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Immunogenicity of the Recombinant Pseudorabies Virus Major Capsid Protein
Expressed by Baculovirus Vector System
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Jae-young Song', Bang-hun Hyun' and Soo-hwan An'
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The recombinant pseudorabies virus major capsid protein (tMCP) was produced by expression
of the MCP gene in Sf-9 cell using baculovirus transfer vector system. Following evaluation of
the immunochemical properties of the rMCP, the immunogenicity of the recombinant subunit pro-
tiens were investigated in guinea pig and swine to obtain the preliminary guide line for the su-
bunit vaccine using tMCP and gP50.

It was proved that ultrasonication and 30% ammonium sulfate was most efficient to con-
centrate and purify the protein. The tMCP was safe in mice, guinea pigs and piglets. In guinea
pigs, tMCP mixed with various adjuvants induced substantial degree of serum neutralizing an-
tibody titers, but revealed incomplete protectivity against challenge. In swine, the combination of
tMCP and gP50 showed the higher serum neutralizing antibody titers and cellular immune
responses than tMCP alone. However, the protectivity was lower in comparison with the comm-
ercial gl-deleted inactivated vaccine.

We expect these results to contribute to characterization of MCP gene of Korean isolate of
PRV and to ultilize as preliminary information for prodution and evaluation of PRV recombinant
subunit vaccines.

Key Words: Recombinant Pseudorabies virus MCP, Korean isolate, major capsid protein, im-
munogenicity, safety.

23 AAZAL FUHE AGYOR ¥ ¥

A = AFES YEY. QA A= Herpesviridae2] Al-

pha herpesvirinae subfamilyol] <:3}+= Pseudorabies

Pseudorabies (Y2 ™; Aujeszky's disease)-‘;— 4], virus (PRV)e]™ Ex2}#-2 90x10° daltonse] 51,

2, A, ko), £7], WA, v} g A, YE, 7]14@4 & 4k 150kb A ©<) double stranded linear DNA
o3 278 X J*“‘H?fl &F ogdg 7} nlol 8} 224 16270 2] capsomereZ 1A E cap-
A HAE AT o2 TR A3 Z::°<} sid¢} envelope® 7FA™ =7]E 150-186nme] o}

-163 -



1,2, 3].

Pseudorabiesel] ©|3td =iz T} F B4
Uetde 534 7EeEe gloy, zREe
E2 HAME, v &E] A% 357 49 AR
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1. X =%} PRV subunit proteins

A 23 PRV MCPE <t S [20]9] A8 S 53
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2 A8lY 3, A ZF PRV gP502 A 2 <k [19]]
9] 8} baculovirus expression systemo] A LHE 1
o) QA AL FAB Tt
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MCP recombinant baculovirus7} 7324 8 S£-9 4]
Z2ZB2E MCPS] #&2 freezing-thawing ¥, ul-
trasonication (16j2, 30sec) B NP40 X 2| P o2 4
P9 n, JE7FA] FE9 ammonium sulfate,
calcium chloride 2 zinc acetateZ ©| &3l F=&
ANZAD [10]. g o] FE & Biuret o2 £34
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3. SENS

tMCPS] QAW St S AEs7] el mh5-
2 (20-25g)° 0.5m1¥, 18] 1 71U F (300-350g)
ol 1.omiy ztzt Sst % EAWe] FFEAL,
AE (34780l = 3.0m¥ & 250 T)ets}t 28
Well ztzt gFata} 653t BRI 04

Table 1. Experimental design for swine

Antigens . No.of Immunization Challenge™
Groups Adjuvants . -
{(Zmg/ml) pig Primary Booster  at 4weeks after booster
I MCP Al(OH), 4 3.0ml, im 3.0m}, im 2.0ml im
I tMCP Min. Oil 4 ” " 1”
ik tMCP-gP50 Al(OH), 4 ” ” ”
v MCP-gP50 Min. Oil 4 ” ” ”
V  Commercial vaccine® Al(OH), 3 ” ” ”
VI Control - 3 ” ” ”

