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ABSTRACT: Nommal, uninfected animal cells have an unique feature, the presence
in their genome of genes (proviruses) idemtical or closely releted to infectious
exogenous retrovirus, The level of expression of these genes varies from individual to
individual; from complete silence to the production of virus particles. Exogenous and
endogenous viras proteins were purified from sonicated viruses passed through a
Scpharose 6B column satured with 6M guanidiniom hydrochloride. The presence of
equivaients of antigens p27 and pl9 was analysed by radioimmunocassay. The
presence of endogenous virus components was investigated in CEF, heart, brain, tigh
muscle and wing muscle of chicken, quail and drake. The funeiion or significance of
the proteins are not known. Immunological, hormonal and environmental factors
remain to be studied.

DESCRIPTORS: Retrovirus; Endogenous virus; virus endogenous expression; RIA.

INTRODUCTION

The retrovirus exhibits an unique feature, their
complete genome or some of their genes might
be presemt in eainfected, normal cells. This chro-
mosome segment is named endogenous and it is
widely distributed in nature, having been charac-
terized not only in birds but also in mammals.
Its existence was first reported by DARLINGTON,
1948% as provirus, a ceflular genetic slement ac-
tivated under special circumstances. More carefull
studies concerning the presence of information
specifying the genome of an RNA twmor virus in
normal cells were carried out by HUEBNER &
TODARO=, The virus specific DNA was proposed
W be vertically transmitted and portions of the
genome were proposed to be expressed during
certain siages of the development. The authors
assumed that in normal adult cells the transcrip-
tion: of the genes would be repressed.

HANAFUSA et al.20 reported that fibroblasts
from certain rormal chicken embryos were ahle
to complement the defectiveness of the RSV
Bryan strain releasing infectious particles. The
fibroblasts contained one component, then calied
chicken helper factor (chf), later on characterized
as an envelope glycoprotein encoded by endoge-
nous viruses present in these cells. VOGT &
FRISS# found espontaneous release of RAV-O vi-
ruses from certain chicken embryo cell lines,
This observation led to the conclusion that the
endogencus genome by itself is certainly defec-
tive: these studies were corroborated by several
authors 520429855 | ater on, the presence of this en-
velope glycoprotein was detected in the majority
of commercial flocks of chicken. Due to the ubi-
quitous presence of the glycoprotein, it was sug-
gested o be harmless to the host organism and
even be advanlageous in certain cases by protect-
ing the host against exogenous infections.

* Do Laboratéric de Biologia Molecular, Virologia, Instituto Adolfo Lutz, Sio Paulo, SP.
** Do Departamento de Bioguimica, Institato de Quimica, USP, Sio Paulo, SP.
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In regard to the presence of the helper factor
and group specific antigen (gs), HANAFUSA et
al.2z and ROBINSON# identified three different
phenotypes in chicken embryos: gs+chi+ show-
ing both properties; genetic experimemnis showed
the segregation of two single dominant alleles ;
gs" « chf® or h-e do not show detectable levels
of g but high levels of helper activity;
and gs - chf ~ which show either very low or unde-
tectable level of both characters. Hybridization
experiments conducted with specific probes
shoewed the absence in the genome of Ul-region
related to exogenous virus in the chicken fibro-
blasts analysed’2. Curiosly, the cells containing
env-3 do not express the structural viral compo-
nent pl3, So far, it has been recognized 16 env-
endogenous species.

The distribution of the endogenous virs dif-
fers tremendously in different species as well as
in the same species. Moreover, the phenotype
expression covers a wide range, going from
complete silence, expression of one component
until the production of a full particle. The expla-
nationn of this phenomenon is not known, al-
though some hypothesis have been postulated,
like the difference in the level of expression
might be due to provirus mutation or chemical
modification of the provirus genome. Methyla-
tion has been shown fo be an important modifi-~
calion!#233334  the relevance of the process was
shown by using 3.azocitidine. JONES & TAY-
LOR3*; GROUDINE et al.®® proposed the methyla-
tion as a cell mechanism to repress the expres-
sion of undesirable genes,

Hybridization experiments have shown the
presence of analogous retrovirus genes in germ
lines of primates. VARMUS & LEVINE (1983)%¢
raised several questions about endogenous
viruges. "Do they arise from normal cellular
genes? Are they derived in different species
from a primordial endogenous provirus in an
ancestral vertebrate? Do they find their way
into germ lnes by intermitent, independent
infectious? What are the benefits and dangers to
a host organism that carries endogenous
proviruges?"”

