Volume 199, number 2

FEBS 3574

April 1986

Protease gene structure and env gene variability of the AIDS
virus

Teruo Yasunaga*, Noriyuki Sagata and Yoji Ikawa

*Computation Center and Laboratory of Molecular Oncology, The Institute of Physical and Chemical Research, Wako,
Saitama 351-01, Japan

Received 19 February 1986

The protease gene structure and the env gene variability have been precisely compared between the AIDS
virus and members of the HTLV/BLYV family. The conserved amino acid sequence (LVDT) which is repeat-
ed in the proteases of the HTLV/BLV family is not repeated in AIDS virus. Comparative analysis of the
env gene sequences reveals the striking fact that the env gene of AIDS virus is 8-12-times more variable
than those of the HTLV/BLV family. Within the AIDS virus env gene, the surface glycoprotein region is
more liable to vary than is the transmembrane region; unexpectedly, however, this liability is not a charac-
teristic feature of the AIDS virus because it is more prominent in other retroviruses including members of
the HTLV/BLYV family.
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1. INTRODUCTION

AIDS viruses were isolated from patients with
acquired immune deficiency syndrome (AIDS) and
their complete nucleotide sequences have recently
been determined for several AIDS virus isolates,
human T-cell leukemia/lymphotropic virus type
II1 (HTLV-III) [1], lymphadenopathy-associated
virus (LAV) [2] and AIDS-associated retrovirus
(ARV-2) [3]. Earlier, the AIDS virus was con-
sidered to be a member of the HTLV/BLYV (human
T-cell leukemia virus type I and bovine leukemia
virus) family because it shares some biological
properties with members of the HTLV/BLV
family [4]. However, it now appears that the
overall genomic structure of the AIDS virus is
substantially different from that of the HTLV/BLV
family [1-3]. In this communication, we report
some other genomic features of the AIDS virus,
especially focusing on the env gene variability,
which distinguishes this virus from members of the
HTLV/BLV family and from many other
retroviruses as well.
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2. METHODS

Amino acid sequence difference was calculated
as the number of different sites/number of sites
compared. Nucleotide sequence difference at
synonymous sites was calculated as described [5].
A phylogenetic tree was constructed by the
unweighted pair-group clustering method [6].

3. RESULTS AND DISCUSSION

3.1. Phylogenetic relationships of the AIDS virus
to other retroviruses

We have previously constructed a phylogenetic
tree of retroviruses based on the amino acid se-
quence difference data of the endonuclease do-
main of their pol genes, showing that BLV [7] and
HTLV-I [8] are evolutionarily closely related to
each other and constitute a distinct group
(designated type E) of Oncovirinae (a subfamily of
Retroviridae) [7]. Fig.1B shows a newly con-
structed phylogenetic tree which includes the
recently sequenced AIDS virus (HTLV-III isolate)
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Fig.1. Organization of the AIDS virus genome (A} and
phylogenetic tree of retroviruses based on the reverse
transcriptase domain of their pof genes (B). (A) The
genomic structure of the AIDS virus (HTLV-1II isolate
[1]) is represented schematically. Position of the reverse
transcriptase (RT) domain of the pol gene used for
construction of a phylogenetic tree (B) is indicated. The
gag precursor-cleaving protease-coding region (pro) is
also indicated for convenience (see fig.2). (B) The amino
acid sequence of the reverse transcriptase domain of the
pol gene of HTLV-III {amino acid positions 188-405 in
{1]) and its corresponding regions of BLV {7], HTLY-!
{81, HTLV-II {9], RSV (type: Ca virus) {25}, MMTV
{type B) [13], Mo-MuLV (type Cum) [26], CAEV [13],
EIAV [13] and visna [12] are aligned and compared
pairwisely to calculate the amino acid differences: type
E virus equates the HTLV/BLV family [7]. The tree is
constructed by the unweighted pair-group clustering
method [6] using the corrected values of the differences
for multiple substitutions [23]. The evolutionary
relationships of SMRYV (type D) [27] and S8TLYV [10] to
the other retroviruses (indicated as dashed lines) are
inferred from the sequence comparison of their env gene
{for STLV) or endonuclease region of the pof gene (for
SMRY) with those of the other retroviruses.
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and some lentiviruses (Lentivirinae, a subfamily of
Retroviridae): the present tree has been con-
structed based on the reverse transcriptase domain
of the pol gene (fig.1A). The tree clearly shows
that whereas HTLV-I, HTLV-II (human T-cell
leukemia virus type II) [9], STLV (simian T-cell
leukemia virus) {10} and BLYV constitute a distinct
group of retroviruses (HTLV/BLV family or type
E), the AIDS virus (HTLV-III) is not included in
this family. Rather, the AIDS virus should be
classified as a member of lentiviruses which in-
clude EIAYV (equine infectious anaemia virus) [13],
CAEV ({caprine arthritis-encephalitis virus) [13]
and the visna virus [12] {fig.1B); this conclusion
agrees with recent reports [11-13]. It may be in-
teresting to note that the evolutionary relationships
of these lentiviruses are topologically similar to
those of their hosts; CAEV (goat) and the visna
virus (sheep) are more closely related to each other
than to any other lentiviruses.

