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STUDIES ON THE POLYPEPTiDES OF pox\71Rus

11. COMPARISON OF VIRUS-INDUCED POLYPEPTIDES IN

CELLS INFECTED WITH VACCINIA, cowPox AND

SHOPE FIBROl\IA \71RLTSES

KAZUYOSHI IKUTA, HIROYUKI MIYAMOTO and SHIR0 1<ATO
Department of Pantology, Research Institute for A1icrobial Diseases, OSal<a University,
Yamada-l<ami, Suita, Osaka 565, Japan

(Re. eiv, d April26,1978)

BIKE\ JouR\AL V01.21,77-94, 1978

uMMARY Virus-induced polypeptides in cells infected with vaccinia, cowpox
and Shope fibroma virtises were examined by SDS-polyacrylamide gel electro-

phDresis followed by autoradiography.
At least 42 vaccinia virus-induced polypeptides were identified among the poly-

peptides of cells pulse-labeled wit11 1''Sl-methionine andlor of fraction ated cells
I"hared with I'q-landne f. " 24 h". They coneist"d of 15 p. Iyp, ptid. ^ (. arly
polypeptides) which were synthesized even in the presence of cytosine-I-13-D-
archin, fu"anusyl-HCl, and 27 p. Iyp"ptid, ^ (hare p. Iyp"ptid, * which w. re *yn-
the sized only in the absence of cytosine-I-13-D-arabinofuranosyl-HCl.

By the same procedure at least 40 cowpox virus-induced polypeptides (14 early
polypeptides and 261ate polypeptides) and at least 31 Shope fibroma virus-induced
p. Iyp. ptid, ^ (13 00.1y p. Iyp, ptid, ^ and 181at. p. Iyp. ptid, ^) wer" Id, nth, d.

Comparative studies of virus-induced polypeptides on the basis of migration in
SDS-polyacrylamide gel electrophoresis revealed that 11 polypeptides were early
polypeptides common to both vaccinia and cowpox viruses ; 21 were late polypep-
tides common to botlT vaccinia and cowpox viruses ; 4 were early polypeptides coin-
mon to botlt vaccinia and Shope fibroma viruses ; 7 were late polypeptides common
to both vaccinia and Shope fibroma viruses; 5 were early polypeptides common
to both cowpox and Shope fibroma \, iruses ; 9 were late polypeptides common to
both cowpox and Shope fibroma viruses ; 4 were early polypeptides common to all
three viruses ; and 7 were late polypeptides common to all three viruses.

INTRODUCTION

Numerous investigations ha\, e shown that
vaccinia virus-Induced proteins in infected cells
can be divided into " early " and " late "
classes, the former being synthesized before,

and the latter after, virus DNA synthesis
(10klik, 1968; M. ss and Sthman, 1968;
Esteban and Aletz, 1973). Several virus-in-
duced enzymes and some structural proteins of
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virus particles were included in the " early "
chi^ (M. AUSlan, 1963 ; lungwirth and 10klik,
1965 ; MCAuslan and 1<ates, 1967; Holowczak
and 10klik, 1967). Most of structural proteins
of virus particles are synthesized after the onset
of virus DNA synthesis (Holowczak and 10klik,
1967; Salzman and Sebring, 1967). Penning-
t. n (1974) puts, -fob. lad BSC, colts inferred
with vaccinia virus (Evans vaccine strain) with
["C]-protein hydrolysate or 1''Sl-methionine
and examined the polypeptides by discon-
tinuous polyacrylamide gel electrophoresis
followed by autoradiography. He reported
about 80 virus-induced polypeptides in sche-
matic form, 30 appearing before and 50 after
the onset of virus DNA synthesis.

There have been few papers on virus-In-
duced polypeptides of poxviruses other than

Previously we reported that
the structural polypeptides of Shope fibroma
virus differed considerably from those of vac-
cmia or cowpox virus (Ikuta et a1. , 1978).

This paper reports studies on the poly-
peptides induced by vaccinia, cowpox and
Shope fibroma viruses in infected Rl< cells.
The polypeptides were examined by SDS-
polyacrylamide gel electrophoresis (SDS-
PAGE) followed by autoradiography, and their
mobilities on SDS-PAGE were compared.

vaccinia virus.

3 . Rod^^actit!e In beli, Ig of infected o1 1110ck-fly'ected
cells

Monolayer cells \\, ere infected with each virus at
inoi 10 or mock-infected as described previously
(Ikuta at a1. , 1978). After adsorption for I hr at
37 C in the presence or absence of cytosine-I-,. D-
arabinofuranosyl-HCl (Ara C) (50 11glml), infected
or mock-infected cells were washed three times

with phosphat. -buffer, d colin. , pH 7.4 (PBS), and
then incubated in medium containing I ItCilml of
I'"q-100. in. (297.0 incilmmol. ) or 2 ACijml of
135Sl. methionine (442.1 Cilmmole) for appropriate
periods in the presence or absence of Ara C (50
Agjml). Precise details of the radioactive labeling
are described in the legends to the figures.

After labeling, the cells designated as " whole
cells " were washed with PBS, and frozen at -20 C
until use as a sample for fraction ation or SDS-
PAGE.

