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STUDIES ON THE POLYPEPTIDES OF VARICELLA-ZOSTER

(V-Z) VIRUS
I. DETECTION OF VARICELLA-ZOSTER \71RUS POT, YPEPTIDES

IN INFECTED CELLS

YOSHIZO AsANOl and MICHIAKI TAKAHASHl

Department of Virolog\ , R'Scarclt Institute for' A'Ticrobinl Diseases, Osaka Uni\. ersit}', Suita,
OSnka 565, Japan

(R"c. iv. d An, 1123,1979)

BiKr\ lockNAi. V01.2281-89,1979

u\INiARY \'Irus-induced polypeptidcs in cells Infected \\, ItIT \, atticella-zoster \, irus
(VZV) \\, CTe analyzcd by, SDS-polyacrylamidc gcl electrophorcsis (SDS-PAGE)

and atIt oradiography. \\'hen ITUman cmbr}, onic lung (HEL) cells infccted \\, itIT the
Oka strain of \'Z\I \\, CTe labellcd \\, ith "'S-methioninc or ''C-glucosaminc from 40 Ilr
to 4611r after infection, at least 18 \'Z\'-induced polypeptidcs and 10 glycoprotcins
could be identified in thc infccted cells. 'The molecular \\, cights of thc polypeptides
and glycoproteins rangcd fron\ about 145,000 to 23,000, and froin about 105,000
to 48,000, respcctivel},

Lysatcs of \;Z\'-infected cells \VCre treated \\, itIT specific antisera preparccl in green
monkevs or guinea-pigs, and anal}, setl by SDS-PAGE and fluorograph},. in all,
33 pull, p. ptid. * (**, ith in, 100.1", neight of "b, ut 145,000 to 22,000) and 13 gly-
COPToteins (molecular \\, eight, about 105,000 to 38,000) \\, CTe founcl in the jininuno-
precipitates. None of these polypeptidcs and glycoproteins wcrc dctcctcd when in-
fectcd cells culturcc! in the presencc of phosplionoacctic ticicl (PAA) wcrc treatcd in
thc same \\, ay

INTRODUCTION

we it avc developed a live \, aricclla \, accinc and
a varicella skin antigcn (Takahashi at a1. , 1975,
Kamiya at a1. , 1977). Humoral antibody, to
varicella \, irus evoked b}, natural infection or
by \, accination can be deter mincd Tellabl}, b}'
the neutralization test (Asano and Tarl<ahashi,

Department of Pediatrics,I Pressent address

Nagoya HDken-Eisei University School of Medi-
cine, Toyoake, A1clti 470 11. Japan

1978) and cell-mediatcd immunity can be con-
VCnicntly assesscd by thc skin test with that
antigen. To identify' \'ZV-SPCcific protCins
responsible for the neutralizing antibody and
tlTc ccll-incdiatcd immunity, , we I, ave attcmped
to detect \'Z\' specific polypcptides in \;ZV
infected cells by the SDS-polyacrylamide gel
elect, opho"CSis (SDS-PAGE). it was dim-
cult to identify \, iral components in lirepara-
tions of \\, hole cells because of the I, Igl\ nack-
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ground radioactivity of host cell components in
infected cells, but using high-titered specific
monkey or guinea-pig antisera we could de-
tect many viral polypeptides by jinmunopre-
cipitation followed by SDS-PAGE and fluoro-
graphy.

A1ATERIALS AND IVIETHODS

I. Cell '11/11/1'e

HEL cells at the 3rd to 10th passage level were
grown in a mixture of equal volumes of Eagle s
MEM and Alledium 199 supplemented \\, ith 10%
fetal calf serum (FCS) in Falcon 100 mm dishes
Cultures were maintained in similar medium but

with 3% FCS

2. Firi, s

The Oka strain of varicella \, irus isolated in Osaka

(Takahashi at a1. , 1975) was Lised in this study.

