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STUDIES ON THE POLYPEPTIDES OF VARICELLA-ZOSTER

or-Z) VIRUS

11. SYNTHESES OF VIRAL POLYPEPTIDES IN INFECTED CELLS

YOSHIZO AsANOl and MICHIAKI TAKAHASHl

Department of Virology, Reseaiclt lustittite for A'Iicrobial Diseases, Osaka University, Suita,
Osaka 565, Japan

(Received May I, 1980)

uMMARY Synthesis of vancella-zoster' \, irus (VZV)-induced polypeptide was ex-
amincd at intcrvals after Infection by irumunoprccipitation, SDS-polyacrylamide
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gal alertroph. rest^ (PAGE) and flu, ". grephy. Human "inb"y. ni. lung (HEL) colts
were inoculated witlt VZV-infected cells at a ratio of about I infected cell to 5 un-

infected cells and pulse-labelled with ''S-methionine or "C-glucosaminc. Under
this experimental condition, virus-induced protein and glycoprotein began to appear
4 to 6 and 18 to 20 h after infection, respectively, and a capsid protein (MW
145,000) was prominent 18 h after infection. The synthesis of these proteins
reached maxima at 46 to 48 h after. infection. In all, 34 polypeptides and 10 to 13
glycoproteins with molecular weight of 145,000 to 22,000 and 115,000 to 38,000,
re^padiv. Iy, unre donct"d. A fom p, Iyp. ptid"^ (M\V 130,000, 95,000, 72,000)
were detected in infected cells treated with phosphonoacetic acid (FAA) at an early
stage of Infection

Proteins and glycoproteins of vinon of VZV were analyzed by jinmunoprecipita-
tion with antisera against partially purified vinon of VZV. At least 12 polypep-
tides with M\V of 145,000 to 35,000 and 7 glycoproteins (A, I\\! 105,000, 90,000,
84,000,72,000,70,000, 60,000 and 56,000) were identified. A polypeptide with a
molecular weight of 145,000 was considered to be the major capsid protein

INTRODUCTION

Infection of cells with \IZV at high multiplic-
itIes Is at present Impossible bccause it is not
possible to obtain high doses of infectious VZ
cell-free virus, and little is known about syn-
thesis of VZV protein and glycoprotein in

I Present address: Department of Pediatrics, Nago-
ya Hoken-Eisei University School of Medicine,
Toyoake Aichi 470-11, Japan

Infected cells. In a previous study, we detected
33 polypeptides and 13 glycoproteins in in-
fected cells at a late stage of infection by jin-
inunoprecipitation with hyperimmune mon-
key or guinea pig serum followed by SDS-
PAGE and fluorography (Asano and Taka-
hashi, 1979). For more detailed study of
VZV proteins and glycoproteins, we pulse-
labdled the infected cells with radioactive pre-
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cursors at various times after infection and an-

alyzed them by the same methods. In the
present study also, \\, e inoculated HEL cells
with \IZV at a ratio of about I infected cell to

5 uninfected cells, which is reported to give
the maximal yield of cell-free infectious virus
at a later stage of infection (Schmidt and Len-
nette, 1976).

We attempted also to identify the proteins
and glycoproteins of vinon of \IZV. we pre-
pared antiserum against partially purified vir-
ions, then treated Iysates of infected cells high-
Iy labelled with ''s-methionine or "C-glucos-
amine with this antiserum and analyzed the
resulting jinmunoprecipitates by SDS-PAGE
and fluorography.

MATERIALS AND AJETHODS

geneous membranelike material with no viral par-
ticles. The lower, stringy band was composed of
enveloped particles and a few nucleocapsid. The
latter material was dialyzed against PBS and used
as partially purified vinons.

