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Identification of the Bovine Leukemia Virus

Transactivating Protein (p34*)

L. Willems, R. Kettmann, D. Portetelle, and A. Burny

A. Introduction

Enzootic bovine leukosis (EBL) has been
recognized as a neoplasm of infectious ori-
gin for half a century. The agent, bovine leu-
kemia virus (BLV), is a retrovirus discovered
in 1969 in short-term cultures of peripheral
lymphocytes from animals with persistent
lymphocytosis, a benign response to BLV in-
fection. A virus distantly related to BLV was
more recently identified as the etiological
agent in the vast majority of cases of adult T
cell leukemia and named for that reason hu-
man T-lymphotropic virus I (HTLV-I) [20].
The pathologies of BLV- and HTLV-I-in-
duced diseases are notably similar, namely
absence of chronic viremia, a long latency
period, and lack of preferred integration
sites in tumors. A second human virus, cal-
led HTLV-II, was identified in the Mo T cell
line, derived in 1976 from the spleen of a pa-
tient with T cell-variant hairy cell leukemia
[2, 10]. Other isolates of HTLV-I and -II
have since been obtained around the world.
Both viruses not only transform normal T-
lymphocytes but might also very well be in-
volved in a number of degenerative diseases
of the nervous system.

The genomes of HTLV-I and -II show a
nucleic acid sequence homology of about
60%. Relatedness between HTLV-I and
BLYV varies from 30% to more than 50%,
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according to the genes under consideration
[22, 23, 27]. Sequence similarities between
the virion proteins of BLV, HTLV-I, and
HTLV-II have also been reported [3, 18].
Moreover, the three viruses have in common
the fact that they contain several overlap-
ping open reading frames located between
the env gene and the 3’ long terminal repeat
(LTR). In these three cases, proteins coded
by that region of the genome have been
shown to transactivate the LTR of the
provirus, hence their generic name of tat
proteins (for transactivation of transcrip-
tion) [13, 31, 34].

As a 34- to 38-kD protein predominantly
located in the nucleus of the infected cell
[28], the putative tat BLV product p34* [26]
is highly similar to the 42- and 38-kD prod-
ucts encoded by HTLV-I and HTLV-II [6,
32]. That transactivating proteins play key
roles in tumor induction and maintenance is
strongly suggested by the observation that
the SLTR and 3’ region of the provirus are
always conserved in BLV-induced tumors,
even in cases where extended proviral dele-
tions have occurred [12]. The lack of — or the
very limited — expression of the tat gene
product in BLV-induced tumors, even those
propagated in vitro, argues in favor of BLV
acting as an inducer of the neoplastic process
and not as a maintenance determinant.

In this study we identified the protein
product of the long open reading frame
(LOR) gene, transcribed it in the SP6 sys-
tem, and produced p34* protein in reticulo-
cyte lysates. The expressed native protein
was used as an antigen to raise rabbit poly-
clonal antibodies. We further showed that
most tumorous cattle and infected sheep



harbor antibodies to p34*. Combined with
the transactivation effect observed by Rosen
et al. [26] with the same gene construct, our
data strongly suggest that p34* is the tat gene
product.

B. Results

Fetal lamb kidney (FLK)-BLV polyA*
RNA was used as a template for cDNA syn-
thesis. The double-stranded cDNA, an-
nealed with EcoRI linkers, was cloned in
Agt10. The library was screened with probes

ing to the known sequence of BLV provirus
[22, 23, 27, 29], and in comparison with the
HTLV-1 and HTLV-II systems, it was infer-
red that the subgenomic mRNA coding for
p34* should contain sequences hybridizing
to probes 1 and 2 but that it should be de-
void of sequences complementary to probe
4. Probe 1 partly corresponds to the LOR
encompassing the information for 308
amino acids. Probe 2 expands over the 3’ end
of the pol gene, the env, and the 5’ part of the
X region. Among the clones satisfying the
above requirements, one (BL-1) was se-
lected, subcloned in pBR322, amplified, and

1,2, 3,and 4, asillustrated in Fig. 1. Accord- sequenced by the dideoxynucleotide
A
a
LTR GAG POL ENV X LTR
| |
probes 8 8 l Xh &lc P
3 | 2 1
. 4
| |
Xh | P
b BL1 ____._%\\ p J____
\' ~ d j.
' N /
‘ N7 !
iPOL [XBL1
GATGGGTAAG  _ TTAAGGAAGT
M A
B

Fig.1A,B. Characterization of the BL1-cDNA
and construction of the expression plasmid
pSP64-BL1.
A a: Localization of the BLV probes on the BLV
provirus. B, BamHI; C, Cla1; P, Pvull; Xh, Xhol.
These probes were identified by DNA sequencing
‘not shown) and have been used previously [14]. b:
>matic representation of the BL1-cDNA
- The splicing site between the methionine
iation codon (at positions 4868—4870) [28,
e entire BL-1 LOR (beginning at posi-

tion 7246) generates an alanine (4) codon {30].
The two restriction endonucleases Xhol (Xh) and
Poull (P) were used to subclone the coding region
of BL-1 into the pSP64 plasmid.