In the present work, we have tried the purifi-
cation of endogenons virus antigens and their
comparison with the profiles obtained with ex-
ogenous virus particles. The approach used to
measure the expression of these protein was the
radioimmunoassay. The expression of endoge-
nous virus components mainly, p27 and pl9,
were siidied in chicken embrye fibroblasts and
extracts of chicken tissues and organs. Quall and
drake cellular extracis were also analyzed and the
identity of p27 and pl9 in different systems was
investigated.
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MATERIAL AND METHODS
Virus purification

Avian fibroblasts culture supernatants were
clarified by low speed centrifugation (3,500 xg/
30 min./4°C); the supernatants were submitted to
ultracentrifugation {100,000 xg/90min/4°C) to
separate virus particles, The pellet resuspended
in PBS (phosphate saline buffer = 120 mM sodi-
um chicride; 18 mM disodium phosphate and 2.5
mM kalium monobasic phosphate) was layered
onto a 20 to 60% sucrose-TRIS (10 mM pH 7.4)
gradient. After centrifugation at 100,000 xg/
310°C for 180 minutes, the fractions of the gradi-
ent were collected and these fractions were recen-
irifuged at 110,000 xg/90min/4°C. The com-
bined pellets were resuspended in PBS and
dialysed against buffer containing 40 mM
TRIS.HCI pH 7.4; 20 mM sodivm acetaie and
1mM EDTA.

Isolation and purification of structural proteins

Virus particles were disrupied in the presence
of TNE-TRITON X-100 6.2% by sonication and
the sample was suspended in buffer containing
8M guanidine-hydrochloride; 1.5 M beta-
mercaptoethanol and 5 mM EDTA pH 8.0, The
virus extract was applied 10 a column of Sepha-
rose 6B-guanidine hydrochloride and eluted with
buffer containing 50 mM sodium acetate pH 5.0;
20 mM beta-mercaptoethanel and 6 M guanidine
hydrechloride according lo the procedure previ-
ously described by GREEN & BOLOGNESI,

Protein determination

The protein wag determined either by LOWRY et
al.*®* mathod or BRADFORD?® for samples contain-
ing guanidine hydrochloride, Bovine serum albu.
min was used as standard based on Eb= 6.6.

Polyacrylamide sodium dodecy! sulphate gel
electrophoresis {PAGE)

The gel clectrophoresis system used were ei-
ther at 12.5% polyacrylamide concentralion or
5-20% gradient according to the technique de-
scribed by LAEMMLI® and MAIZELs¢. High and
low molecular weight standards were used as
markers.

Cell lines, tissues and extracts preparation

CEF-commereially available chicken embryo
fibroblasts culture; CEF-7.2-chicken embryo fib-
roblasts line 7 subline 2; brain, heart, tigh and
wing muscle from 5 months old chicken (Gallus
gallus domesticus), 30 days old quall (Nothura mac-
ulpsa) and 30 days old drake {Anas platyhynchos).
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The tissues and organs were removed immedi-
ately after bird killing: the fat was taken out and
the tissues and organs were kept in an ice bath.
The material was minced and homogenized in the
presence of TNE buffer containing ImM PMSRE
{phenylmethylsulfoniifluoride} and TRITON X.-
100 0.2%. The excess of debris was discard and
the supernatant centrifuged at 1,500 xg/30min./
4°C and then 10,000 xg/60min./4°C. To clean up
the extracts, the supernatants were centrifuged at
80,000xg/60min/4°C and the final supernatants
were used as "cellular extracts" in the assays.

Radioimmunoassay

The viral and to procedures purified proteins
were labelled with '2*[-Na according to HUN-
TER*, according to technique described elsewhere
2728, These techniques allowed the time of reac-
tion to be reduced to 30 seconds,

Immune serum titre - The titre was defined as
the serum dilution giving 50% precipitation of
Iabelled antigen under specified conditions. Con-
stant amount of labelled antigen plus several di-
lutions of immune serum plus normai rabbit ser-
um were incubated at 37°C for 3 hours and the
reaction completed at 4°C overnight, then the
precipitating sheep antibodies or goat anti-
rabbit IgG were added. The reaction was allowed
to precipitate at 4°C/overnight and subseguently
submitted to centrifugation at 3,500 xg/20min:
the pellet was washed twice with cold TNE and
the radioactivity of the pellet measured in a
ganuma counter,

Competition assay - The competition assay of
the proteins of cellular exiracts were performed in
a system similar to the precipitation reaction,
with the addition of cellular extracts. The amount
of the equivalent of antigen present in the cellular
extract was calculated by comparison with a stan-
dard competition curve prepared by using known
amounts of unlabelled protein as competitor m
the above experimental conditions.

RESULTS
Purification of viruses particles

The virus particles separeted from culture
fluids when submitted to sucrose gradient ultra-
centrifugation showed different banding patterns
depending whether the virus, was exogenous or
endogenous. The exogenous viruses formed only
one layer around the sucrose conceniration of
35%, which is equivalent to a density of 1,16 -
1.18g/m1”8%, The endogenous viruses presented
besides the main layer &t the conceniration of
35%, second band at around 20% and a thixd

layer (lower) between the sucrose concentration
of 50 and 60%. In addition, both endogenous vi-
ruses 1513 and 7.2 presented similar protein pro-
files in PAGE on a gel gradient 5 to 20% (figure
1}. Compared with the molecular weights mark-
ers, 200 X = myosin; 150 K = immunoglobulin;
90 K = phosphorilase B; 45 K = ovalbumin; 30
K = carbonic anydrase; 20 K = trypsinogen and
15 K = beta-lactoglobulin, we could detect the
presence of several components gp85, gp35,
p27, 19, pl5, pl12 and probably a reverse
transcriptase line in the 90 K region. The elec-
trophoresis profiles showed that the layer at
35% coniained the complete virus or infact virus
particles.

