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SUMMARY : A 43K protein present in avian myeloblastosis virus has been 
identified as actin by 2D gel electrophoresis and peptide mapping proteo- 
lysis. Electron microscopy of chicken embryo fibroblasts infected with 
different pseudotypes of oncornaviruses treated with anti-actin antibody 
showed positive staining at the level of the virions especially on buds. 

Our results indicate that this actin is unlikely to have been 
artefactually absorbed at the virion surface during its preparation. It may 
therefore play a possible role in the budding of enveloped virions. 

Various non-muscular eukaryotic cells have been found to contain cyto- 

plasmic actin. The functions of actin in non-muscle cells are diverse : it 

has been involved in cell locomotion, transport, secretion and cytokinesis 

(for a review, see 1). 

Recent data suggest that actin is also present in some enveloped 

viruses and that host-cell actin may be incorporated into the virion during 

the process of budding on the plasma membrane (2-4). 

This report concerns oncornaviruses, that are enveloped viruses which 

form by budding from the cell surface. We provide biochemical and also 

morphological evidence that actin is indeed present in avian myeloblastosis 

virus (AMV) and other 

probably carried away 

formation. 

leucosarcomatosis viruses. This protein is most 

from the host-cell during the process of virion 

MATERIAL AND METHODS 

Viruses and cells. AMV purified by two successive centrifugations on sucrose 
gradient was kindly provided by Dr. D. Levy. RAV-1, RAV-2, Sr-RSV-B, 
RSV-RAV-2 were obtained from NIH (Bethesda 100214, USA). Chick embryo fibro- 
blasts (CEF) were grown in culture and infected with the above viruses as 
described (5). 
Immunoenzymatic. Actin was detected in infected CEF by indirect 
immunoperoxidase labelling. Anti-actin antibody was purified from a rabbit 
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anti-actin serum by affinity chromatography (6). Purified rabbit muscle 
actin was a kind gift of Dr. C. Oriol-Audit. Peroxidase-conjugated anti-rabbit 
IgG antibody was from the Institut Pasteur (Paris). Infected CEF were washed 
rapidly with "cytoskeletal" buffer (7) and treated with 0.1 % Triton X-100 
for 30 s, washed for 1 min and fixed with 1 % glutaraldehyde for 10 min. After 
a brief wash in PBS, the cells were treated with 0.1 M L-lysine for 1 h and 
then with trypsin 0.25 % for 15 min at 35'C. Treatment with both antibodies 
was for 1 h at 0.1 mg/ml for anti-actin and at l/100 dilution for the 
peroxidase conjugate. Peroxidase activity was revealed with 3,3'-diamino- 
benzidine tetrahydrochloride (8). The cells were then fixed with 0.1 % OS04 
for 20 min, dehydrated and embedded in siti as described (9). The sections 
were observed in a Siemens Elmiskop II. For conventional electron microscope 
observation the cells were fixed in 1 % glutaraldehyde and proceeded as above. 
Gel analysis. Isoelectric focusing in 9.5 M urea (Schwarz Mann) was performed 
according to O'Farrell (10). The pH ranges of LKB ampholines used were 3.5-10 
and 518 (1:4, v/v). Second dimension electrophoresis or slab gel electro- 
phoresis (both at 12 % acrylamide) were carried out as described (11) with 
twice the concentration of Tris and glycine in the running buffer. Staining 
was done with Coomassie blue. For autoradiography the gels were processed for 
fluorographic detection of radioactivity (12). 

Peptide mapping. Limited proteolysis with S. aWeus V8 protease (1 ng per 
spot, Miles) and peptides revealed by silver coloration (13) were analysed 
according to Cleveland et al. (14). 

CEF protein labelling and extraction. CEF were labelled with 15 uCi /ml of 
35S-methionine (Amersham, 1600 Ci/mmol) for 18 h. The cells were ethanol 
precipitated {15), the pellet was resuspended in actin depolymerization 
buffer (G buffer) : 2 mM Tris, 0.1 mM CaC12, 1 mM 2-mercaptoethanol and 1 mM 
ATP, pH 7.5 (16), and centrifuged (15 min, 27 000 9). The labelled CEF 
soluble extract (18 000 cpm/ ~1) was incubated with viral preparation as 
described in fig. 4. 

RESULTS AND DISCUSSION 

When AMV proteins were analysed by SDS-PAGE a 43K protein was observed 

(fig. 1B) which co-migrated with brain actin (fig. 1A). The ~27, p29 and 

other viral proteins showed an usual pattern. In order to better identify this 

viral component, electrophoretic patterns of the AMV proteins and rabbit 

muscle actin were compared by 2D gel electrophoresis. Fig. 2a and 2c show 

that the viral 43K protein and actin share a similar molecular weight and 

isoelectric point. Moreover, when viral proteins and actin were mixed prior 

to 2D-gel analysis, the 43K viral protein and the actin were observed in 

same region, as expected for actin isoforms (fig. 2B). Further evidence was 

obtained from peptide mapping of these two proteins. After the second 

dimension electrophoresis of the viral proteins, the spot corresponding to 

43K protein was cut out and subjected to digestion by protease V8 (fig. 3B). 

