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Human immunodeficiency virus type 2 (HIV-2) infection is a serious problem in West Africa and Asia.
However, there have been relatively few studies of HIV-2 reverse transcriptase (RT), a potential target for
antiviral therapy. Detailed knowledge of HIV-2 RT activities is critical for development of specific high-
throughput screening assays of potential inhibitors. Here, we have conducted a systematic evaluation of HIV-2
RT function, using assays that model specific steps in reverse transcription. Parallel studies were performed
with HIV-1 RT. In general, under standard assay conditions, the polymerase and RNase H activities of the two
enzymes were comparable. However, when the RT concentration was significantly reduced, HIV-2 RT was less
active than the HIV-1 enzyme. HIV-2 RT was also impaired in its ability to catalyze secondary RNase H
cleavage in assays that mimic tRNA primer removal during plus-strand transfer and degradation of genomic
RNA fragments during minus-strand DNA synthesis. In addition, initiation of plus-strand DNA synthesis was
much less efficient with HIV-2 RT than with HIV-1 RT. This may reflect architectural differences in the primer
grip regions in the p66 (HIV-1) and p68 (HIV-2) palm subdomains of the two enzymes. The implications of our

findings for antiviral therapy are discussed.

Human immunodeficiency virus type 2 (HIV-2), like HIV-1,
is a retrovirus that causes AIDS. Although HIV-2 has only
limited nucleotide sequence homology to HIV-1 (50 to 60%
homology to gag and pol and even less homology to other
HIV-1 genes) (26), it shows similar genomic organization, ul-
trastructural morphology, functional activities, and protein
composition (7). The HIV-2 virus was originally isolated in
West Africa, where it is still prevalent, but more recently,
HIV-2 has spread to India (see reference 54 for a review). A
large number of HIV-2-infected individuals are also found in
Portugal and former Portuguese colonies, such as Guinea-
Bissau and Brazil (54). In addition, there has been a large
increase in the number of individuals in West Africa who are
dually infected with HIV-1 and HIV-2 (54). HIV-2 is trans-
mitted less efficiently than HIV-1, and progression to AIDS
occurs more slowly (54), but the incidence of HIV-2 cases, and
particularly HIV-1- HIV-2 dual infection, remains an impor-
tant public health issue.

The virion-associated reverse transcriptase (RT) enzyme is a
major target for anti-HIV therapy. RT plays a crucial role in
virus replication: it catalyzes synthesis of a double-stranded
DNA copy of the single-stranded RNA genome in a complex
series of reactions known as reverse transcription (Fig. 1) (see
below). HIV-1 RT has long been the focus of intensive inves-
tigation, and several X-ray crystal structures are available (13,
31, 33, 35, 58). Moreover, nucleoside RT inhibitors and non-
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nucleoside RT inhibitors (NNRTIs) that block HIV-1 RT ac-
tivity are now being used routinely in AIDS treatment (http:
/www.amfar.org/td). Most NNRTIs do not inhibit HIV-2 RT
activity (2, 42, 47, 62, 63), although there have been reports of
new drugs that may be useful for this purpose (4, 41, 43,
55-57). A recent X-ray crystal structure of unliganded HIV-2
RT shows that structural differences between the HIV-1 and
HIV-2 enzymes in the “NNRTI pocket” at conserved and
nonconserved residues and conformational change resulting
from substitution of Ile for Tyr at position 181 are significant
factors that could account for the observed HIV-2 resistance to
NNRTIs (55).

In contrast to the proliferation of papers on HIV-1 RT,
HIV-2 RT has received less attention. HIV-2 RT has ~60%
overall amino acid sequence homology to HIV-1 RT (26), but
there are regions that are highly conserved in both enzymes. In
fact, in an early study, an antiserum directed against a synthetic
peptide containing 14 residues that are identical in HIV-1 and
HIV-2 RTs was used to purify the HIV-2 enzyme (12). In other
studies, it was shown that peptide antisera generated against
regions in HIV-2 RT with at least 50% homology with HIV-1
RT not only recognized the HIV-2 enzyme but also cross-
reacted with HIV-1 RT; the analogous HIV-1 sera were type
specific (34).

