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FELTAENKE LirG EEANERZREREEERESESH

kOB, TAW, FEE,

RSy

BAK, k4T, waw

(L. P KRBT T BE AR TL A BT BT , Al SRR ME R K 7 SR T 5 FR A B A SR 28, AR TN 5103805
2. bR TR R AOK TS A 2B, BWE 201306)

BE: LnGEAZLAHURERGATINXRTEAZL —. I RFFEL2RLIAERT LG &
HHARNEET RN REREYE, ALK R GenBank F T 3%ty AR LA R E LG
HEEFF T HERE Y T RE T2 FE LA EREW LG W, 424 & W, £ ORF
#2361 bp,%# 786 MEEB, EARLAERE LG XEARFRTFH WU HE A
98.48% , LirG & & & A 3 MEF W LRR M, F TR K LM R KL, ¥ LG X EH R &
W B ON R AL &k # 1k pET-32a( + ), # 2 & 4 i & pET-32a( + )/LrrG ,E. coli BL21 ( DE3)
22 Ci 3%k 6h, SDS-PAGE & 7=, XA KAWL FEN 108.9 ku, 3 HizEHN & & M
ARk 2 MR A, 4 His Bind F fodt difb KB IE & R % 5 ,LnG 7 5 & 8 K
3.40mg/mL, # AR EH A E LR KW, LoG THEE A FF oyl xt £ERP FHR
69.28% , B %% Ja 4 JE By ot E LA E E b 1:800, Z R A ENFIWT LAk HE LG & A fF
HEBEEaREA TR ENBERANMELE T L4,

X PEa; LAERE; LG & a; Ekx,;, Fadt; xRN

hESFES: Q785; S 941

% 4k £ ( Oreochromis spp. ) B &L A K
S VDAL ST ) W 1 SN o
FRIE G Z — o WA, Bl 2 A A 5E BR W 1
FRRE VTN ZETERMfEH, AL EE
b 2 BRAE AR A3 A L 43 S AN T Tl ) R g 4 S
55 B IR & R 327 IR R 5 K 1) B R A
i E o R b o 3L 8k Bk ( Streptococcus
agalactiae) ", JoFLHEER T N 22 R HE T, 2
BB 80P B | B 55 0 4 AR HE S |, 3 Ak S i 0
Ak I RN A B 4, CAMP ( Christie , Atkins and
Munch-Petersen) & [P, H K £ 4 B M . #%
Lancefield Ifil {if 2% 73 28, JTCFL 86 2R & 0 o B HE 5%
K (Group B streptococcus) , [RiZ BN A JCH &%
ERES 1 Fh, 0L JC 2L 8% BK Wt B BB 4% BR A
(GBS) .

I 25 1 B 2 A B R R R R R E R
JE#aHZ — o HERRE R A H B A B

%5 B #5:2014-01-17 &[] B #§:2014-03-08

XHEIR RS A

J P, IR Bt AR 0 8 35 R 1 P R B 9 A
B HFR . H Al & BT 58 i sh ¥ S5 5 i) GBS 3k
I8 (47 CSa kA \Co #1 7 \Rib £,
Sip & 1" LK BPS [ %, LG &
GBS BARSF IR HE L Z —  fE1E T i A 1) GBS
[k s Z % [ & A LRR ( leucine-rich
repeat) 2 #4 , Seepersaud %5 "' ¥ Hfy 44 4 LG,
LRR 254, Rl e A IR #1527 1, il i i 20 ~ 29
AFESEER RS T A T AR %
AR A T, S R R BT ORI
HP L BN MR E S, S e a
% o, -4 % [ (leucine-rich «,-glycoprotein) '’
S FH, A GBS LirG & 14 R /N RSP A A
L5 GBS (i Jgk e 42 40k T RUGF 9 S R e
HiZE B 2 K 7 B ae fe 78 17 W 40 il % GBS 1)
HWEDRE S (E A UL EE R # LirG 2 (X A
AT GBS JE gL i A1 28 i 1y 25 5 5 T Y BF

BT AL B K R L TR 4 %% B (CARS-49) 57 M i B 5 1121 351 H (201334100078 ;201300000064 )
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38 &

