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Re-mapping the molecular features of the human immunodeficiency
virus type 1 and human T-cell lymphotropic virus type 1 Brazilian
sequences using a bioinformatics unit established in Salvador,
Bahia, Brazil, to give support to the viral epidemiology studies
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The analysis of genetic data for human immunodeficiency virus type 1 (HIV-1) and human T-cell lymphotropic
virus type 1 (HTLV-1) is essential to improve treatment and public health strategies as well as to select strains
for vaccine programs. However, the analysis of large quantities of genetic data requires collaborative efforts in
bioinformatics, computer biology, molecular biology, evolution, and medical science. The objective of this study
was to review and improve the molecular epidemiology of HIV-1 and HTLV-1 viruses isolated in Brazl using
bioinformatic tools available in the Laboratério Avancado de Saude Publica (Lasp) bioinformatics unit. The
analysis of HIV-1 isolates confirmed a heterogeneous distribution of the viral genotypes circulating in the
country. The Brazilian HIV-1 epidemic is characterized by the presence of multiple subtypes (B, F1, C) and B/F1
recombinant virus while, on the other hand, most of the HTLV-1 sequences were classified as Transcontinental
subgroup of the Cosmopolitan subtype. Despite the high variation among HIV-1 subtypes, protein glycosylation
and phosphorylation domains were conserved in the pol, gag, and env genes of the Brazilian HIV-1 strains
suggesting constraints in the HIV-1 evolution process. As expected, the functional protein sites were highly
conservative in the HTLV-1 env gene sequences. Furthermore, the presence of these functional sites in HIV-1
and HTLV-1 strains could help in the development of vaccines that pre-empt the viral escape process.
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Recent advances have led to an unprecedented in-
crease in sequence data for human immunodeficiency
virustype 1 (HIV-1) and human T-cell lymphotropic vi-
rustype 1 (HTLV-1). For example, the number of HIV-1
seguencesin GenBank had increased from approximately
42,000 in September 2000 (Gaschen et al. 2001) to
nearly 115,000 sequences on September 2004. These
sequences are also a valuable source of data for genetic
analyses, such as the HIV-1 drug resistance study in
which mutations into protease and reverse transcriptase
genes can be used to better manage antiretroviral treat-
ment (Shafer et al. 2000). Vaccine initiatives use se-
guences from the immunodominant regions of the vi-
ruses to design artificial peptides that stimulate the im-
mune system and control the viral replication (Addo et
al. 2001). Other research projects are eval uating whether
the HTLV-1 envelope protein immunodominant region
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could elicit neutralizing antibody responses against
HTLV-1. Such information could be used in the devel op-
ment of vaccines and to improve diagnostic methods
(Sundaram et a. 2004).

The post-translational modificationsin the virus pro-
teinsare essential for HIV-1 and HTLV-1 fitness, assem-
bly, and immune escape. The most frequent modifica-
tionsare N-glycosilation, N-myristylation, and phospho-
rylation by protein kinases (Adachi et al. 1992, Reitter
et al. 1998, Ono et a. 2000, Bouamir et a. 2003, Gras-
smann et a. 2005)

TheHIV-1epidemicin Brazil wasinitially dominated
by HIV-1 subtype B (Morgado et a. 1994) and the virus
spread to all the states in the country through different
transmission routes. HIV-1 subtype F1 was first identi-
fied in Salvador and recombinants of subtypes B and F1
wereidentified in Rio de Janeiro (Sabino et al. 1994). A
more recent heterosexual epidemic, characterized by the
presence of subtype C viruses, was identified in South
Brazil (Guimardes et al. 2002, Soares et al. 2003). Other
reports have also demonstrated that distinct HIV-1 sub-
types (A, B, C, D, F1) and recombinant forms (B/C, B/
F1) are actively participating in the Brazilian Aids epi-
demic (Morgado et al. 1998, Caride et al. 2001, Soares
et al. 2005, Couto-Fernandez et al. 2005, Barreto et al.
2006, De Sa Filho et al. 2006).
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Theinvestigation of Brazilian HTLV-1 isolates from
different regions and ethnic groups showed that the epi-
demic is more homogeneous than that of HIV-1, and is
characterized by the presence of HTLV-1 Cosmopolitan
subtype, Transcontinental subgroup, throughout Brazil
(Liu et a. 1996, Yamashita et a. 1999, Alcantara et al.
2003, Zehender et al. 2004, Vallinoto et a. 2004, Lau-
rentino et al. 2005, Alcantara et al. 2006).