I. Cell ct, it!lye

Monolayer cultures of human embryonic lung
(HEL) cells at the 3rd to lotll passage level were
grown in a mixture of equal volumes of Eagle's
A, IEM and medium 199 supplemented with 10%
fetal calf serum (FCS) in Falcon 100 mm dishes.
Cultures were maintained in a similar medium but

with 3% FCS

4. Antise, ,,

Partially purified vinons \\. ere injected into guinea-
pigs with an equal volume of Freund's adjuvant
twice with an interval of I month. Blood was col-

Iected 10 days after second injection. Hyper-
immune monkey or guinea pig antiserum against
VZV \\, as prepared as described previously (Asano
and Takahashi, 1979)

2. 1'171, s

The Oka strain of \, an cella virus was used in this

study (Takahashi at a1. , 1975)

3. Partially plyjjied wino, ,

The method used was essentially that of IVlartin
and Palmer (1973). Monolayers of HEL cell were
infected \\, ith VZV. \\'hen extensive CPE had

appeared, the infected ce!Is were collected with
trypsinization, washed three times \\. ith phosphate
buffered saline (PBS), sonicated for 3 min at
20 kcjsec and then centrifuged at 3,000 rpm for
15 min. The supernatant was harvested, layered
onto a cushion of 30% sucrose and centrifLiged at
30,000 rpm for 2 h. The resulting pellet \\, as re-
suspended in PBS, layered onto linear 30 to 50%
glycerol-potassium tartrate \, is cosity-density gradi-
ents and centrifuged at 39,000 rpm for 18 h. Two
bands were visible in the gradients. Each band was
collected and examined by electron microscopy.
The upper hazy band appeared to consist of horno-

5. Radioncti"e label/,}, g of i, !Iected or 1110ck-titlected
ce\s

IVlonolayer HEL cells were inoculated with cells
infected \\, ith the Oka strain of vancella virus at

a ratio of about I infected cell to 5 uninfected cells

After adsorption for 2 h at 37'C, the cells were
washed 3 times with PBS and incubated at 37'C

in the presence or absence of phosphonoacetic acid
(FAA; ICN Pharmaceuticals, Inc. , Plainview, NY)
at a concentration of 200 11gjml, and labelled with
10 ACijml of 'ss-methionine (1220 incilm mole,
Amersham) or 6 PCilml of ''C-glucosamine
(318 incijm mole, Amersham) at the indicated
times.

Labelled cells were solubilized in TD buffer (I %
Triton X-100,0.5% sodium deoxycholate, 0.15 M
NaCl, I inM phenylmethyl-sulfonymuoride, 10 inM
sodium phosphate buffer, pH 7.2) and the Iysate
was centrifuged at 30,000 rpm for 2 h at 4'C. The
resulting supernatant fluid (TD-Iysate) was used for
inlin unoprecipitation.
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6. 111,111,4110precfyiitntio, ,

The method Lised was described previously (Asano
and Takahashi, 1979). The TD-Iysate was nTixed
with antiserum and reincubated witll a suspension
of Strip/, ylococci, s nilre"s (Cowan I strain). The
mixture was centrifLiged at 5,000 rpm for 6 min and
the jinmunoprecipitate was washed tlTree times
with TD buffer and once with 10 inM sodium

phosphate buffer, pH 7.2. The immune complex
was separated from the bacterial adsorbent by
heating the resulting pellet in " sample bLiffer "
for SDS. PAGE (I% SDS, I% 2-iner. "ptoeth"n. I,
10% gly. e"o1,0.0019', phon. trad, 50 inM T"is-HCl
buffer, pH 8.2) for 3 min at 100'C, and the mixture



was centriftiged at 10,000 rpm for 5 min. The
SLIPernatant was subjected to SDS-PAGE.

