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Effects of 5-Trifluoromethyl-2"-Deoxyuridine (F; TdR) on
Ultrastructural Localization of Viral Antigens in Cultured
Cells Infected with Herpes Simplex Virus (HSV)

Akira Yamane
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Abstract

Changes in localization of virus-associated antigens induced by F,;TdR were studied using HSV-1
infected monolayer of cultured SIRC cells. A direct enzyme-antibody method was employed for
preembedding for immunoelectron and light microscopy. At 3 hours post infection (h.p.i.), immunor-
eaction products began to appear in cytoplasm and nuclei in both the control and the F,TdR-treated
group. The amounts increased during the subsequent hours of observation. In the control group, there
was an intense diffuse immunoreaction in the cytoplasm and nuclei and dense accumulations of the
reaction products were seen on the cell surfaces. In F,TdR-treated cells, intranuclear antigens were
present as diffuse accumulations of granular deposits, and cytoplasmic stainings were very much
reduced in degree; deposits on the cell surface were a rare finding. Progeny virus particles were
significantly fewer in the presence of F.TdR ; nucleocapsids were found but in a greatly reduced
number and no enveloped particle was found. The morphology of individual nucleocapsid, however,
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was not significantly altered by treatment with F,TdR. A preponderance of antigenic substances in
the nuclei over the cytoplasm in treatment group may reflect distorted protein synthesis and may
provide morphological evidence of the biochemically assumed hypothesis of F,TdR efficacy ; F;TdR
exerts it's antiviral effects through abnormal protein synthesis and resultant defects in capsid
assembly. Decreased antigenic substances in the membranous structures of cytoplasm may be related
to reduced or abnormal production of viral antigens closely associated with envelopment. (Acta Soc
Ophthalmol Jpn 93 : 651—664, 1989)
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fi~n < 2F o & 2T H H5-trifluoromethyl-2’-
deoxyuridine (Trifluorothymidine, F,TdR)%, 1964
4F Heidelberger iz X h PLigEHRI & LTER S hic
thymidine 8 {l 1t & 4 T, 5-iodo-2"-deoxyuridine
(IDU) & X < Uiz v BT A2EFITH 5, F:TdR &
EERPABE~ L <2 L TER S L8RS R,
BRI b E AR STV Y, EoFHERF
i3 thymidylate synthetase ® FH %%, thymidine
kinase @ & 2%, DNA polymerase @ [H 3,
DNA KEhiAEhTo 1 A ABADERYEET S
Z e FoaEERNTRER TV, LAL, ThbD
#4131z vaceinia virus B W KR TR T
ts b, herpes simplex virus type 1 (HSV-1) % fu-
b OB I, Hic HSV-1 oS LUy
1 A ARBRMBRPONERTECS 2 2 BER T L
WaETRM b ok, 2hBOFIT2WT, £,
WEOBFERENEE - BEGBERNGECL 28
BriTwRE L,
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1. H5#%#@B8 & herpes simplex virus type 1 (HSV-
1)

o7 2 40 B (1 kB 38 X k7 rabbit  corneal cell
(SIRC i) 2 L 7=, HEAI213210% @ calf serum
(KC Biological #-) # X Uf penicillin (100U/mD),
streptomycin (100xg/ml) # /N % 7= Eagle’s minimal
essential medium (MEM) Z#H\y, H~—27 7 A kT
monolayer Z{FE L 72, #EFF 0 7o D1l calf serum %
2%&E L1, PALALELTHABE~AVABEDOA
Mg A b L7 HSV-1 8 7 1 v 2 (Moto
W) R LA, £ ORYE microtiter HIZ X 5T
1084 TCIDso/ml T H o7z, F 7z, Z @ HSV ¥k (L F,
TdR BEFH#HThHH, ToRHIEREIEHLGYD
Lo R RBIc#E U TiTy, Sug/ml TH -1,

2. F,;TdR i#&

Eagle’s MEM i F; TdR (Thilo ) #10ug/ml @
BECEILLLORERL, HARER-20C TR
Lo ERLE.

