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WME: HTHRAEEFERE N O RAE R 6 A BEE AR F (WSSV) 3 R, AH
7P o 2 vp28 T U R SR LA IR X IT 4, IR R B AR E 4 WSSV i o
H MR K FH A & (EDsg)e MIZAEAREBEHRMEG S, Bt 23T & KK
FRE ABRARTR RFAART AB TN AL, REXEEE w28 EE O RZ @
MAREEMMAERRFEERGRE. ARERE T, MEHEREEORZE A E0H
A, LA X OF 4 v L WSSV B b J B2 3 BRIl 4% EDsp 4 0.027 go 4~ A B R B A A
i ARAERR AR RS A ISd, IRERBFEERRSRE. WHETF,; &
RUEARFELALZR, FTRARNAKKE KA F, ZEAAART &P A ANAE
EAMBKTZ o AT AERY, TAMYHBEIHERLRAAWEKRTERRKLES; K
FEMNEA, BAEHRFRCERMERZRAD, BHAEZRMEAHRRES, 1SdRHEK
BEMBERRAWAF. HREEN2HAAAHERTRaARA, A8 EHRAA
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7z, JUPREE TXER . N TR ER i S T 5
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2160%" . ENIMEEOITE AL, VP28 1 WSSV
FERREBEEBEE N Z —, L5 18 4R
W Z R R A E AR, 3R VP28
TE WSSV i A 15 F A 25 CHEAEH o 15 ¥ i % 1k
P R B O & AN, HlEsRANWEN
A DL E AR ML, T KRG FE I ( Escheri-
chia coli ) Feik W8 AT Bt 1T2i4b )5 A seff H
M5, W PR 45 BUAS AT 3R B I 1 2 A
K H, R 7 Gl at SCIUERE , FLgh
1 XF WF (Litopenaeus vannamei) %1 %F 11 Il F% Fk
vp28 W B RE T S5, 5 WSSV YL, IR
5 M T B FR 0 I0FE A7 16 R 530 5 35 78.80%
1 83.19%, 1M B Xt HRZH 100% SET=, F W %%
PR g 1 IR ) 9 77 9 SO B0

Bt L 4 (Danio rerio) & ¢ i HEL W 2
— BEE ARG AR R SR
AL, LEFEME, HS5 ARERNAHE 87%
DL bR AR U AR S, S it k.
B B SC B I AE X G . TERR R R H A,
HAE MBI E YRR Z N, BA
OkF/NARCZER, BEHE)TZ N T A TG G
PRI 5P (B ERT, E R L LABEE AR
AR Wy o e i B TR 2 ) ) 2B A8 B AR AT A L
Rz,

A5 A FH A 3 P vp28 SR BRI 7942(Syne-
chococcus sp. PCC 7942) £ M FL 44 i X} ¥ %)y i 32F
e Semy, fdi 1] WSSV TEE 5 ff 5 5 i H vp28
WA B 1R 2 A% 2F B0 AR i (median effective
dose, EDsg), JfLABLFI G AMKE , H B 5 faffE
W5 % G2 AT It 6 DR 95 10 IR 8 1 1) A 4 R
G PEPE o PR Rk S 56 A T A s O IR
B 2R S g A AT, SRS IR B 2
RO Ve ST AT b e 3 DR R o 6 K A A
W 2T R AL — 2 S KT

1 MEHSIE

1.1 SEIEEF

AR 52 55 v i FH R ) 1) 22 3k R R & TR
AR L (=R, MS-222) I [ B B ik T
FHEHRA R, B Y L (T-SOD) i 7
& . SR Y (POD) I N & . i A L A il
(CAT) B & T A AR B R A A
4% ZRHEREW . MR FFEZR . HAK—
L (HE) e a5 00 T4 T A9 T8 (i) By
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ABRAHE,
1.2 XBMUFS5EE