7. SDS-PAGE (SDS-polyttciylu, ,I'de gel elect, 0-
PI!",, sis)

Samples were analyzed by SDS-PAGE in 9%
slab gels as described previoLisly (Asano and Taka-
hachi, 1979), by th" meth, d of Mad, ,"I (1971). Th,
ratio of acrylamide to bisacrylamide was 30 to 0.8.
Electrophoresis \\. as carried out at a constant voltage
of 100 V and contintied until the phenol red marker
reached the anodal end of the gel. After electro-
phoresis, the gel was fixed witlt trichloroacetic acid
(TCA)-isopropanol and stained with Comassie
brilliant 1,111e R2SO, and then destained as described
by Ste, n "rid Dale* (1976). Tl, en the gal
treated with 2.5-Diphenyloxazol (EPO) in dimethyl-
SLilphoxidc by the method of Bonnet and Laskey
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(1974). AtIt oradiograms \\, ere prepared by exposing
the dried gels to 1<0dak " X-Omat " R film at
-70'C or at room temperature

8. C/, e, ,lien/s

Phosphonoacetic ticid (FAA ; ICN Pharmaceu-
ticals, Inc. , Plainvicw, NY) was dissolved in dis-
tilled water at a concentration of 20 rugjml, adjtistcd
to pH 7.4 with IN NaOH, and sterilized by
filtration
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FIGURE I. Temporal relation-
ship of incorporation of ass_
methionine into aicid-insoluble

materials (A), prodtiction of
infectious virus and infected

cells (B) and appearance of
cytopathic effect (C).

HEL cells were inoculated

with VZV-infected cells at a

ratio of about I infected cell to

S uninfected cells, and labelled
witll gas. methionine for 4 h at

various times after infection.

After each pulse-Ial, elledperiod,
cells were washed with PBS,
and precipitated by centrifuga-

One fifth of the pellettion

was treated witlt cold 109'0 TCA
and tlTen washed three times

with cold 5% TCA and once
with cold acetone. The result-

ing precipitate was solubilized
in " sample buffer' " in a boil-
ing water batlt. Samples of
10 I, I were collected on glass
fiber disc, counted for randi-
activities (A). The remaining
samples were examined by SDS-

(c)
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ed cells at a ratio of about I infected cell to 5

uninfected cells, and labelled with 35S-meth-
ionine for 4 h at various times after infection.

After each radioactive pulse period, monolay-
ers of HEL were washed three times with cold

PBS, and precipitated by centrifugation. One

M
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fifth of the pellet was treated with cold 100,
TCA and then washed three times with cold
50 TCA and once with cold acetone. The

resulting precipitate was solubilized in " sam-
PIG buffer " in a boiling water bath. Samples
of 10 111 were collected on glass fiber discs
(24 mm GFjC, Whatman), dri^d, and countsd
in a scintillation counter. The remaining

sample was analyzed by SDS-PAGE and
autoradiography. Under this experimental
conditions, protein synthesis did not show a
peak, but gradually decreased as shown in Fig.
I. Autoradiograms of this sample were shown
in Fig. 2. A gradual decrease of protein syn-
thesis is also seen from the figure. In these
autoradiograms, it was not easy to determine
the virus-induced polypeptides precisely, be-
cause of the high background radioactivity of
the host cells. However, 9 polypeptide bands,
which could not be found in mock-infected

cells, were observed in infected cells labelled
15 to 64 h after infection. These polypept-
ides incorporated large amounts of 3'S-meth-
ionine during 22 to 48 h after infection. The
highest yields of cell-free virus were obtained
by harvesting cells 44 to 48 h after infection,
when viral cytopathic effect was still not max-
jinal, as shown in Fig. I.
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FIGURE 2. Autoradiogram of polyacrylamide gel
after electrophoresis of whole cells (mock-infected
and infected). HEL cells were inoculated with
infected cells of the Oka strain of VZV at a ratio of

about I infected cell to 5 ttninfected cells and then

labelled with 2 PCijml of ass-methionine for 4 h
at various times after infection. Whole cells were

concentrated by TCA precipitation, solubilized in
" sample buffer " and applied to slab gels.
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2. Analysis of anus-induced polypept, 'des tm a'"-
Iected cells by SDS-PAGE and ,@dro@"tography