Fig. 1 Photomicrographs of monolayer SIRC cells at three periods of infection.
left - HSV infection without F;TdR treatment (control), right : HSV infection
with F,TdR treatment. (Papanicolaou stain, x320)

(upper) At 3 hours post infection (h.p.i.) nuclear chromatin becomes irregular
and nucleoli are distorted. Cytoplasmic vacuolar alterations also noted. The
difference between both groups is not significant.

(middle) At 6h.p.i. cytoplasmic vacuolization is prominent and cells are swollen
in control group. In F;TdR-treated cells these changes are less in degree.
(lower) At 12h.p.i. HSV-infected cells are rounded and cytopathological effects
are generally more prominent in control group. Nuclei show ground glass
appearance in untreated cells, while remnants of chromatin structures are still

present in FyTdR-treated cells.
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3. HSV ofE

ffjF- 2 — 7d1d cover slip (12X 18mm) ki SIRC
i@ monolayer (3 ~4x10°cells/cover slip) # {F
B L 7z @ 5, multiplicity of infection 73107i1# & 72 %
X 51z HSV #.%< tr medium 0.5ml ZfF 2 — 7'f
AR, 3TCT1EREY A A AR BE X, 0k
cover slip % phosphate buffer saline (PBS) < 3[al
v, F,TAR 2B URBRESE R VWREREPICT
TCTHEE L, BE3, 6, 12RRMgicHRO L,
LITFowBich T,

4, BEHRE

(1) »Ai=am gy

%= a3 e v efhid cover slip % PBS T ¥ # #
95% 7 a2 —ATREL, BomhREL i,

(2) B OBTHEMHFC L 2BE

T O TS X 28 %L, PBS THERE,
IR —nTrTe FCLHEERZTR-TOD,
2%# A3 v ABEHEELT -7, B@OBK, &
wa{Tlew, HU%K, BBy S=—nr - 2 EHRPED
Db, WTHEMENBIEE T,

(3) BEFEHBE

B% 3 B {6 B 12 cover slip b @ HSV B 4 i fa i
PBS Ttk BRIEEXTY, BEMBE & LH
HIHREE & 1T - 7o, BERPUREL X Nakane™, EL'W D)
i # U €, B # ¥ (preembedding direct
peroxidase-labelled antibody method) % 1T7¢ -7z,
BT NTHSCRKBLTUTDL 51T
Tz,

1) PBS T #% # %, PLP (periodate-lysine-

paraformaldehyde) #'®2C 4 K¥fE]EE,

2) cover slip #Hu b HH L PBS (pH7.2, 0.01MD
< 14MH, 3EHEE.

3) 10%fE8E 35 X 04 x10-°M digitonin n phos-
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phate buffer (PB) (pH7.2, 0.05M) I 3 Bfs]iR .
4) 15% 8N PB o 3 BH &2 i,
5) 20% eI PB @ 3 RFRE.
6) 20%JEHE, 10% 7 U £V v in PBic 1 Bz,
T 7544 AFy PP TRBICKE, HARA
8) 10% g PBS T i#r,
9) 10%FKBIERFEA 22 7 r 7V v (DAKO #:
8) CTHIAE, 304,
10) 10% &N PBS TEEE104 X 3 [8],
11D =& o 5 — EEdin HSVIaHik (DAKO
8 T 18 incubation (50f5FH ).
12) 10% I PBS T304 X 4 [,
13) 1% 72 —n e 7AT e FTHUHE, 545,
14) PBS %% 5 4 X 5 (@,
15) DAB # (30mg, 4-HCldiaminobenzidine+ 100
ml pH7.7 b ¥ 2 SEMEER) 1 2 RfE&E.
16) 0.004%H,0,5n DAB # T 5 ~105F .
17) PBS C¥E# 5 4 x 3 8],
18) 2%A = 3 v AEEEEE, 2 FH.
19) 50%, 70%, 80%, 90%, 95%, 99.5%. #EK
73— L RITH 2 ~ 5 K,
20) =K ZHE, EE.
21) 7 AHMEBESMAL, =X Try27 LD
cover slip ¥EU D ER<. bV 3 v 7/ HEFEY),
22) EROICCETFHREGNERS, BE LT
a2y b e— s LT, JEEEEST HSV 1 &4
{£ic X % blocking TELVWFEMDOETOH S Z &,
v F o & - 2R 1eG fifk, HSV SR, &
MEEOEMIZL Y F o REHDR LRV &
A ®ER L7z, Osmophilia OFEFRICIL, 4 A 3 9 ABEIC
X2 EEELXEE LI bOF i,
KEHEEZIC T ERZDOAT » 77F TREKCT
W, AFAS ) =i THRREE, BK HAERTY

