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WE: A5 LI Yt i 2% B PR FE 5% # (infectious hematopoietic necrosis virus, IHNV)43 & bk XJ-13 A5 R4,
o, b HOWE2E (M (glycoprotein, G)FEH IF B B\ AL 24K pcDNA3.1(+), MM T B £ IR pIHNXj-G, N T
K2 8RN E AL R L B O TT e, ARBFST L 2 ng/ B AT B R F 1 88 3630 1 S S0 BE M 5 (Oncorhynchus - mykiss)
Hi[(520.5) g TERRIESTHS 4 RIS 30 K, DL 100 TCIDs, 47 1) H THNV-XT-13 X T i 375 47 16 s v 5 ke 78, 76 %
PEJGHE 4 RILHE 7 K, FIH Real-time PCR F A I g1 3% ' Je Pl (67 LA 12 Mix-1 LRI BRI 0L, e
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% TR 928 B 1A AT B 7 % Rk 5 100%, 11 X HR 20 1Y
FEW RN 10%~15% . A E AN ZEH T THN
FERRPE B B bk, I HLAT X THN R i T
J& T R ErWEIE TAE, B H RS WG F R
B AR T B e DR R A T 0 92 e B R BB
A= 3 R R I ST ARG, T R R E V1 B
LR, XOERA LR THNV R EEEA
A R 0 8 B A g i v R, AR
W58 78 B 40 9 9% 75 (cytomegolovirus, CMV)Ji 3]
TN I E THNV-XT-13 S5 EEHRI0 G LR
#T THN BRPEN, 44 pIHNxj-G. £ RGL5
TEFTAE S 1Y THIN AR PE 1 A A5 ) Sk b, 3@ ik
X G P 0L B i S N A L A AR IREE i R
T 55 R PUME TR 2 BB 19 5 A DR 43 B 2 v
M b SR B R o I R R A X A Py A
PRI TP 4l P B BT P AR . ASFSE S THN
TR W 10 22 AT Bt T SE R A%

1 #RFFTE

1.1 Bk, KR

THNV 3Btk XI-13" i A4 50 06 5 03 B AR A7
BEF IR pcDNA3.1(+) H Invitrogen 23 Fl;
Fathead minnow I 7 9% 4fi ffd(epithelioma papulo-
sum cyprinid, EPC) 1 " [ K ;=B 458 Bie < 11K
PGB £ S I 5T & G A S B B
1.2 EZiH

SV Total RNA Isolation System Il H Promega;
One Step SYBR® PrimeScript RT-PCR Kit II(Per-
fect Real Time)iifl & . PrimeScript™ One Step
RT-PCR Kit Ver2.0 {7l & . DNA Marker . pMD19-
T simple 44 | FRAGIPE N VIR F K& 5 AW A A,
JokE K R B & W A Tiangen A= 4)/A w]; MEM
UM FREL . RS 1 Hyclone AW, G4 ILIE
5 H Gibcos
1.3 sSIMigit5&mK

MM Premier5.0 #AFBEIHY 1S THNV-XJ-13
IYERRI G EEHFS LI YIFS, F: 5-GGAT-

CCATG GACGCCATGATCACCACTCCGC-3"; R:
5'-CTCGAGTTAGGACCTGTTTGCCAGGTGAT-

AC-3'. TP 2 52 16S tDNA 38 5| ¥ H

F51; 16sF: 5~AGAGTTTGATCMTGGCTCAG-3';

16sR: 5'-GRTACC TTGTTACGACTT-3', IfA 5]
WYy W IR U AL AR A R A R
1.4 IHNV fRH1E5H

BURAE T—80°C ¥KAH AY THNV-XT-13 43 B bk 1
FREIR, IR MOI K 0.01 19 L9135 EPC B2 41
Mo b, T 15CFME 1 h, FESAHREERHMI,
A5 mL A AERRR (S A 2% 0648 15 1 MEM
R T AR TN, T 15°CHi AR 2 70% LA
1 20 i P40 i AF (cytopathic effect, CPE), X
AR M3 TR (R 7B, 71 R A7 T-80°C UK
Fae .
1.5 RNA WIRBUEBE/MEEY &