The table 1, presents the protein content of
the virus samples obiained after sucrose gradient
centrifugation. The viruses concentrated in the
main layer were used for further processing.

Radioimmuncassay

The purified antigens p27, pl® and pl5 from
exogenous ALV were sucessfully labelled with
125[.Na according to HUNTER™ procedure, giving
specific activilies between 2 1o 3 x 10* cpm/ng
protein.

Immune serum titration - Each immune serum

was titrated in a system containing 0.02 m} *I-p
(40 - 50,000 cpm); 0.02 mi Anti-p in serial dilu-

TABLE1

Sucrose gradient virus purifications:
protein determination

VIRUS SAMPLE TOTAL
PROTEIN®

Endogenous Crude extract 4.50
1515 Upper layer 2.60
Lower layer 1.54
Endogenous Crude extract 9.00
7.2 Upper layer 1.30
Intermediate layer 3.84
Lower layer 2.76
Avian leukosis Crude extract 4.50
Virus {exogenous) Virug layer 4.00

(a) Viras purification carried out by sucrose gra-
dient ultracentrifugation at 110,000g/
S0min/10°C of the vuus suspension.

{b} Protein determination according to LOWRY
et alii 38 refered 10 in Methods.
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tions; 0.03 ml NRS (dil.1:3) TNE buffer to com-
plete the volume to 0.250 ml; a first incubation
37°C/3hr was followed by an overnight incuba-
tion at 4°C; the addition of 0.03 ml GAR or SAR
(dil. 1:36) and then a precipitation to comple-
tion at 4°C/overnight. The pellet was collected
by centrifugation at 3,500 xg/20min., washed
twice and the radioactivity was measured in the
gamma counter. Under the experimental condi-
tions used, the following titre were obtained:
Anti-p27 = 1:2,000, Anti-pl9 = 1:4,000 and
Anti-pl5 = 1:5,000 (table not shown).

The standard competition curve was used to
determine the concentration of the equivalents of
antigen present in the system. It was prepared
by using as standard competitor unlabelled puri-
fied antigen in several concentration. It was al-
lowed to compete with fixed amounts of labelled
antigen, in the combination with the antibody
present in limited concentration under defined
experimental conditions. The figure 2 shows the
standard curves of antigens p27, p19 and pl5 in
the system '%*I-p vs Anti-p respectively.
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PICTURE 1 - Polyacrylamide sodium dodecyl sulphate
gel electrophoresis (5-20% gradient) of virus extracts.
Lanes 1: Endogenous 15I5-sucrose gradient upper
layer; 2: E-151I5 - lower layer; 3: E-15I5 - supernatant;
4: Endogenous 7.2 - upper layer; 5: Endogenous 7.2 -
lower layer; 6 and 7: Molecular weight standards.

4567
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The purification of proteins from exogenous
virus particles was carried out Sepharose 6B-
satured with 6 M guanidine - hydrochloride under
very special conditions (see Methods). The com-
ponents were nicely separated exactly as shown
by GREEN & BOLOGNESI®, Unfortunatelly, the
purification of endogenous virus components
could not be done in the same experimental con-
ditions, since the behaviour is not alike, giving
an indication of -the difference in the properties
of the components. Instead of giving distinct
peaks in the Sepharose column as in the case of
exogenous virus, the collected fractions from en-
dogenous contained all three major antigens, de-
tected by radioimmunoassay. As shown in the

TABLE 2

Protein concentration of fractions eluted from
Sepharose 6B-GuHCL column

SAMPLE® TOTAL PROTEIN®
mg
Crude extract 8.00
Fraction I 0.93
Fraction II 4.68
Fraction III 1.72

(a) 9.0 mg of virus extract disrupted and applied to
Sepharose 6B-GuHCL column (1.4 x 100 cm) elut-
ed with 20 mM sodium phosphate buffer ph 6.5
containing 0.1% beta-mercaptoethanol and 6M-
GuHCL.

(b) Protein content evaluated by BRADFORD
method as refered to in Methods.
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PICTURE 2 - Standard competition radioimmunoassay:
Assay carried out according to description in Materials
and Methods. '*I-p vs Anti-p in dilution equivalent to
serum titre vs unlabelled protein, amount indicated in
the Figure; precipitation with second antibody and col-
lected pellet radioactivity measured in gamma counter.
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PICTURE 3 - Detection of components in the fractions I and 1T eluted from Sepharose 6B-GuHCI column: Competi-
tion assay according 1o procedure described in "Methods”. Y33 1p vs Anti-p vs different amount of fraction [ and I
precipitation with second antibedy; radioactivity of the peliets determined in gamma counter.

