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glycoprotein: The prospect of using existing vaccines to
stem the AIDS pandemic
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Abstract

Cross-reactive immunity occurs when infection with or vaccination against one virus protects against another
related family member. A search for homologues of the HIV-1 envelope glycoprotein revealed that it is composed
of thousands of intercalating and overlapping viral matches of pentapeptide or longer gapped consensi, belonging
to over 70% of the currently sequenced virome, infecting all kingdoms from bacteria to man. It was also highly
homologous to proteins from the Visna/Maedi and other ovine viruses, while other proteins (nef/tat/gag/pol) were
homologous to proteins from the equine infectious anaemia virus and HTLV-2/HTLV-3 viruses. This phenomenon
suggests that horizontal gene transfer from coinfecting RNA and DNA viruses to retroviruses is extensive, providing a
route for the subsequent insertion of non-retroviral genes into human and other genomes via retroviral integration.
This homology includes all viruses for which vaccines already exist. Cross-reactive immunity may be operative in
AIDS, as Vaccinia vaccination decreases viral replication in HIV-1 infected patients’ cells, for the CCR5 tropic form.
Measles, Dengue virus, or GB virus C infections also decrease the HIV-1 viral load. A resumption of Vaccinia/smallpox
vaccination might be expected to have a significant effect on the AIDS pandemic, and a careful study of the potential
uses of other existing viral and bacterial vaccines merits close attention. This phenomenon may also be relevant to
other recalcitrant viruses, bacteria, and parasites for which no vaccine exists and the armory of existing vaccines may

have a role to play in diseases other than those for which they were designed.
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Introduction

The birth of immunology, over 200 years ago, noted
that smallpox could be prevented by inoculation with
cowpox,V a principle of immunity leading to the devel-
opment of vaccines that have eliminated smallpox®
and which combat many other viral and bacterial dis-
eases. Many viruses are however, recalcitrant to vacci-
nation, particularly the AIDS virus, HIV-1.®¥ However
it has recently been shown that Vaccinia virus vac-
cination reduces CCR5 tropic HIV-1 replication of the
cells of infected patients.) In HIV-1 infected patients
the viral load has also been reported to be reduced in
patients infected with measles or Dengue fever.*® The
suppression of HIV-1 replication by measles infection

is concurrent with intense immune activation.” It has
also been shown that GB virus type C infection pro-
longs the survival of HIV-1 infected patients and that
this effect is related to antibodies raised to the GB
virus envelope protein, that cross-react with HIV-1
particles.® This latter effect suggests cross-reactive
immunity. These apparent protective effects of other
viral infections could also be related to a general activa-
tion of defense networks such as the protein kinase R or
retinoic acid inducible gene (RIG-1) pathways leading
to interferon production and the activation of antiviral
signaling programs, although some viruses, including
herpes simplex and influenza are able to subvert these
and other pathways.®1?
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If cross-reactive immunity is also involved in such
effects, one would expect a degree of homology between
HIV-1 and other viral proteins, within antigenic regions.
In an attempt to find homologous viruses that might
serve as the cowpox equivalent to HIV-1, the HIV-1
envelope glycoprotein (env) was compared to all other
viral proteomes. Short contiguous amino acid stretches
(pentapeptides or longer gapped sequences) belonging
to proteins from almost the entire current virome are
encased within the env protein and include those for
which vaccines are available. These could perhaps play
a role in the development of cross-reactive immunity to
HIV-1.

Methods

B-cell epitopes for the HIV-1 env glycoprotein (P04578:
Human immunodeficiency virus type 1 group M sub-
type B (isolate HXB2)) were retrieved from the BepiPred
server™  (http://www.cbs.dtu.dk/services/BepiPred/)
and examples of immunogenic regions compared
to all viral proteomes using the National Center for
Biotechnology Information (NCBI) Basic Local Alignment
Search Tool (BLAST) server (BLASTp). This env sequence
was derived from the reference env gene in the NCBI gene
database (NC_001802.1). To detect small intraprotein
consensi, the E value was set to 100,000. HIV-1, HIV-2,
and other immunodeficiency viruses (Bovine, Feline, and
Simian, the HIV-like cancer virus or the Aids-associated
retrovirus, and the Murine AIDS virus-related provirus)
were eliminated from the search due to evident homol-
ogy. A list of available viral vaccines was obtained from
the Center for disease control website at http://www.cdc.
gov/vaccines/vpd-vac/vaccines-list. htm. BLASTS against
these specific viruses (Table 1) were also undertaken. The
env protein epitopes registered in the Immune epitope
database (http://www.immuneepitope.org)'? were also
compared to these viruses. In some cases, the amino acid
sequences of these env protein epitopes differed from
that of the chosen example, due to viral strain differences.
Viral matches (vatches) of five contiguous amino acids or
more or longer gapped sequences were identified by eye
and copied to a table in the appropriate position relative
to the HIV-1 env amino acid sequence (Supplementary
Table 1). The entire protein was not processed, but the
many results illustrated the principles involved. To the
author’s knowledge or ability, there is currently no way
of automating this process (every single pentapeptide
of the env glycoprotein tested shares similarity with
several other viruses) and it is hoped that this illustra-
tion will stimulate work in this direction, which is also
applicable to millions of vatches within the human pro-
teome. Finally, the env protein from various HIV-1 strains
was screened by BLAST analysis (BlastP) versus various
Vaccinia viruses. The common peptides identified were
analyzed for potential B cell immunogenicity using the
Bepipred server. The server-set index of 0.35 was used as
the immunogenicity index threshold.
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Results

The env glycoprotein shows significant overall homology
with proteins from four other viruses, the env proteins of
the Caprine arthritis encephalitis virus (E=3e-12), the
small ruminant lentivirus (E=6e-10), the visna/maedi
virus (E=6e-06) and the ovine lentivirus (E=4e-04)
(Figure 1). The HIV-1 nef protein showed significant
overall homology with an ORF protein from HTLV-2
(E=2e-45), while the HIV-1 tat protein showed significant
overall homology with the HTLV-3 tat protein (E=1e-35)
(not shown). The HIV-1 gag protein is highly homologous
to a protein from the puma lentivirus (E=1E-98) and to
a gag protein from the equine infectious anaemia virus
(E=3e-42) (Figure 1).