For more detailed information on viral pro-
tein synthesis in infected cells up to 48 h post
infection, infected or mock-infected cells were
labelled with large amounts of ''S-methionine
for 2 h at various times after infection in the
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presence or absence of PAA, and polypeptides
were analyzed by SDS-PAGE and autoradio-
graphy. Figure 3 shows the profile of poly-
peptides synthesized in infected and mock-in-
fected cells. During the early phase of pro-
tein synthesis ''S-methionine mainly labelled
host cell polypeptides, and virus-induced pro-
teins were not easily demonstrable. But, two
polypeptid, s (145,000 and 130,000) we"e d. -
tected at 18 to 20 h after infection and the syn-
theses continued to increase at relatively con-
stant rates. Later the number of virus-in-

duced polypeptides and the rate of these syn-
theses increased, and at least 18 polypeptides
were identified 46 to 48 h after infection. The

molecular weights of these polypeptides ranged
from about 145,000 to 23,000.

3. Analysts of o17"s-Induced polypqptt'des a"d
gb, copyote, '"s tm titlected cells by tmm""oprecjpz'-
tat, bin 10th wad by SDS-PAGE and 71",, 0-
graphy

In the above experiment, precise identifica-
tion of virus-induced polypeptide and gly-
coprotein was difficult because of the high
background of those of the host cells. There-
fore, Iysates of infected or mock infected cells
were jinmunoprecipitated with VZV-hyperjin-
inune monkey or guinea pig serum and an-
alyzed by SDS-PAGE and fluorography.
First, to exclude the possibility of nonspecific
interaction of immune serum with possible FC
receptors produced in infected cells, we mixed
Iysate of infected cells labelled with 35S-meth-
ionine during the late phase of protein syn-
thesis with immune or non-Immune guinea pig
serum and analyzed the resulting precipitates
by SDS-PAGE and fluorography. As shown
in Fig. 4, no band was observed with the pre-
cipitate of a Iysate of infected cells mixed with
non-immune guinea-pig serum, thus exclud-
ing the possibility of a nonspecific reaction.

In previous work, we identified 30 poly-
peptides and 10 glycoproteins in VZV infected
cells at a late phase of protein synthesis by jin-
inunoprecipitation with green monkey anti-

In the present study, we examined the

.
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FIGURE 3. Polypeptide synthesis in VZV-infected
whole cells up to 48 h after infection. HEL cells
were infected as described in the legend to Fig. 2
and labelled with 10 PCijml of ''s-methionine for
2 h at various times after infection. TCA precipi-
tated samples were solubilized in " sample buffer "
and analyzed by slab SDS-PAGE and autoradio-
graphy as described in the text. M: mock-infected,
I;infected, I-FAA; infected in the presence of FAA
(200 Agjmj).

- 39
- 38

- 35

. - 32

AsANO, Y. and M. TAKAHASHi 1'ZV polypeptides sy"tlieses

serum.

99



co
=
=

Eco 01
Ec C

53,
CE E o

E E Z
+++
-^

4-6

<
<
a

>

18 - 20

<
<
a.

-145

^

31 - 33

<
<
D.

^

^

46 - 48

<
<
a.

,~

^

<
(A) <

q.
^

24 - 48

-.

(B)

>

<
<
a.

.

A

FIGURE 4. Examination of nonspecific interaction
of immunoglobulin G with FC Receptor protein,
possibly induced in VZV-infected cells. HEL cells
were infected as described in the legend to Fig. 2,
labelled with 2 PCilml of BBS-methionine 24 to 48 h
of infection and fraction ated as described in the text.

Then, TD-Iysates prepared from infected or mock-
infected cells were precipitated with anti-VZV or
nonimmune guinea pig serum, and the resulting
jinmunoprecipitates were analyzed by SDS-PAGE
and fluorography.
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- 44
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- 35

- 33
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syntheses of these proteins at intervals after in-
fection by the same method, and the results
are shown in Fig. 5. About 12 polypeptide
bands were identified at 18 to 20 h after infoc-

tion, and a polypeptide with a molecular
weight of 125,000 that appeared 18 to 33 h
after infection was seen, which was not seen in
the previous study. The number and den-
sities of the bands continued to increase with

time and finally 31 polypeptide bands were

- 26

- 24

- 22.5
- 22
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FIGURE 5. Time course of

polypeptide synthesis in in-
fected cells assessed by jin-
inunoprecipitation with by-
perlmmune green monkey
antiserum. HEL cells were

inoculated with cells in.
fected with the Oka strain
of vancella virus at a ratio

of about I infected cell to

5 uninfected cells, in the
absence (1) or presence (I-
FAA) of FAA, or were
mock-infected (M). The
cells were labelled with 10

