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THF & T F Bk E AR 58 O BRYZ s e R 2L S IR R

b 1,2 A : 1 y 1
x ®°, BEF, KI;E, A &F,
e, KEK, 444
(1 AREARAOK =TT, 4EE AR 3500025
2. MBEIKFTEHEARMET Ak, & WM 350002;
ARSI R AR AR AR, A =M 350002)

WE: yTREI P TR EREZEBHE Y E, MRk ASIP (surface immunogenic
protein)E 5 4 % A#t, RASBHEM, Hl&F e TARKFRTERME Ik E D
Mz, SIPUO AR % ¥ A % Bk T 3 B 42 41826.5 pm, B % H72.02%, RAER T L
6.11%. 4 fix 3 & & 0 SIP & | 2 S & o i % B B 3 & . pH 6.80>pH 7.20>pH 9.18>pH
4.68>pH 2.00, R SEMIEEHM AL ELNERA BT R aBFHEMRD, B HE
#3955 ng; ARG R T, B E &5 £5426.0 ng, H 240 min®E B & H4911.1 pg,
B E£90.51%, PO B B fe B B BR Y BT ELA A ME AT o SIPRR AR B8 1 xR
R T AR FTEE"FEE, A UERTFEKFTE L KS5f10pg SIPE & # il &

AAMR, 4R BEITEF, 5Spugh I H & 487 % E A 4 100'~400", 10 pg 5 A
B 405 M A H2007~16007" . 4R R EJE, WELR KN, SF10 ughy & E
Y R IE R IR A h44.45%F066.67%. HR KW, HIKRECREE 2EN T & LA

BRERE R BRETE. 22 ARWRE.
RUEIE: F A a; RAERE,; R@ ek xEaGP); fkEoRzw

FESHES: S942.5

B AF £ (Oreochromis sp.)5E BR B % 1 4F K 178
JUAR LT M AR AR R B b D (A ) KRR
BERRA, G T ERMAETHE, EPm T
B AR R e & TR R e R B A B
BR A 8 H 0 B T B, b S R T A
e A G AR, HARERAEA T
i, AH T2 HE B TR A 7 R RS B
W, WEELE 4 e g A L (0 ] A A
B 8 g 1 0 0 e v 1 R R R

[ P A X B S i B Bk B R B
7% TAE FEALHE B2 10 A 4 1 K06 8 1 B 55 7
B L A G S A R Y T A TR BT B A
By A RE T L DU T 2 0 S O DN AR T B 928

Wi HHE: 2016-01-27  f&EIHHA: 2016-05-15

MHERFR SRS : A

RO o i BG RE P] & f KHE 3K TR (Streptococcus
iniae) KIGFEH LA O IR Xy B e, ARIGETN
S B T e K B K TR 1 D IR e e W AR
1 (O.niloticus*O.aureus); 2IRFFEXFE k£ 1
R B % A [7) 57 5 T FLAE BR 1 (S. agalactiae)55 7
W, JfdEd ey EalpEH S E g . W
SCERGAIE T ORBEROR s R AR A T R IR
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Maione5 V] FH J K 2H 2 J 12k 0 28 Hh JC 7L %
BK A 3% 10 50 9% A OC B [ (surface immunogenic
protein, SIP), Jf5el 1 HE A A b7 (1) o i I v
sk B S A% Rk T R 0 o LA RK A A R
FISIP; B P J5i A% 3R 1k & 3 £ STP AR 1 1) kA
IR IR S A, 5 OR s 41 H SIPA
A BRI G SR AR P VEH] ;. Zhang S5O A%
KEP AT EERE Trx-SIPEH, U
PMMMA-PLGAN BERF, il #8 Tl e 48 171 IR 8 1
ABEFE R TR E G % R B AL R SRR Y
BE b ) £ % A £8 0 3L 5% BR B SIPAE 11 30ke 48 11 AR
PEWT, PP T R B R PRI E L 2 RRAL
RO B A AR I I

