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Abstract

Ultrastructural localization of herpes simplex virus (HSV) glycoprotein D was studied using HSV
infected monolayers of rabbit corneal cells. The pre-embedding indirect peroxidase-labeled antibody
method was employed. Immediately after viral adsorption, deposits of reaction products were seen on
the viral envelope. The cytoplasmic membrane showed focal positive staining at the sites of virus
attachment. At 1 hour after infection, reaction products were found on the envelope of the virus in
the phagocytic vacuoles and on the walls of these vacuoles. The localization of the staining did not
alter until 4 hours after infection. At 5 hours after infection the nuclear envelope and parts of the
membranous structures in the cytoplasm were stained. At 6 hours after infection, when capsid
assembly began, the cell surfaces were stained throughout. At 12 hours after infection, when
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enveloped particles were released into the extracellular space, viral particles were enveloped by the
nuclear membrane or membranous structures in the cytoplasm. These membranes were stained
positively. (Acta Soc Ophthalmol Jpn 95: 817—828, 1991)
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Bfi~r_2o 4 LAHSVIDO=v e -7 1243,
78D glycoprotein FEFET 5 45, T OEEICRY
HMlaf coSMIATRHETH S, AE~LATI,
Ml fEoME T 5 EERMAERLIZE T, glyco-
protein 2 R HAH A O FHHMIE & L THRAED ML ICEE
ELTwBEELLATLAYY, TOFEMIEHEL A
Tlixiz\s, glycoprotein ®—2TC, RGO FHEE
f &% 2 bR T3 glycoprotein D (gD) #Ht b B
T&H5 &, HSV B35 gD o RfEic 2T
2, ThETcEXtEYHGCTERIA, Ml
CRETHZ LAENAD LR T WL A9, HilaHO
R B EFECEN Lo b oy, E1,
K bIE L fThh T 5 SRk Y B\ I E{LFH
FHETE, B2 ~ 3EELUEBRCH o gD BEEL X
NEESH D Z EDBE LML T A7, Y
DECHETLIHED tHEV AL ADT v {r —
T HEETSH gD EREFIT A L TEY, M
e OB & o T\ ic?, 40, figDe b E/ 2
v — A difkE OB T S R (B E HUR R
2T, BEHRaP © gD © BTE & R I D TE
BTarrtnCcEl-oTcHfETS.
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1, #EEMRE VAR

B, REfCHEE L 7 Sweden institute rab-
bit corneal cell (STRC #iffg) #{#H Lz, #EII,
Eagle’s minimal essential medium i210%® calf
serum (KC Biological, Inc.) # X U* penicillin (100
U/ml), streptomycin (100xg/ml) # Nz 7z b O %
L7, MEFCiE, calfserum 2% &L, v A0
AL, A~ ~ABHOBEERHE L oML
HSV 1% o Moto #&#H L7z, £ OBEAME, mi-
crotiter #512 T108*TCIDs/ml T& - 7z,

2. HSV o5&

Cover slip iz SIRC #iflg® monolayer (3~4 X 10°

il

cells/cover slip) Z{E# L #-#, multiplicity of infec-
tion 2310871 7e 5 X 5 iz, HSV %1 medium 0.5
ml ZfF = — Fic Ah, 37TC T 1 RERIBE S &7z,
% @, cover slip % phosphate buffer solution
(PBS)T 3@V, HLLWHBRESLMF = —7IC
BL, TCCHELAL, BERO, 1, 2, 3, 4,
5, 6, 12BfRo 8 BF&IC cover slip ZEh L, LA
TFToHFECLY T,

3. BEHE

1 i o BT EES 8RS

H b L 7= cover slip ko HSV B #ila 2 PBS
TG, 2%IAME AT AT E ¥ T4 RERIEE,
2%FA A 3 v ABTHEEL, BRAE=xXizgiE,
HELEL, »7AMPBIMEAL, =FKv7 ey 2h
b cover slip #EL D VT H U 3 v K, BEYIRE
fEBiL, By 7 =—n - SEEHRAE KT, BETH
WETHE L, BEYA ofFR I LKB 2128
Ultrotome # M\, HF#E## 2 B AT 7100CX %80
kV onEBETERAL,