The results in relation to other viruses are shown in
supplementary Table 1, where viral vatches are aligned
with the env sequence, which is also characterized in
relation to the B cell epitope index. Even though only
X70% of the env protein was processed, HIV-1 vatches
were observed in 1827 RNA and DNA viruses and
phages, known to infect all kingdoms from bacteria
to man. These were majoritarily species rather than
strains. At the time of writing, there are 3753 reference
sequences for 2565 viral genomes in the NCBI Entrez
Genomes database, and the viruses containing HIV-1
env sequences account for X72% of the known current
virome. Examples of such alignments, for viruses where
vaccines are available, are shown in Table 1. All of these
viruses contain HIV-1 vatches in both B cell epitope
and non-epitope regions and within epitopes that have
been experimentally verified.

A BLAST analysis of the env protein from several
HIV-1 viral strains compared with Vaccinia viruses
revealed a further layer of complexity. While certain
identical Vaccinia/HIV-1 sequences were maintained
across several HIV-1 viral strains, for example, the
hexapeptides GAAGST or VVKIEP, these were often in
differing positions of the env protein (e.g. GAAGST at
positions 386, 510, 512, 524,529, or 531). Otherwise, the
profile of matching peptides derived from this sweep
appears to be distinct for each strain of the HIV-1 virus.
The viral matches shown in Tables 1 and 2 were pre-
dominantly pentapeptides, but longer contiguous or
gapped sequences as well as frequent tetrapeptides
were also observed (see supplementary Table 1).

Discussion

The close homology of the enu, nef tat, and gag/pol
proteins with caprine, ovine, visna/Maedi, equine, and
small ruminant viruses and particularly with HTLV-2 and
HTLV-3 is of evolutionary interest as it suggests a source
of the AIDS virus and its relatives, prior to simian integra-
tion and passage to man. However this is not the subject
of this article.

In terms of cross-reactive immunity, no vaccines for
HTLV-2 or HTLV-3 yet exist,!¥ although interestingly,
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Table 1. Examples of viral vatches within the HIV-1 envelope protein, for viruses where vaccines are available.

Viruses and Alignments with the HIV-1 env protein All are within a predicted B cell epitope region
(or within an experimentally described IEDB epitope)

Chicken pox (Human Hepatitis A Hepatitis B Influenza A virus ( many different strains) Japanese encephalitis
Herpesvirus 3) 38: VYYGV 39: Y VPV WK 32: DT+VHN virus
73: A+PTDP+ 477: +NWRS+ 74: CVPTD 42: VPVW 59: KYDTE
108: IIS W+ +KI 75: VPTDP P 108: I SLWDQ and IISLW 110: SLWD
121: KLTP LC TL 492: EPLGV 108: ISW SL and IISL 110: SLWDQ 240: T++STV
142: SSSGR 575: QLVLA  141: NSSSG 121: KTPLCVL 241: NVSTV
214: PIHY APA 608: VP NAS  142: SSSGR 124: PLCVL 306: RKRI+
252: RPV +LL 214: PIH CA 125: LCVTL 497: APTKA
276: NFT NA 218: CAPAF 131: CTDLK 526: AGST+GASTLR
305: KRRIG 237: GPCT+ 139: NTNSS 576: LARVY LK
307: KRIH and KR RI 252: RPV QL 142: SSSGR 688: IVGGL LI
313: P RAF+ PGRA 253: PIVST 167: GKVQK 690: GGLV
413: TITLP 255: ST+LL 205: CPKVS 742: RDRSI
500: KAKRRV 293: B +INCT 207: KI FEP IP and KI SFE IP 829: VIEVL R and VIE
502: KRRVV 307: KR H PGRA 214: P+HYC VLQR
573: GIQLQ 314: GR AFYT 234: NGTGP 830: IEVLQR
574: IK QLQA 359: QSS GD 252: RIVSTQ and RPIV Q
690: GGLVG 362: KQSSG 254: IVSTQ
441: GQRCSSI 263: GSLAE+
494: LGVAP 294: INCTR
495: GVAPT 298: RPNNN
575: QL ARV 302: NNTRK and NYNK KRI I and NYNKR
583: VEYLKD ++L LG GCKL+C 303: YNK KR
584: E YLKD 304: TRKRI
607: AV WNA and AVWN S 305: KRIRI and KR R+ I PG and KRKR
678: WLW +IIF 312: GPGR F+ and GPG F+
685: FI++V 349: LREQF
690: GGL GL 350: REQFG
708: VRQYSLS 356: NKTII
712: YSPLS 357: KTIIF
802: YW QEL 358: TIIFK
803: W QELK 362: KQSSG
364: SSGGD
369: PEIVT
370: EIVTH
371: IVTHS
372: VTHSF
373: THSEN
405: SNNTE
407: NTEGS
412: DTITL
445: CSSNI
490: KIEPL
493: PLGVA
571: VWGI AR
573: QL ARV
576: L+ARVL
605: TTAVP

608: +PW NASW

679: LWYI K F and LW IKI
685: FI+ IV GLV

686: IMIV

687: MIV G VL and MI+GG
710: QG YS LSFQ

711: GYS LSF

725: RGPDR

730: PEG+EE

744: RDRSI

805: +ELKN

806: ELKNS and ELK+ AV
807: LKNSV

825: G DRVI

828: RV E LQR and RV E+LQR
830: IEVLQ

(Continued)
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Table 1. Examples of viral vatches within the HIV-1 envelope protein, for viruses where vaccines are available. (Continued)

