Location of the Trans-Activating Region on the Genome

of Human T-Cell Lymphotropic Virus Type III

Abstract. The retrovirus involved in acquired immune deficiency syndrome
(HTLV-III/LAV) contains a region that is necessary for stimulation of gene
expression directed by the viral long terminal repeat. This region is located between
nucleotides 5365 and 5607, immediately 5' to the envelope gene. A doubly-spliced
message containing this region could encode an 86—amino acid protein with
structural features similar to those of nucleic acid-binding proteins.
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Human T-cell lymphotropic virus type
III (HTLV-III/LAV) is the etiological
agent of the acquired immune deficiency
syndrome (AIDS) and associated dis-
eases (/). Like HTLYV types I and II and
the related bovine leukemia virus (2),
gene expression directed by the long
terminal repeat (LTR) of HTLV-III is

Fig. 1. Structure and trans-

stimulated in trans in infected cells (3).
The virus-associated trans-acting factors
are specific for the infecting virus and
have been postulated to play critical
roles in increasing viral gene expression
and possibly in pathogenesis (2, 3).

Trans-activation of the HTLV-I and
HTLV-II LTR’s is mediated by a novel
gene product (4). In addition to the virion
structural proteins and reverse transcrip-
tase, the genomes of HTLV-I and -II
encode 42- and 38-kilodalton (kD) pro-
teins, respectively (5). These nuclear
proteins (6) are encoded by a gene called
tat, for trans-activating transcriptional
regulation, located within the pX region
between the envelope glycoprotein gene
and the 3’ LTR (7).

Identification of the region in HTLV-

III that is responsible for trans-activa-
tion was not possible by direct analogy
with HTLV-I or HTLV-II since the orga-
nization of the HTLV-III genome differs
from that of the other HTLV’s. Five long
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striction endonuclease cleavage sites (shown above the deletion endpoints), in some cases in the
presence of ethidium bromide to promote partial digestion. All deletion mutants utilize HTLV-
III LTR sequences responsive to trans-activating factors as promoters. The promoter for
plasmid pA(83-5365/8053-9296) and derivatives consists of HTLV-III LTR sequences from
—167 to +83. All 3’ orf-related sequences are deleted from this promoter, which retains the
ability to respond to trans-activating factors (/4). The zig-zag lines mark the position of
polyadenylation and splice signals derived from the SV40 small t-antigen coding region.
Transfections were carried out as described in the legend to Table 1. The percentage conversion
of chloramphenicol to its acetylated forms was measured after transfection of HelLa (human
epithelial) or H9 (human T lymphocyte) cells with the test plasmid and the pU3R-III CAT
plasmid; a 1-hour time point and equivalent amounts of protein lysate were used for each

reaction. ND, not determined.
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open reading frames have been identified
in HTLV-III (Fig. 1) (8). In addition to
the gag, pol, and env genes, there are
two open reading frames, one located
immediately 3’ to the pol gene (sor) and
one 3’ to the env gene (3’ orf) (8). Nu-
merous other open reading frames that
could encode polypeptides of 10 kD or
smaller also exist (8).

Recently, a complete clone of HTLV-
III proviral DNA was shown to produce
infectious virions upon transfection into
lymphocytes (9). Initially, we deter-
mined whether trans-activating factors
specific for the HTLV-III LTR could be
expressed by this complete proviral
clone. Lymphoid and nonlymphoid cells
were cotransfected with a plasmid that
contained the complete HTL V-III provi-
rus (pHXBc2) and an indicator plasmid
that contained the HTLV-III LTR 5’ to
the gene for chloramphenicol acetyl-
transferase (CAT) of Escherichia coli
(pU3R-III CAT) (3, 10). Cotransfections
were also done with the pSV2CAT plas-
mid, which contains the SV40 early pro-
moter 5’ to the CAT gene (10). Cells of
lymphoid and nonlymphoid lineage were
used as recipients. At 48 hours after
transfection, CAT enzyme activity,
which correlates with CAT messenger
RNA (mRNA) levels (/1), was assayed,
providing a measurement of promoter
strength for the sequences 5’ to the CAT
gene. All experiments to be described
were performed at least twice with a
range of values of not more than *+30
percent of the reported value. The effect
of plasmid pHXBc2 on CAT activity
directed by pSV2CAT was the same as
that of a control plasmid that contained
only the HTLV-III LTR sequences (pIII)
(Table 1). By contrast, a marked stimula-
tion of LTR-directed CAT activity was
observed in pU3R-III CAT after cotrans-
fection with pHXBc2 but not with the
negative control DNA. We conclude that
the entire HTLV-III provirus in plasmid
pHXBc2 encodes trans-acting factors
that stimulate HTLV-III LTR-directed
gene expression.

