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shows sequence homology with the bel3 gene of the human
spumaretrovirus
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The primary amino acid sequence within a domain of 89 residues of the central part of the 3'-orf protein

(p27 3'-orf) of human immunodeficiency virus (HIV-2) shares homology with the middle and carboxy-termi-

nal portion of the bel3 gene product of human spumaretrovirus (HSRV). In addition, a limited region of

the tat protein of HIV-2 but not HIV-1 shows a 28% degree of homology to the deduced protein sequence

of the bell gene product of HSRV. Comparison between the viral sequences suggests that the 3'-orf and
bell gene product of HSRYV could serve similar functions to those in HIV-2.
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1. INTRODUCTION

HIV is a retrovirus that causes AIDS. Studies in
several laboratories have revealed that the HIV
genome encodes viral gag, pol and env genes
characteristic of all other retroviruses [1—-4]. In ad-
dition, the HIV genomes have been reported to en-
code up to six other genes. The functions of these
genes are of great interest and are being studied in-
tensively to learn more about the mechanism of
regulation of viral expression and, furthermore, to
define those gene segments responsible for the
cytopathogenicity of HIV. The six novel genes in-
chude tat, art, sor (orfA), 3’-orf (orfB), R and X
[1-5].
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HSRYV, a member of the third subfamily of
retroviruses, the spumaviruses, has been
characterized recently [6]. Like HIV, HSRV har-
bors additional novel genes termed befl, 2 and 3.
The HSRV bel genes are located between the env
gene and the 3'-LTR of the HSRV genome [6].

To gain more insight into the structural
relatedness between HIV and HSRV and into
possible functions of the be/ genes, a search was
conducted for sequence homology between the
HSRV bel and the six HIV genes. This report
describes sequence homologies between the beld
gene product and the HIV-2 3’ -orf protein and, in
addition, a sequence homology between the befl
gene and the tat protein of HIV-2,

2. EXPERIMENTAL

The deduced amino acid sequences of the HSRV
bel genes were derived from the DNA sequence
reported in [6]. The HIV-2 3’ -orf protein and the
tat protein sequence were taken from [5]. Analysis
of the sequence data was performed using the BSA
program devised by Dr S. Suhai at the EDV
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department of the German Cancer Research
Center, Heidelberg.

3. RESULTS AND DISCUSSION

A close visual inspection of the deduced protein
sequence of the bel3 gene product of the HSRV
genome (fig.1A) showed that certain stretches of
amino acid residues were clearly homologous to
the 3'-orf protein of HIV-2. The region with the
most striking homology to the 3'-orf sequence of
HIV-2 is located within the central and carboxy-
terminal portion (amino acid residues 79—167) of
the bel3 protein sequence. The domain of
homology extends over 89 amino acid residues to
the end of the bel3 sequence and revealed a
homology of 19.8% (fig.1B). When similar amino
acid residues are taken into account, the homology
reached 45.0%. As shown in fig.1, only two
separate and single deletions have to be introduced
into the bel3 sequence to achieve this degree of
homology. When two gaps of three amino acid

10 20 30 40 S0
1 DKEKKTLME | GYMQLCNML | ALKGAVKQGA WHHLYLTTKL CSFIEPLWET

£7 SPILGLEKD| LLMVTKGLWK LMDLREEVTR RGCGGMSLET REMKEESITG

101 KEVKML I TQ| LLLLIDVPGM RDTRFLNCPH SLLPLTEHAE (LKHCLMAGK

$517 WSPKAEMIIL AAERSEH.