2) BEAREBERHUALL

BB EH (A1, McLean & Nakane @ PLP
¥ (periodate-lysine-paraformaldehyde) ¢, 5T 4
RO BIERT - 7o, Refuil FoOFIET, 5CIoK
ABLTiT-7., ¥t coverslip#HbvH L, PBS(pH
7.2, 0.01M) T 1 HfE ok 3 BT - o8, 10%H
¥ & L 04x10°M digitonin /il phosphate buffer
(PB, pH7.2, 0.05M), 15%fE8En PB, 20%fHEDn
PB izt hZh 3 EMERH L, 20% 8 PB+10% 7
V&) vic 1 EHBEL, BEROLEELXT-. 7
SA ARy b CREICKE, 8RB L, 10%
FEREDD PBS CREE L, 10%FRBIFEHILES & 7 7
B 7 ) v TI0FHERTAE R 1T - 2. £ OHI0% FEHE N
PBS T104 o %% % 3 @7\, BEHTHgD & b
£ 78— agifEk QEFRRD L 1RSSR,
10% /68 in PBS T1047 /) 3 BIHE &, ~r 4 * &
& — 2 EEHAN 1gG F(ab), fifd (40fEHmHD & 3 RFRR
&, 10%8E8E N PBS T304 Ml o B A 4 [ER
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Fig. 1 Electron micrographs of HSV-infected cells of negative-control staining at 12 hours
after infection. (A & B: immunoelectron microscopy)
A. Many viral particles (arrows) are seen in extracellular space, Viral envelopes are not
stained at all. X 19,000 B. Nuclear envelope and cell surface are not stained at all.

8,100
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Fig. 2 Electron micrographs of HSV-infected cells immediately after viral adsorption
(0 hour after infection). (A, B & C: standard, D & E : immunoelectron microscopy)
A, Viral particle is adherent to microvillus. x32,000 B. Envelope of viral particle is
fused to cell surface. %46,000 C. Left arrow shows enveloped particle in phagocytic
vacuole. Right arrow shows naked particle. X39,000 D, Viral envelope and surface of
microvillus are stained. %26,000 E. Viral envelope and cell surface fused with envelope
are stained. x36,000
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Fig. 3 Electron micrographs of HSV-infected cells at 1 hour after infection. (A : standard,
B : immunoelectron microscopy)
A. Phagocytic vacuole containing enveloped virions and naked particles are seen near by
nucleus. X16,000 B. Envelope of virus in phagocytic vacuoles and walls of these vacuoles
are stained. X5,700
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Fig. 4 Electron micrographs of HSV-infected cells at 5 hours after infection. (A : standard,
B, C & D: immunoelectron microscopy)
A. Chromatin has become sparse but viral particles are not seen. X8,400 B, C & D.
Nuclear envelope and parts of membranous structures in cytoplasm are stained. B! X
25,000, C : x23,000, D: x4,400
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Fig. 5 Electron micrographs of HSV-infected cells at 6 hours after infection. (A : standard,
B : immunoelectron microscopy)
A, Capsid assembly has begun, and viral particles (arrows) are seen in nucleus. X 16,000
B. Nuclear envelope and parts of membranous structures in cytoplasm are stained more
intensely, and cell surface is stained througout. *%5,000
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Fig. 6 Electron micrographs of HSV-infected cells at 12 hours after infection. (standard
microscopy)
A . Many viral particles are seen in nucleus and in extracellular space. X 12,000
B. Nucleocapsid in cytoplasm is enveloped by double membrane. X 34,000 C, Nucleocap-
sid in nucleus is enveloped by inner nuclear membrane. x37,000 D. Enveloped viral
particles are released into extracellular space through cytoplasmic vacuoles. X 20,000
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Fig. 7 Electron micrographs of HSV-infected cells at 12 hours after infection.
(immunoelectron microscopy)
A. Nuclear envelope, cell surface, and parts of membranous structures in cytoplasm are
stained with the same intensity as 6 hours after infection. X6,400 B. Nucleocapsid
(arrow) in cytoplasm is enveloped by double membrane which is stained positively. X 46,000
C. Nucleocapsid in nucleus is enveloped by nuclear membrane which is stained positively. X
42,000, D, Viral particles are released into extracellular space. Viral envelope and cell
surface are stained. *25,000
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DR LI, 1%Z7A%—n e« 7AFE FT54HEL
B L7, PBS €5 o fk# % 5 [1T - =14, DAB #
(30mg, 4-HCI diaminobenzidine+100mlpH 7.7 + ¥
AR 2 FERIER L, 0.004%H,0,/n DAB
W5 ~104%E X7, PBS ©5 SHo#%d% 3
GfT-7ct®, 2%+ A 3 v AEC 2 BEBEE L,
50% * 70% +80% = 90% * 95% +99.5% » fEK 7 2L 2 —
WRITE 2 ~ 5 FHK Lk, =Hvical B
Lz, =#v 7 my2hbcoverslip B bz,
V3 v rREYIL, ERGTETHEUESE - REY
et

