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Identification and Characterization of Previously Described Epitopes in
HIV-1 Subtypes B, C, F and BF in Brazil
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Genetic analysis of HIV-1isessential to improve treatment strategies and select epitopes for vaccine programs. The
objective of this study was to determine whether known CD4* and CD8"* epitopes were present in Brazilian HIV-1
strains. We used previoudly described CD8* and CD4* epitopes from the Los Alamos laboratory to search for these
epitopes in the Brazilian sequences using the HIVbase program and we compared the frequency results with the
analysesusing physical-chemical profiletoolsfrom Network Protein SequenceAnalysis (NPSA), and the SYFPEI THI
program. Furthermore, this analysis was carried out with the Prosite tool using the GeneDoc program and ds/dn
analyses using the Synonymous Nonsynonymous Analysis Program (SNAP). The HIVbase epitope mapping
demonstrated that 30 CD8* and 6 CD4* epitopes wer e present in the Brazilian sequences at a high frequency. Only
two of these epitopes were heavily glycosylated. I nterestingly, ds/dn analyses showed evidence of purifying selective
pressure. These types of analyses could be useful for the assessment of possible vaccine efficiency in populations.
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HIV-1, identified as the etiological agent of AIDS [1],
contributes to the development of immunodeficiency. Its
biological complexity and high mutation rate have made the
design of avaccineto control the pandemic difficult. CD8* T
lymphocyte responses are largely responsiblefor controlling
viral replication during both acute and chronic infection [2-4].
The antibody responses appears much later and select a
mutant virus [5]. Mutations in CTL epitopes and sites
recognized by antibodies and acquisition of glycosylation
sites are escape mechanismsthat allow the virusto replicate
and infect more cells[5-7].

Themapping of epitopesindiversevirus proteinsand the
identification of possible modifications can provide useful
information to aid vaccine development. For example,
mutationsinthe TW10 and SL9 Gag epitopesresult in afitness
cost tothevirus[ 7], and thiskind of information isvery useful
for the vaccine development process. The use of
bioinformatics software can identify escaping epitopes.
Bioinformatics programs have been developed for diverse
areas including protein analysis, physical-chemical
characteristics, MHC binding databases, and
posttranslational modification. The use of these programsto
study the molecular epidemiology and genetic variation of
theHIV-1 epidemicin Brazil may provideimportant information
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about the epidemic in this country. Thisinformation could be
important in the design of an effective vaccine aswell asfor
antiretroviral treatment. The objective of this study was to
characterize genetic variationin previoudly identified epitopes
inthe Brazilian HIV-1 env sequences.

Materialsand M ethods

Sequencesof al of theBrazilian HIV-1 strains (3,813) were
collected from GenBank and added to the HIV base Database
[8]. Epitope mapping analyses were performed as described
in the HIV Immunology and HIV/SIV Los Alamos Vaccine
Databases[9]. We selected and analyzed only the env region,
consisting of 2,644 sequencesfrom gp120: C1V1=51; C2=59;
C3=200; V 3loop=515; and gp41=50. The aignment of these
sequences was carried out using the Clustal X [10] software.
Genedoc [11] software was used to edit and translate the
alignment, and the potential siteanayseswere performed using
the Prosite[12] tool. For selective pressure analysis, we used
the Synonymous NonsynonymousAnalysis Program (SNAP)
[13] from Los Alamos. The proportion of synonymous
substitutions per potential synonymous site and the
proportion of nonsynonymous substitutions per potential
nonsynonymous site were calculated using the Nei and
Gojobori method[14]. Prediction of cellular epitopeswas made
with the SYFPEITHI online database [15]. Identification of
Antibody epitopesand their physical-chemical characteristics
were carried out using the Physico-chemical profilesprogram
of the Network Protein Sequence Analysis(NPSA) [16-20].