PCijml of ass-methionine
for 2 h at various times after

infection. Then the cells

were fraction ated and TD-

Iysates were prepared. The
TD-Iysates were jinmuno-
precipitated with anti-VZV
green in okey serum, and
the jinmunoprecipitates were
analyzed by SDS-PAGE
and fluorography. Samples
prepared from the cells Ia-
belled from 24 to 48 h after

infection with 2 PCijml of
85S. methionine (A) or I PCij
inI of ''C-glucosamine (B)
were run simultaneously on
the right of the same gel.
The gel was exposed to a
film for I week.
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FIGURE 6. Fluorographic patterns of polypeptides
precipitated with hyperimmune green monkey anti-

The same slab gel as that used in Fig. 6serum.

was exposed to a film for 3 weeks.

-130

found in precipitates 46 to 48 h after infection.
The molecular weight of these polypeptide
ranged from 145,000 to 22,000. A capsid
protein (145 k) was prominent at 18 to 20 h

- 95

.

.

.

.

.

after infection, and its density increased stri-
kingly until 46 to 48 h after infection. When
the gel was exposed for a longer period, low
molecular weight polypeptides of 33,000 to
22,000 were clearly identified. The relative
amounts of these polypeptides also increased
with time after infection, as shown in Fig. 6.
In infected cells with FAA, in which the syn-
theses of most virus-induced polypeptides

- 35
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- 32.5
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-31

- 29
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\\, ere inhibited, some polypeptides with molec-
ular weight of 130,000,95,000,72,000 could
be detected. These polypeptides were iden-
tmed in the early stage of protein synthesis
and their. density later decreased.

Table I shows the radioactivities of jin-

inunoprecipitates witl\ green monkey antise-
rum and guinea pig antiserum. The syn-
theses of virus-SPCcific protein and glycopro-
tein increased with time in infected cells in the

absence of FAA. In cells treated with PAA,
a considerable amount of protein was syn-
the sized in the early stage of infection, when

synthcsized.very few glycoproteins
Therefore, protein synthesized in the presence
of PAA appeared to be eai'Iy protCin synthe-
sized before viral DNA synthesis, whiclt was
supposed to correspond to the polypeptide
bands detected in infected cells treated with

FAA.

In the fluorographic patterns of jininuno-
precipitates obtained with guinca pig antise-

rum, the time course and the rate of protein
syntheses were almost the same as those seen
with green monkey antiserum. As has been
reported previously (Asano and Takahashi,
1979), 30 polypeptides with molecular weights
of about 145,000 to 22,000 were detected in
the late stage of infection. Four polypeptides
(125,000, 115,000,48,000 and 44,000) precip-
it ated with green monl<ey antiserum were not
detected in jinmunopi. ccipitates with guinea
pig antiscrum, while 3 polypeptides (46,000,
42,000 and 25,500), not precipitated with
green monkey antiserum, were precipitated by
guinea pig antiserum.

Glycoprotcin synthesis was followed using
green monkey antiscrum (Fig. 7). Glycopro-
tein synthesis became detectable 18 to 20 h
after infection, and then gradually increased,
and 13 glycoproteins were identified 46 to 48 h
after infection. None of the glycoprotein
bands were detectable in infected cells treated
with FAA undcr the conditions used in this

were

TABLE I. The nine course of 271corporntt'on of ''8-methz'0"line a"of "C-g/14cosnmzize titto ,Z, -
Infected HEL cells assessed by the proc4bz'lull'0" tollh drill'-, ZP "!onkey or gut'"en pz^ serum"

Time of pulse
labelling

(hours after infection)

(A)"

4-6

18-20

31-33

46-48

(B)"

it TD-Iysates of infected or Innck-infected cells labelled with ''s-methioninc of '"C-glucosamine were treated
with anti-VZV monkey or guinea-pig serum and the radioactivities of the precipitates were counted.

