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I . Introduction

Equine herpesvirus (EHV)9 =&7] #9435 EHV type 13 type 4°] 2]3}
o W, o F type 19} 49 FPFE A AAA wAoR Bl 4
Awolty, EHV-1% EHV-4 &% 337 4=

Lo,

%311 AvpsEm 12 AR = AHEE57] AFAxzeltt. EHV-1¢] 4%+ fAF
cbe] FA4E Hol7|® 3§k, Ao wetA] miHlE SRbshe AAFAAS do]
71% 3oH(Crabb %, 1995 Kydd %, 1994). 1#|v} EHV-49] 7d Ao = A4
T NAZHS o= A7 A itk (Patel 5, 2005).

EHV-1, 4¢] o%2 9]3le] modified-live virus % &3} nlo]g] 583t

P!
WA BaE ol (Dolby 5, 1995 Ellis 5, 1995). @A &35 o] 3l
= AL 19793 Australiaold  /lEE EHV-1 2 EHV-4 &394l
(Duvaxyn™)¢] o9} 7ol formalin®® A3t Egdsmae]  Fejolth
(Gilkerson &, 1997; Heldens &, 2001). o] WAl FA|HdL wlojegl= ZHF
gk Wojgo] ofstw Eebdsitt= 4ol (Mumford ‘5, 2003).

Foote 5 (2002)e] osta =ZAl+=, 1997\d Australiaol Al AF-&3F A3 ‘iﬂ
Duvaxyn'V'e] g% B8t @it o]f7]e] ofd upe A &
o] AT stof, HA ol ALt WAY mEo] SdSHA ¥
AT,

EHV-1< target organ?! &7 2 79 % WYX <£7]7k0] & o (Grandell

S, 1980), vl7HA R Al #E = WAL g5o] Sty W5 A&7t

&t Burrow %, 1984; Burki %5, 1990; Onions, 1991; Hannant %, 1993).

Zhang & (1998)2 w3k Zedo] dFole EetaL Z3g WMol A4

o] mpolgl 2~ EA| 7} o] Folx| A kom wlolg] o] WE A A] ¢Fe oW A
HARSS 3t es A&stA, A7%e e A= 7Iddste] WY 7]eo]

[
©
il
ofr

glycoprotein D (gD)+
t} (Zhang %, 1998).

EHV 9] glycoprotein D (gD)& virion &3] #4824 F o] slL= A npolg]



2 gEe] A aw 4R 9o virus-neutralizing antibody S F =4 7]
= 24 FT9 FyEA (Flowers®t O'callaghan, 1992; Whittaker &, 1992;

Stokes %, 1997; Csellner %, 2000), EHVell thgt WA Ao 714 T3 A4

B2 QA

EHV Y gD+ gB, gH, gLé 37 A5 HFA o= wh&sto] nlo]e] =9 AxE
AJS 42711 (Connolly 5, 2005; Spear 5, 2004), plasma membrane®} H}9]
g2 9y ete] FIS doith olgg dAAR HAFE FAAEY] FF W
2} endocytic mechanisms << non-endocytic mechanismsS X o]=4] (Nicola
5, 2003), & 7FA €bg-o] BE gD7} receptoro] AR S w dojdtin 9
o} (Milne &, 2005).

3t gDol G842 AAS 935l Escherichia coli (E. coli)Y} baculovirus
expression systemol| A @& A7l AxFEdwS oW Ao 83 AFE v
Bu% o]t} (Tewari 5, 1994; Stokes 5, 1997; Packiarajah 5, 1998; Zhang
5, 1998). T3k EHVE gD genes A 9UAIZl plasmid DNAE 383 DNA 9
o

Aol FEFAE FEAZIL ¥R FAS blolgxe FAS By HEFS
A3t A= B (Ruitenberg %, 1999, 2000)= A %3 gDE subunit WAl

& 7 AeS AAFEH
WAHF| e 288 Fo]7] 918 subunit YA, A FLEAv
AEote] AAAZH EoldY HHEE AUe WH 23 wWAdA B F e
A AAG D AEAY WYY PAo] B3 AR AAHI Ut 1Y
A x% gD7F

[e] T2 i
U}, Foote 5 (2005)2 Iscomatrix ™ W B A4S 283 EHV-
J83te whole virus #Alo] AAg wisk F

gD7} subunit WA1e] ZAest sREHol H F AFS FASAT TS Zhang
(1998) 5 gD subunit MAS A7I%e A HLaAS u vfj$ &3]l
=5 Haslo], WA AEARE & ol 3

A AVEHEL .
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#H 4 At} (Steinman 5, 1991). 3¥#H DCse 75w A F endocytosisol] o
st B2 2E IgG Fe 784 5o ¢8A Avh [gGY domain?! Fee WYk
£S5 FEdE dd-3A BEdAE FEdts Ador 4¥A dow antigen
presenting cells (APC)e] E®ol d+i= Fc receptors (FcRs)E %3] APC7| &<
A HFAE Gt AS FVMAATY] "ot (Wen &, 1999; Yada -5,
2003). FcRs+= W &3+ 2] phagocytosiset W 7)< gk antibody dependent
cell-mediated  cytotoxicity, superoxide productions® 7]T& w73ttt
(Unkeless et al.,, 1988). IgG-FcRsS &3t antigen-IgG complex®] AX W F+¢
S Wl E 23 pinocytosise 7ol HlEke] 1,000 WA 10,0008 © 73
E9E Bl BEuHEtr (Ravetch &, 1994; Sallusto &, 1994; Regnault &,
1999). FcRs+= DColl A4 major histocompatibility complex (MHC) class I, II
-restricted antigen presentation®] E&%< FJAAAZE A At WAEE
S Z7HA 71t (Ravetch %5, 1994; Sallusto 5, 1994; Regnault 5, 1999). =3k
FcRsoll Al Fcelel A5 #8L8 DCse W EAE up-regulationr AT ¢
RS X33 cytokineES FAI3A 1T (Regnault 5, 1999). ©]# 3t AL E
< 47 gEo] DC 845 424 1gGe Fe #9& /MYAZd 454
qe A3} e d Aol GAE AlFste] o

e =

EHV 7#9< owalr] gsidE F 714 type &, EHV -1, -4 25 &3}
A WMAe Jidte] #FES 8 FHI e v B AFoA = EHV WY A
D9} DCs®9l endocytosis®] &85 =olv A TMNoZA IgGY Fce
Sk g8 wWale] o] Hedt A EA E coli systemol A w3
ghe] /& 9t FaqsEATE o2 EHV e 33
A ZA EHVE tisk o] d3& FAE /NS s
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IT. Materials and Methods
1. vfol g~
1) Virus seed

EHV-12 20054 2€7 3¥€o] AT SAF7 2H5 24 o
259 fatdlel A7) (F4, Y, HW H, (HERFEH EEedn 49 @9
= AL 2 FUES 24 g5 i
| % 600 g, 5 min) 0.22 gm filter=
(600 g, 5 min)stal Ao #s}h

EHV-4+ American type culture collection (ATCC) (VR-2230 EHV)Z%-H

R
2) EHV w4 2 97124

o]z~ 2 % TS 93 HE AxEedddgde 37Ce 5% CO2
incubatorell A A A3t tF. Madin-Darby bovine kidney (MDBK) A ¥ (3k=r
AMEFEY)E DMEM (10% FBS, pH 7.16)u]AclA 20412k wlste]  oF
90-100%¢] AET=  (monolayer)e] @dAHEE 3 ¥ seed virusE
multiplicity of infection (MOID)#ke] ¢F 47} H A 3|43 & T-150 flaskell 4 ml
A FEFsto] 4AZHEQE Hiol 2o =AY FFH S A7l FBS7F 2%
e DMEMHEI A S H7bste] of 16417 wjgg 5 wixE AAstn FEF
DMEME #7}38ke] cytopathic effect (CPE)7} 70~80% A= XA w] X & 3
T3k F5E A= AEY (160 g, 5 minel oo 500 g, 15 min)dle] A
A H3 T 6 WA AEAZ aliquotS -70Co| HFsHA Aol AFE3EFS

A7MAIE S flete], e aliquot 5 3 viale F3le] 96-well plateo] 103!
3l ske] mg] 96-well plated] confluency e = v ¥ MDBK cell®] Z} well
F 20 pP virus A HES HEFSAT HE 241 F 2% FBS7F @
DMEM HiA| & Z7Fsto] wix] & o] 100 pl/welle] ¥ =5 & 5 4~5A3F v ¢f
3l CPEE ##3}e] Median Tissue Culture Infectious Dose (TCIDsp)S 2 A
sttt

Seed virus®t MDBK cellzte] MOI AH4 & tlgy o] 2AAsth =,
MDBK HM¥Z 20A17F viFsle] 100%2] AMETZFo] FAFHAS w2l 96-well



>

plate®] Z} well @ AEY F¢ TCIDsmE AFE9 seed virus® infectious
particle®] A& Hlw skl MOIE A% 33t

EHV-1 59 HA xS o] fste] seed virus® HE 2 wide =
e WA 7Y #FESE T vlolg 2o w2 MOI, cell mono-layer®]
confluency A% % #jX] ¢ FBS H7t&s 2Elste] H53 ¢, CPE 49 3
ol wet MFdSS Akl nloly 29 A7FE XA T CPE 349 4%
= An A 1008 Fje] Aok T o ® INAE FEstar #EEe] CPEZF

dojt Alofr} ApA|stE digFAQl M EE&S AT
3) Virus A

9] flaskE ARkl o= s gFsk wlolg 2~ A dS Fgsta A4lwE
(160 g, 5 mimell °]o] 1,300 g, 15 min)E %3te] MDBK M %A E& AA3Y
t} 3lgE AEdS UM R (Centrikon T-324, 24000 g, 4T, 2A7H)3 A
S PBSol HfAA -70Co| H#Aste] F=2HY 9 ELISAEAE wholg 2~ 34
o8 AE3H3

2. Monoclonal Antibodies against EHV-1, -4
1) w2 W

A whelel s Y (EHV-1: ¢ 1 mg/ml, EHV-4: ¢ 1 mg/mD)< &%
o] TiterMax Gold™ adjuvant (Sigma, USA)& emulsions} & = w}$~ wlg
B 200 pb (100pg virus)® A5 4579 °] BALB/c vh-222] H7bol FASIH
%3] WYL formalin® 2 =313t Al dS FFston, 2575 AAH vt

ol =& viEld v 50 ug/200 wt® 33 AW F71HF AT
2) Hybridoma #43

HZ2H 2477 3 BALB/c mouse? Al#o = HE
e

stgom, AT §EE S5t FaAoR wFe HEe

AEZw ¥ 70% ethylalchol (EtOH)ol % % sl+= SA] washing media’} &
71 dishell 23] © #HAslo] Mz3g & 50 ml conical tubed] A A]Z] mesh$ ol
=3 washing media 10 m{S HA3tH forcepo® spleens Al A spleen
cell£°] conical tubeWl &2 HF5 =5 3FA T}t ©]F washing media 15 mE 37}
st YA EE (300 g, 5 min)dte] A2 3 cellES 25 mlA 9] washing media®

23] ¢ AlHsAY (300 g, 5 min). °] Fo ALY AFHS LI o=



A ATt Spleen cells 2314 A2 o] 4% $E& Holm Fits] wjYdd
myeloma cell’®™= 50 m¢ conical tubeo] YAlETlslo] A A ATt A ZH

cell ¥ myeloma cell®] H] &< packed cell volume©] °F 1 : 10] H =2 £33
S F7rE 23] ¢ AHEAT AFH 9] washing medias €43 Al AL F
= A tappingsto] cellS tube ¥}Ho| FaF T

AEZEFFS PEGE AF&3sto] AAlskAtt =, 50% PEG 1500 (Roche, USA)
1.0 mE 179 23 "dAsbar, 30x7F = g & 18] 2* 1.0 w2 washing
medias F712 HA3H PEGY &
S0l 3 mle] washing media

2 FNHAY. ol F, REUI whed
= 3w
g N3 el AZETS FRAA

Az 7Fgk & 10 mle] washing media

EX&3o] ¢m¥ tube= 37C<2 CO: incubatorel °F 5&3F g x]35ke] <QF
& AA R 2 A FH S HAT medium 50 mlS 7}ste] cell pelletS %
HAA REoA AT AEREFAS 96-well tissue culture plateo] 100 w04 &
£ 379 5% CO; incubatorel] w3} '“Jr AEGE A8 ZE &9 1|
g 37 CE 9o AFEsHAH. oF 179 F HT media® 323 $ colony®d A

3} += hybridoma®] A&S ELISA® screening s 1 th.