3 . R"droacti'"e label/^Ing of 1141ecied o1' ,, lock-,',!Iected
cells

Monolayer cells of HEL 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 hr at 37 C, cells \\, ere
washed three times \\, ith phosphate buffered saline
(PBS) and incubated for 40 lit, in the presence or
absence of phosphonoacetic acid (PAA), (ICN
pharmaceuticals, Inc. , Plainview, NY), \vhiclt in-
hibits VZ\I replication in vitro. Then cells \\, ere
labelled for 6 hr \\, ith 10 11Cilml of ''s-methionine
(1,105 Cilmmole; Amersham) in MENl containing
one-tenth the normal concentration of methionine

"rid 3% dialyzed FCS, or with 6I, Cijml of '"C-
glucosamine (60.8 incijmmole ; Amersham) in ATEi\I
containing half the normal concentration of glucose
and 3% dialyzed FCS

4. Finctioimt, 'o11 of cells

Infected or mock-infected cells (" whole cells ")
labelled witlT ''S -methionine or "C-glucosamine
were solubilized in 4inI of " TD buffer ' ' (I% Triton
X-100,0.5% sodium deoxycholate, 0.15 M NaCl,
I initi phenylmethylsulfonyl fluoride, 10 inM sodium
phosphate buffe", pH 7.2) pe, 100-inn, dish, and
then sonicated for 3 min in an ice bath. The pre-
parations were allowed to stand for I hr on ice, and
then centriftiged for 2 hr at 30,000 rpm in a Hitachi
RPS 40T rotor at + C to separate the supernatant

(TD-Iysate) and pellet (Ikuta, at a1. , 1978b)

5. AJIt, 'se, d

Antisera \\. ere prepared as follows. The Oka
strain of vancella virus \\. as adapted to guinea-pig
embryo cells or green monkey kidney cells and CUI-
tivated serialIy 5 to 10 times. GLiinea-pigs or green
monkeys were given 3 or 4 intramuscular inocula-
tion of equal volumes of infected cells and coin-
piete Freund's adjuvant at \\, eekly intervals and sera
were collected 7 to 10 days after the last inocula.

The neutralizing antibody titers of these seration

were approximately I : 1024

6. SDS-PAGE

SDS-PAGE \\, as done by the method of MaizeI
(1971). \\rhole cells and TD-Iysates \\, ere con-
centrated by treatment \\, itIT cold 10% trichloro-

acetic acid (TCA) and washed twice \\, ith cold 5%
TCA and once with cold acetone. The concentrat-

ed samples \\, ere suspended in " sample buffer "
(I% SDS, I% 2-mercaptoethan01,10% glycerol,
0.001% phenol "ed, and 50 initi Tris-HCl buffe",
pH 8.2) and solubilized by iteating at 100 C for
90 sec. Electrophoresis on discontinuous SDS-
slab gel (+% stacking and 9% separating gel) was
carried out at a constant voltage of 100 V for 6 hr.
After electrophoresis, the gel \\, as stained with
Coomassie-blue R250 and destained as described b},
Ikuta at a1. (1978a). Autoradiograms \\, ere pre-
pared by exposing the dried gels to Kodnl< " X-
Omat " R film

7. 111d, bect inn, 11,110p, ect>, Tail'on

Indirect jinmtinoprecipitation was done essential-
Iy by the method of Kessler (1975). A 400 1.1 POT-
tion of TD-Iysate \\, as inctibated with 10 111 of an-
tiserum for 16 hr at + C, and reincubated with

100 111 of a suspension of Strip/Iy/DCDcci, s allye, ,s
(Cowan I strain) for 3 hr at 4 C. The mixture was
centrifLiged at 5,000 rpm for 6 min and the jin-
intinoprecipitate \\, as washed three times with TD
buffer and once \\, ith 10 initi sodium phosphate buf-
for, pH 7.2. immune complexes were eluted by
heating the preparation for 3 min at 100 C in the
" sample buffer " used for SDS-PAGE.
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8 . FIJIoi. og, 'adjJ

