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The Structural Proteins of Equine Arteritis Virus
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Equine arteritis virus (EAV) grown in Vero, BHK-21, and RK-13 cells was purified by
pelleting, Sepharose 6B chromatography, and sucrose gradient centrifugation. Analysis
of whole gradients by polyacrylamide slab gel electrophoresis and subsequent autora-
diography revealed a large number of proteins in all fractions. Comparison of protein
patterns of virus grown in the different cell systems showed that only three proteins with
molecular weights of 12,000 (VP1), 14,000 (VP2), and 21,000 (VP3) were virus specific.
VP1 is a phosphorylated core protein, while VP3 is a glycoprotein. These findings,
together with data obtained earlier about morphology and RNA of the virion, lend
further support to inclusion of EAV in the family Togaviridae with a possible relation-

ship to lactic dehydrogenase virus.

INTRODUCTION

Based on morphological, physical, and
chemical properties, equine arteritis virus
(EAV) has been classified as a nonarthro-
pod-borne member of the family Togaviri-
dae (for a review see Horzinek, 1973b).
Further support to this classification has
been recently obtained in our laboratory
from studies on the viral genome, which
was shown to be an infectious colinear sin-
gle-stranded RNA molecule of about four-
million daltons (Van der Zeiyst et al.,
1975). Analysis of purified EAV on poly-
acrylamide gels has resulted in the demon-
stration of nine proteins (Hyllseth, 1973)
which would be at variance with the toga-
virus concept since only three structural
polypeptides have been found for most
members of the family. Because of these
considerations and the exceptional ratio
between the estimated coding capacity of
the genome and the sum of the molecular
welghts of its nine reported polypeptides,
the protein composition of EAV was rein-
vestigated.
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METHODS

The following methods have been de-
scribed before (Van der Zeijst et al., 1975):
Culture of BHK-21 cells, preparation of
high-titered virus stocks from BHK-21
clone 13 cells, plaque assay of the virus
and preparation of labeled marker Semliki
forest virus (SFV). Vero and RK-13 cells
were grown in TC 199 medium supple-
mented with 10% calf serum. In this study
a heat-resistant (HR) virus strain of EAV
was used which had been prepared accord-
ing to Burge and Pfefferkorn (1966) by
three cycles of heating virus stocks at 65°
for 3 min and regrowing survivors.

Preparation of radioactive virus. For la-
beling experiments 1n monolayers, the
growth medium was replaced by 10 ml of
Dulbecco’s modification of minimal essen-
tial medium (DMEM) per 75 cm*® Falcon
flask with the following specifications: In
the case of labeling with glucosamine, the
glucose concentration was reduced to 450
mg/liter; for [*S]methionine-labeling me-
thionine was omitted from the medium:;
and for ['*CJamino acid-labeling an amino
acid-free medium was used. Cells were 1n-
fected at multiplicities around 10. Six
hours later label was added (10 ©Ci/ml of
[6-°H]glucosamine, 13 Ci/mmol; 10 «Ci/ml
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of [*>S]methionine, 300 Ci/mmol; 10 wCi/
ml of ["C]Jprotein hydrolysate, 55 mCi/
mAtom, The Radiochemical Centre, Amer-

sham, England). Virus was harvested at

20 hr after infection.

[’H|Uridine-labeled virus was grown in
cell suspensions as described by Van der
Zelst et al. (1975). **P-labeling was carried
out accordingly wusing phosphate-free
DMEM supplemented with 120 uCi/ml of
carrier-free labeled phosphate (The Radi-
ochemical Centre, Amersham, England).
Cells were removed by low speed centrifu-
gation from culture fluids and virus was

pelleted at 100,000 g for 3 hr. Pellet mate-

rial resuspended in 0.3 ml of TES buffer
(0.02 M Tris-HCIl, 1 mM EDTA, 0.1 M
NaCl, pH 7.4) was passed through a 0.9 x
4.0-cm Sepharose 6B column and layered
on top of a 20-50% (w/w) sucrose gradient
in the same buffer. Centrifugation was at
50,000 rpm at 5° 1n a SW50L rotor for 3 hr.
Gradients were sampled in 250-ul frac-
tions.

Polyacrylamide gel electrophoresis. The

slab gel technique described by Studier
(1973) with the gel system of Laemmli
(1970) was used. After electrophoresis (50
V, 6 hr) gels were stained using 1% Coom-

assie blue 1n acetic acid-water-methanol

(7-43-50% by vol) for 2 hr. Gels were de-
stailned 1n the same solution, dried in
vacuo on Whatman 3 MM filter paper, and
autoradiographed on RP Royal X-omat
film (Kodak, Rochester, N.Y.). Cylindrical
gels (13%), prepared according to Maizel
(1971), were fractionated and counted as
described previously (Van der Zeijst et al.,
1975).