H IR 7 55 55 46 (ZCZY-BGSS, 4%
A A ED; R R DL (3-18K, 1l [E
SIGMA 7~ ] ); #8K IR vk A (DW-86L828J #Y |
Haier /v A] ); L %5 ¥ ¥ T 4% Ml (SCIENTZ-18N,
TR Z AR R A IRAED; L4k
JEE (UV-1800 B, HAZEHAW); AU A
HL(RM2145, 78 Leica A F]); 318 B (TS2R-
FL, H A Nikon 23 #]),

1.3 IERRIES

A% S BT AR R SR ER B 7942 (— Fh G K
W) K A ERABEAEY I, RS vp28 B
BREE 7942(7% Kana Hik) HA LI =M E, il
BG-11(+N) 55 75 HeU7 il & e 16 4R i 55 FR 46 h
30°C. 120 r/min ¥55%, FFLE)EHR [50 pmol photons/
(m*s)], 2 J&J5 B .0>(6 000 r/min, 10 min) I 5 3
Je, BURTBGCESER H T /R 2505 .

1.4 EDsy B9 E

B9 1 ARAN ) 66 5 500 4 1 B B TR vp28 1 3
I 22 5 X6 ML 48 Y X R 4 1 0 1 B 25 5 i o 1
PR BN B . LN X ER SRR, 1 E ]
T H R W A= AR I R A BRA R, ik A A
A WS T GER R K (2.040.3) em], SCER T
7E21 L 0y H AR 8 7194k 7d, 5
Vi) 5 VL L et A

T B8 5 AHE TN 52 EDsy B ESR, 43)2 X 41
HLAL, K 280 BHEFH4 3Ry 5 A5 4R 2 X R
41 (2 S R 2 FH A T R R B X R 3
B, MIMEXSPRAAATCEE), [FW 44 2 48
FFocss, BT 20 B, ARSCR e b
WRFERLE AT, WIERBA r &
SAHEURBL R, SIS ZH 1~5 A1 RS 4
0.015. 0.021, 0.030. 0.043 £ 0.061 g, A [F] 5]+
20 P 58 RS 78 3 0.061 g, X IR 2H 4% W ] 45
S PR L S G 2 R R B R A R T o 2
K (8:00 15 15:00), X FE 20 4 K 5% W3 R 2 7R
(8:00 5 15:00), B L 4402 B (22:00) 0.061 g
(F D)o DRERNER 745, @53 BT
S 90 B R R VR AT R SE S, A 50 pL/B Y,
FERAC AL 10 d IXTER4 1 B FE T 15
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x1 HERvpBEREOREEFHAY
FIENELE2A
Tab.1 Experimental grouping of EDs, determination of

Synechococcus-expressed vp28

FEHAWEE WA
kil e Fl/g TR (i)
groups no. attacks  cyanobacteria feed time
per group dosage
FHEXS R positive 20 — 08:00 15 #/7E
15:00 /1R
BITEXSHE  negative 20 — 22:00 [ 5 0.061 g
. (I E I 4
SEGY ,
SEUGZHT  group 1 20 0.015 TR 770,061 g)
SIH2  group 2 20 0.021
I3 group 3 20 0.030
L4 group 4 20 0.043
SEIGZHS  group 5 20 0.061

R A5 45 S 36 41 %) R 59 FE T4 B0 3 AR A 4B
TORFFE R, AT A TR AR K -

EDw:g4{me4§:pfog}

A, X, A Rl B, R, =
lgr, pRFETR, roA 4R EMAEAT 11~
1.6,

15 B &EALIE

ARSI BE B oy G g, WA
T RICAES T, PIEAK 1.5~1.9 cm, &
772 JAJE 505 B 4R 5 T oK G PR I &R
%, pH6.5~7.5, /KR (28x1)°C, JGHRJEW (14L :
10D), 8 77 1 [a] 4 K ] W45 5t 5 1 HRLUBF
1.6 SLIGALIE

BE AL S BB 5, F MS-222 iR )5 ,
Wt mK S, REBCFEIEZ ) 0.08 g, BEHL
B 2 B HAA BRIG I BE St RS EAT
Syl SEERH, WE A A, AR A 3
H, Hd415RBMm, B4 3. &H
P 1k, R RO R R 5%, A%
P2 S A% MR T IO 52 b HRLUBP 0.06 g/ik, ¥ A A4
P A 0 5T o R O RN B A IR A IR A
TRE (0.04+0.02) g/IK, B B PR 4 5 M-8 i 52 i
H B R 3 PR R TR A TR A RRL (0.04+0.02)
gk, SEE LT 15 d.

