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R PRALRRIE B Gy M Oy i 4 A I, 2 — A AR
GRE IR, RIAE Ry 3 R T RS P WOAR (L SR, 2012).

X A B B W B IR, TR E IR 32 B T
PUERMMH, BRI BR8] —E acR, 1
FEABEMARA 4 il s 19 &, OF &g R 254k |
2k R BB e AR N (R AR, 2013; XRG4S,
2012), Pk, A7 HRE AR EEER D, AT
HiLAF 5 IR 2R e ok DT 28 1 o STV BT 38 7 PR 22 A
U HEAR B E T AR S s AR B TR R B
bk o A ZT 4 8 A5 2 1 3 R R AT R AR s sk R
ik, RS SRS S I O R AR g R P R AT R 20
5%, BIENA G HE— 20 ) 2 A a5 JC 7L BE B B W
67 5 T B FE A

1

1.1

B Ak I I AL BEER R R ZQ0910 F AR SL G =
AR A (Wang et al, 2012), K FE DHSa .
BL21(DE3)Yj pET-28a(+)¥) A S0 % (A7 o 525 £
Sk EE T R BB 25 A o v R B 3 A B o P Al
R H(100+10) g, SLHHTINIFE 7 d, dkLeiRFR 42 d
FH T 558 S 5 S

1.2

v PR pMD18-T | BRI N VI EcoR 1.Sal 1.
T4 DNA %EH:E§F] Ex TagDNA polymerase 41 [
TaKaRa A F](HA); /NEPL His-Tag HFEREPUIA . B
Mad ALy i (HRP)FRIC -5 B 1gG 2. (iKY DAB
¥4 Invitrogen ;7= i (£ [H) ; IR FE 41 DNA 2 HGA
B NRAERHL A EO)A R A5 (P ) ; HisTrap
HP & GE A Fl = (3£ E), Anti-Tilapia (O. niloticus)
IgM monoclonal antibody I -3 [ Aquatic Diagnostics
Ltd 247, PCR {03 [H Bio-Rad 23 7)™ i o

1.3 DNA hly

¢ B R AR A AE BB (A6 50 A R 2 W) 48 T 2 K 41
DNA & B 50 & U B 5 £ BTG 3L B Bk 18 Ak R 4
DNA, ##E GenBank L EVE %M Hly ZFEMR )T
(EIM70828.1)i% 145 7 514 hlyF/hlyR, 53515 A B
YIfi 5, EcoR15 Sal 1, A T A TR A
R A Ao

hlyF: 5'-CGCGGAATTCATGGAAGACCCTGG-
CAGTCA-3'

hlyR: 5'-ATCCTCGAGTGACTGCCAGGGTCT-
TCCAT-3’

R E6F: 94°CTiAEME 4 min; 94°C 30 s, 57°C
308, 72°C 90 s, 2 30 MEH; 72°CAEfH 10 min, PCR
P2 1% SRR WHEE I H UK ARG 96 5 DD i (BT, 4R o
FEA pMDI18-T ZHfA, T #% PCR %28 Jo 5 BH 4 v 1%
A AW AR () et A B wl i e O AT A A

B
1.4

W 0 45 S TE A A SRR R R 3%, iR Bk
Ji, KM EcoR 1 Sal 1 #4753 RGHI I 2 10145 A 2| 28
AH TR N B B B 4 pET-28a(+)BokEHb , #4784 ok
pET-28a-hly . ¥ 5 241 JFOR % {6 A K T 18 BL21(DE3)
2SN, O AR VR IR HEAT PCR A DU AR
¥ o KP4 R IERR R P TE LA 12100 (9 L 2R
F& Amp (100 pg/ml)iy LB ¥53e3edr, 37°CIR I+
% ODgoonm N 0.4-0.6 , il 57 P9 2E-B-B1A L 2P ZLBH 1 mmol/L
#HATIES, 5 hIEWEERIA, #17 SDS-PAGE 7347,

1.5

B EAFRFHAY KEFET 100 ml & Kana'f)
LB Wigpdkrf, 2 IPTG i5FRkG, BEOBUER K,
SR PR P e Bk R TR AR AT 28, IR A, T
HisTrap™ HP F:7E A ] i 2 DK m 5 J5E 22 ol ik 1 76 T
kTS, $E1T SDS-PAGE HLK 4317 . 4% ## Bradford
A E I R U S A T R E
1.6 Western blot