Radioisotopes

England Nuclear

MATERIALS AND METHODS

I . Cell ruin, re

Monolayer cultures of RK, , cells purchased from
Flow Laboratories were grown in Eagle's minimum
essential medium (MEND (Eagle, 1959) supplement-
ed with 10% calf serum in petri dishes of 90 mm
diameter

2 . Pi, i'ses

IHD-W, IHD-I and Lister strains of \, accinia
virus, cowpox virus (LB red strain) and Shope
fibroma virus (OA strain) \\, ere used in these studies
Stock viruses for inoculation were used after purlfica-
tion and titration as described previously (Ikuta at
a1. , 1978)

4. Fractionat2011 of cells

Infected or mock-infected cells labeled with

["C]-Ieucine (" whole cells "), were solubilized in
4in10f TD buffer (I% Triton X-100,0.5% sodium
deo^, cholate, 0.15 itI NaCl, I inA-I phenylmethyl-
sulfonyl fluoride, 10 initi sodium phosphate buffer,
pH 7.2) per petri dish, and sonicated for 3 min in
an ice bath. The preparation was stood for I hr
on ice, and then centrifuged in a Be clanan SW50. I
rotor at 30,000 rpm for 2 hr at 4 C to separate the
supernatant (" sup fraction ") and the pellet (" ppt
fraction ").

were purchased from the New

78

5 . sDs. pH GE

SDS-PAGE was conducted by the method of
MaizeI (1971). The gel concentration was 13%
and the ratio of acrylamide to bisacrylamide was 30
to 0.8.

Samples to be analyzed were concentrated by the
cold 10% trichloroacetic acid (TCA) precipitation
procedure and \\, ashed twice \\, ith cold 5% TCA and
twice with cold acetoiTe. The concentrated samples
were dissolved in " sample buffer ", and subjected
to SDS-PAGE. The constituents of " sample
buffer " and the procedures of SDS-PAGE have
been described previously (Ikuta at a1. , 1978)

BIKEN JOURNAL V01.21 No. 31978



RESULTS

I. Identjjicttti'off of t!"cci', I'd Lilyws-2nd!, cert poly-
peptz'des

I) Analysis of " whole cells " pulse-labeled
with lassl-methionine

Vaccinia virus-induced early (VE) and late
(VL) p. Iyp, ptid, ^ w. re Id, ntifi*d using Aru
C as ait inhibitor of virus DNA synthesis.
VE polypcptides are vaccinia virus-induced
polypeptides synthesized even in the presence
of Ara C, and VL polypeptides are vaccinia
virus-induced polypeptides synthesized only
in the absence of Ara C.

Monolayer cells of RKT3 were infected with
the IHD-I strain of vaccinia virus or mock-
infected, and labeled with labsl-methionine
for I hr at various times postinfection in the
presence or absence of Ara C (sec legend to
Fig. I). Polypeptidcs in labeled cells were
analyzed by SDS-PAGE and autoradiography.
Figure I shows the profile of polypeptides
synthesized in infected and mock-infected
cells. On polypeptide analysis by this method,
the polypeptide bands in infected cells may
overlap the polypeptidc bands which can be
observed even in mock-infected cells. In

such cases, it is Impossible to determine wheth-
er the polypeptide is a virus-induced poly-
peptide or not. In this worl< all bands showing
Increase in intensity at various times postinfec-
tion were tentatively classified as virus-induced
polypeptide bands. Based on this criterion,
at least 8 polypeptide bands were identified as
VE polypeptides detected even in the presence
of Ara C, and at least 20 polypeptide bands
were Identified as VL polypeptides detected
only in the absence of Ara C. The molecular
w. Ights (MW) of thus. 8 VE and 20VL
polypeptides, calculated by comparison of
their mobilities with those of standard proteins,
as described in the legend to Fig. I, ranged
from about 140,000 to about 30,000, and from
about 100,000 to about 14,000, respectively,
and the polypeptides were provisionally named
\IE140K to VE30K and VLIOOl< to \IL14K,
respectively. These \IE and VL polypeptides

are summarized in Table I.

2) Analysis of fraction ated cells
For more studies of \IE and \ILprecise

polypeptides and for detection of other poly-
peptides, infected or mock-infected cells which
had b, *n ich, lad with I""q-kunine f". in I to
25 hr postinfectton lit the presence or absence
of Ara C, were fraction ated as described in
Materials and A{ethods. Since fraction ated

samples contain fewer protein species than
" whole cells ", minor virus-induced poly-
peptide bands can be more clearly distin-
guished from the bands of ITost cell It rotein
by SDS-PAGE. About 707, of the TCA-
Insoluble radioactivity of " whole cells " was
consistently found in the " sup fraction ".

