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We found that a common amino acid sequence motif exists between the V3-
loop region of the human immunodeficiency virus type I envelope protein
HIV gp120 and the human immunoglobulin heavy chain variable regions of
subclass III (Ig Vy-III). In the Ig Vy-III sequences, the common motif
overlaps with framework-1, complementarity-determining-region-1 and
framework-2. In the homologous regions, the two groups of sequences also
have a similar distribution of residue variability. On the DNA sequence level,
the homology includes the conserved rearrangement signals of the Vy-IIT
genes, which lends support to the speculation that the V3 region of gp120
also may be involved in rearrangement processes. o 1991 acagemic press, Inc.

One of the striking aspects of HIV-1 is the large degree of genetic variation
between different viral strains. This variability is not uniformly distributed
along the sequence but is confined to certain "hypervariable" regions that
alternate with domains that are well conserved among different isolates (1).
Sequence similarities have been detected by several authors between
different gp120 proteins and various members of the immunoglubulin
superfamily of proteins (2,3). The motifs detected are distributed in various
parts of the gp120 sequence excluding however the V3-loop which is
thought to be the principal neutralizing determinant that elicits a type but
not group specific neutralization response (4). Identification of motifs

Abbreviations: HIV-1: human immunodeficiency virus type I; gp120: human
immunodefficiency virus type I envelope protein. Ig Vy-III: human
immunoglobulin heavy chain variable regions of subclass IIl ; V3-loop: third
variable region of gp120. FW: framework, respectively; CDR:
complementarity-determining-region.
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common between two groups of sequences is not a straightforward task,
especially if the groups compared are as variable as the gp120 and and the
Ig-V sequences. With more new HIV env gp120 sequences available (5, 6)
we often find that some of the similarities detected by conventional pairwise
alignment are not found in all HIV isolates.

With this in mind we decided to reanalyze the conserved similarities
between gp120 and the Ig variable regions using an exhaustive search for
local similarities. This analysis revealed a previously undetected homology
region between the V3-loop of gp120 and the Ig Vy-III family of genes. We

also found that the recombination signals that flank the region of homology
in the Vy-III genes are also well conserved within the gp120 sequences.

METHODS

Sequences of HIV gpl20 and immunoglobulins were taken from the the
following databases: Genbank release 65 (7), EMBL, release 24. (8) PIR,
release 25 (23) and Swiss-Prot release 14 (24). Variability of gp120 V3 was
calculated as described by Kabat et al. (9) using the sequences taken from
the databases as well as from references (5,6). For the detection of local
homologies we used HIV -1 gp120 sequences from the following isolates
Swiss-Prot database identification code given in parenthesis): ARV2/SF2
(env$hivla);BH8 (env$hivl8); BH10 (env$hivl0); BRAIN (env$hivli); BRU
(env$hivlb); HXB2 (env$hivlx); HXB3 (env$hivly); MN (env$hivlL); PV22
(env$hivlp); RF/HAT (env$hivlr); SC (env$hivls); New-York-5 (env$hivln):
OYI (env$hivl0); WMJ2 (env$hivlw); Zaire-6 (env$hivlz); Z2/CDC-Z34
(env$hivl6). All 10 residue long segments of these sequences were
compared with a collection of Ig variable region sequences from the PIR and
Swiss-Prot databases, according to the algorithm of Brutlag et al. (10).
Average score values were calculated for each position of the aligned gp120
sequences and plotted as a function of the residue position, using the BH10
numbering of the BH10 gpl20 sequence (22). The motifs underlying the
local homologies were then identified from multiple sequence alignment.
The pattern search program QUEST of Intelligenetics was used to identify
sequences that contain the motifs identified by the above procedures.

RESULTS

The local similarities between gp120 and Ig variable domain sequences are
shown in Figure 1. In this representation, peaks correspond to a motif
conserved among gpl20 sequences and homologous with at least one
variable region sequences. In order to see the conservation within the Ig
sequences, we carried out multiple alignments for the 6 highest peaks in
the plot. Four of th)e highest peaks corresponded to known structural motifs
(refs. 11-14). In addition, we found 3 previously undected homology regions
designated by H.,I and K in Figure 1. H and I (Figure 2) are short motifs
characteristic to light chain sequences; H maps onto the V3 region of
gp120. A third new homology (K) was found between the V3-loop gp120
and the heavy chain Vy-III regions (Figure 3). Conserved residues of this
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Figure 1. Local similarities between gpl120 and immunoglobulin variable
regions. gp120 sequences are listed under Methods. Ig variable region
sequences included all the 197 sequences in Swiss-Prot and PIR. Local
similarity was calculated as the maximal value of the optimized score
obtained when a 10 residue segment of one gp120 sequence was compared
to the Ig-V sequences. The scores were averaged for the 10 gpl20
sequences analyzed and plotted as a function of gp120 residue position.
Numbering corresponds to the mature gpl120 sequence of Ratner et al.
(22).

