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ORF136 it I M5 & H, HIRANIIEEE
MEANTEEE, B2 MM RAA IR . AL
WM pET-32a-ORF136 JFZEK#IE, IPTG
W RBFAEAREN, RERTIRGZ O
oAk, I A iy CyHV-3 Jk 25 FURYE CyHV-3 ()
KS A 4T Western blot A1 [E] 422 S % 9¢ Y670 o
ORF136 5[ gfith i 1 2 e BT i 455 ORF136
HEEINRERIIER CyHV-3 LI 2512 Wi 7 B (R EE 7
PO T H B AL,

1 MRE5FE

11 fFE. @EMAR

BN RE 3 B T BR(KHV-T) 8 [ 3 4y
FEBIF 9% B 9 B 24 B 55 FIF (FLDKHV - 2 % 5286 28
Sven M. Bergmann T8 115 84 #5107 3t 20 Jifd (K.S)
A SEEE S A, KIBHFFIE DHSa RS2 8 A
SR A IR AE; R Rosetta (DE3)E52 745
W HEAY TRCRE)ARAHR,
1.2 w7

L7 ZH 2 20 ks TR 20 i B R) & (DP304) | Bt
HEREBERE DNA [ & (DP209-03) | JFUki/Mi
7 & (DP103)F1 DAB & 4351 & H RARA: 1k
B A BR 2 7l ; rTag Mix PR il P4/ Xho T Fil EcoR
I. DNA -Tailing Kit(6109) . DNA marker. T4 Liqase
F1 Liqase buffer 14 H 4 TROKE)VARAA]
pET-32a(+) BTk f 4% 5L 56 %= {47, SDS-PAGE i 7
&M H Life Science A w|(FEH); 55 L5824
#2434 H Sigma 2 7] (32 F) HRP
PGSR 1gG 18 H P EA Y TRA RA
A, Ni-Agarose His b4 FH 445 & (LK
D)W A b e 2 A R A BR S F] o RIPA
SLEW A IEE R RAEYFEARARAF . Alexa
Fluor 488 #richIF-Pitk 1gGH+L)W H Life Sci-
ence 23 H (L),
13 Fik
131 EFE=ZE MRHE GenBank ' CyHV-3
ORF136 JL[A 5, HIAW{E B 2781 ABCpred
(http://www.imtech.res.in/raghava/abcpred/) . BepiPred
1.0(http://www.cbs.dtu.dk/services/BepiPred/) #l
DNAstar F 153 Protean Tijll] ORF136 &K 7E B

M Pr R L . H Primer Premier5.0 1145 5
31¥)(F: CCGGAATTCGGCACAACAACCATGA-
ACTCTACC; R: CCGCTCGAGTTAGATTTTTCT-
AAAGTGCACGACGTC, RIZEHB5435 hy BR il 1
DI EcoR 1 F1 Xho 1 il U143 550)FF 1 A= T A=A
Cikdi'

20 8 % B 7 S B 2 % Wang 2111
FE PR 2 $R BN Ul B B iE AT . PCR {4
#: 12.5 puL rTag Mix. 51#4 1 pL(10 pmol/L)
A1 1 uL DNA B, #MKHKZE 25 uL, [T
TR :94°C, Smin; 94°C, 30s,55°C,30s, 72°C, 45 s,
30 MEFR; 72°C, 7 min,

