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FEBK TR A9O9TEFL A 791 . BE K Je i I e A A
L, PR WU, X 5Rosinski% 4518 HH
[, PR TR B B AR LB R, TTRES
S AR TG FLEEBR R R T R — 45T, AR A
FHRTHENE, X HAIR AR A TE A

MRTEIESE M LA E T N T R 8 A .
SN (cps) . B W RIR W B (HyD'™ . B I
Z(ey)™. CAMPIH T (CAMP factor)™ . #MAC5-a
JIKAF(scpB)' . KEE LA EA(Lmb)" | HE
PN | MER PRI (neul) . B (22 IR T T Y
F (S YR A RS A T E (Ds) A SO 4
L AL W (sod )" 55, FEJCFLEEBK B A B0 i
B REECEAEN . 0 JoFUAE Bk kY 5
A R, BT i iE MR A & sep B Lmb K
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TATEE LSRR A =5 Hrh, R A E
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10 kb A0, A Hofth fig 4 R AY JoFLBE BR T v
MR KB, ZFIE LA, DIRE & IR
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FERRTE N AR BOW R, T30 AR Rk
APt HEX LA FER R, 5 — AN LPX TGRS 2
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FIFEI
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0.1cmHii#F, PCRAY, Ultrospec 20007 L5403
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F1. AR AER. RAFAF1451%R

Table 1. Characteristics of bacterial strains, plasmids and primers used in this study

Malerials Characteristics References
?}t]r)a;(])sl 008-001 Virulent strain of piscine S. agalactiae isolated in China [2]
A10 kb Mutation in specific gene island of GD201008-001 This study
E. coli DH5a Cloning host for maintaining the recombinant plasmids Invitrogen
Plasmids
pSET4s vector Temperature-sensitive Streptococcus-E. coli shuttle vector pSET4s; 4506bp; Spc” [18]
simple pMD19-T Simple T Vector TaKaRa
Primers
Al0kb A CGCGTCGACGGAGATACCATGCGCGTA
Al10kb B AGTTGAACCGCCGTATGC

This study
Al0kb C GCATACGGCGGTTCAACTTCATGAAATTCATGGCAA
A10kb D TCCCCCGGGCCCAATACCAAGTAGCGT

AT AR T, P<0.0525% 8%, P<0.001
2
1.1.5 BESf: B0 RAHS0HBABLI REE
frr, R E KRR BEER T K = 058 44t . B
0 fR AR 357 Bk BN eely 77 806 246 ek,
B 1 W B2 AR 57— JA A g R Je A TR, e
Wi, KiEH26+1 °C,
1.2 10 kbE:HGER FOR R

PLGD201008-001 3R kit , 435I FHFIXT
514710 kb A/B, 10 kb C/D¥ 1410 kbJF5 1 L T il
A Bt. FREPCRM T NG L F R Bk —
H, BRHIVEN VIR (Sal 1TRISma D)iEAL, ERELE
PCR“ ¥4 $%simple pMD19-T#k M4, 1l 1E#f )5
W v BOR R REER A - R AT 7 5542 BRI pSET4s,
FHE10 kbR 2k kL (pSET4s-10 kb), #1LZE K
FFEDHSal, HEEUTRIREH .
1.3 GD201008-0013%3% 2% 40 B h %

H5 547 GD201008-00 1 455 ff P T4 1: 10054 4%
ZTHY (M A0.04 mol/L DL-ZR %) 5w,
37 °C, 180 r/min}i57 2 0Dy, 1£0.4-0.6 2 [A] ;

actamicro@im.ac.cn

W VKIA30 minf&, 8000xg, 4 °CES.L>15 mindEH
1 MEB R EEAME, W B, B EE—
s FRLS% HIMS e B, P2k, de
15% H M v B AR, 4280 pL/4g /3%, —70 °C
A
1.4 ®B¥1{L

P 26 BB (pSET4s-10 kb)% 1: 1000 L
AGD201008-00 18~z &4 i, RIS vkin
15 min/5 BB 200 R E B EW, E R
SR E2.35 kV, HFH200 QFIHL %
25 wF, #EfTHEfk, s, SEEI A AR
AR R mL, (TR EIT, FEARE S,
28 °C. 180 r/min¥E¥%5EFE4 h, MALKWKE N
100 pg/mLEFPH M E, 4kzL28 °C. 180 r/mindik
Vi FR B EUE R R,
1.5 BRBRINTRE