The stimulation of LTR-directed CAT
activity by the HTLV-III provirus in
clone pHXBc2 was seen in all cell lines
examined (Table 1). These included fe-
line epithelial cells as well as human
lymphoid and epithelial cell lines. Thus,
neither efficient promoter activity nor
trans-activation of the HTLV-III LTR is
restricted to cells that normally serve as
targets for viral infection. This observa-
tion demonstrates that, unlike the mu-
rine leukemia viruses (/2), cell type-
specific restriction of LTR-directed gene
expression is not a major determinant of
the tropism of these viruses.
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The stimulation of HTLV-III LTR-
directed CAT activity in the cotransfec-
tion experiments was less than that ob-
served in the same cell lines infected
with HTLV-III (3). This difference may
be due to the lower levels of viral protein
expressed transiently in transfected cells
as compared with those produced in in-
fected cells (/13). To determine if the
effect observed in the cotransfection ex-
periments was qualitatively the same as
that in infected cells, the response of
CAT plasmids that carried alterations in
the HTLV-III LTR sequences affecting
in vivo trans-activation (/4) was ana-
lyzed in cotransfection experiments with
the pHXBc2 plasmid. The LTR mutants
that could respond to trans-activating
factors in virus-infected cells also re-
sponded to factors produced upon co-
transfection with the pHXBc2 plasmid
(Table 2). Those LTR mutants that had
lost the ability to respond to the factors
present in infected cells were not activat-
ed by cotransfection with the pHXBc2
plasmid. We conclude that the stimula-
tion of HTLV-III LTR-directed CAT ac-
tivity observed upon cotransfection with
pHXBc2 DNA is qualitatively the same
as the effect observed in cells infected
with HTLV-III virions.

To understand what regions of the
HTLV-III genome are necessary for de-
termining trans-activation, deletions
were introduced into the pHXBc2 plas-
mid. All deleted plasmids retained an
LTR capable of trans-activation as a
promoter element. Because the HTLV-1
and HTLV-II trans-activating proteins
are encoded by the 3’ end of the genome
(4), our initial effort focused on testing
deletions in this part of the HTLV-III
genome (Figs. 1 and 2). Plasmids with
deletions of major portions [pA(8053-
8474)] or all [pA(8053-9296)] of the 3’
long open reading frame (3’ orf) had
nearly the same trans-activating activity
as the wild-type pHXBc2 plasmid. Plas-
mid pA(5928-8595), in which almost the
entire env gene and the 3’ open reading
frame are deleted, retained trans-activat-
ing ability, albeit at a reduced level com-
pared to the pHXBc2 plasmid. In plas-
mid pA(83-5365/8053-9296), all of the 3’
long open reading frame sequences in the
5' LTR were also deleted, yet the plas-
mid retained the ability to stimulate
HTLV-III LTR-directed CAT expres-
sion (see below). These experiments ex-
clude the 3'-orf and the complete env
gene as sequences required for trans-
activation.

Plasmid pA(4227-5323) has the entire
potential coding region designated sor
deleted. This plasmid retained most of
the trans-activating ability of the wild-
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Fig. 2. Typical CAT assays after cotransfec-
tion into H9 (A) or HeLa (B) cells. Conver-
sion of chloramphenicol (CAM) to its acety-
lated form after a 60-minute reaction is
shown. CAT plasmids utilized for transfection
were pU3R-III (lanes A1-AS5), pSV2CAT
(lanes B1 and B2), or pSV2/-17 (lanes B3 and
B4). Cotransfected plasmids used were plII
(lanes Al, B1, and B3), pHXBc2 (lane A2),
pA(8053-9296) (lane A3), pA(5928-8595) (lane
A4), and pA(83-5365/8053-9296) (lanes AS,
B2, and B4).

type plasmid. Thus, sor is not necessary
for trans-activation.