TABLE 3

Compesition assay: "*1-p27 vs Anti-27 vs chicken
embryo fibroblasts

Competitor Precipitation® Blockag®
Hg G %
10 58.9 1.1
30 88.7 11.3
60 76.4 23.6
80 12.2 27.8
18¢ 54.4 45.6

(&)

b

(c)

Chicken embryo fobroblasts suspension sonicated
in the presence of TRITON X100 0.2% in the
presence of ImM PMSF, Suspension cenzmifuged
at 1,500 xg/20min/4°C. Further cenirifugations at
10,000 xg/60min/4°C. The supernatant was used
as “extract”,

)

The competiton assay was carried out in a sysiem
containing 0.03 ml NRS dil 1:3; 002 mi Anti-
p27 dil 1:2,000; 0.02 mP? Lp27; competitor in
the indicated concentration, TNE . 2 10 volume
0.25 mi and 0.03 ml GAR dii 1:250. Peliet col-
lected by cenwrifugation and the amount of radiac-
tivity of the pellet measared in gamma counter.
10C% precipitation is the cpm obtainned in a
tube without any competitor.

The percentage of blockage is calonlated by sub-

tracting from 100 the percemiage of precitation in
the columi’,

figure 3, both fractions contained similar
amounts of p27 and plS although the pl9 was
present mainly in the first fraction. The distribu-
tion is indicative of the difficulties of having
the antigens purified by Sepharose 6B-guanidine
- hydrochioride procedure, for sure moge carefu]
studies of the nature of the endogenous virus
proteins should be done.

The expression of the equivalents to epitopes
of antigens p27, pl3 and pl9 in chicken em-
bryo fibroblasts were measured in the system
anajogous to the standard competition assay ex-
cept in this case the competitor was the extract
of chicken embryo fibroblasts. We found very
high level of analogous to p27 and alse expres-
sion of components analogous to pi3, indicat-
ing the presence of endogenous provirus in the
so called normal cells. As shown in the table 3,
30 ug of chicken embryo fibroblasts blocked the
precipitation reaction in about 11,3%, what is
equivalent to 3 ng of p27. On the other hand, 40
Mg contained about 3 ng of pl5.

Several authors'si.3 had shown the expres-
sion of certain viral genomic region in the em-
bryogenesis bug their activity scems to be re-
pressed in the adulthood, There are difference in
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TABLE 4

Cmpetition of normal cells from chicken, quail
and drake in the system *[-p Anti-p

Competitor ng of equivalents
pl9 p27
Brain Chicken 50 17.5
Quail 36.8 33.08
Drake 32.3 —
Hean Chicken 4.8 10.0
Quail zero zero
Drake 58.8 44.3
Wing muscle Chicken 2.1 9.3
Quail 24.5 8.3
Drake 39.5 8.7
Tight muscle Chicken 3.0 4.0
Quail 46.5 10.5
Drake — 2%.9

SYSTEM:Cellular or tissue extracts in several
protein concentration: 0.06 mi NRS
dil. 1:3; 0.02 ml of ™Lp {40-45,000
cpmy; 37°C/3h; 4°C overnight; 0.06
ml SAR: 4°Cfovemight; collected and
counted. Table calculated by normaliz-
ing all competitor protein concentra-
tion to 3.0} mg in order to compare the
level of competition,

the level of repression depending on the tissue
differentiation level. In our experiments there
were a variation of equivalent to viral antigens,
depending not only on the tissues but also on
the source of chicken tested, giving a chie of the
importance of the enviromenial conditions and
the species of bird used. Very little variation in
the amount of p27 and pl5 was found in tigh
muscle using competitor in the range of 75 1o
360 mg. On the other hand, brain and heart ex-
iracts showed considerable level of p27 (1able
4). The reaction was highly specific, there were
no inespecific precipitations, in all assays indi-
vidual controls were carried out.

Cellular extracts from quails were tested in a
system similar to chicken cells, in olher words,
brain, heart, tigh and wing muscles were used as
competitor, Higher expression of p27 analogous
was found in tigh muscle and then wing muscle,
but no competition was found in heart and brain
tissues {table 4).

‘When drake cells extracts were used, there were
no significant vaziation in the level of pl9 in

brain, heart and wing muscle. But, the heart mus- -

cle showed the blockage of 28.73% when 394.4
Mg of tissues was used in the system **1.p27 vs
Anti-p27 vs heart muscle extract (table 4).
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DISCUSSION

Several antempts have been made in order to
set the viral andogencus structural components
of avian retrovirus in the purified form, without
much success, GREEN & BOLOGNESE® improved
the separation procedure for viral exegenous an-
tigens by using agarose gel column in the pres-
ence of 6M-guanidine hydrochloride. This ap-
proach was used previously in order to determine
the protein molecular weight through a simple
relationship of chain lenght and elution volume
in the solvent.