" (A) : Precipitation witll anti-VZV green monl<ey serum
' (B) : Precipitation with anti-VZV guinea pig serum.
it Expressed as cpmj10111 of sample
" (1) : Inferred.
I (M) : A{DC1<-infected
" (I+FAA): Infected in the presence of PAA.
A (1)-(M) : Radioactivity of infected cells mintis that of inDC1<-infected.
' (I+FAA)-(M) : Radioactivity of iiTfectcd cells in the presence of FAA minus that of mock-infected

4-6

18-20

31-33

46-48

(1)"-(M)/

35s-Methionine

198.0'

296.0

1175 .6

2533 .8

(I+FAA)"-(M)

394.2

594.8

1196 .O

2579 .4

113.8

237.2

80.0

o
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''C. Glucosamine

338.6

338.0

o

o

(1)-(M)"

0.4

37.2

50.0

103.6

(I+PAA)-(M)'

10.6

47.2

96.8

206.8

o

1.4

o

o

7.6

2.4

06

o



work.

4. Fluo, og?@pht'c ?@tter"$ of 3'8-labelled poly-
peptt'des and 'G-labelled gbicop, otet'"s of par-
hardy, ?"rifled dryzb"

35S-Methionine or "C-glucosamine labelled
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18-20 31-3346-48
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Iysates of HEL cells infected with VZV were
jinmunoprecipitated with antiserum against
partially purified vinons of VZV, and the jin-

analyzed by SDS-inunoprecipitates were
PAGE and flu, rog"^phy (Fig. 8).

At least 12 polypeptides with the molecular
weight of 145,000 to 35,000 and 7 glycopro-
teins with the molecular weight of 115,000,
90,000, 84,000, 72,000, 70,000, 60,000 and
56,000 were detected. An 3'S-labelled poly-
peptide band with a molecular weight of
145,000 (145 k) wa^ prominent. Since 00 "C-
glucosamine labelled band corresponding to
the band was found in the vinons, this 145 k
plypeptide may be the main capsid protein.

^
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DISCUSSION

.
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.

.

- 60
- 58
- 56
- 55

We examined the synthesis of VZV-induced
proteins and glycoproteins by jinmunoprecipi-
tation, SDS-PAGE and fluorography. As it
was not possible to obtain high concentration
of cell-free virus, cells were inoculated with
VZV infected cells at a ratio of about I infect-

ed cell to 5 urnnfected cells, conditions which
gave the maximal yield of infectious cell-free
virus 44 to 48 h after infection.

it was not easy to distinguish virus-induced
polypeptide bands clearly by SDS-PAGE and
radioantography because of the high back-
ground of host cells. Therefore, we used jin-
inunoprecipitation by hyperimmune monkey
antiserum or guinea pig antiserum followed
by SDS-PAGE and fluorography in this
study. For this purpose, we first examined
whether there was any non-specific interaction
of jinmunogloblin G with FC receptor pro-
tein in VZV-infected cells, as reported with
other human herpesvirus infections (West-
moreland at a1. , 1974; Furukawa at a1. , 1975).
Our results showed that no such reaction oc-

urred in our system.
About 12 polypeptides were identified 18 to

20 h after infection, and virus protein syn-
thesis increased to a maximum at 46 to 48 h

after infection. A polypeptide with a molec-
ular weight of 125,000 that was not detected

.

.

- 50

- 46

. -38

FIGURE 7. Time course of glycoprotein synthesis in
infected cells assessed by jinmunoprecipitation with
hyperimmune green monkey antiserum. The ex-
penmental conditions were similar to those for Fig.
5, except that ''C-glucosamine was used.
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FIGURE 8. Fluorographic patterns of polypeptides
and glycoproteins of labelled VZV-infected cells

jinmunoprecipitated with antiserum against partially
purified VZ\7 vinon.