Deletion of the region from nucleo-
tides 3410 to 5928 in the plasmids capa-
ble of trans-activating HTLV-III LTR
gene expression consistently resulted in
a loss of activity (Fig. 1). For example,
although pA(4227-5323) was competent
for trans-activation, plasmid pA(3410-

TAG

5928) exhibited no trans-activating abili-
ty. The 3’ boundary of the necessary
region was determined by placing SV40
polyadenylation signals at nucleotide po-
sitions 4227, 5365, and 8053. While
pA(8053-9296) retained trans-activating
ability, plasmids pA(4227-9296) and
pA(5365-9296) were inactive. We con-
clude that the 3’ boundary of the region
necessary for trans-activation lies be-
tween 5365 and 8053. The actual 3’
boundary is likely to be between 5365
and 5928 since plasmid pA(5928-8595)
also showed trans-activating ability.

To define the 5’ border of the region
necessary for trans-activation, the
HTLV-III LTR was placed at nucleo-
tides 5365, 5584, and 5607. Plasmid
pA(83-5365/8053-9296)  trans-activates
the CAT plasmid containing the HTLV-
III LTR, but plasmids pA(58-5584/8053-
9296) and pA(83-5607) do not (Fig. 1).
This indicates that the 5’ boundary of the
region necessary for trans-activation lies
between nucleotides 5365 and 5584. Fur-
thermore, sequences from 5365 to 8053
are clearly sufficient for trans-activation,
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shown beneath the
genome. Dark horizontal
bars represent exons and
thin diagonal lines introns
(AAA, polyadenylation
site). The nucleotide se-
quence of this region (8) is
shown in the lower figure.
Viral isolate designations
are at the left. Restriction
endonuclease cleavage
sites and splice donors
(SD) and acceptors (SA)
are noted (8, 15). The
splice donors and accep-
tors depicted with dark ar-
rows are those probably

used for production of the trans-activating protein. The splice acceptor depicted with the open
arrow is also used (8, 15), probably for mRNA encoding the 3’ open reading frame. The
translated amino acid sequence of the open reading frame in this region is shown above the
nucleotide sequence. The open bar above the amino acid sequence delimits a highly conserved
stretch of basic residues typical of nucleic acid-binding proteins located in the nucleus (/6). The

asterisks indicate stop codons.
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since pA(83-5365/8053-9296) was as ac-
tive as the wild-type pHXBc2 clone in
the cotransfection assay. The pA(83-
5365/8053-9296) plasmid trans-activated
the same HTLV-III LTR mutants as did

the wild-type plasmid (Table 2). Thus,
trans-activation by pA(83-5365/8053-
9296) is both quantitatively and qualita-
tively similar to that observed for the
complete proviral clone.

Table 1. Cotransfection in different eukaryotic cell lines. Cotransfection of CAT plasmids and
plasmids to be tested for trans-activating ability were carried out with 2 pg CAT plasmid DNA
and approximately 2 pg test plasmid DNA, the latter adjusted so that molar equivalents of DNA
were used. For adherent cells, 1 x 10° cells were transfected overnight by calcium phosphate-
DNA coprecipitation (2). For cells grown in suspension, the DEAE-dextran technique (19) was
employed, with 1 X 107 cells per transfection. Forty-eight hours after transfection, CAT lysates
were prepared by freeze-thawing (2). CAT assays were done with equivalent amounts of protein
from each lysate (approximately 200-300 ug protein per assay) as described (10), except that the
final acetyl coenzyme A concentration in the reaction mix was 3 mM. At 10-, 30-, and 60-minute
time points, reaction mixes were evaluated by thin-layer chromatography for percentage
conversion of chloramphenicol to acetylated forms. The time points for the values shown in the
table were chosen so that values fall within the linear range of the assay.

Cell line Description CAT Cf?zgta::is- Cs;g::z?
senp plasmid DNA chloram-
phenicol (%)
HeLa Human cervical carcinoma pSV2CAT pllII 6.3
epithelial cells pHXBc2 4.3
pU3R-III plII 0.8
pHXBc2 55.3
H9 Human T lymphocytes pU3R-III pllIl 0.2
pHXBc2 21.7
HUT78 Human T lymphocytes pU3R-III pllI 0.33
pHXBc2 12.0
Raji Human B lymphocytes pU3R-III plII 0.66
pHXBc2 76.0
CCCS+L~ Feline kidney epithelial pU3R-III pllIl 0.5
cells pHXBc2 52.0

Table 2. Effect of cotransfected DNA on CAT plasmids. Transfections and CAT assays were
carried out as described in the legend to Table 1, with 1 X 10° HeLa cells as recipients. The
construction of the CAT plasmids and an evaluation of their responsiveness to trans-activating
factors present in cells infected with HTLV-III are as described (14). Relative CAT activity is
the ratio of chloramphenicol conversion to acetylated forms obtained in H9 cells infected with
HTLV-III to that obtained with an equivalent amount of transfected DNA, protein lysate, and
reaction conditions in uninfected H9 cells (/4).

