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uMMARY Deoxytliymidine kinase (TK) activity induced in vancella-zoster virus
(\IZV)-inferred haman .rubry, "to fibrobl^st (HEF) colts w^^ jinmun, I. gi. ally

distinguish anIe from tllat in non infected HEF cells and also from that in I\erpes sim-
prex vi"us typ, I (HSV-I) inferred HEF wits' Th. TK^ in VZV-bi. ch, initally
transformed cells were jinmunologically the same as that induced in \IZV-infected
human cells and jinmunologically different from that in Ltk~ cells or in HSV-bio-
chemically transformed cells.

One peak of Tl< activity with an Rin value of 0.8-09, corresponding to initochon-
drial TK, was observed on polyacrylamide gel electrophoresis of Ltk~ cell extracts.
VZ\I infected Ltk~ cells had two peaks of Tl< activity with Rin values of 0.45-0.5
(peak I) and 0.8-0.9 (peak 11). Peak I and 11 were concluded to be virus-specific
Tl< and initoclTondrial TK, respectively. \IZV-biochemically transformed cells Ilad
a peak of activity with an RnT value of 0.4-0.5, corresponding to peak I in VZV-in-
fected Ltk~ cells; that is \IZV-specific TK activity.

The present study indicates that \'ZV has a gene coding for its own TK.

INTRODUCTION

related to DNA synthesisVarious enzymes

have been reported to Increase in cells infected
witl\ herpes viruses (Kit at a1. , 1974). In
particular, the deoxythymidine 1<in ase (Tl<)
induced by ITerpes simplex virus (HS\!) has
been extensiveIv studied and has been used as

a marker of expression of the \, ITal genome
(ATunyon at a1. , 1972; Ogino at a1. , 1974; Car-
finkel and NICAuslan, 1974; Honess and \Vat-
con, 1977). A1uny. n at a1. (1971) first d, in. n-

strated that cells lackin. TK could be stably
transformed to the Tl< positive phenotype
after infection of UV-itradiated HSV, and
later the fragment of HS\I DNA containing
the coding region for viral Tl< was shown to
convert the TK-defident cells into the TK-

positive phenotype (\\!Igler et a1. , 1977 ; A1ait-
land and MCDouga1, 1977 ; Colbere-GOTapin
at a1. , 1979). Equine herpesvirus typs I
(EHV-I), another member of the herpesvirus
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group, was shown to induce virus specific TK
in cells infected with it and to transform TK-

negative mouse cells into cells of the TK-POSi-
tive phenotype (Allen at a1. , 1978; I\ICGowan
at a1. , 1979). These studies indicated the
usefulness of TK in studies on herpesviruses.

Vancella-zoster virus (VZV) has also been
reported to induce TK activity in cells in-
fected with it by several investigators includ-
ing us (Dohersen at a1. , 1976; Ogino at al. ,
1977; Hackstadt and A1allavia, 1978; Cheng
at a1. , 1979). Though in these studies the in-
duced TK was shown to differ in some bio-

chemical and biophysical properties from the
cellular one, it still remains to be determined
whether \;Z\I actually has the capacity to code
for its own TK. Recently, we succeeded in
converting TK-defident mouse cells (Ltk~) to
th, TK-pusiti*,, phon. typ, (Ltk+) by infert-
ing them witll cell-associated \IZ\I and we call
these converted cells \IZV-biochemically
transformed cells by analogy \\, ith ITomencla-
ture in the HS\; or EHV-I system (Yamanishi
at a1. , 1981).

In this study, we examined whether TK in-
duced by \;ZV infection was serologically dif-
ferent from cellular TK or HSV-infected TK.

we also examined serologically wliether the
Tl< present in blochemically transformed cells
was the same as that in \IZV-infected cells.