HR A TakamatsuZ5 "0 vk, I, #re
e JE AR AR B R R A S M R
FITHB -, 37 °CHiFR EL K VS . PRI
W IETE oM Z W THBWR AT, 37 °CH k¥
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F%, el 10053 B A S PR N THBR SR,

28 °C, 180 r/minkiF EXHI . Z )5, BRKAE
1 100 B8R S AERMWTHBE R T,

28 °C, 180 r/mindf53%, WNLEEARS-61K, FEiRAE
T A R AU SR BRI T i foff il 2 ook 5 KR 1A
B AR 0 A B ke RUR S A, i A [H]
TR EE 4 1) TR 28 T 5 2 o AR A TR R A R
10°°, 40500 T E Z Pk ey ik i THBF-
M, HICHUME A A ARV B AR
P TR 7% W S Z2 1), 100 I VA v 2 A [ 05 2 ) A
PR AN BOE B AR AR B KR Z FHscHe, K56
SERTOR SR . BUI T APk TPk i
SRy TR, FH10 kb A/DFI#IHEFTPCRITE, BF
AREERIZE T Bt K (>10 kb),  7E @ PCRIA
ECREI W N 11PN 7R 7 - SIS E L oy

ATLAY 1S 291500 bp /N 550, SXAEII TR P51
JIEEMI B AR . 2510 kb A/DF W FE, UESZHk
RMRAE10 kbJFH], H 510 kbEEH P51/ T i
R, M HARG RN, BB AL
AT, M4 NAI0 kb, FRIFERF .

1.6 BRIRPRA10 kKbFIEFARGD201008-001 4= %)
=S UIN ] A

1.6.1 BEREWSMT SEDFELE . Bk
175 S AL ARG, FESACFI S 10 i il i PCRYE SE
A10 kbR fERa e k. R, BB T 22 1R
et TEIMEE FIRANETEAS

1.6.2 AKMEWWE: EHRTERZET
(37 °C, 180 r/min¥E¥%¥53%), #1:10093:F0 L
B, SR AR B AR, BEHR T 100 mLAYy
THB; 33, &FE1 hBUREIODyoo T B 12t
{H, #ZMH12 h, [Fl—REREFT3RIAREL,

DIRESEI ] MRS AR AR, ODgoo WONAEAR, 227 B7 4=
PRAISE I HR AR Ik, LA 2251,

1.6.3 EHBICE(LDs)WIME : HE e/ N i
FHO, BB RIERE, B&ERENR IRk R

G, CAENZFh NG e M F SRR,
TCFLBEER T . IIREEER T . RIREERR H ", 5
O, PAEANRRELS, MEEK, W
FRMAE, PR A a6 v B D a0 P R
i, YEATLDs HIME

TENE I T S R Z 11, Je s B R e
95 pg/mLAY =K KAl 2 412 £ A5 H i R 3 (MS-
222) B KM ORI o AR E A PR RR LD s R, 58
BEERARATO KbFIEF A #EGD201008-001 7EFE S ff1
A, Dk AR TR ML S S 30
BhER, BEEREN. EEENERE, W&
Joa F0 I PR 0 5 A B, AT PCREE E BN )5 &
M.