Viruses and Alignments with the HIV-1 env protein All are within a predicted B cell epitope region

(or within an experimentally described IEDB epitope)

Measles virus (repeat Mumps virus Papillomavirus(several strains) Poliovirus (1,2 and 3) Human Rotavirus A
motifs in Bold) 112: WDQSL 35:WVVYGV 36: VVYYG 63: TEVHN
55: ASDAKA 135: NNT SSS 36: VIV PV 252: RP+TQ 121: KLLCV
109: ISL WD SL 140: NT SSS 58: AYDT+ 255: VSTQ 133: DLKND
110: SLWD 254: 1STQL 60: AY+T HN+ 314: GRAYT 208: ISFP +Y
252: RPIS QL 305: KRIIG 70: ATHAC 336: AKW++ and AK NN 252: ARIVSTQ
253: PISQL 443: QICSNI 74: CVPTD PP 529: TMGAA 303: YNKR
263: GSLA EE 493: PLGVA 77: TDPNP 531: GAAS+ 307: KRIH and KR RI
304: NKRK 573: IKQLQA 82: QE+VLV 836: ACIIPIRQG 308: A RIHI
308: RIH IGPG 577: QARLA  142: SSSGR 313: PG AF+
312: GPGRA 688: IV GLV 208: ISF+P 337: KW +TL
314: GRAFT 823:AEGRVI 218: CAPAF 369: PEIVT
401: STEGS 234: NGTGP 413: TITLP
493: PLGVA 238: PCTNV 576: LQ VLVE YLK
573:IKQL QAV 239: CT N STVQC 583: VERLD QLLIG
581: LAVE LK 240: TNVST and VE YLK and VE
647: E SQ+QQ+ 253: PI STQ Y+K
685: F+M LVGL 264: SLAEE 686: IMVGLVL
688: IVGGV 300: NNNTR 691: GLVG+
706: NRVRQ 301: NNTRK 822: VAEGT+
707: RVRQG 302: NTRKR 829: VIEVL
715: L F+ LPTPR 305: KR RI T and KRKR+ 831: EVLQRA
716: NRVRQ 349: LREQF
719: THLPT 363: QSSGG
721: LPTPR 364: SSGGD
732: GIEE+G + R 401: STEGS
DRDR 406: NNTEG
801: +Y SQEL 407: NTEGS
828: REVVQ 410: GSDTI

413: TITLP

440: SGQIR

493: PLGVA

497: APTKA

500: KAKRR

502: KRRVV

570: VWGIK L+

574: KQLQ

576: LQ VLA

605: TTAVP

633: REINY S

635: I+NYTS

644: SLIEES

658: QELLE

688: IVGG

690: GG+VG

721: LPTP GP

730: PEG ++EGG

731: EG+EEE

734: EEEGE+RD SR

799: LL W QEL

806: ELKNSV

807: LKNSA

820: IAVAE D IE

828: RIEVL
Rabies virus Rubella Vaccinia virus or Vaccinia virus Yellow fever virus
122: LLC+TL 70: AT ACV Tian Tan 108: IISDQ
218: CAPAF PTD 34: KW+TV 131: KCL D SSS
220: PAG Al 738: GGEDR 35:LWYYGV 231: KTF GTG CT
337: KWNN 825: GDRV+ 36:VT+Y GVPV 259: LLLNE+SVTNTI+SENCPNR
354: GNNKT vQ 37: T+YYG 276: NDKTIVLTP
584: ER+LK 55: VLNAT IA 354: GNNKT
687: MI GGL L 57: DAKAY 417: PCRI I+
800: LQ WSQ 82: Q VVLV 484: YK KVVK+ LAPKAV+R+R G
805: QELKN 108: II LW+ 632: + EINYSH

(Continued)
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Table 1. Examples of viral vatches within the HIV-1 envelope protein, for viruses where vaccines are available. (Continued)

Viruses and Alignments with the HIV-1 env protein All are within a predicted B cell epitope region
(or within an experimentally described IEDB epitope)

112: WDQSL 687: MVGGVL
122: LTPLV 691: GLVG

143: SSGRM 826: TDRIE V+G
153: EIKNC 842: H RIR GL+
267: EEEVV

276: NFTD A

312: GPGR

313: APG AF+

355: NNKTI

359: ITFKQ

360: IFKQS

524: GAAGST

577: QARV AV

579: RVLA+ R and RV AVE and

RVL AV RY

587: L+QQ LL

635: INYTS

645: LIEE +QEE Q L+E

646: +EE N+++ K EQELL

712: YSPLS
714: P SFQT
719: THPT+PEI
720: HL TP GP
741: DR+R IR
804: SQELK
807: LK+SA+
Viruses that modulate HIV-1 infection (for measles see above)
Dengue virus GB virus C
(1,20r3) 70: ATHAC D P+++
36: VT Y+GVH and VT 122: LTPL CV
Y GVV WK 140: T SSSG EK
108: IISDQ 209: SFE IP
208: I EPIP 213: IPIAGA
242: VSTVQ 252: RP+VS
252: RPVLL 253: PIVS
254: TVST LL 306: RKR + PG
256: STQLL 468: FRGGGDW
264: SL EE+ 521: FLGTALTLGV
264: SLAEE 523: LGAAGTMAM
265: LAE EV 531: GAS+TT QA
302: NTRKR 574: KL ARVL
302: NKRKR 581: LAVE LK
313: PGRTT 582: AVE LK
335: RAKNT 610: VPW AS
348: ESQ +QE 686: IMI GL
363: QSSGG 689: VG LVG and VG L GL
402: TEGSN 729: R G GER DR
523: LG GSTM 738: GER IRLV
570: VWGI AR 807: LK VSLLNA
580: VLAVE 828: RVIE
606: TA PWN 830: IE QRA
685: F +VGG VG 831: EVLRA
686: IM V GLV L
691: VGGL
722: PTPRG
Position within env Epitope from IEDB Type
protein
33 KLWVTVYYGV MHC binding
36 VTVYYGVPVWK T cell/MHC binding
108 IISLWDQSL MHC binding
121 KLTPLCVTL T cell/MHC binding
206 PKISFEPIPIHYCAPAGFA MHC binding