In addition, we examined the electrophoretic
patterns of TKs from \7ZV-infected and bio-
chemicalIv transformed cells.

sage preceeding experiments. L(K) clone I and
L(0) clone 3, which were biochemically transformed
by VZV (Yamanishi at a1. , 1981), were grown in
selective medium (growth medium containing 6 x
10~' M aminopterin, 5 XIO~' IVl guanosine, 5 x
10~5 A1 adenosine, 10~' M glycine, 5 XIO~' M glu-
tatmine, and 1.6xlO~'A, I of thymidine) and the
medium were changed to non-selective mediutn In
the cell passage preceeding experiments

2. Pi, .t'ses

The Kawaguchi, Ok, I and Iza\\. a strains of VZV,
originally isolated by IVl. Tak"hashi in our labora-
tory, were used. The Seibert strain of HSV (Ogino
at a1. , 1973) was also employed for experiments
Virus preparation and infection witll cell-free \, irus
were described previously (Ogino or a1. , 1973,1977)

3. Bloche"Iictt/ ti allyor, ,Jail'o11

Blochcmical transformation will\ UV-ITradittted

HS\/ was done exactly as reported by Carfinkle and
NICAuslan (1974). One of the clones, named L
(HSV)3-I, \\, as LIScd in this experiment. Biochem-
ICal transformation \\, it IT VZV \\. as performed by in-
fecting Ltk~ cells \\, ith VZV-infected HEF cells (Ya-
manishi at a1. , 1981). Briefly, sparse monolayers
of Ltl<~ cells (5 xi05 cells in 100 runT plastic petri
dishes) \\, ere inoculated \\. ith the same amount of
VZV-infected HEF cells suspended in 15 in I of
growth nTedium. After 48 h, tl\c medium was
changed to the selective medium described above and
culture \\, as continued In selective mediui, t. Two

transformed clones \\'ere Lised In tlTis experiment
The L(K) clone I was obtained by using tite Ka\\, a-
guchi strain of VZV, and the L(0) clone 3 was ob-
tamed by using the Oka strain of \7ZV.

MATERIALS AND AllETHODS

I . Cells

Human embryonic fibroblast (HEF) cells and ITU-
man embryonic lung (HEL) cells were grown as
monolayers in 250 inI bottles in ritediuin 199 \\. ith
10% fat"I colf re"u, n plus N"HC0, (0.075%), pan-
icillin (100 11glml) and streptomycin (100 "gjml)
Ltk~ mouse cells, a mutant cell line resistant to Bu-
DR and deficient in cytosol TK activity (Allurayama
and Okada, 1970), were also grown in the same me-
dium supplemented witlT 50 11gjml of BUDR. The
BUDR \\, as omitted from the medium in the cell pas-
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+. Play@, ajio, , of cell extiact

Cell extract \\, as prepared as described previously
(Ogino at a1. , 1973,1977). B, ieHy, .ells (5-10 xiO")
were washed titrec times witlt phosphate buffered
saline (PBS), scraped loose willl a rubber policeman,
and centrifuned tit low speed. 'I'hey are thcn sus-
pendcd in 0.5-1.0 inlot 0151V/1<Clin 0051V/ Tris
butler (PI{ 8.0) containing 3 ntiV/ 2-mercaptocth-
an o1. The suspension \\. erc subjected to ultrasonic
disintegration, and the sonicated preparation was
centrifuged at 20,000 rpin for 60 min in a No. 40
rotor of a Hitachi 55 P centrifuge. The super nat-
ant fractions \\, ere used as sources of enz\, me ex-

Enzyme extracts were frozen and stored attracts
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-70 C until assayed. Protein lit cell extracts was
measured by the metl, od of Lowry at all. (1951)

5. ,Jusny of t/IJ, ,, lid^^Ie killose acti'"IIJ

Tlle enzyme activity of the cellular extract \\. as as-
saycd as pre\IOUsly described (Ogino or a1. , 1973,
1977). The enzyme assay, mixtures contained 0.2
11Ci of '''C-TdR (56.6 inci!mmole, Amersham),
5 ntA{ ATP, 5 intr/ MgCl, , cell extract and 0.05 M
Tris buffer (pH 80) to gi\. e a \, o1ume of 0.25 in I
The reactioit \\. as conducted at 38 C for 15 min and

terininated by immersing the mixtures in a boiling
water batlt for 2 min. The amount of phDspl\Dry-
lated ''C-TdR \\."s determined b\, the DEAF-cel-

Iulosc disc method. UiTder titc conditioits used,
enz>me activity wits linearly related to both tite
amount of cellular protCiit and the time of incuha-

Tile specific acti\. ity of rite eitzymc is definedtion

us Il;litomolcs of '"C-TdR ITUcleotidc litoduccd in
titc reaction per 15 min per milligrnn\ of protein of
titc celltilnr extract