B Construction of plasmid pSP64-BL-1. The
Xhol-Pvull fragment of BL-1 was subcloned into
the Sall (S)-Smal (SM) sites of the pSP64 plasmid
[17], according to Maniatis et al. [15]. SP, SP6
promoter; ORI, replication origin; R, ampicillin
resistance gene; P, Poull
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Fig. 2. Expression of p34*. The techniques used
were essentially those described by Butler and
Chamberlin [1] and Renart and Sandoval [21].
Briefly, 5 pg of pSP64-BL1 DNA was digested to
completion with Pvull and transcribed in vitro by
the SP6 RNA polymerase (Amersham) at 37 °C
for 2 h. RNA was capped by means of a cap ana-
logue (m’ G ppp G, Pharmacia) as described by
the Amersham manufacturer. One microgram of
the capped RNA was translated at 37 °C for 1 h
in 20 pl of rabbit reticulocyte lysate supplemented
with unlabeled amino acids [19]. The translation
products were analyzed according to Renart and
Sandoval [21]. The blotted p34* protein was re-
vealed by 50ul of sera to be tested and
5x 10* cpm of 1?5I-labeled protein A (specific ac-
tivity: 3 x 107 cpm/pg). Lane I, normal rabbit
serum; /ane 2, rabbit anti-p24 polyclonal serum;
lane 3, rabbit serum raised [7] against synthetic
peptide RFPRDTSEPPLS of the p34* protein
[23]; lane 4, normal bovine serum; lanes 5 and 6,
persistent lymphocytosis sera of cows 285 and 928
respectively; lanes 7 and 8, bovine tumor cases 15
and 82; lane 9, molecular weight markers

method. It was shown to contain 2353 base
pairs consisting of 993 bp from the 3’ end of
the pol gene ending at the splice-donor se-
quence GATGG/GTAAG and of 1360 bp
from the X region including 924 bp repre-
senting the LOR (or putative tat gene) and,
starting at CAAGT, a fragment immediately
following the splice-acceptor sequence
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TCTTTTAAG (Fig.1). The BL-1 clone thus
derived from a spliced mRNA whose AUG
is very close to the end of the pol/ message, 44
nucleotides downstream from the putative
AUG of env mRNA.

The BLV restriction fragment (Xhol-
Poull) containing the coding region of BL-1
was subcloned into the pSP64 plasmid. The
recombinant plasmid was used to transform
the HB101 strain of Escherichia coli. RNA
from this clone was synthesized in vitro by
the SP6 RNA polymerase and translated
into a 34000-dalton protein (p34*) in rabbit
reticulocyte lysates.

Figure 2 illustrates Western blot experi-
ments performed with reticulocyte lysates
expressing p34*. A 34000-dalton product is
specifically recognized by a serum raised
against a synthetic peptide whose sequence
has been deduced from the putative COOH-
terminus of the X LOR protein (lane 3). No
p34* was revealed by either normal (lane 1)
or anti-BLV p24 (lane 2) rabbit serum. p34*
is also recognized by various sera from tu-
mor-bearing BLV-infected cattle (lanes 7
and 8), although no p34* was revealed by
sera from animals with persistent lymphocy-
tosis (lanes 5 and 6).

The data encountered in a limited epi-
demiological survey for anti-p34* antibodies
are summarized in Table 1. Most (22 of 24)
bovine sera from tumor-bearing animals
harbored anti-p34* antibody, detectable by
Western blotting. Many sera (6 of 8) from
cattle with persistent lymphocytosis re-
mained negative. Almost all BLV-infected
sheep (23 of 25), whether in tumor phase or
simply infected, without hematological dis-

Table 1. Response of BLV-infected animals to
p34*

Species  Stage of the disease Western blot
analysis
- +
Cattle Persistent 6 2
lymphocytosis
Tumorous case 2 22
Sheep  Antibody carrier 0
to BLV gp51
Tumorous case 2