Fig. 2 Light micrographs of enzyme-antibody method showing HSV-infected
cells at three periods of infection. left: control, right: FyTdR-treated cells.
(direct immunoperoxidase staining with methyl-green counter staining,<320)
(upper) At 3 hpi. focal to diffuse fine granular deposits are seen in both
cytoplasm and nuclei. F,TdR-treated cells show slightly less staining but the

difference is not significant.

(middle) At 6 h.p.i. in untreated cells, reaction products have increased diffusely
in cytoplasm and nuclei. In F;TdR group, there is relative predominance of

deposits in nuclei over cytoplasm.

(lower) At 12 h.p.i. progressive increase of reaction products is noted in both
groups. Nuclear predominance of the reaction is apparent in F;TdR group.






656 A& 93% 6%

Fig. 3 Electron micrographs of HSV-infected cells at 3 h.p.i. without F;TdR
treatment (|, standard, 2, immunoelectron microscopy. Bar=1g)
1. Chromatin has become sparse with early margination. Nucleoli are
deformed and mildly dispersed. Note small vacuoles (arrows) in the cytoplasm.
2. Fine granular deposits are seen relatively diffusely both in the nucleus and
cytoplasm.
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Fig. 4 Electron micrographs of HSV-infected cells in the presence of F,TdR at
3 hpi. (1. standard, 2, immunoelectron microscopy. Bar=1y)
1. Nuclear chromatin is marginated. Note also vacuolar chages of cytoplasm
as seen in the control group (arrows). 2, Reaction product is found in a patchy
distribution in the cytoplasm (small arrows) and relatively diffusely in the
nucleus (large arrows).
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Fig. 5 Electron micrographs of HSV-infected cells without FyTdR treatment at
6 h.pi. (1. standard, 2, immunoelectron microscopy. Bar=1g)
1. At this period capsid assembly has began and viral particles (arrows) are
found in the nuclei. Various granular materials are seen in the nucleus, and
chromatin is marginated. 2, In the nucleus, granular aggregates of reaction
products are seen. Several viral particles are also present and stained as dense
black dots. Cytoplasmic structure is stained profusely and membranous struc-
ture is stained intensely.
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Fig. 6 Electron micrographs of HSV-infected cells in the presence of F,TdR at
6 h.p.i. (1. standard, 2, immunoelectron microscopy. Bar=1y)
1. Viral capsids are formed (arrows) but in a markedly reduced number. 2,
Diffuse fine granular deposits are seen throughout the nucleus. Nuclear envelop
is also stained. Cytoplasmic deposits are relatively less and viral capsids are
stained as dense black dots (arrows).
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Fig. 7 Electron micrographs of HSV-infected cells without FyTdR treatment at
12h.pi. (1. standard, 2. immunoelectron microscopy. Bar=1g)
1. Many viral particles (small arrows) are seen in the nucleus. Note also
enveloped particles released out of cells Whorled membranous structures (large
arrows) are seen in the nucleus. 2, The nucleus (N) and cytoplasm (C) are
stained more diffusely. There are intense deposits on the surface of cell
membrane. Dense black dots (arrows) are viral particles (inset).
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Fig. 8 Electron micrographs of HSV-infected cells in the presense of F,TdR at
12 h.p.i. (1. standard, 2., immunomicroscopy. Bar=1g)
1. A few viral particles are present in the nucleus (arrows). Viral particles are
much fewer usually in F;TdR group. Inset shows details of nucleocapsids which
show essentially normal morphology. 2. Nucleus is filled with fine deposits
which are granular and diffuse. Cytoplasmic staining is weaker and membranes
of cytoplasmic organellae and cell surface are stained only lightly. Viral
capsids are stained as dense black dots (inset).
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1. s.3zan9ia

1) RBE . EEIBMTHEs =<7 v ILHE
L, fRER O/ ks fE - Tuvte, 553 6 Rfulic
b EEOEEAE LI 0, 120w 5 &Ml
WABALL, 2 e~F vl —BREE L - T
wic (Fig. 1),

2) F,TdR B @ #3% 3 BRIC S LTS B L B 5
hirERRDIEh o1, 6, 12RICAc5 & MilgH
AL L Custedd, B 2o THh, 7r =
7 v OB HBRE L NTBECH D, HEEIYC
MR M B8 s - 7 (Fig. 14).

