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e, Eakt', kag, xS, BEE, R, FEE, TR
L KPR SRR BRI, Al Ak VSR S T 900, T M 5103805

2. DR K= S5habe, LiE 201306

WE: AIRRRP DRI IR (GBS) IR 2 A& UL cpsE Hl neuA X TR AR Az Wy 2= Rt i 2 mal, AT 55 )
[FHR R 775, T GBS #Y cpsE 5 neuA HYSAILIRI BRI 288 bk, HARTT 122 H Infusion-PCR Y7 7443 il H4
WA AERYIMEIE N cpsE 55 neuA JE [N % 1 4H Uk pSET4s-cpsE Fll pSET4s-neuA, 544 J 4 1) ok L 551k
A GBS BEZASANM b, 38 i mOAR 5% 37 TR SE BOBUSS e R TR 5, i) 20 RS R PP I e 3R AT BE ) m B ik . E i
W% PCR. RT-PCR J¢ DNA /555 5 1 6 SE LR BR bR AT S0 UE o 255 78 GBS MM~ 2828 #k AcpsE Fil AneuA B
PRIIFGEE . FESCIEAE b, SE AR 2E TR AT LA B PR Bk S8 A5 Bk AcpsE . AneuA 5T BRAE B RR AR K TR | JEE
ZHEESE | MR S R 2R SR BRI SR AcpsE Al AneuA AR GHE ST AE R G B E E R,
(AN MR RE . MEVR IR & A B MR 3 ) ¥ BN T 2B Ak . iE— 29T B, cpsE J2 Ml GBS JEEZ & L
FHEFEH, neuA i PR I S8 I 22 W M IR A6 9 S AR E I, e TR Bk 30T GBS JEEMETR IR & &= PRI, H B 3%

REAR T BRI T

KR RPPARM; JFLEEERE; JENR DM A IR SRR, AR

FESES: S917 XHEAARERS: A

JCFL 4% BR 1 (Sreptococcus  agalactiae) by et
PRARH 2 ICPH PR, Xk B BFEEK A (group
B Sreptococcus, GBS). ‘& Al 5| i A 2 Y ML IMILIE
it 98 B RREE 8 S5, LR [ . AR SRl A1 HESh
WAt AR SRR TG ) BRI, AR
it GBS KMEZHEMFFIEC % 10 Fhifi v 5,
5350 Ta, Tb, TI-IX, Hrbowhfa 28 HAT 300 B M
f9 oA 1B, TS T A, SEAER, JCFLAERR T
9 175 1 55 B8 % IR R0 AR R T R
I S B SR AT AR, JF R A B AR R
b e 2 Jre U8,

ELJ GBS = % (1075 ) K F-A SR L (capsular

ks B EA: 2017-03-29; &1 HHA: 2017-04-11.

XEHS: 1005-8737-(2017)05-0977-11

polysaccharides, CPs). CAMP [+, FH i i
PEH T Sip. C HUE o # F (bca 2 [ 4 % 2 1) Al
C5a JIKAG(ScpB)Z5 "2, 4k 2% GBS WM £
VR 4 FhEROBELE AL, Bl sAeE . EELM . N-
TR W fre R — 2R I (R~ Y R VR R PR PR 1
(1 3E R X GBS 198 ke % EE/EM™). GBS
SR Z WS 32 16 4~ cps (capsular polysac-
charide synthesis)3&K ¥, 45 cpsA~cpsL Fl
neuA~neuD JEH . HiH cpsA~cpsd I cpsL i 2
F 17 58 G S s A s . B2 . N-C mEdibE
Jiie 28 B T2 A I, cpsK 35k A1 D) 44 i) e Y 7 2 A% i,
71506 H neuA~neuD 4w it 2R A 1K 0 1 VTR A
RIE YR 2 2 R Y cpsE ik FLIE 3%