(Continued)
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Table 1. Examples of viral vatches within the HIV-1 envelope protein, for viruses where vaccines are available. (Continued)

Viruses and Alignments with the HIV-1 env protein All are within a predicted B cell epitope region
(or within an experimentally described IEDB epitope)

252 RPIVSTQLL

302 NYNKRKRIHIGPGRAFYTTKNII
311 IGPGRAFHT

312 GPGRAFYTT

335 RAKWNNTLK

570 VWGIKQLQARVLAVERYLKD
606 TAVPWNASW

678 WLWYIKIFI

685 FIMIVGGLV

686 IMIVGGLVGL

799 LLQYWSQEL

828 RVIEVLQRA

MHC binding
B cell

T cell

MHC binding
MHC binding
MHC binding
MHC binding
MHC binding
MHC binding
MHC binding
MHC binding
MHC binding

Their start position (within the env protein of 856 amino acids) is marked as is their position with respect to predicted B-cell epitopes
within the env protein (these are all within regions with an antigenicity index of greater than the server-set threshold of 0.35: see
supplementary Table 1). Spaces within the sequences indicate nonidentical amino acids and + signs an amino acid with similar
physicochemical properties. The gray shaded sequences are within sequences that have been described as epitopes in experimental
studies (B cell, T cell, or MHC binding from IEDB: The amino acid sequences of these experimentally verified epitopes are appended at
the bottom of the table). Note that these sequences often overlap within consecutive regions of the env protein. In the majority of cases
shown, contiguous sequences were of pentapeptides, although longer gapped sequences are also illustrated.

HTLV-2 infection appears to have a protective influ-
ence on HIV-1 infection."? Should HTLV vaccines be
developed, they may also have a role to play in relation
to HIV-1.

As regards the shorter contiguous sequences and
matches, the extensive homology of a single HIV-1 pro-
tein (env) with numerous phage and viral proteins (~72%
of the currently sequenced virome) suggests that horizon-
tal partial gene transfer from coinfecting DNA and RNA
viruses to retrovirus, and/or vice versa, has proceeded
on a massive scale during the evolutionary history of the
AIDS virus and its ancestors. These include sequences
from viruses infecting all kingdoms (e.g. bacteria,
amoeba, fungi, plants, molluscs, insects, invertebrates,
fish, birds, reptiles, and mammals) suggesting that these
have at some time hosted the HIV-1 virus or its ancestors,
along with other viruses, whose partial gene sequences
have somehow been incorporated into the HIV-1 viral
genome. There is no reason to suppose that this is not a
feature of other retroviruses. As such sequences can sub-
sequently be transferred to other genomes via retroviral
insertion, this may partly explain the presence of phage
and viral partial gene sequences within the genomes of
plants, arthropods, fungi, nematodes, protozoa,*® mam-
mals and man."®'® The human proteome also contains
multiple peptide consensi from bacterial, plant, and ani-
mal viruses.'?)

Horizontal gene transfer from virus to retrovirus
does not appear to have been specifically studied in
the laboratory. However, gene exchange is common
between viruses,?*2) and also between retroviruses®?
where, for example, recombination can lead to the
development of novel HIV-1 viral strains.?®® However,
horizontal gene transfer has been reported from phages
to bacteria,®” between bacteria,®® or from man to
bacteria® and indeed appears to be a common feature

© 2012 Informa Healthcare USA, Inc.

of all living matter.?” The acquisition of genomic DNA
or RNA from infected higher species, by viruses, has
also been proposed as a driving force in the evolution
of viruses in general.®® Plant, arthropod, fungal, nema-
tode, and protozoan™ as well as animal and human
genomes also contain multiple retroviral and non-
retroviral sequences.1%'® Clearly, this provides many
potential routes for an interviral melange of genomic
material. The direction or route of transfer cannot be
imputed from a simple bioinformatics alignment, and
the reasons for this homology require further labora-
tory testing. Again this evolutionary aspect is not the
central theme of this analysis, and does not alter the
implications ensuing from this homology.