8. AC, Jianii'de gel electrophores, '$

Polyacrylamide gel electrophoresis \\. as carried
out as described by Gabric1 (1971) in 5% acrylamide
gel. 'rhe running buffer consisted of final concen-
trations of 24 inM Tris aind 0192 AJI glycine at a
final pi{ of 8.3 at 25 C. Electrophoresis wars per-
formed for about 2 h at + C at a constaitt current
3 ntAjgcl. Brompltcnol blue was used as a stacl<-
Ing dye. After electrophoresis, the gels \\. ere sliced
into 3 ntm sections, placed in 0.25 inI of the TK as-
say reactioi\ mixture described above and incubated

at 38 C for 120 min. AJobilities \\. ere calculated re-
jartive to tlle brompllenol blue dye front

To see the effect of antiscrum on Tl< activity,
the gels \\. etc sliced into 5 nun sections and I, alves
of encl\ slice \\, ere preincLibated for 30 it. 11, at 4 C in
150 111 of diluted preimmunc and immune scrum

(one-tillrd tillution \\. itIT 0.05 All Tris buffer. pH 8.0)
ai, d 11, ci. assayed for 'F1< activiiv as described
above

6. 41,113eii, ,11 to 1111, in, 'at, ,e lullose

Alttiscrum against \IZV-induced TK \\, as pre~

pared In a green monl<q, by injecting \7ZV-infected
African I!TUGn ntonkcy, 1<1dney. cell extracts \\, ith
FTCund's coinplctc adjti\tint (Yam;In is111 ct al. ,
1980). 'The antiscrum against HSV-indticcd TK
was perparcd in ;I Nu\\, Zc, 11nnd \\'hitc rabbit by in-
jecting the semipurificd HSV-induced 'Tl< with
FTCund's complete adju\, ant. Tite crude cell ex-
tract of HSV-infected Ne\\, Zealand white rabbit

kidney cells was prepared as described for the pre-
primtion of cell extract in tl\e Materials and A{ethods

Crude cell extract \\. as precipitated \\. ith ammonium
sulfate and then passed through a Sephadex G 100
superfine column (Ogino at al. , 1973). The frac-
tioit containing Tl< activity was used as semipuri-
fled HSV-induced TK. A/D cross-reaction be-

t\\. een \;Z\J and I{S\J \\, as observed in a test of neu-

tmlization of infecti\. ity. Before use, preimmunc
and immune sera \\. ere exltausti\, cly dialyzed against
0.05 A1 Tris buffcr (pH 8.0) and innctivated at 56 C
for 30 nTin

RESULTS

I. AreMila/lied/1011 of TK actiony Ironi Dryi, s
I'llected a"of iron-I'?!Iecied 11fF cells 2011/1 ant!'-

7. Neii!, align!ioi, of t/, J. ,, lid^^Ie kinds, acii'", 71, bj, o11-
113eii, ,, I

serif"I

A salmplc of 100 111 of enzyme extract \\. as mixed
\^ill\ 50 1:1 of ai\ti-serum and inctibated for 2 h at
+ C. Tite mixture \\. as tltelt assay. for Tl< activitv
as described above

Tl< activity \\, as induced in HEF cells after
infection with \IZV as we reported previously
(Ogin. at a1. , 1977). Th, VZ\,-in duned TK
activity \\, as e^ciently, (91.9%) neutralized
with anti-VZ\I ntonk^, serum, I, ut not with
preimmune serunT. Neither preiminune se-
rum nor immune serum neutralized \\, ith TK

antivity of uninf. .red HEF colts (T"bl, I).
Similar results \\, ere obtained whei} other

strains of \;Z\; (strains Oka and 12awa) \\, ere
used Instead of strain Ka\\, agucl}I, or \\, hen
HEL cells were used instead of HEF cells (data
not shown). These results sho\\, that \IZV-
induced T'1< was jinmunologically distinct
from centila. r TK

To determine whether \;ZV-induced TK

was serologically distinguish able from HSV-
induced TT<, we tested the inhibitorv effect of
anti-\;Z\I serum on HS\I-induced TK activity
As shown in Table I, neither anti-\IZ\I serum
(preimmune and immune) I\ad all^ inhibitory
effect o1T HSV-induced Tl< activity. In ad-
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TABLE I. Newt?'dinsrrtio"s of I"Z, - nitd HSV-andt4ced 7'K activity with antt'-PZl' and onti-
HS , se, win"

Enzyme extract

Uninfected (2.1)h

VZV-infected (28.9)"

HSV-infected (29.2)"

" The cells used \\. ere human embryonic fibroblast (HEF) cells. The viruses used were strain Kawaguchi
(VZV) and strain Seibert (HSV). TK activity \\. as assayed as described in the Materials and Methods,
and is shown as a percentage of the control (activity in the presence of Tris buffer instead of serum).