The pattern obtained was very similar to a digestion of rabbit muscle actin 

extracted from a ZD-gel electrophoresis also (fig. 3A). From this first 
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Fig. 1. SDS-PAGE of AMV proteina : A) Actin and tubulin enriched preparations 
from mice brain (a kind gift of Dr. A. Wolff) used here ae molecular markers. 
B) AMV proteins after viral washing with PBS. C) AMV proteins from viral 
washed with G buffer. D) AMV proteins from viral washed with G buffer + 
0.15 M NaCl. AC corresponds to the actin , a and E to the tubulin subunits. 
Note the presence of 43K protein in the three conditions. Some viral proteins 
are indicated. 

series of experiments it was concluded that viral 43K protein is identical to 

actin. Two experiments were performed in order to eliminate the possibility 

that actin could be absorbed onto the virions during the purification 

procedure. 

First, the viral preparation was suspended in G buffer, with or without 

0.15 M NaCl (actin polymerization conditions) (16), and centrifuged at high 

speed (90 minutes, 100 000 g). The viral pellet was washed twice in the same 

conditions before analysis in SDS-PAGE. Fig. 1 shows that repeated washes 

with an actin depolymerisation buffer (fig. 1C) did not remove more actin 

than similar washes with PBS (fig. IB). It therefore seems that actin is 

incorporated into the virion and is not likely to result from an adsorption 

on the viral envelope. 
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Fig. $. 2-Dimensional gel separation : (a) AMV proteins. (b) Mixture AW 
proteins and muscle rabbit actin prior to running. (c) Muscle rabbit actin. 
The p15 and p19 were identified by peptide mapping. AC, actin. 

Fig. ?. Protease Vg digest peptide analysis of purified actin (A), 43K AMV 
protem (B), p15 AMV protein (c), p19 AMV protein (D). 
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Fig. 4. SDS-PAGE of precipitated proteins from mixture of virion samples 
with 3%methionine labelled CEF soluble extract. Tbe mixtures were incubated 
either at O*C (lanes I and 2) or 37°C (lanes 4, 5, 6, 7) for 60 q in and 
washed before running. Lanes I and 4 : IO pl of 3%methionine labelled CEF 
soluble extractweremixed with AMV. Lanes 2 and 5 : 50 ul of the same CEF 
extractsweremixed with AMV. Lanes 3 : IO pl of CEF extract ; 6 : AMV 
proteins ; 7 : muscle rabbit actin. a, Coomassie blue gel staining. b. auto- 
radiogram of the gel. The picture (a, b) shows the upper part of the gel. 

Second, to determine if virus could absorb extraneous actin, viral 

samples were mixed with various coficentrations of 35 S-methionine labelled CEF 

soluble extract, as a source of extraneous actin, and incubated either at C’C 

or 37’C for6Cminutes. The pellets obtained after two centrifugations (90 

minutes, 100 000 g) were run on a SDS-PAGE. The gels were stained with 

Coomassie blue (fig. 4a) followed by autoradiography (fig. 4b). The auto- 

radiogram showed no actin bands and only traces were seen in the 37°C 

incubated samples (lane 5, fig. 4b) besides the actin bands displayed 

similar intensity in the Coomassie-stained gel [lanes I to 6, fig. 4a). 

These experiments indicate that actin is unlikely to be artefactually 

absorbed onto the enveloped viral particles during its purification and 

suggest rather that actin may be an integral viral constituent. 

These results are compatible with the reported strong association of 

an actin-like protein with the Rous sarcome virus ga antigen (17) as well as 

with the description of an actin-like protein in anti gs immunoprecipitates 

of AMV-infected CEF (18). 

We obtained additional data on the presence of actin in virus 

particles using an ultrastructural approach. CEF were infected with AMV, 
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Fig. 5, 6. CEF infected with RSV-RAV-2 treated as for conventional electron 
rmcroscopy. In fig. 6. microfilaments ( -+) may be discerned in the bud 
stems. X 30 COO, X 37 500. 

7, 8. CEF infected with RSV-RAV-2 and stained with anti-actin antibody 
i?- 7 or normal rabbit globulins (8). Note strong positive reaction on buds 
( 4 1. 

Sr-RSV-B, RSV-RAV-2, RAV-1 or RAV-2, stained with specifically-purified 

anti-actin antibodies and examined by electron microscopy. Positive staining 

was observed not only on the microfilaments, but also on the virus particles, 

particularly intense on buds (fig. 7 and 8). Furthermore, conventional 

electron micrograph showed the microfilaments to join the buds (fig. 5 and 

6). This intense staining of the virus buds additionally argues against a 

non-specific absorption of actin. 

A 43K protein had been previously observed in SDS-PAGE from AMV 

proteins. However it was considered as a cellular contaminant (19). More 

recently it has been shown that some Rous associated viruses and also para- 
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myxoviruses contain a 43K protein which behaves like actin (2). It was 

suggested that actin might be present in all enveloped viruses and that 

microfilament might act as an actomyosin system to provide the motile force 

for the extrusion of virions (2, 3). This would be in contradiction with the 

currently admitted opinion of the existence of mechanisms for self-assembly 

and a release of viral particles that would be independent of a contractile 

process. 

Our results indicate that the virus-associated actin molecule is most 

probably of host-cell origin and not a contamination originating from non- 

specific adsorption ; they support the notion (2, 3) that actin microfilaments 

may play an active role in the budding process. 
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