>
N

3) Hybridoma®|] screening

up-2~ Ao HrtE F9lsta, Eo] A E 4|t hybridoma?l screening
S 93te] enzyme-linked immunosorbent assay (ELISA)ZS A A&dth =
ELISA§ plate ©l coating buffer®= %3] gAAZ] LS 100 w/well® 7}3}
3 plateo] Z"® (47T, overnight)st$ith. ©] % blocking solution 0.1%2] bovine
serum albumin®] &3]%¥ phosphate buffered saline (0.1% BSA-PBS) 100 W=
7y wellell 7}ekal 4T Al 1A s &2l ¥H8gA12 5, 0.05% Tween200] -3
F PBS (PBS-T)% 33] A& 3ttt Hybridoma ¥ 459 T= mouse@ H &
PBST=Z 51 814 3to] 100 wA ZF welloll 7}Febar 1A17EF Ao wkSAIZl &
PBS-T= 33 Al #slAtt. o] HRP7}F %A% goat anti-mouse IgG 33ty
PBST® 1,000 3]4ste] 100 w0 7hskar A2olA 1AIZF ¥hgA|Zth o
PBS-T® 33] A|#3}a, 01% 2-2'-azino-bis 3-ethylbenzthiazoline-6-sulfonic
acid (ABTS, Sigma)E welld 100 w0 7}slo] A -2o|A 303+ A dkg&
g ot Al H %= ELISA reader (SLT, Australia)® 405 nm®] &3 %=
sttt

o o
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3. Fractionation of Fc from equine IgG
1) & IgGe AA

&8 A S Protein G Sepharose 4 Fast Flow (Amersham Pharmacia
Biotech, Sweden)< ©] &3t affinity chromatographyS A Al3dte] [gGE
83 t. =, sepharose gel¥ syringe column (16 x 80 mm)o] =%
A1zl %, 20 mM PBS (pH 7.2)2 2u] s/ Mgk mt& A 40 m& flow rate
7F 1.0 m¢/min7} ¥ =% o] columnel 7}étSith. Protein G} 2 a4
e AL FTES deo PBSE AFHsY AAsACT. A%H 1gGeE
3M NaSCN2 7tate] & A A, &3¢ £92 20 mM PBS= 33 9
N gty T2A%E T FAske] dol3l= 3M NaSCNe Al A skl
Ao dste] WHAERAIFAT. A" IgGE  Flst7] 98t sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)®4S A A3}
Aot A IgG 382 10% polyacrylamide gelell loading3dt ¥ 50 VZ 15%
b dF3tar, olojA 100 VE APS =2 F bromophenol blue dye’} vl=
of E=d¥d #w7tA A7 e AHAASAT. H71FEFo] B geld
coomassie gel staining solution® & 40% S<¢t 9 A3 a1 destaining

solution® & 24A] 7+ & A &} At}
2) Fci:& o] A

AAE I[gGE papainlz 23 A7 & Fe 8-S AAsEA Y. Cystein-HClo]
3+ ¥ sodium phosphate buffer (75 mM NaCl, 2 mM EDTA, 75 mM
sodium phosphate, 10 mM cystein-HCl, pH 7.1)& A %3t A3 A A
o] papain (Sigma)S Dbufferdl H7}ste] < SR mol HF3FH
digestion solutions A 239 t}t. IgG 1 mg9 papain 10 pgHl &2 XA
ko]l 37TColA 4A13F WESAIA 1gGe digestionS 2 Ad F 20 mM
iodoacetate (Sigma)< 7Fske] WSS XA T}

Fc®3S AAs7] el papaine® A39 [gGE protein G SepharoseE %

ahol A2 A s

4. Virus©l Fc9] ¥ A

EHV7F Fco HeAES A xs7] Y8l two-step glutaraldehydeES o] &3¢
conjugation WWE A&3AT. AAEY EHV G mg/m) 2 mlE 25%



glutaraldehyde (Sigma), PBS 1 méol] H 3] wytsldA Hdojs& & wyke
St A Ao A 8A1ZF FQF WS AIFTE HE-g-94-2 phosphate bufferdl] A
gole BYS A, (F 1 ml) AAE Fe (1 mg/m) 1 mbS A3
£ 0.1 m9 1 M carbonate-bicarbonate buffer (pH 9.6)2 % 7}3}o
ksl A 4Tl A oF 124]7F WESATZ T 0.1 mé2] lysine €9 (0.2 M)S
J7bske] AF2ol Al 2417 wEEAIZL § PBSE9 (pH 7.2)e 103] A% 4Ce]

=
=
FAS AT Ao JEl‘rl ZHJDit protein G column< E3 A A sl

P gy A
Py QL
RuC U N e

5. Recombinant glycoprotein D (gD)

EHV-1, 4 gD9 A& pBT, pBXII vectorel cloningstil @714 4S &9l
g+ 2d WE<Ql pQE30, pQEGFPIL vectorell A @@ AIZl v 7442 ofee
g A et (Fig. 1).

[ Emvia || Barfl 1| EHV 1,4 Sal 1
ﬂ — | pQE30-EHY 1, 4
5-4
i . O
T a8 T f Subcloming 1
Bamil | il @1 pQE30 vetor
, 5~GATCC, ——— |
T—# clomng .:l' A
O
“‘3%7\ Subcloning 2
BamH | EHV 1,4 ‘ Sal 1 L Bi‘;f,if@ﬁoﬂ pQE30—gfp vetor
[ v [ BemH 1| EEVIA | Sal
3
& | PQE3O-mfo-EHV 1,4 |
o

Fig. 1 Diagram of total process of recombinant EHV-1, 4 gD production.

The 1.38 kb DNA coding EHV-1 gD and 1.21 kb DNA coding EHV-4 gD cloned
from pBT and pBXI vector by digestion with BamHI and Sall were inserted into
expression vector pQE30, pQEGFPII.



npol g 2 wjF S o g2 HE QIAamp DNA mini kit (QIAGEN, Germany)
S o] &3sle] Alm T2 DNAE &3t =, Micro-tube°l proteinase K 20

WE 7Fetar, mpolg) A~ AEdS 200 WE P o]o] A lysis buffer 200 wlE
!

= &9ttt o] T 95% ethanol 200 wZE 7}stal 15
= o 620 W= QIAamp Spin Columnel] #53}
micro-centrifuges ©]-&3te] 13k A48 E 8000 rpmel A sttt €
% collection tubeE LA|3}al columnel]l washing buffer 1S 500 WE 7}
Yz 13 ¥4 #e8t9] membraned] HolslE cell debristh ©H A
AAA Y. F7F9 02 washing buffer 25 500 pl 3k A=} 14,000
rpmell A 327 dAEEE Ao, HFH 22 template DNAE §&A4]7]
] $13F4d, collection tubeS LA|3}aL elution buffer 200 plE FF3Fe] 187+
AAAZ F 1873 dAEZE 8000 rpme- 2 3ol ¢e]x DNAZE PCR #4]9
AF-&-3F A T

AlA  lysis HFZ-o] doji}

BN
offl
2
<
@]
3
D
"
=]
%
D
—
> N
ol

I e
L2
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(2) Primer

EHV-1, 4°] glycoprotein D 9714 <E9] forward®} reverse primerdl = Z+2}
Bam HI#} Sal 1¢] restriction sites7t 2X% primers AAstA T o3 ¥+ gD
o] PCR 42F=E29 Zo]l= EHV-1< 1380 bp, EHV-4& 1210 bp7l H %5 3
t} (Table 1).

Table 1. PCR primers for the amplification of gD genes

GC
Name Sequence (5'—3") mer Tm
(%)
EHV1
DF GAGAGAGGATCCATGCCTGCTGTGCTGCTTG 19 58 57
gp.
EHV1
DR GAGAGAGTCGACCGGAAGCTGGGTATATTTAACATC 24 42 55
gp.
EHV4
DF GGATCCATGTCTACCTTCAAGCCTATGAT 29 44 63
gp
EHV4
DR GTCGACTTACGGAAGCTGAGTATATTTGA 29 41 61
gp

The underlined sequences are the restriction enzyme sites of BamH 1 or Sal 1



(3) PCRz=H

EHV-12] PCR2 Takara A9 EX tags AF&3te] AT 242 11 ng/
w2 template 1 w0, 10 pmol®] primer 2 1 wl, 25 mM each ANTP 1 w, 5 U/
W Ex tag 0.3 plol PCR buffere} v DW= 20 pw7} ¥ =% 3}t Initial
denaturing> 92TCeollA 3%zt HA|eH 2™, denaturation> 94CelA  30%,
annealing =% 53T ~67TColA 25%, extentione 69TCo|A 184 wH&A 7]
35 cycles 2 A8} T} Final extentionS $]8ke] 72Tl A 10%S F7F8FS )

EHV-42] PCR< subcloning= 913t 5° wto] BamHI 3} Sall site?} F7}F
3t primerE AF&3F9th EHV-49] sample DNA 1 @09t ZF 10 pmol®] primer
210 mM dANTP (ZF 25 mM), 10x PCR buffer (with 15 mM MgSQ,), initial
denaturing> 92TCeollA 5&%F HA|eH 2™, denaturation> 94TCelA  30%,
annealing 53C ~67Col A 25%, extention< 69CoA 1% ¥gA7]H 30
cycles 241331 th Final extentiong $l3te] 72Cel A 588 F7}ste] EHV-4