¢ H A i AR WA E

ARSI v T B Ak iR T FLEE PR B LrG 3t
R EZEIIRE X P41, o3 b 1 AR R 0 2 1R Y
G, FF % LeeG 25 [ 09 45 8 F B J5 & AL i AT 1 B
D, ] B i P IR T T by 1 o 4 3R 0K kL
pET-32a( + )/LrrG, ¥ 52 T LG EHE H
XP % AR R BT GBS JE L 1Y A s O 0 ORI 5T
SRy % 0 7L B BR T S R TR v ] A g
T T AL

U Rk

1.1 IKBEHRRZIRF

%A 5 T FLE BRI SR B AR LZIF, 738 T4
i o | & dE i ( GIFT Oreochromis niloticus) , |
PR I W& NN SRR e & e g = I
U I RAT

TR P 41 DNA $2 0 ) & ) § OMEGA
N d) ; pMD19-T Vector, [R #il ¥4 N V) i M E. coli
DHS o # #£1W Fl TaKaRa 23 m] 5 JB 8] i | J5RE 42
57 & F E. coli BL21 ( DE3) & #k W B Tiangen
/N3 pET-32a( + ) Vector A1 His Bind 3% Fil 4§ 1k,
R H & W B Merck 2 W] ; T, DNA & £ 3 4 B
Promega /\ 7] ; 25 H B g4l PVDF Kty § PALL
A s BT His B 5 BEHTAR I B Abmart 24 1] ; B
5 4804k 90 1 (HRP) B 90 19 - 1 BB iR 1 B X
DU 48 A4 ) TR PR | HRP ARic i S be 2
e 8 TgM HAA G B R o Bh b A P HR A R ) 5
ECL fk*7 & 6 W A Millipore 23 ] ; TMB . {4
W W B Biopanda /3w ; Easysee [l Western marker
W A b st A AR W R A R 2 w5 H A 35 X
oS
1.2 LG EERAHE

4% GenBank 1 & 4z 1 (19 A Y5 JC FL 5 BR 1A
LrrG B X7 5] (% 55 : AY909605. 1) , & it —Xf
e oM o5l v, b o5l W (PL): S'-
CGGAATTCATGTCTTTAAAACAAGTAAAG-3'
(FRIZH EcoR 1 BEYINLA) s FilE514 (P2) :5'-
CGCTCGAGTTATTTTCTTGCTCGTTTTCC-3" (
WZh Xho 1 DI AL ¥ _EREAE T A9 TR
AR A A .

BB AR IR TR K LZ1F 18 bk 2 %0 4L
AR, W SR TR MR FR RO B BE R R R IR 4
DNAJf LA B4R , 4T PCR ¥ 34, 1k R

SRR R 50 wL: ERWESI9 P1P2 & 1 pL (10
mmol/L) ,10 x Buffer( & Mg’*)5 pL,4 x ANTP
1 wL,Tag DNA E4&# 0.5 wL,#H DNA 2 uL,
K WZEIKAE o PCR I & 4 :94 C Bl AL Pk 5
min;94 C 305,55 C 455,72 C 2 min 15 s,3£ 35
ANPEFR ;72 CTHEAH 10 min, PCR ¥4 1% 3
W BE I v VK A W I |l e, # A B kL pMIDI19-T/
LrrG % A E. coli DH5«, 2% . %5 [¥ B i PCR #0I
EcoR | Xho | XU V) i %6 %6 5€ J5 3% b1 9898 1F
Py HARA PR /) o
1.3 LG EEREEBFF 53

#] ] NCBI ) ORF Finder I BLAST 43 #f7
LrrG R IT 00 BEAE , I 547 77 41 4 AR AL PE 23
#r. iz /il DNAstar-EditSeq # {2 #11% LrrG % JE 1
JEA, 43 B HoAE X 43+ 1 S5 HL R, 1L ExPASy-
ProtParam /43 #f H % 3 @ ¥ %; ] A1 NCBI
Conserved Domains 43 #7 H & 3 45 4 8¢; N A
PSIPRED V3. 3 i Il % & 1 0 — 45 445 i A
ExPASy-ProtScale i 17 3 i /K £ # Jil ; TMHMM
Server v2.0 Tl % i [X ; DN Astar-Protean i jilj
B T I 2R 07 1Y 2 TR IX 3
1.4 LG RIZEFHHWHESEAZEANES
xRix