' Figures in parentheses are specific activities of TK of enzyme extracts

TABLE 2. Net, 17n/^^ation of TK actionies fro?n bioche?, ifcn/b, trans/'o, 711ed 7720use cells by alitt'sei'nit

Control

(Tris buffer)

100

100

100

TK Artivity (% of Control)

Anti-VZV serum

Enzyme extract

Preserum

95.2

117

113

L(K) .lone I (2.4)"
L(0) ,lone 3 (2.5)"
L(HSV) 3-I (12)"

a TK activity was assayed as described in the Materials and Methods, and is shown as a percentage of the
control activity (in the presence of Tris buffer instead of serum). L(K) clone I and L(0) clone 3 are
mouse cells .biochemically transformed by VZV, and L(HSV) 3-I cells are mouse cells biochemically
transformed by HSV

a Figures in parentheses are specific activities of Tl< of extracts

that they had VZV-specific TK, we testeddition, anti-VZ\I rabbit serum, which neutra-
them for the presence of VZV-specific TK us-Iized HSV-induced TK activity efficiently,

did not neutralize the activity of \IZV-induced ing to immune serum described above.
As shown in Table 2, the TK activity inTK. These results show that the \IZV-in-

duced TK was also jinmunologically distinct VZV-biochemically transformed cells L(0)
clone 3 was efficiently neutralized with anti-from the HSV-induced TK.
VZ\I serum. On the other hand, the TK ac-

2. Newtra/lisnti'o11 of TK actiony 1107" 610- tivity in HSV biochemically transformed cells,
che"11'calb, nan $101'111ed IMOwse cells by antise, .""! L(HSV) 3-I, was not neutralized by anti-

VZ\I serum. Anti-HS\I serum did not neu-Ltk- cells can't survive in selective medium

because they have no cytosolic TK, although tralized the \IZV-induced TK activity, but it
did neutralize the HS\I-induced TK activity.they have weak mitochondrial TK activity.

These results showed that the TK activityWhen Ltk~ cells were infected with VZV-in-

fected-HEF cells, they were converted to the in VZV-blochemically transformed cells dif-
fered jinmunologically from tllat of Ltk~ cellsTK-positive phenotype; that is, they could
but not from that induced in VZV-infectedgrow in selective medium. As we suspected

Immuneserum

107

8.1

105

Tris buffer

(control)

100

100

100

Anti-HSV serum

Presetum Immuneserum

95.3109

125108

40.6102

TK Activity (% of Control)

Anti-VZV serum

Presetum

95.4

95.0

88.8

Immuneserum

1.8

5.3

91.7

Anti-HSV serum

ImmuneserumPreserum

107106

110110

21.394.9
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FIGURE I. Electrophoresis \\. as carried out in 5 % acrylamide gel in 8 cm glass columns at 4 C for about 120
min at a constant current of 3 in A per gel. Electrophoresis was stopped when the bromophenol blue band
reached the anode of the tube. Then tite gel was sliced into 3 mm thicl< sections in tite cold. Tl< activity was
assayed by incubating each slice in 250 A1 of reaction mixture (0.2 ACi of ''C-TdR and 5 inM MgC12 \\, ith
0.05 M Tris, pH 8.0 up to 0.25 inI) at 38 C for 120 min. The reaction products were separated on a DEAE-
cellulose paper disc. A10bilities \\, ere calculated relative to the bromophonol blue dye front. (a) non-infected
Ltl<~ cells (b) VZV (strain Kn^. riguclti) infected Ltk~ cells, 18 h after infection (c) L(1<)cl I cells (d) L(0)cl
3 cells
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from that of HSV-biochemicallv transformed
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3 . f/ectrophoi'eti'c analysis of TK tictz't!it\,
Th. reintiv, in. billty (Rin) relu, of Tl< ^.-

tivity in Ltk~ cells was found to be 0.85 (Fig.
Ia). In other experiments, this value \, aned
from 0.8 to 0.9. This activity was suspected
to be due to mitochondrial TK (A1unyon at
a1. , 1972; 1<1t at a1. , 1973 ; 1974). \\Ihen the
subcellular distribution of Tl< activity, in Ltk~