FAAE ZE g0,
(4) A79E

PCR products 10 wE ethidium bromide (EtBr, 05 upg/ml)7F H7FE 1%
Agarose geld] =93 & 1X TAE buffer (0.04 M Tris—acetate, 0.001 M
EDTA, pH 8.0)5 AF-&3}° mini-gel electrophoresis unitel A 100 VoA 80#3t+
A7 sS 3AY. A7 Ee] B gele UV-transilluminator2 S3AHES

solshgh,

2) gD gene cloning

(1) E. coli ¢ &7 = vector

HoASo AEH E coli strain DH 5a ¥ JM109= Mz ZeAn=s
AAZ A= SF2 AFEEa, Mlbe @d 552 AFE3 Y. Cloning
vectori= pBlue scriptll KS(+) 219 pBXII vector (%<9, 2006)2 AF-&3%

o "3 vectori= pQE30 vector (QIAGEN)ES AMg3tit). AFEH 9 =
gt A~m = vectore] FAAE 2 EAES Table 29 Fig. 2, 39 Z+2 #4381t}

_10_



Table 2. Genotype of E.coli strain

strain Genotype

endAl, recAl, gyrA96, thi, hsdR17 (ri—,my+), relAl, supE44, A,
E.coli JM 109
A(lac-proAB), [F', traD36, pro AB, lacl*ZAM15]

F', ®80dlacZAM15, recAl, endAl, gyrA96, thi-1, hsdR17

E.coli DH 5a
(rk—,my+ ), supE44, AlacZYA-argF)U169, recAl, deoR, A

Spl (0%

/f1(+) origin

HamI{3145) s g
Naal (338

lacZ

Bamii {691)
Xemi (T06)

Ampr

pBlueXcm
3.46 kb

MCS

Xcml (1206)
HindIT1 (1221)

Kpnl (1239)
ColE] origin

Fig. 2 Genetic map of pBlueXcm vector.

pBXII was originated from pBluescript I KS(+) (Stratagene, USA). Total vector
size 1s 346 Kb and the vector has two restriction recognition site of Xcml in
multiple cloning site. Amp” and lacZ represent ampicillin resistance gene and J3

—galactosidase a subunit.
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T e =
EEGEo0=_"2
S8EFEL3T L
S * |
PT5 -lac O-lac O -RBS ATG MCS
I
* pQE-30 ——
PQE31 AC
PQE32 -G

5
2
& pQE-30, pQE-31,
= pQE-32
3.4 kb
\\\\\\‘ Col E1
(A)

Xhol (1)

T5 promotor / lac operator

BamH| (589)
Sphl (899)
acl (905)
7 Kanl 11)
Xma\ ©12)
5ma\ @14

Hindlll (531)

PQEGFPII

4205 bp

ColE1 origin

(B)

Fig. 3 Genetic map of expression vector (QIAGEN, Germany)

PQE30 or pQEGFPII is a kinds of prokayotic expression vector. Ampicillin represents
: pQE30 (b) :

ampicillin resistance gene. This vectors has 6x His-tag sequence. (a)

pQEGFPII.
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(2) Alstaf<F wiA 2 =4

E coli #52 wdeol= ddbd o2 LB (Luria-Bertani) medium (Gibco,
USA)S A3l o™ ampicillin (Ap)oll WAl o] A+ plasmidE A 5 Hj
k3t o= ampicillin® HEEE7F 50 pg/ml7t HEEZ AFESEYTH wiA =
autoclave (121°C, 1.571¢, 15~20 min)ste] AFE3t . SOC WA= E. coli
competent cell®] transformation’] W< AEW I} wo] A4S H Gl AE
AEHS =o] F7] f8te] AFESET oldl S5 w1 A AlxAke] A A
E wstew zh Aleke agtE o] Vb o5 glgt & AREETh 7)o wiA|
o] A¥-3steFe Table 3o e AT

FAA A= Ao Fast nAdE AS AEstr] fske] A& AT
B8 AA = 045 um syringe filter (Nalgene, USA) = Hitslo] vjA|o] 43&
) = Autoclavedt HAvA] L= agartl XS 50TColst=E 23l v} o)A A&
stk 9wt oz A1 43 FAA HAE & L= Table 49 UER QT

Table 3. Composition of medium per liter

ol A & 57 R Ei
Bacto-trypton 10 g

LB (Luria-Bertani)  Bacto-Yeast Extract 5¢g
NaCl 10 g

Bacto-trypton 20 g

Bacto-Yeast Extract 5¢g

SOC medium & 0o e
1M MgCl, 6H,O (filtering-sterilization) 10 mf

1M MgSO,4 7TH;0 (filtering -sterilization) 10 md

1M Glucose (filtering —sterilization) 20 ml

Table 4. Antibiotics solution

Stock solution Working solution
Antibiotics
storage concentration range recommendation
Ampicillin (Ap) -20C 50 mg/ml 20-60 mg/ml 50 pg/ml
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3) EHV-1, 4 gD®] cloning

+3 DNAE PCRZ %3 gD genes TA cloning "™ E <l pBT vectorE ©]

£3}9 cloning2 3} th
(1) plasmid DNA <+

pBXI vectori= ampicillin®] 78 LB brothol colonyE #%53Fe] 37T oA
180 rpmo. = wwksle] 24A)17F wi kst th Brothell ®¥lkEl pBXIO vectorE
Accuprep Nano-plus plsmid Mini Extraction kit (Bioneer, Korea)® 3|53}
restriction®] AF&3F T WA wdwE pBXIO vectorE 3,000 goll A 5&7F 44
27 st 3FE pelletoll resuspension buffer 250 W= TAS FLFA7 3
2 FHo Nano-solution buffer 20 WS FH7lsl] =33 & lysis buffer 250
w0} neutralizing buffer 350 W& Y =33k & A4+ (47T, 13,000 rpm, 1
min)E sl F5E A=HS DNA binding column tube® %74 HLAEE
(13,000 rpm, 1 min)E 39tk ¥4 #3% washing buffer 700 & 7134
HAAEE (13,000 rpm, 1 min)ES 3 % elution buffer 50 xl= 7}3te] plasmid
DNAE 3438ttt %3 plasmid DNAYE 260 nmollA] SHEE =43}
DNAE A &alith

(2) Restriction analysis

Vector (147 ng/ul)= #HZE volume 50 W= 7|22 st o™, pBXI vector
18 poll  AdF &4 Xeml (5 units) 2 w9 buffer 5 W} S=FF 25 ws #
7EAA 37TCAA 6077 ¥g-S skt ddt® pBXII vector= DNA-spin
Plasmid DNA Purification Kit (iNtRON, Korea)& ©]|-83}o] A 59 th. PCR¥H
S o8 d& gD PCR Purification Kit (Dyne Bio Inc, Korea)E ©]&3fe] A
Al skl et

(3) Ligation ¥ transformation

Vector?} insert DNA®] H]= <F 1 @ 308 FA3o] ligation W (13T,
overnight) & 233}t EHV-19] ligationih3& F 7FA Ao 2 2 A 89t}
Z, EHV-1 insert DNA (100 ng/if) 12 ul, vector (147 ng/wl) 4 pl2} 10x
ligase buffer 2 uxl, T4 DNA ligase (1 unit) 1 03 7FA]# total volume©] 20 wf
7F 22 w8 A FHa, 3H, EHV-1 insert: 6 ul, vectors= 25 wE 9o FA
3l 10x ligase buffer 1 uf, T4 DNA ligase (1 unit) 0.5 = total volume 10
W7k A ko] wkg (13C, overnight) Al # T}

EHV-49] ligation< restricted pBX I (25 ng/ul) 4ul, EHV-4 (34 ng/ub) 4u0,
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ligase 1 ul, ligase buffer 1 w2 total volume 10 w7} A 3dlo] wkS-A 7t}
‘@E Eﬁrﬂ host cell DH5a competent cell& ZAWA iceoll A 30&3F A XAl A

5 ligation® mixture 20 o] DH5a competent cell 20 plE 7}ste] 491
iceol AAS & 42T = 45%3F A A8t transformations F%
. Transformation®] T &%= FA] iceol 5E3F A=A ste] <tAstE 271
% SOC medium 800 = #7}3s}e] shaking incubation (37C, 180 rpm, 1A 7H)
% ampicillin®] A 7Fg LB plated] 50 w® =23k & vk (37°C, overnight)sh
21t} Plateoll Al A&+ colonyS A #3le] pickingS 3 & #j<F (37C, overnight)
skt

(4) Colony PCR , Restriction ¥ #7]9%

Do
()
2 Hr o o
Lri%

Transformation®] o5& @213&l7] $5t4 universal primer?] T3 primere}
T7 primerE AF&3te] PCRS 2 A5t =, plateo] A&+ colonyE picking 3}

=8 YHo] ==a 5 T3 primer (10 pmol) 0.75 wxl, T7 primer (10 pmol)
0.75 wlE 7}skar, dANTP (25 mM each) 1 @, Ex tag (5 U/wl) 0.2 pl, DW 55
WE F718ko] total volume 10 wlo] HEZ 3dto] PCRS A A8kt PCRS
initial denaturing 94C ol 4] 3%}t denaturation< 94C oA 20%, annealing=%
= 56T9A 20%, extention= 72ColA 184 35 cyclesS A8+ S™, final
extention< 72°Col A 10%7F PCR HF-g- Al At

PCR 2= 2 H-H insert DNAE &9l $ % colonyE ampicillin®] #7}¥ LB
brotholl HF3&txr wjeksl (37C, 180 rpm, overnight)¥ Accuprep Nano-plus
plsmid Mini Extraction kit (Bioneer, Korea)® plasmid DNAZ 3|43}
restriction®] A}&3tH . DW 14.3 wul, RE 10X buffer 2 wl, Acetylated BSA
0.2 pl, DNA 2 ul, Restriction enzyme (EcoRI) 1 = total volume 20 w7} ¥
A ¥ F restriction?ts (37T, 1AIZHS AHAASA T HES A2 A 7| 5ol A
PCR products 10 ulE ethidium bromide (EtBr, 05 pg/m0)7} #7119 1%
Agarose geloll 293 & 1x TAE buffers AF&3te] dA7|d5 (100 V, 807
AT A719Eo] Et gel2 UV-transilluminator® gD geneo] W3k &+
3}

Z+7ke] EHV-12 TA cloningol 4] sequencing &<l 3} g+ ] EcoRl, Hindll=
o]-g3le] A3l i, EHV-4+ BamHl/Salle.Z Aasts Z2A %= ofgfo o
ety 2l (Fig. 4, Fig. 5).
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Bamiy) Hindl Sal Hind

| | | |

EHv-1 gD:13806p

pQE30 vector

1 1379
| | m1mn | 1 mj |l el | 1 1] ] [i sl 5 |
Hpal BpuEl  +Emtl Diral Hd=l THil - +Awall Ikl + BsiEl
Bstyl BsiHKAl #Mhel “5exAl EcoRl Bsml +Hasl +Sall
BamHI Smil Acul + BmagBl +Haa MV
= Ml *lspAll Scal +BarFl
Heal rEas| Epml +Baogl
Eitiy +Hasll Emrl Eanll
TAfel +BsmF|
+E=ah Al
BstXl EcaP1 3l
EsiDl1

