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Abstract

Background: The ‘a’ determinant domain of hepatitis B surface antigen (HBsAg) (positions 124 to 147) is recognized by antibod-
ies raised either naturally or induced by vaccine. Failure to protect against hepatitis B virus (HBV) infection may occur due to the
conformational changes of ‘a’ determinant induced by mutations.

Objectives: The present study analyzed the molecular and three-dimensional (3D) characteristics of the HBsAg ‘a’ determinant
mutations among Iranian chronic hepatitis B (CHB) patients, who were vaccine and drug naive.

Methods: Eighty patients with HBsAg positive test results were selected according to the data extracted from questionnaires. Sero-
logic and molecular assays were performed using real-time Polymerase Chain Reaction (PCR) and subsequently surface nested PCR
on CHB patients. Next, an extensive mutational analysis was applied following direct sequencing on HBsAg amplified genes. The
potential impacts of altered antigenic and 3D properties of amino acid substitutions were carried out using bioinformatics ap-
proaches.

Results: All patients were negative for HBeAg and positive for anti-HBe. Mutational analysis showed that 60 (75%) of 80 patients had
atleastone amino acid substitution. Several mutations were found in ‘a’ determinant (P127L, P127T, G130N, and S136Y). Bioinformatics
investigations indicated that all mutations induced a conformational change in ‘a’ determinant region. P127L substitution led to a
considerable decreased HBsAg antigenicity compared to other mutants.

Conclusions: The current analyses revealed that the studied mutations induced a local change in the ‘a’ determinant conforma-
tion. These findings could be useful for the design of HBsAg detection assays, which may significantly improve the ability to detect
particular HBsAg mutants.
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1. Background a highly conformational region from positions 124 to 147,
defined as the ‘a’ determinant located in the major hy-
drophilic region (MHR, aa from 99 to 160) (3-5). Mutations
directed to this region lead to conformational changes,
rendering the protein being undetectable by some com-
mercially available HBsAg assays (6). Several HBV muta-
tions within the ‘a’ determinant of HBsAg have been re-
ported as being immune escape variants, which could po-
tentially be induced by vaccine or natural immunity in in-

Hepatitis B Virus (HBV) is the agent of a human chronic
and carcinogenic infection, which remains a major global
health problem. Despite the presence of an effective vac-
cine since 1982, one-third of the world’s population has
been infected with HBV, of whom more than 240 million
patients are HBV chronic carriers. These patients are at
an extremely high risk for developing end stage liver dis-

ease, such as cirrhosis, liver decompensation, Hepatocellu-
lar Carcinoma (HCC) (1, 2).
HBsAg composed of 226 amino acids (aa) and contains

fected individuals (7, 8).

Recognition of this critical region by anti-HBs depends
on its three-dimensional (3D) structure, which also relies
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on the amino acid sequences flanking the ‘a’ determinant
(9, 10). To date, the 3D structure of HBsAg has not been
fully determined. One of the best ways to alleviate these
drawbacks is to employ ‘ab initio’ or ‘de novo’ modeling
for the prediction of conformational properties of HBsAg
mutants.

2. Objectives

The purpose of the present study was: (i), to explore HB-
sAg mutations of [ranian HBV treatment-naive chronic car-
riers (ii), to assess the antigenic properties of HBsAg mu-
tants compared to the wild type, and (iii) to predict the
3D conformations of the HBsAg ‘a’ determinant contain-
ing mutants.

3. Methods

3.1. Patients

Eighty HBsAg-positive CHB carrier patients, who were
referred to the Iranian hepatitis network (IHC), Tehran,
during 2013 to 2014 were included in a cross-sectional
study. They had no evidence of co-infection with hepati-
tis C, hepatitis D, and human immunodeficiency viruses.
They were all treatment-naive. None had a history of HBV
vaccination, alcohol consumption, autoimmune hepatitis,
and drug-induced hepatitis. The diagnosis of chronic HBV
was made by clinical, serological, biochemical, radiolog-
ical, and endoscopic criteria. Informed consent was ob-
tained from all enrolled participants, and a questionnaire
was distributed to collect data. The study protocol was ap-
proved by the IHC ethical committee.

3.2. Laboratory Tests

Sera were tested using commercially available enzyme-
linked immune assay kits, according to the manufacturer’s
instructions to test serological markers (HBsAg, HBeAg,
and anti-HBe) (Acon, San Diego, CA, USA).

The HBV-DNA was extracted from 200 L of serum sam-
ples using the high pure extraction kit (Roche, Germany)
and eluted in 50 to 100 ul, according to the manufac-
turer’s instructions. Viral load was determined by real-
time PCR (Fast-Track Diagnostics, Luxembourg) and was ex-
pressed in copies/mL, according to the manufacturer’s in-
structions. All positive samples were selected for HBsAg
gene standard PCR using specific primers, as described pre-
viously (11).

