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Comparison of antigenic sites of the envelope
glycoprotein of the Iranian isolate of human
T-cell leukemia virus type 1 with different
subtypes of the virus
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ABSTRACT

Objective: Human T-cell leukemia virus type 1 (HTLV-
1) is an enveloped retrovirus, which is associated with a
T-cell malignancy known as adult T-cell leukemia (ATL).
Variation in the HTLV-1 envelope nucleotide sequence
has been extensively documented and has been used to
classify HTLV-1 isolates into different subtypes. The virus
occurs in at least 3 subtypes, which have been named A, B,
and C. We conducted this study to compare the antigenic
proprieties of the Iranian isolate of HTLV-1 with the
homologous region of different subtypes of the virus.

Methods: This study took place in the Department of
Biology, College of Sciences, Shiraz University, Iran in
2005. The predicted antigenic sites and secondary structure
of the envelope glycoprotein of HTLV-1, present in Iran,
have been compared with the antigenic sites and secondary
structure of the homologous domains in subtypes A, B, C
of the virus. To predict the epitopes of glycoproteins, 21
different scales were used.

Results: The number of helices in the Iranian isolate was
equal to the number of these regions in all 3 subtypes, but
the number of B-sheets was more than other viruses. One
potential glycosylation site, on all these studied envelope
glycoproteins, was predicted. Antigenic sites in the Iranian
isolate were almost similar to subtype A of the virus and
the Iranian isolate of HTLV-1 may be belongs to subtype
A.

Conclusion: Our results indicate the similarities and
differences between the Iranian and other subtypes of
HTLV-1. Antigenic sites represent potential candidates for
use in a peptide vaccine against HTLV-1 glycoproteins and
since most of the properties of a particular protein depend
on its structural properties, this type of study can help in
better understanding of HTLV-1 isolates present in Iran.
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uman T-cell leukemia virus type 1 (HTLV-1), the

first human oncoretrovirus isolated in 1980" is
the etiologic agent of adult T-cell leukemia (ALT),
and of a chronic progressive/HTLV-1-associated
myelopathy (HAM) [tropical spastic paraparesis
(TSP)/HAM).? Furthermore, this virus has been
associated with cases of uveitis, polymyositis,
and infective dermatitis in areas where HTLV-1 is

endemic.* Among the 15-25 million HTLV-1-infected
individuals living throughout the world, roughly 1-
5% will develop ATL, or TSP/HAM, depending on
as-yet-unknown cofactors. This could vary according
to the geographical location.* The few nucleotide
changes observed among strains were specific for the
geographical origins of the patients. However, there
are no consistent differences between strains from
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patients with ATL versus those from patients with TSP/
HAM.>¢ Based upon sequence or restriction fragment
length polymorphism data from the polymerase and
envelope genes or the long terminal repeat of more than
250 different strains, there are 3 major geographical
subtypes (or genotypes),” which are strongly
supported by high bootstrap values in phylogenetic
analysis. Each of these genotypes (cosmopolitan,
HTLV-1 subtype A; central African, HTLV-1 subtype
B; and Melanesian, HTLV-1 subtype C) appears to
have arisen from interspecies transmission between
Simian T-cell leukemia virus type 1 (STLV-1)-infected
monkey and humans followed by variable periods of
evolution in the human host.* The presence of glycans
seem to be necessary for the functional disposition of
this glycoprotein and for protecting the polypeptide
from denaturation.’ In the last few decades, highly
predictive patterns have occurred suggesting that local
primary amino acid sequence can predict secondary
structure of a protein.'° It should be mentioned here
that predictions can be taken as definitive conclusions
but they give information helping to interpret results
or to design new experiments.'"'? There are several
publications describing the presence of HTLV-1 in
Mash-had, Iran.’*!* Since most of the properties of a
particular protein depend on its structure, the aim of
this work was a computer-assisted study of differences
and similarities between the secondary structure, N-
glycosylation sites and antigenic sites of the envelope
glycoprotein of the Iranian isolate of HTLV-1 and the
homologous region of different subtypes of the virus.
This is the first investigation of this type on the Iranian
HTLV-1 using the approaches of bioinformatics.

Methods. FEnvelop glycoprotein amino acid
sequences. To study the secondary structure of the
envelope glycoprotein of the Iranian isolate, the
sequence of the protein from Swiss-Prot databank
was fetched. Using Basic Local Alignment Search
Tool (BLAST)" the amino acid sequence of this
glycoprotein  (accession No ACC58034) was
compared with amino acid sequence of the protein of
different subtypes of the virus.'

Theoretical analysis. Plots displaying regions of a
protein with antigenic potential were generated with
PREDITOP program written in Turbo-Pascal 5.5 for
IBM computers.” All prediction calculations were
based on propensity scales for each of the 20 amino
acids. Nine scales of inverted hydrophobicity and 2
scales of hydrophilicity, which were mostly derived
from the study of partition coefficient of amino acids
in 2 non-interacting isotropic phases were taken into
consideration. Four scales of accessibility, which
were constructed by measuring the accessible surface
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of all the residences in a number of proteins, were
considered. Three scales of secondary structure,
which were based on the prediction of turns and
troops obtained from statistical analysis of proteins
of know structure, were considered for secondary
structure prediction, also, 2 scales of flexibility. The 21
scales were grouped as follows:'” 9 scales of inverted
hydrophobicity (Doolittle, Heijne, Manavala, Prils,
Rose, Sweet, Totls, Ges, Zimmermann); 2 scales of
hydrophilicity (Hopp, Parker); 4 scales of accessibility
(Janin, Chothia, Chothia,® Acrophil); one scale of
antigenicity (Welling), and 2 scales of flexibility
(Karplus, Ragone) and 3 scales of secondary structure
(Chouf,* Garnier,® Levitt). The amino acid sequence
of each protein was read as a moving window of 7
residues and the values corresponding to each of
the 21 scales were taken into consideration and the
mean was plotted against the fourth residue of the
window. To compare the profiles obtained by different
methods, various scales were normalized where the
original values of each scale were set between +3 and
-3. N-glycosylation sites are searched as Asn-X-Thr
or Asn-X-Ser sequences, where X is any residue.'s!