Figure 2 shows the autoradiograms obtained
after SDS-PAGE of cells infected with the

IHD-\\I, IHD-I and Lister strains of vac-
cinia virus or mock-Infected in the presence of
Ara C. Six VE polypeptides were identified
in " whole cells ", 9 VE polypcptidcs in the

sup fraction " and 13 VE polypcptides in
the " ppt fraction ". The M\V of these VE
polypcptides, calculated as described above,
ranged from about 190,000 to about 17,500,
and the polypeptides were provisionally named
VE1901< to VET7.51< polypeptide. These
\'E polypeptides are summarized in Table I.
Six VE polypeptides detected in ' ' whole
cells " were also detected either in t}Ie " sup
fraction " or "ppt fraction ". Two VE poly-
p. ptid, * (VE941< and \;E28K) unre der. .red
only in the " sup fraction ", 6 \IE polypcptides
(VE190K, \'EITOK, \IE49K, VE37K, \;E30K
and VET7.5K) only in the " ppt fraction " and
the other \IE polypeptides in both fractions.
The 7 VE polypeptides (VE190K, \IE88K,
VE60K, YES8K, VE49K, VE281< and
VET7.5K) which were not detected in " whole
cells ' ' pulse-labeled with 135Sl-methionine,
were newly identified in " whole cells " andlor
fraction ated cells labeled with t'"q-Ieucine.
Thus 15 \IE polypeptides were identified in
Figs. I and 2.

No difference was found in the numbers of

VE polypeptides in cells infected with the three

,,
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FIGURE I. Time course of vaccinia virus-induced polypeptide synthesis in infected RK cells. RK cells
were infected (1) with the IHD-I strain of vaccinia virus at inoi 10 or mock. infected (M) in the presence (+)
or absence (-) of Ara C (50 Agjml). Infected and mock-infected cells were incubated with MEM supple-
merited with 2% calf serum in the presence or absence of Ara C (50 11gjml) until pulse-labeling, and then
labeled with 2 PCilml of ["S]-methionine in methionine-free MEM supplemented with 2% dialyzed calf
serum (4 in I per dish of 90 mm diameter) for I hr at the times indicated in the figure (hours postinfection) in
the presence or absence of Ara C (50 11glml). Samples were processed as described in Materials and Methods
and analyzed by SDS-PAGE, followed by autoradiography. In this and all succeeding electropherograms,
the bottom of the figure corresponds to the anodal end of the gel. The MW of polypeptides was calculated by
comparison of their mobilities with those of standard proteins tBDH MW marker mixtures (product No. 44223
2U, MW range 14,300-71,500, and 442302R, MW range 53,000-265,000) purchased from BDH Chemicals
Ltd. , England; myOSin, MW 215,000; bovine serum albumin, MW 67,000; ovalbumin, MW 43,500; and
cytochrome c, MW 12,4001
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I""vL98K
~'\VL96K
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TABI, E I. racer'"air o371ts-2nd11ced early and late polypept, des

t"SI-Met"
" Whole ""

Virus-induced early polypeptides

V E140K

V EllOK

[,, C]-Leuu
" Sup ""

V E 94K

V E140K

[,, C]-Leub
,, PPt ,,"

V E 74K

V E94K

V E 88K

V E190K

V E140K

V EllOK

t"SI-Met"
,' Whole ', e

V E 74K

Virus-induced late polypeptides

V E 88K

V E 60K

V E 58K

V E40K

V E 37K

V E74K

I"Cl-Leub
" Sup ', d

V LIOOK

V L98K

V L96K

V E 60K

V E 58K

V E 32K

V E 30K

V L85K

V E40K

["C]-Leu"
" p, t, ,e

V LIOOK

V L98K

V E49K

V L69K

V L65K

V L61K

V L250K

V L230K

V E 32K

V E40K

V E 37K

V E 28K

V L80K

V L52K

V L50K

V LIOOK

V L98K

V L96K

V L69K

V L65K

" Polypeptide identified in the cells labeled with l''sl-methionine.
' Polypeptide identified in the cells labeled with 1''Cl-Ieucine
" Polypeptide identified in " whole cells "

d polypeptide identified in " sup fraction "
" Polypeptide identified in " ppt fraction ".

V L43K

V L42K

V1,41K

V E 32K

V E 30K

V L85K

V I, 80K

V L50K

V L69K

V L65K

V L61K

V L 35K

V L 34K

V L33K

V L43K

V L42K

V L41K

V I, 40.5K

V E17.5K

V L50K

V L23K

V L22K

V L43K

V L42K

V L41K

V L18K

V L25K

V L23K

V L22K

V L17K

V L14K

V L35K

V L34K

V L18K

IKUTA, K. at a/. Pi, ,, s-inch, cert polypept, 'des of pox"'71/3es

V L23K

V L14K

V L20K

V L19K

V L18K

V L17K

V L14K
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FIGURE 2. Distribution of vaccinia virus-induced early polypeptides in fractions of infected RK cells. RK
cells were infected with the IHD-W, IHD-I and Lister strains of vaccinia virus (W, I and L, respectively) at
inoi 10 or mock-infected (M) in the presence of Ara C (50 11gjml) and then labeled with I PCijml of ["C]-
Ieucine in MEM containing one-tenth the normal concentration of Ieucine and 2% dialyzed calf serum from
I to 25 hr postinfection in the presence of Ara C (50 ,"gjml). These labeled cells, " whole cells ", were
fraction ated as described in detail in Materials and Methods (" sup fraction " and " ppt fraction "). The
resulting samples were analyzed by SDS-PAGE followed by autoradiography. The MW of polypeptides was
calculated as described in the legend to Fig. I

J L

-- VE40K

_,-. VE32K
' VE28K

^ VEL90K

VEL40K

VELLOK

VE88K

VE74K

VE60K

VB58K

VE49K

strains of vaccinia virus (IHD-W, IHD-I and
Lister).

