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Immunoglobulin-Like Domain of HIV-1 Envelope
Glycoprotein gpl20 Encodes Putative Internal Image of
Some Common Human Proteins
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ABSTRACT

By examining sequence similarity between the V3-loop of gpl20 from various HIV-1 isolates
and human proteins, we found that the V3 loop portion KKGIAIGPGR in strain New York
5 (HIV-1NY5) shares 70% identical residues with the collagen-like region (CLR) of human
complement component Clq-A. Clq CLR was found to react with autoantibodies from several autoimmune disorders. Thus, we assumed that it would be of interest to find out the
Clq reactivity with antibodies from AIDS sera. The results obtained show that the V3 loopderived synthetic peptide KKGIAIGPGRTLY reacts both with AIDS patients sera and with
antibodies purified on the V3 loop peptide-affinity column. The same affinity-purified antibodies bind also to Clq molecules. Since, according to our previous results, HIV-1 V3 loops
and immunoglobulin heavy chain variable regions (Ig VH) share several common features,
we suggest that the envelope of fflV-lNYS bears a functional internal image of the Clq-A
CLR epitope. Therefore, gpl20 could manipulate the immune network and contribute to
HIV-induced autoimmunity.

concept that idiotopes on immunoglobulin variable region (Ig V) can mimic epitopes on other kinds
of molecules ( 1 ) has been successfully applied to the production of antiidiotype antibodies (Ab2ß) that
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domain of viral cell-attachment proteins (2). Ab2ß vaccines are now considered a
for
the induction of antiviral immunity through the involvement of the idiotype network
promising
(see ref. 3 for review). A general problem of this approach lies in the fact that viruses very often utilize
lymphocyte surface molecules as receptors for infection (4). The normal function of the virus-binding
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membrane structures may be perturbed by Ab2ß antibodies, i.e., the same antibody that mimics a viral epitope may also act as an antireceptor autoantibody (5). Immunization with neutralizing antivirus monoclonal
antibodies (Ab,), on the other hand, relies on the involvement of the immunoregulatory network, so the
resulting Ab2ß level can be quite low, and consequently the amount of Ab3 synthesized may not be as great
as the amount of Ab, usually formed in response to a viral antigen.
HIV binds to cell-surface antigen CD4 through its envelope glycoprotein gpl20 (6). Despite the polymorphism of HIV-1 gpl20, different isolates bind to the same CD4 molecule, suggesting that conserved
rather than unique gpl20 regions are the likely participants in receptor binding. Antibodies to the CD4
binding site of HIV block CD4 binding (7). These antibodies are group-specific but do not appear to effectively neutralize viral infectivity, suggesting that the primary neutralization epitope(s) and the CD4 binding
epitope on gpl20 may be separate. The major and highly type-specific neutralizing epitope on gpl20
appears to be the so-called V3 loop, which extensively varies in amino acid sequence among different isolates (8,9). The V3-specific neutralizing antibodies occur early in acute infection and prevent the penetration of the virus into the cell. Even though the variability of the V3 loop seems to be the major mechanism
for the production of escape mutants (10), the V3 loop is widely considered as one of the main candidates
for vaccine design. The molecular basis of this approach is a short consensus motif within the V3 loop (the
"crown" motif) shared by HIV-1 isolates from both Europe and the United States (11).
According to our previous results, a gpl20 region of about 45 residues, encompassing the V3 loop and
10 residues upstream, shares several features with immunoglobulin heavy chain variable regions (Ig VH).
The common features include (i) similarity of consensus sequences (12,13), (ii) similar distribution of
residue variability (13), and (iii) similarity of secondary structure propensity profiles (14). Therefore we
have proposed that idiotope structures present on Ig V domains also might be present on gpl20 (15). Since
the antiidiotype approach is considered as an important vaccine strategy for HIV (3), it would be of interest
to investigate possible similarities between the major neutralizing epitope on gpl20 and human proteins,
especially those of immunological interest.
In the present study we report local homology detected between a particular V3 loop and several human
proteins. The analysis of 23 different V3 loops found in Swiss-Prot 25 (16), in which all overlapping 11
residue V3 loop segments were aligned with the sequences from the 5th release of the Kabat's collection of
immunologically interesting proteins (17), revealed homology (i.e., 70% residue identity) between a 10residues-long V3 loop segment from isolate New York 5 (HIV-1NY5) and the collagen-like region (CLR) of
human complement component Clq-A (Fig. la). Their common motif KKG*A**PGR, denoted patt6b,
overlaps the conserved "crown" motif GPGRA located at the tip of the V3 loop (Fig. lb). A further comparison performed on several protein databases revealed that fragments similar to patt6b also can be found
in certain other common human proteins. These proteins include different collagens (particularly the ocl
chain of collagen type VI), granzyme A (trypsin-like serine-protease specific for cytotoxic T cells and NK
cells), complement component C8oc, and NGF-ß, as summarized on Fig. lc.
The main objective of this work was to establish whether antibodies from AIDS serum, purified by V3
loop peptide-affinity chromatography, can also recognize human Clq molecules. The reactivity of 12 AIDS
patients' sera with the synthetic peptide derived from the V3 loop of HIV-1 NY5 (Fig. lb) was determined by
either RIA or ELISA. The majority of the AIDS sera (10 of 12 tested) do contain antibodies recognizing the
V3 loop peptide (Fig. 2A). However, neither does the unrelated peptide bind antibodies from AIDS sera,
nor does the V3 loop peptide recognize antibodies from 9 healthy blood donors' sera (Fig. 2A). Next, we
asked whether antibodies purified from a particular AIDS serum on the V3 loop peptide-affinity column
will bind to Clq molecules. Figure 2B shows that affinity-purified antibodies react both with the V3 loopderived peptide and with Clq.
These findings suggested to us that, as part of its infective strategy, HIV-1 may encode in its envelope
functional internal image(s) of self-epitope(s). If so, then gpl20 may take part in HIV-1-induced autoimmune pathology in a manner analogous to that of an Ab2ß antibody (24). Thus, an individual V3 loop bearing internal image(s) could disturb the hegemony of the idiotypic network by binding to the complementary
structures on antigen receptor V domains. Actually, autoantibodies to Clq CLR have been already detected
in some autoimmune disorders such as HUVS and SLE (25), meaning that among potentially autoaggressive cells residing in healthy individuals (26) there are also those able to produce and regulate the produc216
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FIG. 1.