R Rp S

1.1 LM

% | f8 JC 3L 55 Bk A STP R 2% 2 35 TR 14 SIP-
pET32a (+)H & & 44 IR K K 7=k 55 T K 7= s 1 9
FEHRIIR B,

TCFLBEBRH 07071 7LLE £k 20 85 H % HE o fiT
R ZH 20, vh AR A TR KK P2 BIE 5 T K R S W
FEBIRIIIEE oy B A

JC 4% BR 1 SIPA 2 v FE BT IR i A 248 TR K
IKFERIEGE T K 7 B W T Bl TR Y S 4

S E W AR AR A IR K K HE S
P H I BRI

1.2 W EEBABARG &

LAegH & B SIP-pET32a (+) 1 bR HEAP T
LB A 32 b, 37 °CHIR W H 3 EO0Dgoo N
0.5~0.6, fNAFESFHITPG, 25°CiES#iA5~6h,
5000 t/min, 5010 min, WOHE R, B R AR
W, YCHESIPE HIFalifb & H .

R 04 %) & VISIPEE s b, KRR
ZWE R EER, IR Ty OB T, %
SIPHE 1. Z 05 H N s FR B i T R 4% — & L #31)
TR A & B, AR B P e A D, B
BV A5 e 28 928 1 Bt o
1.3 R FEES BRI ENE

HAFHIERFABHR PR 40
TP e 292 7 JURT A T AR UL SR, I et 5
R G8 ST A AT AW 8 BORiAR D £

SIPH IR 4 J& W Bk 42 SAY pHEE o i b I g A

ARAARME FRECSIPRURS R 1507, B:070.1 g,
I3 VBT 5 A BEIR R 2% 0P (pH 2.00) . FFIE TR
— PP A R BN 28 vh i (pH 4.68) . W iR 2% P W (pH
6.80). WEFRZE vh & (pH 7.20) . VU R 41 2% v il
(pH 9.18) 51> = MM, A 5 10.0 mLZE o
W, WEIANTATA, FHEIEREKTLI28 °C,
200 r/min#& % AL 3720 min, 20 51F30. 60,
120, 180, 240, 300, 3601720 minHUE I 7
W, DN E SIPEE Pk B, 43 BT (I 2 UKL i i
SIPER [ 7645 5% th it s At R OIS O o

IR B A A 2R pHEE o il b i b A L3t %
QgMIE e STP U B 28 1 UKL A8 SFhpHZE o
TR R ORI D A0 R RS R S R
TEWE R 2% WP (pH 6.80) . B R 2% #h I (pH 7.20)
B, T5. 10, 20, 30, 60, 120, 180,
240, 300, 3601720 minHUkE b, %€ SIPZE
FIMREE , o3BT H 3 SUE S UK S0 b STP AR [ 7 2
pHZZ vl s iy R AR B, R U
R

T 20, 23R (%)=L 38 v 1) STP AR 1 it/
T 4% Ak i Y SIPEE )% 100

SIPf ik Bk IZ W EAEIL B . Wi sk
B AR BRI H . 244%MERI2 164 mL,
BEMAML10.0 g, MAKIRY, E4&%E1000 mL,
pH 1.2,

B W Bl . BER — A 6.8 g, fnsk
500 mLiAf#, 0.1 mol/LE B AL M 3 pHE
6.8; MMAEEHEI0 g, MKEZEZF1000 mL,
pH 6.8,

UL T RN UL Vb 1) B A R
J5 ¥ [ < STPffU e 8 2 17 UKL 7E SFP pHZZ v Hh i
fif ORI 2
1.4 SIPRIAR T O RRE S AR A5 &

SE At ) et oA A AR R R FDAE Y
WK AT A WoE B B, HME D R E S & &
(%)=32.0, SIPHIK 2 5z 1 WORL 5 1Rk R BHE
B, I HE /N BB FF il AR ) A ORI AR S mm iy
SIPTA R ¥ Tk, SIPER 7% 524051 40 10071
200 pg/ghilkh, ARIERT, HELREH.