Figure 3 shows the results obtained by SDS-
PAGE on cells infected with the IHD-W, IHD-
I and Lister strains of vaccinia virus or mock-
infected in the absence of Ara C. Fifteen, 15
and 22 Vl, polypeptides were identified in
" whole cells ", " sup fraction " and " ppt
fraction ", respectively. The MW of these VL
polypeptides was calculated as described above,

VE40K

VE37K

VE32K
VE30K

VEL7.5K
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and the polypeptides were provisionally desig-
nated as VL250K to VL14K polypeptide.
These VL polypeptides are summarized in
Table I. The VL polypeptides detected in
" whole cells " were all found in the " sup

fraction " or " ppt fraction ". Three VL
p. Iypeptides (VL40.5K, VL25K and VL22K)
were detected only in the " sup fraction "
10 VL polypeptides (VL250K, VL230K,
VL96K, VL85K, VL61K, VL35K, VL34K,
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FIGURE 3. Distribution of vaccinia virus-induced late polypeptides in fractions of infected RK cells. RK
cells were infected with the IHD-W, IHD-I and Listsr strains of vaccinia virus (W, I and L, respectively)
at moilO or mock-infected (M)in the absence of Ara C and then labeled as described in the legend to Fig. 2,
except for the absence of Ara C. The labeled cells " whole cells " were fraction ated as described in the
legend to Fig. 2 (" sup fraction " and " ppt fraction "). The resulting samples were analyzed by SDS-PAGE
followed by autoradiography. The MW of polypeptides was calculated as described in the legend to Fi . I.

~'VL14K

VL250K

VL230K

VB140K

VEllOK
VLIOOK

vL98K VL96K
VL85K

VL80K
VB74K

VL69K

VL65K

VL61K

VL50K

VL43K

VL42K

VL41K

VL35K

VL20K, VL19K and VL17K) only in the
" ppt fraction ", and the other VL polypeptides
were found in both fractions. The VL poly-
peptides newly identified in " whole cells "
andjor haorionat. d colts ichd^d with t"'q-
Ieucine were 7 species of polypeptides (VL-
250K, VL230K, VL80K, VL40.5K, VL25K,
VL20K and VL19K). Thus 27 species of
VL polypeptide were identified in Figs. I and
3.

The numbers of VL polypeptides in cells
infected with the three strains of vaccinia virus

(IHD-W, IHD-I and Lists") were alm, st th.

VL34K

VL23K

VL18K

VL17K

VL14K

VE49K

However, VL41K polypeptide was not
detected in cells infected with the IHD-W

strain of vaccinia virus, which has been shown
not to produ. ^ hem^gglutinin (HA) (K"ku
and Kamahora, 1964; Ichihashi and Matsu-
inot0, 1969).

The VE and VL polypeptides shown in
Figs. I, 2 and 3 are summarized in Table I.
Seven VE and 7 VL polypeptides were de-
tortsd only in th^ colts lad. lad with t"q-
Ieucine as described above, 2 VL polypeptides
(VL52K and VL33K) only in cells labeled
with [35S]-methionine, and the other VE and

same.
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VL polypeptides in both cells labeled with
t"*q_Ion, in, and thus* inhared with I"'SI-
methionine.

2. Identification of cowpor oil'r's-Induced poly-
peptides
I) Analysis of " whole cells " pulse-labeled
with 1'5Sl-methionine

Cowpox virus-induced early (CE) and late
(CL) p. Iyp. ptid. * w, re Id. ntifi. d using Aru
C, as in studies with vaccinia virus.

Monolayer cells of RK, , infected with cow-
pox virus or mock-infected were labeled with
135Sl-methioninc for I hr at various times
postinfection in the presence or absence of
Ara C (see legend to Fig. 4) and subjected
to SDS-PAGE and the results are shown in

Fig. 4. At least 6 CE polypeptides and at
least 18 CL polypeptides were separated from
infected cells. The M\V of these 6 CE and

18 CL polypeptides, calculated as described
above, ranged from about 140,000 to about
30,000 and from about 150,000 to about 14, -
000, respectively, and the polypeptides were
provisionally named CE140K to CE301< and
GLISOK to CLI41< polypeptides, respectively.
These CE and CL polypeptides
inarized in Table 2.

2) Analysis of fraction ated cells
Monolayer cells of RKL3 were infected with

cowpox virus or mock-infected, labeled with
114Cl-Ieucine from I to 25 hr postinfection,
and then fraction ated as described above.