CAT Relative peipes
. Promoter CAT Cotransfected DNA
plasmid activit chloram-
¥ phenicol (%)*

pSV2CAT SV40 early region 1.0 plIL 6.3
promoter pHXBc2 4.3
pA(83-5365/8053-9296) 5.1

pU3R-III HTLV-III LTR 400-800 plll 0.8
(—453 to +83) pHXBc2 55.3
pA(83-5365/8053-9296) 65.2

p-167 HTLV-III LTR 400-800  plII 2.9
deleted to —167 pHXBc2 95.7

from the cap site pA(83-5365/8053-9296) 98.2

p-167/+21 Same as above but 1.0 pllI 0.7
R region deleted pHXBc2 0.6

to +21 pA(83-5365/8053-9296) 0.7

pRSV/-44  Rous sarcoma virus 170 pIII 0.7
enhancers at —44 pHXBc2 55.8

of HTLV-III LTR PA(83-5365/8053-9296) 61.2

pSV2/-17 SV40 enhancer and 40 pllI 0.9
promoter at —17 pHXBc2 31.6

of HTLV-III LTR pA(83-5365/8053-9296) 42.6

pHEP/-17 HTLV-I enhancer 1.0 plll 0.6
and promoter at pHXBc2 1.5

—17 of HTLV-1II pA(83-5365/8053-9296) 1.3

*Measured after a 1-hour reaction period.
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These studies define a region from
positions 5365 to 5928 that is necessary
for the ability to trans-activate the
HTLV-III LTR. Expression of this re-
gion is a prerequisite for efficient trans-
activation, as a plasmid that contains this
region without 5’ promoter sequences
[pA(-453-5365/8053-9296)] was almost in-
active in the cotransfection assay.

Knowledge of the HTLV-III splicing
patterns provides insight into how this
genomic region might be expressed.
Multiple double-spliced messages with
exons including this region have been
identified in infected cells (8, 15). The
nucleotide sequence contains a splice
acceptor followed by a methionine co-
don. This codon initiates an open reading
frame that could encode a protein 72
amino acids long (Fig. 3). Immediately 5’
to the stop codon is a splice donor (8,
15). The corresponding splice acceptor
at position 7955 precedes an in-phase
open reading frame capable of encoding
an additional 14 amino acids. The poten-
tial protein product of the two exons is
86 amino acids long. Deletion of se-
quences contained within the intron did
not affect the trans-activating ability of
plasmids. For example, plasmids pA(83-
5365/8053-9296) and pA(83-5365/6617-
7198/8053-9296) exhibited comparable
activities in stimulating HTLV-IIT LTR-
directed CAT expression in the cotrans-
fection assay (Fig. 1).

When the putative downstream exon
is deleted, as in plasmid pA(5928-8595), a
truncated protein of 72 amino acids en-
coded by the upstream exon can be
made. Since plasmid pA(5928-8595) still
showed trans-activating ability, the resi-
dues encoded by the second exon must
not be essential to the activity of the
putative protein product. In plasmid
pA(83-5365/5607-7719/8053-9296), a stop
codon has been placed at position 5612,
precluding use of the second exon and
prematurely terminating translation from
the first exon. This plasmid still zrans-
activated, even though its potential pro-
tein product lacks 19 carboxyl terminal
amino acids compared to the wild-type
protein. The open reading frames are
well conserved among the different
HTLV-III/LAV isolates. However, the
ARV-2 strain of HTLV-III is altered such
that the second putative exon could en-
code 28 rather than 14 amino acids. These
observations suggest that some hetero-
geneity in the carboxyl terminus of the
putative trans-activating protein is per-
missible without compromising function.

Amino acid residues 49 through 57 in
the potential product of this region com-
prise a strongly basic domain (Fig. 3).
Such arginine- or lysine-rich regions
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have been found in several nuclear pro-
teins that bind to nucleic acids (16). This
basic stretch is invariant among the
HTLV-III isolates examined (8). No ho-
mology exists between the potential
product of this region and other se-
quenced proteins, including the tat prod-
ucts of HTLV-I, HTLV-II, and BLV.