Local homology between the V3 loop from gpl20 of HIV-1 isolate New York 5 (HIV-1NY5) and some comThe "crown" motif at the tip of the V3 loop is underlined. Asterisk (*) indicates one nonconserved
residue. The sequence of the V3 loop, found in Swiss-Prot 25 (16), was compared as a whole and in 11-mer fragments
with the proteins from the Kabat 5 database (17) using Fastdb (18,19) and Chopper (20). (a) Alignment of the V3 loop
from HIV-1NY5 with the collagen-like region (CLR) of human complement component Clq-A. Their common pattern
pattöb is present uniquely in these two sequences, as established by pattern-matching searches performed by Quest (19)
against databases Swiss-Prot 25, Kabat 5, and HIV 4 (21). (b) Alignment of patt6b, shared by the V3 loop and human
Clq-A CLR, with the consensus of 245 V3 loops (11). (c) Best similarities to pattób in database Swiss-Prot 25, identified using programs Fastdb and Fasta (22,23). Residues identical to those in pattób (i.e., both to Clq-A CLR and to the
V3 loop) are capitalized and their total number per sequence (maximally 7) is given in the third column.
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FIG. 2. Binding of antibodies from AIDS patient's sera to HIV-1NY5 gpl20 V3 loop-derived synthetic peptide
KKGIAIGPGRTLY and human complement component Clq. Microtiter plates were coated with BSA-coupled V3
loop peptide (200 ng/well), unrelated peptide LAPPAPPDELLRK (200 ng/well), human Clq, and TTX (500 ng/well),
then blocked with 2% BSA. Diluted (1:200) AIDS patient serum or approximately 30 and 100 ng of the purified antibodies was added. Bound antibodies were detected in RIA or ELISA assays. Samples were considered positive if their
CPM or OD readings were more than 3 SD above the mean obtained for the control samples. Representative experiments are illustrated.
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tion of autoantibodies to Clq CLR. Under certain conditions these cells, being normally under strict control, might become active in producing autoantibodies. We recently proposed a possible mechanism for the
interaction of the Ig-like portion of gpl20 with V domains of some Ig superfamily members (27) that might
help in the explanation of the uncontrolled immune system activation observed in HIV infection (28). In
addition to a possible serological link between the central portion of the gpl20 V3 loop and Clq-A CLR,
gpl20 may also interact with the Clq receptor, since Clq CLR represents the binding site for the receptor
(29). The interaction of Clq with B cells and subsequent enhancement of Ig production was found to occur
via Cql CLR (30). Furthermore, tryptase TL2, a membrane-bound serine esterase present on the surface of
human monocytoid and CD4+ lymphoid cells (31), specifically binds to the V3 loop GPGR motif (32). The
question of whether the V3 loop can still be considered as a suitable candidate for developing a safe antiHIV vaccine remains more than actual.

