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HMXe0|d 714 0|28 Herpes simplex 28 HIO|2{A &H2l9|
S =
oSty E4A
25| - mEEPr
WEOsE Az}, ZA=ckstm st

DEE A vlol B A 3R & 83 Herpes simplex 28 ¥lo| 21 220] Zh g ol B 3h= FUE5 F34ahA JALS
Frdshs 78 AUE2] AAE Gkl Vero celll] 2 319 & o 4841 2F 54 31, 43,59, 69 kDa who] 2| &
FUEo] LA oz waFg e, 7Hd R F oA YA A 22] ub-§of| A= 51 kDa Y o] 714 74a ik-g
< 24 dgA1AAnAH 22 2F Gt A colloidal gold7t Hlo| 22 Exiel] WAL HA o2 Hof of
o] vie|Hx Eelo)] EAFIL Y A2 FUFHUT. FFA0 A EH L o] FUEo] D A Z A
Aoz AAFHYL 53] AE EgellA o] LT I
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virus type 2% o-herpesviridaedl] 4319, o-
herpesviridaes™ P, y- herpesviridae2}= 28] FHL A s
o =] e A9 FEs ME 2 598 7P da
o, 83 WA 4 e vlold A THE F shukl W 23
vlolgix 7h-S JoIth(22). HSVE] EfellE o 7je) gt
o] EAFHEH o] 5L SFAIELS] FutelA] 7]dgi) 7]
o= gB, gC, gD, gE, gG, gH, gl, gl, gK, gL, eMT 11712
geEldo] e, 21, 27), o] WS vlo]2f a9t s
o] FAS vizfete vtolei2rt AEeks FASES 8L, vt
ojei2rt & AENA thE AZE Fikshet] BAgTh3E, 32).
T3, 2EE SFAE B0l Feol BAA 5845 Rd3=
2 sjof Aoy wehikg, WAA vl Wel ¥g cytolytic T
cell?} nature killer cello] 2]3+ AlXuj7f W3-8 FE3}7] ufF
o HSVell gk Aukgot WAl il oM F2 Ex7t
HTH4, 6). ©1& glycoprotein & B 7HA& AETH EAo] &
2R gB, gH, gD vholya ZdAd QlojA F8 ATE
3l gBe Hlel# o] el Pasdin HSV ZHA] FAE
A sk, 14y vlg]e] 5 Axehs §iske
715& sk Ao BaEITh(L, 23). gDE CD4'T Al39] %
ol T2 FrAloln FatA ihg freshs AL 7t
A Zhe] 55 o] HSVe gholl tigt 9EF& A7 vt
oj#&rt M ko Z BIEE 2 wherhal Barskal lvks,
15, 19, 24). gG2| 7% Ao g FolHde 7HAL ol &
FH2.F HSV-13 HSV-2 Atolol] A xkg-9] xpol& 2HA| st
] HSV type 13 HSV type 25 FHshz o] AR&E1
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ATH29). eC+ A9 C3bel AL, gl9} gEE 1gCY Fe
receptor®} §H8-& FHTH(1, 7).

HSV7} 34| 320)] ZHdst7] flaiMs gColl el AL
of Agtste] &SFME HWHe vlo]ais HAS HAEl gB,
gD, gH, gl.T 47}¢] B ofsle] nlole 29} nucleocapsid
7t SFAEY AEA ke Eofrte TV dofdth(14,20).
o]o]A] ntole]2~e] DNA7Z} uncoating H o E°7H & £ HSV
9] DNAQ| F4do] doldth(12,25). HSV el 3= glycoprotein
& Aol AE FHe Fa EF IYUEY BAFE] Utk
(16). HSV] 13} ZHdA] HSVE| S43% FEE Ajteh= &%
A We ¥g-& 3 aFEHe AL vlojeid Af(viral
progeny)l| Al ZHEA7IE T2 BAS] AL 7 oMol HSV
o] ZAE=HZ MEE Al AASHE Zoltt ol2gt o=
3}8H] cross-linkers® ©]-8-3ke] HSV Bk 2ol 284 (oligomeriza-
tion)7} A% 31, HSV 3R e] gebaldo)l Jeshs] 542 ve)

= A7 B A 1 AE BalA] sk dalE oA
32 UTh(13, 34, 35, 36).