All of the viruses for which vaccines are available,
or which are known to favorably modulate HIV-1
viral load (Vaccinia, Dengue viruses, GB virus C, and
measles) contain sequences matching those of the env
protein. It is not possible to predict whether any partic-
ular sequence would potentially create cross-reactive
anti-HIV-1 antibodies, but the Vaccinia virus as well as
Dengue viruses, measles, and GB virus C contain sev-
eral vatches in B cell epitope regions of the env protein.
Field work is necessary to define whether any of these
epitopes are able to modify HIV-1 infection. In addi-
tion, theoretical T cell epitopes were not examined and
are likely to reveal a yet more complex picture that may
also depend upon the HLA genetic composition of the
host. However, many of the matching sequences are
within epitopes known to be able to label the AIDS virus
in experimental studies, as cataloged by the immune
epitope database. In addition, it is unlikely that all pos-
sible epitopes have been reported or characterized.
While many of the viral matches were of pentapeptides
or greater, multiple tetrapeptide matches were also
observed. Antibodies are quite capable of recognizing
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Protein HIV-1 and other viral proteins
HIV-1 Tat versus |HIV-1 1 MEFVDPRLEPWKHPGSQPKTACTNCYCKKCCFHCQVCFITKALGISYGRKKRRORRRAHQ 60
AAR45459.1] tac- MEP o Q@
II1 protein [Human | HTLV3 1 MEPVDPRLEPWEHPGSOPETACTNCYCKROCFHOQVCF ITKALG ISYGREKRRORRRPPD 60
T-lymphotropic HIV-1 61 MNSOTHOASLSKQPTSQOPRGDPTGPKE 86
virus 3] SQTHQ SLEEQPTSQ RGDPTGFEKE
E= Go-71 HILV3 61 GSQUTHY 0 TGPKE 86
HIV- 1 Nef versus HIV-1 EXHGAI TS5 NTARTNARCARLER, VIFQVPLRPWTYRAA B4
PAAD VGA SRDL I
AAR4S419.1] omF | HTLV-2 1 PRAADGVGAVSRDLEKHGAT TSSNTAATNARCARLERGEEEEVGFPVTPOVPLSENTYRAR 60
[Human T- HIV-1 85 \FDLSHFLKBKGGLBGLiHSQRRODILDIMI?“M\'FPDWTNM’R‘IPLTNNCYK 144
lymphotropic virus -
21 HTLV-2 61 \PDI-SHF’LKENGLWLKHSQRWILDWIYM?FPDWTWW!PL‘(MC‘{K 120
E=de-163 HIV-1 145 LVPVEPDKI PVSL DSRLAFHHVARELHPEYFINC 206
HTLV-2 121 LVF LHPVSL HPEYFKNC 182
HIV-1 env versus HIV-1 483 LYKYKVVKI-----EFLGVAPTKAKRRVVQR-======== EKRAVG- - IGALFLGFLGAA 526
ACY78388.1| L EY V4Ee AX Res R KR V@ I .
envelope Capri 588 LOKYQVIKVRAYTYGVIEMPENYAKTRIINRRKRELSHTRKKRGVGLVIMLVIMAIVAAA 647
glycoprotein HIV-1 527 GSTMOAAS---MTLTVIARQLLSGIVOOONNLLRAIEAQQHLLOLTVWGIKQLOARILAV 583
[Caprine arthritis G +G A T AQL @+LA A +Q G+ LeAR+ V
encephalitis Capri 648 GASLOVANAIQOSYTKAAVOTL EATYA- - =MV IL T04
virus] HIV-1 584 ERYLKDQ----QLLGI WNHT INNYT 63%
Length=%35 E o QL W cT + + TW +WsRE Y
(Capri) Capri 705 E-AITDRIMLYQELDCWHY--HQYCVTSTRADVA-KY INWTRFKDNCTWOOWERELQGYD 760
HIV-1 640 SLIHSLIEESQNQUEKNEQELLEL-DKWASLWNWFNITNWLWYIKLFIMIVGGLVGLRIV 698
Ee 2e-12 ES Q + E++ DWSL F+ W K IVGLVG +
Capri 761 GNLTMLLI JTQLAEEQVRRI YIPIIVVGLVGCILI 820
HIV-1 699 FAVLSIVNRVRL SFOTHLET EEEGGE 73%
+ QY L8 T * + E s