"50-60 days old, male, "PRV(NYI-1) 10"*TCIDs/0.2ml, *gl-deleted PRV inactivated vaccine (USA)

-164 -



recombinant subunit antigen®] 7)1 = o) o 3} =@
49E A0 ol YgAon A%

9 (300-350g) 2072 A3t} MLy ©EFY
#} tMCP-gP50 283 9-¢ 27t aluminium hy-
droxide gel, mineral oil, Aviridin (Pfizer Co)ol] &%+
el L0mAS 35e) 2ol A7 REHY
. 27 e 2= gldeleted PRV inactivated vac-
cine (SmithKline Beecham)& 2o 1.0mI¥ H 2
Sted A1 E )

T 18F (50-60U%)e] PRVEA] o4 =
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B HEoR AYES v, 17 2 AR
SERE JIHES AAF F -MEM (A
3 27D ImlE sbe 2270 Agel Qo
Q*"“i 2 5 4T BAsg o, A3
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107 3Al% = % PK-15 cello] vl kgl 96 well tis-
sue culture plate (Llnbro Scientific., McLean, VA)el|
10048 A Fsha 592 #FAstd et 183 oy-
topathic effects (CPE)7} dojwt well®] Hu) 3|4
W48 7)1 3 o 2 5ta] 50% tissue culture infective
dose (TCIDs)E Reed ¥ Muench W oz A3
et

5. 38 A Al (virus neutralization test)

Hill & [13]¢] Y& §-&3t skt 4

&5, Bl 5353 HS o-MEM WX 2 2u] A
<@ 34¢ o ZF Ald ol 200TCIDs0.2mle)

g 5% 713 3 CO, incubatoroll A 1A|7F %
ok ‘?l’ SA1Z vk 28l 2 PK-15 cell monolayer7} &
/3 ¥ microplates]| A ¥J A Z A A }L ¢ 2] u} -
ol A9t A EFE 100ul¥ S 2} wellol] B
3} 12, CO, incubator W ol A 1A]7F A X 3+ & ¢
of Ho] 5% H7ME ¢-MEM #jAI S 100 R
7 welld] %7} BF3ho] wFslEN CPES B
#etact. FEgA A7 AL vlolyg A iz
wellol| A 95% 2] CPE7} Uoj%k& wol CPEZF &
oy &2 Ao d¢E A F3ld
A7k 7 e,

6. Leucocyte adherence inhibition (LAI) test

o5 (14] 2 A 5 (1519 4R S 8s] 4
o &, Ana Aeld AdEDe
dxY Aoz RE wWIPE Este RPMI
1640 W #] (Gibco, Grand Island, NY, USA)ol] 5x
10° cells/ml ¥ =2 BHA|7]3, o HE{I
100p19) PRVES (1.5mg/ml) [12] 100p1E 7}5}<]
37CAA 3083 WA T A AT
31 5% CO, incubatoroll A 1A]ZF v+8-A| ). W
Q3 8 AND APANBE PEA A
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o) 58 Austel Ty F4ol ol LAKE 2
Zsharh

)><100
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%LAI = (

" mean% adherence with no antigen
7. I 2 Al (skin test)

A9g L S5k e ARAE S
AABF T 92 LAI testo]] Al8-3F PRV 9]
= 56T 4582t H2letn @ FEES 1.5my
mlz 2§ A5 AHEsI T o] 4L 0.1mi¥
AEe] YR Aol FFA o, dx2E o
MEMZ 93 WHoz HFF F 24437
48| Zbell Zhz} A F F-9l o WA TN A
< calipers® 2% 3} ch.
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MCP recombinant baculoviruso] Z+2H Sf-9 A
X0 g (MCP FZ R E freezing-thawing, ul-
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Fig. 1. Yields of total proteins from the MCP re-
combinant baculovirus-infected Sf-9 cells using vari-
ous extraction methods. The bar represents the value
of each trial.