3.3. Sequencing and Mutational Analysis

Direct sequencing of HBsAg genes was carried out (Ge-
netic Analyzer ABI- 3130 DNA Sequencer, Foster City, CA,
USA) using 2 pmol of appropriate internal primers. The
electropherograms were examined visually using a Chro-
mas program. Sequences of the surface genes were aligned
using a BioEdit package (version 7.0.9).

The reference sequences for HBV genotypes were ob-
tained from the gene bank database (NCBI). Obtained Se-
quences were aligned with each other using the BioEdit
software. The synonymous (dS) and non-synonymous (dN)
substitutions were calculated for all coding sequences.

Subtyping was carried out by phylogenetic analysis
with reference sequences of HBV genotypes A to H. Phylo-
genetic tree reconstruction was conducted using molec-
ular evolutionary genetics analysis (MEGA) software (ver-
sion 6.06), with the maximum likelihood (ML) method in
the Kimura two-parameter substitution model with 1000
bootstrap sampling. Significance was based on bootstrap
values of 70. The HBsAg gene sequence of the Woodchuck
hepatitis virus (WHV) was used as an out-group.

3.4. Evaluation of the Mutations on Conformation of HBSAg

Sequences of the wild-type and mutant types of HB-
sAg were subjected to the I-TASSER server for ‘ab initio’
prediction of their structures. This server finds appro-
priate protein fragments of previously solved structures
as templates to predict the structures of input protein
sequences based on sequence alignment and secondary
structure prediction (12). In particular, I-TASSER calcu-
lates a normalized B-factor as an extent of thermal mobil-
ity of the model by ResQ (an estimated local accuracy of
each model), using a combination of template-based as-
signment and machine-learning-based prediction. Values
smaller than zero could be considered as reliable and sta-
ble regions (13). Moreover, I-TASSER uses C-score for esti-
mating the quality of predicted models. This score is cal-
culated based on the significance of threading template
alignments and the convergence parameters of the struc-
ture assembly simulations. In reliable models, the C-score
was typically between 2 and 5, where 2 showed the highest
confidence.

3.5. Evaluation of Protein Antigenicity

It has been reported that amino acid substitutions
both outside and within the ‘a’ determinant of HBsAg
could cause a reduced binding affinity to monoclonal an-
tibodies developed against the ‘a’ determinant (14). To as-
sess the antigenicity of the HBsAg mutants, all mutant se-
quences as well as wild HBsAg were subjected to the anti-
body epitope prediction server IEDB-AR (15).
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3.6. Statistical Analysis

All parameters were evaluated using the statistical
package for social Science (SPSS-21, SPSS Inc., Chicago, Illi-
nois, USA). Data were expressed as percentages for categor-
ical variables and means =+ SDs for continuous variables.

4. Results

4.1. General Characteristic of the Patients

Eighty CHB patients were enrolled in the study and all
were HBV DNA positive and treatment- and vaccine-naive.
All patients were negative for HBeAg and were positive for
anti-HBe. Demographic and clinical characteristics of the
CHB patients are summarized in Table 1. From a total of
80 patients, 60 (75%) and 20 (25%) were male and female,
respectively. The ages of patients were between 16 and 70
years old.

Table 1. Demographic and Clinical Characteristics of the OBI Patients (N = 80)

Variables CHB Patients (N=80)
Age,y 37.29 £ 11.23
Gender, No. (%)

Male 60 (75)

Female 20 (25)
ALT (IU/L) 121£705
AST (IU/L) 65 £ 51.7
HBV-DNA, Log10 IU/mL 5.024 £ 14
HBeAg, No. (%)

Positive 0(0)

Negative 80(100)
Anti-HBe, No. (%)

Positive 80(100)

Negative 0(0)

4.2. Phylogenetic and Mutational Analysis

Analysis of variation within the HBsAg gene of patients
indicated that the only detected genotype and subtype was
D (100%) and ayw2 (100%), respectively. The obtained iso-
lates showed a homological pattern in the tree that indi-
cated a slow recent evolution compared to the other ref-
erence sequences in the tree (Figure 1). Sixty (75%) of the
80 patients contained at least one amino acid substitu-
tion. Overall, out of a total of 240 changes, 102 (42.5%)
and 138 (57.5%) were synonymous and non-synonymous, re-
spectively. Twenty (25%) of the HBsAg sequences did not
show any nucleotide substitutions. Among 80 samples, 10
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(12.5%) contained at least one mutation within the ‘a’ de-
terminant region of HBsAg. The average nucleotide muta-
tion frequency (dS/dN) of all sequences was 0.74, according
to the number of mutations per site. A ratio of less than
“one” for the HBsAg region indicated a positive selection
pressure or in other words, sequence instability.