SPECIFIED GROUPING:
STRAG HYDROXYL 7/ SMALL AL(IPHATIC
NDEQ ACID / ACED AMIDE

D0 E W

1+2 HYDROPH I LIC
HRK BASIC
MILY AL FPHAT IC

Fyw AROMAT i C

19 20 30 a0 0

TRGGLEGMF YSERRHK | LN I YLEKEEG | | ADWANYTHGRGVRYPMEFGWL MV -2
*E K FRE TN H I JEE § 3 ¥ 2w L
TRAGCGOMSLETRENKEES | - TGKEVKNLIT-Q I LLLL I OVPGMRDTRFL HRSV

WKL VPVYDVPQEGEDTE THCL YHPAQTSKFDDPHGE TLVWEF
15 33332 LLLI- BRI R L ) 31 ®
MCPHSLLPLTSHNAELLKHCLMAGKWSPKAEMI 1 L AAERSEH

1

Fig.1. (A) The deduced amino acid sequence of the bel3
gene product of HSRV taken from [6]. Underlining
marks the protein of the bel3 sequence homologous to
the 3'-orf of HIV-2. (B) Comparison of the amino acid
sequence of the 3'-orf protein of HIV.2 (residue 1
corresponds to amino acid 125 of the 3'-orf [5] with the
protein sequence of the bel3 of HSRV (residues 79—167).
Asterisks denote identities; point deletions were
introduced to maximize homology.
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residues are introduced into the same comparison
the degree of homology reaches 24.5%.

The significance of this homology with respect
to function(s} of both viral proteins at the
molecular level is not yet understood. Although
the homology between 3'-orf proteins of HIV-1
and HIV-2 is 50.5% in this domain, the degree of
homology between the 3'-orf of HIV-1 and the
bel3 protein of HSRV is much less pronounced
(12.6%). This result is independent of the various
3'-orf sequences that have been determined from
various HIV isolates [7]. However, it was reported
that one of the functions of the 3’-orf protein of
HIV-1 is to down-regulate virus replication [8] and
mutants in 3'-orf displayed altered cytopathic ef-
fects [9]. The relatively high sequence homology of
the bel3 gene product to the 3'-orf protein of
HIV-2 suggests that these viral proteins serve
similar functions during virus replication, par-
ticularly in view of the close overall relatedness
between HIV-2 and HIV-1. It remains to be seen if
this is true for the bel3 protein.

At first sight, HIV genes that are crucial for the
virus life cycle, and particularly those involved
directly or indirectly in virus replication, should be
expected to be more conserved, e.g. the po! gene,
than other non-essential genes. However, we have
recently reported that the endonuclease/integrase
region of HSRV has a degree of homology of
23.0% to that of HIV-1 [6]. When this domain was
re-examined by using the corresponding region of
HIV-2 that has been published recently [5], a
homology of 26.9% was found. This result seems
to indicate that HSRV and HIV-2 are
phylogenetically closer than HSRV to HIV-1 in the
central and 3’ -part of their genomes. The relative-
ly high protein sequence homology of the 3’ -orf of
HIV-2 to the HSRV bel3 is unexpected, since
HI1V-1 mutants in this region produced more virus
and viral DNA indicating that orfB (or 3'-orf} is
not crucial for HIV-1 replication [8,9].

To support this conclusion, other gene regions
of HIV-2 and HSRV were inspected. It was found
that a limited region of 50 amino acid residues that
is located within the functionally important exon 2
of tat of HIV-2 was homologous to the bell region
of HSRV. The degree of homology reached 28%
when the portion of the bell protein sequence was
taken that extends from residue 115 to 163 (fig.2).
We consider this homology as significant, since it
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Fig.2. Comparisons of the amino acid sequence of the

HIiV-2 tat protein [5] (residues 10—58) with the bell

protein sequence of HSRV [6] (residues 115-143).
Symbols and numbers as in legend to fig.1.

has been found by using DNA recombinant techni-
ques that only the second exon of the HIV-1 faf
gene is responsible for the trans-acting activator
function [10,11]. Thus, homology within exon 3 of
the tat gene to the bell protein sequence might not
be predicted.

In conclusion, protein sequence comparisons
between the bell and bel3 gene products of HSRV
to those of the tat and 3'-orf (orfB) proteins of
HIV-2 show that they share sequence homologies.
This indicates that these viral genes may have
similar functions, although HIV-2 and HSRV
belong to different subfamilies of retroviruses.
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