FT = freezing-thawing, sonication = ulra-sonication
treated (16p, 30sec), NP40 = NP40 detergent treat-
ment

512 Challenge

Neutralization Titer'
—
(=2}

Weeks after inoculation

Fig. 3. Antibody responses in the swine injected
with the recombinant PRV subunit antigens mixed
with various adjuvants.

-X- Group | : rMCP with AI(OH),, -=- Group I :
tMCP with mineral oil, ~O- Group II: MCP-gP50
with AI(OH),, -®- Group [V:rtMCP with mineral oil,
- A - Group V: Commercial gl-deleted inactivated
vaccine, - ¢ - Group VI: Control, Reciprocal of final
dilution Data represent the mean values of each group.

trasonication, NP40 #| 2] & o] &38}o] A|&@ 3l u}
Fig. 104 el Bhe} Zro] ultrasonication X 2]
Ho] EFE 0.43-0.522 714 E 93, NP40A )
= 0.36-0.42% JElSE D, freezing-thawing'd-& 7}
st k3 HEE FEdouRE gwA
&% 85 < ammonium sulfate, caicium chloride =
zinc acetate=® A}g-3lo] A| @3 v} (Fig. 2), 30%
ammonium sulfateo] A 7} =4 Vel

2. 3 S=ol e AN A

[=3

vk, 7199 gl 2HEe] ti gk tMCPe) kA

0.7}“
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ol e e
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0.2
0.1F[
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Treatments
Fig. 2. Concentrating effects of tMCP from the
recombinant baculovirus-infected Sf-9 cells using
various concentration of salts.
AS = ammonium sulfate, CC = calcium chloride,
ZA = zinc acetate.

ZA(mM)

Algeh vt RE HJEFFEL 6577 4472
olgk Lol AR &gt MCP H
45 71U g3 AEe) FagAAAE 4
A& vl AR M= 2-16 a8l 3 FA e 0-
82 F3tgA| 717} A = Ao} (Table 2).

3. 7|4 Zol| ciet wol A

MCP © % T tMCP-gP50 392 alumin-
ium hydroxide gel, mineral oil 2 Aviridino] £33}
o Ziygel 13 FZg ¥ 45A o FaF3A 7}
£ &% ul (Table 3), IMCP &% HE oM
mineral oil A}§oA 41622 9k, rMCP-gF
50 E3Fo] Foll A= aluminium hydroxide gel A}-&
Tl A 8-642 71 =94t} 45 H ol booster H=E
g o2 25A o 8IS 243wl MCP-
gPS0 EgFo]Fo] tMCP ©HEFof FH L #A] 3
=2 FA7FE e AT Booster HF 3 354
o 4% PRVE HE3 & 157 #2g v} tMCP
@4E FEodEe ddadel #FAHYoG
tMCP-gPS0 £% So] Zol M Fo| &7lc] 23
== gskeh

4. EREAY

7} At shE A

tMCP ©HE = MCP-gP50 8394 Al
(OH), %= mineral oilE H7}3te] A 2T AlA
W2 4 PRV ALEA S A2 HEJES &
5 JAFA, A @ ASHEF vtol g
2 WG S AlE & vl Table 49 e A3 s
AT FAS HFD EE ANITY A= A
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EHFAd e ofFd o] iAo ge Aoz 23 bt (Fig 3), Group [ 3} I 12}
), ZEHELd = MCP GEHZFdAn @ AE3 2570 04951, booster FFFollE 2-
W, AAFA R oskEll A7 4FF 250N 89 A7+ B} Growp M3 VE 13 JFF
FREHA 24 AT T A E 23T 27 A o 2-8, booster FEFoll= 4-169] A A7t
8} Group 1, 1, M, IV Group VI (H 2 )] H] 2 Borh 4 8WA (Group V) 13} HEZF 2.8
3 kY] A FHAE JERI e Al (OH), 2 18] 31 booster 3 FFo = 16-329] 97}E ehy

[¢]

©} mineral oil AF&FollM ZHago] IA Ve
o AEFEF ASSUEL AN HEL
(Group V)o| 7}F4 =¢ta, Group [, I, 1, V&
AFZF7H&0] Bgken, =T (Group VI)E -6.
T£142 AT AFHLE HYt F=EFEL
Mo 2RH npolEl 2 ARE ABE HAF
A7 MCP REHEF (Group 1, [)olA 717
%91 (50~75%), IMCP-gP50 3 % (Group 1,
V) 2 489 HFL (Group V)X E ¥l
2 Bk (25%).