Fig.4 Restriction analysis of EHV-1 gD subcloned plasmid and enzyme
digestion site of plasmid by HindIIL
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=

1

Erv—4 3= 1 21 0bp

pBT vector

11 | | I 1 I 1 I ] | | | | | 1 I 1 I 1 | ! ] ! L 1209
[l 1 N bkl | |1 e b | | | I 1
FAval =Fzpl fEnAL BarGl #Clal *Hbol i
BzoBl Dral EcaP195] Sfel #B=p] *BzaHI
BruEl Sfail EcoRi Barl EcoRv
Enll ALyl tFaul BebX] Hiz 1
Plel Brudol 1B={E]
¥Haell tkpall
¥Afel Mspl
Bigl Bzall
¥BetB]
#Hincll

Fig. 5 Restriction analysis of EHV-4 gD subcloned plasmid and enzyme
digestion site of plasmid by BamHIL/Sall.
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(5) Sequencing

A zeE pBXI-gD plasmidZ%E gD gene?l @71 LS &<lslry] 5}
pBXII vector®] T3 forward sequencing primeret T7 reverse sequencing
primerg AH&3tel PCRES 3% § A7IAdES &4 st 471449 &+
A= F71AE B4 =23 PCGENEY Web 7]HF g2 7391 (Clustal
X A5t

4) Expression and Purification of the EHV-1, 4 recombinant gD

(1) Restriction

EHV-12] subcloningS 212 ¢3te] A|st& 4 BamHIY} Sall .2 restriction
3} th. Restriction®] AF8%  expression vectore= pQE30 (180 ng/ul) =&
pQEGFPII (100 ngul)E AF&3t9 2™, insert DNAE pBT vectordl A4 = o
A= gD4 (141 ng/pb) =2 gDI16 (905 ng/w)E AH&FATh 7+ A #-2 pQE30,
55 wl, pQEGFPI, 10 ul, gD4, 9 w, gD16, 2 wWE AFE39 o™, BamHI, 10
U/1 w, 2 Sal 110 U/1 w0 1 w, Y Tango buffer 10 = A-&3t9 . SH7HF
= A7 325 wl, 28 pb, 29 w, 12 wWE kst FEFel 50 w7t HA ST
Restriction®] AL tS3 Ao & ZF 2AS Z9E 3T 30C9 zA4d9A4

BamHI= 30%3F 8] 8kaL, o] % Sall& F7kste] 37Tl A 45%&3F WH-S A Z T

EHV-49] subcloning®™= EHV-1¢] 49 sdatA AAlstdth. =, pBXI
-EHV-4 (430 ng/ul) 8 ul, pQE30 (150 ng/ul) 14 wl, pQEGFPII (134 ng/ul)
14 ul, BamH 1, 10 U/1 ul, Sal1, 10 U/1ul, 1 xl, Y Tango buffer (10x) 4 ul,
DW 6 pl® 3} total volume 20 pl3}e] ¥+g (37T, 90 min) Al # ol

Restriction®! vector= DNA Purification Kit (iNtRON, Korea)®= % #| 8} % t}.
PCR¥+¢- 08 A& gD¥E PCR Purification Kit (Dyne Bio, Korea)ZE ©]-& 3}
A A8} A o

(2) Ligation ¥ transformation

EHV-19] ligation> Al 7}#] vk o2 AAIstA . zhzh 3719 vector pQE30,
gD4, pQEGFPII += 5 w0 Insert DNA (pBT-gD, 37 ng/ul)= 65 pl7F J ==
7}8taL 5x ligase buffer 3 pf, T4 DNA ligase (2 units) 0.5 wWES H7MAIA total
volume®] 15 w7} =% 3} ligation (13T, overnight)S 2 A]sH$t
EHV-4¢] ligation¥+-§< EHV-4 (48 ng/wl) 4 wh, pQE30 (120 ng/ml) 4 ul,
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pQEGFPI (112 ng/ml) 4ul, ligase (1 U/ub) 1 wh, ligase buffer (10x) 1 wf =

#E volume 10 pl® Y& % W3 (137C, overnight)st i th.

Ligation mixE Y% X %3 DH5a competent cellS AF&3}o] iceol A 30&7F
AN A =< & ligation® mixture 20 wlo] DH5a competent cell 20 S 2
I A ojA 2087 iced HAZ T 42TColAM 45%7F A X S}e] transformationS
st o, Zut=E jcedd 53F AAst] A SE A1 $ SOC medium 800
A71sle] 37Co A 1A 7H5et 180 rpm e & shaking incubationdl$ith. 1A]
7ZF kg 3 ampicilline] #7FE LB plated] 50 A EFste] =23 & ook
(37°C, overnight)st$it}. Plateol ] A&+ colonyS A1 ¥]&}e] picking= 3+ 5
ok (37C, overnight)3} i th.

N

(3) SDS-PAGE

Bio-rad®] MINI-PROTEINIT 7]7]& AF&3 o™, separating gel 12%,
stacking gel<> 4%22] polyacrylamide gelS A3l tE Gel2 running tankol
A28 & running bufferE -3, A 5Z 4x sample bufferE o] &3to] 2|
volume 20 plo] & 5 100CoA 37 #<2A F, wello] loading3til
bromophenol blue dye7} vleto =2 mAu-2 w712 AdA7|g5 (80 V~100 V)3t

AT,
(4) Western blot #4

SDS-PAGE® 433} polyacrylamide gelS NC Membrane (Protran BA 85)
of transfer (100 V, 400 mA, 120 min)3te] #2A3At}. Blottinge] ¥ 92
Ponceau's sloution® % transfer®] Z38§dS 21359t} Blockinge 5% skim
milk, tris buffered saline containg 0.05% Tween 20 (TBS-T)Z o] &3t 2
ol Al 607F HHEAIZl & TBSTE 1554 33 AlZ 39t ol F 2% skim milk
TBS-Teo|l EHV&A A<l horse serum= 3]2413F & 603t shakingdsto] whHg
AT TBSTE 1584 33] A3 & rabbit-anti horse IgG-HRPZ 2% skim
milk TBS-Tell 3]Aste] 602 &<t WSAIZ Tk TBST= 15&3F 23], TBS®E 1
3] M &% diaminobenzidine HCl (DAB) (KPL, USA) &A1 7]z ol S dhalulS-S
et A dd wrgol FHW FA] PBSel golA whgE HAAAZTH
Western blotting®4¢ 2E w8 (50 rpm, 15 mim)¥} A% (100 rmp, 15

mim) WRE7IE o] e A2l uwtstel Ak ith

(6]
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IMI. Results
1. vfol g~

1) EHV-19] 97}

96-well cell culture plate®] MDBK cell& v 3ta2 9734 S 98] EHV-1
&S AAsET. EHV-1 HE F 5474 Alxgs  ##E48 o
10°®xTCIDs/ 6 w® Yepgromz EHV-1 seed®] 97b:= 56 x 10° TCIDao/mQ
2 gdH At (Table 5).

Table 5. EHV-1 seed titration by CPE production (TCIDsy)*

1100 100 100 100 100 10° 10" 10° 10° 10Y 10"
A + + + + + + + + + + - -
B + + + + s + + + - - - -
C + + + + + + + - + - - -
D + + + + + + + + + + - -
E + + + + + + + + + + - -
F + + + + + + + + + + + -
G + + + + + + + + + + - -
H + + + + + + + + + - - -

* TCIDsy was estimated by calculating exponential mean of end points showing CPE

by inoculating EHV into the wells.
2) EHV-4¢] 97}

96-well cell culture flasko] MDBK cellS W% sl o}
EHV-4 H%<S AN 9d. EHV-4 HE $ 54715 A EE

B2 AAdedrl. o2 7]Fo 2 10*xTCIDsy/ 6 ul® YEeERomz EHV-4
seed®] 97} 32 x 10° TCIDsy/m &2 Q15 1T} (Table 6).

Table 6. EHV-4 seed titration from CPE production (TCIDsy)*

1100 10° 100 100 100 10 10" 10° 10° 107 10"
A + + + + + + + + + + - -
B + + + + + + + + + - - -
C + + + + + + + + + - - -
D + + + + + + + + + + - -
E + + + + + + + + + - - -
F + + + + + + - + + - - -
G + + + + + + + + + - - -
H + + + + + + + + - - - -

* TCIDsy/md was estimated by calculating exponential mean of end points showing CPE

by inoculating EHV into the wells.
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3) BHV-1¢] o2 WS 913 H427

nlol 2] 9] A 7k= 100% confluencyS H.Q1 cell layeroll, 4 MOI2] Hjole] A&
HEsta 2% FBS DMEMel vl %F3le] 60%<¢] CPES RS u 713 ko)
Al HeE flstel FBS7F H7EE#] ¢8> DMEM 4 MOIE 100%9] cell
confluencyE X9l MDBKo| HEF3slo] 70%<2] CPEE H2l Al QoA nlo]g]AE
3lrote s AdEst it (Table 7).

Table 7. Determination of optimum culture condition for EHV-1

TCIDso
2% FBS DMEM DMEM
MOI Inogulation MDBK MDBK MDBK MDBK
times (7096) 3 (100%) (70%) (100%)
0 % 0 % 0 2
25% 4 3.5 3 4
1 509 6 ) 4 5
609 54 6 3 5
70% 6 6 75 7
90% 7 45 5 6
0% 2 3 3 3
25% 3 3 4 2
9 509 5 55 4 5
60% ) 4 35 4
70% 55 4 5 3.5
909 4 3.5 4 3.5
0 % 3 3 3 2
25% 4 6 55 45
4 50% 5 10 4 9
609 10 115 9 105
70% /&5 10 7 11
909 5 6 6.5 5
0 % 2 2 3 3
25% 4 7 5 6
3 509 7 8 8 75
60% 6.5 7 6 7
70% 7 4 75 7
90%% 7 6 7 5

* at the point of CPE appearance

x*% g point of view of cell confluency



4) BHV-49] o= WS 913 HA2a

nlol 2] 9] A 7k= 100% confluencyS H.Q1 cell layeroll, 4 MOI2] Hjole] A&
AEsta 2% FBS DMEMel sl F3sle] 90%<] CPES RS ul 713 ko)
AAG] HelE fste] FBS7F H7bE A 282 DMEM 4 MOIE 70%9] cell
confluencyE X9l MDBKo| HEF3lo] 90%<] CPEE X2l Al QoA nlo]g]AE
lgrote =S dEs ot (Table 8).