1.5 SIPRARE OREE R RYRMIK

SIP# AL % 1 IRJE ¥ 2= 2 K SIPEE

12 i 200 /g e 3 11 928 1 ) Rk 42 fa 44 5
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5% H F W i s (R o o S AR LR,
% HWESIL S RS T IE L, ELE2)H .

SIPA i % 1 IRJE W %08 F 3F G4 - d4 7 4
) B 5 5 24950 gl a3 w0 Ak fa
38, HHTOR, BHRIFE, LKA T,
21, 56 FiI91 dﬁ}4mﬁn§smﬁﬂ§f§mﬁﬁ%ﬁ
B, 24l SE34ISIPE A m A S A0
g/ R R MR S G A, SR LA (B X AR
2 ) [) A 33 W A 10 35t STP 2K 14 A foll e 2 R (2 1)

x1 SIPHREOREEERERTR
Tab.1 Immune-procedure of protein SIP oral

microencapsulated vaccine

LRLPIEN

A5 N IR R MR
roup vacernation /(ng/g) dose immune times number of fish
g strategies
14 I AR 0 0 70
24 TR 5 4 70
34 [mPi[F3 10 4 70

TR R EREF20 d, FEPLE S 452 <&
WS AR, AR ELISAZL #EAT R
SIFIRA o A2 BT & A R L A IgMAR
RELISAKG IVE . i & % dF fIgMER sg BEHT
LB EEAR AR ;R Br 2 & % A il v A
507", 100", 200", 400", 800 ', 1600 ",
32007, 64007", 12 800 {7 LB B ANEEAG I,
DREARVE3ANPAT, 6B 5 0 R g 7
X R 0 A4S R B DI AL A
SIPEE FPL ; SIPEE % 2 sl B PR ME — b 4h
A HRPARICH SEPURAE 456 TMBR (A iK
520k bR AN I K H450F1630 nm
(9 BI04 o) L A 45 B B AR RS Mk B T (52
05 2R B ) /(BT XT BB, A AR =214,
R Ry BHPESE R, A a R <2145, HPHIBr K
FIPEZS R

1.6 SIPHIRE OREE RERIPRMNE

TARJFH 10K, FABIRHE & 2k
PRI T IR SE I, BORE T AR N BHIE fA 8% 57 16 h
() TG L4 BR 7 0707 1 7LL(HE £ 4 9.0x 107 cfu/mL),
M S M, MBS mL, HHEMAYR, Kk
£ () BP0 BRZH R[]

B S {4 471 3K (relative percent survival, RPS, %)=
[1-(FBELLFE T3 /%] BZHFE T %)]% 100

http://www.scxuebao.cn

2 RS0

2.1 SIPIAS T FAL S ZHE

%k 1 JC 7| B 2R B TP 28 0k A0 L 5
B AR, KBS R MEEA0x10f5) W
SR 48 FOURE Ay 3 AL BRAR 5 S B0 A A
T J 4 R 2 K 744.0~921.0 pm, AR Y
826.5 um, PR#fEZEH65.5 um,
2.2 SIPHREFRAESTpHE N BRTHEH
BHMR

TEpH 6.801% 28 i, SIPZE A B il 2 fe K
(F1), %720 minft B 4 5104.2 pg, pH
2.0054.68M %% sl rh, SIPE B 34K,

55720 minf B L& 4> M 412.7F1783.59 pg.