S2OH: B 40 PR R B U AE TH B IR AR K5 3% 56
37 °CHiFE BEXHUE K IA(ODgoo M 0.8), HITGH
PBSUETR2YK,  1OF5A6 BER L5 AN [R] v B 1) T
B, IR EOE I DL e o BE R
155, L5841, RIS B FIE S 20 pLEE
Xof REZH VRS AR R S JE I PBS . ESTE, R4l
T AR iz H, Y8 F28 cCilRfT.
KRR, J B AT AN, 0B T4
i, ELNERT do Rl T3 E A,
25 41 I Reed-MuenchiZ 11 LDs .
1.6.4  HAMORGRHRTE . ARG R 5 — 20k
JERGEN R AR, FERPERE, PRI X bR
ARG R RE D BsRES , nTVE TN A B EE ) 4R
¥ro HEp-24i/fd(human laryngeal epidermoid car-
cinoma) & NWeE bR AL, & R4l X} b7
240 MK B BE ) OB R AN 2R 22— Bl e bk
A10 kbFIEF A4 #RGD201008-001 %+ HEp-2 4 fifd ()4
MHR I 2 B Samen 5P 1 071, WA M5l . HEp-
240 (AR S50 Z ARAF) F 5 10% 6 48 1L 7% I RPMI-
1640E R TR, BT 5% COAMMEE R4, 37°C
B BRI KPR, PL1x10” cell/fL
AR Z 2450 |, K= 80%—90%5A )2 5 ] RS b
RIS B R K AR AR B0, PBSYE2IK, H
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RPMI-1640E FE M B8, HH 40 o Wk JE JF- -t t
B, LI ARG (MO 100, BI1x10" CFU/FLEY
PR Y HEp-2 41 i . 457 5 i 24 LR 22 2 0
ML, Z=iE, 800xgEL>10 min, 40T 5407
%S, 24FLHE 37 °C. 5% CO,K53%2 h, Fiks
FEWL, PBSPEARSIK, BHRPEES min, 1200 pL/AL
f90.1%REFH AL 15 min, FHI800 WL K I XZE K
SUEANN, R WRAT BN E 2 . SRR
Bea Mt 4, At s R bRA 10 kb FTEF A= Bk
GD201008-001XF HEp-2 41 ik i i 2251 o A5k
WEEIR, BRI ERBE N EE AL,
1.7 SZEfEEPCR

J T 20 A B R I R 32 B AR O
FERI(Hyl, cylE, CAMP factor, fbsB, SodA, Neul,
PI-2b, Srr-1)WY5E K520, ASHIFFE X HF A bk
FER S BRJEAT T real-time PCRAMIT, 51491F 451 L
#2, BAERKEXNHAEKII(OD6=0.8) 1tk
GD201008-001F1A10 kb, = FRANERNA$EHAF
SRRV, $EHAS R PERNA, JfHIDNase I
AhBR, DAZBRTTBESR A L 4IDNA . FH s 5k
R 77 & (PrimeScript ™ RT Kit)B¥fRNA 5% JcDNA
Z MR H &1 W (SYBR premix Ex Tag'™ Kit), X
FHW 25 real-time PCR I3 5516 W0 9 A% 4 7 1) 81> B
FTAR I mRNASE SRKF- . LAGAPDHA 54
WAENNZ, HEF3RAESE, K2 %
M4 FE I A mRNAZK -,

2 HRAGA

2.1 BREARAL0 kbR S %

B2k FRipSET4s-10 kb, £8Sal 1 F1Sma 11
Y LS P IEWR S, HEE A JCFLEE R A A2 285
YMIN . AEPUERFANRBEAM T, ST e
IR R E Y%, FIAL0 kb A/DS| )3T PCRAS
W, B AR AT 1500 bpZE A 0 B, X IF 2
A10 kb b FUFREE R R /NZ I, ARSI B
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2. Real-time PCR5 |15 %&
Table 2. Characteristics of real-time PCR primers

Real-time PCR primers Characteristics

GAPDH-F GCTGCAAACATCGTTCCTAAC
GAPDH-R GTGCAGCACCATCAAGTTTAC
Hyl- F CCGAGGTGACACTTGAACTTTA
Hyl-R GTGGATGCTCTGAGTCTTTAGG
cylE-F CCAGGAAGTTACCCGATTGAG
cylE-R GCCAGGAGGAGAATAGGAAATC
CAMP factor F GTGGCTGGTGCATTGTTATTT
CAMP factor R CCATTTGCTGGGCTTGATTATT
FbsB-F GCAGCACACGATGCTATTTC
FbsB-R GGTCATTTCCGCAGTTGTTAC
SodA-F GCAAATGCTGCTCTTGAGAAA
SodA-R TGATGACTGCCTGACGAATATC
Neul-F TACCCGAAAGCAGTCATTCC
Neul-R CTCTCCCGCTGTCTTTCTAAAT
PI-2b F GTACTCGGTTGGTGATACAGTC
PI-2bR CTACAGAAGCAGATGGCATAGT
Str-1F AGAAGGTGTATTCTGCCTTACC
Srr-1 R GGGTTGCACCAGTCATTAAAC

W, WHtEE AN, EMEHNFIEREL0
kb), TEIZPCRAFM TEAY LR LPCR™Y)
WF G, B SR RRA10 kbR EE ST

2.2 SRECEREA10 Kb FIEF A BRGD201008-00114: %)
MR LA

221 BEREWST EERELE.: SRkl
FFESALAR, FESIRAEE10ARHA IS PCRAEE, T
SEARERIKE, FHIA10 kb AL Fa e T R4
[ O e Y B R AN CR SN € i e 2341
FIEA(EI), A10 kKb FIEFAMRAEAN IS . B
KB Yttt BIJo2Es, Yoy Ry =2 [ EH
P, SERIRHES A BROE SRR Y B 4