4.3. Mutations in ‘a’ Determinant Region Induce Local Confor-
mational Changes

In order to investigate the effects of studied mutations
responsible for conformational changes of the HBsAg, the
3D structures of the wild-type and mutant-type proteins
were predicted using the I-TASSER server. Results indi-
cated that all mutations induced a local conformational
change in the ‘2’ determinant region. However, the ef-
fects of HBsAg®BONTBIN and HBsAgP?"™*536Y mutations on
the conformation of ‘a’ determinant were more substan-
tial. In addition to induction of local changes in ‘a’ deter-
minant, these mutations could insert an extra a-helix in
‘a’ determinant region of the mutant-type proteins when
compared to wild-type HBsAg. The HBsAg®BONTBIN could
interfere with the integrity of the HBsAg antigenic loop by
probably affecting the distance between cysteine residues
24,37, 39, and 47, which are necessary for ‘a’ determinant
stability. The distance between these cysteine residues was
measured by the PyMOL program. As expected, the dis-
tance between Cys124 and Cys137 as well as between Cys139
and Cys147 considerably changed upon the studied muta-
tions (Figure 2). Figure 3A - D illustrates the effects of HB-
sAg mutations on the conformation of ‘a’ determinant re-
gion. However, these 3D structures need to be validated
to authenticate structures. To this end, B-factor and C-
score values were calculated for each predicted model. The
C-score of the wild-type, HBsAg'™*"t, HBsAgtBON* BN and
HBsAg '2T*SB6Y were calculated as -3.24, -4.05, -3.58, and -
3.55, respectively, suggesting that the models were accept-
able for further analyses. Furthermore, the predicted B-
factor values for each HBsAg residue in the modeled struc-
tures were plotted. The resulted B-factor plot indicated
that the majority of residues had a B-factor value below
zero, implicating that the modeled 3D structures of HBsAg
were closely related to the native structure. It is a worth
noting that residues with B-factor values higher than zero
were generally instable in experimentally-characterized
structures. However, some large peaks appeared in the ‘a’
determinant region of the protein structures that could be
fully attributed to the higher flexibility of this antigenic
loop compared to other portions of the protein (Figure 3E).

4.4. Prediction of Antigenic Index

Mutations in ‘a’ determinant of HBsAg caused a non-
significant alteration in the protein antigenicity (Table 2).
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Figure 1. The Phylogenetic Relationship of Hepatitis B Virus and Other Control Genotypes for the HBsAg Protein

Figure 2. Calculation of Distances Between Cys124 and Cyc137 as well as Between
Cys139 and Cys147 in (A) wild-type HBsAg, (B) HBsAg™*™", (C) HBsAg“ N3N and (D)

HBSAgPIZﬂ'+SI36Y

Figure 3. Effects of HBsAg Mutations on 3D Structure of the Protein; Predicted

3D Structure of (A) Wild-Type HBsAg, (B) HBsAg™"", (C) HBsAg“**N™N and (D)
HBSAgPIZﬂ'+SI]6Y.
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The distances were measured using the PyMOL software.

However, the results of IEDB server revealed that P127L
substitution was capable of decreasing HBsAg antigenic-

Residue Number

The ‘a’ determinant region is shown in orange colors. Substituted residues are

shown with balls and sticks. (E) Representation of plotted B-factor values for each
modeled HBsAg structure.

ity compared with the wild-type sequence (Figure 4B). Also,

the HBsAg P127T, S136Y mutant moderately caused a reduc-
tion of HBsAg antigenicity in comparison to the wild-type

(Figure 4D).

Parameters, such as hydrophilicity, flexibility, acces-
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Table 2. The Effect of Identified Substitutions on HBsAg Antigenicity

Wwild-type P127L GI3ON+TI3IN P127T+S136Y
Position Score Position Score Position Score Position Score
C124 0.902 C124 0.010 C124 0.883 C124 0.622
T125 1.098 T125 0.038 T125 1.055 T125 0.423
T126 1.206 T126 0.146 T126 1166 T126 0.832
P127 1301 L27* 0.241% P127 1.267 27° 0.926°
A128 1.461 A128 0.401 A128 1393 A128 1.086
Q129 1.446 Q129 0.385 Q129 1377 Q129 1.071
G130 1.284 G130 0.386 N130* 1.216% G130 0.959
T131 1123 T131 0.384 Ni31* 1.054% T131 0.844
S132 1011 S132 0.676 S132 0.943 S132 0.546
M133 0.784 Mi133 0.579 M133 0.698 M133 0.328
Y134 0.278 Y134 0.278 Y134 0.253 Y134 -0.082
P135 -0.107 P135 -0.107 P135 -0.135 P135 -0.468
S136 -0.168 S136 -0.168 S136 -0.202 S136° -0.528°

Show residues with mutations and their positions.

sibility, turns, exposed surface, polarity, and antigenic
propensity of polypeptides chains have been correlated
with the location of continuous epitopes. obtained ob-
tained from IEDB provide values of calculated scores for
each residue. A larger score for the residues might be in-
terpreted as the residue having a higher probability to be
a part of the epitope.