W RAF T —80°C vkAH M AR 4 L Rl 2~3 IR,
W U B B 0.125 mL, 12000 g B> 5 min, #
FANMEHE F A5 D03E, FIH SV Total RNA Isolation
system A & HE B VE W P 9% RNA

FEHCTHNV-XJ-13 JEK 4] RNA, #H RT-PCR
— R NARFI G LA F/R A5 Y1 G 3,
K/NH 1700 bp; [FIEPEE TSR AE Y EPC 4 i 4
HUE) RNA B FAPEXTBE4], PCR ¥ 38 s ik &
2xO0ne Step buffer 25 uL, enzyme mix 2 pL, F/R 5|
(10 pmol/uL)4% 1 pL, RNA 10 pL, JHIGCH Kb
FLZE 50 pL, PCR P HIFE)F: 50°C 30 min, 94°CTH
AP 5 min, 94°C7Z8PE 1 min, 53°C3iE K 1 min, 72°C
FEAH 50 s, 25 PMEFR, 72°CL AL 10 min, PCR /=
YIHEAT 1%B R EE I rL VK o3 AT, X B 450l i
TR M, SR K ™= ik il A T AE 8 Al
HEATINY o
1.6 EHAFRH plHNxXj-G B R &

¥ L5 ALBRAEE R4, FIFH BamH 11 Xho
L X ™ oy kA7 SR U), BB S 5 BamH
IXho 1 WG] N pcDNA3.1(+) A AR 1 % Il % 3
30 min, 2RJ554L E.coli DHSa, 37 CIEFT & &
FHEH R (100 png/mL)K) LB My, 16 h i, PEECR
W% T 20 mL TR LB K53 b KB 3%, 14 h
JEAREUTORL, ] BamH UXho 1 A GYISEE, ¥4k
TR PAPE A PR B VR B HC LA T A TR H AR R
54 BRA TN o X B 280 2 1Y FHPE R AE 500 mL
PR LB Br g2 56 KEs 5% . 08 KEEF5 1 s A
FH Tiangen b fC & S BURA S $E BUTORL, il 25 4%



222 R E K 7 R 2 25 %
PR pIHNXj-G, AR IEFUR A ¥ FETE 1000 ng/uL DI RSkl 2 B8, il 20 f i A2 FL B > — 2

L b
1.7 ATHEREE RINEINK

FEUT 65 (5+0.5) g WAL 2 21, &40 200 8, &
FET KR 15 CRIMEFRKIB(60 cmx60 cmx50 cm)
H, 7 d S T S 6 B AR A T LR T, 1K T
BRE 2 do SEIR A T S AR R v e R R 2 g/
B (50 pL/ ) B R+ ¥ W), [ B i & 1 X)
pcDNA3.1 G2l o 3 55 5 b 45 A T 8 o 8 T 10
WA N 7 .

FEGRE T B 5 4 RANEE 30 K43 3 EA T eeg ik
5, I ATAS 1 2 do A W £5 2% vP I (phosphate
buffered saline, PBS)LA 100 TCIDs, 5| 5 ) THNV
SREEVE XU-13, SR R S 9 O 3O fe 2 i
(n= SO)iFAT T . VR JE F 45 2 6 o B TR
WK IR 7%, HLMEE 21 d, jo A4 il 4
g KIET B DL o AR A e v e s R i
(relative percent survival, RPS): RPS=[1—-(faE4
FET- /N R AL T %) ]x 100,

1.8 Mx-1 B E i K 5 Fa s il €

FRIEIGE 4 KA 7 KRN0 (n=5)k &
FZEFRFRA LR 412, FFH RNA $2 B0 50) 542
24 RNASRJ5 F 1 One Step SYBR®™ PrimeScript
RT-PCR Kit II(Perfect Real Time)ik#| &, LI f-
actin HNZILNH, Kf Mx-1 FeRSEHF9¢EE # PCR
K, LAVESS pcDNA3.1 b i > %t B8, Fif i Real-
time PCR {X#% 4 ABI7500. 84 70 Hr % F HL 48 CT
%( AACT), *ij%éiiizz—MCTzz—(ACT A3 - ACT MIR)_
27[(CT ib3 - CT M%) - (CT M| -CT W?%‘\)]’ ﬁjﬁjﬂy 3 W\E/EE/\J
A,