3.2, Difference in the protease gene structure
between the AIDS virus and members of the
HTLV/BLYV family

We have already reported that the gag
precursor-cleaving proteases of both BLV and
HTLV-I are encoded between (but out of frame
with) the gag and pol genes, although the proteases
of RSV (Rous sarcoma virus} and Mo-MulV
(Moloney murine leukemia virus) are encoded at
the 3'-end of the gag gene and at the 5'-end of the
pol gene, respectively [14]. Recently, it has been
shown that the proteases of both the AIDS virus
and the visna virus, like that of Mo-MuLV, are en-
coded at the 5'-end of the pol gene [1,2,12] (see
fig.1A).

We compared precisely the amino acid sequence
of the protease among various retroviruses. Fig.2
shows conserved sequences in the proteases of
BLV, HTLV-I, HTLV-II, Mo-MuLV, RSV, AIDS
virus and visna virus: there are two sequences
{LVDTGA or its derivatives, and ILGRD or its
derivatives) commonly conserved in  all
retroviruses compared and one additional short se-
quence (LVDT or its derivative) conserved only in
BLV, HTLV-I and HTLV-II (i.e., HTLV/BLV
family or type E virus). Interestingly, the short se-
quence LVDT conserved only in the HTLV/BLV
family is a subsequence of one (LVDTGA) of the
two commonly conserved sequences. Possibly, this
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Fig.2. Comparison of the conserved sequences in the
proteases of the AIDS virus and the other retroviruses.
Highly conserved sequences among the proteases of
BLV [7}, HTLV-I [8], HTLV-II [9], Mo-MuLV [26],
RSV [25], HTLV-III [1] and visna [12] are aligned. The
figures indicate the numbers of the amino acid residues
between the conserved sequences. For HTLV-1, they are
in the parentheses because the potential coding frame for
the protease is interrupted by stop codons and a deletion
[14]. Amino acid positions are indicated for the HTLV-
III protease [1].

short sequence plays an important role in the pro-
tease function in the HTLV/BLYV family because
the longer commonly conserved sequence which
contains it is homologous to the active site se-
quence of acid proteases such as pepsinogen [15].
In contrast, proteases of the AIDS and visna
viruses do not have such a short conserved se-
quence, like those of Mo-MuLV and RSV (fig.2);
this may imply that protease function is somewhat
different between these retroviruses and members
of the HTLV/BLV family. At any rate, the dif-
ferences in both the coding region of the protease
gene and its internal sequence organization
distinguish the AIDS virus from members of the
HTLV/BLV family.