Fig. 3. Comparison of in vivo and in vitro synthe-
sized p34*. p34* was expressed as described in the
legend to Fig.2. Subcellular localization of p34*
has been described previously [6]. 4, In vitro syn-
thesized p34*. Lane 1, normal rabbit serum;
lane 2, rabbit serum raised against synthetic
peptide RFPRDTSEPPLS of the p34%; lane 3,
rabbit serum raised against p34* made in retic-
ulocyte lysates. B, FLK nuclei lsyate. Lane 4,
rabbit serum raised against synthetic peptide
RFPRDTSEPPLS of the p34*; lane 5, rabbit
serum raised against p34*

orders, reacted positively with p34*. The lat-
ter result possibly reflects the high suscepti-
bility of sheep to BLV infection and the high
level of BLV replication in lymphoid and
epithelioid sheep cells. Bovine cells are less
susceptible to BLV replication, a fact re-
flected by the persistent, rather low antibody
titer found in BLV-infected cattle. In gen-
eral, anti-BLV antibody titers increase to
high values (10°) only in the tumor stage of
the disease. We are thus inclined to think
that detection of anti-p34* antibody in BLV-
infected non-tumorous cattle might require
even more sensitive techniques.
Reticulocyte lysates programmed by BL-1
RNA were injected (three successive injec-
tions of 40 pl lysates at 2-week intervals)
into a rabbit and elicited an excellent anti-
p34* response. This rabbit polyclonal anti-
body (Fig.3, lane 3) and the antisynthetic
peptide rabbit serum (Fig. 3, lane 2) revealed

the presence of p34* in SP64-BL-1 RNA-
programmed reticulocyte lysates. The same
antisera also recognized a p34* product in a
nuclear extract of BLV-infected FLK cells
(FLK-BLV) (Fig.3, lanes 4 and 5). The
straightforward interpretation of these data
is that the proteins made in vitro or in vivo
are very similar, thus ruling out significant
posttranslational modifications.

A plasmid expressing the BL-1 informa-
tion was used in co-transfection experiments
with a plasmid containing the chloramphe-
nicol acetyl transferase (CAT) gene under
the control of the BLV LTR. The spectacu-
lar increase of CAT expression demon-
strates that p34* is a powerful transactivator
of BLV LTR i the cell system used [26].

It is an established fact that the level of
transactivation and, hence, viral gene ex-
pression depend upon the cell line examined,
thus suggesting that cell proteins are manda-
tory and play a role in proviral transcription
[4, 5, 24-26, 31-34]. Through such interac-
tions, it is commonly inferred that infection
by HTLV-I, -11, or BLV leads not only to ac-
tivation of viral genes but also to modifica-
tion of expression of normal cellular genes,
and this can be a first step toward malignant
transformation. In the HTLV-I and -1I sys-
tems, genes such as IL-2, the IL-2 receptor,
and genes for class-II proteins of the major
histocompatibility complex are target candi-
dates for tat 1 [8] and tat 2. The functional
similarity between the BLV and HTLV
transactivator products suggests that ex-
pression of the tatg; y product (p34*) may in-
duce expression of cellular genes involved in
target cell proliferation. Overexpression of a
few genes, however, does not explain the en-
tire transformation process, because of the
long latency period and monoclonality of
the tumor. We are thus led to speculate that
BLV-induced leukemogenesis is a multistep
mechanism initiated by tat.

We propose two explanations for the fact
that p34* expression is the first event in a
cascade leading to cell transformation and
leukemia or lymphosarcoma. Moreover, the
very limited expression of p34* in cultured
tumor cells indicates that maintenance of
transformation is independent of p34* ex-
pression [11].

Explanation 1: Expression of p34* leads
with low frequency to expression of a cell
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protein critical for cell proliferation, modu-
lating positively its own expression and act-
ing as a repressor of p34* expression. A
model of this kind of interaction is the 4
phage system in the interplay between genes
C; and C, for establishment of lysogeny.

Explanation 2: Expression of p34* in-
duces with low frequency chromosomal ab-
normalities that definitely stabilize the trans-
formed state. There are numerous examples
of chromosomal rearrangements in
neoplasia, such as the translocation of the
Philadelphia chromosome in CML [9], the
various translocations affecting the myc on-
cogene in Burkitt’s lymphomas [35], and the
chromosome breaks bc/ 1 and bcl 2 in B cell
lymphomas [36, 37]. Taking as an example a
situation recently described in yeast [16], we
imagine that p34* expression leads with low
frequency to an imbalance of histone-class
proteins, which in turn induces chromosome
abnormalities.

Cultured BLV-induced tumor cells sys-
tematically show karyotypic aberrations
(Yu G, in preparation). It remains to be seen
whether they are present in vivo or induced
during establishment of the culture.

Finally, it can also be hypothesized that
explanations 1 and 2 can be combined, chro-
mosomal abnormality being a facultative
consequence of p34* expression.

Leukemogenesis by BLV is a complicated
network of interactions, among which p34*
plays the initial role. It contributes to bring-
ing the target cell into the transformed state;
from then on, the cell proliferates and ex-
pands as the tumor clone.
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