Table 8. Determination of optimum culture condition for EHV-4

TCIDs
2% FBS DMEM DMEM
MOI Inoc.ulation MDBK MDBK MDBK MDBK
times (70%) (100%) (70%) (100%)
0% 0 0 0 0
25% 2 1 3 1
1 509 X kkok X X X
60% X X % X
70% x x X x
909 x X X x
0% 0 0 0 0
25% 3 2 3 1
9 50% 3 X 3 3
60% x x 1 x
70% X X X X
90% X X X X
0% 1 2 1 1
25% 4 S 3 2
4 50% 7 6 5 5
60% 9 7 8 6
70% 10 9 9 8
90% 11 9.5 10.5 9
0% 0 1 0 0
25% 2 2 2 2.5
3 50% 4 3 3 3
60% 6.5 7 6 55
70% 8 8 9 7
90% 9.5 10 10 8

* at the point of CPE appearance
x*k g point of view of cell confluency

wxx% CPE did not extended in some case
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5 EHV g9 olsx

Standard BSA¢] standard curveZ o] &3te] AR E 107 3 A slo] gl
Zzxstgch oF 50 mle WFAFAL FAste] FAE vlolg]s EHAL
A

g4 o7 EHV-12 098 mg/mle] 0.7 m¢, EHV-42 0.96 mg/ml2] 0.7 ml %t}

ofN o

2. Monoclonal anti-EHV-1, 4

)

AEZETS F3te] 4oz hybridoma 5 ¢AHAQ FAEHE Hol&= clones
S AdEsdth EHV-19 w3 10712 clones® EHV-4°] th3t 1270 clones©]
#H]3}= monoclonal anti-EHV-1 ¥ -49] A7} 54 3t o] MAbEL
EHV-1, % -4 nlojgzo] EF wAREES Bt 53 EE MAbsE>
EHV-1el| ®|sle] EHV-4 &¢o| Bt} st vbgS Hrh %3 EHV-48 W
AAA 42> MAb=eo] EHV-1& HAAAH 42> MAb =9 Hlslo BEofp &2
a7 verdidt (Fig. 6).
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Fig. 6 Reactivity of Monoclonal antibodies against EHV-1 and EHV-4.

Indirect ELISA was performed using EHV-1 or -4 coated ELISA plates. Supernants

of cultured hybridoma was diluted with PBST (supernant 1/2) (El-** MAbs to

EHV-1, E4-*x MAbs to EHV-4).

EHV-4.

(B) reactivity with

(A) reactivity with EHV-1.
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3. Fractionation of Fc from equine IgG

(1) Fc ¥ gkl
Affinity chromatography& % Aldte] A Al gk equine IgGe= 714
23519 S u, Fig. 7% %] heavy chain® light chainel &} %

T e 7t AF Aol AekE A

53 kDa % 31 kDa2] #3%o] &<lg] o]
BAE IgGES-E papain A3tel ¢J3 affinity chromatography® ##€ Fc
o A &<l3st A3 Fig. 8% o] ¢F 28 kDaol 3l 33}t

SRR LN

=

fractions A 7]
+ Fco 9d &9

R

=
[}
KeX
=

Heavy chain—
34kDa

Light ¢hain—» SHKDa

Z0kDa

Fig. 7 SDS-PAGE analysis of IgG.

The arrows indicates the position of 53 kDa heavy chain and 31 kDa light
chain. M: Standard size marker; Fc: Affinity purified equine IgG.
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ThED) ——
S0LD s T

37kD

25kD
21kD

Lane No. 1

Fig. 8 SDS-PAGE analysis of Fc fraction.

The arrows indicates the position of Fc and Fab. lane 1: size marker, lane 2:
fraction after papain digestion, lane 3: elution fraction of affinity chromatography, lane

4: pass—out fraction of affinity chromatography.
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4. Recombinant glycoprotein D (gD)
1) EHV-1, 4 gD cloning

(1) EHV-1 gDh&<l

EHV-1 gD gene A%< 1% PCR #4 F 9| annealing A4 2%=5 XAt
#1138t 53T, 55.3C, 59T, 63.3C, 66.9TC, 67Ce =7o=2 PCRS AA|s 2y
E Fig. 99 Yeldddoh 89 72t annealing 2=370lA4 1380 bpY

EHV-1¢] gD¢] wi=7} selxgl ot 59°Ce] Zzio|A PCR AHE¢] <ol 714
we Aoz AuEo PCRY A annealing ©E271S 50T = ZA s Th

M W R ey B g
3 kb
2 kh —
LoW S arardsaraP <ot DL
1kb
0.5 bp

Fig. 9 Gradient PCR for EHV gD.

M: DNA size marker (3 kb, 2 kb, 1.5 kb, 1 kb, 0.8 kb, 0.6 kb, 0.5 kb, 0.4 kb, 0.3 kb,
0.2 kb, 0.1 kb); Annealing temperature of lane 1 was 53C; lane 2 was 55.3C; lane 3
was 59C; lane 4 was 63.3C; lane 5 was 65.9C lane 6 was 67C. About 3 0 samples

among total volumes were loaded in each well.
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(2) Ligation ¢l

TA cloning & ligation mixture®™ 71719522 cloningdt-g2] A3 HE &
o135t t}. Fig. 109149k Zo] 1Y lane< ligation mixture Io]™, 32 ligation
mixture IIZA 2z} 1, 3¥ laned 3}AF3E 9] vectore} insertHtf 2 EA}=e] W=

7 &l E Ao B R ligationo] o] Fo|xl Aoz A3

M 1 2 3 4

2 kh —— - _' — — I‘ vector
Dkh e i a— I « insert DNA
1 kh —
0.5 bp | S

W

-

-

Fig. 10 Ligation mixture of gD.

M: DNA size marker (3 kb, 2 kb, 1.5 kb, 1 kb, 0.8 kb, 0.6 kb, 0.5 kb, 0.4 kb, 0.3 kb,
0.2 kb, 0.1 kb); lane 1: Ligation mixture of I label; lane 2: Vector and insert of same
weight of used to ligation I . lane 3: Ligation mixture of II label; lane 4: Vector of

same weigh of used to ligationIl. The arrows indicates the position of vector
and EHV-1 gD.

(3) T3/T7 universal PCR

Transformation & A ¥ colonyol A insert DNAZ} 4% cloneg A 3}7]
#38 T3/T7 primers ©]-&3to PCR< G 33t th ColonyE &3AlA template
2 AR&ste] PCRe Fdstdlon o& H7|dso= sttt EHV-1&
transformation$ plateo] 5] A&+ colonyES pickingd}e] T3/T7 universal PCRZ
gtolatgdtt. 1914 8 lanee A WA ligation SO 2 904 16 laned F+ W
A ligation Ao 2 AAIgH PCR 2t&Eolth, T4 o2 cloningd A & W=7}
7HE 7FsE wke-S yERd 40 2 169 lane?] colonyE A ¥ &le] transformation
of A&atth (Fig. 11).
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3 kb I'IllﬁﬁTSOIDIll!al!HISIE

! -~
2 kb iv - IR
Lok [ W - - - insert DA
1 kb - -0 TR S
3 i §
0.5 bp d g 3
-

Fig. 11 Clone screening using PCR with T3/T7 universal primer.

M: DNA size marker (3 kb, 2 kb, 1.5 kb, 1 kb, 0.8 kb, 0.6 kb, 0.5 kb, 0.4 kb, 0.3 kb,
0.2 kb, 0.1 kb) ; lane 1~8 : ligation mixture I ; lane 9~16 : ligation mixture II.
Sample selected lane 4 among ligation mixture I and Sample selected lane 16 among

ligation mixture II.

(4) Restriction analysis

(o3

gD gene°o] AdE AL FolH 4 laned} 169 laneo] 31F3+= colony=
LB wjAel HF3A 16417 vlF g % plasmid DNAE 223} o] restriction
analysisZ 3ttt 1, 242 PCR screening?] 4¥ lane?] colony plasmidE 22l
R, 3, 4HE 16W laned colony plasmidE #Helstsich. 2479 colony S ©]
£3to] plasmidE #elste] EcoR 1 22 Awst A3 298 lanee 4W laned)
colony plasmidolA 900 bpet 500 bpell A W=7} Z<lxo] TA cloning®| A&
Hog o]FH Ao wealdnt (Fig. 12).

3 kb [

1kh | -

Fig. 12 Restriction analysis of gD clone 4 and 16.

M: DNA size marker (3 kb, 2 kb, 1.5 kb, 1 kb, 0.8 kb, 0.6 kb, 0.5 kb, 0.4 kb, 0.3 kb,
0.2 kb, 0.1 kb); lane 1 and 2: gD clone no. 4; lane 3 and 4: gD clone no. 16; lane 1
and 3 was unrestricted plasmid DNA, lane 2 and 4 was restricted DNA by EcoR 1
restriction enzyme. The arrows indicates 900 bp and 500 bp bands.
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(5) Sequencing

PCR ¥ sequnencing § W13t A= FAAME 2otz H g 2 vio]y
o A7IMEE 7z vE wpolglx F9ke] vl E wf 100%°l 4 99%°] Zsd
Btk (Table 9). T3 cloning® EHV-19] sequence: AY4640525<} H]xl
A3 Co 7} TR WHol¥ o], AY4640525 ¢ vjnlsk w 99 %] homology=
At (Fig. 13).

oo [

Table. 9 Homology analysis of Equine herpesvirus glycoprotein D gene

Total Query  Max

Accession Description coverage ident
SCore T (9%) (%)
AY464052.1 Equine herpesvirus 1 strain vb92, complete genome 2499 98 99
AY665713.1 Equine herpesvirus 1 strain Ab4, complete genome 2499 98 99
M59773.1 ICEC(lqsme herpesvirus glycoprotein D gene, complete 9499 98 99
M60946.1 Equine herpeswrus glycoprotein  17/18  gene, 92494 98 99
complete cds, strain
AB279610.1 Equine herpesvirus 1 EVS6 gene for glycoprotein D, 2499 98 99
complete cds
MR7497 2 Equ}ne herpesvirus 1 protein kinase (EVS1) gene, 2470 98 99
partical cds
Equine herpesvirus type-1 glycoprotein D homolog
M62923.1 (EHV-1) gene, complete cds e e »
AB279607 1 Equine herpesvirus 1 EVS6 gene for glycoprotein D, 2440 9% 99
complete cds
DR]734.1 Equine herpesvn’us 1 DNA for membrane 942 36 100
glycoprotein, complete cds
DR]733.1 Equine berpesmrus 1 DNA for membrane 942 36 100
glycoprotein, complete cds
M36299.1 Equine herpesvirus type 1 glycoproteins qE, gl and 887 35 99

10 kDa protein
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Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query

Shjct

13
131115
73
131175
133
131235
193
131295
253
131355
313
131415
373
131475
433
131535
493
131595
553
131655
613
131715
673
131775
733
131835
793
131895
853
131955
913
132015
973
132075
1033
132135
1093
132195
1153
132255
1213
132315
1273
132375
1333
132435