1.7 HapRAEN 5

B R AR MR ARDRE, WLEEIE SR B 1 £ AR HOIR
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Bl PEToAR | WL KRS R RIER . R 15d
J5 8 ] MS-222 5 HLRR T, WL HL R AR

1.8 BEEE M

M1 RKIFHR, BRI RN A, B4
RUZH RS I 3 AN N 43 0 BEALAH R 1 2 5 1)
i, F MS-222 5, WTRMKy, FRER
BT 10mL B.04, AR 9 f5 /) 4 Bk
7K (0.9% NaCl), 7KK T FAEI TS 10s (5
), BEUIERE 30s, §lm 10% LA K. W
il 25 17 B9 10% 412150 9% TR 25041 3 000 t/min
B0 10 min, B 0.2 mL ¥ N A 1.8 mL A B
ERIK I 1% HEV )W

i S8 A B TR B, K 1% 4185
MR KA, WCEAE 10 mm OGRS A F £ I
i FH 5540 5 D66 BE 143 5113 52 280 nm FT 260 nm
2 PP T I IR BE (B Angy FI1 Aggo, RS 2UER
vk B (mg/mL)=FxA,50%K, Hr FoRRGER S

A3 P ) R e s A ) T AR S T A T-
SOD % 4h i %I & (A001-1). POD % 4h ik 7] &
(A084-1), CAT % #h ik 7 & (A007-2-1) i 47 T-
SOD. POD Hl CAT [ il & .

1.9 KRS

MEE 1 RIFR, B 1d NS Hdl . B
2H AL H A 3 AN 4 i BOKAE 50 mL, I
A 0.05 mL 50% B2 [, & T 4 °C IKFH R

R4 GB11893-89", it HI 4H ik % 71 't ot &
TR0 R KRR R

MR8 HI 636-20121", {8 FH B 14 1 7 PR 441 T
it 58 A3 S B R KR RV

MR HI 536-2009°", { FH 7K 4% & 43 06 B
T RE KRR

1.10 ZHLBZ 44

BEs 15 RILE Lh GBS T 4% 2R H
PV O 1 G2 24 h, GO L FFIE A /N B 4] 4%
A 70% & B W IR AT o H FLRR BE RS oK
THIREW . A, EAshb R LESY)
F, VIR EEZ) K 5~6 um, H.E Y0, {88
I S T4 BRI ok

2 4R

21 KHBRITFERRK ED;
TRE S5 FLAN I 08 SR &y i NSRS 2 R TT i i B
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FET, 10d JE AR B S 1~5 1Y RBBET- %
430K 90% . 80%. 45%. 35% Fl 25%(1& 1),
o [HHEXTHE  positive control -+ SEX4A3 group 3 (0.030 g)
= XS negative control & SZIRZH4 group 4 (0.043 g)

+ S2IRA1 group 1(0.015g) o SEKAAS group 5 (0.061 g)
* SLIHA2 group 2 (0.021 g)

T

]
(e}

(o)
(=]
T

FIE /%
percent survival

N

(e

20t S
A—a 4
0 L L L L L L L L Il
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W a REud

days post challenge

1 FLAEXER 10d BRAFEEE

Fig.1 Cumulative survival of L. vanname for 10 days

B PR E O SR 1Y 9 d Z AR ORI R
b, BEAMBIETE O, LM SR HERR A AR
FET-HIREIE o PR XT IR BURE )5 5 6 K RBSET:

TR 100%, 150 B0 EE XF FLG I o R A e
S A 1~5 B B B FE 3 R vp28 i T AR T
FIEMEE LA, BRAGERBIH RN LT
R, e B2 AR A R B O B g s, HL S
5 20 9 P8 T B[R] i 25 4% PR A% ik TR vp28 it o 11 IR
PEW AR BT, Bl — iR, B
A % 3 DR vp28 W e 11 AR E ¥ X L 4 U X I 4T
WSSV 1 — & M BEVER . it EDsy 115 A5
15 B 55 3 K] vp28 W B 101 IR B P R FL 44 I K R g
WSSV ) EDs, 4 0.027 g.

22 HE&ERUSH

MY E], B D X IR R AR, RAT AR
Wah R . RS MAERR15d)5,
RHBAET, HOKHiliFsh 47 M IEH o BOREJR &
B3 A AR E R, B IR BE ]
PRI A1 i S B (K 2),

B2 HI&ERE 15dFHRAER
(@ A, (b) FAEMA, (o) FERH
Fig. 2 Apparent symptoms of D. rerio after 15 days of
feeding in different groups

(a) blank group, (b) wild-type group, (c) transgenic group

FRLABEHLINERL 5 REORAT . RIS M, B
IR S R R Mo S5 R Won, i 5
PR 5 B 1 £ ) e K e A LA BUIME K
XF HE ) B A AR R B, SRR L HUR
TR 5 Tk A T A 0 S TR A 0 8 R R B
T HAH, UL A R L B IR AT
oy % T B £ AR AR T (3R 2).

23 WMS&EESH

{8 FH SPSS 20.0 X A4 53 Bt AN [F) s 1] o5 B 2 £
TR EEAY TG 1, R One-Way ANOVA J5ik, 41
[) 22 S5 # {5 /) b 3 25 5 1% (least significant
difference, LSD), & ¥ H 28 fb 522 B — 2 1y i 3,
KU BRI, T-SOD 3 78 5 d ik B KA,
WA E R B2 (P<0.01), BiJE R ¥F LT
JERRE W3 ; R A AR 3 Y T-SOD i ¥ B

®2 BHDETEAMNREIFENEKER

Tab.2 Growth performance of D. rerio before and after feeding in different groups

ZH 51 YK /om A /em HK 2 /%

groups initial body length final body length length gain

74 blank group 1.810.17 1.98+0.24 9.39+0.65
B4 wild-type group 1.79+0.20 2.06+0.32 15.41+1.11
HILNYL  transgenic group 1.80+0.23 2.07+0.38 14.72+3.00
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WIS IR T, AE 15 d kB RfE, 78 9~15d
I 1A AL 35 (P<0.01); A3 MR Ak [R] JRY  3i
f) T-SOD & PE7E 3~11 d 22 8/, 16 H A4 AN
2 (P>0.05), 13 dBARI R EE. LiRTA L
K5 T-SOD {H 7 $% ML 45 At 54 T+ (K 3).

O = A4 blank group

B4 wild-type group
100 [ B 3£ M4 transgenic group
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o7y
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ROBAEAE AL E/(U/mg prot)

MR Hud

feeding time

B3 RRERDEH T-SOD EEEEL
Bl xR o) 22 5 AT B35 VR (P<0.05), **, xR R % Sk B
(P<0.01, P<0.001), F[
Fig.3 Changes of T-SOD enzyme activity
in D. rerio after feeding

In the figure, * indicates that the difference is significant (P<0.05), and
*k k%% indicates that the difference is extremely significant (P<0.01,

P<0.001), the same below

R MEHR IS, H POD G PETE 3~9 d Jh i,
9 113 d B i M AR fb A B 2 (P<0.01), 15 d B J&
AW W IR PR 5 MR B A= AU K e 1) POD
TEPEFE 9 d B i B AR i, AR fbAl i 3 (P<0.01),
FE 3~15d R IRAS L 3 il N IE A o0 A, $mR
L5 T 1Y) POD W& PEAR TR R F A1, 22 =
F (P<0.05); % M55 3 [H Y 5 3% A9 POD & 7~9 d
T AR L 2 3 (P<0.05), B URIEME R FRAUE S,
15 d B B R AR K (P<0.01) (K] 4).