Hitkix, 1kiifke LT AE 1 Ao gD &
e Z e —FakitkRR G, Thik, AV voiE
%D IgG T, gD & ZDRTERHETH 5K pgD &
CRIGT 31, 2RHkELTRE THD~AFF
& — Y e+ IgG Flab).3ifk (L) 2Rk,
ERptEoa v e —affh L LT, 1D 1 &k
DAERE, 2) HSV IERRHUEEM, 3) 1 sdifkafho
b hE/ 2 e—FAdiElgs CRALT, &< ek
DRIV ERRHRE L (Fig. 1), Fig. 1ifto
EhEZ2e—dAdiElgGefALI= Y b r—
ARETHO 2EED 2 v e — AREIIEHL T,
i e b7 27 r—>AfikleG & LT, HAER
ARHA St ol BEoedTsHEchs
HuMolg ® SLNF10% -7z,

I # %

REBEHOBEEBHTIE, EELAY M L AMNEE
HilaoMifafcEL Db, YA AL ZADRAD
tEHi, v 1A ARMREO/ NSRRI DS h
T (Fig. 2A), MilREHNOZRIE O AThTEBAT
284 (Fig. 20) &, =v~<r— 7 cis L
T (Fig. 2B), 22 v+ # 7 FAMBRERNCRAT
53E (Fig. 20) b -1, REEHETE, #ELE
DA NLARD=Y e -7 I FIEEBYESEES bR
(Fig. 2D, E), /oM (Fig. 2D) v 1 12
D LicofilalE (Fig. 2E) dBHREh T,

BEE 1BEBOBHEHETE, YIA22ERLE
ZER AT  O2BE S hi (Fig. 3A). REE
BT, BRERNO= v e -7 L2l RIE
B E SRS B (Fig. 3B).

BEH2, 3, 4RHOEFREETIE, BNz e=
F v OB TR~ T Loy, EmE T, R
B IRHICET2BENMRLIBLALRILTH-

AfRE&3E 95% 98

y e

WA S R, BAEBE TR 2 n=7 0K
LD HEA T hi, TORETRERFEY AR
FRBEH LI -7z (Fig 4A), REBETE, &
B iz Hefs X u(Fig. 4B, D), #IRQE M Rk
#o— (Fig. 4C, D) ERISHBHHE L AD bhtc,

WA 6 R B &, BEEETIBENCHEY
ANANTFHRRZ Lda 7P ELTHRALE (Fig
5A), BT, BiEoRIFLEAARE S, Hia
HA OB SEo—MoREt 5 s L, i
LERATHREINRS X 5ICk-7% (Fig. 5B).

TERILZFFEOMBRERECTIE, Y4 LA v =
v — 7R/ LT, MRl EhTwie (Fig
6A), = v~ — 7O/, AAEE CTHh5EE
(Fig. 6C) &, 27 vah 7> FaMAEAOEIEK
O_EEBREXFALcTbhs%4 (Fig 6B) 7
Hoteh, BEOBEGHRE{EDLA, FOEY A
VA, ZEREEE - THIBEA B & huie (Fig, 6D),
REEEE TR, M, MR ERERoEkEo—
M GERZRD bhie (Fig. TA) #5, WEHE 6 B
&R THREOHA, HEREbLbkhot, =v
~r = 7T, B S hicEIR o B (Fig.
7B) &, ®HE (Fig. 70) #FAL TfTbhi. *i,
Mo Enicv s raD vy te — 7 Lo H
tan@nbhic (Fig. 7D),

IV %

HSV filic@ A sBicix, B¥EEETI=E
YORADMEFVBEEI AL, 120%, Y412
Zkeic X b #i$E £ 1 T phagocytosis iz X hEAT 3
BETHY, o 1202, =ve — F2HEE R
& (fusion) LTR 7 L # 2 7~ F O LR OREN I
ATLHETH- T, REBETHRET S L, KGH
MEHIEBLEY AL AD= Yy < —F ke, o4
A g Lo REO MR R A0, H5 0
By AL ADES LcToMBRECED bRk, T
L CIFRREBAMRIT X gD BFEE Lo\ L RS
THEY, REINLALOEDGEY IEB L
PANAHEDLD EFE 2 BT, Glycoprotein E
(gE)DR{fEX*BHEY AV THEL L Para b0, @
AL AZADRBABERICEY A 420 gE ARG o {1
Rl ~BATT5 LT % 0, gD b gE LKL, v A
nAD=vNa—FhbLillaE~ BT Lt ELLA
7z. L L, Para b0 fjkii & EEEAIC peroxidase
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anti-peroxidase complex #{Ef & THEL LD
THh, MiaFmEL»EECET, HARKECW
TRECHRF LTV,