In short, the molecular epidemiology of HIV-1 and
HTLV-1 hasbeen evolving rapidly. The dynamic changes
in these epidemics need to be monitored, since there
are important implications for treatment response and
for the selection of vaccine candidates.

In this report, we analyze the Brazilian HIV-1 and
HTLV-1 sequences, previously deposited in the GenBank,
to review the molecular epidemiology of both viruses
S0 as to better characterize the functional domains of
HIV-1 and HTLV-1 proteins using the tools available at
the bioinformatics unit of Lasp/CPqGM/Fiocruz, in Sal-
vador, BA, Brazil.

MATERIALS AND METHODS

Brazlian HIV-1 and HTLV-1 sequences genotyping
- To review the molecular epidemiology of HIV-1inBra-
zil, we organized three main datasets from the pol, gag,
and env genesimported from the GenBank database. We
randomly selected 44 Brazilian HIV-1 pol sequences
(1035 bp) from GenBank, and performed phylogenetic
analyses. The subtyping for al Brazilian HIV-1 gag (n =
223; 400 pb) and ramdomly env (126; 400) sequences
were found in previously published papers. In addition,
we confirmed the subtyping by performing the phyloge-
netic analyses using the Clustal X software to align
(Jeanmougin et a. 1998), and the BioEdit and GeneDoc
programs to edit the alignment (Nicholas et al. 1997,
Hall 1999). The nucleotide substitution model was cho-
sen using Modeltest version 3.06, and PAUP* version
4.0b10 (Swofford 1998) was used to obtain the neigh-
bor joining (NJ) and maximum likelihood (ML) trees.
However, to review the molecular epidemiology of
HTLV-1in Brazil, we also organized adataset with all (n
= 243; 700) LTR sequences (total and partial) from Bra-
zilian isolates published in the Genbank database before
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October 2006. The selected evolution model for the pol
dataset was TVM+I+G with the following parameters:
fa=03676, fo =0.1751, f5=0.1967, f; = 0.2328; R
matrix values, Ry | ~=2.4067, Ry _ 5=9.9966,R, 1=
0.8926, Rx ¢ = 1.2052, R- 1 =9.9966, R; 1 =
1.0000, proportion of invariable sites = 0.33 and het-
erogeneous variable site distribution (gamma) with al-
pha shape = 0.74. The phylogenetic analysis of al these
seguences was performed according to the methods used
for HIV-1 subtyping to confirm their genotyping.

HIV-1 and HTLV-1 protein domain analysis - The
pl7 (n = 131) and p24 (n = 92) aminoacid seguences
from the gag gene, and gp120 (n = 85) and gp4l (n =
102) from the env gene, were analyzed for potential pro-
tein sites using the GeneDoc software with the Prosite
tool. The same analysiswas applied to the gp46 and gp21
protein domains of 15 Brazilian HTLV-1 env gene se-
guences from GenBank (Schulz et al. 1991, Alcantara et
al. 2006).

Diversity of HIV-1 and HTLV-1 sequences - Mean
inter-patient genetic distances of the HIV-1 pol, gag,
and env genes, and HTLV-1 LTR region were measured
using the Kimura 2-a-parameter model with the distance
matrix implemented in the MEGA 3.0 package.

RESULTS

HIV-1 and HTLV-1 genotyping - The phylogenetic
analysis of representative Brazilian HIV-1 pol sequences
identified three main subtypes: B, C, and F1 (data not
shown), confirming the subtyping previously published:
B (n=20), F (n=17), and C (n = 7) subtypes. The phylo-
genetic tree also showed that Brazilian sequences were
related to sequences from Europe, the United States,
Asia, and Africa. The Brazilian subtype B cluster was
previously characterized by the presence of multiplelin-
eages that clustered with isolates from the US and Eu-
rope, and as reviewed, the Brazilian subtype F1 isolates
clustered with isolates from Europe and Argentina
(Morgado et al. 2002). The Brazilian subtype C lineage
was monophyletic, with all Brazilian sequences (n = 7)
clustering tightly together. The phylogenetic resultswere
supported by genetic distance analysis (Table I).