4 pMDI19-T/ LrrG Fa i J5uA Fl J5 A% 323K JiT AL
pET-32a( + ) | EcoR | . Xho 1 WY, FH T,
DNA 3 fifi 3% #2 MU ry LrrG R Bt 5 V) 5 1Y
pET-32a ( + ), #4 # 3% ik i ki pET-32a ( + )/
LrrG 5% A E. coli BL21(DE3) , 2 % PCR fifi ik
Fl EcoR 1 Xho | XUH VI %52 , Bk BH A se B 47
¥ o

000 T A A TR T R B SR, Ak
0.1 mmol/L ) IPTG,22 C#S 6 h J5, 5.0 UK
B TR AT 88 P I B %, SDS-PAGE £l F % W
FPIVE . WEFER R IX A TE bR, LA 1100 1 bE ] 3%
Fi% 500 mL LB(Amp ™) #3 3L HOK IR B 5 &
MEUE K (ODgy, =0.6) Ja AL My 0.1
mmol/L IPTG,22 CHEFEAH A RIK., BOIL
£ F K )G, | 20 mL Binding buffer (20 mmol/L
Tris-HC1,500 mmol/L NaCl,5 mmol/L imidazole,
pH =7.9) B iF, UK A B 60 min, i 75 I 7]
5 s, A% 10 s, 3 300 W, BLOPRAFE F I AT
HHLUUE & 2 mol/L IRy PBS IEMIE T 2 K,
FHE 8 mol/L Ik (1) PBS ¥ U 15 i 5 A £ W 14 , 5
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A5 50 R FL R 4 mol/L Jig PBS .2 mol/L fI§
PBS #il Binding buffer % 4 i #fr & 1, £ 7% 16 h,
1.5 LrrG 54 % B8 /X F0 41 . Western blot
STHMEEEEENE

W b AP U 1 AT U AR 1 RIBL R 4 43 3l 3 His
Bind JREFIFEAifk . % B4R AR UL IR U A S £
{FH charge buffer (50 mmol/L NiSO, ) f1 3 fF{&
F Binding buffer, fEAIA 5 5 AR FUAT % 5 1 52
AR E 20 min j5, ] 10 % {4 FH Binding buffer
Ve, FRLA 20 .40 .60 .80 . 100 #1200 mmol/L B ik
o BEVR B, W 56 55 AL VR W . SDS-PAGE A5 il af
Vs 1 A TR R R O ) e E A A A ROR, - 20 TC
I3 B ARAT AR T Y ATV B R AL R A

#4 & 1 4 SDS-PAGE ik J5 , F I &%
% 2z PVDF %, 5% NG W58 35 P I 20 47 B0 44 093
H,— Pl Abmart i Bl HT His-Tag B g B $iL 14
(1:5000% &) ,4 CHREE KL KB HE, H
TBST £k 3 %, 4K 10 min, /i1 A HRP #5ic
MIEPTBR ZHT (1: 10 000 F BE) , iR H 1 h
J5 H TBST £k . R ECL b2z kOotik BT
KRG

KA IE R LG /i E A TR e m %
e R S0 . 1 BCA I 5 8 8 45 vk 4
aifb e AT A
1.6 LrrG AIAZERMERE . NEXREMEFR
s 378 B B e

e R[] S5 HEAS Y 4 B 5w 2 A [ MR P
Bh(6.0£1.2) g] ,SCHRTE SR 1 )T, 0 925
MpENL o 2 A& 0. H PBS M B 4ifb )G i
LrrG A] ¥ 841 85 1 28 T o i 38, AT IO A
£, SEIR A LG A AR A S R B 2 we/g (3R
o/ f AR T A ) 6 B T 5 SR R B PBS . SEER
XS A T4 36 et , AR ER . %4
J5, L GBS 2B E ALk A LD, (2.1 x10° cfu/mL) ,
Xof B A S 8 HE AT IR I SR B R TE T 100 L,
AL R A H AT O, 2 A5, 5 R AR
{537 % (relative percent survival ,RPS) , A=l
RPS = (1 - SZER AU T2/ X A LT %) x 100%

RPESG A 2 4 BRI PkIE 3 R
iR I, WS LK o H% [A] 4 ELISA ¥ & 1M 7 41
ARG 2 - A 0 9% ol W R LieG AT 2R 1 2 10 ng/
L, &L 100 WL fin & 96 fLEF AR AR, 4 Cid s
PBST k&5 I A & ,37 CEHi 2 h; PBST ¥