Motif H
280 RAPGRAF Y V[T 291  gpl20 (BH10 isolate)
31 OHPGKAPKVI]T 48 kvld$human
37 OKPGKAPKVI|T 48 kvle$human
37 OKPGKAPQVI|T 48 kvlh$human ) ]
37 OKPGKAPKFI] 48 kvlic$human  Light chain
36 OKP GRAP VMY 47 lv4cShuman  variable regions
38 RPGRAPTTY] 49 lvéecShuman
39 OHPGRAPKL Y] 50 lv2g$human
39 OVPGKRAPKVILT 50 1v2a$human
Q——PGEA—~——I
Motif I
423 [LTjrRpdeNsSNN 433  gpl20 (BH10 isolate)
29 LIYKDJKTYIN| 40 kv2a$mouse
49 LUYKDQJKTY 60 kv2b$mouse
29 LIYYKDEKTYIN 40 kv2c$mouse
29 LIHYDEFDYIN| 40 kv2d$human Light chain
46 LL—I‘ﬂ_ S—-N 54 kv5s$mouse variable regions
66 LI SSRAN] 77 kv3k$human
66 LYTRDASSRAN 77 k3hu4l
46 LYT S—-— 54 kvlb$human

LL---G----N

Figure 2. New common structural motifs found between gp120 and Ig light
chain variable regions (H and Iin Figure 1). The starting and finishing
residues of the patterns are indicated at the right and left side of the
sequence, respectively. Swiss-prot/PIR names of the sequence entries are
listed right from the alignment. Kappa and lambda chain variable reagions
have entry names starting by k and 1, respectively.
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Motif K

HIV-1 gpl20 polypeptides

Isolate 2nd conserved
name region V3 loop
___________ | O o i e i i S s , R e .
ARV2/SF2 Sy 1--GB TIrG--RIIGD HCNISRAQ
BH10 IRKS[LR I QRGE r[I1G---KIGN HCNISRAK
New-York-5 IRKSITRIORGH TlI G—--KIGN HCNISRAK
PV22 IRKSITR I ORGH [[IG---KIGN HCNISRAK
BRU IRIISITR I ORGH I G---KIGN HCNISRAK
HXB3 [RIISITRIORGH IT[tG---KIGN HCNISRAK
Brain [RIKRIT TM- - GP TTG--QIIGD HCNLSRSK
BHS8 KK IRIQRGPIGRAHVITIIG---KIGN HCNISRAK
HXB2 K IRIQRGEHGH Tz G---KIGN HCNISRAK
WMJ2 SILSI--GB TRE---11GI HCNISRAK
Zaire-6 q_uPIGLGQALYTTRGRT KIIG- HCNISKED
Z2/CDC-234 QRTSI——GﬁEgg% KTRSIIG- FCNISKNE
oYI NRISI--G KQ——IIGD HCNLSRAT
Human IgG V-I!I heavy chains motif H
GenBank
locus name FWl CDR1 FW2
________________________________________ . i e e e il
HUMIGHAV VO JeGGLVOPGGS AAS-- ———SSYAMS
HUMIGHVAM |VQ JGGGLVOPGGS AAS-- —---SSYDMHWVR
HUMIGHVAR |vQ JGGGLIOPIGS AAS--+JFTV----SSNYMS
HUMIGHVAS |VQ SGGGLIOPKGS AAS--AdFTV----SSNYMSW
* * K Kk *k Kk x * * * %k
CONSENSUS: VQL-ES--=---—— P-——-R-§——————- Gmmmmmmm e ROA

Figure 3. Extended common structural pattern found 256-299 of gp120
sequences (K in Figure 1). * designates the residues of the Kabat consensus
of the Ig Vg-III gene products (9).

motif are in good agreement with the Kabat consensus Vy-III genes (Figure
3). of As both V3 and Ig Vy-IIl CDRI1 are highly variable regions, we
compared the variabilities of the homologous regions using the 245 recently
published V3 sequences (5, 6). Figure 4 shows that the distribution of
variability is qualitatively quite similar in the two group of sequences, i.e.
variable segments align with variable ones and vice versa.