ACKNOWLEDGMENTS
The authors wish to thank Prof. Francesco, Tedesco, University of Trieste, Italy, for the kind
human Clq and Nebosa Skrbic for his assistance in the preparation of the manuscript.

gift

of

REFERENCES
1. Jerne, N.K. 1974. Towards
2.
3.

theory of the immune system. Ann. Immunol. 125C;373.
Strosberg, A.D., J.G. Guillet, and J. Hoebeke. 1985. Recognition of physiological receptors by anti-idiotypic antibodies: Molecular mimicry of the ligand or cross-reactivity? Curr. Top. Microbiol. Immunol. 119:91.
Dressman, GR., and Kennedy, R.C. Anti-idiotypic antibodies: Implications of internal image-based vaccines for
a

network

infectious diseases. I. Infect. Dis. 151 ;761 (1985).
4. White, J.M., and D.R. Littman. 1989. Viral receptors of the
5.

immunoglobulin superfamily. Cell 56:725.
Osterhaus, A.D.M.E., GF. Rimmelzwaan, A.G.C.M. Weijer, and A.G.C.M. Uytdehaag. 1989. Induction of antiviral immune response by immunization with monoclonal anti-idiotype antibodies directed to private idiotopes.
Viral Immunol. 2:255.

6.
7.

Dalgleish, A.G, P.C. Beverley, P.R. Clapham, D.H. Crawford, M.F. Greaves, and R.A. Weiss. 1984. The CD4
(T4) antigen is an essential component of the receptor for the AIDS retrovirus. Nature (London) 312:763.
Berkower, I., D. Murphy, C.C. Smith, and GE. Smith. 1991. A predominant group-specific neutralizing epitope of
human immunodeficiency virus type 1 maps to residues 342 to 511 of the envelope glycoprotein gpl20. J. Virol.

65:5983.

8. Rusche, R.J., K. Javaherian, C. McDanal, J. Petro, D.L. Lynn, R. Grimaila, A. Langlois, R.C. Gallo, L.O. Arthur,
P.J. Fischinger, D.P. Bolognesi, S.D. Putney, and T.J. Matthews. 1988. Antibodies that inhibit fusion of human
immunodeficiency virus-infected cells bind a 24-amino acid sequence of the viral envelope gpl20. Proc. Nati.
Acad. Sei. U.S.A. 86:3198.

9. Zwart, G, H. Langeduk, L. Hoek, J.J. Jong, T.F.W. Wolfs, C. Ramautarsing, M. Bakker, A. Ronde, and J.
Goudsmit. 1991. Immunodominance and antigenic variation of the principal neutralizing domain of HIV-1.
Virology 181:481.
10.