W JE AR SE B 2 JE Ml 3, #5451 fL 1: 100 L
B FE,37 CHEE 1 h;PBST Y5 A HRP f5
IEM Pt B AR A IgM Hifk (1:1 000 7 k) ,37 C
BE 1 h; PBST V%5 TMB & 48 2 4 30
min, fill A 2 mol/L H,SO, % il [ i . OD {H %
Bt bR AL 450 nm I E , 7 y (5 R/ A 25 2R
(y=2.1 BRIy FHHE) o

vy = E#:A OD ff - 25 FH X IR OD fi)/
(BI¥E ML OD {8 - 45 X If OD {B)

2 4

2.1 LG EEMRESERE

PAJG 7L % B p 5 [ 4 DNA S 4%, PCR
W4 LrrG Fr Bt , PCR =) 28 1% 35t g B 56 e Ha ik
JG,7E 2 400 bp £ H 1 5% 5 1) DNA %47, 5
W BOR/N 2 361 bp — ., MIWGZ A B, B
3] pMDI19-T F¢ [ 484K b, 4R 15 T 21 ww B Joi ki
pMDI19-T/LrrG, pMDI19-T/LrrG %4 EcoR | .Xho
I ARG 1% Byt i W 06 Je i Uk S8 s A3 2 4% 43 0l
92 700 12 400 bp A 47 #4547, 43 5 pMD19-
T # 4k (2 692 bp) .PCR 4" #4 [y LrrG Bt K /N —
(),

bp

4500 ——
3000 —
2000 —

1 FIE& T3 gk 3 oe b8 B
pMD19-T/LrrG I MBS £ E

M. DNA Marker Il ; 1. 5 41 3¢ B 53 ki pMD19-T/LrrG; 2.
pMD19-T/LrrG % EcoR 1 #ifif§4]]; 3. pMD19-T/LrrG % Xho
[ 5t ; 4. pMDI19-T/LrrG % EcoR | Xho 1 XY

Fig.1 Identification of recombinant plasmid of

pMDI19-T/LrrG by restriction enzyme digestion
M. DNA Marker Il[; 1. recombinant plasmid of pMDI19-T/
LrrG; 2. pMDI19-T/LrrG digested by EcoR [ ; 3. pMDI19-T/
LrrG digested by Xho 1 ; 4. pMD19-T/LrrG digested by EcoR
I and Xho |

2.2 LrrG BEEARIEBRFE I SMH
4] Fi ki pMD19-T/LrrG ()10 F 45 5 0,
B Y A REERE LG 3LHEA 1 A~ 2 361
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EE ¢

38 &

AT 21 A 1) 56 B8 iR 52 HE (ORF) , B & &
GenBank , %552 KC920814, 5 B R 8 19 A
TR TG 7L &% Bk 1§ LrrG 2 A ( GenBank % 5% 5.

1 FEELAEKE LG EEAFIIESSERAS
Tab.1 Composition of amino acid deduced by

LrrG gene of tilapia S. agalactiae

AYO09605. 1)t TF 1 J¥ 51 9 M I HE i 35 eyt amimoaid mumbr o
98.48% , 51k Mk 4k BR H ( Streptococcus pyogenes) Ala(A) 55 70
4 3L [H 51 ( GenBank % 32 : AE004092. 1) A {8l He() i 60
Pk 87%, 5 15 FL B EK ( Streptococcus Leu(L) 85 10.8
dysgalactiae) ] 4 % A J¥ 5] ( GenBank & 3% 5. ﬁ;ﬁffjiiﬁ 5.0 Met(M) 11 1.4
APOLT114. 1) A {BL1E th ik 87% . amino acid Phe(F) 33 42

DNAstar-EditSeq i jil] 25 1 , 25 4k fa JC 3L 5% Bk Pro(P) 27 3.4
F LrrG HEH g ORF 4Ty 1 4 i1 786 > G Sk 2 7% TRV 2 03
LSRR A 43 LW 88. 514 1 ku, BG4 e S
R 9. 26, 48 T3 H Cus Hevs Ny O S1ao ooy .
ExliASy—ProtParam S LG ﬁ%ﬁ?ﬁﬂ&ﬁﬁ*ﬁ P Gly(6) e 6.0
BoR(R D), EARP & EKENAILRN Leu hydrophilic 32.7 Ser(S) 45 5.7
(10.8% ) Lys(10.2% ) , & & /DR ZF IR N Cys amino acid Thr(T) 42 5.3
(0.1% ) F1 Trp(0.3% ) , &4 Pyl F Sec, Tyr(Y) 25 3.2