We used Sepharose 6B column satured with 6
M-Gu-HCl, which made the gel system very vis-
cous, being seo, it was necessary to adjust the
flow rate in order to get adequate separation. The
protein diffusion coefficient in 6 M-GuHCI is
usually very low, close to the native protein,
The protein renaturation was achieved by dialy-
sis against a solution containing beta-
mercaptohetanol and EDTA (see Methods). The
viral exogenous aniigens were nicely separated
by this procedure (sce Resulis),

In order to standardized the abbreviations used
in the field AUGUST et al.® suggested a standard
nomenclature for virus compenents: p for pro-
tein; gp for glycoprotein; pp for phesphopro-
tein and Pr for precursors because of the diversi-
ty of abbreviations by several authors.

HIGUCHI2, HIGUCHI & AUGUST?2 tried to
correlate the appearance of deiectable group spe-
cific antigen and cellular transformation, surpris-
ingly at that time they were simultaneous, the
appearance of group specific antigen seemed to
be essential for exogenous virus replication but
not enough to start cell transformation. The im-
portance of p27 of avian system and p30 of mu-
ring virus was extensively studied by Higuchi®®
and HIGUCHI & AUGUST? 2,

Several groups of investigalorss.26.27.83043,49,51,52
developed the radioimmunocassay in order to de-
tect minimal amount of viral antigen or its
equivalent in a system, and also to investigate
the expression of viral genes present in the host
cell,

We used the competition radioimmuncassay
in order to detect the expression of antigens or
its equivalents, We investigated the expression
and the level of the presence of equivalenis (o
p27 and plY in several tissues and organs of
adult chickens as well as in chicken embryo fib-
roblasts. Since the ability to detect them de-
pends on the amount of competitor used no com-
petiion was found at protein concentration in
the range of 0.1 10 0.2 mg. However, when the
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amount of competitor, in the experimental con-
ditions was increased, epitopes of p27 and pl9
were detected!” as shown in table 4 and also of
pl3 (date no shown).

When the system *%I-p27 vs Anti-p27 vs cel-
lular extracts were used, 3.85 mg of chicken
brain material blocked 50% the precipitation re-
action, it was equivalent to 28 ng of p27. On
the other hand, almost twice as much 5.52 mg of
heart extract was necessary o give the same in-
hibition. Surprisingly, tigh muscle and wing
muscle did not shown significant competition
for any of labelled antigens.

The pi9 is associated with genomic RNA and
is linked to lipids and the outer core. Sometimes
it is phosphorilated. It might be important for
RNA packaging6snasso,

A different pattern of expression was found
for pl19 expression; all sample analysed showed
competition, which might be due fo some simi-
larity between the pl9 and some cellular compo-
neats, although the control values were taken
into account. '

When the same tissues and organs extracts
from quail and drake were analysed, similar com-
petition pattern were found, although at different
protein concentrations. The experimenial results
suggest more similarity between the endogenous
proteins of chicken and drake than with the guail
proteins. Moreover, the radioimmunoassay te-
sults showed satisfactory immunological reaction
with the exogenous virus antigens p27, pl9 and
pl3 and she endogenous components, which
strenghens the assumption that the gag genes
are conserved among avian retrovirus.

Making several crosses among white Leghomn
chickens, CRITTENDEN isolated cell sirains,
5.7 and 17 carrying a dominant gene predispos-
mg the cell to sponteneous activation of endog-
enous viruses genomes. The line 7.2 is homozy-
gous for the gene V-E7 and lacks the dominant
host gene Gs and H-E. The line 15 is inducible it
produces non infectious particles by BrdU treat-
ment™ and it is an unique line.

MARTIN et al®® reported the recovery of en-
dogenous retrovirus from baboon, stump-tail ma-
cague and colobus, but, so far, endogenous retre-
viral DNA has not been delected in preparations
with normal human DNA probes.

There are considerable amount of speculations
about the mechanisms used for integrative rec-
ombination of retroviral DNA in the celluiar
chromosome, Surely, there must be an endoge-
nous control, that could be broken by one or
combination of immunclogical, hormonal, en-
viromental factors; mutlagenic elemenis!®s? pro-
motion of transcription of cellular DNA#44s on-
cogenes®4 and transpossonsi+333, It seems to be
particularly important the region of insertion be-
cause it mighi promole or activate the full ex-
pression of relevant genes.
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| RIALAG/TS

SOUZA-FELIPPE, J. M. M. & HIGUCHI, T. — Expressio das proteinas p27 & pl9 de
virus de leucose avidria em célnlas ndo infectadas de galinha, pato e marreco.
Rev. Inst. Adolfo Luiz, 49(23:169-178, 1989.

RESUMO: Células animais nommais, nfo infectadas, aprosentam uma caracteristica
tlinica; a presenga em sew genoma de genes (provirus) idénticos ou estritamente
relacionados a retrovirus exdgenos infecciosos, O nivel de expressfio destes genes
varia de individuo para individuo: do siféncio completo até a produciic de paniculas
virals. Proteinas de virus enddgenos & exdgenos foram purificadas a pantir de  virus
sontcados e passados em coluna de Sepharose 6B saturada com GulICl 6M. A presenga
de equivalentes dos antigenos p27 e pl9 foi analisada por radivimunoensaio, A
presenga de componenies de virus enddgenos foi investigada em CEFR, coragio,
cérebro, miiseulo de asa e misculo de coxa de galinha, codoma & marreco, A fungio ou
significado destas proteinas ¢ desconhecida. Fatores ambientais, hormonais e
imunoldgicos necessilam ser estudados.