The conserved nature of this open
reading frame among different AIDS vi-
rus isolates, the inclusion in spliced
mRNA, and the dramatic reduction in
trans-activating ability of proviruses
with this reading frame deleted suggest
that the potential protein product is in-
volved in trans-activation. Since some of
the deletion mutants containing this open
reading frame exhibit slightly decreased
trans-activating ability compared to the
wild-type provirus, these data do not
exclude the possibility that additional
viral products play auxiliary roles in
trans-activation. These results are con-
sistent with studies of the HTLV-III
trans-activating factor by means of com-
plementary DNA (cDNA) expression
vectors (15).

Characterization of the genomic re-
gions of HTLV-I and HTLV-III encod-
ing trans-activating factors, as well as
their target sequences in the LTR, allows
a comparison between trans-activation
in these two viruses. In both viruses,
trans-activation is accompanied by an
increase in steady-state levels of LTR-
directed RNA, with no replication of the
template DNA (/4, 17). Both the HTLV-
I and HTLV-III target sequences in the
LTR are located near the promoter ele-
ment (TATA box) and include sequences
3’ to the mRNA start site (14, 17). Trans-
activating factors do not stimulate the
enhancers of either HTLV-I or HTLV-
III (14, 17, 18). Both trans-activating
factors can be made from multiply
spliced mRNA’s, which is unusual for
retroviral messages (¢4, 8, 15). However,
the location of the trans-activating re-
gions on the genome and the sizes and
characteristics of the potential protein
products differ. Another difference is
that sequences 5’ to the promoter of
HTLV-I are necessary for the response
to trans-activating factors (/7). This is
not the case for HTLV-III, in which the
LTR sequences responsive to trans-acti-
vation are located between —17 and +80
(I14). Thus, while the mechanism of
trans-activation of the HTLV-I LTR ap-
pears to be an increase in the rate of
transcription initiation, the mechanism
whereby HTLV-III LTR-directed gene
expression is increased in infected cells
remains an open question.

The expression of host cellular genes
might also be regulated by the trans-
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activating factors synthesized by the
HTLV’s. The expression of the HTLV-
III trans-activating factor in specific T-
lymphocyte subpopulations may result
in the inappropriate expression of lethal
or growth-suppressive genes. The avail-
ability of plasmids exclusively express-
ing the trans-activating factor should al-
low a direct test of this hypothesis.
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Immunocytochemical Detection of Acetylcholine in the

Rat Central Nervous System

Abstract. A specific antibody to acetylcholine was raised and used as a marker for
cholinergic neurons in the rat central nervous system. The acetylcholine conjugate
was obtained by a two-step immunogen synthesis procedure. An enzyme-linked
immunosorbent assay was used to test the specificity and affinity of the antibody in
vitro; the results indicated high affinity. A chemical perfusion mixture of allyl alcohol
and glutaraldehyde was used to fix the acetylcholine in the nervous tissue. Peroxi-
dase-antiperoxidase immunocytochemistry showed many acetylcholine-immunore-
active cells and fibers in sections from the medial septum region.
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Institut de Biochimie Cellulaire et
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Although the importance of acetylcho-
line (ACh) among the putative neuro-
transmitters has long been recognized,
little is known about its distribution in
the central nervous system (CNS). What
little we do know about the organization
of CNS cholinergic neurons has been
derived from the visualization of acetyl-
cholinesterase, the degradative enzyme
for ACh (1), and of choline acetyltrans-
ferase, the biosynthetic enzyme for ACh
).

These approaches have been helpful,
but the most desirable method would be
direct visualization of ACh. Until now,
however, a specific marker for the ACh

molecule has been lacking. We report
here the synthesis of an antibody to ACh
and its use as a specific marker for
cholinergic neurons in the CNS.

Two conditions must be met to obtain
specific antibodies against small mole-
cules: (i) the native structure of the mole-
cule must be conserved in the immuno-
gen and (ii) the antigenic determinant
group should not exceed the sequence of
three amino acid residues or their equiv-
alent (3). Acetylcholine cannot be chemi-
cally conjugated (4) like other neuro-
transmitters (5). Therefore, to produce
antibodies to ACh and fulfill the criteria
for immunorecognition, we had to devel-
op an immunological strategy compatible
with the chemical structure of this mole-
cule (Fig. 1).

Acetylcholine conjugates were synthe-
sized with choline, glutaric anhydride,
and polypeptides in order to conserve
the structure of ACh (6). The conjugates
were injected into four rabbits by a modi-
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