5T R F M E A R 1T SDS-PAGE HLIK)E,
P 55 ENE PVDF B L, DL S% RS 4 W P ad 7
S ISEIE A —H (BT His BvnEdiik, 1:2000 F
B, “PU(HRP #RiCFEPIR 1gG, 1:500 k).
DAB i #E 17 i (i e

1.7

FH 0.01 mol/L 1Y) PBS JH#& RSN IR 1K) 1ML K B
R A 500 pg/ml, B 4.5 ml & -5 RFR 31 G
SEAEFVR 3B A 58 AL FITEE 2 P 7R A o B
TR TdNEEP AL WAL, R4l 180 Basndl
(B 3ANEE, B EE 60 B Mm)FH7IE 15 Hly
PUE, ARIES 0.1 ml, RFFEZH 1 5 A R R A G
i PBS.,

1.8

TG 14-49 KAF 7 d A SZE 4 BFEHLEL 5 B
SCYR AR AL, Ar BTG, R FH [ 2 T ERC G e I 2
(ELISAYK M PLARZLA o G e J5 2 28 KM iR B4l
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5 fa rp A2 BEALI R 30 B (LG TAT4L), AR I s v
41 0.1 ml 1x10° CFU/ml () JCFLAEER B 16 T B, ik
X BRZH 2(fat BR i A T B B e PBS) AN 1 i JC FLAEBR
PTG AT, WLEE 14 d, (SR SL i i) &R S5 AT
B, THE Hly B xS & PR A0 o R iR
(Relative percentage survival, RPS)F1 ZIT1E16% ., #
PER AR S I Amend(1981), 1A

RPS =(1- B 2 FET- 3R %/ % HREH AL T-%%) x 100

EHE TS R=(R A 1 R R 56 ) 8 2 80> 100
1.9

SR SR ] SPSS 13.0 Gt #4175 2243
Hr(ANOVA), ¥l 2 & L 53 175 (LSD 7)) K 55
N SR Y 22 5 W . P<0.05 22 R,
P<0.01 M 2E 5t 3

2

2.1 hly

DIBHE R ICFLAEESKTE ZQ0910 PRI ZH DNA
MM, 3G hly FEDH, PCR RS 4501 S5 UG 1335 bp
KA (L 1), FE
ZH JFiki pET-28a-hly £ XU
VG4, 2978 5.3 kb
1.3 kb b AHFE MR, 5
IS TR (A 2). 20
fitg D) % 52 0 PH P 41
TZS DNA 3 45 5 2 A 5 1,

SR, hly R4S
Elﬁ%W%mW0m44§g%ﬁi%:
e "éyl fiﬁ‘iy rone FIMTOS28.1). 4 GenBank

. from S. agalactiae A A B R T R T 51
HEAT EEXT S R, AT
TEREAR R hly D K H g

1 M R
2000

1000
750

500

M: DL2000 43 T bt
1: hly PCR =¥

M: DL2000 marker; 1: (1 Hly G E] Q,H\:ﬂﬂﬂl%%
PCR product of hly BREA hly FEH K& H )75 A
TEPEIRE] 99% (K 3. [ 4).

2.2 Hly

A Hly & H B 5 F 528 49.7 kD, pET28a
MRS FRIBREZ N 2.0 kD, MNIE 5 afLIESE, %
pET28-Hly k55 ARIAFE HIFZE 1 mmol/L
IPTG HY53 N Al LI RIA 0 FH290 51.7 kD 1Y
A EE, L3 AN 4 [pET28-Hly AT .
pET-28a(+)i%5 S . pET-28a(+)i5 35 |4 b, pET28-Hly

bp AR5 T )
19000 n ik, FEHI/NSHAT
4000 ?§O

G3KE R B0 R
S S A A VT
SDS-PAGE Hi k#1743
Mr, 4553, Hly @t
BEAFEELAETUORE
S RIS 7 R I o 811
ARNEH, Hibzs

2000

1335
1000

500

- 0 11 % D A 5t
KK 5),

K2 E4Fok: pET-28a-hly K 1] HisTrap™ HP

B L) % 5 2R RN JZ B AT 4 A

Fig.2 The determination of  ZE 4, FA [F)3e BE 1Bk

pET-28a-hly recombinants by W S8 W T 4 A T 4

enzyme restriction
HEHIETEM . SR
AH, N 90 mmol/L
B DR g 2 A RO Fe A
G E B W E AN
720 pg/ml,

M: DL10000 bp 43T Hkrife;
1: pET-28a-hly £ EcoR 1 fll

Sal 1 V)5 45
M: DL10000 bp marker; 1: The
result of pET-28a-hly digested
by EcoR I and Sal 1

2.3 Hly

LB His B yd BEHTIA S —4T, HRP FRICH) 4T
B IgG o 9t , XS5 HAL B A RN R AT S
B33 i, S5 R W RANAE 51.7 kD &b i B — 25 Fe ek
Falr, RUZEACHBIRIIERILE 6).