SIPE H B R e # . pH 6.80>pH 7.20>pH
9.18>pH 4.68>pH 2.00.,

--e--pH 720 —=—pH2.00
—+—pH 4.68 —a—pH 6.80

6000 [ —=-pHO.I8

4000

SIPEE AR R/ ug
weight of protein SIP
(98]

S
jel
o)

30 60 120 180 240 300 360 720
FF)/min  time
1 SIPfAR & BUALFE STRpHZZ MR P Y
EBERMEhZ
Fig. 1 Solubility curve of protein SIP oral

microencapsulated vaccine in five pH conditions

2.3 SIPHAR B BRI A 27 pHEE ik b % il Bl
LN ERMEERTER

TE2FP W, ¥ f#0~240 min, SIPE
o i 2 A AR TSF ) 0 S R T B 0, I E A AR 240~
1440 minPh B, EARVE MR RN ZE K, {HSIPE
MR R A, SIPEAMKEREA £
BLAE 240 minPy 5 ;. SIPER (Ui % 7 pHAE
k6. 8114 2% i HH RS CRLCSR B S L pHAE A 7.2 2%
g, B AR K (E12) . DGR 9 ORE
TEpH 6.8/ 2 Ml Hh B BB TR, 45 A U
il £ L B2 P SIPER AR A i, STPRIURS 3 0k fi
FNT2.02%, HEh R 56.11%.
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—4— pH 6.8

7000 1
6000 |
5000 [
4000 [
3000 [
2000
1000 [

SIPE F R il i/ ug
weight of protein SIP

5 10 20 30 60 120180 240300360720

i [)/min  time

2 SIPIAR T E2fpHE MR P A AR 2k
Fig. 2 Solubility curve of protein SIP oral

microencapsulated vaccine in two pH conditions

24 SIPRREFAERMUG &, RIUB &S
FOEASEESIEIES

Tl e S R FEAR UL B W A B v, SIPER B
ﬁﬁlgﬂw , IRKE 43955 ng (K13); TiAERE L%
W, TIOR3 Uk A 5 % STP AR H 75 B AR 4 1 B
i, BT F Fr 1K 5426.0 pg, HoH1240 minBE i i
H4911.1 pg, BEAEE£90.51%.

6000

5000 r

—— HEE
gastric juice

4000 r

3000

—=— B
intestinal juice

2000 r
1000 |

SIPEE FREA i /ng
weight of protein SIP

Oﬁ'l'l'l 1 1 1 L

30 60 120 180 240 300 360 720 14402880
IS 1E)/min  time
&3 SIPHEREFAEEMBGR. BT &SP
Eod=REYESES

Fig. 3 Release conditions of protein SIP oral

microencapsulated vaccine in simulated intestinal fluid

and simulated gastric fluid

2.5 SIPHREORESEZESMHFEN

SIPH e 2 11 AR e Wi ez« i\ "% e fa
Ja, SEEeRT ROV AR g BN, WEshimik,
AHNAFATAT T, KAWL LRI
26 SIPHREORREER“HEE"TIEE
5 51 I 55 48

TR G352 J5 20 RS 25 2 <7 = 2 AR
I R BRI, S5 R, S8 141 AL

W /NT 1 50 (FBERE); 4240l s P4k
T8 55 55 20 KA I HE L5 R4 M1 2 100, 240
TR E1 2200, 3% 545580 A& KE
1:400; 25320 F & 90 )5 55 20 K F6 i HS 1 38 24
H1:200, 2 F3RETHEEL : 800, 454K
M8 ihFc KA = 1600 (322).

*2 SIPHREOMRES §EF“ hEE"FTER
mEAEF NS
Tab.2 Change of antibody titers level in serum of tilapia
immunized by protein SIP oral microencapsulated vaccine

A 1% first 2% second 3% third 4% fourth
group immunization immunization immunization immunization

141 <50 <50 <50 <50
241 100 200 400 400
3 200 800 800 1600

2.7 SIPHREORBZE RERIPERNE

R K10 pg/gdl PRI, Y RIK
66.67%, 5 ng/gH i H PRI RR h44.45% (K14,
3), UL B SIPHIURE %8 F R PE v X <3 5 w8 % Ak
0 JCFLEE BRI B A s R ).