j#i 1 Conserved domain 4347 &3, F Ak JCHL Cys(C) 1 0.1
PR LorG B A A9 %5 2 ~ 93,180 ~ 308,257 ~ 376 TR 1 B L TR 3.9 Asp(D) 44 5.6
AR TR IE 2 I H A (R AT (0 LRR 25 gk (g e amine e omE) 2 ee
2). PSIPRED Hilll 4% 5 4 ], % 3 f 5 31 5% Bk 140 Wi gg(‘:; R
LrrG (1) R 45 F 2 B b JCHLN A5 it o7 68.83% , B- basic amino acid Lys(K) %0 102
P& a-1RHE 53] 5 21.37% F19.8%

HRF51 1 125 250 375 500 625 750 766
oy, SRR EELRR 55
multi-domains EETRRSSHER

B2 FIHEELIAMEKE LrrG HFHRHRNUER

Fig.2 Prediction result of conserved domain in LrrG of tilapia S. agalactiae

R/GKIE TR, LG ZkEEA 3 D
TG K X, AL T2 AR 4K 264 ~ 272
fir,613 ~621 {37,761 ~777 fii , 8 A2 1 Joa i /K P
RAE R 3122, Fe/ME R - 2. 667, 5E 7K X dil i
RFH KX, fEL BN T A TMHMM Server
V2. 0 HEAT 5 R DX T , 25 R Wb 75 i IR A T 5
KL T 55 759 ~ 778 L iR Z 1A, MR Kyte
SR TFIBG RO R, M KR TF
O, P ARHOR T 0, 3R 0m A KPR T 1w, 2 ik
v 19 7] B8 P 3 <, DNAstar-Protean #£ Il LirG &
HA OB R Z At R0 (K 3) .

2.3 LG ERREFRHNHHBESETE

W robER) LG Fr BrE 20 A pET-32a( + ) Jit
BB HAK, A% KB Bk pET-32a( + ) /LG
28 EcoR | Xho | XUV 5 , BN A &E e v Uk 46z )

WIRTE 5 900 bp 7245 — W i 44, K/ 5§ Y)
J5 ) pET-32a( + ) it i —3(; 78 2 400 bp /- 45 4k
A 1R E DNA &40, fF & LrG [ Beili R/
(& 4), BB El PCR 4 & E 1 1Y 5 40 it
6 BRI, 25 R 5 v e T2 ORI e — 3, B
i 2] 338 TR £ IE A o
2.4 LrrG EHAZEEMBFSFRIEMLAgWK

¥ Tl F kTR L A E. coli BL21(DE3) ,
22 CFifseRE 6 h IEFHEA 110 ku £ 1
KBRS RN ST LG B 4 T
88.5 ku 5 pET-32a( + ) # ARl & FR%E 20. 4 ku
ZH, &KW E 4 E B K W AT B ( Escherichia
coli) F ik B AR R Uy 3B, VKR HE R IS
SDS-PAGE Fi il & 3K, 76 I 35 W A U0 i vh 349 45 &
HHEMWE D, H BB 050 ot e o n) B
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FRR

T T T T T T T T T T

4.5 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

T T T T —— O
scale

8 355K P (Kyte-Doolittleik)

hydrophilicity plot-kyte-doolittle

a PR 4R (Jameson-Wolf¥£)

antigenic Index-jameson-wolf

o L i v] S PE(Eminii)

surface probability plot-emini

3 FIHELAFERE LrG SEH 5 5 A FK I R E AT R 1% 05 R & 5
Fig.3 Prediction of hydrophilicity,surface probability and antigenicity of LrrG

B4 EHRIEKRH pET-32a( +)/LrrG Hy
WEGYIEE PCR £

M. Marker DL15000; 1. 5 4 % ik Jit # pET-32a( + ) /LrrG; 2.
pET-32a( +)/LrrG %4 EcoR 1 Fl Xho 1 X Y); 3. pET-32a
( +)/LrrG % EcoR | ¥ V) ; 4. pET-32a( + )/LrrG %4 Xho
I BfEY); 5. Bl PCR 74