3.3. Comparison of the env gene variability
between the AIDS virus and members of the
HTLV/BLYV family

From both comparison of the amino acid se-

quences and heteroduplex analysis between AIDS
virus isolates, it has been pointed out that the env
gene of the AIDS virus is more highly variable than
the other viral genes such as gag and pol genes
[16—18]. However, to date it was not known to
what extent the env gene of the AIDS virus is
variable as compared with those of the other
retroviruses, To clarify this point, we have per-
formed a detailed comparison of the env gene
variability between known AIDS virus isolates,
and between members of the HTLV/BLV family
as well, using both nucleotide and amino acid se-
quence difference data.
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Table 1 shows that the nucleotide sequence dif-
ferences at synonymous sites for the gag, pol and
eny genes are in most cases nearly identical to each
other when compared in a given pair of
retroviruses; this is consistent with the notion that
the synonymous substitutions usually occur ap-
proximately at uniform rate among different
genes, although the rate of amino acid substitu-
tions for a gene usually differs from gene to gene
[5,22]. Among AIDS virus isolates, ARV-2 is
significantly different from the other closely
related isolates (BH10, H9pv.22, and LAYV, table
1), although the almost identical synonymous
substitutions (8.7—10%, table 1) between ARV-2
and the other isolate indicate that ARV-2 has also
diverged from the common progenitor of the other
isolates. The average value of the nucleotide dif-
ferences at synonymous sites of the three genes
(gag, pol and env) between ARV-2 and the other
isolates is 9.4% and is comparable to that (11.1%)
between BLV-J (Japanese isolate) and BLV-B
(Belgian isolate); this means that the divergence
time between ARV-2 and the other isolates is
roughly equal to that between BLV-J and BLV-B.
In contrast, the amino acid sequence differences of
the gag, pol and env genes (4.0, 3.7 and 14.7% on
average, respectively) between ARV-2 and the
other three AIDS virus isolates are all greater than
those (2.8, 2.2 and 2.5%) between BLV-J and
BLV-B. These results clearly indicate that the
amino acid sequences of all three AIDS virus genes
are more liable to vary than those of BLV.

By simple calculation, it is now possible to
estimate how many times more variable the amino
acid sequences of AIDS virus genes are than those
of BLV. For this, we first assume that the
divergence time between ARV-2 and the other
AIDS virus isolates is equal to that between BLV-J
and BLV-B. In this situation, the ratio of the cor-
rected amino acid difference of an AIDS virus gene
to that of BLV represents the degree of variability
of the AIDS virus gene relative to that of BLV
(here, the amino acid difference (d) is corrected for
multiple substitutions by the equation —In{l ~ d)
[23]). Such ratios of the gag, pol and env genes
become 1.5, 1.7 and 6.4, respectively. Actually,
however, the divergence time (9.4 in terms of the
synonymous substitutions) between ARV-2 and
the other isolates was slightly smaller than that
(11.1) between BLV-J and BLV-B. Therefore, we
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Table 1

Comparisons of nucleotide sequence differences at synonymous sites (%) and amino acid sequence differences (%) of
the three viral genes among pairs of the HTLV/BLYV family and of AIDS virus isolates

Pairs of Nucleotide sequence differences Amino acid sequence
retroviruses at synonymous sites (%) differences (%)
gag pol env (suf. tra.) gag pol env (suf. tra. R)
HTLV/BLV family
BLV-J/BLV-B 12,1 11.1*  10.2  (10.5 9.9) 2.8 2.2° 2.5 3.3 14 2.4
HTLV-I/HTLV-II 75.3 76.9° 82.0 (78.7 87.5) 243 36.9° 309 (36.7 209 2.0
HTLV-1/STLV - - 36.3 (36.3 36.4) - - 6.6 8.0 4.0 2.0
AIDS virus
BH10/H9pv.22¢ 1.8 1.5 1.1 (1.3 0.9) 0.0 0.3 0.9 0.6 1.5 0.4
BHI10/LAV 2.6 2.2 1.7 1.9 1.3) 1.0 1.2 2.1 Q.5 1.5 1.7)
LAV/H9pv.22¢ 0.7 2.2 1.3 ©06 2.2) 1.0 1.3 1.9 .0 1.7 1.2)
ARV-2/BH10 10.0 9.7 9.6 9.9 9.2) 4.2 3.9 146 (165 11.9 1.4
ARV-2/H9pv.22¢ 8.9 9.5 9.3 8.7 10.1) 4.2 4.0 149 (16.5 12.4 1.4)
ARV-2/LAV 8.7 9.0 9.5 94 9.7 3.6 3.2 147 (169 11.6 1.5)