¥ PCR F=WIiEAT 1%B iR I HL vk, VI
WSS pMDI8-T #ifkikd:, #1k%®E DHS5a /%
ZASNM, 57k B PE ST A T BT PCR AR
S I i A T AE WS RN BT
1.3.2 Ei#x#FHEBE xFHEHAEHERIA pMDIS-
T-ORF136 JF#% £ ik 3K pET-32a (+)iE 17 XU ],
K H B R B RUOURE I I 0 JEA 3R AR AT i 4 o
MR 2 4 : 10xbuffer 2 pL, EcoR I #1 Xho 1 4% 1 pL,
ok 1 pg, #b dd H,O /K% 20 uL. 37 C/KIGHEE)
2 h, KR T4 Liqase 1.5 pL, 10xT4 Liqase
buffer 1.5 L, pET-32a (+) 3 uL, HEH B 9 L,
16 CHER R . B2 W4k % DHSa JBZ 28
A, I BH P s B EA T PRV PCR FDRUR V) 45 5
Fr AR TAEY N w1 P 50 0E, 12 35 21 DR A% 3R ARk A
%44 pET-32a-ORF136,
133 BERRFFSSa4M KEEEHRMEL
SR A% AR Ak 2 KA FF T Rosetta (DE3)HT, i
PERHME SR, A TS AZA RN LB gk,
1E 37°C FHEIRIEFE 2 ODgoo N 0.4, I AZLHE
4 0.8 mmol/L iy IPTG #4T7REESR, 4 h 5
10000 r/min &[> 5 min YAEF A, #1708 £
YeE, BRI AT PBS TETE 2 IR E A, 1F
UK b A R, 10000 r/min B0 5 min, 43 B
fE L3S AL IRARDITE, 8+ e RN - T
A5 Tk G2 R E HEL VK (SDS-PAGE) #E /T % 5F . &R Ni-
e At Ak i3] 1 B R AR AT A4k
134 ZRERGHES4E itk EE
X T AT B T 2 s S e (& (AR R
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FARTREE R 12 1), 0% 66 d Ji7, BEATHSNKR I
BT 37°CHEFE 1 h e, 3000 r/min Z5.0> 10 min,
WeAR LT, SRR ai A iy O i i #1474l ik,
T-20C TR

# 1 PpET-32a-ORF136 EAEHGREHAZARRIE
Tab.1 The procedure of New Zealand white rabbit immu-
nized with recombinant protein of pET-32a-ORF136

BPERE RS RS A /mg Go AN
immuniza- immuniza- immuniza- immunization
tion time tion cycle tion dose adjuvant
%1 0 0.6 I 1G58 Ak 5
the 1* time Freund’s
complete adjuvant
2l 12 0.3 #h [CA S8 2
the 2™ time Freund’s
incomplete adjuvant
%3 33 0.3 35 A58 Ak 5
the 3" time Freund’s
incomplete adjuvant
%4 54 0.3 I A 5E 225
the 4" time Freund’s

incomplete adjuvant

1.35 SDS-PAGE 5% %% El i 53 #fr (Wester n blot)
RIS BEIE T 12%0 70 B IS FL 4% 17k
AR BT, Ko FE S RIPA LA R 2L
JA &G CyHV-3 [ KS 455 SxEH FHES
R L BR A S AR AR I 5 min, BHIG
JREBEATHLIK 20 M (200 V, 35 min), ¥ SDS-PAGE
3 B8 I A e FH T 2 1 7 T 8 2R RS R 41 Ak 25 I
S%AI MR AN = B 1 h, SRJE B 1
1000 FiBEn Z bR EIR T E 1 h, BEH
0.05%I% PBST J§ ¥t 3 K, HK 10 min; /)5 HE

FI5 1 : 10000 B HRP Anic FHife 1gG %k
5 1h, JH 0.05%HAY PBST i1t 3 k)5 #E1T DAB
B,

1.3.6 [EHERERN MBI Ko B R R A
2% Wang 277 e EAT, 1540 B A2,
WSR2 MG SR, PBS THUE 3 i, T A-20°CTI¥e
M BEF S ER (1 2 DIRAWE S, il T
—20°CUKAH, 30 min; WCFFEEW, HA T, HE
H 0.05%IH 720 B PBS(PBST)i 4k 3 X, &K
5min, AT 10%M) R W34 %5 W = iR B 1 h,
PBSTEVE3 RIS 1 : 100 PBS % B ORF136
LI YUA S IR T 1 h; PBSTIHE 3K, &GN
A1 : 100 PBS i BeHY Alexa Fluor 488 Fric #YF- 9t
fh IgG(H+L)ZE I 1 h; PBST UL 3 1k, #ltfk
PIBE(PDFEATAZ Y, 2GS W B T WEE .