Fig.4 Digestion and PCR identification of

recombinant plasmid pET-32a( + )/LrrG

M. Marker DL15000; 1. recombinant plasmid of pET-32a( + )/
LrrG; 2. pET-32a( + )/LrrG digested by EcoR | and Xho | ;
3. pET-32a( + )/LrrG digested by EcoR 1 ; 4. pET-32a( + )/
LrrG digested by Xho I ; 5. PCR product

w M 2 3 4 5 6
130 .
100 — .
70 — & v
- Bv
55 — W -
40 — = i
(a)

R, U] LorG 20 25 1 DA A] I 2R 1 R AL IR AR 2
PR e, 22 CHESEFM MU EAN
Fo ATHEEAMC AN E %MK L His
Bind JEFIAE 2L, 475 100 mmol/L BK My &£ T
DRZIRY L RN SR IR A RN R N E Wi O P i
B 5ESFEARN (K S-2),
2.5 LrrG E4HZE BHH) Western blot ST IEH
SE2MNE

MAFEFEHAE2RED HHAREFE Y.
A E Wk ke EE iR
£ ¥R 1A 17 Western blot 73 #7, ECL k%% & ot i
BRI, BRARESERZ BRI EMEB
2kl Bk G AT AR R AL TR R 2Rl B — (3 I
(1#'5-b),

Al Al I i LA R 1 228 I8 MR 4 5, BCA
g A% & 3,40 mg/mL, H] T J5 5 1Y 5 g2 1

LR
M,
ku > 1 2 3 4 5 6
120 — w—— p— p— -
90 — —
60 — —

(b)

5 LrirG EHERIESRIEZYH SDS-PAGE (a) #1 Western blot(b) 447
M, . & marker; M,. western marker; 1. RiFESFEHAWRWEN ; 2. A EFE W 3. RALTEER; 4. RaifbmEEE G
WA 5. 4k )5 M PTEE H s 6. 4lifb )5 1Y i
Fig.5 SDS-PAGE analysis(a)and Western blot(b) of expressed recombinant LrrG protein
M, . protein marker; M,. western marker; 1. total protein of uninduced recombinant bacterium; 2. total protein of induced recombinant

bacterium ; 3. unpurified soluble protein; 4. unpurified inclusion body after renaturation; 5. purified soluble protein; 6. purified inclusion body

http : / www. scxuebao. cn
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2.6 LrrG AIREAXMTEENEERIPIR
A2 pg/g(EHE/MEFE) B LirG 1] %
EARER S P AEM,4 55, ] 2.1 x10° CFU/

mL [ % 3F £ 5 0 7L AE BR IO\ T IR e % 4 A
HEUL, B W AR AL T R BAR, AT e e P 3 %
15 69.28% (£ 2).

£2 LG UAZEANFFERTASKBRLENEBERIPER

Tab.2 Immunoprotection of LrrG soluble protein against S. agalactiae infection in tilapia
451 B# fh R AL i R A 53/ % A X S R AP 3 %
group no. challenged no. survival survival rate RPS
#E 14 protein group 68 59 86.76 69.28
PBS 41 PBS group 65 37 56.92

2.7 FIaMmFEHREKTFR ELISA 547

F ELISA 350 50 52 T S Jo 26 2 J R 4
JAM B AR M o &5 AR, B A R R A s 3t
AT B A S X B4, LrG Al 3 K (AL e )G

2 JEAN 4 JE I I 4 B0 B 1: 400 (1: 800 BT Ky
FHPESE 5, BoR TR PTROK . 3 B hs)s
2 APk ik OD {8 0.351 5, %% 5 4 &
4 0.463 5(33),

%3 ELISA @M% EFEamEnsdiEE
Tab.3 ELISA analysis for antibody titer of the immunized tilapia

OD {f OD value

Bepe)a 2 A

fpeE 4 A

dilution 2 weeks post-immuned 4 weeks post-immuned A E 135 25 [ %F B
HEE4 PBS 41 A4 PBS 41 negative serum control
protein group PBS group protein group PBS group
1: 100 0.3515 0.263 5 0.463 5 0.309 5 0.1855 0.122 0
1:200 0.216 0 0.172 0 0.267 0 0.177 0 0.1510 0.121 0
1:400 0.1820 0.137 5 0.1850 0.126 0 0.1370 0.107 5
1:800 0.137 0 0.1220 0.147 5 0.118 0 0.1310 0.1185
1:1 600 0.1155 0.104 0 0.1190 0.1135 0.124 0 0.1150
1:3 200 0.1145 0.096 5 0.127 0 0.1120 0.1145 0.1225