O 141 (HPEX ) m 241 (RIZEHI=: 5 ng/g)
negative control  immune dose: 5 pg/g
m 341 (S FIE:10 pg/g)
immune dose: 10 pg/g

at different time

2ty RE
no.of cumulative death

FFA)/d  time

4 RAMKEREEZRHES"
TIEBRITETH
Fig. 4 The cumulative death of immunized O. niloticus

against challenge live with S. agalactiae

*3 SIPHREOREHRERIFE
Tab.3 Relative protective rates of protein SIP oral

microencapsulated vaccine

FefeTr piilhs g

2 i .
iZJ vaccination  /(ug/g) ;j{é :?_/SJE o, ﬁ;ﬁgﬁ R /%
g strategies dose Y Rps
141 AR 0 11 9 —
24 Ak 5 11 5 44.45%
3H 1 Ak 10 11 3 66.67%

http://www.scxuebao.cn
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3 iR

K7 R R b, B R B O
JE T RPEROR . TR B 1 e RE B Y AN
BT H XS R (pH 1.0~5.0)F8 %, RLPRIIESE B A B
H IR w2 g sk, DOk 7E 4
J 38 (pH 6.5~7.5) 1 BE MR G2 ¢ s % i b Sl A 1
e BB A AR, A R . H T
28 10 IR 5 T RE B 1) TR 32 AL 4G R AR AR W AT
fift T RORE, TR . R ELRR ASE
DL R N T U ol B it s o TR G 9, InRHL
M2(PLA). LAZMR—MNAZHRILERY) SR —DL—3
e —J 4 R R Y (PELA)SE . = 8% 250
DLFLIR —F Bk SR I S dr ok, R E FLIE
IR 45 1 ) 45 JC 3L BE BRI A T SO 7R B S Y
Wk, BB, AR5 68.07%
H63.49%, HABERI R 5IEF]57.63%F134.40%;
Ramos&5 F Fl 5¢ R 2L DNASE |, FE4RRF D
IR Gy 2 AE £, R 7E A PR I B 5 Ry 5 AR
e PEPEL AL ZE G [ (Vibrio harveyi)Ht
HAMEE T OmpK, il & sk e i, 45 R R W]
PELAX LI BAT — & BR3P AR T, n] A £ 2
1l 82 R 800 AR s ISR i o A L
M, RS 23 )7 2 A 88 SN (V.anguillarum)
M3FISMPLRJIMFLAL AN e, FIBRHu S L
AR 35 428 B0 9% 37 5 K22 0 (Scophthalmus maximus);
T34, TriefF U £ A i SR T (deromonas
salmonicida) g B & 11 i 5 1 S & 6 (Cyprinus
carpio) X EEMF Y L PR 1Y BE B S REA RUIR TP BT
JEL Ay, X B Y SRR T e ERIPERT

I 04 B 5 26 W 27 S| f AR P B TR pHAE A
1.0~3.0, A AYpHIE N6.5~7.5, HIt, AWFITE
PEXT pHEURE I P9 06 B2 WRE i 11 Ry B JBE A R, ol 2%
X pHBIUER (1) R TR 6 o (e 38 UK 7 1B 401 ' 1R
Wiy, EEARBEN /DN mAEE L8 T,
T 38 JUR A0 33 1Y) SIP AR 111 45 BIAR4F i Bk . w1
D A 1 e e B A e i 32 M, ARSI
WA G, BeA R R 3 STP & 11 I A1) 38 o
UZE | R s BB i = R AR 727 NIRRT Vi
TERA N W P STPEE RO 4, RS T SIPi
Jie B Ok B A R A A 1, Sl SIPAR 9% F AR
PE B I S BEROR AR T IR B