2.4

Western blotting

SARIAESS 14, 21, 28, 35, 42, 49 KREAHIER
() JE MR T G R 4E , FHIRIHE ELISA ¥: I Hiik
B o MNSZIRZE AR, PrR s falkis, LY
A0 BE " AR BRI R S S N A, O H e 1 5%
HREH 2 [B] A7 7R B 3 22 59 (P<0.01), fEJ5 26 14 K
RRIAT =R PR, FEGRRER SR 28 RPUIARIKF-ik 5] i
B, 455 49 KiKIA5 e, U iR mnek
F|1:64 LIL(E 7), Hly B B il is520R 14096,

2.5

B Hly H AW RO RS 10 RAERD AR, 7d
PR A7, 297000 ARAEAR H B, Ak i) s Jo B
b, MERZ AR L R, AT LU TR 2R  .

2.6
S i AE T FLAEERR I ZQ0910 TR H i 5 14 d N
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ATGGGTCAGCTGTTCTCTTCACCTAAGAGTGATGAGAATAATGATTTGCCCTCCAGCTTTACTGGTTATTTTAAG
M G Q L F S s p K S D ENNDIL P S S F T G Y F K
AAATTTAATACGGGAAGAAAAATCATTTCTCAAGAGATCCTCAATTTGATTGAATTAAGGATGAGAAAAGGGAAT
K P N T G R K I I S Q E I L N L I E L R M R K G N
ATTCAGTTGACAAACTCTGCAATCAGTGATGCATTAAAAGAAATCGATAGTAGTGTGCTCAATGTTGCTGTCACC
I ¢ L T N S A I 8§ D AL K E I D s S VvV L N V A V T
GGGGAGACGGGATCAGGGAAGTCCAGCTTCATCAATACCCTGAGAGGCATTGGGAATGAAGAAGAAGGTGCAGCT
G E T G S 6 K s s F I N T L R G I G N E E E G A A
AAAACTGGGGTGGTGGAGGTAACCATGGAAAGACATCCATACAAACACCCCAATATACCCAATGTGGTTTTTTGG
XK T 6 vv EV T M ERUHP Y K H P N I P NV V F W
GACCTGCCTGGGATTGGAAGCACAAATTTCCCACCAAACACTTACCTGGAGAAAATGAAGTTCTATGAGTACGAT
b L p G I G S TN F P P N T Y L E K M K F Y E Y D
TTCTTCATTATTATTTCGGCCACACGCTTCAAGAAAAATGATATAGACATTGCCAAAGCAATCAGCATGATGAAG
F F I I I &S A T R F K K N D I D I A K A I s M M K
AAGGAATTCTACTTCGTGAGAACCAAGGTGGACTCTGACATAACAAATGAAGCAGATGGCAAACCTCAAACCTTT
XK E F Y F v R T K v D s D I T N E A D G K P Q T F
GACAAAGAAAAGGTCCTGCAGGACATCCGCCTTAACTGTGTGAACACCTTTAGGGAGAATGGCATTGCTGAGCCA
b K E K vL ¢ DI R L N C V N T PF R EN G I A E P
CCAATCTTCCTGCTCTCTAACAAAAATGTTTGTCACTATGACTTCCCCGTCCTGATGGACAAGCTGATAAGTGAC
p I F L L S N K N VvV ¢C H Y D F P V L M D K L I S D
CTCCCTATCTACAAGAGACACAATTTTATGGTCTCCTTACCCAATATCACAGATTCAGTCATTGAAAAGAAGCGG
L p I ¥ K R H N F MV s L P N I T D S V I E K K R
CAATTTCTGAAGCAGAGGATTTGGCTGGAAGGATTTGCTGCTGACCTAGTGAATATCATCCCTTCTCTGACCTTT
Q F L, X Q R I W L E G F A A DL V N I I P S L T F
CTCTTGGACAGTGATTTGGAGACTCTGAAGAAAAGCATGAAATTCTACCGCACTGTGTTTGGAGTGGATGAAACA
L ... b s D L E T L K K S M K F Y R T V F G V D E T
TCTTTGCAGAGATTAGCTAGGGACTGGGAAATAGAGGTGGATCAGGTGGAGGCCATGATAAAATCTCCTGCTGTG
s L.Q R L. AR DWE I E V D Q V E A M I K S P A V
TTCAAACCTACAGATGAAGAAACAATACAAGAAAGGCTTTCAAGATATATTCAGGAGTTCTGTTTGGCTAATGGG
F XK P T D E E T I Q E R L S R Y I Q E F C L A N G
TACTTACTTCCTAAAAATAGTTTTCTTAAAGAAATATTTTACCTGAAATATTATTTCCTTGACATGGTGACTGAG
Yy L L. P K N § F L K E I F Y L K Y Y F L D M V T E
GATGCTAAAACTCTTCTTAAAGAGATATGTTTAAGAAACTAG
b A K T L L K E I C L R N *

