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A coding region homologous to the sequence for essential eukaryotic enzyme dUTPase has been identified in
different genomic regions of several viral lineages. Unlike the nonprimate lentiviruses (caprine arthritis-
encephalitis virus, equine infectious anemia virus, feline immunodeficiency virus, and visna virus), where
dUTPase is integrated into the pol coding region, this enzyme has never been demonstrated to be present in the
primate lentivirus genomes (human immunodeficiency virus type 1 [HIV-1], HIV-2, or the related simian im-
munodeficiency virus). A novel approach allowed us to identify a weak but significant sequence similarity be-
tween HIV-1 gp120 and the human dUTPase. This finding was then extended to all of the primate lentivirus
lineages. Together with the recently reported fragmentary structural similarity between the V3 loop region and
the Escherichia coli dUTPase (P. D. Kwong, R. Wyatt, J. Robinson, R. W. Sweet, J. Sodroski, and W. A. Hendrick-
son, Nature 393:648–659, 1998), our results strongly suggest that an ancestral dUTPase gene has evolved into
the present primate lentivirus CD4 and cytokine receptor interacting region of gp120.

The role of the dUTPase protein is to produce dUMP to
decrease the intracellular concentration of dUTP so that uracil
cannot be misincorporated into DNA (12). This enzyme, es-
sential in eukaryotes (4), has been acquired by multiple viral
lineages (11). dUTPase sequences are highly variable, and no
position is strictly conserved in an alignment (2) of sequences
from mammals, yeast, plants, Escherichia coli, and viruses,
making it impossible to derive a suitable consensus sequence to
retrieve all dUTPases from sequence databases. On the other
hand, dUTPases from the same subfamily (e.g., from lenti-
viruses) are too closely related to build a motif capable of
retrieving distant relatives by using current methods.

Kwong et al. (6) have recently determined the structure of
the human immunodeficiency virus type 1 (HIV-1) envelope
glycoprotein gp120. Although this structure has no precedent,
the authors noticed fragmentary structural similarities between
the outer domain of gp120 and unspecified segments of the E.
coli dUTPase (7). However, they were unable to find evidence
of any sequence relationship to confirm this. Given that most
nonprimate lentiviruses are known to encode a dUTPase, we
further investigated this coincidence and were able to detect a
subtle but significant sequence similarity between human
dUTPase and the gp120 of primate lentiviruses.

A new approach that takes advantage of the high variability
between dUTPases was used to capture some invariant prop-
erties of the dUTPase sequences. Starting from an alignment
of lentivirus dUTPases (from caprine arthritis-encephalitis vi-
rus, equine infectious anemia virus, feline immunodeficiency
virus, and visna virus; SwissProt accession no. P33459, P03371,
P16088, Q84809, and P35956, respectively), we discarded all
strictly conserved positions as noninformative and concen-
trated instead on the positions for which the contrast between
residue variability and invariance of the hydropathy index (5)

was the strongest. A regular expression motif, spanning 113
positions and allowing one gap of up to four residues, was then
designed to capture these most informative (hydropathy-wise)
positions:

[VCA][PAQ],.3.[MTHFS],.25.[TAIG],.25.[QGN],.2.[CMLI]
,.3.[GNST],.2.[NASGE],.27.[NSVIT],.15.,.?4.[FYI]

where ,.n. denotes a fixed spacing of n successive positions
occupied by any of the 20 amino acids and ,.?n. denotes a
variable spacing (i.e., gap) of 0 to n positions. Brackets enclose
the choices of residues allowed at a given position.

This highly degenerate pattern was used to scan (9) the vi-
ral section of the GenBank database and located a putative
dUTPase similarity in frame with the env gene product of two
different HIV-1 strains (AL and Z3; GenBank accession no.
U95476 and K03347, respectively). To assess the statistical
significance of this finding, a synthetic database of one million
sequences was generated by repetitive randomization of the
gp120 sequence of the HIV-1 subtype B strain HXB2 (Gen-
Bank accession no. K03455). Three hundred forty-one occur-
rences of the pattern shown above were found, leading to an es-
timated P value of 3.4 3 1024.

The two identified HIV-1 env-encoded amino acid sequences
were then aligned with all known dUTPases (2) to determine
their closest relative. Interestingly, the highest similarity was
obtained with the human dUTPase (GenBank accession no.
P33316).