Results

HIV base epitope mapping showed that thirty CD8* (Table
1) and six CD4* (Table 2) epitopes had a high frequency and
showed varying degrees of conservationintheBrazilian HIV
sequence. However, the SY PETEITHI analysiswasrestricted
tothefollowing HLA aleles: HLA-A*03, -A* 6801, -A* 2402
and -A*0201. Two of the epitopesin thisprogram had several
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Table 1. Mapping of the frequency of the LosAlamos CD8 epitopesin the Brazilian HIV-1 sequences

HXB2 Location % Epitopes sequence Frequency HLA HXB2 Location % Epitopes sequence Frequency HLA
Protein region Similarity Protein region Similarity
gp120/C1 Total=72.5 BNLWVTVYYGV42 37/51 A02 gp120/C1 Total=98.0 34LWVTVYYGV42 50/51 A*0201
subtype B 30 P 3/10 subtype B 100 e 10/10
Koo 4/10
Q......... 3/10
subtype F 100 o 10/10 subtype F 100 e 1010
subtype C 100 P 12/12 Subtype C 100 e 12112
BIF 63 12/19 B/F 94.7 18/19*
recombinant Q... 2119 recombinant
Koo 2/19
D......... 2/19*
gp 120/C1 Total=100 36VTVYYGVPV44 51/51 A02 gp 120/C1 Total=92.1 36VTVYYGVPVWK46 47151 A*6801
Subtype B 100 R 10/10 Subtype B 100 PN 1010
Subtype F 100 R, 10/10 Subtype F 100 PN 10/10
Subtype C 100 e 12/12 Subtype C 83.3 e 10/12
vee oo ..R 212
BIF 100 PR, 19/19 B/F recombinant 89.5 P 17119
recombinant e ......R 2119
gp 120/C1 Total=92.1 | 37TVYYGVPVWK4s 47/51 A*0301, gp 120/C1 Total=90.2 38VYYGVPVWKEA4s 46/51 Cw7
A*6801,
Subtype B 100 F 10/10 Subtype B 100 e 10/10
Subtype F 100 R 10/10 Subtype F 90 e 9/10*
Subtype C 83.3 P 10/12 Subtype C 83.3 e 10/12
co.......R 2/12 PR 2/12
BIF 89.5 P 1719 B/F recombinant 89.5 P 17119
recombinant ........R 2119 . .......R.. 2119
gp 120/C1 Total=62.7 | 42VPVWKEATTTs51 32/51 B*5501, gp 120/C1 Total=62.7 42VPVWKEATTTL 52 32/51 B*3501
B55
Subtype B 80 F 8/10* Subtype B 80 e 8/10*
Subtype F 90 e 9/10* Subtype F 90 P 9/10*
Subtype C 0 L KL 10/12* Subtype C 0 LKL 10012
B/F 78.9 e 15/19 B/F recombinant 78.9 P 1519
recombinant ....R..N.. 2/19* ... .R.N... 2119*
gp 120/C1 Total=90.2 | s0TTLFCASDAKs9 46/51  A3supertype | gp 120/C1 Total=92.1 51TLFCASDAKSs9 47151 A3supertype
Subtype B 100 P 10/10 Subtype B 100 | ... 10/10
Subtype F 100 P 10/10 Subtype F 100 | ... 10110
Subtype C 75 P 912 Subtype C 833 | ... 10/12
... .. R 2112+ ........R 2/12
BIF 89.5 e 17/119* B/F recombinant 895 | ... 17119*
recombinant
gp 120/C1 Total=90.2 108/ISLWDQSL 116 46/51 A2.1 gp 120/C1 Total=94.1 109ISLWDQSLK 117 48/51 A11
Subtype B 100 [P 10/10 Subtype B 100 e 10/10
Subtype F 100 P 10/10 Subtype F 100 e 10/10
Subtype C 83.3 P 10/12* Subtype C 91.6 e 1/12*
B/F 84.2 PP 16/19 B/F recombinant 89.5 e 17119*
recombinant Voo ... 2119*
gp 120/C1V1 Total=94.1 110SLWDQSLKP 118 48/51 A03 gp 120/C1V1 Total=92.1 117KPCVKLTPLC 126 47/51 B7
Subtype B 100 [ 10/10 Subtype B 100 e 10/10
Subtype F 100 e 10/10 Subtype F 90 e 9/10*
Subtype C 91.6 P 11/12* Subtype C 100 e 1212
B/F 89.5 e 17119* B/F recombinant 84.2 e 16/19*
recombinant
gp120/C2 Total=61.0 252KPVVSTQLLL261 36/59 B07,808 | gp120/V3loop Total=54.9 2906CTRPNNNTRK305 283/515 A03;A02
Subtype B 28.6 P 4/14 Subtype B 417 PP 187/392
R 10/14 R C R 31/392
Subtype F 100 P 1111 Subtype F 84.4 e 38/45
R 2/45
Subtype C 50 AP 7114 Subtype C 55.2 e 16/29
R 3/14 P 8/29
oMo 2/14* oG 2129
BIF 70 A 14/20 B/F recombinant 85.7 PP 42/49
recombinant R..... ... 6/20 LS. 2/49*
gp120/C3 Total=60.5 375SFNCGGEFF383 121/200 B1516; gp120/C3 Total=60.0 375SFNCGGEFFY3s4 120/200 A29
B15,B63
Subtype B 68.4 PP 117/153 Subtype B 68.4 e e 116/153
T..... ... 24/153 T o 23/153
AL 4/153 LA 4/153*
RO 2/153*
Subtype F 0 .....R 10/14 Subtype F 0 s ... R 10/14
N...M. . 414 N..M..... 414
Subtype C 0 ....R. . 7/9* Subtype C 0 ...R .. 719*
BIF 16.6 P 4/24 B/F recombinant 16.6 e 4/24
recombinant .. .R.. 18/24* LR 18/24*
gp120/C3 Total=73.5 376FNCGGEFF383 147/200 Cw4 gp120/C3 Total=72.5 376FNCGGEFF Y384 145/200 A29
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Table 1. (continued)