About 7070 of the TCA-insoluble radioactivity
of " whole cells " was consistently found in
the " sup fraction ". The " sup fraction "
and " ppt fractioiT " were subjected to SDS-
PAGE, and the results are shown in Fig. 5.
At least 10 CE and 14 CL polypeptides were
found in the " sup fraction " of infected cells,
and at least 7 CE and 16 CL polypeptides were
found in the " ppt fraction ". The 111\\I of
these cowpox virus-induced polypeptides were
calculated as described above, and the poly-
peptides in the " sup fraction " were provision-
ally named GE941< to CE251< and CLIOOK
to CLI4K, while those in the " ppt fraction "

were named CE140K to CE17.5K and CL250K

to CLI4K. These CE and CL polypeptides
are summarized in Table 2. Six CE poly-
peptides (CE94K, CES8K, CE43K, CE35K,
CE301< and CE25K) and 6 CL polypeptides
(CL80K, CL50K, CL40.5K, CL40K, CL22K
and CLI7K) were detectcd only in the " sup
fraction ", 3 CE polypeptides (CE140K, CE-
1101< and CE17.5K) and 8 CL polypeptides
(CL250K, CL230K, CLI50K, CL98K, CL-
61K, CL42K, CL20K and CLI9K) only in
the " ppt fraction ", and the other CE and
CL polypeptides were found in both fractions.
The newly identified virus-induced early and
late polypeptides, which were not detected in
" wh. it colts " puts*-inb*I'd with t"'SI-math-
ionine, were 8 CE polypeptides (CEllOK,
CE94K, CES8K, CE60K, CES8K, CE3sK,
CE25K and CE17.5K) and 8 CL polypeptides
(CL250K, CL230K, CL98K, CL80K, CL42K,
CL40.5K, CL201< and CLI9K).

Thus 14 species of CE polypeptides and 26
species of CL polypeptides were identified
from the results of Figs. 4 and 5. Eight CE
and 8 CL polypeptides were detected only in
the cells labeled with I"Cl-Ieucine as described
above, CE37K and 4 CL polypeptides (CL54K,
CL52K, CL341< and CL28K) only in the cells
labeled with 1''Sl-methionine, and the other
CE and CL polypeptides in botlT cells labeled
with INCl-100.1ne and thus. Ith. lad with
135Sl-methionine.

3. Ideiitjjicftti'0" of Shopefbron, n o1'Jus-,'"dwced
polypepti'des
I) Analysis of " whole cells " pulse-labeled
with [35S]-methioninc

Shope fibroma virus-induced early (SE) and
hat' (SL) p. Iyp. ptid, ^ unre Id. ntifi, d in th"
same way using Ara C.

Monolayer cells of RK, , infected with
Shope fibroma virus or mock-infected were
ich, lad with I'SI-mathi. nine for I h, at
various times postinfection in the presence or
absence of Ara C (see legend to Fig. 6), and
subjected to SDS-PAGE and the results are
shown in Fig. 6. At least 6 SE and at least

are sum-
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17 SL polypeptides were found in infected
cells. The MW of these 6 SE and 17 SL
polypeptides, calculated as described above,
ranged from about 90,000 to about 24,000 and
from about 150,000 to about 14,000 and the
polypeptides were provisionally named SE90K

1.1
,=

61

-I

CEL40K --

co

61

to SE24K and SL150K to SL14K, respective-
Iy. These SE and SL polypeptides are sum-
inarized in Table 3.

2) Analysis of fraction ated cells
Monolayer cells of RK, , were infected

with Shope fibroma virus or mock-infected,
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FIGURE 4. Time course of cowpox virus-induced polypeptide synthesis in infected cells. RK cells were
infected (1) at moilO or mock-infected (M) in the presence (+) or absence ( ) of Ara C (50 Agjml). In-
fected and mock-infected cells were labeled with t"SI-methionine, and analyzed by SDS-PAGE, as described
in the legend to Fig. I. The MW of polypeptides was calculated as described in the legend to Fig. I.
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TABLE 2.

["S]-Met"
" whole ""

CO2c^pox oarus-2nduced early and late polypeptzdes

Virus-induced early polypeptides

C E 140K

["C]-Leu"
" Sup "at

I'Cl-Leu"
., PPt ,,"

C E74K

C E 94K

C E 88K

C E140K

C EllOK

["S]-Met"
" Whole ""

C E 74K

Virus-induced late polypeptides

C E 60K

C E 58K

C LISOK

C E43K

I"Cl~Leu"
" Sup "rt

C E 74K

C LIOOK

C E 37K

C E 60K

C E 58K

C E43K

I"Cl-Leub
,, p, t, ,e

C E 32K

C E 30K

C LIOOK

C L69K

C L65K

C L61K

C L250K

C L230K

C LISOK

C E 35K

C L80K

C E 32K

C E 30K

C L54K

C L52K

C L 50K

C L45K

C LIDOK

C L98K

C L69K

C L65K

C E25K

C E 32K

See Table I for details

C L41K

C L69K

C L65K

C L 61K

C L50K

C L45 K

C L40K
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C L 34K
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C L41K

C L40.5K

C L40K

C I, 28K

C L45K

C E17.5K

C L23K

C L22K

C L42K

C L41K

C LISK

C L23K

C L22K

C L17K

C L14K

C L18K

C L23K

C L17K

C L14K

C L20K

C L19K

C LIBK

C L14K
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FIGURE 5. Distribution of cowpox virus-induced polypeptides in fractions of infected RK cells. RK
cells were infected (1) at inoi 10 or mock-infected (M) in the presence ( + ) or absence ( -) of Ara C (50 Agjml),
labeled with ["C]-Ieucine, and then fraction ated, as described in the legend to Fig. 2. Fractionated samples,
" sup fraction " and " ppt fraction ", were analyzed by SDS-PAGE. The figure shows the autoradiogram of
the gel. The MW of polypeptides was calculated as described in the legend to Fig. I.

.