K3 JCFLEEERE hly BEIN P 1) B AR 4 2 IR 5]

Fig.3 DNA sequence and deduced amino acid sequence of /ly in S.agalactiae

ae ZQ0910  : WIBNEGR SASEN SLNRSK K (RY NPNNFLSTIQVGITFISLL{N .

e SA20-06 : ;80

enes M1 80

1 707-05 80

S fae 7Q0910 : [CHNJBER LGKIVSPFVWLLS Gl
S. & : LGKIVSPFVWLLSam i}
1 160

1 160

e ZQ0910 1 240

SA20-06 : 1240

M1 240

707-05 240

5. & Tae ZQ0910 320
S. ~tiae SA20-06 : 320
S s Ml g Q Q ;320
5: 707-05 AGFREN A A | : 320
ZQo910 EQFV DEEIYIVLGTMTLNEFNDY 400

SA20-06 EQFVISETINJSNIY TVLGTMTLNEFNDY 400

M1 < EYNIYTVVGTMTLNEFNDYFIE TELESDDVDTTAGFYLTGIGTI 400

707-05 EYNIY TVVGTMTLNEFN@YFETELESDDVDTIAGFYLTGIGTT 100

Ao RN il VBV DSKDKHT L INDKVKDGRIBKLKVLLSDTEQNTEDEREEE!
3l S (I Kyl VBV DSKDKHT I INDKVKDGRTFKLKVLLSDTEQNTEDREREEE!
M1 0k B4 Y BIDNKDKHL L INDKVKDGRIIKLKLILSNIEQHT FEDEEEE!
o F KR PR DS KDKHL I INDKVKDGRTGKLKY TTSNTEQNMEEDREER!

Kl 4 JEILBEERT Hly ZIEER )7 55 AR Alignment 73H7

Fig.4 Multiple alignments of Hly amino acid sequence of S.agalactiae with other species

GenBank accession numbers of the Hly are as follows: S.agalactiae ZQ0910: EIM70828.1; S.agalactiae
SA20-02:YP_006951537.1; S.pyogenes M1:NP_268699.1; S.ictaluri 707-05:ZP_09125482.1
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Fig.5 SDS-PAGE analysis of the Hly fusion protein

M: &5 FabRAE; 1 pET28-Hly B-S11; 2: pET28-Hly
V5 3. pET28 ZEHKIF FHT; 4: pET28 ki T
Ja; 5. S LB 6. BAULIE; 7. AifbEEA
M: Protein MW standards; 1: pET28-Hly without IPTG

induction; 2: pET28-SIP with IPTG induction; 3: pET28
without IPTG induction; 4: pET28 with IPTG induction;

5: Supernatant protein induced at 37°C ; 6: Sedimentation protein
induced at 37°C; 7: Purification of Hemolysin fusion protein

LT[R AR BE Y R
WET LG, FET-A (]
AKEETFHE 412 X2
B, REEEXTRA 1
E14dmé%ﬁﬁ%

. AR TR Yl B
(Hﬁﬁmedmﬂi
HEPET- B4 . K
WL T RFE . ARER
R AR, R
AEGRAEIEAR ) e

Kl 6 Fi His-Tag J5g ik

JEFT Western blotting 4pp7 20078 PR FIE G L
Fig.6 Western blotting a1 R 1 770 2

analysis of the purified Hly FH K 46 it
fusion protein

M: EHSTERE; 1. K
%5 pET28-Hly;