Capri 821 RAVICVCQPLVOIYRTLSTPTYQRVTVIMEERADVAGENQD 861

HIV-1 env versus | HIV-1 484 YKYKVVEI-EPLGVAPTKAKR- -RVVOREKRAVGIGALFLGFLGAAGSTMGARSHTLTVG 540
ARRSTE08.1] YY VW o« A KEEKR R QRER +6 L L + vo
envelope Visna 632 YTYGVVEMPOSYMEACMENERSRRHLORKKRGIGL-VLVLAIMAIIAARGAGLGVANAVO €50
glycoprotein
[Visna/Maedi HIV-1 541 --A"-ARQLL.SGIVQQQNHLLRAlWMLWNGTKOmMILAVSRYLWL" 592
virus] A QL Q+L EBEA +Q GI L+AR+ VE LD +
E=fe-06 Visna 691 QSYTRTAVOSLANATAAQQDVL---EASYAMVQHIAKGIRI I¥ 746
HIV-1 583 --LGIWGCSGKLICTTA--- RETNN aa:.rnsu 646
LW cT v W + 'rn +W+ EI
Visna 747 HELDCWHY--QHYCVTSTKSEVANYVNWT--- - RFKDNCT zzrxouzam..sm..l. 799
HIV- 647 EESQNOQEKNEQELLEL-DKWASL- - -WNWFNITNWLWYIKLFIMI IVFAVLSI 704
E Q + o+ DW L W WL ¥I IM+ G+ RI VB8
Wisna 800 REAALOVHIAQRDASRIPDVWTALOEAFDWSSWESWLKYIPWIIMGILGITCFRILMCVISM 861
HIV-1 env versus HIV-1 484 \’KYKVVKIEPMVHHWRMRBWWIG&LFMFWWMTLWO--- 540
AF479638_6 env Y Y VW X QR KR +G G
polyprotein [Ovine | Ovine 630 WWPKAVSBKK&RQWSWRRK&GIULUIVMIMIIWWVWVWSW €839
lentivirus] HIV-1 541 --ARQLLSGIVOQUNNLLRAIEAQUHLLOLTVWGIKQLOARILAVERYLKDQULLGIWGC 558
Ee de-04 AQL Q@NELA A +Q GI L+ARs VE L <
Ovine 690 RTAVQSLANATAAQONVLEATYA- - -MVOHVAKGIRILEARVARVEAIVDRMMLYHELDC 746
HIV-1 539 5G- M.ICTT----}\U’P‘H‘NhSWSNKSLBQIH‘NIITMENDREINNYTSLIHSLIEE-SQHQQ €53
av + TW +W+ EI L E Q
Ovine 747 NH?QH?MSWVMW“TR?K ----- DHCTWOOWEEEIEQHERNLSQLLREARLOY 801
HIV-1 654 EKNEQELLEL-DKWASL---WNWFNITNWLWYIKLFIMIVGGLVGLRIVFAVLSI 704
.. DW L o WL ¥I  +M + G + RIV  Ss
Ovine 802 HIAQRDASRIPDVWOALOEAFDWSGWFSWLEYIPWIVMGIVGIICFRIVMCMVSY 856
HIV-1 env versus | HIV-1 484 YKYKVVKIEFLGVAPTEAKRRVVO----REKRAVG-- IGALFLGFLGARGETMGARS--- 534
ADM23860.1] env YYVe P R+ RER VG I + ARG 4G A
polyprotein ([Small | Rumin 581 YTYGVIEM-FI JININREKKREL NIMLVIMAT IQ 639
ruminant HIV-1 535 MTLTVQARQLLSGIVQOQNNLLRATEAQOHLLOLTVWGIKQLOARILAVERYLEDG---- 590
lentivirus] (Rumin) T AQL Q+LA A +0Q G+ L+AR+ VE D
E=fe-10 Rumin 640 QSYTKTAVOTLANATAVOODVLEATYA- - -MVOHVARGVRILEARVARVE-AITDRMMLY 655
HIV-1 581 QLLGINGCSGKLICTT--AVPWNASWSNKSLEQIWNHTTWMEWDREINNY-TSLIHSLIE 647
QL W IT WV W + TH +W+RE L LE
Rumin 696 QELDCWHYHQYCITSTRTEVAKYINWT-----RFKDNCTWQOWERELQGHEENLTLLLRE
HIV-1 648 BQQNQQSIWBQELLBLNCN!\SLW‘HWIWLNYI&LFINI\'GGLVCLRIVF}\VLSIWIR\’RQGYSPLSWLPTPR T8
Q DWA+ FN W K IVGL G+ Ve + QY LS
Rumin 751 SARITQLTQEQARRIPDVHA KYVPIIVMGLLGCILIRVVMCVOQPLVOTYKTLS - -
HIV-1 Gag-Pol HIV-1 589 15---PIETVPVKLKFGMD- - -GPKVKQWPLTEEKIKALVEICTE-MEKEGKISKIGPEN 641
versus ARAG7168.1 18 PI V KL D GPE+KQWPLT EKI AL EI E +E EGK+ PN
pol polyprotein Puma 64  ISTKIPI--VKAKL---VDPNKGPKIKQWPLTNEKIERLTEI-VERLETEGKVERADPNN 117
[Puma lentivirus |HIV-1 642 PYNTPVFAIKKKDSTEWRKLVDFRELNERTQDFW-- - -EVQLGIPHPAGLKKEKSVIVLD 697
14] P NTP+F IKKE S KWR L+DFRELNE T EVQLG PHPAGL K VIVLD
E = Be-100 Puma 118 PWNTPIFCIKKK-SGKWRMLIDFRELNELT- - - - LKGAEVQLGLFHPAGLEMRKQVTVLD 172
HIV-1 6398 VGDAYFSVPLDEDFRKYTAFTIPSINNETPGIRYQYNV---LPQGWKGSPAIFQSSMTKI 754
+GDAYF +PLD D+ YTAFT P NN+ PG RY V LPQGW 5P I+Q8 + I
Puma 173 IGDAYFTIPLDPDYQPYTAFTLENKNNOGPGRRY- - -VWCSLPQGWVLSPLIYQSTLONI 229
HIV-1 755 LEPFREQNPDIVIYQYMDDLYVGSD---LE--- IGQHRTKIEELRQHLLAWGLTTRPDKKH 808
L+P RE P+ +YOYMDD Y+GSD LE I I+ELR L WG TP+ K
Puma 230 LOPWREKYRPNIDVYQYMDDIYIGSDFSRLEHEKI------ IQELRDLLIFWGFETPEDKL 283
HIV-1 805 QKEPPFLWMGYELHPDEWTVQ- -~ ---PIVLPEKDSWTVNDIQKLVGKLNWASQIYPGIKVROLCKLLRGTKALTE 878
Q EPP+ WMGY L P+EWT+Q FEVE TH QKL G NWA Q GIK+ KALTE
Fuma 204 QOEFPYKWMGYTLYFNEWTIQKTKLDIPEV-F- - - - - TLROLOKLAGV INWATONVGGIKI--- - -~~~ -~ KALTE 343
HIV-pol versus HIV-1 511 LLDTGADDTVLEEMSLP----- - - -GRWKPK- - - -MIGGIGG- - -F----------~ 542
LLDTGAD VL GR K I G+GG F I
ADKA5834.1 pel Equine 91 LLDTGADTSVL- - -TIAHYNELKYRGR- - - KYQGTGI TFSTEVT 144
polyprotein [Equine HIV-1 543  EVRQYDQILIEICGHKATGTVLVGETEVNIIGRNLLTQIGCTLNFE----- ISPIETVEV 537
infectious anemia virus) ER W PVIGR+ L +G L IPE +
Equine 145  KTR-----------------MLVADIFVTILGRDILOELGAQLTMAQLSKEITPRE---1 184
E = le-98 HIV-1 598  KLKPGMDGPEVKQWPLTEEK------- IKALVEICTEMEKEGKISKIGPENFYNTFVFAL 650
KLE G GPEV QWPLT EE +E L + EGKIS +NPYH P+F I
Equine 185  KLKTGTVGPKVPQWPLTKEKLLGAKEIVEKLLD---- ---EGKISEASDDNPYMSPIFVI 237
HIV-1 651  KKKDSTI VDFRELNERT(! QLG- - - - - - IPHEAGL TVLDVGDAYFS 704
KFE 8 FWR L D RELNE vQ G FHP GL K TVLD+GDAYF
Equine 238  KKK-SGEWRLLODLRELNE- - - - - -VVQVGTEISRGLPHPGGLIKCNHMTVLDIGDAYET 280
HIV-1 705  VPLDEDFREYTAFTIPSINNETPGIRYQYNVLPOGWKGSPAIFQSSMTKILERFRKONFD 764
+PLD FR YTAFT+PSIN +« P RY N LPQG SP I+Q + IL+ FR ED
Equine 291 IPLDPRFROYTAFTVESINHOEPDERYVWNCLPQGFVLE PY IYORTLODILOAFRERHFD 350
HIV-1 765 wuoanWGsm.E---mqunxmxmqmm RWGLTTFDEKHOXEPPFLHMGYE 820
YOYMDDL++GS+ E Qi +EELR LL 6 P+ K Q E P+ WeG¥+
Bquine 351 WL?QWPIGSN ESKR- -QHKELVEELRAILLEK-GFEMPEDKLOEEAPYNWLGYQ 406
HIV- [F3Y LHPDKWTVOPIVLFE- - KDSWTVNDIQKLVGKLNW - mnm:mm------cnm 871
LFDWV) LE Ke THND4QRL G W 5+ PG V Q
Equine 407 LSPONWKVQKMOL - ELVKEP - TLNDVOKLMGH I TWMSSGV - PGLWKQIM‘I‘TKGC L - 480
HIV-1 872  GTKALTE-VIPLTEEAELELAE-NREILKEFVHGV-YYDPSKDLIAEIQ----------- 917
L+ Ve TEER+ ELEN I + +G YY+P + I EI+
Equine 461 - - - DLEQKEVV - WTEEAQXELEENNKKI - - QEAQGLOYYNFEEEVICEIEITENYEATYII 514
HIV-1 918  KQOQG-QWTYQIYQEPFKNLKTGKYAR-MRGAHT- -NDVKQLTEAVOKITTESIV-INGK 972
XQ Q6 W MR A KL Q@+ TESIVIG
Equine 515 KOS0GIIW=-======nnnn== AGK--KIMR - ANKGWSAAKNLMLLLOHVATESIVRI-GT 557
HIV-1 973  TPKFKLPIQKE--TWET- - -WWTEYWOATWIP-----=-====- EWEFVNTPPLVELWYQL 1016
PEFK P KE WET W ¥ WP +H L XKL
Equine 558 CPKFEVFFTHKEQVKWETEKGWY--Y---SWLFDMIYSHQVVHDDW------RL-KL---V 602
HIV-1 1017 EKEP---IVGAETFYVDGAANRETKLGK- - - - - -AGYVTNRG- -RQK- - - -VVTLTDTTH 1061
E+F I T ¥ DG GE AYVT @ QK ¥V T
Equine 603  E-QPASGI----TI¥TDG--------GKONEEGVARYVTSNGKTKQKRLGEV- - - - - - TH 643
HIV-1 1062 ommazvmms&s-—-wansm--—-----m ---------- IIQRQPDOS 1100
Q@ E AI +AL+D E  VNIVTDS Y In
Equine 644  QTAERIAIQMALEDT--EETLVNIVIDS- YYCHWITBGWLBG?GEPWPIIQ"“" 694
HIV-1 1101 ESELVNQIIEQLIK-KEKVYLAWVPAHKGIGGNEQVD 1136
N I KE VY AWVP HEGI GH+ D
Equine 695  -----N------IRAKEMVYFAWVPGHKGIYGNQLAD 720