Subtype B 89.5 . 141/153 Subtype B 88.6 . 139/153
AL 4/153 LA 4/153*
RO 2/153*
Subtype F 0 .......R 10/14 Subtype F 0 .. .....R 10/14
oML . 4/14 oML 4/14
Subtype C 0 LR 7/9* Subtype C 0 R - S 7/9*
B/F 25 e 6/24 B/F recombinant 25 e 6/24
recombinant ...R. ... 18/24 LR 18/24
gp120/C3 Total=67.5 377NCGGEFFYCN3ge 135/200 ND** gp 41 Total=74.0 520TMGAASITLs37 37/50 A2
Subtype B 88.6 e 129/153 Subtype B 28.6 e 217
. ......D 10/153 R 217
LA 4/153* ... VAL 2/7*
Subtype F 0 ... ..R... 9/14 Subtype F 90.9 R, 10/11*
LML 4/14*
Subtype C 0 LR 719+ Subtype C 100 R, 13/13
B/F 25 e 6/24 B/F recombinant 63.2 e 12/19
recombinant s 18/24 s M 3/19*
gp 41 Total=52.0 565LLOLTVWGIs73 26/50 A2 gp 41 Total=70.0 584ERYLKDQQL592 35/50 B14,A32
Subtype B 42.9 B 37 Subtype B 42.9 P 317
M a7 ..R.. 217
..G.. 217
Subtype F 100 e 11/11 Subtype F 63.6 o 7111
.Q. . 4/11
Subtype C 0 Moo 13/13 Subtype C 73.9 o 10/13
RO 2/13
B/F 63.2 e 12/19 B/F recombinant 78.9 e 15/19
recombinant M........ 6/19* L L.QL L 3/19*
gp 41 Total=70.0 584ERYLKDQQLLG594 35/50 ND** gp 41 Total=70.0 585RYLKDQQLL593 35/50 A*23,A24
Subtype B 42.9 e 3/7 Subtype B 42.9 e 3/7
R 217 RO 217
.G 217 .G 217
Subtype F 63.6 A 711 Subtype F 63.6 R 7/11
..Q. . 4/11 ..Q. . 4/11
Subtype C 73.9 A 10/13 Subtype C 73.9 R 10/13
RO 2/13* R S 2/13*
B/F 78.9 B 15/19 B/F recombinant 78.9 e 15/19
recombinant A o 3/19* QL 3/19*
gp 41 Total=90.0 678WLWYIKIFless 45/50 A2 gp 41 Total=82.0 680W Y IKIFIMless 41/50 A*2402
Subtype B 100 e 717 Subtype B 100 e 717
Subtype F 90.9 e 10/11* Subtype F 90.9 e 10/11*
Subtype C 92.3 12/13* Subtype C 84.6 11/13*
B/F 84.2 .. . 16/19 B/F recombinant 68.4 13/19
recombinant ..o Ro 2/19* . 2/19
PR 2/19*
gp 41 Total=82.0 681YIKIFIMIVesa 41/50 A2 gp 41 Total=60.0 846RIRQGLERAss9 30/50 A*0205
Subtype B 100 s 717 Subtype B 100 . 717
Subtype F 90.9 R 10/11* Subtype F 63.6 o 7/11
FLo 4/11
Subtype C 84.6 R 11/13* Subtype C 0 FA. 7113
LA 3/13*
B/F 68.4 e 13/19 B/F recombinant 84.2 e 16/19
recombinant SR 209 0 F. . 2/19*
| 2/19*

* Mutation with frequency lower than 5% was excluded from the table. ** HLA not determined. % similarity: % of sequences that have that epitope
sequence. Frequency: n° of sequences/n® of sequences that have that epitope or mutation.