FOEREE 15 4 BEEORICE, AW EE T
W2 r~<Fv OMBLHETT 205 BB I hie
RIEEH CHAERZ RO N EY & 22RO B SULED
D3RDHIMBOART, RIGEYDOFIAERMICKE LT
fbixichotc,

Wt 5 R Te > THERIE N o RS E o —3 & B
B i UG E i Bd bh3 X 5icich, Zok
FC HSV B fifa  © o gD OEANE E ol b
%z bhiz, HSV glycoprotein @B B+ 5 £k
HpFRicL L, £, HE Mo Y £V —-aT7
3/ BE#EAELRY, HERETN 7 ) 20 FES
AV ITELERL, oWwT, TACEBIETIATE
CCHEMBE L O 7 ) 2> PS4 ) B R BB UK
L 7c glycoprotein I272 512 E 2 b T\ b, 4
REEETRE A EN OIS, Hifh
ks EBETHLLEELLN, BELOR
IREEME, KT/l & BB B B T
HEPERCCBEH L bOTHA S,

W EH 6 BEfElic 7o 5 & MR O 4 F i b FIGE
Wb bR, ZhIXREES RS SIELhiED 7 gD
sififgoRfilrbREHCETh I bD EE LB,
Johnson 5%, A CHEEBEOBEELY FS A X% 4
-2 monensin 7 HSV BRI EH 25 &,
glycoprotein BBV L is < e b, - MBERE
glycoprotem 22 H b h e e B = & 2 B, glyco-
protein ik =+ CEHBEHTHRAL, ZrbiiliEm
IEERD T B, TS BB LR
EENLHELLT, Spear? 3 — oD BEEE LT
5, =2, =vie—F¥ERLLY M ALANHERA
FHiCETZh 3B = v < s —~7 _F O glycoprotein
HHRERECEERZBEL, 523, MR,
BEOEXE > TEIIIBELTHD, BREHROE
MOBHBRCL 28ETE, BRHECR 2 v4n7
FOHMBRAB OOV —7OBEEIELTH
hTwigwo T, Bk 6 BT o gD oMk~
DXz e —FREBR L4 L 2R TOBE
Cr3nEREZLAT, MEEADNEEOREBECLS
LDTHAHY,

WAEHI2BER B &, YA ARy <e -k
gL it EhTwi, =v e —70M
Bk, RE{ o0 THUEELZFIAT 254 LMl
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BNOE#EELFIATLEE85 2, SEHVGCE
B R TR IS T budding T A B A L BB b At
73, naked particle Z5#Ifa B P O 3EUHK 0 — HE RS
CESWT=vy e —FHHERTEE LOHED -
fo, MR CIBIE L IR o S & S EIE L
Tk &G EIG Ui, ERLU-HkiZ gD &4 pgD &
b IG5 7o, Hefts X - [EREE © glycoprotein ©
HAEIL W TR T E D, gD &5\ pgD
OFETHEXFIHL = - 72 EBTAZ &
BB Lot =vr—7 LD glycoprotoin @
BEWC oW T, AEERFIALC=vr —-7%
EET 2B G TH BN EhTw5, 2% b,
HEIEEE D glycoprotein (2R T, ZhuxFIH LA
vANAfT D= e -7 Fd glycoprotein (2
BENTRELRBTHY, YA rARTATA D
Bl h T I TR 3P EIhTw3, —0, #
EAOEEEYFIAL C=v e -7 2EHT25
& O glycoprotein D BUZ S\ THE LA E RS
FTRREREIh Ty, SEI0RFEREC L 28%
TR, FlRo —EEgETc-v e —TXERLL
TANANFRIASKEBELRELEVT, TOEE
reverse phagocytosis iZ & - THifaA~HH 2 hTu
%O, ZHE Fo glycoprotein 123 TIZE AL T
BLOLHETEIRS, FEEW, MBAEN O EEEE
ORFIC VT IS EREREL TS0, AL
7z glycoprotein # > " HFEFESEORKF & LT, ®
h T sEBHREOHEARLE 2TV OTIREL
A5 b,

MECH-Y, THME2E L-ARERESCES
fLET, BB IIERE ¥ LS WML ER, K8
poEREERE SRRz 54, RBEILSRETHEFTALER
E{EH LT, APRE, CHERENEERYSE
(GREFES01TT1414) OHBENFZ i1,

X ®
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