E&WmMB: EEARBFESTHNSFC)(31272688); IUARA MY ™ b 5 A4 7 gt 15 & W95 42 5 H (CARS-48); 1 [l K 77 F) 2= i
FE B H N 25 PERHIF B T BEACRMIF AL 55 9% 101 5% 43 100 H (2017YH-Z.C06).
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Foll, o EALER — > FpE S IR AR no ik, M
i S S A A, X GBS | il 4 i Bk
W5 2 BUBEEEK AT RN, 2 cpsE JE &
A G B I R I K-S BOTESE R B MR SO YR R £
JERF M o o SRR RR R 1) S S AT 1O, i
CpsE JE I L WA HLA) AR IE Y . 72 AR GBS
FRIAFFE K1 1, neuA Zi it i iR e i iR 5 1k
fiff (cytidine monophosphate N-acetylneuraminic
acid synthetase, CMP-Sia-synthetase), i H A XL
BREA, M5 N 5AY CMP-MER FREE B2l & hi
M C SR B, AEME AL B9 A IR R & . CMP-
MR YR T O- L TR A YR I 11 JE 2 AR 200 A2 VU
11 51 GBS 4 A 2 572 Bk AneuA Hh AR A6 ) 3] S 5
WEVR R ) 7 i, MIE S ZZ Bk AneuA Th#E A neuA i
F2I5 kL pDCneuA J&, & BRI R 1Y % Pk 2 2|
B ARG K, ST neuA 5 i e 15 2 i i
TR A ) B A

KT IMELHEE M FEA cpsE Fl neuA FIHIF5E
EBAEPLE IR GBS, il GBS HX AN
P AN o A PRI T I 5k T GBS B bk
WC1535 1) cpsE Fl neuA JE[H, A= #){5 2% 53

/R, CpsE HAG S 5L S i6 8 MM LG 7
it A 2 5% T 4 H B, Neu A B 5 0 Y30 TR A4 AL T
FH G 10 %1 W TR - W L G B W 45 A 3, O R LA
BERET, ik GBS JEME R R 1 & & w5 41
BT SR B0 M A DG o AR BIF 5T DL fa U B0 BR
WC1535 Shxtge, Fi| T [R] 5 HE 2H 4 A gt i [
Je g2 A5k AcpsE I AneuA, JFxf HiA: v e vk
70387, LA3B s i GBS cpsE Hl neuA 5K X 3%
HRE IR Y PR et B BRI MR B0 P I S e, DA 1 0T 8
I8 GBS BURPLEIAY T f#

1 #MEEFE

1.1 GBS HE#HkFEHL

R 1 fron, GBS kR WC1535(16S tRNA
FH T4 GenBank %5%5 ) NZ_CP016501), H/p
FIMIERR Ta, HAFUK™FE S BRI ES IR
AR 53 B 50007 . KIAAF# DHSa ) [ Takara
T, IR B A TR pSET4s 1 pSET1s i H A4S
Yy A5 r(National Institute of Animal Health,
NIAH-Japan) Daisuke Takamatsu {23121

® 1 ARSI Y E AR AN BLAL

Tab.1 Strains and plasmids used in this study
TR A SR FHIES ) 6E 27 SCHR B R
strain or plasmid features or functions reference or source

T kR strain

JeFLEEBRTE Sreptococcus

WT TCFLEEER T WC1535 BF A= #k S. agalactiae WC1535 wild-type [5]

AcpsE TCFLEE R 2275 ¥k AcpsE S. agalactiae mutant ACpsE ZRHF5T this study

ANeuA TeFLEEER B 2845 Bk AneuA S. agalactiae mutant AneuA AHFFE this study

KA Escherichia coli

E. coli DH5a RZAANE E.coli FIF kL% e K 5 TaKaRa

competent E.coli for plasmid transformation and cloning

JRE plasmid

pSET4s IR H A BB, temperature-sensitive suicide plasmid [22]

pSETIs IR H A BIFR, temperature-sensitive suicide plasmid [23]

1.2 XAf&

Ly e B AR T AR Y R R R,
KE R 6~8 g, SLHHITEE MR A1 T 50
222 J] S SL 6 AR ARE RS I A I 52 56 £ AN GBS .
A AR . BEALSY R 4 A3 ASAEBERALRN 1A
XTHRAH, B 3 AER, BEE 30 Bf), R
Wk 2y 1/3, EEMEFAE 5.0 mg/L L |, pH 7.0~