THRPBEIGH 4 KA 30 KK HURB S i ik B
(5 2045 o A 10 BT 88 1) v, BT 4°Cuk
FEIL, 800 g ZE A0 10 min, WM. SR
LaPatra 2545 s, 4 EPC 4270 3| 96 FL4N 1%
Febr A B )Z A, SRS KA LA R Y LT S
PR T 15°CHERTIEE 1 he #8100 TCIDs,
W BE ALY B3P 100 pL VS PR S, 15°C
MM FRA IR E 1 h, WRIFE W, IAB &R
MR . BT 15°C E b i ks a4 h e
IREE R, HEEWEL 10 d, idsEH B CPE AYFLEL,

P 1L 375 i R 3 B g oA
1.9 #ZBEENEEFETERAKN

I RE RIS 1. 3. 5, 7. 14, 21, 35,
49 .65 KABFIA] s, SRAEVE IR /K ith HL ) dr S
IKUL K5 AT S8 I NS o BB 0.1 g nyZEfiE
FEJGHE 500 uL PBS HHEfF IR i, JH7E 4°Cik
B 30 min, FIHJE AR UERARE . WG IR TR
Bl EHBZNEGSEN LB ¥, 2 MEE, 25
£ 37°CH 18°C I B B B F5 ik 1% o BRECE-Ai L iy o
AHE, IMESAHEAREERN LB ik
S s gt A o BHPE BRI A 8 5 19 16S tDNA
PEAT PCR Y™ #, #% PCR P=¥i% =W\ w47
FIMAE . SRR NP SRR Tk A 5
B K S HER N A AN EEREW
LB VA, HAbL S FibME . & Ek A E
PBS 14 0T Sl (R R AR SRy X6 REZH o W0 7 o 45 7 91) i
AF| NCBI #£17 Blast K2, X T 4315 1) 41 1 Fih 2
HEATRIAL A BT, SR I R S 6 20 RN RE 2 A AN [ ok
VR BT o B A T ST 2R T

2 #RE5HW

21 GEEMYEEEAKRM plHNX-G K=

PLEE A THNV-XT-13 %5 87 2 7 RNA A #5EAR,
FIH RT-PCR — e Wik A &9 3 THNV-XJ-13
TSR G BN, SRS HEAT B REEE I F UK A #T,
7E 1700 bp AL E IR FPE 540 (B 1), P95
Bra R Woniz L N E 80 5 H 3 E 5 A A, 1
HHE RS G BN K% G 2 A BES b fb ik
pcDNA3.1(+)i& 4%, AL KWAATE DHS5o, BEHLEE
WA TR &Y R IG %, SOk, A B )5 ik i
P, S RS WA (R 2), 45 KR
C M) 345 H 21 kL pIHNxj-G o
22 HEBEHRPINSH

FIH Tiangen JSR7 K & 12 B ) G il 55 4% R
JEH pIHNxXj-G. FLA 2 ng/FE AR 5 fg 3t
I PR S 1 O R BT B AT e, TR AR
4 KA 30 RFATIWAERE . 450 ExR, Fdl
HT 18 PR A7 2R 2 R 90%LA b, i PBS Xt HE £ iy i
FEW RN 6%~8% o FIHAX T HIx B 1E
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LEN G N

2000 -

1000 -
750 -
500 -
250 -
100 -

-1700

Bl 1 G 2N PCR ¥4 7 My i B v ik o M

G: PHPEREA PCR =4 N: B PEXS IR,
M: DL2000 DNA marker.
Fig. 1  Gel electrophoresis of PCR product of the G gene
G: G gene PCR products; N: negative control;
M: DL2000 DNA marker.