B A7 522 HSV-29] XYW FUE FolA AAY HYg
BRSPS ZsiAl 4ozl ddo] Blola X o= A of
Al BXI=AE immunogoldE A T3 HAlEr| A 7o
2 3EsS PR sk frdele e 9AE sk
A, dqsted )k o] At AFA e g HSV-29] W4l 7Y
T ZA & st 7|20} F2A) g

j25]

o

e A

aj

o=

M=

MIZE 3 M|Z bH ¥
Vero Al 3 (African green monkey kidney cell, ATCC CCL
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81)= KCTC (Korean Collection for Type Cultures)ol|A] &< wt
kot =FAE wj ol AFEE 7]E X+ Eagle’s Minimum
Essential Medium (EMEM)& AF&36}3l fetal bovine serum
(FBS)E 5% H7Vste 37°ColA wiksln JAEH 8948 3
=

Hlol2iAe) B4 % o7t T

A%0) ALEH Hlolel At AT FATHATANN 2
% W& Hperpes simples virus type 2 strain G (ATCCVR-734,
Rockvill, MD)S AH8-3lch nlol#l~% EMEM Hj Aol 2%
FBSE 718t 37°C, 5% CO, &27]91A F24 & 50%
Tissue Culwre Infection Dose (TCID50)ol &8 wlole]2e] o7}
g Z733FATH18).

AE SE % Y

6~8F € BALB/c PHP-2=E & - 5 7 §lo] ¥ 257 30k
24 3 2Fo ZF ZF 1x 10 vius/ml®] E%Z PBS(pH 74H)ZE
B At} HSV-28 HlolglA 05mlE EROE FARIYA, &
A RO Z PBS(pH 74) 0.5 mS E7} FARSle] WY A2
ST

SDS-PAGEE 0|88t & E4
SDS-PAGET Laemmli(9)e] ¥'d<& w2} A8t 952

A& Vero MEZ PBSE AlAT thE 5mie] PBS 0.1~0.01
M.O.I (Multiplicity of Infection)’} Al vlo]H =g 7Hsto]
HSV-290 oJafl 7+9% Vero XS cytopathic effect (CPE)7} ¢
73] B W7kA] WA 2™, -70°C deep freezerol A 35
52 33 WS T 1,400 x gollA] 2083 A4 Eejste et
e pellet PBS 16 WE HAF & AEE T T 5x
sample bufferS 1:4 (viv) BIE&Z 3|45}a] 100°CllA] oF 5E7F
ZE3 ¥ SDS-PAGES 9% ARZE AHE3I%T} SDS-PAGES
12%9] Seperating gel¥ 5% stacking gel2 74H A% 71
G5 A2EE o838l 120 Volrel A ST Bk 23
S 93] AMS-® standard marker (Bio-Rad, U.S.A.)T rabbit
skeletal muscle myosin (207 kDa), E. coli B-galactosidase (120
kDa), bovine serum albumin (92 kDa), ovalbumin (55 kDa),
bovine carbonic anhydrase (35 kDa), soybean trypsin inhibitor (29
kDa), hen egg white lysozyme (21.7 kDa) Z2]3L bovine
pancreas apotinin (7.3 kDa)2 & 879} dld= g gt
AN F gel% Coomassie brilliant blue R-250 (Sigma-Chemical
Co., USA)ZE 30%3t &4t 24§ (methanol 100 mi,
glacial acetic acid 100 ml, H,O 800 ml)2.2 3024 281 @45}
o] Vero ¥l 7HEH HSV-29] T Wiz} AXE &8}
At

Western blotting0| 2|8t &gl &4
Immunoblot> Towin(31)9] ¥WHell wa} Western blotting kit