2: glifb)E 1) Hly A& E
M: Protein MW standards;
1: Purified Hly fusion protein;
2: pET28-Hly without IPTG
induction

U1 £ R R
MR RRER . o, &
S Hly AR5 2 A7 16 %
BORTEST Hly BikE6 2
| A7 o 24 o B 0
F ] RS, A g 2
MALT EAES N, = 14
d B, X HEZ 1 SR £
AT THAAR T Hly
AR T HRE AR, A 70%, Hly H3k85 T 70%
M RPERIPR(E 1. [ 8),

3

F1 Robinson %(1966)E K TE MR I 45 21 20

B 18] Time/week

K7 [E)4E ELISA VR RE i) S % A £ 45 i AR A
Fig.7 Antibody titers of vaccinated fish detected by ELISA

% 1 Hemolysin
Tab.1 Effects of Hemolysin on the survival rate of
O. niloticus

ESHCFLEEERE 5 KB ZHTEE R Survival rate (%)

Days after injection with X} 82 1 X} #8240 2 Hemolysin £
S. agalactiae (d) Control 1 Control 2 Hemolysin group
1 100 100 100
2 67+3.32* 100 100
3 60+1.45 100 100
4 60+1.53* 100 9341.12%*
5 47+2.65 100 93+1.03
6 40+4.56* 100 87+5.74
7 40+2.21 100 87+3.31
8 2043.39* 100 734+4.56%*
9 10+2.87* 100 73+1.53
10 0 100 73+6.73
11 0 100 7043.54
12 0 100 70+£3.12%*
13 0 100 70+2.87
14 0 100 70+1.12
TE: KR SXTIRAL 1 A HE 22 53 0 8.3 (P<0.01); *3&
ARXTIRAL 1 AR 25 5 8 3 (P<0.05), R 1 ARk

Note: **: significant difference compared with control
group 1 (P<0.01); *: significant difference compared with the
control group (P<0.05). The control group 1 is injected with
normal saline

PETCFLBEER A 24, BEBR TR 78 TH A58 PN B 24 b
X, ZRh a2 SR B T ARG R R . B
fAE R —Fh AT R SR PE A S0 AR, AR R
Z B4 BRI 0 fE 1 Y £ B 45 AR 2 AR 1
(8 3038, 2012), [HIE, Z0hnse %t 2 JF e ER e 1
T FE I (R4, 2010, 2012), 4 K FEHtE
I A BRI 2 — R L BB o 15 50 B T A
BE T4 T T AR 1) T 4 T SRR G )RR E T, AR T B 4
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1201
100
% R g0t
E S 80
&4 =
L= L
&‘ s o0 - HE 4]
& F X HEEH 1
{:2 5 40F Control group 1
X 2
—e— Hemolysin X REZH 2
20+ - Control group2
1I2I3I4I5I6I7I8I9I10 11 12 13 14
FiJ ] Time/d
K8 FIGFLAERRE ZQ0910 I 5 Hemolysin
URESIDEZE R S et

Fig.8 The survival rate of immunized O. niloticus
challenged with Streptococcus agalactiae ZQ0910

PR 1 AUV AE BT ) BT A 2 T LR X BT
BRI S BE R, iR e AR E R RIER, 7
TEL LR RlE LR TR AR B3 R 4 50 1
FE, MERALRE R R TR, BRI TE T S
W RV TS (RS, 2014),
AR 222238 B TR e i E ], B0 55 (2012)
4 I L% 2K T 1 2R T 6 928 4 DG B 1 T4 T B A6 5
H L, WS EP AR, R T 79%M IR R
A% (2004) VB T AR BEER B 7 0 R S
REW I /N, WA B T RAFA e R4 il L,
S 65 K TR T 1) 75 7 PR B T AR AR S I
PE TR B BT SR AT AT Y, X R ATF A JC 7L B K B W R
(RSN sY

PR B R RE T 2 ML ™= A R R A e 2 1o
&, M HEAERIMNEYI B RE S . AR PR |
JfL A2 1 R RE g PR X8 AT A DR P D 1 T 3 9
HBF R T (E 3%, 2006; Knaust ef al, 2004) , ¥ 1L Z
PR AMIA R, BRSNS R, 2
22 [ BH P 240 RIS 2 8 R 1Y) 22 0 A - (Bhakdi
et al, 1988, 1994), 7F ol 40 b P15 9 1 B U % e ik
PR REEZEN . TS0 1) i v R A
B K TRV ML 2R B PR IR ST T AT AR S A R R A
TR AR AT REYE . BEAL, SKARIHSE(2009) W4
PR B3R 3K 1) I8 7K A5 TR W 10 3% T B ) 28 R
T /N, BRAR TS AR RO o IR IR
A DRy — R SR B WA 18 00 1 o AP SREAE SRR Y
et I FLBE R 2Q0910 kk4 5L K 4H 7 4] iy Aij 112