2. KEERIBERNEE

D) SRR B IR T c B E B & A
Zbhte, 6ERlIc D EBA, X UMRENOBE
PEfGgaR L, 1287 B SRR AL L, B
P, MIBEEL L il O ABICEED ZRD, B
BBl R S ot (Fig. 2 76D,

2) F,TdR B © K538 3 B cR BRI BB EY 18
— BB b, 6EERIC e A OB RE
ML T ent, MREOBYE IR & Td
feWEFENT B o fo, 12RFRECIIBEPIR O E ApEic il <
Hfl X T oAy, MIEE O REEIIREC, Mgk
REEAEREIRTW -k (Fig. 24).

3. BEOETFEMBNEES L UEBHENBERNE
&

1) WHREE  HE 3 RMoBREEEC S VTN
7 v=F v CBEOHB(LEYED, MREMCENE
faAsHE LT (Fig. 3-1)., REREHICE - TIEK
M, HIRE UG O KBl 2R, ERERE
XhTuwicd, Mgt Ihtuvizhatc
(Fig. 3-2). 6 BRlicin 3 &, ARWEBICE W TIZEA
r =3 vOUBENETL, BRIZEy 12T
MAEB LR L Yl (Fig. 5-1), REEHEICS
Wik, BRRUYEAKECERE IR, 21 2T
SRR L tEs bR, MRERUE AT
Hufh X h, MIRE MRS SRR L GEB b h i (Fig
5-2), 128Mlicts s SBEEBHICEWTE, BHZ =
< F v OB ESTHEITL, BN CBRRESRY
DRI RDOLIE, MEOERI -BEAZHD
R R BB, VA AR T IR S BFEL,
v e— FERES L CHgAH SR T B R
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B b (Fig 7-1), REEECR-TIREA, M
BOWBEESTE S fmL, B, e < 3
mEh T\ (Fig. 7-2).

2) F,TdRB¥ | g IR CcIAFERBRICS W T
3, NBE LRy e =7 vl (L iED, #ia
B NEas B LT (Fig. 4-1), fREEH
BT, BRCEREICEDSOE AR, H503
MK RD bR, EEbRESh TV, fMlaEo
— s b RIGEw RS b it (Fig. 4-2), 6BREo
BEBHEICK\TE, BAZ e~ vl
55, WEHLLAESNTBETh-, BHIEEZTAALA
KWFAHE LT, MERLEXTBLTIRL
@B Lo (Fig 6-1), REBBETE, BEA
HOE ARG IhE L H K- 7ch, fMEoR
B WEEEZRL T, 714 ARARTERRL
THD B I (Fig. 6-2), 126EO@BFEHICE VT
i, BA7 e<7 v Ol@LaRbich, ToRER
RFREE L ENTER L, MaEo BRI BEEThH -,
o A v ARTFOKIEDH T, =vin-—7F
¥ETHLDR T, HEVAL AR TFDO2TO
EFEEIFEAT, BVETEELZLLOLEDH
#7z (Fig. 8-1), HEBBICR T, BREUEAYE
Wl Rt T h T e’ MRE, Mo RE A
§8h -7 (Fig. 8-2),

IV %

F.TdR #* HSV 0 M M 2 2 FRBF = 2T
%, DNAARABCoOBEELXHELT, v 2
DNA o&*EET 5 - L99%, F,TdR2Y A 1
ZDNAIEhAEhBZ EICLID, VA ALAEED
ERAEETAZ LV ENREIh T3, LL,
F,TdR ®#i 9 4 A A {EH (% thymidine % & & 2> B
2 THIETHIHTHBZ b, BhicdEHECL
BrEZLBRTWEW,