HIV-2 RT activities have been investigated with enzyme
preparations purified from virions (12) or following bacterial
expression (15, 29, 39, 44). Like HIV-1 RT, the HIV-2 enzyme
was shown to be a heterodimeric protein (12, 15, 39, 44) with
a large (68-kDa) subunit and a small (54-kDa) subunit gener-
ated by cleavage of p68 at Met 484 (15). In early studies,
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FIG. 1. Schematic diagram of the events in reverse transcription.
(Step 1) HIV reverse transcription is initiated by a cellular tRNA
primer, tRNAZLY, following annealing of the 3’ 18 nt of the tRNA to
the 18-nt primer binding site (PBS) near the 5" end of the genome. RT
catalyzes synthesis of (—) SSDNA, which contains copies of the repeat
(R) sequence and the unique 5’ genomic sequence (US). (Step 2) As
the primer is extended, the RNase H activity of RT degrades the
genomic RNA sequences that have been reverse transcribed. (Step 3)
(=) SSDNA is transferred to the 3’ end of viral RNA (minus-strand
transfer). (Step 4) Elongation of minus-strand DNA and RNase H
degradation continue. Plus-strand synthesis is initiated by the 15-nt
PPT immediately upstream of the unique 3’ genomic sequence (U3).
RT copies the u3, u5, and r regions in minus-strand DNA, as well as
the 3’ 18 nt of the tRNA primer, thereby reconstituting the PBS. The
product formed is termed (+) SSDNA. (Step 5) RNase H removal of
the PPT and tRNA primers. (Step 6) Transfer of (+) SSDNA to the 3’
end of minus-strand DNA (plus-strand transfer) is followed by circu-
larization of the two DNA strands and displacement synthesis. (Step 7)
Minus- and plus-strand DNAs are elongated, resulting in a linear
double-stranded DNA with a long terminal repeat at each end. Viral
RNA is shown in red; minus-and plus-strand DNAs are shown in blue
and green, respectively; and the tRNA primer is in orange. Minus-
strand and plus-strand sequences are depicted in lower and upper case,
respectively. The dashed red lines represent RNase H cleavage of
genomic RNA.
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performed primarily with homopolymeric substrates (16, 28,
29, 39, 44), it was established that HIV-2 RT behaves like a
true retroviral RT, having both RNA- and DNA-dependent
DNA polymerase activities, as well as RNase H activity.

There has been some discussion in the literature about the
extent of quantitative differences between HIV-1 and HIV-2
RNase H activities. In a study by Fan et al. (16), it was ob-
served that with a gag-based RNA-DNA hybrid for which RT
has a high affinity, HIV-1 RT had only ~2-fold-greater activity
than HIV-2 RT. Hizi and colleagues reported that the RNase
H activity of HIV-1 RT was 10-fold higher than that of HIV-2
RT, while differences in polymerase activities were less prom-
inent (28, 29, 62). On the basis of results obtained with a
substrate containing 5’ genomic RNA sequences and a series
of HIV-1- HIV-2 chimeric enzymes, it was shown that the
previously reported 10-fold difference in the RNase H activi-
ties of HIV-1 and HIV-2 RTs could be attributed to differences
in the activities of the thumb subdomains of the small subunits
(61) and, more specifically, to the identity of residue 294 (60).

Until now, there has not been a systematic evaluation of the
functional activities of HIV-2 RT during specific steps that
occur in reverse transcription (Fig. 1). In the absence of an
X-ray crystal structure for the enzyme complexed to nucleic
acid and given the urgent need to develop new drugs that can
target HIV-2 RT function, such analysis is especially timely.
Thus, the goal of the present work was to investigate the
polymerase and RNase H activities of HIV-2 RT in reconsti-
tuted model systems and to conduct parallel studies with
HIV-1 RT. This approach should aid in the development of
additional targets for anti-HIV-2 therapy and new high-
throughput screening assays.

Our results demonstrate that, in general, the polymerase and
RNase H activities of the HIV-1 and HIV-2 enzymes give
similar results in quantitative functional assays. However, un-
der conditions where the RT concentration is limiting, HIV-1
RT is significantly more active than its HIV-2 counterpart. In
addition, secondary RNase H cleavage measured in assays for
5'-directed RNase H activity and the tRNA removal step in
plus-strand transfer are less efficient when catalyzed by HIV-2
rather than HIV-1 RT. Unexpectedly, we have also found that
HIV-2 RT has great difficulty catalyzing the initiation of plus-
strand DNA synthesis with the RNA polypurine tract (PPT)
primer, and we propose that this may be due, at least in part,
to architectural differences in the primer grip (33) regions in
the p66 (HIV-1) and p68 (HIV-2) palm subdomains of the two
enzymes.

MATERIALS AND METHODS

Materials. T4 DNA polymerase was purchased from Roche (Indianapolis,
Ind.). RNasin was obtained from Promega Biotech (Madison, Wis.). HIV-1 RT
was purchased from Worthington Biochemical Corp. (Lakewood, N.J.). The
radioactively labeled nucleotides [a-**P]JdATP (3,000 Ci/mmol) and [y-**P]ATP
(3,000 Ci/mmol) were purchased from Amersham Biosciences Corp. (Piscat-
away, N.J.). RNA and DNA oligonucleotides were initially obtained from Oligos
Etc., Inc. (Wilsonville, Oreg.). Subsequently, RNA oligonucleotides were pur-
chased from Dharmacon, Inc., Lafayette, Colo., and DNA oligonucleotides were
obtained from Integrated DNA Technologies, Coralville, Iowa.

RT enzymes. Three versions of HIV-2 RT, all containing 559 residues in the
p68 subunit and either 439, 469, or 483 residues in the p54 subunit, were
prepared from HIV-2 ROD (GenBank accession number M15390), as previously
described (38). For convenience, these enzymes will be referred to as HIV-2 RT
440, 470, and 484, in accordance with the numbering for HIV-1 RT (53). The
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