TABLE |
DNA distances between human immunodeficiency virustype 1 subtypes B, F, and C from Brazil
pol (1035 bp) gag p17 (250 bp) gag p24 (170 bp) env gp41 (315 bp) env gpl20 (134 bp)
Mean % distance Mean % distance Mean % distance Mean % distance Mean % distance
N  Nucl. A N Nuc. A N Nuc. A N Nuc. A N Nucl. A
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
SubtypeB 2 56 59 100 86 136 58 47 45 77 109 159 58 110 202
SubtypeF1 16 42 52 8 101 194 2 46 36 14 9.4 156 10 59 119
SubtypeC 7 38 47 14 6.2 134 6 43 33 9 68 9.8 n 84 127
Inter- BxF BxC CxF BxF BxC CxF BxF BxC CxF BxF BxC CxF BxF BxC CxF
subtype (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
nucleotide 98 88 19 159 172 219 77 99 119 163 165 162 382 385 15
genetic
distance

Nucl.: nucleotide; A: amino-acid; n: number of strains.
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The Brazilian subtype B showed the highest level of di-
versity in the country in the pol gene (5.6%) followed
by Brazilian subtype F1 (4.2%), and subtype C (3.8%).
The inter-subtype genetic distance between Brazilian
HIV-1 subtypes varied from 8.8 to 11.9% at nucleotide
level within the pol gene, from 15 to 21.9% in gag and
around 16% in env (gp41). The available Brazilian HI V-
1 sequences were from the states of S&o Paulo, Rio de
Janeiro, Mato Grosso do Sul, Minas Gerais, Amazonas,
and Bahia. The prevalences of the B, F1, and C subtypes
were 83, 11, and 4% respectively. A and D subtypes and
B/F1 recombinants were the least common in this phy-
logenetic analysis, 1% (A and D) and 0.98% (B/F1).

As for HTLV-1 molecular epidemiology, we chose
to analyze the LTR region because it is impossible to
identify subgroups using other regions, despite the low
variability of the HTLV-1 genome. All sequences were
confirmed to be of the Cosmopolitan subtype, and only
eight (3.3%) were classified as Japanese subgroup (B),
while the other 235 sequences (96.7%) were of the
Transcontinental subgroup (A). The Transcontinental sub-
group isolates were identified in the North, Northeast,
Southeast, and South region of the country while the
Japanese subgroup has not yet been identified in the
South. Five of the Japanese subgroup isolates were from
the Southeast region, two from the North, and one from
the Northeast region. The HTLV-1 genome is character-
ized by low variability confirmed by the diversity rates
within the Transcontinental and Japanese subgroups
which were 3 and 0.5% respectively. Moreover, the in-
ter-subgroup genetic distance was 2.5%.

HIV-1 and HTLV-1 protein domain analysis - The
protein domain site analysis of the pol gene (protease
and reverse transcriptase proteins), gag gene (p17 and
p24 proteins), and envelope gene (gp41 and gpl120 pro-
teins) are summarized in Table II. The following sites
were mapped: protein kinase C phosphorylation (PKC),
N-glycosylation, N-myristylation, and casein kinase 2
(CK?2) phosphorylation sites. The PKC and CK2 phos-
phorylation sites were found in all proteins of al sub-
types, with the exception of the envelope gp4l which
was found to lack CK2 sites. N-myristylation sites were
also found in all proteins except in the envelope gp120
proteins of subtype B and C. N-glycosylation sites were
only found in three (gp41, gp120, p17) of the six pro-
teins, but remained conserved in all subtypes of gp4l
and pl7. The gp120 protein showed the highest degree
of N-glycosylation site variation, with six in subtype B,
fivein subtype F1, and four in subtype C (Table 11).

To investigate the molecular characterization of
HTLV-1in Brazil, we also analyzed the potential sitesin
the env gene. We identified N-glycosylation sites lo-
cated at 222-225, 244-247, and 272-275aa in 100, 86.6,
and 100% of the sequences that belong to gp46 respec-
tively. Wefound one N-myristylation site located at 327-
338aain 100% of the sequences within gp21. Two sites
of phosphorylation by protein kinases were identified:
one residue of CK2 phosphorylation, at 194-197aa in
80% in gp46 and two residues of PKC phosphorylation
at 310-312 and 342-344aa in 100% of the sequences
that belong to gp21.