DESCRITORES: Retroviras; virus endégeno; expressio de virus endégenos; RIA.

REFERENCES

I. ASTRIN, S. M. -~ Endogenous viral genes of white
Leghom chickens: common site of residence and
sites associated with specific phenotypes of viral
gene expression. Proc, nai. Acad. Sci, 75: 5941-
5, 1978

Z. ASTRIN, S. M., CRITTENDEN, L. B. & BUSS, E. G,
- ev-2; a genetic locus coniainning structural
genes for endogenous virus, codes for Rouse
assocjated virss type-O produced by line 72
chickens. J, Virol,, 33: 250-5, 1980,

3. ASTRIN, §. M. & ROBINSON, H. L. - Gs, an allele
of chicken for endogenous avian leukosis viral
antigens, segregaies with ev-3, & gesetic locus
that contains structural genes for virus. J. Virel.,
31 420-5, 1979,

4. AUGUST, . T., BOLOGNESI, B. P., FLEISSNER, E.,
GILDEN, R. V. & NOWINSKI, R. C. - A proposed
nomenclatare for the vidon proteins of oncogenic
RNA virases. Virology, 60; 595-601, 1974,

5. BARKER, B, ROBINSON, H, L., VARMUS, H. E. &
BISHOP, 1. M. - Analysis of endogenous avian
retrovirus DNA and RNA: viral and celhidar deter-
minanis of reirovims gene expression. Virology,
144: 8-22, 1981.

6. BALUDA, M. A. - Widespread presence in chickens of
DNA complementary to RNA genome of avian leu-

kosis virus. Proc. nat, Acad. Sci,, 69: 576-80, 1972,

7. BAUER, H. & BOLOGNESI, D. P. - Polypeptides of
avian RNA tumor viruses, II. Serclogical caracter-
ization. Virology, 42: 1113-26, 1970.

8. BOLOGNES], D P. & BAUER, H. - Polipoprides of
avian RNA wmor viruses. L. Isolation and physi-
cal and chemical analysis. Virology, 421 1097-
112, 1970.

9. BRADFORD, M. M. - A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing she principle of
protein dye binding. Anal. Biochem., 72: 248-
34, 1976,

176

i0. CALOS, M. P. & MILLER, I. H. - Transposable
elements. Cell, 20+ 579-93, 1980.

11. CHARMAN, H,; KIM, N. & GILDEN, R. V. - Radioim-
munoassay for the major structural protein of ham-
ster type-C viruses. J. Virol, 14: 9107, 1974,

12, COHEN, I. C. - Methylation of milk-bome and ge-
petically transmitted mouse mammary turaor virus
proviral DNA. Cell, 19: 653-66, 1980,

i3. COHEN, 1. C. & VARMUS, H. E. - Endogenons
mammary iumor virus DNA varies among wild
mice and segregates during inbreeding. Nature,
278: 418-23, 1979.

i4. CRITTENDEN, L. B.; SMITH, E. J; WEISS, R. A.
& SARMA P. §. - Host gene conirol of endoge-
nous avian levkosis virns production, Virology,
57: 128-38, 1974,

15, DARLINGTON, C. D. - The plasmagene theory of the
origen of cancer. Br. J. Cancer, 2: 118-26, 1948,

16, DARLIX, 1. L. & SPAHR, P. F. - Binding sites of
viral protein pl% onto Rous sarcoma viras RNA
and possible controls of viral functions. J. Mol,
Biol., 160: 147-61, 1982.

7. FELIPPE, 1. M, M. S. - Caraclerizagic das protefnas
estruwrais dos reirovirus de aves: purificagio, ava-
liagio da reatividade imunoldgica & grau de ex-
pressdo em células normais. Ph.D. Thesis present-
ed to University of Sdo Paulo - Brazil (1983%.

18 GREEN, R. W. & BOLOGNESL, D. P. - Tsolation of
proteins by gel filtration in 6M guanidinium
chloride: application to RNA tumor viruses. Anal,
Biochem., 57: 108-17, 1974.

19. GROUDINE, M., FISENMAN, R. & WEINTRALUD,
H. - Cromatin structure of endogenous retroviral
genomes and activation by an inhibitor of DNA
methylation. Narure, 292; 311-7, 1981,

20. HANAFUSA, T, HANAFUSA, H., MIYAMOTO, T.
- Recovery of a new virss from apparently normal
cells by infection with avian tumor viruses. Prec.
natl. Acad. S¢i., 67: 1797-803, 1970,



SOUZA-FELIPPE, I M. M. & HIGUCHI, T. - Expression of avian lenkosis viras proteins p27 and pi? in vninfect-
ed chicken, drake and quail cells, Rev, Inst, Adolfo Lutz, 49(2):169-178, 1989,

21. HANAFUSA, T HANAFUSA, H,; MIYAMOTO, T.

& FLEISSNER, E. - Exisience and expression of
tamor virns genes in chick embryo cells, Virelo-
gy, 47: 775-82, 1972.