8.0, /K (30+2)C, HRFLMEMRE 2R, BIRLH
AR 3%,
1.3 S|¥RiEtTE5EEM

iz A W) A% (http://www.clontech.com) 5 11
S i 2 SO i R 5 6T (36 2), R AR 3
Primer 5.0 & 71072 5 PR i 2 58 A8 kB FH (9 51 4
XF (& 3), ARG W B TAY T
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Tab. 2 List of oligonucleotide primers used in the construction of recombinant plasmid

512 % primer

51975 (5'-3") primer sequence (5'-3')

cpsE-up-F TACCGAGCTCGAATTTATTAATTGATGCGGATACTAGGAAC
cpsE-up-R AGCTCTAGTTCGGTGTACAAGAGCCCCTTACTTCCTT
cat-F1 CACCGAACTAGAGCTTGATGA

cat-R1 TTTCAAACCTTACCTTAATTCGATGGGTTCCGAG
cpsE-down-F AGGTAAGGTTTGAAAGGAATATAATG

cpsE-down-R GACGGCCAGTGAATTGTCTGAGTAACCCGTTTGAATGA
neuA-up-F TACCGAGCTCGAATTAAAACTTTATGATGTGCTACC
neuA-up-R AGCTCTAGTTCGGTGAACATATCCTTTATTTTATTTTTTT
cat-F2 CACCGAACTAGAGCTTGAT

cat-R2 TTGGTGTTCTGGAACTAATTCGATGGGTTCCGAG

neuA-down -F

GTTCCAGAACACCAAGCTA

neuA- down -R

GACGGCCAGTGAATTACGGACTACGACTGGATAT

TE: NRIZALSS In-fusion PCR B9 H R B JC R RIZkab ek A B

Note: Nucleotide sequence underlined represents the purpose fragments of In-fusion PCR, while others represent the joint fragments of

In-fusion PCR.

*3 EEBRKRLERIGIER AR
Tab. 3 List of oligonucleotide primers used in the
screening of the strains with cpsE and neuA knocked out

5|49 % FK primer 519551 (5'-3") primer sequence (5'-3")

LepsE-F CCTCTGTTAGGGAAGGGGAAG
LepsE-R GCATTCATAAACGTCGCTGG
ScpsE-F AATGTAGAGGCACTTAGCTTTG
ScpsE-R CATCAACTGTGGGAGGGCGTG
LneuA-F CTCTTGTGTATGATTTCGTAGG
LneuA-R TGTCGTAGGTATTCTTAGTGTCT
SneuA-F GTGATGAGAAAACCGGAACTT
SneuA-R ATGTTACACCACCTTGGGAAT
PR A I

1.4 EREBRERTHRINEE

Pl GBS B pk4JL 4] DNA MR, 45
5%} cpsE-up-F/R. cpsE-down-F/R Fl neuA-
up-F/R . neuA-down-F/R §"'#% cpsE I neuA &[H
F . FiF 500 bp i) DNA 51); [FAfLL pSET1s Jif
Ko, 4351 %F cat-F1/R1 Fl cat-F2/R2
PR & R PR H (cat), % Infusion-PCR
TP B 2] cpsE Ml neuA JEH || RS
(4 500 bp), pSET1 ¥ cat L[ ¥ K 45 EcoR 1 il
BamH I XUV J5 i 4k P AL 2k & pSET4s #1742,
JrEZ UL A5 IR 10 uL OV AR R ELFE
5xIn-Fusion HD Enzyme Premix 2 pL, Linearized

Vector pSET4s 1 uL, cpsE-up/neuA-up 1 pL,
catl/cat2 1 pL, cpsE-down/neuA-down 1 uL,

ddH,0 4 uL. 24k 15°C RN 50 min, 2
SREHEOEE T E, B LR 10 uL iEHE
WAL E DHSo KIGHTF ISRz A, Kras R
YIa AR TE & A 55 % (25 pg/mL)RY LB A |,
TEFHYE ST I HEA T 78 PCR S 5E ., %5F 5 B BRI
JER % ) M 3 I AR BRA FHI T