Ll Setees

2t} Grouwp I, I, M, el A Al (OH), A& 3}
mineral oil A}-&& W] A] mineral oil AFEFE
G2 8 =2 FAE JeERI T

ch MEZM HHPLE

AFETe] e FLHEH, 13 FLdHEF
2% 121 booster A Z3. 154 d] Z}z} LAIR
Z Z7 3 ¥} (Table 5), Group M3} V= Group
13 Mo g 13 FLAHFF 255 o Felst
A && LAIX & el 18] 2 booster 7
T3 AR ET L EF LAIR Y] 918 R
w, adjuvantsztoll = Al (OH), 3 F ol ¥] 3] min-

S Adod A=l e FA-gE F3aA eral oil FFro] B2 AFE By Foldd
Table 2. Safty of the recombinant MCP
Experimental Inoculum’ Inoculation Observation  No showing Safety SN titer”
animal (ml) Heads Site period(Wks)  clinical sign (%)
Mice 05 5 P 6 0 100 ND
(20-25g) 0.5 5 SC 6 0 100 ND
Guinea pigs 1.0 3 IP 6 0 100 2-16
(300-350g) 1.0 3 SC 6 0 100 4-16
Piglets 3.0 2 sC 6 0 100 2-8
(3-4wks) 3.0 2 IM 6 0 100 0-8

"Protein conc: 2mg/ml, Examined at 4th weeks post inoculation

Table 3. Immunogenicity of the recombinant subunit antigens mixed with varions adjuvanis in guinea pigs

A Inoculation SN titers "
Antigens Adiuvants Post
(2mg/ml) jJuva No. Dosage Site 4th week after 2nd week after challenge

Ist Injection booster

MCP Al(OH), 3 1.0 im 4- 8 16- 64 1/3

Mineral oill 3 1.0 im 4-16 16- 32 1/3

Aviridin 3 1.0 im 2- 8 16- 32 2/3

rMCP-gP50  Al(OH), 3 1.0 im 8-64 32-128 0/3

Mineral oil 3 1.0 im 8-32 32- 64 0/3

Aviridin 3 1.0 im 4-32 32- 64 0/3

Commercial  AI(QH), 2 10 im 8-32 64-128 073
vaccine

Al(OH),: 30%, Mineral oil = Span+Tween 80+mineral oil, Aviridin(Pfizer, 1:1): a synthetic lipid, “gl-deleted
inactivated vaccine(USA), ~Challenged with PRV at 10" *TCIDy,/0.2ml intranasally, No. showing clinical signs/
No. inoculated.
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Table 4. Clinical responses of the swine inoculated with the recombinant subunit antigens mixed with the
various adjuvants ~

Vimus recovery

' Clinical signs Weight gain(%) after challenge(%)
Groups Antigens Adjuvants

(2mg/ml) J Pre- Post- 1 week 1 week 3

challenge challen after after 2 4 da
& 8 booster challenge ¥
I MCP Al(OH), 0/4 2/4 228+19 77+£19 2/4 2/4 0/4
I ” Mineral oil 0/4 2/4 253+24 94+14 3/4 2/4 1/4
il MCP+GP50 Al(OH), 0/4 0/4 214423 16.4+41 1/4 0/4 0/4
v ” Mineral oil 0/4 0/4 237+£19 17.8+£39 1/4 14 0/4
\4 Commercial vaccine Al(OH), 0/3 0/3 227+24 181+24 /3 1/3 0/3
VI Control - 0/3 0/3 244426 67x14 2/3 3/3 373

"Mainly fever,nervous signs and diarrhea were observed, ™ the nasal swabbing were tested. No. of positive/No.
of pigs tested.