22. HANAFUSA, H.; HANAFUSA, T, KAWAIS, 5. &

LUGINBUEL, R, E. - Genetic control of expres-
sion of endogenous virus genes in chicken cells.
Virology, 38: 439-48, 1677

23. HARBERS, K.; SCHNIKE, A.; STUHLMANN, Ii;

24.

23

26,

27

28

29

30

3

32

JAHNER, D. & JAENISCH, R. - DNA methyla-
tion and gene expression: endogenous retroviral
genome beepmes infections after molecular clon-
ing. Proc. nat. Acad. Sci., 78: 7606-13, 1981,

HAYWARD, W. 8.; BRAVERMAN, §. B. &
ASTRIN, 8. M. - Transcrptional products and
DNA structure of endogenous avian provirus.
Cold, Spring Harbor Symp. Quant, Biol., 44:
1111-21, 1984,

. HAYWARD, W. §; NEEL, B. G. & ASTRIN, S.
M. - Activation of a cellular onc gene by pro-
moter insertion in ALV-induced lymphoid Jeuko-
sis. Nafure, 290: 475-80, 1981,

. HIGUCHI, T. - Caracterizacic imunoldgica, por ra-
diimunoensaio das proteinas estruiurais dos
vimgg tumorais do tpo-C. Sio Paule, 1973,
w..p. Tese de Livre-Docéneia - Instituto de
Quimica, USP.

. HIGUCHI, T. & AUGUST, L T. : Characterization
of tamor virus proteins. I Radioymmunoassay of
the p27 protein of avian virsses. Rev. bras.
Pesg. med. biol, 102 1-14, 1977,

. HIGUCHI, T. & AUGUST, J. T. - Characterization
of tumor virug proteins. I Exapression of the
protein p30 in transformed productive and non-
productive Ki/NKR cells. An. Acad. bras, Ciénc.,
49: 337-47, 1977,

. HISHINUMA, F,; DeBONA, P. J; ASTRIN, S, &
SKALKA, A. M.: Nucleoctide sequences of the ac-
ceptor site and termini of integrated avian endog-
enous provirus ev-1: Integration creates a 6pb re-
peat of host DNA. Cell, 23: 155-64, 1981.

. HUEBNER, R. M; KELOFF, G. I.; SARMA, R.
S, LANE, W. T, & TURNER, H. C. - Group spe-
cific antigen expression during embryogenesis of
the genome of the C-type tumor virus: Implica-
tions for oniogenesis and oncogenesis. Proc.
nat. Acad. Sci., 67 366-76, 1970

. HUEBNER, R, I. & TODARO, G. 1. - Oncogenes
of RNA temor viruses as determinants of cancer.
Proc, nat, Acad. Sci., 64: 1087-94, 1968,

. HUGHES, 8. H; YOGT, P. K.; BISHOP, . M. &
YARMUS, H. E. - Endogenous proviruses of ran-
dom-bred chickens and ring-necked pheasants:
analysis with restriction endonucleases. Virolo-
gy, L108: 222-9, 1981,

33. HUMPHRIES, E. H;; GLOVER, C; WEISS, R, AL

34

& ARRAND, I. R. - Differences belween the en-
dogenous and exogenous DNA sequences of Rous-
associated virus-O. Cell, 18: B03-15, 1979,

. HUNTER, W. M. - The preparation of radiodinated
" proteins of high aciivitly, their reaction with an-
tibody in viras: The radiocimmunoassay. In;
WEIR, D. M. - Handbook of experimental tmmu-

35.

36.

37.

38.

39.

40,

41,

42,

43,

44.

45.

46,

47,

48.

49,

rology, Philadelphia, F. A. DAVIS ed,, 1966. p.
608-43,

JONES, P. A. & TAYLOR, 8. M. - Cellular diffc-
rentiation, cytidine analogs and DNA methyla-
von. Cell, 20: 85.93, 1980.

LAEMMLI, U. K. - Cleavage of structural proteins
during the assembly of head of bacteriophage T4.
Naiure, 227: 6805, 1970,

LEIS, 3. P.: McGINNIS, 1. & GREEN, R. W. - Rous
sarcoma virus pl9 binds 1o specific doubile-
siranded regions of viral RNA: effect of pl9 on
cleavage of viral RNA by RNase I, Virelogy,
B4: §7.98, 1978,

LOWRY, O. H.; ROSENBRGUGH, N. 1., FARR, A.
L. & RANDAL, R. 1. - Protein measurement with
the Folin phenol reagent. J. Biol. Chem., 192:
26575, 1651,

MAIZEL, 1. V. - Polyacrylamide gel electrophore-
sis of viral proteins. Methode Virel, 5: 180-244,
1971,

MARTIN, M. A.; BRYAN, T,; RASHEED, 8. &
KHAN, A. 8. - Idemification and cloning of en-
dogenous retroviral scquences present in buman
DNA. Froc. nat. Acad. Sci., T8: 4892-6, 1981

NEEL, B. G,; HAYWARD, W. 5.; ROBINSON, H.
L.; FANG, J. & ASTRIN, 5. M. - Avian leukosis
virus-induced Lamors have common proviral inte-
gration sites and synthesize discrete viral RNAs:
oncogenesis by promoter insertion. Cell, 23,
323-34, 1981.