DISCUSSION

The genetic analysis of HIV-1 and HTLV-1 showed
distinct patterns. The Brazilian HIV-1 genetic analyses
involved 44 representative pol sequences and 342 se-
guences from the HIV-1 gag and env genes. The results
showed great heterogeneity, with multiple subtypes (A,
B, C, D, F1) and recombinant viruses from subtypes B
and F1 (B/F1) as previously described. The pol gene
phylogenetic tree confirmed the relationship between
Brazilian subtypes B, C, and F1 and representative iso-
lates from other countries (data not shown). The Brazil-
ian subtype B isolates were introduced early in the HIV/
AIDS epidemic (Morgado et al. 1994) and it is charac-
terized by the presence of multiple lineages and high
genetic variation (5.6%) within the pol gene. Brazilian
subtype F1 forms a cluster with sequences from Europe
and Argentina, and probably also appeared early on the
epidemic, as demonstrated in studies of HIV evolution-
ary history (Bello et al. 2006). Prior introductions of
both subtype B and F1 are also supported by the detec-
tion of B/F1 recombinantsin Brazil. The subtype C epi-
demic has appeared more recently (Soares et a. 2003).
The Brazilian subtype C epidemic is characterized by the
presence of a monophyletic cluster and low levels of
diversity in the pol, gag, and env genes (Table I). As ex-
pected, the gag and env proteins showed a higher level
of intra-subtype (4.7 to 11%) and inter-subtype diver-
sity (7.7 to 22%). Despite the fact that diversity between
subtypes was almost 20% at the aminoacid level in the
gag and env genes (Louwagie et al. 1993), the majority
of the protein domain sites remained conserved among
the different HIV-1 subtypesfound in Brazil. In contrast,
the vast mgjority (96.7%) of the HTLV-1 isolates were
classified as subgroup A, a finding which agrees with
previous reports (Alcantara et al. 2003), while the re-
maining strains (3.3%) belonged to subgroup B previ-
ously characterized in Japan. Considering the intense
Japanese immigration at the beginning of the 1900s, it
is not surprising to find this subtype in Brazil. Three of
the Japanese subgroup sequences were from Japanese
immigrants living in the state of S&o Paulo and the only
Japanese subgroup sequence from the Northeast region
was isolated from a pregnant woman whose husband had
lived for afew yearsin Sdo Paulo. It has been suggested
that the genomic variability of this virus is related to
ethnic background as well as the geographical distribu-
tion of carriers of the virus. Therefore, we could suggest
that because of the very low variation of the Japanese sub-
group sequences, they were probably introduced into the
country recently. In contrast, the Transconti-nental subgroup
has ahigher variation and awide distribution across Brazil-
ian regions. Certain evolutionary studies suggest that the
first introduction of the virusin the continent occurred with
the migration of the Mongol population through Bhering
Straits around 40,000 to 10,000 years ago. Other studies
suggest that the virus was brought along with the post-
Columbian African dave trade around 400 years ago, or
more recently, due to migrations of HTLV-1 infected Japa
nese immigrants to Latin America as previoudy reviewed
(Laurentino et al. 2005).
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The functional regions responsible for phosphoryla-
tion, myristylation, and glycosylation sites mapped in
the HIV-1 proteins in this study were highly conserved.
These sites are potentially important for the functioning
of these proteins and their exclusion could potentially
produce fewer functional virus particles. The my-
ristylation sites are associated with viral assembly, and
their loss can block particle assembly and viral replica-
tion, and particularly mutations on the N-terminal of
structural precursor polyprotein Pr55929 (Bouamir et al.
2003). In our study we did not analyze the N-terminal
region, but, in our results, we show three conservative
myristylation sites in different regions of the the gag
proteins, and functional studies would be important to
describe the role of this assign in these regions. The
glycosylation sites are associated with virus protection
against the immune system (Reitter et al. 1998) and they
were frequently found in our results suggesting that the
virus could have maintained these sites to escape from
the immune system. An ideal vaccine should contain
epitopes to create immune pressure on the functional
regions of the viruses that cannot escape or produce
fewer functional virus escape variants (De Oliveiraet al.
2004). In addition, as recently suggested (Borgetz et al.
2000, Morgado et al. 2002), it is very important to con-
tinue mapping the genetic information of the HIV-1

strains circulating in Brazil, because any eventual vac-
cine will need to be related to the epidemic at a national
level. The presence of N-glycosylation and protein ki-
nase phosphorylation sites in the HTLV-1 env gene se-
guences could indicate a possi bl e escape mechanism that
would prevent the recognition of antibodies in the in-
fected cells, and avoid syncytium formation as well as
the presentation of the virus proteins to the major histo-
compatibility complex (MHC) and consequently acti-
vate the immune system via CD4* and CD8" cells.