F,TdRA v 1~ ADNAKER hAEThAZ &
r 5> THZ BEHI 2T vaccinia virus Z B 7C
Fujiwara 5%, Oki ©5'®, Dexter 5'7, Heidelberger
LT —BEOFMEBELNSE, ChHEZENTHE,
F,TdR #HihiAA 2 A L ADNAREK LV Z
FREIVNE Lo, “ODNA#S EICfEBRS late
mRNA b BH = b, late protein D—H KB E
I URETRBED bR CEADES R S ORF E
HamEksT. To/E, FTdR FETOHREY A
AR F R RE T, REEMMETTS, £L
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T, TOFTAR # &AL Y 1 L AKTF 2 oMt
B Xg 5z LZTESA, early mRNA IFFIcik
BFEEhiz\w, ¥FRTIAREETFTO DNA B T<T
Ahassembly & v 5 @ T 7z £, 50% L # recoate
(DNase A% Z i IREE) ShikwEHEsh
Tw5, Linl, HSV imds T & AR /E AR 208
CnE D MRFEND BT U TR,

Gl REE T, F,TdR {74 F T HSV 5 #1258
il & TOREMAY B L7, AEER TR
Dl RABE T, WY 1 A ARTORLE
SHTAIgate, 2 78I 7> VOB ABE
LENRh oD, =vRn —FREB LY A AR
R E i ot F 4 HSV $UE o #lap 546 i
95 F, TdR 0EELX R &, BAOREMIZUE
AR b, BB £ & b icih« g9l L 728,
MR E, MR O b R 12 I 72 » T H 8805 7o,
FThbbENCBTTA L 5 REAREL SR D2,
MEEACEEEDL S RBHOES R L, F,
TARFETTO YA A AHFEOES R 2355
ZEMTREENL, T, FEVAAZR TRV
Uk L B LRBCILL TR, FoMEMECK
EhEIL I 5T,

Lo Bt F,TdR DERAE 2 TARB &, %
¥ capsid assembly DEEE 23 2 Hitc, F, TdR 74
FTH A & At nucleocapsid @ B A Fe b - fo PR
& LTI, structural protein 2 VEICRETH - 727
EtE, EENCA o oTTHEM:, HAVETESEAX
RTWTd assembly e h - T EEMNE 2 A
%, FyTdR f#7E F € nucleocapsid (2% O HE b #i
JE#E b K BERE & T EN LD 5 72D T, nucleocap-
sid * R T2 EOCIENRRT R kb E 2
bhad, i, HSV O capsid assembly (2R T =
%755, FyTdR FAET OIS 7 1 4 AR 23555 L
T\ 72D T, structural protein 2VERIC Y I o &
25X 0%, capsid assembly MEEX i i
£ b, nucleocapsid DA DT ote bE L BT OH
#4 L Bbh b, Fujiwara H9484E L F, TdR 7
£ Fo DNA i250% L > recoate Shufci~ & us 5 44k
FHRERIL, 2ol L2REMF L L0nE Lhitu,

F;TdR % 50 & 2D fFH & LT, envelopement
DEENRHTFOID, =va —FREROBICEE
R RA-FTELEERTWBEYS, F,TARFETT
i, = e —FREE LY A A2 TFides -7,
Zhid, BEO=v<r—-FEEOHTH LG

BHBERIEEIC L B~ <2 7 4 L A RGPl h O FE R - LR 663

AN ARBEB DI atcZ b, =v e —FE
BIC R E R PUEWE R EE S hicdy, ELEXATE
BRI BEENS B EELILNS,

Ll Eo capsid assembly & envelopement @[5+
TANLAFREORD CEBERL LS v A A AEY
ERORBICESCIDEELBR, ThitkE6 <
FoTdR 3w A A A DNA KRV AFha 2 Ltk -
THELbD EHERIZh %,

S E G- KRS R R U R A2 v, AU
BTIDU 0S8R L s Y0 R L 3iFRE
THote, THWEF;,TdR & IDU i £ ¢ 4ol 7=
thymidine ELULEWTH B D EE 2 B, F;TdR
& IDU @ HSV o i+ 2 fFRBF K & et
WEEz bR,

MEfroclich, CHRBVREREEE LAEEELS
BB L 24, 8, TREC R ¥ LR BEARE
FHFALE BBERYE HHEEEE, 5B EERERRNE
EAREZEECEESHLF T,
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