KON FER IS, CAT IGEALE 5 d W i 5 2
5 (P<0.01), 7 d W% H B e (P <0.001), J&
SLIE M OR R B R KT, B R R By 1Y
IS P B KA # ;PR HF A= A B0y CAT
WS A A aSsAME, £S5dRERS
(P <0.05), 7d i (P<0.001), HJF
TG PR R R i KO s PR % 5L IR R B 1Y CAT
WSO R, S Atk R R E KO, AR EE
(P<0.05), Sd/F FREBEHE, 11~13diE 1421k
IbF AR, B R 3 (P<0.01), 15d¥KkE

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

O =H4  blank group
P4 wild-type group

— 127 B #FL[AIZH  transgenic group
b 10 *ok
g
o0
ks 8
20
> 6
£
o 4
=t
2 2l
0 3
3 5 7 9 11 13 15
B Hyd

feeding time

E4 RIREBEDEE POD BEELTL
Fig. 4 Changes of POD enzyme activity

in D. rerio after feeding
F ) f BRI K- (] 5)
2.4 FEKEIKERTH

WA KT S A I, R TR SR A N
R H Y Sk kg, AR fh iR AR X N
SRR 3 d R BT, A AR
afi p BT IEDRE T R R AR TR R
REU, MG HBEAL, FREEAm 8w 7d
Wk B A, MG 2 H MG, 7 15dRf 34
1) S 2 A2 B0 00 LR B H Y KF (B 6).

RARKTFERE RS BAENAEY
B, FER A FKE P INER B 5 DL KoK
B A B PR HE M o KR s v B 1 2
Raxf = fAL R U N Y, 28 Ll AT AR
RIZATE 7 d kB EmoKoF, SR AA7E 9 d ik

O #H4  blank group
$PE2H wild-type group

80 B #4H M4l  transgenic group
=
S
&
o 00
g
=
F
S <40
Z o v
ﬂr@ [
= 20F B | [ i
& = |
g i &
o L& 3

PR R Hd

feeding time

E5 KRREHIEH CATEETL
Fig. 5 Changes of CAT enzyme activity
in D. rerio after feeding
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260 KooPE

% W 45

oo 712 blank group
0.6, == BEA  wild-type group 12

i ok fransgenic group

» 0.5 10
35 g o
< 204 -sgﬁ
g 2 52
< 203 16 &5
Ei T
m g 02 la €T
2 B~

= 0.1 12

0.0 0

11 13 15

1 3 5 7 9
BRI

feeding time

El 6 RIRBEID & 57 &ETE RkiEkH
BEE). 28 @)L
Fig. 6 Changes in total nitrogen (blue) and total
phosphorus (black) in water at various time

points after feeding D. rerio

K, RASEN0.5mg/L, F)5H 5 A
H AR B, 15 d PRI B 0) 16 R H 1K 7
(7).

2.5 PO &RFARARRIERE S

TEMRFE 15 d 5, 45 413 5 £ I 2H 2% 21
VI &5 R W, 25 POk BRZH A4 T U 290 1 355 b ]
W, AR HES B, AN MRS R R T UL, 4
AR /INIE B S MG BE , 20 ) B T e, R DL
B B B 0 5 BF A T A I HE S R, A
JLTE] B3 AT, A MO RN R, R,
AR/ BT S 5 B 6 DR L 200 Y A% 375 b
L, A ST, A M R B S B, AR
or I BLRE A, A MRS AN B S, (B sS4 R
DRSS (PR T )

25 pm

* 220 blank group
0.6 = ¥44H  wild-type group
.A.