After electrophoresis, the gels were treated with
2.5 -diphenyloxazol in dimethylsulphoxide by the
method of Bonnet and Laskey (1974)



RESUl, TS

I. Aleii/incni!'o11 of PZ P-illdiiced polypepti'des
and gb, copi'Die!'JIS ill " rel^o1e cells "

ATock-infected I{EL cells and cells infected
with the Oka strain of varicella \, ITUs wcre lab-

ellcd from 40 hr to 46 hr after infection, with
35s-methioninc (10 ItCi!inI) and "C-glucosa-
mine co 11Cilml), in the presence or absence
.f PAA (200 I, gjml). Th, infert"d and ,n. .k-
infected cells were concentrated b}, TCA
treatment, dissolved in " sample buffer ", and
applied to a slab gel. 'The autoradiograms of
the samples arc shown in Fig. I. Because of
thc high background radioactivity in the host
cells, it was not easy to dcterminc whcthcr
thc polypeptidcs were virus-inducecl or not.
Howcvcr, at least 18 polypeptidc bands found
in infected whole cells labelled \\, ith 35S-incth-
ionine could not bc found in niock-infectcd

cells. Thc ino1ccular \\, eights of thc 18 poly-
peptides, calculatcd 11y comparison of their
mobilitics with thosc of standard proteins,
ranged from about 145,000 to about 23,000
These polypeptidc bands wcre not tlctccted in
infocted cclls cultured in thc prescncc of PAA
(Fig. IA). \\'h. n info. red colts wer* Ich"Had
with "'C-glucosaminc, 10 glycoprotcin bands
with molecular weights of about 105,000 to
about 48,000 wcrc clctcctcd in thc ribscncc of
PAA (Fig. TB). Thc numbcr and innlcctilar
wcights of thcsc glycoprotcins could not lit
determined accurately, liecausc thc glycopro-
tcin bands werc diffuse

SIStcntly rccovcred in the TD-Iysatcs. Figures
2A and B sho\\, thc atit oradiographic pattcrns
of TD-Iysatcs labelled witlt ''S-methioninc
and ''C-glucosanTinc, respectively. 'The num-
her of \IZV-induced polypeptidc bands and
the molecular weights of these polypcptidcs
were the same as thosc idcntificd in infocted
whole cells.

3. Ide, Jinic(1110/1 of ,'ZF specific polype/birdeA
rind glyicopi'orei"s by 7111/11/11iopi ec!flinti011

Evidence for the \, iral SPCcificity of the
polypeptidcs and glycoprotcins detected in in-
fcctcd whole cells was obtained I}y jinmtino-
precipitation tcst. Antiscra of higli titer could
be obtained from jinmunizcd nTonkeys and
guinca-pigs. Thc TD-Iysatcs of infectcd
cells \VCrc treatccl with thc antiscra and thc

rcsulting jinmunopreipitatcs wcrc analyscd by
SDS-PAGE and fluorography. Figurc 3
shows the fluorographic pattcrns of the Im-
n\unoprecipitatcs obtained witlT grccn monkey

Thirty polypcptidc bands wcrcantiscrum

found by jininunoprccipitation in TD-Iysatcs
of cclls labellcd \\, it11 ''S-incthioninc. Tile

molecular wcights of thc 30 polypcptidcs
rangcd from about 145,000 to 22,000. 'Fhirtccn
of these polypeptides (115,000,79,000,68,000,
58,000,35,500,33,000,32,500,31,000,29,000,
26,000,24,000,22,500 and 22,000) wcrc not
detected in whole cclls or TD-Iysatcs. Tcn
hands of glycopr()telns \\, itIT in o1ccular wcights
of about 105,000 to about 56,000, werc dc-
tectccl whcn labcllccl witl\ ''C-glucosaminc
Thc 30 polypcptidcs ant1 10 glycoprotcins \\, CTC
not detectcd in jinmunoprccipitatcs of TD-
Iysatcs from cells cultiirccl in thc 11rcsencc of
FAA