Table2. Mapping of thefrequency of the LosAlamos CD4 epitopesin the Brazilian HIV-1 sequences

HXB2 Location % Epitope sequency Frequency HLA HXB2 % Epitope sequency Frequency HLA
Protein region Similarity Location Similarity
Protein region
gp 41 Total=50.0 | 562QQHLLQLTVWGIKQL576 25/50 ND** gp120C1 Total=88.2 | 118lISLWDQSLKPC119 45/51 ND**
Subtype B 42.8 37 Subtype B 100 10/10
Moo a7
Subtype F 100 T 11/11 Subtype F 100 B 10/10
Subtype C 0 Mo 13/13 Subtype C 83.3 B 10/12*
B/F recombinant 57.9 B 11/19 B/IF 78.9 R 15/19
LMo 6/19* recombinant Vioo o oo 2/19*
gp 41 Total=54.0 593LGIWGCSGKLICs04 27/50 ND** gp 120 C1 Total=92.1 | 110SLWDQSLKPCVKLTPL125 47/51 ND**
Subtype B 100 FE 717 Subtype B 100 10/10
Subtype F 0 11/11 Subtype F 100 10/10
Subtype C 100 AP 13/13 Subtype C 91.6 P 11/12*
B/F recombinant 36.8 B 7119 B/F 84.2 e 16/19*
Lo 9/19 recombinant
A S . A 2/19*
gp 41 Total=54.0 594GIWGCSGKLICe04 27/50 ND** gp 41 Total=54.0 | 504GIWGCSGKLIs03 27/50 ND**
Subtype B 100 717 Subtype B 100 717
Subtype F 0 Lo 11/11 Subtype F 0 Lo 11/11
Subtype C 100 13/13 Subtype C 100 R, 13/13
B/F recombinant 36.8 S 7119 B/F 36.8 e 7119
L. e 9/19 recombinant L. R 9/19
.L. R 2/19* L. .R.. 2/19*

*Mutation with frequency lower than 5% was excluded from the table. ** HLA not determined. % similarity: % of sequences that have the epitope.
Frequency: n° of sequences/n® of sequences that have the epitope or mutation.
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N-glycosylation sites(CTRPNNNTRK at amino acid position
296 to 305, at afrequency of 96.2%, and NCGGEFFYCN at
amino acid position 377 to 386 with a frequency of 84.5%).
The ds/dn ratio was high in some of the CD8* epitopes. This
high ratio suggests that these particular epitopes may either
not be under positive selection or are maintained under
functional constraints.

The subtype B epitopes were the most conserved ones,
especialy inthe C1 and C3 regions, followed by subtypeF. In
the V 3loop region, subtype F was the most conserved one.
However, none of the most frequent mutationswere associated
with the loss of N-glycosylation site at this position. The
gp41 was the most conserved region among the subtypes
and this can be explained by the absence of variable regions
in this protein. Epitopes in this region showed high ds/dn
ratios but these ratios were lower than the gp120 epitopes.
This epitope conservation and the high ds/dn ratio suggest
that these regions may beimportant for viral fitness. Mutations
in this region might change the protein structure, reducing
the infection capacity of the virus.

The epitope VPVWKEATTTL is associated with arapid
progression HLA allele, HLA-B35 [4] and exhibited low
variation in non-C subtypes. Interestingly, this epitope was
highly variable in B/F recombinants. This suggeststhat CTL
may be exerting selective pressure on this subtype.

The regions involved in N-glycosylation were highly
conserved. These sites are potentially important for the
functioning of these proteins, and mutation in these regions
might affect viral function.

Conclusion

An ideal vaccine would contain epitopes that would
engender strong immune responses against the functionally
important regions. Escape from these vaccine-induced immune
responseswould compromiseviral fitness. Additionaly, it will
beimportant to continue analyzing epitope variability in other
vira proteinsinthe HIV-1 strainscirculating in Brazil asany
eventual vaccine for usein Brazil will need to berelevant to
thevirusesin Brazil.
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