Table 5. Responses of leucocyte adherence inhibition in the swine inoculated with the recombinant subunit antigens

LAI(mean% of group+SD)

Antigens
Groups inoculated Before injection Zrid v_vgek _after Ist week after
st injection booster

I rMCP+AIl(OH), 23+1.1 94+42 19.5+10.7
I MCP+m. oil 40£1.6 10.9+49 18.6+ 8.4
I MCP-gP50+AI(OH); 33420 163+9.7 29.1+10.0
v rMCP-gP50+m. oil 1.8+1.2 17.7489" 31.7+12.1°
\ Commercial vaccine 26%15 18.6 8.8 29.44-11.4
VI Control 38+18 2.6+0.9 43+ 24

"Significant different at p<0.05 (Student's t test)

Table 6. Skin test for delayed-type hypersensitivity reaction in the swine inoculated with the recombinant su-
bunit antigens

Range of skin

. Inoculation
Aantigens i
Groups inocuglate d No. tested 9f . reaction (mm)

antigen 24hr 48hr

| MCP+AI(OH), 2 0.1ml. id 6.2- 7.8 85- 927

Ir MCP+m. oil 2 0.1ml. id 8.7-10.3 9.4-11.2

il rMCP-gP50+AIl(OH), 2 0.1ml. id 9.2-11.4 9.6-12.0

v rMCP-gP50+m. oil 2 0.1ml. id 8.6- 9.7 8.2- 9.9

A% Commercial vaccine 2 0.1ml. id 7.6- 84 6.9- 9.1

Vi Control 2 0.1ml. id <1.0 <1.0

"Concentration of antigen : Img/ml, “"Data represent the men of triplicate measures of cach animal.

2ol 7} AR E A FhT} (p>0.05). 6-11.4mm, 48A)ZLol = 8.2-12.0mme] WS 9|7}

Booster T 3FA o] @ ES] AZAY WA #awo] Group 1 R Mo H|3f £ WgAE
WH-2-S skin test® A @ v} Table 63 22 23} B ok =3 adjuvantztell & 2 & Aol 7k 1%
£ 4t} Group [ % [+ 24X 7kl & 6.2-10. HA ggrow, Group V & AERBANAZLLE
3mm 18] 3 48A}Zkoll &= 8.5-11.2mme] ¥H-g-1 9] subunit FYHZFe B B HMILNE BHY
7F BEEAen Group M= IVE 244 7Ho) = 8. otz A o) HEFF 24417 B 484]
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Zrol 2% 1.0mmo] 3} o}

I FH

FUW o}t =oj A H-E)§ Psendorabies virus
F4FE2] major capsid protein A A E Z 245}
3l baculovirus transfer vector system¥} 3= 3
Sf-9&- o] &3} recombinant MCPE A Ab3} 31 1
ge AANA 2 WMAGA slgos Ade
o] tMCPi= 142kDa® 2 A| @ #hjj ol A &) kA
G So) Montgo) glge] Baud H gk
[20]. Z=% PRV MCP:= E-EAWol4] PRV en-
velope glycoprotein (GP)ol] ®]s} 7+3k A4l H
A2 Fdds Ao 484 g 21 2
dog shff FelFoA ozl tMCPY AR
B AT gP503 1} EFALEA] Loj it W
o uk-3-of i3 A& 3h o}

IMCPo] HA A& Vg x 2o n NRD
B} tIMCP ©H= 0.2 HAZA| o= MCP-gP50 &3
Fdor HFF ATEG TG Yt
I ZAEhtele 2 FAY) e Wolgdx A
YEFTE (Table 3). =3 AE HEAHAME
o9 fAME st BAHUG. = MCP BE
HETE MCPgP50 =FFL HE T M3l &
HYA A% oz YA BAYAG (Fig. 3).
EF FEHTA N FoRRE oY 35e
E IMCP @502 25 Yebkdka, v
TEYEY BAFAME FhT) (Table 4). 7119
T AEo dd AldARE F39 & o tMCP
= FIHYANE TS FLA o) gP50S o] &