Almost the same patterns wcrc obtained bv
fluorography \\, hen jinmunoprecipitation \\, as
done witl\ guinea-pig antiscrum, as shown
in Fig 4. Thirty polypeptidcs ant1 13 gly-

detected in the Immuno-COPTOteins Were

precipitates and they, werc again not found in
the presence of FAA. Thc molecular weights
of these proteins rangcd from about 145,000 to
22 000 and from about 105,000 to 38,000,

2. Ideii/inctiii'o11 qf ,ZP-indMced polypep/I'de*
and glycol)jotet', Is I'" cell Iysnle (7'D-bisn/e)

To distinguisl\ \, Irus-induce(I polypcptidcs
bantl more clearly from bands of host protCin,
the infcctccl and mock-infcctcd whole cells
were fraction atcd as described in the IVlatcrials
and Alethods. Cells labelled wit11 35S-meth-

ionine or '"C-glucosaminc werc solubilized
witlt TD buffer, sonicated and centrifuged and
the super natants (TD-Iysatcs) \\, CTe analyzed
by SDS-PAGE. About Soy, of the TCA-
insoluble radioactivity of WITolc cells \\, as con-
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respectively. Three polypeptides (115,000,
48,000 and 44,000) precipitated with green
monk^, antiserum were not detected in jin-
inunoprecipitates witlT guinea-pig antiserum,
while 3 polypeptides (46,000, 42,000 and
25,500), not precipitated witlT green monkc},
antiserum, were prcpcipitated by guinea-pig

Three of the 13 glycoproteinsantiserum

(50,000,46,000 and 38,000) wer" n. t der. .t. d
in jinmunoprecipitatcs with green monl<q, an-
tiserum.

DISCUSSION

In the present study, infected cells were lab-
GIIed for 611r with 35S-methionine and "C-

glucosaminc at 40 hr after infection. This
labelling time was chosen on the presumption
that it should be the timc whcn virus TCPlica-
tion was maximal (Schmidt and Lcnnettc,
1976). At least 18 polypcptide bands and
about 10 glycoprotcin bands were detected at
this time in infected " whole cells " and TD-

laysates. None of them were found whcn the
cells were cultured in the presence of FAA,
which is known to inhibit VZV replication by
inhibiting virus-induced DNA polymer asc
(May at a1. , 1977).

Furthermore, 33 polypcptide bands and 13
glycoprotein bands were detectcd by thc jin-
inunoprectipitation test using hypcrimmunc
sera prepared in grcen monkeys and guinea-
pigs. Thesc components were not detected
in the presence of FAA and appeared to in-
clude all the 18 polypeptide bands and 10
glycoprotein bands found in infected ' ' whole
cells " and TD-Iysatcs described above. The

absence of these bands in the samples of mock-
infected cells and PAA-treated cells suggests
that these polypeptides and glycoproteins were
of viral origin, althouglT this requires further
confirmation.

Stin*ki (1977) d",."Ib"d 12 p, Iyp. ptid, *
and 7 glycoproteins by jinmunoprecipitation
\\, Itit rabbit antiserum in cytomcgalovirus-in-
fccted cells, and calculated that the^ ITad ino-
Iecular weights of 155,000 to 16,000 and
145,000 to 16,000 respectively. Recently
W. If} (1978) copy"at. d 14 p. Iyp. ptid. ^ syneifi,
to \IZ\I from partially purified virions by jin-
inunoprecipitation with ITUman seruiTT. At
present ITis results cannot be compared with
ours, because the systems used \\, ere different.
In our study, we detected some difference in
the numbers and molecular wcights of poly-
peptide prccipitatcd with green monkey, an-
tiscruin and with guinea-pig antiscruin, prob-
ably due to differences between VZ\I antigens
produced in green monkcy culls and guinea-
Pig cells.

Analysis of thc polypcptides related to
ncutralization and cell-mediatcd immunity
specific to VZ\' arc under way
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