(NOVEX, Japan)E AME-3}] 714958 gelS transfer buffer
p
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(Trise base 193 g, glycine 9g, H,O 1)E 250 mAo| A 1A]7F
304 E<F nitrocellulose paper (Hybridization transfer membranes,
Hybond-C, Amersharm, U.S.A)°] Ho]AlZt}. Standard marker
7} Zo)® nitrocellulose paperZ amido black @49} (Sigma
Chemical Co., USA)2E 1087+ FAF vhs 2489
(Tsopropanol 25 ml, acetic acid 10ml, H,0 65 m)o.2 243}
il Mol QI8 TR Western blotS 33N Hol=
nitrocellulose paperE 3% BSA/TBS (Tris-Buffered Saline; 2M
Tris-HCL 5 mi, 4M NaCl 37.5ml, H,0 957.5ml) &¢] 59
Qi 710] Hol Ahedla TSN 147 B wheAT F
TBSE 33 MA3}a v}g-20A A& Hsv-20l g FAE
0.5% BSA/TBSO 1:22002.% 543t 12A13F &<t E5HA 7t
271 vA] TBSE 33 MH3IAT. 0.5% BSA/TBSZ 1:500
© 2 343} horse-radish peroxidase conjugated goat anti-mouse
IeG+HgM+IgA (Jackson Immuno-Research Lab, Inc., West
Grove, PA., US.A) 23} AE 37°ColA 2417 F9F ESHA
vkg-Al71a TBSZ 33 AlAg #H dAAeE 4-chloro-1-
naphtol(Sigma Chemical Co., U.S.A) 10ul 30% H,0,Z %o
PAHAE AL BASUA Walo] LRl AR ZF4
2 AFse vk FAA AT

LEnsAsnide ol
fluorescence Assay)

HSV-23 Hlo|g2xol TFAAIZ Vero AE7}F SAAE BASH
A Trypsin-EDTAZ Vero M ZE #l3le] 2,000x g U4 &l
slo] A2dle WE) T 7}k pellets PBSE 345l 259
Zetol= Feka 91 =% SfaL 37°Cel|A] 308 AE2AIZ F of
Aeog 158 Fet st 37°C F-27]o4 HSv-29 o
3 A PBSO 1:1002.2 3435t 1A WA T
PBSZ 384 33 MHI T HATC (Fluorescein-Isothiocyanate)”t
Hoj Ql& goat anti-mouse IgG+IgM+IgA(Cappel, West Chester)
23 A2 PBSO] 1:1,00002 At Latol= Zeks ¢l
100 i) BF31a1 37°C 271004 1417 WHEAIZ T PBSE 3
24 33 A)H3 T mounting buffer (PBS:glycerol=5:1)5 =2
Bojo) g "ojmelm AW FEAE @2 T 7|XE 9
3] A A5t 33307 (Olympus BH-2, Japan) .2 A7t

o

gtel Z4EHIndirect Immuno-

o4 X340/ 2 (Immunoelectron microscopy) ZEE 2{E
Hoj2jaol #HH

WE nPE HSV2 29 AT RHES I HEAT F
&A4131A17] Dialysis tbeo] A2 F PEG-6000(Shinyo Co.,
LTD. JapanyS EF 8l 179 AE wjY¥ HF-Eo] smle] 2
YA FEAH G g5 9hEo] Ed - FH RE H,0= Al
218t & 3} & Zo|7|E E T pipetO 2 HSV-2 F=AE +=A515
t}. TNE buffer (0.15M NaCl, 0.05M Tris-HCI, 0.1M EDTA)°}l
5%2] PEG (wiv)S T3t & 24 A4 (negative stain)yS $3]
A &4 (hydroextraction)s S3l4 F&FA|Z) HSV-2 Hlo|g S
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Egsta 4°C, 9 EEO] & F 2,700x g 94 £
s Asde 2 15»;371] W2 7S pelletg ¢ AA
2] 5ol 7Fge] TNF buffer® F-5-A12]1 3 -70°Coll Rt
Immunogold labellingS- #|341= 38 ml polyallomer ultra-tubeoi]
HSV-28 8082 stock 36 mlS B3 Beckman SW28.1 rotor
of ¥ balanced® WF TS 4°C, 20000x g 2A% ¢
ultracentrifuge (Kontron ionstrument, Italy)ollx] €4 #2131 3
FEds ZA2HA MY U2 1 ml PBSE o]&3}a] o]l
ARES A