Results. The results of the computer-assisted
comparison of N-glycosylation sites and secondary
structure of HTLV-1 envelope glycoproteins are
shown in Table 1. The results show that 2 regions
predicted to be a-helix, and 8 regions predicted to be
B-sheet. According to this analysis 22.5%, 28.3% and
20.8% of the protein were in a-helix, B-sheet and turn
forms. The same analysis was performed to study the
homologous regions of envelope glycoprotein of 3
different subtypes of HTLV-1. Like other subtypes, the
Iranianisolate contains one potential glycosylation site
only. The comparison of the antigenic determinants of
the Iranian isolates with different subtypes (Figure 1)
shows that all subtypes are similar to each other, but
the Iranian isolate has the most similarity to subtype
A of the virus. Clearly, some sites such as residues
number: 17-25, 50-56, 60-66, 72-80, 85-92, 98-101,
125-135 and 170-172 are almost similar between the
Iranian isolate and subtype A.

Discussion. Several publications describe the
presence of the HTLV-1 in Jewish individuals born in
Mash-had, Iran.**?' Phylogenic analysis of the viral
DNA sequence indicated that the HTLV-1 present
in Mash-had belonged to the HTLV-1 subtype A
clade.”” The BLAST analysis'” showed that there
was almost 99.4% amino acid sequence homology
between the Iranian and the other subtype A isolate
(172 out of 173 amino acid). It is interesting that
in all 4 studied sequences, the glycosylation site is

7/18/06 1:02:17 PM



Comparison of epitopes in HTLV-1 ... Mohabatkar & Sadeghi

Table 1 - Prediction of secondary structure of the envelope glycoprotein of subtypes of human T-cell lymphotropic virus type 1.

Figure 1 - Comparison of antigenic domains of Iranian human T-cell
(HT) leukemia virus 1 with HT subtype A, HT subtype B,
HT subtype C of the virus.

extremely conserved. One of the differences between
the envelope glycoprotein of Iranian and non-Iranian
subtype A of the virus is in the residue number 37. In
this location, methionine has replaced isoleucine in the
Iranian isolate. This replacement causes formation of
one more B-sheet conformation in the Iranian isolate.
Like any other protein, prediction of secondary
structure of HTLV-1 envelope glycoprotein can
provide us important information regarding the
interactions and functions of this protein.?* The core
of proteins usually contains a combination of helices
and sheets, which are hydrophobic. In contrast, turns
are situated on the surface of the protein in contact
with solvent atoms. Thus, turns are accessible and
hydrophilic.'” In the Iranian isolate, the percentage of
turns is less than other analyzed sequences (20.8%).
The number of a-helices in the Iranian isolate is equal
to the number of these structures in other subtypes,
but the number of B-sheets is more than other isolates
(Table 1). Similarities and differences showed in Table
1 could have a clear effect on the overall structure
of the envelope glycoprotein of the Iranian isolate.
It has already been shown that carbohydrates have
a powerful effect on the antigenicity of proteins.*
Like other subtypes, the Iranian isolate contains one
potential glycosylation site. This similarity may play
a significant role in the pathogenicity of the virus.
The comparison of the antigenic determinants of
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Subtype No. of helices No. of sheets Percentage of Percentage of Percentage of No. of
helices sheet turn N-glycosylation sites
A 2 7 24.9 26 21.4 1
B 2 6 26.6 2 21.4 1
C 2 6 24.9 21.4 243 1
Tranian A 2 8 225 28.3 20.8 1
the Iranian isolates and other scales (Figure 1) show
- that all subtypes are similar to each other, but the
- R T ) Iranian isolate has the most similarity to subtype A
— s — - of the virus. It can confirm that the Iranian isolate
HTB s — S — - belongs to subtype A of HTLV-1. Antigenic sites
- - - T— o i represent potential candidates for use in developing
specific kits or peptide vaccines against viruses.??¢
0 5101520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 For‘npn_homOIOg.O.uS PrOtelnS’ the reported methOdS
exhibit a probability index, namely the percent of
Residue Number . . . .
correctly predicted residues per predicted residues, of

<70%. The limitation in the accuracy of predictions
can be related essentially to the effect of long-range
interactions specific for each protein family. The
prediction of the tertiary structure of a protein is
limited to the case of modeling a structure based on
the known 3-dimensional structure of a homologous
protein.”” Since antigenic sites defined as continuous
epitopes are strongly dependent on interactions with
other parts of the overall tertiary fold, antigenicity
predictions are plagued by the same problems
encountered with other tertiary structure prediction
algorithm.
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