2 HBREHMH

21 BHERERE

RETEAN NG . Bk (hydrophobic-
ity) . ¢ 1f 1] f PE (surface probability) . ZE )P (flex-
ibility) 47t J5 1 (antigenic index)Z: £ 2%k, iz
Fl ABCpred ., Bepipred il DNAstar Ff5 ik Protean
SEAEZR S BT I 3l R A A ) TN DX 3y e 28
B PR RO BN ZE R 45 R ORF136 4
B 56 31~157 v & LR X S o B 52 2 11 W 7F B
bR AL(E 1)

H R (R T B SR A X 3R AT PCR 973, 1.5%
(4 B R W P DK 43 BT Jb 7R R A — 2% 5 T R/ IR AT
ok, FBeR/NA 381 bp(& 2).

T : T T T T T T : : : r T T T —— O ZFF scale
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
LTI IS ESHA S T SISV SN BN B IV WNUAVERRGRFRGBNGIEEDIHRG" O J 5] sequence
4 m X turn regions
4 3 o L1 X 42 flexible regions
57
i Bl { kit bydophiliy
—4.5
6.0
1.0- w FH A M surface probability
0 £'q|=|"£|l=r'=' e = re—— "E“u e PR TS antigenic index
-1.7-

Kl 1 CyHV-3 ORF136 HiJR &N

Fig. 1

Analysis of epitope of ORF136 in CyHV-3
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%2 ORF136(% 91~471 fi#%H FR)PCR 4 H 45
M: DL2000; 1: ORF136(5 91~471 (i1 R).
Fig. 2 PCR amplification of ORF136
(num. 91-471 nucleotide)
M: DL2000; 1: ORF136(num. 91-471 nucleotide).

22 BEABRBHEBHERE

b Y H 20 )5 A% 8K pET-32a-ORF136 i
TTRUBG Y S 22, BRA 5 T K /IR AE (1 T 2% 2%,
2 W T A DA AR T (1 3)

bp M 1 2
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¥ 3 pET-32a-ORF136 MWGH] % E
M: DL10000; 1: pET32a-ORF136;2: pET32a.

Fig. 3 Double enzymatic digestion of pET32a-ORF136
M: DL10000; 1: pET32a-ORF136; 2: pET32a.

23 EEFRE
HiFFRIBWEAE N RERIKFHTHSE
PR, WEWE =) .0 J5 #4T SDS-PAGE /34T,
50 BRI 5 H B K/MERF B &R, RO
23} 35 kD(pET-32a 84K H B#5 i in & E H o+
w2 18 kD, ORF136 #HH WM 4> Fa2h 17
kD), H H®&E A EZ oM EmEmE T (& 4).
2.4 Western blot 447
#aifeE M EHE AR T, KRN E R
B 4 L CyHV-3 535 AU CyHV-3 1)
KS i #E4T Western blot 4347, fE£5 15 kD &b

PR T 4547 (K] 5), ORF136 4 i A i 43
5% 17 kD, S5 R/IN—2, ULIHZ L kbt
KRR CyH V-3,

Kl 4 pET-32a-ORF136 ik [ SDS-PAGE 434t
M: EHFs#E; 1. pET-32a-ORF136 15535k Li; 2~4.
pET-32a-ORF136 3R IA A 2 5. 5 F5H 10 £55 .
Fig. 4 SDS-PAGE analysis of proteins expression of
pET-32a-ORF136
M: marker; 1: The supernatant of expressed proteins induced by
pET-32a-ORF136; 2—4: The two-fold diluted inclusion bodies
of expressed proteins induced by pET-32a-ORF136; 3: The
inclusion bodies of expressed proteins induced by
pET-32a-ORF136 (The two-fold, five-fold and ten-fold dilution,
respectively).

kD M 1 2 3 4

K5 ORF136 Z s EHLIAMY Western blot 73

M: EREBRIE; 1~4: 5055206 CyHV-3 ., J&He CyHV-3 1)
KS 4ilffl . &Y CyHV-3 1y KS A [ % AR 1 KS 4.