Z: I8 Wu Hll Xu P2 07 w6l 4 GBS J&Z
AN, 7F 100 uL GBS EZS40iH A 1 pg
HEYLFORL, BRIRAIEMA RN, VK 30 min
J& #2250 V, 500 Q, 25 uF), il 4~6 ms)5,
HANA 800 pL % 10%fEREIY BHI S 7R3, H IR
EWRETCH B LE T, 28°C 200 r/min B 2~3 h, #F
RS AAEER (5 pg/mL)y BHI 4l
b, 28 C TR AR B K AR .
1.5 ERBARTHROFBIEFLEE
1.5.1 EREBLRTHROMBIE WREMEE
RPUHE I vE 3 R R 8 A8 bk . R B A RIS
R AAE 37°CR NG, Mk 4 oA &8 & Fokn
() B A TR AR R P RE AR AR, T A
B R MG FRHE 37°C Ry 7% ] LU 6 21 56 PR i 2k 28 AR
PR 1),

pSET4s /&R A AR M Bk 844K, 37°CHBE
TE R AF B b 42 ), 28 °C B RE 7 B 1K 18 P &2
5T 28°C A% TR AE4E BR 18 2 i £ 0. Pk
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B FEAL ) & B R (5 pg/mL)BHIA A A=K
(M ERER T, HeMh B S B RPN BHI MR REF%
Kb, F 28°C 200 r/min EIKZEHGR TR, FHA
KBRS, #5010 100 Fo s 330 357 6 1 45
H AP BHIE 3R 56, 37°C 200 r/min 2% 15 57
9~12 h, fFHRHBEIRM TS A &E R BHIA F
W, 37 CHEEMRE IR . a7 28CHI3TCT
TR FE 10~20 10, B2 0k B0 AU 8 R AR
[ TRV

1.5.2 HE¥% PCR £EEREKRTH 7 L TF
[R) YR 9 v [a) 0 B 3R cpsE A1 neuA 1 N 543
S5 5% (LepsE-F/R 1 LneuA-F/R) 1% 5|

Spel

orfC

Y% (ScpsE-F/R Fl SneuA-F/R), F-43 51l LA 5 1% 5]
(0 SR R AU TR 7% AT AR GBS AR
#E1T PCR A (519 L3 3), R4EY =4 A Bt
NI F T TR 7 2 75 Ry R PR S A8 k. T
IR AT T 4 BE A0 3 P G 2R 518 R
AcpsE Fl AneuA k45 1) 4575 43 1| 2928 2500 bp il
2200 bp, MIEFAERE WT P HG5R15 19 5547 53 0 29
2700 bp 1 2400 bp; #5 R 51 PR3 SEALSE A
Bl 2k 22748 bk AcpsE 1 AneuA R g™ 188 AT fi 457447,
T 7 AR R WT P 383K A% 10 Z5417 43 311 294 500 bp 1
600 bp, WIALULIIIRAE T B H R KA AcpsE
F AneuA(El 2).

A

Pstl
Sse83871
Sa
Accl
Hincll
BamHI
Smal
Sacl
EcoRI

homologous
recombination

— D Si )
cpsE/neud

cat

f -

ori

¥R E A

cat

A

cpsE/neud

cat ori  cpsE/neud

I

Bl 1 pSET4s Jikr % 5 3 R R R 2k M4 pSET4s-cpsE/neuA 14 #4) i 7 3 &

a. pSET4s iy 3% b. SEH R FR 2k (& pSET4s-cpsE/neuA MG H/R Bl I WUAS e 11 3 A28 #; 11 5" HA A8 e,

Fig. 1 pSET4s plasmid profile and schematic diagram of knock-out vector pSET4s-cpsE/neuA
a. pSET4s plasmid profile; b. schematic diagram of the knock-out vector pSET4s-cpsE/neuA.
I: double cross-over; II: 3’ single cross-over; I1I: 5’ single cross-over.