=M ¢ M(Negative staining) 2

=4 G485 7] AsA FHisEh F vkolelz BAE drop-to-
drop "HO.E Grid filmoll AAE FAXZATH17). 59 PEG
AAE BelAM w5 vlolelz: 10 parafilm 9o & 42
Holxg & Formvar-Carbon coated 300-mesh nickle grid(Electron
Microscopy Science, US.A)E ulole]z A 2l 158 T2t
¥} Hlol|Y & Griddll FEAIZAT Saline 1:PBS 1:1%
acetate 18] Z3M48 3% PTA (Phosphotungstic acid)?} &% &
&sted Grid Aol 3 whe Hojmyl & o0Et 94 e A
Attt B SRR 184 53] A3 & AzAR dxd
AH Gridg transmission electron microscopy (Hitachi-7100.

Japan)2 T2E3IHTE

Immunogold labelling 2+

2o RS 12} A particles £l g proteases
2ol wlSe]Ael vhe-E v3ty] A oF s6°C, 3083t
7FEEE 7, 4°C, 12,000 X gl A ¥4 B35 TH2). Immuno-
gold labelling 10nm gold particles®] 8= 12 goat anti-mouse
IgG+IgMS AH8-3} % Uh(Electron Microscopy Science, U.S.A.).
gold-conjugated secondary antibody:= incubator buffer (0.5%

bovine serum albumin, 0.1% gelatine, 20mM sodium azide in
PBS)ell 20-1008 A% 3]435le] ARE-3IYTE uholeix ZHAle
300-mesh nickle grid  (Electron
Microscopy Science, U.S.A)) 3EH) 158 A% F2AZTH njo)
#H 27} E2HE gridis protein blocking solutions AFE-E}e] 0%
¥ 53] AT A T HSV-25 AR BALB/OlA #)
#gk 12 &3 (primary antiserum)E 1:508] 3238} grid 9]
g HojEd § 37°C, €O, F27IeA F& AL, A

Formvar-Carbon  coated

£ 4% uranyl acetate staining® E G T HFEHLa (B

153] AlH skt ¢h83] 13 Fof 234 F489 Jead citrae® 3
0 FA F HASHFFE 124 158 AHsEY 12 &
transmission electron microscopy (Hitachi -7100. Japan)= ¥-2h

asict
du W

TCID,,0l 2/& Herpes simplex 2%‘ Hloj A 471 &H

Vero A|3Eol| vlol#2r) HES & M ETaly] &4 (cytopathic

HSV-29] 39 3+ 25

effect)o] eV al712] 9t @vlz oz vl #asin 9
SR Rl 29 F AT dide] EEUL, 8Y &
o wvlolgls GrlE 43T AIXE wjkel-& polyethylene
glycols ©]-8-8F 2===-8-(hydroextraction)#} ultracentrifugation
AA)3led vlo]2] 28] 50% endpoint G71E 2A4F A} | x 10°

virusimlE: L& = AT

SDS-PAGEO| 28} &t 24

HSV-2 G strain®] Z9E Vero AlZolXE 7+ & 2407F &
23 oA EaleES 3 23 19 kDadt 161 kDa Ao]
A F 12708 WMETE BEERAA, 48413 Fof T Bals
224% A3} 21 kDadt 171 kDa Alo]d|A] & 177}194 DA=ES
Ag 4= ATk 31, 43, 59, 69 kDa?] BEAIES 71X BHQE
TEOE VEton, 7+ 487171 Fo ;‘7{46]— 43, 59 kDa
5 o] 7 FEH BHEE RYtkFig ). B F
A7kl 228t SDS-PAGECTA] € ¥ sl zst yiz=2 3
& 4 AU