Figure 1. Significant overall homologies of HIV-1 viral proteins with proteins from other viruses. Consensi and e values are shown in

bold.
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Table 2. Examples of Vaccinia virus homologues (from BLASTS of the relevant HIV-1 env proteins versus Ankara, GLV-1h68, Tian Tian,
and L-IPV Vaccinia strains) compared with the env glycoprotein from a selection of HIV-1 viral strains (various subtypes from groups M,

N, and O).
Group M subtype A (isolate Group M subtype B (isolate BRU/  Group M subtype B (isolate BH10) Group M subtype C (isolate
7321) (Accession # P05881) LAI) (Accession # P03377) (Accession # P03375) ETH2220) (Accession # Q75008)
340: DTLSKV 187: CSENIS S 524: GAAGST 154: CSFNI
388: TSGLF 529: GAAGST 391: LELFN
524: GAAGST 303: KLDII ID 429: GIIMC
488: VVKIEP 493: VVKIEP 512: GAAGST
617: KSQSD 705: ALSIVN 574: HLRDQ
644: NLIEE 629: ITYNL
702:LL LSIIN 690: LSIVN
703: SIINR 685: IIFAV
841: LNIPR
Group M subtype D (isolate Z84) Group M subtype F1 (isolate VI850) Group M subtype G (isolate Group M subtype H (isolate
(Accession # P05882) (Accession # Q9QSQ7) 92NG083) (Accession # 041803)  90CF056) (Accession #070902)
63:EAHNI 377: TSGLF 329: NVSRI 661: WEDIS
197: NTNYTY 386: SNNGT 352: NKNIT 690: LSIVN
291: NNVKTII 678: LSIVN 383: TSGLF 752: LSLFS
364: LNQTT 696: LIPSP 392: SNINN
495: VV IEP 753: IAARI 473: KTVK+K
531: GAAGST 768: ALKYL 510: GAAGST

771: YLGNL 688: LSIVN

817: LNIPR
Group M subtype J (isolate Group M subtype K (isolate 96CM- Group N (isolate YBF106) Group O (isolate ANT70)
SE9173) (Accession # Q9WC69) MP535) (Accession # Q9QBY2) (Accession # Q9IDV2) (Accession #Q77377)
146: SPEIM N 187: NNSST 74: LLTNV 254: QLILN
180: INSDN 448: NTHNE 79: TEYFN 544: HTLLK
194: TSVIK 510: GAAGST 134: +RTEDL 696: RVIMI
482: VVELEP 732: VRLVS 156: RDRKK 698: IMIVL
615: DIWEN 797: AISLL 250: QLILN 704: IVKNIR+G
691: IIFAV 476: VSREK

513: RTLLS
787: LKDSAI

Identical peptides (HIV-1=Vaccinia) were analyzed for B cell antigenicity using the BepiPred server and those predicted as epitopes are

highlighted in bold.

such short sequences® A further point to be consid-
ered is that this homology may enable different viruses
to share the same binding partners in relation to the
host proteome. Viruses also demonstrate this type of
homology with human proteins,®%31 an ability that
no doubt enables them to compete with their human
counterparts as binding partners in the numerous host/
pathogen interactomes that they use during their life
cycles.”19 HIV-1 and pox viruses both use the CCR5
chemokine receptor and such sharing may also influ-
ence the outcome of co-infection.®

The differing matching peptide profiles for different
HIV-1 viral strains also highlights the underlying com-
plexity and shows that matching sequences will depend
upon the HIV-1 strain, and presumably also the strain of
the homologous virus.