Arendrup, M.,

A. Sonnerborg, B. Svennerholm, L. Akerblom, C. Nielsen, H. Clausen, S. Olofsson, J.O. Nielsen,
and J.E.S. Hansen. 1993. Neutralizing antibody response during human immunodeficiency type 1 infection: Type
and group specificity and viral escape. J. Gen. Virol. 74:855.

11.

LaRosa, G.J., J.P. Davide, K. Weinhold, J.A. Waterbury, AT. Profy, J.A. Lewis, A.J. Langlois, GR. Dreesman,
R.N. Boswell, P. Shadduck, L.H. Holley, M. Karplus, D.P. Bolognesi, T.J. Matthews, E.A. Emini, and S. Putney.
1990. Conserved sequence and structural elements in the HIV-1
249:932.

12.

principal neutralizing

determinant. Science

Veljkovic, V., and R. Metlas. 1991. Identification of immunoglobulin recombination elements in human
deficiency virus type 1 envelope gene. Immunol. Lett. 31:11.
218

immuno-

HIV-1 ENVELOPE GLYCOPROTEIN gp!20
13. Metlas, R., V. Veljkovic, R. Paladini, and S. Pongor. 1990. Protein and DNA-sequence homologies between the
V3-loop of human immunodeficiency virus type I envelope protein gpl20 and immunoglobulin variable regions.
Biochem. Biophys. Res. Commun. 179:1596.
14.
15.

16.
17.

Veljkovic, V., and R. Metlas. 1993. Potentially negative effects of AIDS vaccines based on recombinant viruses
carrying HIV-1 envelope gene: A warning on AIDS vaccine development. Vaccine 11:291.
Veljkovic, V., and R. Metlas. 1992. HIV and idiotypic T-cell regulation: Another view. Immunol. Today 13:38.
Bairoch, A., and B. Boeckmann. 1992. The Swiss-Prot protein sequence data bank. Nucleic Acids Res. 20
(suppl.):2019.
Kabat, A.E., T.T. Wu, H.M. Perry, K.S. Gottesman, and C. Foeller. 1992. Sequences of proteins of immunological
interest, Release 5.0.

18.

Brutlag, D.L., J.-P. Dautricourt, S. Maulik, and J. Relph. 1990. Sensitive similarity searches of biological sequence
Comp. Appl. Biosci. 6:237.
IntelliGenetics—Molecular Biology Software System, Release 5.4 for UNIX, February 1991.
Simon, G, R. Paladini, S. Tisminetsky, M. Cserzo, Z. Hatsagi, A. Tossi, and S. Pongor. 1992. Improved detection
of homology in distantly related proteins: Similarity of adducin with actin-binding proteins. Prot. Seq. Data Anal.
databases.

19.

20.

5:39.
21.

Myers, F. 1990. Human retroviruses and AIDS database. Los Alamos National Laboratory, USA.

22.

Lipman, D.J., and W.R. Pearson. 1985. Rapid and sensitive protein similarity searches. Science 227:1436.
Genetic Computer Group 1991. Program Manual for the GCG Package, Version 7, April 1991, 575 Science Drive,

23.

Madison, Wisconsin 53711, USA.
24. Williams, W.V., R.H. Guy, D.B. Weiner, and M.I. Greene. 1989. Three dimensional structure of a functional internal image. Viral Immunol. 2:239.
25. Wisnieski, J.J., and S.M. Jones. 1992. Comparison of autoantibodies to the collagen-like region of Clq in
hypocomplementemic urticarial vasculitis syndrome and systemic lupus erythematosus. J. Immunol. 148:1396.
26. Guilbert, B., G Dighiero, and S. Avrameas. 1982.
human sera. J. Immunol. 128:2779.

Naturally occurring antibodies against nine common antigens in

27. Metlas, R., and V. Veljkovic. 1995. Does the HIV-1
domain involving V3 loop? Vaccine 13:355.
28. Fauci, A. 1993. Multifactorial nature of human
262:1011.

manipulate immune network via gpl20 immunoglobulin-like

immunodeficiency virus disease: Implications for therapy.