® Three frame-shifted regions (nucleotide positions 1210-1239, 1315-1344 and 1444—1578 of BLV-J and their
corresponding regions of BLV-B) were excluded from calculation

® A frame-shifted region (nucleotide position 3112—3120 of BLV-J and its corresponding region of BLV-J) was excluded
from calculation

¢ Non-homologous region at the 5’-terminus was excluded from calculation; the region used for calculation is
nucleotide position 2590—5184 for HTLV-I and the corresponding portion for HTLV-II

9 H9pv.22 has a single base deletion in the overlapping region of the gag and pol genes, which causes frame shifts in
both gag and pol genes of this isolate. For convenience, we used the same reading frames as those of the other AIDS
virus isolates

The sequence data are taken from BLV-J [7], BLV-B [19,20), HTLV-I [8], HTLV-II [9], STLV [10], BH10 [1], H9pv.22
[21], LAV [2] and ARV-2 [3]. Amino acid sequence difference (%) was calculated as the number of different
sites/number of sites compared x 100. Nucleotide sequence difference at synonymous sites (%) was calculated as
described [5]. For the env gene, separate calculations for the surface glycoprotein region (suf.) and transmembrane
protein region (tra.) were also done and shown in parentheses. R in parentheses indicates the ratio of the corrected
amino acid sequence difference of the surface glycoprotein region to that of the transmembrane protein region. For
both the gag and pol genes of AIDS virus isolates, only non-overlapping regions of the gag (nucleotide positions
347-1629 in [1]) and the po/ (nucleotide positions 18694673 in [1]) genes were used for calculation

can re-estimate that the gag, pol and env genes of
the AIDS virus are respectively 1.8-, 2.1- and
7.6-times more variable than those of BLV, by
multiplying the above ratios by 1.2; the correction
factor 1.2 is calculated as

[—2In(1 —§ x 0.111)]/[—3In(l - x 0.094)],
where

3 4
—;ln(l — sd)

the AIDS virus is as many as 11.6-times more
variable than that of HTLV-I or STLV. Thus, the
present data clearly show that among the three
viral genes the env gene of AIDS virus is especially
highly variable as compared with those of the
HTLV/BLV family.

3.4. Sequence variability within the env gene of
the AIDS virus
It has been thought that within the AIDS virus

gives the corrected value of nucleotide sequence
difference d for multiple substitutions [24].
Similarly, we can also show that the env gene of
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env gene the surface glycoprotein (amino-terminal
half of the env protein) region is extremely variable
as compared with the transmembrane (carboxyl-
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terminal half) region [16,18]. Is this feature more
prominent in the AIDS virus than in other
retroviruses?

To compare the variability of the surface
glycoprotein region of the emv protein among
retroviruses, we calculated the ratio (R) of the
amino acid sequence difference of the surface
glycoprotein region to that of the transmembrane
region in each pair of retroviruses (table 1); for
calculation, each of the differences was corrected
for multiple amino acid substitutions [23]. In pairs
of AIDS virus isolates, this ratio ranges from 1.2
(LAV vs H9pv.22) to 1.7 (BH10 vs LAYV) (table 1).
In pairs of the other retroviruses, on the other
hand, the ratios are 2.4 (BLV-J vs BLV-B), 2.0
(HTLV-1vs HTLV-II), 2.0 (STLV vs HTLV-I) and
2.6 (M-MuLV vs AKV, not shown), which are
significantly higher than the values obtained for
pairs of AIDS virus isolates. Thus, although the
surface glycoprotein of the AIDS virus env protein
is more liable to vary than its transmembrane pro-
tein as previously suggested [16—18], this varia-
bility is rather smaller than those in the other
retroviruses and, therefore, is not a characteristic
feature of the AIDS virus.

Our data quantitatively show the unusually high
variability of the AIDS virus env gene as a whole.
The biological significance and mechanism of this
phenomenon are not known. However, our data
would provide valuable information when one
considers eradication of the AIDS disease by such
a method as vaccination.
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