Preparation of viral nucleocapsids. Gra-
dient-purified EAV material was mixed
with two volumes 1.5% Triton X-100 in
TES buffer and kept at room temperature
for 5 min. Subsequently, nucleocapsids
were separated from envelopes by centrif-

ugation at 20° in an 1sokinetic sucrose gra-

dient in TES buffer containing 0.1% Triton
X-100. Centrifugation was carried out 1n a
SW50L rotor at 46,000 rpm for 45 min. The
gradient was calculated as described be-
fore (Van der Zeiyst and Bloemers, 1975)
for a top concentration of 15% (w/w) and an
assumed particle density of 1.4 g/ml. Ma-
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terial from peak fractions was further con-
centrated by precipitation with 5% trichlo-
roacetic acid; after washing the pellet with

acetone 1t was resuspended in disintegra-
tion buffer according to Studier (1973).

RESULTS

Under the conditions described virus ti-
ters of approximately 3 x 10" PFU/ml were
reached in BHK-21 cells at the beginning
of cytopathic changes, 20 hr after infec-
tion. At this time a maximal amount of
[*’S]methionine-labeled virus was found
after concentration of the virus and purifi-
cation 1n a sucrose gradient. Figure 1A
shows that the peak of radioactivity in the
sucrose gradient coincides with the maxi-
mum of infectivity. After 3 hr of centrifu-
gation the virus had just reached its buoy-
ant density position of 1.155 g/ml. Aliquots
of every gradient fraction were analyzed
by electrophoresis in a polyacrylamide
slab gel (Fig. 1B). Autoradiographs re-
vealed a large number of protein bands
present 1n all fractions. Three proteins
with molecular weights of 12,000, 14,000,
and 21,000, however, were found accumu-
lating at the position of the virus. These
three proteins were also found in extracts
of cells treated with 1 wg/ml of actinomy-
cin D and labeled from 5 to 7 hr after
infection with EAV, whereas they were
absent from control cells (data not shown).
[t was concluded that at least these three
proteins are present in the virion; how-
ever, other polypeptides, e.g., the promi-
nent 32,000-daltons protein, also might be
of viral origin, although they were not
consistently encountered in the systems
studied.

Further purification of the virus would
have been the most direct way to detect
other possible viral proteins which might
be obscured by the cellular contaminants
present 1n most of the gradient fractions.
Because of significant losses a different
approach was chosen. Since contaminants
would differ in different cell systems,
[*’S]methionine-labeled virus grown in
BHK-21, Vero, and RK-13 cells were used
In a comparative analysis. For virus
grown 1n Vero and RK-13 cells the incorpo-
ration of label was comparable to BHK-21



202

ZEEGERS, VAN DER ZEIJST AND HORZINEK

u.ﬂ'.l'.ll_

. |
f’ré

10000

:

355 -methioning 0—0 (counts/min)
o
-

3
-

I
=
ke
S)

l--
3
density g/cm?
\
o
wn
pfux10

SRR AT |

A 15

120

[ml e—e

=10

| \/a\
:-crm\ /’J \ \u/q\:
-4 |
A . ‘L \5_.0,1
““v-”'-d
i 6 & 4 lllIL.lH".L\"-H::‘-_-:.
[:'IU
— 8
<
ST
)
—— ._6
T
o)
F—o
i =
" — =0
i
L e e i - - -
[ ok
i
< - 2 lE:“
3
w -
el B
. (B
. Vo
€

1 S 10

15 20

fraction number

Fic. 1. Isopycnic banding and electrophoretic analysis of gradient fractions of EAV. (A) [*’S]methionine-
labeled virus grown in BHK-21 cells was purified in a 20-50% sucrose gradient and assayed for hot

trichloroacetic acid-precipitable radioactivity (O
fractions (A

O) and infectivity (@
A) was calculated from the refractive index. (B) Twenty-microliter aliquots of each fraction

®). The density of gradient

were analyzed by electrophoresis in a polyacrylamide slab gel. Molecular weights were determined using 2
ug of the following marker proteins: Bovine serum albumin (BSA. MW = 68,000), glutamate dehydrogenase
(GDH. MW = 53.000), ovalbumine (MW = 43,000), cytochrome ¢ (MW = 11,000).

orown virus; no other proteins than those
with molecular weights of 12,000, 14,000,
and 21,000 were concentrated in all three
EAV preparations at the positions of viral
infectivity (Fig. 2). We have designated
these proteins as VP1, VP2, and VP3, re-
spectively.

In Figs. 1 and 2 it is shown that VP3 has
incorporated little [*S]methionine. This
appeared not to be due to a low methionine

content of this protein, since it 1s also
poorly labeled using ['*Clamino acids (F1g.
4C). When assuming a comparable effi-
ciency of labeling for each of the proteins
the molar ratios between VP1:VP2:VP3
would be about 27:5:1 (Fig. 4C).
Nucleocapsids were isolated by centrifu-

gation in a sucrose gradient after treat-
ment with 1% Triton X-100. If prepared

from [*Hluridine-labeled virus they con-
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Fic. 2. Comparison of proteins present in EAV
grown 1n Vero (A), BHK-21 (B), and RK-13 (C) cells.
|"’S]Methionine-labeled virus was purified and ana-
lyzed as indicated in Fig. 1. Only fractions contain-
Ing maximum virus titers are shown.