&1 2 pIHNxj-G V1™ 4y i e it vk o A
1: pIHNxj-G Jfiki; 2,3: pIHNxj-G F¥] =4,

M1: DL2000 DNA marker; M2: DL15000 DNA marker.
Fig. 2 Gel electrophoresis of digestion
products of the pIHNxj-G
1: pIHNxj-G plasmid; 2,3: pIHNxj-G digestion product;
M1: DL2000 DNA marker; M2: DL15000 DNA marker.

BG4 d 130 d AT 93.5%F1 91.5% AR YT
PRI LRGSR R AL IRPE T pIHNxj-G X o i
HA R HOR, BEBHEHT THNV X i1
P, BARZR I 1 iR,

&1 BKEREHE plHNX|-G RIFE D o4
Tab. 1 Protection efficacy analysis of the
DNA vaccine plHNxj-G

B R %
s S R BUd cumulative survival’ FHST R4 /%
day§ po‘st s 20 e | relative perFentage
vaccination vaccine empty plas- of survival
group mid group
4 94 8 93.5
30 92 6 91.5

T+ i 8 R ECH 50.

Note: *The number of rainbow trout in each group was 50.

23 Mx-1EEEMER

SHRE ST A 4 KA 7 KAk B B et fr
LA 414 RNA M- 1 &K 5 58 o0 W 245 1 R,
5 pcDNA3.I(HXTHRAIAH L, HERERS 4 K,
Mx-1 FEHRAEEFFRA LA AL b RSB T L
T 82.8 fiF, TERBEHLHFEY LIHT 122 £i%;
ERIEIREE 7R, LR R LU Mx-1 FER R
RS BT 139 45 A 32 45 . Bt AT A R
TN, A5 B [ A7 A 3 22 5 (] 3, P<0.05),

150 R

@ LY muscle tissues
1251 @ 3L'% anterior kidney

100
a

51

50F

M- 16K AR

fold change of Mx-1 expression

25¢

S

0

4 7
HE 5 REY/d days after vaccination

B3 R itg Mx-1 FERAKCE (1 520 43 A
A [R5 B 7R A [l L 2R RN RN 22 S A R 25 (P<0.01).
Fig. 3 Real time analyses of Mx-1 gene expression level
in immunized rainbow trout
Values with different letters indicated extremely
significant differences (P<0.01).

2.4 HIREKHIELSR

FIH EPC 4 MAS I G2 5 575 4 KA 30 K AT
£ 1f1 375 P RN B, SR INg 2 R, TERE
JEHE 4 K, FrA i i SN FELE D R IAR p 1
<20); ERIZIEE 30 K, HA P REMR LTS A
TEAE R ABLIR, TR AR 8 R Am i i ¥ 7ea ik
WA FE R o RBR, o i SR =ik 160, %45
AR pIHNXj-G e 05 il hT i 4 S
B3 SN, T ol 5 28 0T 68 7= A v R THNV AP AA

2 RN ME PRI
Tab. 2 Neutralizing antibody titers of serum from
immunized rainbow trout

EREIEPN O ML T ANHT AR
days post vaccination serum neutralizing antibody titer (quantity)
4 <20(10)
30 <20(2), >40(3), >80 (2), >160(3)
TE: AT AR 10, 15 FR iU B v AR 24
T 20091 E).
Note: The number of rainbow trout in each group was 10, and the

serum antibody titer of rainbow trout injected with empty vector
was less than 20 (negative).
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25 HMIMEMIBEER

OB E) 105 BREN H B R PR O 16S
rDNA #5149 PCR 341G HTERBRAY 16S
rDNA FEH B, fFrA B PCR FHPE ™ 9k 7]
¥, K AR Y 5 A E] NCBI #£47 Blast K
o B it R 24 DUR LA R R
M5 (Aderomonas media) . K B/ S MIF (A. caviae) .
SR T B (Aderomonas sp.) . 3 [G T 16 R T 14T
(Citrobacter freundii)FIk7 15 FR¥T 1 J& (Citrobacter
sp.)o PR G 47%, 35 AT ERRFTE 5 T
32%, MBI LT 1%, FH 10% 5 H
RE A 2 R R AT R s, B A
VLB 4a, RGNS T B 2608 | i iE
A RIS 7K 43 B TR 1, X B2 g DA 559
PBS & B SERYZEME | 738 A 259 A ER IR K Hh 4y
BRBY TR o GEit ot AR, SEER AR B4
WL B SFRBE KA . R E N AN A R EHER
PUPE T R e R ARG R L R (P>
0.05, &l 4b), HAHE N T 5 R B E M
FARFE— B HARSE R ANE 5~7 FivR .
B RS B E deromonas media

E S ¥ HfE)B deromonas sp.
B #rEERAT ISR Citrobacter sp.