5. Discussion

A wide range of varaitions containing various amino
acid substitutions across the ‘a’ determinant has been de-
scribed in the literature (7, 14, 16-18). Amino acid substi-
tutions within the critical positions of structural proteins
may influence their stability and structure and also effect
their characteristics and interactions with other proteins.
Several studies have revealed that the conformation of pro-
teins plays a critical role in their biological activity and in-
teractions with other molecules (19). Previous investiga-
tions have indicated that the antigenic determinants of
the HBsAg are highly conformation-dependent; therefore,
any alteration in the ‘a’ determinant region could inter-
rupt the antigenic index of this protein (20). In the current
study, the researchers aimed at investigating the confor-
mational analysis of the HBsAg in the ‘a’ determinant re-
gion of Iranian CHB patients, who had not received either
active[passive immunization or antivirals.

All patients were infected with genotype D and sub-
type ayw2. Theratio between silent (synonymous)and mis-

Hepat Mon. 2017;17(9):e57882.

sense (non-synonymous) nucleotide mutations (dS/dN) in
samples was 0.74, indicating that the proportion of de-
duced amino acid changes in CHB patients followed a pos-
itive selection pattern. The researchers claimed that the
emergence of HBsAg mutants, especially in MHR may be as-
sociated with modifications on the selective pressures due
to the impairment of the immune system in these patients.
In fact, the host immune response alone was able to stim-
ulate the selection of HBV variants (21, 22).

It has already been shown that mutations of ‘a’ de-
terminant loops could effect the proper folding of HB-
sAg (5). The majority of these mutation patterns indi-
cated that the ‘a’ determinant was remarkably affected
by these variations. Figure 3 indicated that the structure
of HBsAg ‘@’ determinant in the presence of P127L mu-
tation was somehow similar to the reference structure.
It is worth noting that both Proline (P) and Leucine (L)
are nonpolar amino acids, both of which tend to pre-
serve the space between adjacent residues. In the current
study, theresearchers found a nonpolar-to-polar (P127T and
G130N) mutation that seemed to be involved in a signif-
icant change of structure and function of HBsAg. Our
computational analysis revealed that HBsAg®°N*T5N and
HBsAg27T*SB¢Y substitution led to an insertion of, so-called
an “extra” o-helix in the ‘a’ determinant region. Glycine
(G) is an amino acid with a non-polar side chain, while
Asparagine (N) has a more polar and significantly bulkier
side chain. Thus, differences in the physicochemical prop-
erties of these residues may effect the tree-dimensional
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Figure 4. The Effect of Identified Mutations on the Antigenicity of HBsAg Variants
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The antigenic and non-antigenic regions are shown in yellow and green colors, respectively. The ‘a’ determinant region is indicated with open boxes.

conformation and therefore may alter the steric hindrance
between other residues (23). The G145R mutation was not
observed in the current study. However, previous analy-
ses of the G145R mutant indicated that this mutation in-
serted a new S-strand at the 121 to 124 position (24). The
hydrophilic characteristic of the ‘a’ determinant provides
flexibility of its antigenic loops for its interaction with an-
tibodies. Therefore, mutations that impair this 3D flexi-
ble structure could potentially impair the interaction be-
tween HBsAg and anti-HBs. Although mutations in ‘a’ de-
terminant of HBsAg caused a non-significant alteration
in protein antigenicity, the effect of P127L mutation was
meaningful (Figure 4).

One of the major limitations of the present study was
the lack of in vitro investigation of the phenotypic pattern
of each variant. The proposed model for the modified HB-
sAg structure was based on the software and no experimen-
tal study has been carried out to determine the exact mod-
ification of structures.

Taken together, a high prevalence of naturally occur-
ring HBsAg mutants (P127L, P127T, G130N, and S136Y) were
observed in Iranian CHB treatment and vaccine naive pa-
tients. Protein modelling of HBsAg mutants might give in-
sightinto the structural basis of these HBV variations at the
molecularlevels. These findings could be useful for a better
understanding of HBV antigen/antibody interactions and
for designing novel HBsAg detection assays, which may
substantially improve the accuracy of detection of partic-
ular HBsAg mutants.
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