Science

29. Sim, R.B., and K.B.M. Reid. 1991. Cl: Molecular interactions with

activating systems. Immunol. Today 12:307.
1990. Enhanced Ig production by human peripheral lympho-

30. Daha, M.R., N. Klar, R. Hoekzema, and L.A. van Es.
cytes induced by aggregated Clq. J. Immunol. 144:1227.

31. Inoue, M., T. Hoshino, T. Fukuma, Y. Niwa, and H. Kodo. 1994. Close co-localization of CD4 and serine esterase
tryptase TL2 on the cell-surface of human monocytoid and CD4+ lymphoid cells. Biochem. Biophys. Res.
Commun. 201:1390.

32. Kido, H., A. Fukutomi, and N. Katunuma. 1991. Tryptase TL2 in the membrane of human T4+ lymphocytes is
novel binding protein of the V3 domain of HIV-1 envelope glycoprotein gpl20. FEBS Lett. 286:233.

Address

a

reprint requests to:

Radmila Metlas

Multidisciplinary Research 180/2
Institute for Nuclear Sciences Vinca
"

"

P.O. Box522
11001

219

Belgrade, Yugoslavia

This article has been cited by:
1. Chris J. Carter, Alfredo Garzino-Demo. 2011. Extensive viral mimicry of 22 AIDS-related autoantigens by
HIV-1 proteins and pathway analysis of 561 viral/human homologues suggest an initial treatable autoimmune
component of AIDS. FEMS Immunology & Medical Microbiology n/a-n/a. [CrossRef]
2. Veljko Veljkovic, Nevena Veljkovic, Sanja Glisic, Mae-Wan Ho. 2008. AIDS vaccine: Efficacy, safety and
ethics. Vaccine 26:24, 3072-3077. [CrossRef]
3. Mono Pirun, Gyorgy Babnigg, Fred J. Stevens. 2005. Template-based recognition of protein fold within the
midnight and twilight zones of protein sequence similarity. Journal of Molecular Recognition 18:3, 203-212.
[CrossRef]
4. VELJKO VELJKOVIC, NEVENA VELJKOVIC, RADMILA METLAS. 2004. MOLECULAR MAKEUP
OF HIV-1 ENVELOPE PROTEIN. International Reviews of Immunology 23:5-6, 383-411. [CrossRef]
5. J. Szabó, L. Cervenák, F.D. Tóth, Z. Prohászka, L. Horváth, K. Kerekes, Z. Beck, A. Bácsi, A. Erdei, E.I.B.
Peerschke, G. Füst, B. Ghebrehiwet. 2001. Soluble gC1q-R/p33, a Cell Protein That Binds to the Globular
“Heads” of C1q, Effectively Inhibits the Growth of HIV-1 Strains in Cell Cultures. Clinical Immunology
99:2, 222-231. [CrossRef]
6. Veljko Veljkovic, Radmila Metlas, Heinz Köhler, Howard B. Urnovitz, Jelena Prljic, Nevena Veljkovic,
Emmett Johnson, Sybille Müller. 2001. AIDS epidemic at the beginning of the third millennium: time for a
new AIDS vaccine strategy. Vaccine 19:15-16, 1855-1862. [CrossRef]
7. R. Metlas, D. Trajkovic, T. Srdic, V. Veljkovic, A. Colombatti. 1999. Anti-V3 and Anti-IgG Antibodies
of Healthy Individuals Share Complementarity Structures. JAIDS Journal of Acquired Immune Deficiency
Syndromes 21:4, 266. [CrossRef]
8. R. Metlas , D. Trajkovic , T. Srdic , V. Veljkovic , A. Colombatti . 1999. Human Immunodeficiency Virus
V3 Peptide-Reactive Antibodies Are Present in Normal HIV-Negative Sera. AIDS Research and Human
Retroviruses 15:7, 671-677. [Abstract] [PDF] [PDF Plus]
9. Veljko Veljkovi#, Emmett Johnson, Radmila Metlaš. 1997. Molecular basis of the inefficacy and possible
harmful effects of AIDS vaccine candidates based on HIV-1 envelope glycoprotein gp120. Vaccine 15:5,
473-474. [CrossRef]