Fig. 5 Western blot analysis of polyclonal

antibody against ORF136

M: marker; 1-4: Purified CyHV-3 virons, KS cell infected with
CyHV-3, supernatant of KS cell infected with CyHV-3 and KS

cell uninfected with CyHV-3, respectively.

25 EERERN

FI R H £ 89 ORF136 22 78 B B 1A Xof Jk Y
CyHV-3 1) KS i kA7 (8] 4 S e 56 oM, 45
R, TG CyH V-3 (1) KS 4 H % A BB A2 314k
SEPELR PG 6a); ARG CyHV-3 [ KS 4
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o SR B YA 2T (58, RS E R rhat
5IG(E 6b), HE—FBZPTATT S| CyHV-3,

a b

Kl 6 ORF136 Z s BEHTIAIR] H G 5Ot 7 B
a: JRYL CyHV-3 i KS 4108E; b: AP CyHV-3 AY KS 4il i,
Fig. 6 Indirect immunofluorescence assay of
polyclonal antibody against ORF136
a: KS cells infected with CyHV-3; b: KS cells
uninfected with CyHV-3.

3 it

M CyHV-3 5 (1) 53 81969299 729 F TR
ML LK, B Ri R ER, EEWH .
R . dEIEP AR 2 A X U Hp ol &
TR T R, AR Uk 22 bl A F P 3R ) ok 1
AT TE AL LR, Ul & 221 [ R 0 # ) 4
EEFEA P R . BARE A AT CyHV-3
HBFSE, AR IS R prm et
S R 2 2R R R A U020 ) T, BT
CyHV-3 BS54 8 FF IR A0 A BR, T #5495
PR S T Re A, B A T CyHV-3
BUR LR e H 5 10 B AR AT, (A B2
KHVD A2 # 1 BIS HAl . ORF136 2% 4
e MEN R R A, HCTIZE AR
Reid ok = IR A5 .

B PR 4 5 3 11 7 ) A DU AR T A T AR AR
BT, AR T RN R E PR R AL,
M SO T & R 2, A Te £ WG B
(LAl X ORF136 #EAT T 40 #r, M4k T30 1) 4w
i H 2 R Ry 4 AR BB JE e B R Y A
31~157 (BRI NPUR R IR, LR g Rk
T2 DXl K 1 2 1 S EL A R 1) e Sk
20 8 PRI UR B 55 Uik iy 5L 6, 7E S2BR
I RN = SRRt U 1 (= W (B S Rl O i N i) b2
¥ 7% (Cyprinid herpesvirus 2, CyHV-2)45¢ % H

ORF72 M &K Jr ik 57, BIVK 4lifk iy
ORF72 HAH FIVEMKMPTIR, Ik PRAEAKL I 2
BHZ 7 L BEA I ) ORF72 e ek,