A more detailed analysis of the protein domains of
HIV-1 and HTLV-1, as well as genetic analyses of the
complete Brazilian HIV-1 sequence dataset (3156 se-
guences), is underway.

In conclusion, to facilitate the effective use of all
available HIV-1 and HTLV-I genetic dataand to train lo-
cal expertise, we have developed a specialized viral
bioinformatics unit at the Advanced Public Health Labo-
ratory of the Gongalo Moniz Research Center-Oswaldo
Cruz Foundation. The work of this unit will enable the
analysis of all Brazilian viral sequences deposited in
public database through the constructing of new datasets
and make use of al molecular biology programs avail-
able. Furthermore, this unit could provide important in-
formation to be used in HIV-1 evolutionary studies, vac-
cine and antiretroviral treatment design, as well as fa-

TABLE I
Frequency of Brazilian human immunodeficiency virustype 1 protein domainsfrom subtypesB, F1,and C

CK2 Phosphorylation N-myristoylation site N-glycosylationste PKC  Phosphorylation
ste Ste
n Pogtion % n Position % n Pogtion % n Position %
pol protease
SubtypeB 2 26-29 100 3 27-32 100 NF 1 12-15 &
31-24 100 48-53 %bB
92-97 100
SubtypeF1 2 26-29 100 3 27-32 100 NF 1 12-15 &
31-24 100 48-53 100
92-97 80
SubtypeC 2 26-29 100 3 27-32 100 NF 1 12-15 A
31-24 100 48-53 100
92-97 100
pol RT
SubtypeB 5 3-6 100 1 194-199 V) NF 1 68-70 %
39-42 80
107-110 100
182-185 100
213-126 65
SubtypeF1 5 36 b 1 194-199 NF 1 68-70 100
39-42 60
107-110 b
182-185 100
213-126 60
SubtypeC 4 3-6 100 1 194-199 85 NF 1 68-70 8
107-110 &
182-185 8
213-126 100
gag p17
SubtypeB 1 70-73 100 1 49-54 97 1 109-110 90 1 111-113 &3
SubtypeF1 1 70-73 100 1 49-54 50 1 109-110 875 1 111-113 25
SubtypeC NF 1 49-54 o] 1 109-110 786 1 111-113 7
[N
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CK2 Phogphorylation N-myristoylation site N-glycosylationste PKC  Phosphorylation
ste ste
n Postion % n Pogtion % n Podtion % n Postion %
gag p24
SubtypeB 4 48-51 % 2 60-65 100 NF 1 16-18 24
72-75 93 101-111 100
110-113 66
149-152 73
SubtypeF1 4 48-51 %B 2 60-65 100 NF 1 16-18 23
72-75 %b 101-111 100
110-113
149-152 7
SubtypeC 5 48-51 100 2 60-65 100 NF 2 16-18 8
72-75 8 101-111 100 171-173 &
110-113 100
149-152 100
210-213 100
env gp4l
SubtypeB NF 1 1095-1100 100 1 1112-1115 100 1 1101-1102 100
SubtypeF1 NF 1 1095-1100 100 1 1112-1115 100 1 1101-1102 100
SubtypeC NF 1 1095-1100 100 1 1112-1115 100 1 1101-1102 100
env gpl20
SubtypeB 1 682-685 8l NF 6 680-681 81 1 721-723 96
694-697 91
707-710 70
713-716 86
718-719 8
749-752 A
SubtypeF1 2 682-685 80 1 752-760 70 5 694-697 100 1 721-723 100
735-738 80 707-710 100
713-716 &
718-719 100
749-752 100
SubtypeC 1 757-760 NF 4 680-681 2 721-723 72
694-697 91 724-726 100
718-719 100
749-752 100

NF: not found; n: number of sites; %: frequency of the corresponding site.

cilitate the transfer of bioinformatics and genetic analy-
sis expertise to Brazilian researchers. Our efforts coin-
cide with the purpose of DBCollHIV database (Araljo
et al. 2006) which isto support Brazilian research groups
for data storage and sequence analysis.
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