20

20

5

,

10

cells was examined, most of the activitv was
found in the mitochondrial fraction and the

electrophoretic pattern of TK activity in this
fraction was the same as that shown in Fig. Ia
(data ITot shown). From all these results, it
was concluded that the peak in Ltk~ cell ex-
tracts was mitochondrial Tl< activity. In
contrast, two peaks of activity with Rin values
of 0.5 (neat I, rung, 0.4 to 0.5) and 0.8 (pank
11, range 08 to 0.9) \\, ere found in the electro-
phoretic pattern of \IZV-infected Ltk~ cells
(Fig. Ib). No peak corresponding to peak I

20
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FIGURE 2. Elcctrophoresis was done as for Fig. I. After electroplToresis, gels \\, ere sliced into 5 mm thicl<
Each section was divided in ITalf and assayed for TK acti\, ity ity incubatioit in 250 111 of reactionsections

mixture at 38 C for 120 min after preincubation for 30 min \\. itIt penmmune (0-0) or jinmui\e scrum
(.-.). Immune serum \\, as perpared in a green monkey by injection of VZV-infected green monl<ey cell
extracts \\, ith Freund's complete adjuvant. Before use, sera \\, as exlmustivel>, dialyzed against 0.05 M Tris
buffer (pH 8.0) and innctivated at 56 C for 30 min. The reaction products were separated on DEAE-cellu-
lose paper paper discs. (a) VZV (Kawnguchi) infected Ltk~ cells (b) L(K)cl I cells.
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was detected in uninfected Ltk~ cells and peak
I disappeared when sliced gels were preincu-
bated \\, itIT anti-\IZV serum, as shown 11T Fig
2a. The peak corresponding to peak I was
also observed in \IZV-infected HEF cells (data
not shown). From these results, it was con-
cluded that peaks I and H repi esent the acti-
vities of VZV-specific and mitochondrial TK,
respectively. The electropltoretic patterns
of TK activities in two blochemically trans-
formed calls lines, L(K) clone I and L(0)
clone 3, are shown in Fig. IC and d. Both of
these cell lines had a peak of TK activity with
an Rin \, alue of 0.5 (range, 0.4-0.5). The 10-
cation of TK activity in \IZV-transformed
cells was the same as that of peak I of \IZV-in-
fected Ltk~ cells. Although no peal< in the
position of peak H is seei\ in Fig. 2b, the acti-
vity could be detected on longer incubation
during enzyme assay, indicating the presence
of a low level of mitochondrial TK (data not
shown). \\'hen naives of sliced gels were pre-
incubated \\, ith anti-VZ\; serum before enzyme
assay, the activity was significantly reduced (to
less thaiT one-third of that in the presence of

It

b

X

E
a
,

I

F, 3,110, number

>.

= ?
,
<

\,

-

11 .

preserum\, as showi\ in Fig. 2b. These re-
SUIts indicate that the peak of activity in \;ZV-
blochemically transformed cells was due to the
expression of \IZV-specific TK.

=rec!10:1 11umbe:

12

DISCUSSION

VZ\I has been shown to induce TK activity on
its Iytic infection of human fibroblast cells
The induced Tl< differed from cellular TK in

several blochemical and biophysical proper-
ties, including heat-sensitivity, substrate spe-
chicity, optimal pH, inhibition by dTTP and
electrophoretic mobility (Dohersen at al. ,
1976; Ogino at a1. , 1977; Hackstadt and Mal-
Iavia, 1978; Cheng at a1. , 1979). In this
study, tl\is difference was confirmed jinmuno-
logically (Table I). In previous work (Yama-
nishi at a1. , 1981), VZ\I \\, as showi\ to induce
TK on abortive infection of TK-deficient

mouse cells and in this study \IZV-induced
Tl< was shown to be jinmtinologically and
electrophoreticall}, distinct from cellular TK
(Fig. 2a). Furthermore, Ltk~ cells could be
converted to the TK-positive phenotype by

154 Bii<EN JOURNAL V01.25 No. 31982



Infection witlt cell-associated \/Z\I (Yamanishi
at a1. , 1981) and the TKs expressed in these
blochemically transformed cells were found to
be jinmunologicallv and electrophoretically the
same as those induced in cell-free \IZ\; in-

fected humaiT and mouse cells (Fig. I, 2).
These results sho\\, that \'ZV ITas a coding ca-
pacity for Tl< in its genome.