2.2.2 AKMABHHE: EHERMEERESET,
DARE IR A RE AL AR, ODgog WAL R, 43l 2 il
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El1. FAEHRGD201008-001(A) 5 ERKHRA10 kb(B)H)E = R BT
Figure 1. Light microscope morphology of wild-type strain GD201008-001(A) and mutantA10 kb (B) using Gram

staining.
2.5 1
2.0 4
215
3
C 1.0 - WT
== A10 kb
0.5 4
0.0 4 Y T 1
0 5 10 15

t/h

E2. BFE#RGD201008-0015 5K #EA10 kbR E < 2

Figure 2. Growth curve of wild-type strain GD201008-
001 and mutant A10 kb.

BARFNEF AL MR AR R, IERFTR, B R
AR RS TR, R TR R 2T
Bedetk, B R 2R

2.2.3 HREHEA10 KbFIEFAEARGD201008-0017 /7
B HLEE: 38 I 5E GD201008-001, A10 kbl
LDsy, ZHrEA I 5 %HGD201008-0017 /1 (15
W, 258 BoR(E3), A10 kbXfBE S AYLD s, N
2.9x10' CFU/4, BFAE#RGD201008-00142.3x10°
CFU/%k, BRKRIILD -5 B A BRAH EL s /> T 24
1065, FAE FTHP <0.001), i b E iRk
10 KbJF 51 (14 6k 2 AT {off 448 TR7 %o B 5 £ 19 355 07 B 4
H5E

2.2.4 HEp-2 celbliffHRIRES R : b THI510 kb)F

300 4

200 -

100 +

LD, in zebrafish (CFU/fish)

(e}
i

Strains

E3. FEMK. REAKNTD BLDs, BYE

Figure 3. LDs, of wild-type and mutant in the zebrafish
infection model (**P<0.001).

GIAETCFLEE BR ARG B 4 b E T, LT
AEBRGD201008-001 AR KR A 10 kbXTHED-2 celli)
KibfBE 71 o SR ME4RTR, BFAGD201008-
001XfHEp-2 cell K5 %0 0.4%, 5Samen%s
HAE I IR ICFLAEER X HEp-2 cellf 3% K b
RN EERA T, TR S AR A AR £4
Ko [mINF, BPARRSERREBRAL0 kKbXTHED-2 cellfy
KB AE A B 22 5(P > 0.05), UiHH10 kb/F#4]
XTI FLBERR A AR GD201008-00 LR HEp-2
cell i RE 1A 52
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El4. 10 kb33 T FL$EEKE M MTHEp-2 celld) S0
Figure 4. Effects of 10 kb on S. agalactiaeadherence to
HEp-2 cells.

2.3 Real-time PCRMTE HHREAKFTRE

il ilreal-time PCREGIEEF AR, SAHRAY
B AR (Hyl, cylE, CAMP factor,
fbsB, SodA, Neul, PI-2b, Srr-NHZEiAKF, Kl
SEn, XTFTRESFEHAHYL, cylE, CAMP factor,
fbsB, SodAMISrr-1, WrAHRS KR 5 AT
F, (EJE TR B SRR 2 A L K (P1-2b) F R R
Bl Rl (neu) FEBR R R Th R B, 47
B T2 AAfY

.
B3 wr
E
5 44 [E=H Al0kb
<
Z
=4
£ 3
£
3]
52
5 -
£
= 1
=} -
=
0
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N \% \S 9
S| &) o
Virulence genes

El5. BFAEARFIR KRS N E BRI RIAKF LA

Figure 5. The expression level of the virulence genes between wild-type and mutant.