TG TaC TG T O TACTGTATET T CCCBCCCOCOAGCETCTETATATIACT
ATGCCTGCTGTGCTGCTTGTACTGTATGTTAACCCGCCCCCGAGCGTCTGTATATTAACT
CANTATCCETTaG e TITACICCASTaS TaSCETTAT ChesCsTaccAces
AR AT TCCET GBI TACAACEASTEE TS TETAEChCRAGCETSCACEE
COCTaG A TO T TTTCM TAM O CNTSTCTACCTTCHSCTIATONTSEATEEA
e
TG TaCCA TSSOSO TCTTBASCTTSTOCTCTCTIeT O CATOC
CGTTTGGTTTTTGCCATGGCAATCGCGATCTTGAGCGTTGTGCTCTCTTGTGGAACATGC
GASASCCMOCTaCSSTICSAONCCCASOATASGECSSAGTTTECACCACEC
AL CRAGCE TGO TSR EORPRCCCChAEBAETTCCACCACEE
T A TAT M T TGN TACH COCEACTICOCTAGCATCACCOTITATT
AR EAT AR hACA AT KRR BCEACTGOSE TS AT T
AT M TOTTOACTTGCONTTOTTACTACTACSCGECEATOTEMNT

RCEACERRETARAARATET AT TECOATSTTACTCLTACECECCEATETORARTE
S e
KA ECOETEATCECTRACAC AR CATABACTCARTCTERECECTEBECBCTOCC R
T CCGCCAGACTOACC TGS T T TAAMATTATOCCMCOTOTGCAACCCTAT)
AR TR ICCECCAGACTCRCETSETTEARAATEATECCRACETETCEARCECCTA T
TS TG TTATATGAATOACCCOMCTATCATITGATOTSTOATCASAG)
CACGATGTTAGTTATATGAAATGCAACCCGAAGCTATCATTTGCAATGTGTGATGAGAGA
A TACTA GG S TAGTT T TTACTATOCTSCTO M CTOACOATOMCTT
A EACKTALTATCOCARGCTRCHTTANTEACTATBCCTCETeARCTCCOATORACTT
BACTTGTACTGGCAGCCCCTOCACATICTGOCTO0EACTOTATCGCCTETTATAGHA
A CTTETALTOECA LT CACATTCTBCCT SO CACTETTCECCETETATACh
ATCEACOAASa AT TACACEOAC T TCTGTAACTATCCCAGTOMCSTSTeCS
ATCGACGGAAGGCGAATTTACACGGACTTTTCTGTAACTATTCCCAGTGAACGGTGTCCG
IO T TG AT TGO TCCOOATCaTATAMACTECAGAGCASTACTCS
KT TECCTTTAGCARRACTTBCEAMCCHOATCAETETARAETCEACKECHETACTCE
GGG T TACACOTCOB T TCTTGRTGANTTCAACTICCCACHGGAGAGCAT
AR ETTTTTCACECBETICTTGC TR ICAAETCCEACRACERGACEN
AT OGO OGO T TACOATGRTECAMACCTACCAGTOCAGTITIAT

R CATOEETe MG TGETICETCTACC KRGS PECARCCTACCHGTECAGTET T A
B AT TCa MG TOE eSO TICEACCETGEATT AT TT
ERABCCChEECATICACAACHCCCETELCTCEEOAPAACCACCETECAT Ao
GASTCOIGATTICACIAMTAACAGACCEBM CeABGECASSTagICcceamcEe
EARCAEACATTAEAC kAR AR AACACACCLEARKECAGBECKBRC AL hACEE
AT TaCCASC AT A TTOSCCCMEACTEONTEATST oA T
AATCAGCCTTTTAAGTGGCCCAGCATCAAACACTTGGCCCCAAGACTCGATGAGGTGGAT
B AT A O TAACAMGECCETAMCETCTIAS G CACTETACTTTTS
EAEETCATEAGCLCETAACRARGCCEECARbAACETCTRAGAECRACTCTHCE T TS
BTG TG TT TG GGTATC BB TAGTATTGSTERBCOTEATICTATACTC
e
TECTTGCETCOOMOSSACTEMATTETEC CAOCBBCTTECTECETACEC
TGCTTGCGTCGGAAGAAGGAACTGAAAAAGTCTGCACAGAACGGCTTGACTCGCCTACGC
TESNCCTITMGMOTTATATACCENGCTTECS 1368

HEACCTTTRAGEATGTTARKTATACCEAGCTTCEE 132470

Fig. 13 Blast search of pBX-EHV-1 gD clone.
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2) Expression and Purification of EHV-1 gD
(1) Ligation

Ligation mixture®] Z7]19% Z3I}+= lane 1, 2914 pQE30 vector’} $le= A=
3+el3ld A lane 3914 pQE30 vector?t gD geneeo] ligation W3 % lane 4°] A
243 ligation ¥ AL #2135t (lane 4, red arrow). 3+ vectoret gD
ligation WH-8-2 213t} (lane 6, red arrow) (Fig. 14).

—
—r
3 kb [— Y -
Ok |- 7
1.5 kb B
1 kh | —
I:‘_. _7”;'. >
0.5 bp |- B
=. T'» -

Fig. 14 Ligation mixture of gD subcloning.

M: DNA size marker (Bionics, Korea, 3 kb, 2 kb, 1.5 kb, 1 kb, 800 bp, 600 bp, 500
bp, 400 bp, 300 bp, 200 bp, 100 bp); lane 1: eluted pQE30 and gD after digest; lane 2:
ligation mixture using pQE30; lane 3: eluted gD4 and gD after digest; lane 4: ligation
mixture using gD4; lane 5: eluted pQEGFPII and gD after digest; lane 6: ligation

mixture using pQEGFPII. The arrows indicates ligation mixture bands.

(2) PCRE ©] &3 clone screening

pQE vector®} pQEGFPI vector®] subcloningol4 & X ¥ colony & 2+ 270
S Musle] PCRE  screeningdtth. gD specific primerE  ©]-&3}]
screening ¥ A= 47019] clonesol Al 5 5% A] 1380 bpel producte] WHEE
g3tk ControlZ41 TA cloning® o1 8l+& gD clones template® A}-§3}¢]
22 sizes gRlsAtt (Fig. 15).
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Fig. 15 PCR detection of gD subclone. Amplipied gD gene using gD specific
primer set. M: DNA size marker (3 kb, 2 kb, 1.5 kb, 1 kb, 800 bp, 600 bp, 500 bp,
400 bp, 300 bp, 200 bp, 100 bp); lane 1 and 2: cloned to pQE30 vector; lane 3 and 4:
cloned to pQEgfp vector; C: positive control. All samples were detected 1380 bp.

(3) Restriction= ©]-&3}F clone screening

PCRZ &4 colonyES A uj=] o] vjLFsle] plasmid miniprep$ Hind IS ©]
83} restriction analysisE 3t th ControlZ A4 kA U PCR productE Ab
£33t Addvt. Hind HIE AwA] 470 colony EF vector -39 wl=¢o} oF

1.38 kbell A insert gD 2o =S lstitt (Fig. 16).

3 4 C M

S
% RIS
3 =, =0
wector ;éqq-" = 1
Y As> : —— 3kb

£ — 2khb
insert DA B ﬁ — ﬁ e == 1.5kb

— 1khb

g O.obp

Fig. 16 Restriction analysis of gD subcloned plasmid and enzyme digestion
of plasmid by Hind IIL

M: DNA size marker (3 kb, 2 kb, 1.5 kb, 1 kb, 800 bp, 600 bp, 500 bp, 400 bp, 300
bp, 200 bp, 100 bp) ; lane 1 and 2: cloned to pQE30 vector ; lane 3 and 4: cloned to
pQEgfp vector ; C: positive control. Clones were separated vector and gD using Hind

III.
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(4) SDS-PAGE and Western blot

M5 T3l AFlste] wde =3 A3 lane 5 6, 79 pQE30H A&
vector®} clone®] A9 dXA st Ai7b UERUA Edo] o] FEEHA Ko}

O

St Lane 1, 2, 3¢9 pQEGFPIO oA+ 50 kDa 4ol #A ¥ band= 51 kDa
ol gDY Ao 7 HATE3o] western blotS E3] HdS el 35 kDa 3}
25 kDa Alolel A% band: host® AFEE cellol A & 23 A 2= codon

ol Foj A YEtUA ¥ band® 1ttt (Fig. 17).

240 kDa
100 kDa : J—
——

T0 kD
o0 kDa

35 kDa
2b ke

Fig. 17 SDS-PAGE analysis of expressed pQE30¥} pQEGFPII clone EHV-1 gD.
Recombinant EHV-1 gD generated in transformed E. coli cells was separated on
SDS- 12 % acrylamide gels. Lane M; Dok-do marker; Lane 1; pQEGFPI @ clone
was inserted M15; Lane 2; pQEGFPII @ clone was inserted M15; Lane 3; pQE-gfp
vector was inserted M15; Lane 4; pQE30 @ clone was inserted M15; Lane 5; pQE30
@ clone was inserted M15; Lane 6; pQE30 vector was inserted MI15.
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Western blot assayS $3Fe] 12% acrylamide gelsS o] -&3lo] 27| 531

e o B E Feldt ¥ EHV-13 EHV-40] tialo] A gAdel ¢dHS o] &3
Atk A71d% AEE IPTGHE A 2 FE3 oz wio] nlusgdrt
A=)

Figure 18 (A)olA YEIY vle} Zo] ponceaus@ M3+ Z3f+= IPTGo] 23 w3
A5 FAMurE Felsd o (B)ol WeERd western blot 2 3o A&
target sizeQ!l ¢F 80 kDaollA] W3ald Fifo] #&EAE A ek

(&) (B)

Fig. 18 Representative western blot analysis of recombinant EHV-1 gD.

Recombinant EHV-1 gD generated in transformed E. coli cells was separated on
SDS- 8 % acrylamide gels. Lane M : Broad range marker (203 kDa, 120 kDa, 90
kDa, 51 kDa, 34 kDa); Lane 1: pQEGFPI EHV-1-1 (0 mM IPTG); Lane 2: pQEGFP
O EHV-1-1 (0.3 mM IPTG); Lane 3: pQEGFPII EHV-1-1 in M15 (0 mM IPTG);
Lane 4: pQEGFPII EHV-1-2 in M15 (0.3 mM IPTG); Lane 5 pQEGFPI EHV-1-3
in M15 (0 mM IPTG); Lane 6: pQEGFPI EHV-1-3 in M15 (0.3 mM IPTG); Lane 7

pQEGFPI (0.3 mM IPTG); Lane 8 pQEGFPII(0 mM IPTG); (A): ponceaus sloution
staininng; (B): western blot.
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(5) Restriction

gD gene¢] A YEHAUE pQE30 vectori= EcoR 1 ¥ HindllS, pQEGFPI
vectore EcoR 13 Ndel & ©]&3l9] restrictiong @S w pQE30-2 clonea
°F 3.4 kbp, 710 bp, 515 bp, 175 bp2] band”’} FA Ao, pQE30-1 A= <F
34 kbpE %=+ band stHE Felstaith. ®3 pQEGFPIE EcoR 1, Nde
[ & ©] &3} restriction 32 7%, restriction sitex= 2F 3.9 kbp, 1.4 kbp, 226
bp 1A band7} BAHACL), pQEGFPI-1 1A= ol4dd band % 14
kbp, 226 bp2] banditoll = A E A ¢kokth. restriction 23 pQE30-2 cloneol A
EHV-1 gD7} Add A& sttt (Fig. 19).

o rr

ZEC KD | e, S ——

1.39 kb | e
1.08 kb S
126 bp [F S

250 bp

Fig. 19 Restriction of pQE30 clone (EcoR 1, Hindlll) and pQEGFPI clone (EcoR 1,
Nde 1)

Lane M; PS44(B/S) marker; Lane 1; pQE30-1 clone was digested with restriction
enzyme FEcoR 1 and Hindll;, Lane 2; pQE30-2 clone was digested with restriction
enzyme EcoR 1 and HindIll; Lane 3; pQEGFPII -1 clone was digested with restriction

enzyme EcoR1 and Ndel ; Lane 4, pQEGFPII -2 clone was digested with restriction
enzyme EcoR1 and Ndel.
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3) EHV-4 gD cloning
(1) EHV-4 gD

B A8¥H  EHV-4 gD9 annealing<%=+% 217} 53C, 53.7C, 5447TC,
55.8C, 57.4C, 59.1C, 60.8C, 625C, 64.2C, 65.6C, 66.3C, 67C=Z T&3alo] 2
S 3 A3 HA annealing &= 642TCTE 1210 bpi-#olA Ad z3k Wl
& ettt tE wMerg s o A9ysta FHA YEd Ao ® o] 2k
SolAds Akt (Fig. 20, 21).