H

a

CL250K
~'CL230K

lad. lad with ["'C]-landne from I to 25 h,
postinfection, and then fraction ated as de-
scribed above. About 70% of the TCA-
insoluble radioactivity of " whole cells " was
consistently found in the " sup fraction ".
The fraction ated samples were subjected to
SDS-PAGE and the results are shown in Fig.
7. At least 8 SE and 5 SL polypeptides were
found in the " sup fraction ". At least 7 SE
and 10 SL polypeptides were found in the

CE32K

CLL50K
CLLOOK
CL98K
CL69K
CL65K
CL6LK

CEL7.5K-

~\, CL42K~" CL4LK
CL45K

' CL23K

^ CL20K

-\ CLI. 9K

" ppt fraction ". The MW of these Shope
fibroma virus-induced polypeptides were calcu-
lated as described above, and the polypeptides
in the " sup fraction " were provisionally
named SE90K to SE24K and SL105K to

SL23K, while these in the " ppt fraction " were
named SEI40K to SEI7.5K and SL250K to

SL14K. These SE and SL polypeptides are
summarized in Table 3. Six SE polypeptides
(SE90K, SE88K, SE67K, SE62K, SE46K and

~~~ CLL4K
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JITcuRE 6. Time course of Shope fibroma virus-induced polypeptide synthesisin infected RKta cells. RKT
cells were infected (1) at inoi 10 or mock-infected (M)in the presence ( +) or absence ( ) of Ara C (50 Agjml)
Infected and mock-infected cells were labeled with t"SI-methionine, and analyzed by SDS-PAGE, as de-
scribed in the legend to Fig. I. The MW of polypeptides was calculated as described in the legend to
Fig. I

./-. SLL50K

I-,.. SLl. o5K

SL72K

SL64K

' SL57K
~' SL52K

-- SL4L . 5K

SE24K) and SL23K polypeptide were de-
tected only in the " sup fraction ", 5 SE
polypeptides (SEI40K, SEI20K, SE48K, SE-
40.5K and SEI7.5K) and 6 SL polypeptides
(SL250K, SL72K, SL28K, SL20K, SL18K
and SLl+K) only in the " ppt fraction ", and

SL30K

I""" SL28K
I""

SL23K

1:1i:^^:I^^^
^ SLL6.5K
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"' SL, .6K
~" SLL4K

the other SE and SL polypeptides were found
in both fractions. The newly identified virus-
induced early and late polypeptides in the
freer tonet^d colts ich. lad with t, ,q-landne,
which were not detected in " whole cells "

pulse-ladeled with I"'SI-methionine, were SE-
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FIGURE 7. Distribution of Shope fibroma virus-induced polypeptides in fractions of infected RK cells.
RKLa cells were infected (1) at inoi 10 or mock-infected (M) in the presence (+) or absence ( ) of Ara C
(50 11gjml), labeled with ["C]-Ieucine, and then fraction ated, as described in the legend to Fig. 2. Frac-
tionated samples, " sup fraction " and " ppt fraction " were analyzed with SDS-PAGE. The figure shows
the autoradiogram of the gel. The MW of polypeptides was calculated as described in the legend to Fig. I.

140K, SEI20K, SE88K, SE62K, SE48K, and those labeled with t35Sl-methionine.
SE40.5K, SEI7.5K and SL250K polypeptides.

Thus 13 and 18 species of polypeptides 4- CornP@, at200 st"dz^s of air"$4"d"ced poly-
were identified from the results of Figs. 6 and PeptZ'des in 00cczh^^, cowpo" and Shope 7,670m@
7. Seven SE and I SL polypeptide were
deterted only in th, calls ladeled with ["'C]- The early and late polypeptides induced by
Ieucine, 7 SL polypeptides (SL150K, SL57K, vaccinia, cowpox and Shope fibroma viruses
SL52K, SL21K, SL17K, SL16.5K and SL- were identified in studies on cells pulse-labeled
16K) only in the cells labeled with ["SI- with 135S]-methionine andjor on fraction ated
mathionine, and th^ nther SE and SL paly- colts ich, lad with I'Cl-landne by SDS-PAGE
peptides in both cells labeled I"Cl-Ieucine and autoradiography, and are summarized in

-- SL23K

a

SE48K

SE43K
SE40.5K

SE32K

H

,

^ SL250K

^ SLL05K

^ SL72K
^ SL64K

SEL7.5K^

^ SL4, .. 5K

-^ SL30K

~- SL28K

^ SL20K
^ SLL8K

^ SLJ. 4K

2117"$es
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Table 4.

It is uncertain whether the virus-induced

polypeptides detected only in cells labeled
with 135Sl~methionine were detected in this
way because the pulse-labeling is more sensi-
tive than longer labeling or because these

TABLE 3. Shope fibrema oarus-2ndneed early and late polypeptzdes

t"SI-Met"
" Whole ""

Virus-Induced early polypeptides

t"Cj-Leu"
" Sup "it

polypeptides had a high content of methionine.
Similarly, it is unknown whether the virus-
Induced polypeptides detected only in the cells