I

Oirﬂmloz%é

&
© 5

ELS

HSV-2 & Ao i QI4| &had 24

27 ¢ WY A2 Hsv-2¥ violziz & e o
Western-blot®] 2} 24, 41, 51, 58, 71, 133 kDa®] ©hila
o] gA|et vhESlHrh 1 F 51 kDadHlo] 7 ek wk
HATHFig. 2). HSVS] FH)= ofe] 7)o) gyuige] &

Oo_?i‘,
o o ot

O
i

>J

L ol
Fﬁ:

bl o] &2 s 7M1 29 etollA] 7] gt Zhzte) ehilgo] &
iz Holxe 5+ Feie] A7) peC, pgD, pgErt S5k *éﬂ?
gk gejo] FeAe oC, gD gE7} QU:] vjs FEiRTH A

43 Fuvh o & BA%S G 443 Feel g8, o

kDa M 1 2 3

207.0-» Sl
120.0 - i
50.0 -#
77.6
69.6
63.8
59.4
55.0 -
49.3
43.2
31.7

27.0-»

Fig. 1. SDS-PAGE analysis of proteins produced by Vero cells
infected with HSV-2. Coomassie brilliant blue R-250 stained 12.5%
SDS-acrylamide gel slab shows antigens of Vero cell infected with
HSV-2 and intact Vero cell. Lanes M, standard molecular markers; 1,
intact Vero cell antigens; 2, HSV-2 infected Vero cell antigens at 24
hours post infection; 3, HSV-2 infected Vero cell antigens at 48 hours
post infection.
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kDa Mo 2 3 4

205.0 ~§

121 0 — i

antigens. After SDS-PAGE, antigens were transferred to nitrocellulose
membrane, reacted with polyclonal HSV-2 antiserum diluted to 1:200
in 0.5% BSA/TBS solution and then reacted with horse-radish
peroxidase conjugated goat anti-mouse IgG+IgM+IgA diluted to
1:500 in BSA/TBS solution. Lanes: M, standard molecular markers;
1, intact Vero cell antigens; 2, HSV-2 infected Vero cell antigens at 5
days post infection; 3, HSV-2 infected Vero cell antigens at 9 days
post infection; 4, HSV-2 infected Vero cell antigens at 14 days post
infection.

gD, gB9] ¥ ZHzb 120, 115-130, 59-65, 80 kDao] H-A}2F
& 7HAT ol§Y HATAE 110, 86-105, 51, 66 kDa2] A%
& 7HAh26, 28, 30, 33). webA & A3 elA SDS-PAGE 23
7} 43 kDa®} 59 kDa®] #AFEFS 7H Wiert RSHA] wkgatsd
om, a3k Felo] gbo) AAHSIR] 59-65 kDa o £F
HE Ao Bol A3t oD Fe|9} vl BRI Jehhon,
HSV-2¢] thEt A2 Western-bloto] A1 51 kDao] 7} R
A Bt Ao g Hol o3 HIE gD MU= ¢k
ofd EAjFFol ARk, 17 HANRS-S 1} Al fdgl o
glycoprotein D¢} o] gle 7108 FA=]o]xItt. SDS-PAGE
dollAE 43, 59 kDae] ©E BAS 71 WE=r) 7R 2lst
A FE=AOU Westen-blotol E 51 kDa®] B} 714 &
Qo) 714 7el g BkE-S HOIZAL in vivo AolME 51 kDa
o] RS A dldo} 7P s Fd A AFS e A
< Ho] Ft} o] XS AW whdo] HSV-2 ¥4l Aol

3 2E B 0§84 % Zelek

[

o3 2 8H3H (Indirect Immunofluorescence Assay)