a LA BEBRE Streptococcus agalactiae

5|#) primer
LcpsE-F or LneuA-F

up cpsE/neud down

<
<

—>
ScpsE-F or SneuA-F

LcpsE-R or LneuA-R
——> <«— ScpsE-R or SneuA-R

b FERE#E cpsE/meud knock out of cpsE/neud

N — up cat down —I
5|4 primer
LcpsE-F or LneuA-F —> <— LcpsE-R or LneuA-R
ScpsE-F or SneuA-F —> <— ScpsE-R or SneuA-R
2 €78 Hk AcpsE il AneuA 5144 & /i 2

Fig. 2 Primers identification of the mutants AcpsE and AneuA
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1.5.3 RT-PCRETEEFEBERTH /5IMN28C
B hbTFRaE I GBS FE [H gk 5848 #k AcpsE
I AneuA 58725 bk WT B 2 10° CFU 407
HAET 1.5 mLELEH, 12000 r/min 2L 5 min,
WA IR DLTE, S0CIKAE T HAF/H. 21
EasyPure® RNA Kit (TransGen)iz #] & il 42 40 i
RNA, 2% HE 58 I F UK R I RNA i, AR X
M 5E RNA VR,

B 1 ug RNA, H Roche S sl 55 &b 47
ek, BRBESH UL, %5 cDNA
Frill 5 F-20°CIR S o SR 20 uL PCR
R Z 4T PCR ¥744: Premix Taq 10 uL, B 2.0 pL,
I FU#514 ScpsE-F/R Fil SneuA-F/R(10 umol/L)
£ 1.0 uL, ddH,0 6.0 uL o O 2544 94 CTiAEYE 3 min;
94°C 30, 58°C 2 min, 30 MEH; )5 72°CHEAh
10 min . PCR KW A5 5, L4 pL 734 1%
TN O T FhL VRS, 3 S AR R R i SR 4 R I
WEAH . UHH 40 R 25 0 51 90 % (ScpsE-F/R - FlI
SneuA-F/R) Y™ $ 5E L 3 [H] G 2k 28 AE . AcpsE FlI
AneuA NREY I AT S5, BT AERR WT 473
AT 2575 29k 500 bp AT 600 bp (& 2),

2 B3R PCR., RT-PCR i 1k 21 i) BH 1 5 R e
FRMRIR )M LI E AR A R AR Y, #ik GBS
ACpsE Fll AneuA J7 31| & 75 11 .

1.6 EFEERKZEZTH AcpsE 1 AneuA A=
S

1.6.1 ERKEFHES 7251 GBS cpsE HHFI
neuA L F G AR (TFRM AcpsE I AneuA)
5Pk WT RIZ 280 F BHIA “FAli [, 7€ 28°C
TR R A TP G % . O A 2 PR 1R VR
T BHI i35 5L, 28°C 200 r/min 8353514
2 1 100(V/N)RY LLBIPFE 3R R AP T BHI )
PRE:FR AL, 28°C 200 r/min PR HE TR, MK
WE 3ANEE . B 1 h JHEER(BioTek) Al —
UK W WG (B (ODgoo), FLZE R WOLERE, 4
il A 2

1.62 EHEFEMEME 450K R LK%
AcpsE ., AneuA 5BFA:k WT T 28 CIE R 2% 4 E
K, H12.5% 8 —EFEE 2 hy B0 FERE SR 0
AHEEEER 4CREE 2~4 h; 2RJ5H 0.01 mol/L