The alternation of well-conserved and variable regions within Vy-III family
of genes have led other authos to the suggestion that the constant regions
might carry noncoding functions involved in rearrangement processes
(15,16). One of such signals, the so-called Chi sequence (5'-GCTGGTG-3') is
homologous to a signal that promotes generalized recombination in
bacteriophage A and is located in the region coding for FW1 of Vy-IIl genes
(15). Another signal is a conserved 5'-TACTGTG-3' heptamer in the FW3
region which was implicated as a recombination signal (16). Both of these
signals were shown to take part in rearrangement processes in heterologous
systems (16). Figure 5 shows that these two signals flank the K region of
homology and that their sequence is also conserved in the gp120 sequences.
It has been shown by experiment, that a similar level of conservation (one
mismatch at the 3' end) can be sufficient to elicit a recombination event
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Figure 4. Variability of the gp120 V3 region and of the immunoglobulin heavy
chain V-III region. Variability of Ig Vy-III are from Kabat et al. (9), variability
of the V3 regions were calculated by the same method using the sequences
published by Javaherian et al. (5) and LaRosa et al. (6). Numbering of gp120,
corresponds to region 266 through 301 in the mature gp120 sequence of

Ratner et al. (122). Numbering in Ig Vy-III corresponds to region 2 through
42 of the Kabat consensus (9).

(15). When the Genbank database (43,903 sequences) was searched with the

consensus pattern shown in Figure 5 it was found that this pattern is
present only in HIV gp120 sequences and in immunoglobulin Vi -IIT genes.

VI
FW1 .CDRI . FwW2 - CDR2 < FWwW3
|=7  § T 1 § | 4=|

7

Vylll  GTGCAGCTGGTGAAGTCTG «d—— 260 bp =P TACTGTG
e (RN [RERRN
gp120 GTACAGCTGGACCACTCTG <= 260 — 270 bp=—f» TACTGTC

gpl20 \ /
: —+——
V3

Cc2

Consensus : GT-CAGCTGG---A-GTCG (250-270 BP) TACTGT
Figure 5. Comparison of the consensus nucleotide sequences of the Ig VyIII

and HIV gp120 genes. The Chi site in FW1 and the recombination heptamer
in FW3 are underlined.
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DISCUSSION

The present analysis suggests that there is a conserved framework of Ig-like
sequence elements in the V3-loop of gp120. Previous work in this field
revealed Ig homologies only outside the V3-loop (11-14). We detected two
overlapping motifs, K and H, within the V3 loop. Region K is similar to
heavy chain Vy-IIT sequences and also displays a residue variability profile
similar to that family of genes. Internal to region K is a shorter motif, H, that
corresponds to light chain sequences. Experimental results of Wolfs and
associates (17) provide indirect support to these findings. These authors
found that, in HIV-infected patients, the region corresponding to motif H is
in fact more conserved than the rest of V3-loop (17).

The existence of Ig-like structural motifs in the V3-loop region might also
have implications on vaccine design. Clearly, if the structural motifs
described here are in fact "seen" by the immune system then direct testing
of V3-loop based vaccines in healthy individuals might not be as advisable as
generally supposed (2,3,18,25). Tests in HIV-infected individuals may
present even more complex problems. For example, virus-induced anti-V3
antibodies may be already present in the host due to the infection, and
subsequent immunization might trigger the transformation of the disease
from latent to acute state (19). As an indirect support for this mechanism
we note that the Vy-IIT genes encode heavy chains that are preferentially
utilized by fetal B cells. It has been suggested that perturbations in the
expression of these Ig's can contribute to immunodeficiency and
autoimmunitiy (20,21).

The similarity between the V3- loop and the Vy-IIl sequences also includes
motifs of the DNA sequence that were previously implicated in
rearrangements of the Vy-III family of genes. This finding leads us to the
speculation that gpl120 might be involved in similar rearrangements, either
as a mechanism through which the virus acquired this region, or as a part of
the pathogenetic process itself. Since the similarity between the V3-loop of
gp120 and Vy-III genes includes three different structural aspects (i.e. the
protein sequence motifs, the similar distribution of variability, and the
homology of the flanking recombination signals in the DNA sequence) it
seems worth while to further examine these possibilities.
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