NEIMAN, P. B, - Measurement of endogenons leu-
kosis nucleotide sequences I the DNA of normal
avian embryos by RNA-DNA hybridization. Virel-
ogy, §3: 196-204, 1973,

OROSLAN, 8§, & GIHLDEN, R. V. « Primary structure
analysis of retroviras proteins, In “Molecular Biol-
ogy of RNA tamor virases” {J. R, STEPHENSON, ed)
pp. 269-344, Academic Press, N.Y. 1980,

PAYNE, G. 8; COURTNEIDGE, S. A.; CRITTEN-
DEN, L. B FADLY, A. M.; BISHO?, J. M. &
YARMUS, H. E. - Analysis of avian leukosis vi-
ras DNA and RNA in bursal tumors: viral gene ex-
pression is not required for maintenance of the -
mor state. Celf, 23: 311-22, 1981

PEPINSKY, R. B. & VOGT, V. M. - identification
of retrovirus malrix proleins by lipid-protein
cross-linking. J. mol. Biol, 131: 81%-37, 1979,

QUINTRELL, N,; HUGHES, S. H.; VARMUS, I. E.
& BISHOP, 1. M. - Structure of viral DNA and
RNA in mammalian cells infected with avian sar-
coma virus, J. mol. Biol., 143, 363-G3, 1980,

ROBINSON, H. L. - Inheritance and expression of
chicken genes wich are related 1o avian leukosis
sarcoma virus genes. Curr. Top. Microbisl., 53:
i-36, 1978.

ROSENTHAL, P. N.; ROBINSON, H. L.; ROBIN-
SON, W. S,; HANAFUSA, T. & HANAFUSA, H. -
DNA in uninfected and viras-infected cells com-
plementary to avian tumor virus RNA. Proc. nat.
Acad. Sci., 68: 2336-40, 1971.

SCHAFFER, W.; FISCHINGER, P. J.; LANGE, 1. &

177



SOUZA-FELIPPE, I. M. M. & HIGUCHI, T. - Expression of avian lenkosis vires proteins p27 and pi9 in uninfect-
ed chicken, drake and quail celis, Rev. Inst. Adolfo Lutz, 49(2):16%-178, 1989,

PISTER, L. - Properties of mouse levkemia virus-
es. I. Characterization of various antisera and ser-
ological identification of viral components. Vi-
rology, 47: 197-209, 1972.

30. SEN, A. & TODARO, G. I - The genome-
agsociated specific RNA biding proteins of avian
and mammalian type C viruses. Cell, 10: 91-9,
1977.

51 SOUZA, 1. M. M. & HIGUCHI, T. - Estudo compar-
ativo dos determinantes antigénices das proteinas
estruturais dos retrovirus de aves. 1. Isolamento e
purificaciio das proteinas. Arg. Biol. Tecnol, 24:
155, 1981,

52, SOUZA, I. M. M. & HIGUCHI, T. - Studies of the
pl5 structural proteins of avian mieloblastosis
virus. Arg. Biol, Tecnol., 26: M27-308, 1983,

53. STRAND, M. & AUGUST, I. T. - Structural pro-
teins of mammalian oncogenic RNA viruses mul-
tiple antigenic determinants of the major structi-
ral protein and envelope glycoprotein, J. Virol,
13: 17180, 1974,

54. STUHLMAN, H., TAHNER, D.; JAENISCH, R. - In-

fectivity and methylation of retroviral genomes i3
corrshated with expression in the animal, Cell,

178

26: 221-32, 1981

55. TEMIN, H. M. - The RNA tumor viruses-
Background and Foreground. Proc. nat. Acad. Sci.,
69 1016-20, 1972.

36. VARMUS, H. & LEVINE, A. I - Readings in tumor
virology. Cold Spring Harber Laboratory (1983).

57. VARMUS, H. E; QUINTRELL, N. & ORITZ, S. -
Retrovirus as mutagens: inserion and excision of
a noniransforming provirus alter expression of a
resident transfomming provirus. Celf, 25: 23-36,
1981,

58. VOGT, P. K. - Genetics of RNA tumor viruses. In:
Comprehensive virology (ed. H. FRAENKEL-
CONRAT and R, R. WAGNER), New York, Plenum
Press, 1977. v. 9. p. 341-455.

59. VOGT, P. K. & FRUS, R. R. - An avian keukosis
vims related 10 RSV(Q) : Propenties and evidence
for helper acuivity. Virelogy, 43: 223-34, 1971,

60, WEISS, R. A, & BIGGS, P. M. - Leukosis and marek's
diseases of feral red jungle fowl and domestic fowl in
malaya. J. natl. Cancer Inst., 4%: 1713.25, 1972,

Recebido para publicagdo em 17 de maio de 1989.