labeled with ["C]-Ieucine were detected be-
cause cell fractions rather than whole cells

were used, or because the polypeptides are

S E 90K

S E 67K

I"Cl-Leu"
,, PPt ,,"

S E 90K

S E 88K

S E 140K

S E120K

S E 67K

S E46K

S E43K

t"'SI-Met"
" Whole ""

S E62K

Virus-induced late polypeptides

S E 32K

S LisOK

S E 46K

S E43K

S E 24K

I"Cl-Leu"
" Sup "at

S LIOSK

S E 32K

S E48K

S L72K

S E43K

S E24K

S L64K

I"Cl-Leub
.. PPt, ,"

S L105K

S E 40.5K

S E 32K

S L 57K

S L 52K

S L250K

See Table I for details

S L64K

S LIDSK

S L41.5K
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S I, 72K

S L 30K

S L28K

S E17.5K

S I, 64 K

S L41.5K

S L23K

S L21K

S L20K

S LIBK

S L30K

S L17K

S L16.5K

S L16K

S L14K

S L41.5K

S L23K

S L30K

S L28K

S L20K

S L18K

S L14K



TABLE 4. Virus-I'"duced early and late polypept!'des of zincca'"!'a, coatipo, , and Shopejibromo t!3'7uses

Earlv

Vaccinia

V E190Kb

V El+OK

Late

V L250K""

V L230K"c

V EllOK

V E 9+K

Earlv

Cowpox

V E88Kb

V LIOOK"

V L 98Kb.

V L96K"

C E140K

V E 7+1<"

Late

C L250K"'

C L 230K""

C ETIOK"

V L85K"

V L 80K""

C LisOK"

C E 94K"

Earlv

Shope fibroma

V L69K"

V E 601<"

V E 58K"

C E 88K"

C LIOOK"

C L 98K"e

V L65K"

S E140Kbe

S E120K"

C E 74K

Late

V L611<"

S L250K"c

V E+9Kb

S LisOKttc

C L 80Kb"

V L52K""

V L50K.

C L69Kc

S E 90K"

S E 88K"

C E 60K"

C E 58K"

S L105Kc

C L65K.

V E+OK

V L43K"

V L42K"

C L61K"

S E 67K

V L41K"

V L+0.5K"

C L 54K"

C L52K""

C L50K"

S E 62K"

C E+3K"

S L72K"

S L 64K"

C L+5K"

C L+2Kb"

C L+IK"

C L40.5K"

C L40Kc

S E+8Ko"

S E46K"

S L57K"c

S L 52K"c

S E43K"
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S E40.5Kb"

S L41.5K"

Continued . . .
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TABLE 4. Continued.

Early

V E 37K

Vaccinia

V E 32K

V E 30K

V E28Kb

Late

V L 35Kc

V L 34Ke

V L 33 K"c

Early

C E 37Ktt

C E 35K"e

Cowpox

V L 25 Kbc

V L231<"

V L22Ke

V E17.5K"

C E 32K

C E 30K

Late

V L20K"c

V L19Kb"

V L18Kc

C E 25K"c

it Virus-induced polypeptide found only in cells pulse-labeled with l''sl-methionine
' Virus-induced polypeptide found only in fraction ated cells labeled with 1''Cl-Ieucine
' Virus-induced polypeptide corresponding in M\V to the virion structural polypeptide identified pre\. IOUsly

(Ikuta at a1. , 1978).

C L 34K"c

V L17Kc

Early

Shope fibroma

C L28K"

ICUcine-rich and methionine-poor.
Attempts were made to compare the ino-

billties of virus-induced polypeptides on SDS-
PAGE. El, von of 15 \7E p. Iyp. ptid*^ (737. )
and 21 of 27 VL p. Iyp. ptid, ^ (78%) co, re
sp. rid. d to U of 14 CE p. Iyp, ptid. ^ (79%)
and 21 of 26 CL p. Iyp. ptid, ^ (81%), re*per-
tively. Thus there is a considerable similarity
between the polypeptides Induced by vac-
cinia and cowpox viruses.

On the other hand, only 4 of 15 VE poly-
p. ptid, * (27%) and 7 of 27 VL p, Iyp, ptid. ^
(26%) c. "re^p, richd to 4 of 13 SE p. Iyp, ptid, ^
(31%) and 7 of 18 SL p, Iyp, ptid, ^ (39%),
respectively. Five of 14 CE polypeptides
(36%) and 9 of 26 CL p, Iyp, ptid, ^ (357, )

V Ll+Ke

C L23Kc

C L22Kc

C E17.5K"

S E 32K

Late

C L 20K"c

C L19Kbc

C L18K"

S E 2+K

C L17K"

S L 30K"

S L28Kc

C Ll+K"

S L23Kc

S ET7.5Kb

S L21Kne

S L20Kc

cone^p. rid, d to 5 of 13 SE p, Iyp, ptid, ^ (3870
and 9 of 18 SL p. Iyp. ptid, ^ (507, ), re^Per~
tively. These results show that Shope fibroma
virus-indticed polypeptides differed consid-
Grably from cowpox virus-induced polypep-
tides, and more especially from vaccinia virus-
induced polypeptides. Four polypeptides
(140K, 88K, 321< and 17.5K) .. mm. n to \IE
and SE polypeptides, and 7 polypeptides
(250K, 52K, 23K, 20K, 18K, 17K and 14K)
common to VL and SL polypeptides, were
also found in CE or CL polypeptides, respec-
tively. These polypeptides may be induced
by all poxviruses used in this study, . The in-
tensities of the bands thus compared were not
necessarily the same.
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S L17K"e

S L16.5K"

S L16Ktt,

S Ll+K"



we previously identified 35 \;V, 36 C\I and
37 S\I polypeptides in vaccinia, cowpox and
Sh. pe fibrom^ vin. us (That^ at a1. , 1978).
The mobilities of these structural polypeptides
of \, in ons were compared with those of virus-
induced polypeptides separated in this work