=
X

v}

M123 45678 9101112

»
5 kb M

4 kh
3 kb

1 kb .".'..." ¥ o insert DA

Fig. 20 Optimal annealing temperature of gD PCR.

EHV-4 gD was detected 1210 bp size. lane M, 1 kbp DNA size ladder marker; lanel,
Annealing temperature of lane 1 was 53C; lane 2 was 53.7C; lane 3 was 5447C;
lane 4 was 55.8C; lane 5 was 57.4C lane 6 was 59.1C; lane 7 was 60.8C; lane 8
was 625C; lane 9 was 64.2C lane 10 was 65.6C; lane 11 was 66.3C lane 12 was 6
7C.

2.86kb

1.39kb
1.08kb
816bp

e

290bp

Fig. 21 EHV-4¢] PCR product.

EHV-4 gD was detected 1210 bp size. Lane M : PS44 DNA size Marker; Lane 1 :
EHV-42] PCR product.
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(2) T3/T7 universal PCR % EHV4 PCR

A3 E colonyl Al clones AW3st7] 918l T3/T7 primerg ©]-&3te] PCR<

33ttt ColonyS &3 Al A template® A}83te] PCRS Fdstglon o=
A719 502 &3ttt EHV-4+= pBX vectorE ©]&3te] gDE T-F24 4
Algk & wfd plate’dol Al 57] colonyES A E1ste] LB brothell ¥l %A DNA
2 2739t Vectors DNA-spin Plasmid DNA Purification Kit (iNtRON)Z
o]-§ate] Eelete] A7|FEsS AAstA 5709 colonyT ol A 39 laneol A °F
1210 bpHl Al A MEE &1 & 5 AUt (Fig. 22).

Z
0
N
o
i
iy

2.86 kb
1.39 kb
1.08 kb
186 bp

250 bp

i
|

o mnsert DINA

Fig. 22 pBXII EHV-4 clone®] T3/T7 PCR detection.

Lane M : PS44 DNA size marker; Lane C : Negative control (Non-template PCR);
Lane 1-5 : colony 1~5¥¢] T3/T7 PCR; lane 3 was positive clone, the size was 1.21
kb.

(3) Sequencing

ANAE AAS 98 DNAS +4%8 % Intron AFS] DNA spin'™ kitE A}
gt om d7id ZAL SolgentAhe] A BARCA FE s 2
2]31  GenBankel FEFol Q& EHV-4fxAer  HaEAe BLAST,
CLUSTAL X program= ©]-83}o] A A=At}

NCBI¢] blastg o]&3te] pBXI-EHV-4f#7te] dA7|A4S #2135 A
equine herpesvirus 4 EHV-4 (Accession no. S65633.1)2] 7 #ke} 99%¢] AHs
Ae 7HAE Ao FAFAh 879 bp X elA T H7F AR WHolx o,
one point mutation®] Y= Ao = Bl3A} (Fig. 23).
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Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query

Shjct

7
292
67
352
127
412
187
472
247
532
307
592
367
652
427
712
487
772
547
832
607
892
667
952
727
1012
787
1072
847
1132
907
1192
967
1252
1027
1312
1087
1372
1147
1432
1207
1492

ATGTCTACCTTCAAGCCTATGATGAACGGATGTT T GCTATTATAACGC
RN RN R R R R A R R R R R R R R R N NN RN R R AR AR R
ATGTCTACCTTCAAGCCTATGATGAACGGATGTT T CTATTATAACGC
TT C GAA
RN RN R R R RN R R R R R R R R R R R RN R R R AR AR R A RE R RN
TT c GAA
CAAAATCAGCGACCCGAGTT A TACAACTTTACAATTGTGACAACATAC
AR RN R R R RN R RN R RN R R RN R RN RN AR R AR RERRR N
ATC CGAGTT A AACTTTACAATTGTGACAACATA

AATGAAACGTCGCTACCATCACCGTTTATTAACGACCAAGTAAAAATTGTTGACGTTCGA

AATGAAACGTCGCTACCATCACCGTTTATTAACGACCAAGTAAAAATTGTTGACGTTCGA
ACCGTGGCTGCTACACGCCCATGTGAAATGATAGCGCTGATTGCAAAAACAAACGTAGAC

ACCGTGGCTGCTACACGCCCATGTGAAATGATAGCGCTGATTGCAAAAACAAACGTAGAC

TCAATTATAAAAGAGCTAGATGCTGCCCACAAAACATATTCCGCAAGACTGACTTGGTTT
L I O i I )
TCAATTATAAAAG

AAAATTACGCCAACATGCGCAACGCCAATCCATGATGTTGTTTATATGAAATGCAATCCA

AAAATTACGCCAACATGCGCAACGCCAATCCATGATGTTGTTTATATGAAATGCAATCCA
AAGTTATTATTTGGAATGTGTGATGAGCGATCAAATATATTATGGCTCAATAGTTTGATT

AAGTTATTATTTGGAATGTGTGATGAGCGATCAAATATATTATGGCTCAATAGTTTGATT
ACAACTGCTGCGGAGACAGACGACGAACTTGGACTTGTATTGGCCTCCCCTGCCCATAGC

TCTGaaaaaaaTGGCTCACCTAGCCTACGCTCTACCTTTAAGGATGTCAAATATACTCAG
R A R R R R R R R R A R R R AR R R R R A R R AR R A R AR AR AR AR

TCTGAAAAAAATGGCTCACCTAGCCTACGCTCTACCTTTAAGGATGTCAAATATACTCAG
CTTCCGTAA 1215

CTTCCGTAA 1500

351
126
411
186
471
246
531
306
591
366
651
426
711
486
771
546
831
606
891
666
951
726
1011
786
1071
846
1131
906
1191
966
1251
1026
1311
1086
1371
1146
1431
1206
1491

Fig. 23 Blast search of pBXII EHV-4 gD clone.
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4) Expression and Purification of the EHV-4 gD
(1) Restriction Electrophoresis

BamH1/Sall ©. % restrictiondt 23} gD insert%%<9 1210 bpF&2] W=
o} &7 vector?] T W= BT Felo] It} (Fig. 24).

kA 1

2.86 kb

« vector

1.08 kb e o 1nzert DA

[ S
139 kD | —
————
186 bp: [FA—

290 bp

Fig. 24 pBXII EHV-4 BamH 1/Sal 1 restriction.

Lane M: PS44 DNA size marker; Lane 1: pBXI-EHV-4 BamH 1 /Sall restriction.
Clone was separated vector and EHV-4 gD. EHV-4 gD was detected 1.21 kb size.
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(2) PCRS ©]&3 clone screening

739 colonyol A clones A®st7] 918l EHV-4 gD primer %5 ©]-&3}<
PCRS F33lith ColonyE &3Al#A templateZ AF&3le] PCRS 355 o
W olE ArgEozr sttt BamHI1/Sallo] £o] ¥  specificst
primerE ©]83% A3 pQE30 vectordl A= 10712l colonys oA 278 colony®l A
FAdel M=7F 1210 bpell Al Fl= et (Fig. 25).

2.86 kb MRS

1.39 kb
1.08 kb
186 hp

msert DA

290 bp k

Fig. 25 pQE30 EHV-4 clone2] PCR detection.

Lane M : PS44 DNA size marker ; Lane C : Negative control (Template : pQE30) ;

Lane 1-10 : colony 1-10"1 PCR detection. pQE30 EHV-4 clones of lane 4 and lane 8
were detected 1.21 kb size.

BamH1/Sall o] £°] = specificdt primerE o] &3 ZA3x pQEGFPIO
vectorol| A+= 570 2] colony=ol A 4 colonyolA Aol W=7} 1210 bpoll A &<l
HAY (Fig. 26).

il 2 3 ZE |
wll 4
2B gh Se—
I.'E’ ' 1:,.
1.39 kb | : = I
1.08 b s— —— —— wﬁd inzert DA
186 bp e i

e |

Fig. 26 pQEGFPII EHV-4 clone®] PCR detection.

Lane M : PS44 DNA size marker ; Lane 1-5 : colony 1~10 PCR detection. pQEGFP

I EHV-4 clones were detected 4 clones among 5 clones and 4 clones were detected
1.21 kb size.
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(3) SDS-PAGE

G wd F A719%5e A3} lane 49 pQEGFPI-EHV-49] §@whude
70 kDa $1 -9l 75 kDaolA 2a 3ol mHth Lane 8¢ EHV-4 @iz & 5
kDaX t} offol A wrd =t (Fig. 27).

L R Y

240 kD: IR
140 kDa
100 kDa
70 kDa
a0 kDa
35 kDa

25 kla

L

Fig. 27 SDS-PAGE analysis of expressed pQE30¥} pQEGFPI clone EHV-4 gD.

Recombinant EHV-4 gD generated in transformed FE. coli cells was separated on
SDS- 12 % acrylamide gels. Lane M : Elips Dokdo protein size marker (240 kDa,
140 kDa, 100 kDa, 70 kDa, 50 kDa, 35 kDa, 24 kDa, 20 kDa, 15 kDa, 7 kDa); Lane 1:
MI15 (0.5 mM IPTG); Lane 2: pQEGFPI in M15 (0.5 mM IPTG); Lane 3: pQEGFPII
-EHV4 in M15 (OIPTG 0 mM); Lane 4: pQEGFPII-EHV4 in M15 (IPTG 0.5 mM);
Lane 5. M15 (0.5 mM IPTG); Lane 6: pQE30 in MI15 (0.5 mM IPTG); Lane 7:
pQE30-EHV4 in M15 (0 mM IPTG); Lane 8 pQE30-EHV4 in M15 (0.5 mM IPTG).
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Western blot assayE ¢34 12% acrylamide gel
& oHE g2l § EHV-13 EHV-4ol tfste] A Al =y
o H71dE AlERE IPTGRE A F2 723 Bow ghao] s
28 (Aol A e} Hle} o] ponceaus@ A et A= IPTGOl 93k @& 159
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Fig. 28 Representative western blot analysis of recombinant EHV-4 gD.