3wtk

AHIEFE T H AR 4 10 KbJP S HE AT 4 B i
&, WENHAS T BRR A10 kb, THEBX—JL R )7
FIAS R AR AR T . BRRIS, 41 XTHED-
2 cellR R TE A 2, (RO ARATO kbXTBE
e, SRR, IR T RA 1045,
ZRRE, X—HRERRT . — Bk, HE
T s e Al . B B A AR A R Sl Al R 3
R, 8 T S 3l N RS AR A, B R S
5 AIASRI Y & B, X B 10 kb3 381 I i
i 40 B8 1) T Ik . FRATHE B, e
10 kb7 91 Hp ] REAFAE T e s 15 PR -, o4l
FUeT IR R, — ER AR R AR, %
FIEER IR B, B AR EE IG5 . K10 kb
H 25 ORF 43 51 E AT BLAST b X 1 245 44 35 43
Br, AR PDNAZS G HE H(WP_000661406.1)A]
REE R AEZAE R SR N7 R E S A
T2 E-5% £ -12iE (Helix-Turn-Helix, HTH)45H)
B, J8THTH -XREFWEHEA, 75404
BREE Y, [FJE THTH —XREF HERE FIXdrA, 7]
HHEKWAREASPAN R F4i4, MiEspa

\ ° N
& @ &«
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HyEE S AGIRE (Vibrio vulnificus)Hly Ut 2 EL
AHTHZ M DNAZS M, A SRTXFHRM
rix AV F IR B F456, MTERTXHERE
ST

R T kA UE S ER R 0 F T b5 R T
Yo f LY B R R Y, AR Hreal-
timePCR, XJ 5 JJ 3L K B 4% Sk K- HEAT T 4017
7 L i 7R T B AR AR A 264 3[R (PI-2b) e Y4
it L A (neud ) TE B R I 210K B 8 4 s, 3
W10 kbJF 3 HIDNAZS &8 Al e T I 77X A
FHIRAE PR, BRAERILENG & T —20
MRES . CAVREY, #Er LB A5
BREHCHIHUR K AOVE T, [RIHER O B B B 2
A JCFLBE R R 27 05, S A A
21 AT 110 Mo VAR TR e — MR T K Rl R KA 5
BRI . BEAE 2 R A s 4R e IR, Ik
i i 2 20 6 TET A D AR R 2 A T i 2 24 TR 1 Uk
YUV A5 TG FLUAEER B E P 14 22 ol 240 B 1) e 37 PR
AR UE 52 5 A0 B A B0 F AR,

FiAkh, X BE10 kbJF 85— ORFIHLH 4 =
MA964 1956, F B AGroup II intron GBSil, B
9 RN R T-GBSil .l H B AL T
SYOAL, T, T2, RN SR TE 2K, 4
T390 2 Sy, I PR Ry 3o e SR JRE 1, A AR A
HAEA XIS, TEA R4 F, Group IT intr-
onifl 78 HAth — 2L DNAK 8 st/ (DNA mobile
elements) [ JEI B, 0 By ik $E 7 B oo F B L b i) 3
PR R B A 3 R G B KRR FRITTAE10 kb
FPON A B IRE T 5 — AL R T, Wi
AR GEN, RS A4 1967, E
T AE R X B DR T 9145 AT e B L I e B
S, PR sh RN AR H A B EE R, N
M3 GD201008-001 (7 Sy 7484k, Xt @ Af14
Jei it B RTE Y

2% U
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Effect of the 10 kb sequence of piscine Streptococcus agalactiae
on bacterial virulence
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Abstract: [Objective] From the previous comparative genomic analysis, we found a specific unknown 10 kb sequence
(including 11 Open reading Frames) in Chinese piscine strain GD201008-001 genome. To study the role of 10 kb in the
pathogenicity of piscine S. agalactiae, the 10 kb sequence was deleted from the GD201008-001 genome. [Methods] The
isogenic mutant A10 kb was constructed by using the temperature-sensitive Streptococcus-E. coli shuttle vector pSET4s. We
compared the growth characteristics, adherence to HEp-2 cell and bacterial virulence in a zebrafish infection model between
wild strain and mutant. Meanwhile the expressions of the known virulence genes from GD201008-001 and A10 kb were
also quantified by real-time PCR. [Results] The A10 kb showed no significant differences in bacterial morphology and
adherence to HEp-2 cells compared with the wild-type strain, but the speed of growth was slightly slower than the wild
strain. Furthermore the 50% lethal dose of A10 kb was decreased up to 10-fold (P<0.001) of the parental strain in a
zebrafish infection model, and the expressions of the virulence genes, PI-2b and neul, were significantly increased in the
mutant. [Conclusion] These findings demonstrated that the 10 kb sequence of piscine Streptococcus agalactiae exerts a

significant effect on bacterial virulence and probably regulates the virulence genes expression of GD201008-001.
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