by SDS-PAGE. The results are shown in
Table 4. Twenty-seven of 42 vaccinia virus-
induced polypeptides a VE and 26 VL
polypeptides) corresponded in INIW to 27 of
35 structural polypeptides of vaccinia virions.
Twenty-six of 40 cowpox virus-induced poly-
peptides (3 CE and 23 CL polypeptides) cor-
responded in M\\I to 26 of 36 structural

Twenty-polypeptides of cowpox
three of 31 Shope fibroma virus-induced poly-
p. ptid*^ co SE and 17 SL p. Iyp. ptid. ^)
corresponded in M\V to 23 of 37 structural
polypeptides of Shope fibroma vinons. \IL-
1001< and CLIOOK polypeptides were the
main late polypcptides while WTOOl< and
CVIOOl< polypeptides were minor polypep~
tides.

of Shope fibroma virus.
We also analyzed the polypeptides of RK13

cells infected with the Dls strain of vaccinia

virus, a mutant strain Isolated by Tagaya at al.
(1961) whi. h produ. *^ " an"fore (S) antig*n "
but does not induce viral DNA or late protein
synthesis in infected RK cells. However,
using the same method we could not detect any
virus-induced polypeptides (data not sho\\, n).

This work shows that most virus-induced

late polypeptides in cells infected with vac-
cinia, cowpox or Shope fibroma virus cor-
respond in kin\I to the vinon structural poly-
peptides identified previously (Ikuta at al. ,
1978), as observed with vaccinia virus by other
workers (Hojowczak and 10klik, 1967; Salzman
and Sebring, 1967). Several virus-induced
early polypeptides also corresponded in A1\V
to virion structural polypeptides Identified
previ. usIy (Ikut, at a1. , 1978). Thus* re^ults
are consistent with the results of recent studies

cmploying tryptic peptide analysis, which
confirmed that some " early " polypeptides
are structural components of vaccinia virions
(Mus, and Rus'ribl"in, 1973). Eight V\',
10 C\I and 14 S\' polypeptides among struc-
tural polypeptides of virions identified pre-
vi. us Iy (That" at a1. , 1978) could n. t b. d, -
tected among the virus-induced polypeptides
identified in this work, probably because they
were minor components of virions, or because
they could not be separated from host cell
proteins.

we suggested previously that \TV41K poly-
peptide detected in vaccinia vinons might be
^ cornp. nont of HA (That^ at a1. , 1978). In
this work also, VL41K polypeptide was not
detected in cells infected with the IHD-\V

strain of vaccinia virus, although it was de-
tected in cells infected with the IHD-I and
Lister strains of \, accinia virus. Since the

IHD-\V strain of vaccinia virus does not pro-
duce HA (Kaku and 1<amahora, 1964; Ichi-
hashi and IVlatsumot0, 1969), these results
support the Idea that \'L41K polypeptide is
a component of HA.

Thirty-two of 40 cowpox virus-induced

vinons.

DISCUSSION

Panning ton (1974) analy", d th, palyp. ptid, , of
BSC, cells infected witlT vaccinia virus or
mock-infected by SDS-PAGE, and reported
about 80 virus-induced polypeptides in sche-
matic form. In this study we identified vac-
cinia, cowpox and Shope fibroma virus-induced
early and late polypeptides in infected RK
cells, and provisionally named them \;E and
VL, CE and CL, and SE and SL, respec-
tively. We compared the mobilities of these
virus-induced polypeptides on SDS-PAGE.

Virus-Induced polypeptides were separated
by SDS-PAGE from cells pulse-labeled with
135Sl-methionine andlor from fraction ated cells
labeled with I"Cl-Ieucine. As summarized
in Table 4, at least 15 species of VE, 27 species
of VL, 14 species of CE, 26 species of CL, 13
species of SE and 18 species of SL polypep-
tides were found. The SL polypeptides were
fewer in number than the \IL and CL poly-
peptides, possibly due to the slower growth
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p. Iyp, ptid. ^ (80%) co"re^p, rid, d in MW to
32 of 42 vaccinia virus-induced polypeptides
(76%). On th, .ther hand, U of 42 recoini,
virus-induned p. Iyp*ptid. ^ (26%) and 14 of
40 cowpox virus-induced polypeptides (3570)
corresponded in MW to 11, and 14 of 31
Shope fibroma virus-induced polypeptides
(359'0 and 45%), respectively. Orthopoxvirus
(vaccinia and cowpox viruses) and Lepori-
poxvirus (Shope fibroma virus) share common
antigens, usually called " nucleoprotein (NP)
antigen ", but their " heat labile and stable
complex (LS) antigen " do not cross-react
(Woodroofe and Fenner, 1962).
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