HSV-23 ulel2izel] tjgh A7} nfola)zoel] FaE ol <
T Mol 239 vlolu]2 AL QIMF=AIE ZAKSH] 8]
A 2 AYR A HE AlETE HSV-200 A€ Vero
A7 Ao BAAE A STAEE FAR 3l IAE
W-3-AIZ1 AT} Vero XS] 0 98e] 3 wke-S veh
ATHFig. 3).
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Fig. 3. Immunofluorescence of HSV-2 infected vero cell. Vero cells
infected with HSV-2 were placed on a slide and incubated for 1 hours.
Infected cells were fixed with cold acetone, and then immunostained
with mouse polyclonal HSV-2 antiserum and fluorescein isothiocyanate-
conjugated goat IgG+IgA+IgM anti-mouse immuno-globulins. White
arrows indicate the strong immunofluorescence on the periphery of
the Vero cell membrane (X 400).

Do MXMs0[ZE 0| 28I HSV-28 HlO|2{A & B4

WA} Hn| A gl A HSV-29] S92l A= nucleocapsid
o} o)Fuks FAaA FHE = AU TN F - Al T
o 259 Z4S 0 T UAAARE spike= IR 5 giAH
(Fig. 4). HSV-28% 7 w22 HE A polyclonal
anti-HSV-28] EH & 37°CollA 1A & Al & 2 9ol
anti-mouse IgG+IgM™} 10 nme] & YAt EAE 23} A& 1
AlZb g 3t AA @ejF oz BEAS Ay nloje 9]
nucleocapsid®t 2579 lF o] FEEA FEH e e
B A 95 XH tegumentS 218 4 AAL,
colloidal gold YA/} FHO) w33t Aoz Hol &) wHhg
Fasls ol nlojd 2 RHA Hxlsta = AL AT
g At} od X 3-5719] Fo] B e AL B F U

II(Fig. 5a, 5b), Fig. 5¢, 5dolA= 2]Futo] BAA Zof BU4E

Fig. 4. Transmission Electron Microscopy of negatively stained HSV-
2 virions. Double membranes enclose amorphous and capsid. Fused
virions shared their envelopes and teguments. Samples were prepared
by virus concentraction, mounted on a Formvar-carbon coated nickel
grid through drop-to-drop method, and then negatively stained with
3% phosphotungstic acid (X 70,000). Bar represents 150 nm.
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Fig. 5. Detection of immunodominant antigens on HSV-2 virions by
immunogold labeling. Immunodominant antigens on HSV-2 virions
were labelled with mouse derived anti-HSV-2 polyclonal antibodies
which were subsequently labelled with anti-mouse IgG + IgM complexed
with 10 nm gold particles. Primary antibodies were diluted 50-fold
and secondary antibodies were diluted 20-fold with incubation buffer
(Fig. a to d). Gold particles appear to bind to the surface, ascertaining
that the immunodominant antigens are localized on the surface on the
HSV-2. Black arrows indicate the clustered antigens of HSV-2 (X
70,000). Bar represents 150 nm.
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ABSTRACT : Immunoelectron Microscopic Localization and Analysis of Herpes simplex Virus Type 2

Antigens

Cheon-Sik Kim! and Myung-Hwan Cho®* (‘Department of Clinical Neuroscience, Asan
Medical Center, Seoul 138-736, Korea, 2Depau“[ment of Life Science, Konkuk University, Seoul

143-701, Korea)

Antigenic analysis of Herpes simplex type 2 virus was performed and its major antigen was localized using an
immunoelectron microscopy. Antigens of 32, 43, 59, and 69 kDa were constantly expressed during the course of
infection for 48 hr in the infected Vero cell. An antigen of 51 kDa was turned out to be the major one in inducing a
immune response in Western-blot analysis. The 51 kDa antigen was localized on the surface of HSV-2 by
immunoelectron microscopy using colloidal golds and anti-HSV 2 polyclonal antibody. Immunofiuorescence
assay indicated that viral antigens were found throughout the infected cell and, especially, on the surface of the cell.