\\Ihej\ Ltk~ cells \\, ere infected \\, ith cell-as-

SOCiated virus (VZV-infected HEF cells) and
cultured in selective medium, TK-positive
phenotype cells were obtained. In this ex-
perlment the viral gene coding for Tl< \\, as
suspected to lie transferred into IJtk~ cells, as
reported for HS\I (itIunyon at a1. , 1971; 1972;
\\'igler at a1. , 1977; A, laitland anti itICDougall,
1977; Colvcre-Corapin at a1. , 1979) and EH\I
(A'lcGowari ct a1. , 1979). \\!c showed previ-
ously by chromosomal analysis that TK-POSi-
tive transformed cells could be derived from

nTousc cells (Yamanishi et a1. , 1981). How-
ever, another possibility was that TK in \;z\I-
biochemically transformed cells originated
from HEF cells, because \IZV-infected HEF

calls were used as inoculum. This possibility
was excluded by the fact that the Tl< activity
present in blochemically transformed cells \\, as
jinmunologically different from that in HEF
cells (Tal, Ie I), and tliat it \\, as jinmunologic-
ally and electrophoreticallv tlle same as that
Induced in cell-free \;Z\; infected ITUman or

in. us" colts (Fig. I, 2, unpubli^had hat').
VZV-specific TK \\, as shown to be jinmuno-

logically distinct from HSV-specific TK
(Table I, 2). I{erpesviruses have been shown
to share coinmoil antigens. TK is an inter-
esting ftinctional protein to use in comparative
studies on herpes viruses (Honess and \\'alson,
1977). In the presei\t worl<, enzyme neutral-
Izatioil experiments with \'Z\'- and }ISV-
SPCcific antisera demonstrated that there was
no cross reactivity netween \;Z\I and HSV
TKs. The Rin value of HSV-induced TK

was 0.7 under our conditions (data not shown).
This shows that the itTo Iecular weigllts of the
two were also different, althouoh the mole-

CUIar \\, eight of TK was not determined in the
pre^, nt st"dy. Ou" Rin valu, (0.4-0.5) for
VZV-specific TK \\. as similar to the Rin value
(048) rep. "red by Hankstadt and Malayi^
(1978), who calculated that the molecular
weight \\, as 72,000. They mentioned in their
following report that the Rin value of purified
VZV-induced TK was essentially the same as
that observed in the crude preparatioiT (Cheng,
Y-C. at a1. , 1979).

Two ISOzynlCS of TK in \;ZV-infected Ltk~
cells \\, ere separated by poly-acrylamide gel
electrophoresis, as shown in Figs. I and 2.
However, only one peak of TK activity of Rin
0.45, corresponding to VZ\I TK, \\, as detected
in the transformed cells, althouglT the peak
corresponding to initocl\ondrial T'1< could be
detected on prolonged incul)ation during the
enzyme assay. The meaning of this depres-
SIon of nlitochondrial Tl< activit\, in \IZV-

transformed cells is Ilot clear at present time.
Monyon at a1. (1972) reportsd that HSV-bi. -
chemically transformed cells had a peak at
0.70-0.80, corresponding to mitochondrial
TK, but hintson at a1. (1974) 00.1d n, t d. -
tect any mitochondrial TK. The lower I\eu-
trailzatioi\ of \;Z\I-Tl< activity lit Fig. 2b than
that in Table 2 is considered to be due to the

difference in Tl< ass^, conditions: for Fig. 2b,
Tl< activity was assayed without removing thc
gel after preincubation \\, it IT sera. The same
extent of neutralization could be obtained

WITen 'Tl< in gels was extracted into buffer be-
fore preincubation with sera and then the re-
SIdual Tl< activity was assayed.

Herpesviruses, including \;Z\I are known
to cause latent infection in vivo (Jack, 1974).
Ncither the biochemical nature of the latency
nor the PITysical state of the latent virus is
known at present. Our biochemically trans-
formed cells seem to offer a good system for
studies on the mechanisms involved in control
of the \'ZV genome in mammaljam cells. TK
will be useful as a marker of viral gene expres-
SIon in studies o1t \IZV infection

,
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