Bt IR e B R R L AR
J B BT A 2 R S i A RCR I B R R

http://www.scxuebao.cn

%A B R T = R W AR T—9 H, RSk
B[R] GE 10022 K o ASHIFFE 047 14 B e 40 11 R 928 v
G RERCR MR, AR A B3 R AR 2R et A
Wi o EF X IERZ 2638 1Y STPZR 1 F 128 77 12 0 S0 3 14
PR R, ZEA T RYEMaE,
Z A% AR M AE21~35 A RE AR I 1) 45 5k bt A4k
HAEF TR, HIL, BE21~35 dfE N
G 8 (1 1A B B 1) 5 AT 4R A g, LK S AR
WIRE R 100 de 4y, HICFILE R, 1R
A5 5 X 32 S A AR B S E IR K 1566.67% ,
ENPE T O3 N D R RN = 4
S S ESFI10 pg SIPAE H /Y 5 4 43 41 fie e & Ak
i, S5 RAPEF N 10 nghy 2K 41 % 4 % A o
PAFT B W R R %, Zhang S5 &% 19 &
3 0 JC FL8E BRI SIPRUI 2 1 IR 1, iR sifn
R B 50 % 20 g Trx-SIPEE 19 7 & % 2 4k
fi, BREIFR7 dEATnom s, Sl 3T,
Z B AR R IR 100%, WS T B
(G e R o 0 IR e D B 8 ) RS — o R
Ziily, HgmHEECURERERY . PUREN
FebE . R BEMS RS L M pRAN S L KR AIK T
AROLEE, He 2 ) g RO R 2 T K
A Z 8] (P18
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Preparation of the oral microencapsulated vaccine of Streptococcus agalaciate
from tilapia and its immunological effect

WU Bin"?, FAN Haiping'’, ZHANG Xinyan', ZHENG Lei',
ZHONG Quanfu', ZHANG Guogqing’, WENG Zutong’

(1. Freshwater Fisheries Research Institute of Fujian, Fuzhou 350002, China;
2. Fujian Provincial Fishery Technical Extention Center, Fuzhou 350002, China;
3. Fuzhou Borni Pharmaceutical SCI.&TECH.CO.,LTD., Fuzhou 350002, China)

Abstract: Desired for establishment of the prevention and control method of tilapia streptococcal disease, surface
immunogenic protein (SIP) gene of Streptococcus agalaciate was prokaryotically expressed, and SIP fusion
protein was used as core-material and natural polysaccharide Il as shell material. The oral polyacrylic resin
microencapsulated vaccine of S. agalaciate was prepared. The average diameter of microencapsulated vaccine
particles was 826.5 pum, the package rate was 72.02% and the amount of medicine loaded was 6.11%. Solubility of
protein SIP oral microencapsulated vaccine in five pH conditions was pH 6.80>pH 7.20>pH 9.18>pH 4.68>pH
2.00. The in vitro experiment showed that oral microencapsulated vaccine releases protein SIP 5426.0 pg in
simulated intestinal fluid, however, only 395.5 pg in simulated gastric fluid, and accumulative release rate was
90.51% in simulated intestinal fluid of 240 min. The vaccine could avoid destroying gastric acid and had good
characteristics of intestines dissolution. Tilapias (Oreochromis niloticus) were immunized by oral
microencapsulated vaccine. The antigens (SIP proteins) were respectively used at 5 pg and 10 pg antigens per
gram of tilapia each time of immunization. After every immunization, a high level of IgM specific to SIP was
detected with the antisera from the tilapia, the titer of 5 pg group was 100'~400"', and the titer of 10 pg group was
200'~1600". The results indicated the fish had produced high titer antibody against S. agalaciate. After four times
of immunization, tilapias were challenged by artificial infection with S. agalactiae and relative percent survivals
(RPS) were calculated. The RPS of 5 pg group and 10 pg group were 44.45% and 66.67% respectively. The results
showed that the oral microencapsulated vaccine was a convenient, safe and effective method for immune control of
S. agalactiae in tilapia.
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