tained all the tritium label. EAV capsids
sedimented slightly faster (158 S) than
those of SFV (142 S) (Fig. 3). Nucleocap-
sids of virus labeled with [*S]methionine
contained 52-54% of the total radioactivity
(F1g. 3). Electrophoresis of this material in
a polyacrylamide slab gel revealed that
VP1 1s exclusively found in this structure
and must therefore be regarded as the nu-
cleocapsid protein (Fig. 4A). Electrophore-
sis of purified **P-labeled EAV in the same
gel demonstrated that VP1 is phosphoryl-
ated. The radioactivity at the position of
VP1 was not attributable to RNA or phos-
pholipids since no label was lost after incu-
bation for 2 hr at 37° with 1% Triton X-100,
RNAse, and phospholipase C (20, respec-
tively, 200 wg/ml, Boehringer, Mannheim,
West Germany). Furthermore when nu-
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cleocapsids were prepared of **P-labeled
EAV all radioactivity precipitable with
cold trichloroacetic acid (50% of the total)
was encountered in the 158-S structure.
About 6% of the total phosphate label was
precipitable with hot trichloroacetic acid.

When [’H]glucosamine-labeled virus
was analyzed together with ['"*Clamino
acid-labeled EAV serving as a reference, it
was found that 50% of the radioactivity
accumulated at the position of VP3 (Fig.
4D).

DISCUSSION

It has been demonstrated that EAV pos-
sesses three structural polypeptides with
molecular weights of 12,000 (VP1), 14,000
(VP2), and 21,000 (VP3), respectively. Par-
allel electrophoretic analysis on polyacryl-
amide slab gels has shown that these pro-
teins were confined to gradient fractions
containing infectious virus, whereas sev-
eral additional bands extended through
the gradient in a random manner. If only

secimeniation coeffcient (S )
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Fic. 3. Isolation of nucleocapsids of EAV.
[’HJuridine- (@——®) and [**S|methionine-
(O O) labeled virus grown in BHK-21 cells was
treated with Triton X-100 and capsids were purified
by sucrose gradient centrifugation. The arrow in-
dicates the position of SFV capsids in a parallel
gradient.
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Fic. 4. Polyacrylamide gel electrophoresis of
proteins from EAV and its nucleocapsid. (A) 1s an
autoradiograph of a slab gel. The other panels are
the results of sliced cylindrical gels. The virus was
ocrown in BHK-21 cells. (A) Nucleocapsid protein
from |*S|methionine-labeled virus (lane 1), the 1n-
tact virus (lane 3) and **P-labeled virus (lane 2). (B)
EAV labeled with [*S|methionine. (C) EAV labeled
with |'"*CJamino acids. (D) Coelectrophoresis of EAV
labeled with ['*CJamino acids and |*H|glucosamine.
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peak fractions of a gradient are analyzed,
the specificity of protein bands is difficult
to assess, especially when no criteria for
purity are available. This may be offered
as an explanation to the conflicting results
obtained with another nonarbo togavirus,
rubella virus, for which three (Vaheri and
Hovi, 1972) and eight (Liebhaber and
Gross, 1972) structural proteins, respec-
tively, have been claimed. Further proot
for the viral nature of the three polypep-
tides in our experiments comes from a
comparison of electropherograms of KAV
orown and labeled in different cell lines.

Our present findings and earlier reports
on virion morphology and substructure
(Horzinek et al., 1971) and RNA (Van der
Zeijst et al., 1975) permit definite inclusion
of EAV in the Togaviridae family. Yet
with respect to the molecular weights of
the structural polypeptides, it would not
fit into any of the established genera (Ta-
ble 1). A close similarity becomes appar-
ent, however, if lactic dehydrogenase virus
of mice (LDV) is included in the compari-
son, which has independently been consid-
ered a Togaviridae family member (Mel-
nick, 1970; Horzinek, 1973a) on the base of
its particle structure, RNA and polypep-
tide composition (Horzinek et al., 1975;
Darnell and Plagemann, 1972; Brinton-
Darnell et al., 1975; Michaelides and
Schlesinger, 1973; Brinton-Darnell and
Plagemann, 1975). EAV and LDV share a
number of additional properties which dis-
tinguish them from alpha- and flavivi-
ruses (Horzinek, 1973a,b); further studies,
particularly on a possible antigenic rela-
tionship must show whether these viruses
should be assigned the taxonomic status of
a genus.
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TABLE 1
COMPARATIVE LISTING OF TOGAVIRUS STRUCTURAL POLYPEPTIDES

Virus Molecular weights x 10" References
Alphaviruses 53-50 G” 32-30 N
53-50 G see Horzinek, 1973
Flaviviruses 60-50 G 14-13 N 9-8
LDV 28 G 17 13 N Michaelides and Schlesinger,
1973
44-24 G 18 15 N Brinton-Darnell and Plage-
mann, 1975
EAV 21 G 14 12 N Present report

“ G = glycoprotein.
" N = nucleocapsid protein.
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