In relation to AIDS, this homology may have clinical
application as infection or vaccination in relation to these
viral homologues might be expected, in some cases, to
confer cross-reactive immunity to HIV-1. There is indeed
some evidence that this may be operative. For example,
Vaccinia vaccination in HIV-1 infected subjects has been
shown to inhibit HIV-1 viral replication in subsequent
in vitro tests, but only in the CCR5 tropic HIV-1 Major
M strain.® These authors noted that the increase in the

© 2012 Informa Healthcare USA, Inc.

incidence of AIDS correlated with the successful eradi-
cation of smallpox and cessation of the use of Vaccinia
vaccination. However, even within the M group of HIV-1
viruses, which displays tropism for the CCR5 chemokine
receptor,®? considerable variation exists between the
Vaccinia/HIV-1 peptide matches.

In a small study (four patients), hyperimmunization
with the killed poliomyelitis (Salk) vaccine was also
shown to increase the T cell count and to improve symp-
toms in HIV-1 infected patients.®® Influenza vaccination
in non-HIV-1 patients also results in the suppression of
HIV-1replication in vitro. However, this was not observed
in HIV-1 infected patients, and influenza vaccination has
also been reported to increase HIV-1 replication in some
patients,®Y perhaps due to the ability of the influenza
virus to inhibit viral defense pathways.'” Both measles or
GBvirus Cinfection are also known to decrease the HIV-1
viral load in infected patients”® although other coinfec-
tions may perhaps worsen the effects of each other.

Vaccination can be a double-edged sword. For example,
alower titre of hepatitis B antibodies has been observed in
several autoimmune disorders, including multiple sclero-
sis, suggesting a protective effect of infection.®” However,
hepatitis B vaccination can have the opposite effect and
provoke demyelinating lesions in certain cases.®® It has
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been shown that the HIV-1 proteome displays a simi-
lar type of homology with the human proteome and the
problems of autoimmunity in relation to certain of these
vaccines need to be addressed.®V Nevertheless, Vaccinia
virus vaccination does reduce the HIV-1 viral load for the
common CCR5 tropic strain, in vitro, and a resumption of
smallpox vaccination might be expected to be of benefit in
certain cases, as already suggested.” It would be premature
to suggest the immediate use of other available vaccines as
preventive agents without further research into the ques-
tion. A more in-depth analysis of the viral homology of the
env glycoprotein and of other HIV-1 proteins and strains is
also necessary, and, given the scale of the phenomenon,
which also applies to millions of viral/human and bacte-
rial/human short consensi.'”*? It is clear that the develop-
ment of powerful algorithms is necessary for this purpose.
However, the results with the Vaccinia virus are promising
and suggest that this homology may be harnessed to good
effect. Whether other available vaccines could confer cross-
reactive immunity remains to be assessed. These are often
used in HIV-1 positive patients, once HIV-1 is present,®
but their use as potential preventive agents, given prior to
HIV-1 infection, merits further study.

A further point to consider is the microbiome in AIDS
patients. If so many viruses, and probably also bacteria
and other pathogens, resemble HIV-1 viral proteins, it is
possible that certain species could exert beneficial (or
deleterious) effects. Sequencing of the various microbiota
in AIDS resistant and nonresistant patients may, thus, be
of value as such analyses may well be able to identify pro-
tective viral or bacterial strains. Microbiomes can exert a
powerful influence on disease. For example, the intesti-
nal microbiome is able to influence obesity, cardiovas-
cular disease, and inflammatory bowel disease,®*® and
its manipulation in relation to HIV-1 is already attract-
ing attention.“? Indeed, probiotic yoghurt containing
Lactobacillus rhamnosus Fitiis able to increase the CD4+
cell count in HIV-1 infected patients.“V

HIV-1 vaccine development using attenuated Ankara
Vaccinia strains, containing HIV-1 proteins, is already
under development.“? The most immediately relevant
conclusion of this study is that the beneficial effects
of unmodified Vaccinia vaccination in HIV-1 infected
patients, in vitro, may well be related to cross-reactive
immunity due to Vaccinia/HIV-1 homology, and that,
as previously suggested® a resumption of Vaccinia/
smallpox vaccination might have a significant effect on
the AIDS pandemic, even if only effective against certain
strains.

Clearly further work is needed, both in vitro and in
vivo to analyze these effects. Rather than suggest specific
proposals for vaccine development or the use of already
available vaccines, the main purpose of this article is to
draw attention to this extensive protein homology, which
may have far-reaching implications in this and other dis-
eases. A similar bioinformatics approach may be relevant
to other recalcitrant viruses, bacteria, and pathogens and
the current treasury of available vaccines may well find

uses in diseases other than those for which they were
designed. Other HIV-1 proteins and numerous strains
of both the HIV-1 and other viruses also require analy-
sis perhaps enabling the construction of more effective
epitopes. The wheel has turned full circle since Edward
Jenner’s observation over 200 years ago that cowpox
prevented smallpox, as, if this is effective, the same phe-
nomenon and the same viruses may have a role to play in
relation to today’s viral scourge.
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