T R AP ML HUIR OD fE 2 2 47 21 1 F 3

Notes:the OD values of serum antibody in the table are averages of the parallel groups

3 ik

LRI By 36 2 A B8 BR 0 10 7 5 £ B IS BT
R BALF AT . R SEB T R B, iR
FGYN I G A 5 5 & A T 2 Ak
SR IR YR, A S SRR B B
B o £ 2 B A S A S e PR SRS BE 0, R
SEBR ORGSR R ST R . HETR 28
155 3% GB'S P 1 2 ) Fil 3% 1B 22 W ol i WL A 51 32 e
PSR P A R (B G LB BR 0L R AR
21" 5% F2 WA XS 6] 0L 3 B GBS T B T
AT By e 1 3 A G B S I 22 1 R S
PiE Sk B — T 2 B PR AR O DR, BF R A T A
N[350 GBS 1 i ¥ 28 11470 J5U 8 1 3% W R
BT 0 2 A 2 2 i S (R L3 Y GBS
(¥ 5 D5 L 43 BT RN 9 L R BT — R A 1 A 1 M 3k
PR LG & (R H b 2 —, T

W5 R, LerG 25 2 A\ U5 J0 3L HE 2Kk i 5 22 R 1
FOEAZ—, HANRENERRD TR %
NPT R | R v I
LrrG B K ¥ 51, BLAST 43 #r & 3, H 5 NI T HL
HERRH LrrG £ A ( AY909605. 1) [6] J5 % & ik
98.48% . LG & A 3 £ 5F LRR 45 f 1k
HE T Z AR e 5] 10 24 Bk s, o0 A T 0 3L B Bk 3R
Ifi . Bierne Z'*°) Cabanes 25”7 1l J% Sabet 2
¥k B, BROA% A M K AR 2 T kR I ( Listeria
monocytogenes) i NIL 2 & B H LRR 5 E &
B GG, HRE U8 R 9 2 104 1 1R % 40 7 E
Brinster 25" Tf 5% 3 B , 3¢ 1% Bk 1 ( Enterococcus
faecalis) £ fl W 16 R B £ W H H EIA
(‘enterococcal leucine-rich protein A) 43 4 LRR
SRR, B AL R R N A% Gl 7R DDA
O, T HL 34 R B T BR O A RAPE SO o A,
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fifi % %% BK B8 ( Streptococus pneumonia ) 3% M E H
PcpA ( pneumococcal choline binding protein A) &
S AT 22 ~26 MR K JE ) LRR 2544, 5 40
JEL G B VE T O, BB W 25 DR 4 /) B4 £ il 2%
Wi AR o Seepersaud S5 i 2k [ 41 i 4 A
PR AL EEER B LG 8 (% —NMESE, 5 41
BESS G 00 GBS K& 1, HAE L — Bl &2 4O 5
REN T bR, fE GBS B b R EE R
B DR B 4 T, o L, LerG 28 (4 S %8 /0 BUS  RE
LR A K Y 1gG HL iR, i % 52 GBS J&%
oo M LHED LerG 35 B 5 J0 7L 5 Bk R b 4
JL 5 B 2 VA 56 #8781 LG 8K A O Vi 7 1ok 3k
HEBEH A RETE

ABIF 5 o A 5 JC FLAE BRI LG (1Y
BIEWR T 5 7 M, B LrrG H: P ORF % fih 1
A HT 786 A B R R AH L IR BE , Ho b Leu i
Wi, TR Z IR IR Sy ) 10.8% X 5 LirG
Rk B DR SF 2540 B AR OG0 LirG B TR Y 2 ik TR
FE B AE F R, LeG B H S A B IEIX, X5
CARIE R LerG 25 1 € 7 T GBS 11 2% [ AH X B .
B b, LirG 25 F 2R K X b 2% 8 E IKEE Y X e
RF B K, HASLE /] Rk g & H L %
EHENFRKER . PURRMB RN, LG 5
St Z LR RE M IE M Z PR AL, SRS
NBELFLFERR I LerG HEHAH— 2