= KBS BB Aeromonas caviae
W 3 RATEERIT T Citrobacter freundii s

N W W

=

s I e N0l )

Aeromonas media

73 Y 0f:)

Aeromonas caviae

B AR

Aeromonas sp.

B ERATIRERAT

Citrobacter freundii

FHRRRAT R

Citrobacter sp.

<
S
(=]
1

W
(=]
T

AT R
S

number of bacteria colonies

—_
(=]
T

T

fecal matter

7K water
intestinal contents

FEAR species

P4 AT S 55 FE R 5 P o3 B B 20N T R R DU R AN
E: SCEG4H; C: XFIEZ.
Fig.4 The isolated ampicillin resistant bacteria from
the environment of rainbow trout culture
E: experiment group; C: control group.

Y BV B
number of bacteria colonies

E|C‘|C‘E|C‘E|
7

E|C

14

S J5 st [El/d days after vaccination

Bl 5 ok AFRFEIRSK IS 8 R PUIEA
E: SI304H; C: X 4.
Fig. 5 Ampicillin resistant bacteria from water
E: experiment group; C: control group.

B S I )E Aeromonas sp.
- EATEEBRIT B Citrobacter sp.

U T EC
number of bacteria colonies
O = N W Hh U NI

: &

[ S BN Aeromonas media B [ RS MM Aeromonas caviae
W 7 [RATPEERRAT I Citrobacter freundii

4 5 I E/d days after vaccination

Ko kA MmN

CRREEES IR L]

E: S0 4; C: MR
Fig. 6 Ampicillin resistant bacteria from feces
E: experiment group; C: control group.
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[=)}

E K HHIEE 8 Aeromonas sp.
[ @ #PEEERITE )R Citrobacter sp.

W

~

(3]

YH T T P& EC
number of bacteria colonies
— w

L

- @ AKX BT Aeromonas media O KBRS B M Aeromonas caviae
W FB CATEEERFTE Citrobacter freundii

S S5 B IE]/d days after vaccination

Bl 7 SkAMENEYNERE&ERIUENE
E: SCEG4H; C: WFHRA.
Fig. 7 Ampicillin resistant bacteria from gut contents
E: experiment group; C: control group.

3 it

2R 9% Vo FE A I 0 e 8 L B 1 R A 3R
ik, HESHLHEEMEE &Y MHCI 5 11 2857+
545, I RN FIEMLAAR = A LBz B A A
FE RV S8, XoH 05 14 B 36 o oA 3k, 9 L
OO 45 R R, 0 v G ) 5 ) THN A% R Y%
7RI RE X 885 4y £ B2 TR 80%~100% Y AH X f2
Pl AR YA T THNV-XJ-13 438 bk 4 32 205
PP G HE R 23R pcDNA3.1(+), Eakss
THN %29 1 pIHNxj-G, 384 5 68 HE 0L PR v
B PEUT I, 2 g/ Tt R IBE 1 X (5+0.5) g ML it 11y
PR OR-AF SN B JRAE 8 5 5 4 RIS 255 30 K1Y
feisF] 90%LA I . LaPatra 2 MBSt & 1 T THN
FERRPE T AE S0 ST 56 4 M 0 RV RE XoF 638 . i
A AR R, EL IR B 928 0T 0 10 98 O AN A7 AR
IHNV Rk, TH0 215 8 B Y s 2 1 A
T Mx-1 C BN PEOAX IR P B R 0 2 AR e S5k
TIE I — MRS AR R B 4 KA, Sk
BRI LA P M- BEPR 34 b gk,
X — 25 5L R THN A IR 1 1) 7 AR R S M e e A
PERAL T A B MR RS . SoIE)E 5 30 R TR
BT STV NN 24§ b AR A (R AP
AR, bR &N s 160, HETECEE K
95 285 5 R IR R T A R R T 90%,
A RUWNZAZ IR E e e 5 55 30 REIAT 42
HERr S R Y . 25 LTI, AR ANE