PBS #5222 il (pH 7.4)8 08 3 K, &K 15 min;
HEA 1%k 214 PBS 8RR S ik 20°C[E 22 2 h,
T5FH PBS R 2% hRSEYE 3 ¥k, BFIK 15 min; 4H
WA BIRE-TNEIR K, BR 15 min; KSR
HmagBEMENE, #TUhR Q)5S T
WA T (HT7700)0 %%, RERGIMT. &5, R
Image] FRAMIE 2 AR KE 5B A MR SRR
1.6.3 GBS (BEEFBIEMNE K 28CTH;
FHAL TR EMM AcpsE. AneuA 58744k WT
F:F2M435 8500 r/min 4°CE5.0 30 min, YA HA;
80 mL 4 1Yy PBS(0.033 mol/L)PEisk ik, FHE
WA ER, BE.OFFFRBGSE, A 30 mL 0.05 mol/L
PIPES ZZ #p¥ (pH 6.0)FH A, 120°C, 75 min
B R KPR RS IRE ] 1.5 mL o B0
o34, BEIMA 20 pL MEWR R TTAF(0.25 U/uL, I
WA SO A BRAF), 40°C 50 r/min % 5 3 h;
it )5 B SN 8500 r/min 4°CE.L>» 50 min, B I
o 2 Mg nUE A W) TR B 2 B 1 VR R (S A)
DR G B P R AT 8 6 S g, AR ASC 2 BBOGT R
(K) AR UE S (SA)FIARE Y ODsgo, 1. GBS [
Wi YA R et (S MBS MR Y TR 0~ 5 =309.3, SA Fnifi iy
#eJE=0.001 mol/L), HARUITF:
GBSJERMEVRIR (SA )11 5 ( mg/g) =
ODy 4, —ODsyye
(ODW@E —OD ;e

%309.3 x B EAAFH x

SAff/ﬂﬁu”u%%fEJ / FIE

1.6.4 BT T I GBS BLXE P BHIA
B b1 GBS HE IR €45 bk AcpsE . AneuA 5B
ARk WT 28 913 Rh 2 1.0 mL BHI WA 3% 73 3 b it
wEEFE, LL1 s S0V ELB 43 3l % 4 T 100 mL
Bt BHI SR L0 HE Y, 28°C 200 r/min $ik 7 45
FEEREW . 4000 r/min B0, KER 0.01 mol/L
PBS Z thRUEER AR . M4l TS24 5k 15 1 LDso,
435 PBS JH T B EE = 3.0x10° CFU/mL, 52
5 20 FH 1 TR R RO e B A R A I T SRR
B 100 uL, Xf B2 15 25 5 0 PBS 28 il o
WAL TFFIE 5 7 KN SZEGZH FXH IR Je & B A
RPET- %,



982 Hh [ K R A

F 24 8

1.7 HBIELEBESSHHH

AcpsE., AneuA 5HFAE R WT By IR | N
WIR & 1, DAY S vh B R 40 1) BRI ET %,
PR SPSS 17.0 # /45K K 7 243 11 (One-
way ANOVA)#EfT 25 5 & W44, P<0.05 A
TR, P<0.01 A B EEER

2 ERESW

2.1 EREERKER AcpsE F1 AneuA HIHIESEE
2.1.1 pSET4s-AcpsE. pSET4s-AneuA AL
BS5EFE DHRELGBS AR A pSETIs (3 H
AN, 3R AR 2 H EE R 51X 43 okt
CpsE. neuA FI&# X cat JL[H#EfT PCR §73, 3K
% cpsE Al neuA FE[H R I RN 45 500 bp, &
B % cat £ [H 1056 bp., K pSET4s 4 EcoR I Al
BamH 1 XUEFYI 5 91 (4506 bp). HF H A3 K 5 i
Y5 1 #5458 53 Infusion-PCR #3255 A KIGHF
BURZ SN, $EBCE A BOR o 51 4 %
cpsE-up-F/cpsE-down-R #ll neuA-up-F/neuA-down-R
X} E 40 ki pSET4s-cpsE il pSET4s-neuA HEAT
PCR "3, RAGFM 55 IR/ N R 2056 bp., 14 E
ZH JFi ki pSET4s-cpsE Hl pSET4s-neuA 24 JE, 45
KR AEIEIEAY
2.1.2 EEERK#K AcpsE 1 AneuA HITF iR 5L E

RS 4 Tk, pSET4s-AcpsE . pSET4s-
AneuA HLEEALE GBS BFAERIME NG, (1 41k
55 9 TR PR A ) 2R Tl 4, PRI A R R
Uk BB RAE 28 C M 37°C R A BALACRE 5%, itk —
R E AR 10 Uk R R EE R A
PUE R AT PCR B2 ILE 3). K51W
%} LepsE-F/R F1 LneuA-F/R 75 B 24E #% GBS(FH X
HE)/ 5I935 2681 bp Ml 2370 bp 457, M RAL
Pk AcpsE 1 AneuA 4351|473 i 2348 bp F12184 bp
(AT o At — 25 B0 UE HL 7 (8 J 25 52 56 i %) B i
TR E, HHSIYXT ScpsE-F/R Fil SneuA-F/R
A3 AR B 5 B AR MR HEAT PCR 973 . 45 R
GRAR BRI ARG S 5%nls, B A TR R 40 A
1| 484 bp 1 622 bp 545 (Kl 3), MIMi#fiE H ry %L
cpsE 1 neuA Yk IK .