Recombinant EHV-4 gD generated in transformed E. coli cells was separated on
SDS- 8 % acrylamide gels. Lane M : Broad range marker (203 kDa, 120 kDa, 90
kDa, 51 kDa, 34 kDa); Lane 1: pQEGFPI-EHV-4 @O (0.3 mM IPTG); Lane 2:
pQEGFPII-EHV-4 @ (0.3 mM IPTG); Lane 3: pQEGFPI-EHV-4 @ in M15 (0 mM
IPTG); Lane 4: pQEGFPII-EHV-4 @ in M15 (0.3 mM IPTG); Lane 5 pQEGFPII
-EHV-4 @ in M15 (0 mM IPTG); Lane 6: pQEGFPI (0.3 mM IPTG); Lane 7:
pQEGFPI (0 mM IPTG); A): ponceaus solution staining; (B): western blot.
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IV. Discussion

Flowers®} O’Challaghan (1992)2 EHV-1¢] 7ol ®Ho] s 4 ¢li= subunit
vaccined 503 Q4224 oDE A Atk EHV-1 gDo| ™3t monoclonal
antibody+ in vitro®] ZZ oA nloly 29 A S F3HA 7]l (Whittaker 5,
1992), R Do|A EHV-12 FsHY 93-S s (Stokes &, 1989),
target celldl A= EHV-12] A4S wolFrhar 319t (Whittaker 5, 1992).

EHV gD¢ wWAal$8& AFHIT F recombinant gDE WHE eukaryotic
expression vectoroll 4] glycosylation®] ©o]Folx A& AEEAT. Y
Weerasinghe 5 (2006)¢] H.iro] w2 C-terminale] hexa-histidine tage] 2
Stel E coliodlA ZEE gDO insect cellel 4] glycosylations FE38le] 2 A

recombinant gDE& EHV v}-$-22 EAA A vluAgsed=dl, E. coliol A

21
aE gD7F T3 XS F 2592 gD-specific-AbS A Akste]l EHV 9
ol g3t Wolss AFstrta Bastt (Weerasinghe 5, 2006). o] 2

ATFAHRE 7|Hto 2 o] B AFo = E coli systemolA EHVE gD gene
S cloningdlal host®A] E. coli M15F& o] &3te] gD vl dbad Al 7o)

EHV-1& 4ol ods= dAalvke fAME Z7j258 sl 22ld
Hlo]# 29| gD genes sequencingdte] Wm 3 Ayp= Z47p thE wpolY s A
sko] HAPE W 100% - 99%°] FEAS wew, cloning®d EHV-19]
sequences H.IL¥ AY4640525¢l H]ste] 1744 C 7 TE bﬂolﬂ Ao
gAHAT AAHor E Aol FEFE £este] EHVE FdA= ¥
WA Woel7l A4 e ACE AR HET

EHV-4¢] 7S¢+ 2 AFJAF A3t AAZEEH FHA
FowlFeh wlole ~2HE gD genes R3] AF
AgaT. ol ulol s BaE 8 PAZF A okl BAn Aol %
Ao AtEEY, o] RV gle AR B o o

EHV-19] 2o #ehss EHV-4¢] gedoote #3 3

Hholg 2 Mg FaS dotry] 9% vl 49 A3 CPES A= HF
MOIl wheba] +4A P = Aol 7k dlem (A3 mAA), 97 wjA Bt
206 FBS WA A 2~4NAE =A debsdth Andow it 9% 2
Aol 2718 100% ©Zo] FA4® MDBKAZ] who]dj 2% MOI 42 H%E &

\l
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296 FBSHI A &2 wgkah Adefol A Wk shed CPE 60%% W (vhelel~ HF F
Aolark, 2y WMo R AL&eL7] 93k wlolg
Aol TQstew EHV-1 #% & wAx
g2s Aolt}, e CPEZF 70%4d w7}

st s w@Auk Aj7ke] A UpEA 1 <ko] F&
8 2 io}‘ji H}o 1 2] 2 7} Shrd wix e & Al7l= CPE7} 70%5]*1 Qﬂ A

_4

gomn Ty ux K= 2% FBS um of| A 2~4A17u3,5 ;ﬂl LPE}%E}. Tk
MOI 13 22 HFAloll= CPES Aol A7|th7l o= Awrl =W ¢ o]4f v

r

AR S ok}, o] oS mysitid, WAL vrEY] 913 tiEku) el X
A ZAL 70% ©=o] dAFY MDBKA X EHV-42 MOI 48 HZ3 Z
CPEZl A7 vlz2 AHQ HF F 14 (12)A10] FA A2 wdst A

o] Aeairta Al

= 3ty 7 7FA type ®hel#2:9] gD+= rabbit kidney cellol]l A3k
#ags ze Aoz Bauro vt (Whalley &, 2007). 2 AFolA A&
MDBK celldl = EHV-1°] Hiolz]=e] Zr@a o] Ador ¢ 2 o2 y
Elgtth ol Y3 MOIE HE S CPEZF 2HAsE Alzke] EHV-190] 3~4
Alztel o] W& RASZE 9l & 4 dem, EHV-4¢ A 5ol+= 05 MOI ©]
stell A= CPE7F @AaA] &+ A% 153t EHV-19 TA cloning®l Al
AR e F3t7] 9l8te] pBT vectorel <£A3lE universal primer$!
T3/T7 primerE ©|&3to] EHV-1 TA cloningS screeningdt 23 F 71+ ¢
ligationZ71 oA 12702 A cloneo] Bl EFA=d], 1 FolA] Hkgo] 73k 4
lane®} 16¥ lane®l colonyE Al ¥3lo] sequence? 2Hel¥} subcloningg 2 A&t
At EHV-4= EHV-17} vZ7FA| 2 universal primer®! T3/T7 primerES ©]-&
3} screeningdt A3 5709] colony o 3702 colony’} YA o= Eolo] T
o] &3 clone?] subclonings 2 Al st}

EHV-1 gDE baculovirusel| 4] &S
kDaoll /] @& skelst gl vl ar Efﬂ_ﬁ]—ﬂ
HoAqo A A% E. coli M15 d¥ EHV-1 gD subcloning*] 9]
A=, pQE30 vectoroll A AIZ 7§T gDhe] el o] gelo] HA ko
L}, pQEGFPI vectore] A4 A1zl 4% = 50 kDa <+®ell d4% band®} 35
kDa¥} 25 kDa Alolol @A ¥ bandold & 9\}7\‘0] vector®t Zti= E. colig]
Ab=o] Mgk tha 2 = b E
50 kDa "l &4 ¥ bandi 51 kDaSl gh¥ 7}“’“ O] i‘i}i et

+
aﬂﬁ

Bl
o
off

-

P A3} 43 kDa, 55 kDa, 58
(Love &, 1993; Flowers 5 1995).

Qé
=
_>|:_>|:—“§3 ol

(e e o

=2

T =,
%]

AaL, 35



kDa¥} 25 kDa A}eldl @A % bandt host® AFEE cellol A 2 A b=
codonf-Eoll Al oA YEFYA ¥ bandd Aolgtn sttt o] & &l
7] $13}e] gD gene ©] YW clones A ASe] restriction § A}, odH
pQE30 clone®] ¢F 3.4 kbp, 710 bp, 515 bp, 175 bpe] band’} FA H A}, 34,
pQEGFPI vectord] gD genes AUEAS A, odAdd o 39 kbp, 1.4 kbp,
226 bp 1Al band7} A=A 23 1.4 kbp, 226 bpe] band®to] &1 At}
a3 Y pQEGFPIOE o] &3 F702] clone EFolA ¢F 1.7 kbpd&Ee Zo]9
band7} FAH Y=, o]= Ndel &4 93 restrictiono] FH3] o] Fo] x| A
gobA et ARl Ao R ALEH T

2 Ao EHV gDl w3 gels 93k western blot assays # vt
AEH S AFEstd T, v 5o wkgo] Frsle] WA o] gQlo] ofzgln. g,
Arte] A= E. coli & 9101] “410}04 7& g FAANEES HEddeER (AR

5 Fo] AFelA = AFEE 14 3AAE E

Lo
0%

-~

1

S
odt
1o,
o
fu
fr fo ofy N r1r
[4_1
Ol

17} type 4] tiste] EF nxpak

S HRJoBR ol o3 WA ey
+ immunochromatography wol &3 w EHV-1, % -4 ZdY &4
screening S $3 A&F ko Z o] S80] JlE5E oz AlZHT)

33, EHV-4Z2 WA 7 o
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Abstract

Studies on Serological Diagnosis and
Subunit Vaccine Against EHV-1 and EHV-4

HaelJin Joo

(Supervised by Professor Yoon-Kyu Lim)

Department of Veterinary Medicine,
Graduate School, Cheju National University,

Jeju, Korea

Equine herpesvirus (EHV) is one of the major cause of economic loss of the equine
industry. There is a continuing need to develop efficient diagnostic tool and vaccine
to diagnose and prevent EHV infection. After conditioning of high titer production of
EHV, we could obtain the viruses up to 10" TCIDsy/ml. We have constructed 22
hybridoma clones secreting monoclonal antibodies (MAbs) specific to EHV by fusion
of mouse myeloma cells with lymphocytes of mice immunized with EHV-1 and
EHV-4. The envelope glycoprotein D (gD) of EHV-1, 4 are essential for virus
infectivity and are a potent inducer of virus-neutralizing antibody. To develop an
efficient subunit vaccine, gD of EHV-1, 4 were expressed with C-terminal
hexa-histidine tag in E. coli using pQE30 and pQEgfpIl vectors. SDS-PAGE analysis
using expressed EHV-1 gD demonstrated the presence of gD bands at 80 kDa, 50
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kDa and SDS-PAGE analysis using expressed EHV-4 gD demonstrated the presence
of gD bands at 75 kDa, 45 kDa. Two gDs of EHV-1 and -4 were ninety nine
percent homologous based on amino acid sequence. MAbs and recombinant gDs
developed in this study could be applied as the source materials for diagnostic tools
and subunit vaccines to control the EHV epidemic in equine industry, and additional

research need to be continued for industrialization.

keywords: Equine herpesvirus-1, Equine herpesvirus-4, recombinant glycoprotein D,

Vaccine, Monoclonal antibody
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QA S AbEhE WA FOE uE gt 99 ofE SRl AE A
gt dsta AeUr. 2Yn E AE WelFAR 3¢ FAE ool
7N ek, obwA shr 2ol PATE I, AL o] i=Ro] wesA HES

S8 FAL oHAF g3t ordAE BgA 2eA BRY AL
fohe @ aea gHAbs Asha AU,

RESA T tety A% Ay 449l o] =EL uAm Ay

oA £UL AT AHE Urbe BEd AU A Fegol YT
FA AFAA AgH ARG Tl wE BE AGAAA T F3 gl
4 HEZ 9% 3% wdat Age] HAXUL. AT
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