B 8% 00 5 0 A 7 A A e S P 8 7 T L
PP, T HL AR 8 S A 7 A R S R RE N T
PR IR S R

MR RE VT VE N — R e, B % et
— A H A EE LAY 1), 9] G A% R 1V T HE S
(AT 36 DR S 75 RIS e A 35 DR S T e 2R v )
AR TR SRAFPUME . AWESE 4 8 AR P i &
LR v ]S B RN 3 AT IRAT B, A 4
B RIS KA AT B TR N G 5% 35 DR R B B 58 1)
TER . AHMBEE SRR ) 1z, A
TR, T5K. IR . IEA A K I ROy
BRI E T A RNE, 23R A E N IE
WL, Ml HARIAE R PY i X ST 1
NRRIA T HHERZEH, NI A R
AR PTHEILRERS r8, AVFR A, LI
FUGT B2 g T 8 55 /K v L 25 R 3 N A
ANHHRIME RS A KA g2
B R, TR A FR R T BB 3 R IR R
Xof PR o T TR AR AR 2 A s, R ]
DIIE HI WA TR P 1 1 2R i B R DU R AN &
PR RS, NS AR P R AR S IR Hh At f
AW ECE. HE MERCEAR MR
THN B39 1 (Apex-THN), RUETEE A B SRk
TE OB T RE P AR B R R SR A
PR AT, (HE Apex-THN (¥ 2h b v it
— DRI T R TE B AR
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Construction of a nucleic acid vaccine against infectious hematopoietic
necrosis, and the influence of resistance genes on resistance of envi-
ronmental bacteria

LI Yuan"? ZHAO Jingzhuang', LIU Miao', LU Tongyan', REN Guangming', YIN Jiasheng',
JI Feng', XU Liming'

1. Heilongjiang River Fishery Research Institute Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Fishery and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: In this study, the glycoprotein (G) gene of the infectious hematopoietic necrosis virus (IHNV) isolate
XJ-13 was cloned and inserted into a commercial vector pcDNA3.1 (+) to construct a nucleic acid vaccine
(pIHNxj-G). Rainbow trout (5+£0.5) g were immunized using this vaccine via the base of the dorsal fin at a dose of
2 ug vaccine per fish. At 4 and 30 days post-vaccination (d.p.v.), the rainbow trout were challenged by
IHNV-XJ-13 at a dose of 100 TCIDs, by intraperitoneal injection. Expression of the Mx-1 gene in the head kidney
and muscle from the vaccine delivery site was detected by real-time PCR at 4 and 7 d.p.v., respectively. During the
following 65 days, fecal matter, water, and intestinal contents of the rainbow trout were collected at different time
points to identify ampicillin-resistant bacteria. The results of the challenge test showed that the relative protection
rate of the nucleic acid vaccine was higher than 90% at 4 and 30 d.p.v. The results of Mx-/ gene detection showed
that the Mx-/ gene was significantly up-regulated in the head kidney and muscle from the vaccine delivery site.
Neutralizing antibody titers showed that there was no neutralizing antibody (titer<20) in any of the sera at 4 d.p.v.
At 30 d.p.v., neutralizing antibodies were detected from 8 of 10 serum samples, and the highest titer was 160. The
ampicillin-resistant bacteria isolated in this study mainly belonged to Aeromonas sp. and Citrobacter sp., which
are naturally resistant to ampicillin. However, no indicator bacteria like Escherichia coli were isolated, and there
were no significant differences in the number or the species of the isolated ampicillin-resistant bacteria between
the vaccination group and the control. This study not only provided an effective IHNV DNA vaccine, but also pro-
vided supportive data for the safety evaluation of the IHNV DNA vaccine.

Key words: infectious hematopoietic necrosis virus; nucleic acid vaccine; resistance gene; Ampicillin; environ-
mental release
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