it — 22k A RT-PCR 7£ RNA 7K [ 50iF 3 A

e 2275 Bk AcpsE Fil AneuA, B RNA . J 4 5%
J& 51 #%}F ScpsE-F/R F1 SneuA-F/R 43 %%t GBS
FE B AR AcpsE I AneuA SEFAFE WT
4T PCR P34, 455 /R 2828 bk AcpsE 1 AneuA
BIRY 3G 400, A TR Y3 2 AR 2] 484
bp Fl 622 bp 557 o B2t K e B 1 B K 28 A8 bk
AcpsE il AneuA 4 T A=W TR () B A R
oS EVHEATIN, 45 SRAIESE GBS 3 A i 2k 58748
¥k AcpsE Fil AneuA 1y LT

2.2 EFEERKRIHR AcpsE 1 AneuA HIEMF
i

220 AEFME AR ODgo i H# AcpsE, AneuA
5Ep Ak WT 78 28°C FRYAEK#E, LB GBS
AcpsE FIEFAERE WT 14 K SRR, 76 7 h B3
IR F B K3 (0Dge=0.60), 12 h i3k 554
SE (B AEBR ODg0o=0.936, AcpsE ODggo=1.015);
I AneuA 7£ 8 h A A RIXF HA K, 13 h ikFasE
H(0Dgo=0.923), HLEHGFFEE 12 h B RAS R 5B
MR ODgoo, A BN 3 Tl Tk 1 9 1] G I 35 22 5
(P>0.05, ¥ 4),

222 EHBEENE NIE cpsE Ml neuA (1)t
N IS e 5, 398 A 4 % 4505 1
{14 BT A ke 5 5 DR e 2 58 AR AR R A 7 37 B P B LS
JEZ | GBS AcpsE Hl AneuA 5 B A= bk 3 LA LE 4%
RILHES, TP 22 % . F Image] BRI & 3¢
JRJEERE, 255 SR ACpsE . AneuA 55 7 A= #fk S5 i 5
&3 59 R (27.5142.96) nm . (28.70+1.74) nm F
(70.88+3.37) nm, AcCpSE Fll AneuA 135 I JEL i 4y
WA B AR R 38.81%F11 40.49%, 15 EFAEkE WT
SJE R 8 A7 AE A 3 25 57 (P<0.01),  FL W k2% bk
(B ANA7AE 3 22 5 (P>0.05, K& 5).

223 EBEEHERSEMOEER LEENE LE
JEMFEME YR R 1, A5 BN EFAERE WT IR
WIR &, H(3.972+0.12) mg/g; HVCH AneuA,
(3.35+0.12) mg/g, JE=BFARRS HIY 84.38%, HY5
HAAEREES,; BN AcpsE, (2.14+0.01) mg/g,
SR AR AR 53.90%, H5HAFEW B %257
(P<0.01).AneuA & [EEMEH 2 % 54 AcpsE 1) 1.57
¥, FLPSSARRR B AF e 3 25 57 ((P<0.01, & 6).
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—— 2681
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b1 2 3 4 5 6 7 8 91011 12 M 13 14 15 16 17 18 19 20 21 22 23 24 bp