Ak, BARERIEARE CyHV-3 HRINE
Wiy ik, (RAESEPRT Iz W R R R T T
(R U B A, I3 2% 12 W I 1A A5 2012 1 B
F o TR XS TR B 1 1 ok UL, T T
(ARSI AN B 40 DB i 2 A 9 R A E I B, 17T I
THF W AR R VRANX A B FE . A0 S T i i A R
FRA AR 20 ELISA KM 75 1%, 7595 J A4S
b B A R S R A e
[ YR AL 9 B (infectious pancreatic necrosis virus,
IPNV)VP2 41 8 [ il £ i S 2 s B b IR AE Ry
WP, Hr THRIE VP2 LT BUA R BUR
VP2 B BEHTAR I IE OB ELISA &l ik, H
BEENBURE RS, T EAEAR SN
L ViR UIA S 0 ELISA )12, 76 HAB R g
R JERG b [RIRE A RS, 4% AR oL ek > |
2F R TR YRR AL e vk B M AR T L S
TR IEIRRY CyHV-3 il 5 iy, 5
BReF S MRS CyHV-3 Pk, A&
ORF136 #ufith ik 1 2 se PR AR RE S R ] 4l ik
(95 T ALY CyHV-3 BI4 i, 76 )5 28] T
CyHV-3 XPifAJe 0> ELISA J5 B iy a7,

ALK M IFIH T CyHV-3 ORF136 415
Bk Bk, ERIATHIAES BBk EAE
H, R T 5 815 1 2 i BEPUIAR AR R S M 1R
alifb iy CyHV-3 J 8 MUY CyHV-3 (4, M
2L ORF136 [ IAEHISEH CyHV-3 I #i2 W
D5 1% W HEST B8 T SE
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Abstract: Abstract: Cyprinid herpesvirus 3 (CyHV-3), also known as koi herpesvirus (KHV), is the etiologic
agent of koi herpesvirus disease (KHVD) causing morbidity and mortality in common carp and koi Cyprinus car-
pio L. populations around the world. Recently, knowledge about diagnosis and detection based on nucleic acid has
been reported, but validation of serological techniques for virus infection is limited due to lack of effective anti-
bodies. Additionally, fundamental research on the function of structural proteins from CyHV-3 is necessary to
understand the relationship between host and virus. ORF136 is one of the predicted envelope proteins incorporated
into mature virions. To study the function of proteins encoded by the ORF136 gene of CyHV-3 and to establish
serological methods for detection of CyHV-3, the predicted antigenic determinant based on amino acid sequences
of proteins encoded by ORF136 was amplified using PCR. Then, the recombinant prokaryotic expression vector
was constructed by connecting the cloned fragment to prokaryotic expression vector pET-32a (+), used for trans-
formation of E. coli Rosetta (DE3) and protein expressions induced by IPTG. New Zealand white rabbits were
immunized with the recombinant proteins of pET-32a-ORF136 four times. Furthermore, the antiserums were col-
lected and affinity purification was used to obtain polyclonal antibody after 66 days. Characterization of the poly-
clonal antibody against the ORF136 protein was further analyzed using western blot and indirect immunofluores-
cence assays. The expected product size of 381 bp was obtained and the recombinant prokaryotic expression vec-
tor pET-32a-ORF136 was confirmed to be constructed as expected using enzyme digestion. As SDS-PAGE analy-
sis indicated that the molecular weight of recombinant protein pET-32a-ORF136 was consistent with the expected
size (about 35 kD) and was distributed in the inclusions. Western blot analysis further showed that the purified
polyclonal antibody could specifically recognize purified CyHV-3 virions and KS cells infected with CyHV-3.
Moreover, immunofluorescence staining showed that specifically green fluorescence was present in the cytoplasm
of KS cells infected with CyHV-3, but not in the negative control, further suggesting that CyHV-3 was recognized
by the polyclonal antibody. The purified recombinant proteins and effective antibodies are necessary to develop
serological methods to detect antigens, except nucleic acid detection method. The purified recombinant proteins
could be used as antigens to capture antibodies against CyHV-3 from common carp or koi exposed to KHVD.
Similarly, development of a double antibody sandwich ELISA for detection of CyHV-3 also requires an effective
polyclonal antibody to capture antigens released from the host. Antibodies produced by recombinant proteins from
rabbit or mouse provides the foundation for functional research into structural and nonstructural proteins. In this
study, the polyclonal antibody against the ORF136 protein was prepared and analyzed using immunoblotting and
immunofluorescence techniques, which provides an essential and valid tool for further research into CyHV-3.
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