HILNYL  ransgenic group

= 0.5} /.\?_‘__“

5y /R - ~ “,
o204}
e
E 503}
K S
=4 g 02

T o1}

0.0

I 3 5 7 9 11 13 15
BT

feeding time

E7 BRRED&EFESHESKEFFEANTN
Fig.7 Changes in ammonia nitrogen in water at

various time points after feeding D. rerio
2.6 BED&ELAEALREBEF SN

TEMESE 15 d J5, 2% 4H B 1h 0 R 2H 24 31
DIR &5 2R Eon, 3 24000 Mk 21 240 4 S8 o EL
MR AL, A S B B s AR, A HES ) K
200 i R O T AL, MR N ), BT R
e, REANEMEEE . #BAFARAR
(ETRR ),

3 iR

KSR EE Y, B B A 2R 55 245 5 4f
RN, 5 UL R A KRR KA BT
YeH g5, XAKAEY G E BB, 7
PRSI WP A R A S, R R TR i Y
WHH )12 .

il 1 EDs 715820 A5 B 5% 58 K vp28 W 1

G 7

B 1

BR15d ERERDENFRER A

LASAE, 2 BRI, 3 B A BRI R W 15 d )5 R I B A A AR A, SR BT SUR s i Ak (B AR ) R

Plate [

Liver tissue sections of D. rerio after 15 days of feeding

1. blank group, 2. wild-type group, 3. transgenic group; slight vacuolation of the liver tissue was observed after feeding transgenic cyanobacteria

(marked); the same below
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EhR 11
Plate I

ik 22 B X ML 48 5 X U &) i BT WSSV ) EDs, A
0.027 g, SCHLE SRR, BEE AL B i vl
HEAGE N, ST 4 X R A R R TR, U
HH 2t 35 TR o 8 8 Y TT A S 4 9 R X WSSV A K
Prag s, H—EREEEn, flEsEdt WSSV
(/) BE 1858 5 EDsoRT A7 Ji 28 7= b Ak Ry FH %% 3 [
vp28 W 11 IR PZE v B (AR S A 4l

W 5 e B TA K 8 EDso J5 4R BE L f8 , JTE
SEYGH B L R R R S B /A T-SOD
g 35 3 9% 0 AR AL, 3R BA A% L R 0 4R
X BE L £ T-SOD Rl i 71 JE A Jo5% i ; POD
ik Bl A PR RS KO R BRI A, R
W5 BE T £ PSR RE T BRAIK ;2 Al R Y
ARV CAT B e A B THE, (A%
FE A CAT B G I ZERE IR 15 d IR B W) 4R %
ML %) 7K

MREEEP IR AR, MIREAASES
CAT 6 Sy ¥anm, FLREE WM, Hif S
Hog, (M8 — MR AZIRE G, R R
i, SBEAL CAT WG 11, RSB & A7 7 d i
B E AR, VR IR R B fa A HE Y . DR AR
A5 oy fift Ja 7= A 1 0 b P 1 R A DL &
M A7, R AT AR T80 25 (1 4L g
AERIR) CATH T B ERT, S8 fismEr,
Vi AL S B oY 4 R — B R fR) G
2 BE T A 1Y) POD TG M T B . P A R AR .
CAT I PEFE 7 d BF BT [, R LD 4 B 4
bt JIBEAC R BT, & & E N E A T LR B
s A, BUERETE PE T M, 7E 9 dE AL E
I AKEB, CAT G A R R, BRAE 4
SECO G B, AR X AR e Y R 2 ) I
677, AN SRA K PR 5 v i 2 A K e ) 4 Ry 7
5 K (>0.5 mg/L) W 25 S 2 A Ak S S T

K P2 % 2 32 /) sponsored by China Society of Fisheries

KE15d aRENI & OELTE

Heart tissue sections of D. rerio after 15 days of feeding

—H2 RS PR AR R P bl A
FERG M, CAT BTG PEREZ 38, DL RN &
ik s, HaE A WS,
SXPHUARTE A, AT T BRI R . B
HH % B K R b A B AR TR B A P R
FERE I AE—

