regulation mechanism of S. agalactiae virulence, the
function of a putative two-component system (TCS) RscSR was investigated in a highly virulent strain GD201008-
001, which was isolated from moribund cultured tilapia with meningoencephalitis in Guangdong Province of
China in 2010. The 3-D structures and conserved domains of histidine kinase RscS and response regulator RscR
were predicted using the I-TASSER server (https://zhanglab.ccmb.med.umich.edu/I-TASSER) and SMART
(https://smart. embl.de). The rscSR deletion mutant strain ArscSR was constructed using homologous recombina-
tion. Bacterial tolerances to acid or oxidative stress were investigated by pre-exposing to pH 5.0 or 20 mmol/L
H,0,. RAW264.7 macrophages were used as cell models to evaluate the bacterial anti-phagocytosis ability, intra-
cellular survival ability and cytotoxicity. The bacterial pathogenicity was then tested in adult mice. The bioinform-
atics prediction showed that RscS and RscR were a typical histidine kinase and a response regulator, respectively.
The stimuli sensed by RscS might be membrane-associated or occur directly at membrane interface; RscR was pre-
dicted to bind DNA to directly affect the transcription of the target gene. Compared with the wild-type and comple-
mented strains, the resistance to acid (pH 5.0) of ArscSR was significantly decreased (2.83 times and 1.65 times),
and furthermore, its resistance to H,O, was also significantly decreased (1.93 times and 1.77 times). The ArscSR
mutant displayed significantly decreased resistance to being ingested by macrophages (2.81 times and 1.56 times)
compared to that of the wild-type and complemented strains. Moreover, at 3 h after being taken up by the macro-
phages, the intracellular survival rate of the ArscSR mutant was only approximately 44%; in contrast, it was 60%
both for the wild type and complemented strains. After 6 h of phagocytosis, the intracellular survival rates of the
wild type, ArscSR and complemented strains were decreased to about 46%, 28% and 40%, respectively. The cyto-
toxicity assay indicated that the relative number of lysed RAW 264.7 cells infected with the ArscSR mutant was
significantly lower, exhibiting 1.8-fold and 2.5-fold decreases, respectively, compared to the wild-type and
CArscSR strains. The mice infected with the wild strain all died within 19 hours, while mice infected with the
ArscSR strain all died within 48 hours. This study suggests RscSR plays an important role in stress response, intra-
cellular survival and virulence of S. agalactiae, which will provide useful information for further exploration of
pathogenic mechanism of this bacterium.

Key words: Streptococcus agalactiae; two-component system (TCS); acid tolerance; oxidative tolerance; anti-pha-
gocytosis ability; virulence
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