The human dUTPase sequence was then aligned with the
gp120 consensus sequences (10) for HIV-1 groups O and M
(subtypes A to H). In pairwise comparisons, each HIV-1 sub-
type had 21 to 25 identical residues to the human dUTPase
sequence (Fig. 1). Despite the variability of HIV-1 sequences
in this region, the combined multiple alignment exhibited 16
strictly conserved positions and spanned 140 of 145 residues of
the human dUTPase (Fig. 1). Such a 16-residue consensus
pattern was not found to occur in a synthetic database of 10
million randomized gp120 sequences, a finding that corre-
sponds to a high statistical significance (P , 1027). Its biolog-
ical relevance is confirmed by the fact that when the viral
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section of the GenBank database was scanned, 775 sequences
(all corresponding to HIV-1 gp120) were found to exhibit this
consensus.

The gp120 sequences of the various primate lentivirus lin-
eages are very divergent, and their simultaneous alignment
introduces numerous insertions and deletions, obscuring their
individual relationship with the dUTPase sequence. Indeed,
the pairwise alignments of human dUTPase with gp120 of
various HIV-1, HIV-2, and simian immunodeficiency virus
(SIV) sequences exhibit comparable levels of similarity (22 to
28 identical residues) (Fig. 2). Thus, all primate lentivirus
gp120 sequences appear evolutionarily equidistant from the
human dUTPase sequence.

In contrast to other lentiviruses, primate lentiviruses lack a
dUTPase activity (3, 18). Other viruses are known to have
incorporated the dUTPase gene at different locations (mostly
in the pol region) in their genomes (2, 3). Thus, it is tempting
to postulate that the central portions of HIV and SIV gp120
envelope proteins (residues 218 to 380 in Fig. 1) may have
originated from the insertion of a mammalian dUTPase. Based
on the HIV-1 gp120 three-dimensional structure (6, 14), this
area involves mostly b-sheets and the V3 loop. Similarly,
dUTPase structures show a predominance of b-sheets (7, 13).
Nine of the strictly conserved residues (Leu 33, Lys 52, Ile 55,
Pro 70, Ile 80, Gly 83, Gly 85, Gly 98, and Leu 120; numbered
according to the E. coli dUTPase sequence [7]) cluster in the

core of the dUTPase b-barrel or are located in the conserved
b-sheets of the known dUTPase structures (7, 13). This sug-
gests that their conservation is important in maintaining the
overall fold. CD4 binding involves three critical residues in
gp120: Asp 368, Glu 370, and Trp 427 (6). Asp 368 and Glu 370
are among those conserved in our alignment (Fig. 1) and in
that with the other primate lentiviruses (Fig. 2). The V3 loop,
involved in the chemokine receptor binding (14), is also re-
markably central to the putatively dUTPase-derived region.

By itself, the sequence homology identified here is not suf-
ficient to discriminate between convergent or divergent evolu-
tion. However, the fact that the human dUTPase is the closest
relative to primate lentivirus gp120, and appears equidistant
from these now-divergent sequences, argues that the gene en-
coding it was acquired by an ancestral lentivirus from its host,
before the separation of the main primate lentivirus lineages.
Presumably, the enzymatic role of dUTPase evolved to the
current receptor function, accelerating the loss of sequence
similarity while retaining part of the original fold (6). The loss
of dUTPase activity may bear some evolutionary advantages
for the virus, such as increasing its mutability (8, 18) and
inducing its latency in nondividing infected macrophages and T
cells (16, 17). Alternatively, the loss of dUTPase might have
been compensated by the function of the vpr gene in primate
lentiviruses (1).

FIG. 1. Alignment of the human dUTPase (DUTH) sequence with consensus sequences (10) for HIV-1 subtypes A to H and group O. Sixteen positions shown in
red are strictly conserved. Other consensus residues (over 50% in HIV-1) are shown in green. A question mark denotes the absence of a consensus residue. Numbering
corresponds to that in reference 6. The V3 loop and the locations of the five previously recognized conserved motifs in dUTPases (11) are indicated above the alignment.
Four of these five motifs correlate with at least one strictly conserved residue. This is also true for other primate lentivirus lineages (Fig. 2). Asterisks indicated conserved
residues Asp 368 and Glu 370.
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FIG. 2. Conserved positions in the pairwise alignment of human dUTPase with various HIV-1, HIV-2, and SIV gp120 sequences. The human dUTPase sequence
is used as a template to visualize its relationship with gp120 sequences representative of the diversity of the primate lentiviruses (PLVs). PLV type 1 (PLV-1), HIV-1
and SIVCPZ; PLV-2, HIV-2/SIVSM; PLV-3, SIVAGM; and PLV-5, SIVSYK were used according to the nomenclature of Sharp et al. (15). Sequences for the HIV-1_B,
HIV-2_A, and HIV-2_B subtype representatives are consensus sequences from the Los Alamos HIV database (10); the GenBank accession numbers for SIVSM,
SIVCPZ, SIVAGM, and SIVSYK are X14307, X52154, M66437, and L06042, respectively. Conserved positions are shown in red.
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