N TR E S R ES A
1o R IR AR G B . B Z WF 58 R ] pET-
32a( + ) FERBEAR, B ARG 5 " i 50 4 TR R R
T L o SR R e A T A]
PR B A A E Y AR IR 37 T
F,LL0.5 mmol/L i IPTG R ik LG &
E B LR ARTE A 7 5 240 AR 3] 22 T,
IPTG ¥ 4K %) 0. 1 mmol/L, %S 6 h J5,LirG
HEHEBELA AT E A A A 2 FOE U, BT
VR A R VR AR S VR EE A 3. 40 mg/mL, X
Wi W R AR 75 3 dl 2 075 S Wk 88 ] LA ] 9 2
FR k. LG m] i & B M R R ali b )5, 28
Western blot 43 #1, 24 i {4 Z% i 51— , A 55 BBt His
14 BRL e R BT A A B G A A SO, B LG 2
F R, Al T e S R S e S8

LrrG 25 [ 9 G2 IRV w0 20 B 58 3R WY, o feE
{2 I U IR TRV == 12 DO M B P Tl ST
69.28% , W] LirG i [ % & 4F 1 B A S R 4

HOR . ELISA 546 I 4 5 s % A #1395 T 1A K
L e 4 R L BT T R T RS 2 .
o ER AR AR W 1A S B AR5, A B T 0 B A 7
HESRE IV BT LA AR Y L TR, R AR
PR S LirG A A R B AR, Kt — 2
Rz E D AR A B R HOR KT —
A W T A
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Prokaryotic expression and immunogenicity analysis of LrrG protein of
Streptococcus agalactiae isolated from tilapia

CHEN Xue'?, KE Xiaoli', LU Maixin'“, LIU Zhigang', GAO Fengying',
ZHU Huaping', CAO Jianmeng'

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

Abstract. Tilapia is one of the important species in aquaculture in the world. In recent years, tilapia
aquaculture has been badly damaged by streptococcusis. Streptococcus agalactiae is one of the major
causative agents, which has caused severe economic losses in many species of freshwater, marine and
estuarine fish worldwide. Vaccine is one of the main development future strategies to prevent fish
streptococcusis. Some surface proteins of S. agalactiae have been documented and proved to be the ideal
antigen candidates of protein vaccines, which included LirG protein. The LirG protein is one of the conserved
surface proteins of S. agalactiae, which exists in all kinds of serotype of S. agalactiae strains. The LirG
protein of S. agalactiae isolated from human has been verified to protect mice from S. agalactiae infection.
However, it has not been reported whether the LrrG protein from fish S. agalactiae isolates possessed the
similar effect. In order to obtain plenty of LrrG protein and explore its immune protection in tilapia,in this
study we designed the specific primers and cloned the LrrG gene sequence from tilapia virulent S. agalactiae
strain according to the reported LrrG gene in GenBank of human S. agalactiae. The sequencing results
showed that the ORF of the cloned LrrG was 2 361 bp in length and encoded 786 amino acids and contained
3 conserved LRR ( Leucine-rich repeat) domains. The colis accounted for 68.83% in its secondary structure.
NCBI Blast indicated that the homology of LrrG gene sequences of S. agalactiae from tilapia and human was
98.48% . The LirG protein could form antigenic epitope based on the analysis of three indexes, i.e.
hydrophilicity , surface probability and antigenic index. This suggests that the LrrG protein may have potential
immunogenicity. The LrrG fragment was subcloned into pET-32a( + ) vector and expressed in E. coli BL21
(DE3) by IPTG induction at 22 C. SDS-PAGE showed the molecular weight of expressed protein was
108.9 ku,which is equal to the expected protein size. The recombinant protein existed as soluble protein and
inclusion bodies. The soluble protein was highly purified by Ni-chelating affinity chromatography and the
concentration could reach 3. 40 mg/mL by ultrafiltration. Preliminary experiment showed that the relative
percent survival of tilapia immunized with LrrG protein against tilapia streptococcicosis was 69.28 % . ELISA
analysis indicated the serum antibody titer of post-immuned tilapia for 4 weeks was 1: 800. These findings
provide the useful information for further investigation to evaluate the potential value of the LirG protein as
tilapia genetic engineering vaccine.

Key words: tilapia; Streptococcus agalactiae; LrrG protein; prokaryotic expression; protein purification;
immunogenicity

Corresponding author: LU Maixin. E-mail ;: mx-lu@ 163. com

http : / www. scxuebao. cn