AR EAYLE S EN M EER IR
—, AF YT R B B, X R BH 24
VIR BEEAE RN T R A A
SN A B D A TR, AN L R
KBEE e, HEsT A IER , i MS-
222 R BE Sy fa E AT R AR WS & B AR TG S
SEEEEEth, A2 R REM, RN
WA B X BE £ 00 AIE 4H 2940 B O TG I8 3 R ),
JH JOE 20 2 40 i 00 o B e s v A I 4, (H 20 i
KU BRI R S0 O, HEI R T B
AL RE 1 TR, IR 2 2157 B SR FE K AR
H &0, 402040 i o B sz 6
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Determination of ED5, of transgenic cyanobacteria oral
vaccine and safety evaluation on Danio rerio

XU Yang', XIE Jingkun', LIYunhui', SU Yongzheng', HE Peimin'?, JIA Rui"*’

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China;
2. Water Environment & Ecology Engineering Research Center of Shanghai Institute of Higher Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Nowadays, in aquaculture, the popularity of antibiotics and the increase in the use of other drugs have
made it easier for residual antibiotics and drugs to invade natural water bodies. The environmental effects of antibi-
otics in the ecosystem have caused more and more pollution to the water environment and threatened the survival
of aquatic organisms. After strict regulation and control of the use of antibiotics, the use of genetically modified
vaccines that can replace antibiotics has become more and more common. Cyanobacteria is a natural bait for
shrimp seedlings. Directly feeding Litopenaeus vannamei with Synechococcus-expressed vp28 to control WSSV
can play a role of “medicinal and food homology”. However, the problem facing the current application
of transgenic cyanobacteria as a subunit vaccine is the safety of its environmental release. Danio rerio is
one of the most commonly used model creatures. In the previous Synechococcus-expressed vp28 oral vaccine effic-
acy experiment, the feasibility of the oral vaccine was verified, showing that its efficacy and safety can be trusted.
This environmental release experiment was built on this basis. In this study, Synechococcus-expressed vp28 were
administered to L. vannamei to verify the effect of its dose gradient against WSSV and to determine its half effect-
ive dose (EDsg). After feeding D. rerio on the basis of this EDs, the effects of the Synechococcus-expressed vp28
on aquatic organisms and water environment were explored by measuring the enzymatic indicators in D. rerio,
observing the tissue sections, and the changes in nitrogen and phosphorus in the aquaculture water. The results of
the study showed that with the increase of the dose of Synechococcus-expressed vp28 oral vaccine, the anti-WSSV
efficacy of L. vannamei also increased and the measured EDs, was 0.027 g. Feeding D. rerio by freeze-dried wild-
type and transgenic Synechococcus with the shelled-out Artemia for 15 days, the body length and color of D. rerio
were not significantly different. The CAT in the transgenic group was significantly lower than that blank and wild-
type groups. There was no significant difference in SOD and POD between wild-type and transgenic groups. There
was no significant difference in the liver and heart of D. rerio through the tissue section. The ammonia nitrogen in
wild-type and transgenic groups was lower than that in the blank group, and there was no significant difference
between total nitrogen and total phosphorus. The results of this study further showed that the Synechococcus-
expressed vp28 can effectively enhance the anti-WSSV ability of L.vannamei, and as its dose increases, the dis-
ease resistance has a more significant expression. In the current experimental results, there is no obvious toxicolo-
gical effect on D. rerio, and after feeding with Synechococcus-expressed vp28, it does not show a significant effect
on the quality of aquaculture water. This shows that this subunit vaccine has less impact on aquatic organisms, and

can provide a basis and more possibilities for subsequent industrial-scale applications and development.
Key words: transgenic cyanobacteria; Danio rerio; vp28; median effective dose (EDs); safety
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