HEL cells were infected with the Oka strain of

varicella-zoster virus in the absence (1) or presence
(I-FAA) of FAA, or were mock-infected (M).
The cells were labelled with 10 PCijml of "S-
methionine or 6 PCijml of 1'C-glucosamine for 6 h
at 40 h after infection. Then TD-Iysates were
prepared from the infected cells and incubated with
antiserum for partially purified virions of VZV and
the jinmunoprecipitates were analyzed by SDS-
PAGE and fluorography.

.
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- 90
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weight of 145,000, was prominent 18 to 20 h
after infection, and its synthesis increased up
to 46 to 48 h after infection. Glycoprotein
synthesis was also followed by jinmunopre-
cipitation, SDS-PAGE and fluorography.
About 3 glycoproteins were detected 18 to
20 h after infection, and synthesis increased to
a maximum 46 to 48 h after infection, when
13 glycoproteins were identified.

FAA is a specific inhibitor of several her-
pesvirus~induced DNA polymerase (Over by
at a1. ; 1974, Huang, 1975), including that in-
on, ^d by VZV (May at a1. , 1977). Th^ of-
fort of FAA (200 Agjml) on iru^-inch. ^d pro-
tein and glycoprotein syntheses in infected
cells during the course of infection was ex-
amined by comparison of FAA-treated and
untreated cells. The syntheses of virus-spe-
cific proteins were detected by jinmunopre-
cipitation 4 to 20 h after infection of cells
treated with FAA, when expressed as incor-
poration of 35S-methionine, but not as incor-
poration of "C-glucosamine, as shown in
Table I. On SDS-PAGE and fluorography,
a few polypeptides (MW 130,000,95,000 and
72) were identified in infected cells treated
with FAA at an earlier stage of infection.
These observations suggest that 3 polypeptides
detected in the presence of FAA might be
virus induced early proteins synthesized be-
fore viral DNA synthesis. However, under
the present experimental conditions in which

in previous work (Asano and Takahashi, 1979)
was newly detected 18 to 33 h after infection
using green monkey antiserum, and in all, 34
polypeptides were identified during infection.
The major capsid protein, with a molecular
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infected cells \\, ere used as inoculum, it was
not possible to identify \, irus-induced early
proteins exactly. Recently, Yamanishi at al.
(1980) detected \7ZV antigen in the nucleus of
infected cells treated with FAA as early as 2
to 4 h after infection using cell-free \, irus as
inoculum, and this was supposed to be \, Irus-
induced early antigen. It would be Interest-
ing to determine thc molecular weight of this
early protein and to compare it with those of
the proteins detected in the present work.
Studies along these lines are now under way.

Labelled Iysate of \IZV-infected cells was
also incubated with the antiserum against par-
tially PUTificd virions, and the jinmunoprecip-
it ate \\, as analyzcd by SDS-PAGE and fluoro-
graphy. We uscd Iysates of similarly labelled
mock-infected cells and infected cells in the

presence of PAA as controls to check the spe-
chicity of the reaction. At least 12 polypept-
ides witlt the molecular weights ranging from
145,000 to 35,000 were identified in the virion,
and 4 of them appeared to bc glycoproteins.
The polypeptide witlt a ino1ccular weight of

145,000 detected in the vinons seemed to be
the main capsid protein, because it had high
density and no corresponding band was de-
tected \\, hen "C-glucosamine was used for
labelling. Consistent \\, ith this, there are re-
ports that several other ITerpes \, iruses, namely
herpes simplex \, Irus type I and 2, EB virus,
bovine mammallitis virus, pseudorabies virus
and equine abortion \, Irus ITave a protein \\, ith
molecular weight of 140,000 to 160,000 as a
major capsid protein (Gibson and Roizman,
1972; Perduc at a1. , 1974; POWcll and Watson,
1975 ; Stevely 1975 ; DoIyniuk at a1. , 1976 ;
Killington at a1. , 1977)
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