2370
bd —— 2184

3 K Bde bk AcpsE il AneuA it PCR X 5E
a. 1~11: FEHBLSE 5 48 Bk AcpsE(LepsE-F/R); 12: FF4E#% WT(LcpsE-F/R); M: DNA Marker (DL 5000); 13~23: %& [ 2 2 28 bk
ACpsE(ScpsE-F/R); 24: HF/E#k WT (ScpsE-F/R). b. 1~11: FEHK 58 4E #k AneuA(SneuA-F/R); 12: BF2E#k WT(SneuA-F/R); M:
DNA Marker (DL 2000); 13~23: JEH Hk 2825 4% AneuA(LneuA-F/R); 24: WA #% WT(LneuA-F/R).
Fig. 3 PCR identification of gene deletion strains A CpsSE and A neuA
a. 1-11: gene knock-out mutant strain ACPSE (LcpsE-F/R); 12: wild-type strain (LcpsE-F/R); M: DNA marker (DL 5000); 13-23:
gene knock-out mutant strain ACpSE (ScpsE-F/R); 24: wild-type strain (ScpsE-F/R). b. 1-11: gene knock-out mutant strain AneuA
(SneuA-F/R); 12: wild-type strain (SneuA-F/R); M: DNA marker (DL 2000); 13-23: gene knock-out mutant strain
AneuA(LneuA-F/R); 24: wild-type strain (LneuA-F/R).
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Fig. 4 The growth curves of Streptococcus agalactiae
wild type (WT), mutants ACpsE and AneuA
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Fig. 5 Transmission election micrographs of Streptococcus
agalactiae wild type (WT), mutants ACPSE and AneuA
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Fig. 6 Capsular sialic acid content of Sreptococcus agalac-
tiae wild type (WT), mutants ACpSE and AneuA
* indicates significant difference between the groups (P<0.05);

** indicates extremely significant difference
between the groups (P<0.01).

Fig. 7 The mortality rate of tilapia infected with Streptococ-
cus agalactiae wild type (WT), and mutants ACpSE and AneuA
* indicates significant difference between each other group
(P<0.05); ** indicates extremely significant difference
between each other group (P<0.01).
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Construction and characterization of CpSE- and neuA-deleted mutants
of Streptococcus agalactiae isolated from Nile tilapia

SHI Hongya" 2, DONG Junjian', ZHANG Defeng', SUN Chengfei', TIAN Yuanyuan', ZENG Qingkai', LU Maixin',
YE Xing'

1. Key Laboratory of Tropical & Subtropical Fisheries Resource Application & Cultivation, Ministry of Agriculture;
Pearl River Fisheries Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: To investigate the functions of the capsular polysaccharide synthetic genes CpSE and neuA of Srepto-
coccus agalactiae (GBS) isolated from Nile tilapia (Oreochromis niloticus), two single-gene knockout mutant
strains, namely AcCpsSE and AneuA, were constructed by homologous recombination. Genomic DNA of GBS was
used as a template to amplify the up and down homologous fragments of CpSE and neuA, whereas the pSET1
plasmid was used as a template to amplify the chromosomal chloramphenicol resistance gene (cat). Two recombi-
nant gene knockout plasmids, pSET4s-cpsE and pSET4s-neuA, both containing cat, were constructed by the
In-Fusion® polymerase chain reaction (PCR) method. The recombinant plasmids pSET4s-cpsE and pSET4s-neuA
were transformed into wild-type GBS by electroporation. Double-crossover and plasmid loss strains were obtained
by changing the culture temperature. Finally, ACpsE and AneuA were screened for chloramphenicol resistance and
the mutations were confirmed by PCR, real-time PCR, and DNA sequencing. To characterize ACPSE and AneuA,
their growth rate, capsule thickness, capsular sialic acid content, and virulence were compared with those of
wild-type GBS. The results showed that the growth rates of the wild-type, ACpSE, and AneuA strains did not sig-
nificantly differ. However, the capsule thickness, capsular sialic acid content, and virulence of ACpsE and AneuA
were significantly lower than those of the wild-type strain. Further research suggested that cpsE is the critical
synthetic gene of the capsular polysaccharide of GBS, whereas neuA is important for capsular polysaccharide sia-
lylation. The deletion of cpsE and neuA not only significantly reduced the capsular sialic acid content of GBS iso-
lated from fish, but also significantly impaired its virulence.

Key words: Oreochromis niloticus; Sreptococcus agalactiae (GBS); capsular polysaccharide synthetic gene; kno-
ckout mutants; characterization
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