SEg L] Bl dsitte Alde]l dEH
A= gPAE &9°] PRV A A
g sty X w3 Thomsen S
[6] % % 5 (719 AT7AHS fAE Rolgt A}
¥t E=3 ALE-E adjuvante] RIS Wl wE)
2 7| g e & adjuvant Ftoll A& zpo] 7}
I H R ko) A=A & mineral oile] Al
(OH), B} thd =& ZagAdrlE B
281} LAI test9} skin testE o] 28 A EH 34k
SAI @A = adjuvant 2kl §-2} 3k A}o] 71 Q14
HAA efskow 7Ugu AEN FEZTH
gk ol g9} AR FTF ulo) g 2 Fu)gd
= g Xolrp #AHR &gkl oyewn
adjuvant®] AL ZAE glo] AU L =
o FA|4t, adjuvant It & A A 2 NFEA A

of

]

[e:

°f

2 (o
‘E‘riol
e
i)

rot
®

s

g o

ol

gl Sol g 2po|7h glrka ALz H R e,

T MCP A A9 U AEREANG A
7 dojAl FIgA Grte] HE-e TAIG F&
il (gl-deleted PRV inactivated vaccine)® v} X &
A o7 241 (200-400%) XA FHFH A3, Z1)
oA A % [15]c] whole PRV virus& ©]-&3}a]
gars 2@shgug @A gk 59
IMCP 53 FTo e 45845 PRV 59
YR ZA7E 4% 2% o)A TEo] MCP W E
o 2e YA AXA Agutge] e &

Foha WA T ke APo] o,

Scherba 5 [9], Davison¥} Scott [17], Yamada 5
[18]2 Herpesviridae®] MCP¥& A M4 HH o}
AER Be fushe gUoz Qg 2n
o AFG uF go B Aoz ols} AL
Ao oiFTh. 1Y R MCPE gPAY su-
bunit WAL B A Egrozs mae) W
A9 e FAFE L) Aedn 42
of. B Ao dolx A= recombinant PRV
subunit Y] HAAYAL o)1 subunit
‘type HANEE 8 7225 H HoE A}
g¥r}l. =3 PRV subunit A3} adjuvant 2 im-
munomodulator®}2] FsAJ/AJ] i AFs}
sagojof & Aoz AT

2 £

Pseudorabies virus (PRV), Yangsans-2] major
capsid protein (MCP) geneol] th#l recombinant
MCP (ftMCP) &1 2] 7%} 2ol of & <
AL W8 §44 AZF PRV subunit vaccine
Aarel] i 7| 2A8E B ES7] Yal 4o
AR L g3 oS 2 A9E Ao

1. MCP recombinant baculovirus7} 7+<8 % Sf9
Az23E MCP FZEHE 2RI
30% ammonium sulfate ] 2] A] 7} =3t}

2. tMCPE 72, 7|18 % Ao H3A &
o) A2zl HATA) Ysrow st

371" g Wl Ald A s} MCP &
EHZFFLE IMCPgPS0 E@F =30 H3 3
A 4o wgken, FawAldl v £
% 24dj9] e FAVIE HYon, FEF
A %o IMCP 2 EHETANA Fo] d4d4ad
o] AFHY e adjuvants o= F9 3 2]

7F Aot
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4. A=HIANEEATL MCP DAEHFFL
MCP-gP50 &3t Foll B8] F33HA7171 @
tor, FEHFA MCP GEJFTAAM 4%
F 250 A Sol Jddazde] AAYA FA T
Azt art detger 37 3 71d £2 vl
2] 2 w4l o] Q1A =t} MCP-gP50 T80 =3
2 IMCP HETET & AL S o
AeAEthE 248 X 2kr) leucocyte
adherence inhibition 2 skin testol] €)% A ER A
A FA M= MCP EEHE T3 MCP-gP
S0 EFFFTol FEUAEY w2 ule S Yy

e 2l ot

ZAtel 2
of A+ 1994 F=ashAge Q7 X
o) o3 239, FA W5 941-0600-032-2.
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