T, OBEFRGR T LR ER AV R E 1, SNl
S UEBH T 2 i 2R AR 1 EAT R S e SR, O
FEUCIERE I, 68 T R e
flo, 78 28 d RYFEGHJE AN, IV A H R e ATk
1:4096, /5 MXEETCE T, PRAF 70%M RE R 3,
WAL T 2200 45 (2012) 2R FH 2 1 e 28 R G 2 11 i 4 1) 1
PANTEEH ORI R, X AT BRSBTS A A K
AR [E) A7 AE A R 2 5 5 DR R BT 8

JRAZ R R I8 R SR 55 B AN 2R
RIKRGE, IMNEE ALK E A PR RE I,
RIAT 95 M A RS I M I AL TR AR G AR 9 55, 2012),
AT PR R 0T DA BA B T 1 R AR A 2 s v, T
TR B A= 20 v (HORAE R A 7 v DAL I
I Xk 1Y 8 1 B A R 9 AT LA dy
HbHRAE A 5 B T 1 B R B AR AT AR Ak
TR ARG 25 B H BRI 3E S5 [l i, I RR AR 2 1 2
RIS B S, XAV S, RiWEAZ
VERPUR S s Ho e I, X T8 H ) 3Rk
BRI LA ZRER AR R R, EAHRIKE
15 KR 1 AT T 45 B | 58 XU e e g T
PECREIRZESE, 2009), B, ARWUF5EAEB) pET A% %R
KRG R TR E AWK, R HisTrap™
HP EAZHrEai b3 2 EA H R, FFzh
P JF ek, B R A9 SCsesc ) . infpp ik oh %
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Expression and Immunogenicity Analysis of Hemolysin Gene in
Streptococcus agalactiae Isolated from Oreochromis niloticus

WANG Bei'*’, LI Guihuan'?*?, WANG Pei"**, TANG Jufen'*’, LU Yishan"??,
WU Zaohe™*, JIAN Jichang"**"

(1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088; 2. Guangdong Provincial Key Laboratory of
Pathogenic Biology and Epidemiology for Aquatic Economic Animals, Zhanjiang 524088;
3. Guangdong Key Laboratory of Control for Diseases of Aquatic Economic Animals, Zhanjiang 524088;
4. Zhongkai University of Agriculture and Engineering, Guangzhou 510225)

Abstract Streptococcus is a genus of spherical gram-positive bacteria that can infect a wide range of
hosts. Streptococcal diseases of cultured fish caused by Streptococcus agalactiae have been frequently
reported in South China, which incurred catastrophic economic losses. Vaccine is one of effective ways to
control and eradicate infectious diseases, and so far no effective subunit vaccine for S. agalactiae diseases
has been developed. To test whether Hemolysin (Hly) is a potential candidate for vaccine development of
Oreochromis niloticus, we cloned hly gene based on bioinformatics analysis and constructed and
expressed it. The open reading frame of 4ly gene contains 1335 bp that encodes 444 amino acid residues.
Alignment analysis indicated that the Hly protein was highly homologous to Hly proteins from other
Streptococcus(99%). SDS-PAGE confirmed the expression of Hly (51.7 kD) in Escherichia coli
BL21(DE3). Then, the recombinant Hly protein was purified by affinity chromatography, which was used
for vaccination in Tilapia, O. niloticus. Immunogenicity was confirmed by subsequent western blotting.
Enzyme-linked immunosorbent assay (ELISA) analysis demonstrated that Hly produced an observable
antibody response in all vaccinated fish, and the maximum antibody titers in the sera reached 1:4096. The
RPS value for the Sip vaccine was 70. Tilapia vaccinated with Hly was highly resistant to the infection of
the contaminant S. agalactiae. These results indicate that Hly is an effective vaccine candidate against S.
agalactiae for tilapia, O. niloticus.

Key words Streptococcus agalactiae; Hemolysin; Prokaryotic expression; Immunogenicity
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