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Abstract
AIM: The hepatitis B surface antigen (HBsAg) is considered
to be one of the best markers for the diagnosis of acute and
chronic HBV infection. But in some patients, this antigen
cannot be detected by routine serological assays despite
the presence of virus. One of the most important explanations
for the lack of detectable HBsAg is that mutations which
occur within the “a” determinant of HBV S gene can alter
expression of HBsAg and lead to changes of antigenicity
and immunogenicity of HBsAg accordingly. As a result, these
mutants cannot be detected by diagnosis assays. Thus, it is
essential to find out specific and sensitive methods to test
the new mutants and further investigate their distribution.
This study is to establish a method to investigate the
distribution of the HBsAg mutant at nt551.

METHODS: A mutation specific polymerase chain reaction
(msPCR) was established for amplifying HBV DNA with a
mutation at nt551. Four sets of primer pairs, P551A-PPS,
P551G-PPS, P551C-PPS and P551T-PPS, with the same
sequences except for one base at 3’ terminus were designed
and synthesized according to the known HBV genome
sequences and the popular HBV subtypes, adr and adw, in
China. At the basis of regular PCR method, we explored the
specific conditions for amplifying HBV DNAs with a mutation
at nt551 by regulating annealing temperature and the
concentration of these primers. 126 serum samples from
patients of hepatitis B were collected, among which 16 were
positive for HBV S DNA in the nested PCR amplification.
These 16 HBV S DNAs were detected by using the msPCR
method.

RESULTS: When the annealing temperature was raised to
71 , nt551A and nt551G were amplified specifically by
P551A-PPS and P551G-PPS; At 72  and 5 pmole of the
primers (each) in reaction of 25 µl volume, nt551C and
nt551T were amplified specifically by P551C-PPS and P551T-
PPS. 16 of HBV S gene fragments were characterized by
using this method. 14 of them were positive for nt551A,
one was positive for nt551G, and the other one was positive
for nt551T. The results were confirmed by nucleotide
sequencing.

CONCLUSION: The mutation specific polymerase chain
reaction is a specific and sensitive method for detecting the
mutations of HBV genome at nt551.
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INTRODUCTION
Hepatitis B virus (HBV) is a hepatotrophic DNA virus, in the
reverse transcription process of DNA replication, the HBV
DNA template is transcribed by cellular RNA polymerase to
pregenomic RNA, which is reverse transcribed to DNA by
viral polymerase, and a consequence of the unique way of HBV
replication is a significant tendency of mutation [1-3].
Substitution, deletion and frame-shift by insertion or deletion
of short sequence were found in four open reading frames[4-7].
The diversity is also shown in different serological subtypes
such as adr, adw, ayr and ayw, which have a common “a”
determinant. It is well known that “a” determinant is the
common antigenic epitopes of all subtypes of HBsAg. A large
antigenic area of “a” determinant is now called the major
hydrophilic region (MHR). Mutations within MHR of HBsAg
have been considered to be associated with vaccine failure and
chronic infection[1,2,6,8]. These mutations have been reported
repeatedly since Carman found the first case of immune escape
mutants in 1990[9]. The point mutation reported most commonly
in immunized children causes a substitution of Arg for Gly at
position 145 of HBsAg[1,3,8,9]. Other reports about substitutions
in HBsAg such as 120, 121, 126, 129, 131, 133, 141, 144 were
found repeatedly[8-12]. These findings of HBV immune escape
mutants have caused attention from scientists all over the world
in recent years. Immune escape of HBV mutants was best
known to be associated with HBV genome itself, but the
immune pressure was considered to be one of the most
important factors that result in escape mutants[13-17].
      The immune escape variants could influence the effect of
HBV vaccine, it was argued that the components of mutant
HBsAg should be considered to be added in the HBV vaccine
in the future[3,13, 17,18]. However, in order to achieve this aim, it
is needed to confirm first the mutants that are the big problems
among hepatitis B patients. At present, it is very important to
find out new escape mutants and further investigate their
distribution. Specific and sensitive assays are essential for
investigating the distribution of mutants. To detect the mutant
HBV DNA, mutation specific polymerase chain reaction
(msPCR) is a potential method. Our lab had discovered a
mutation at nt551 A-to-G of HBV genome, resulting in the
alteration at aa133 Met to Val of HBsAg, from a four-year-old
hepatitis B patient[123]. To investigate the distribution of mutants
with a mutation at nt551 among the hepatitis B patients in
China, a msPCR method was established according to HBV
DNA sequences and the main popular subtypes, adr and adw.

MATERIALS AND METHODS

Materials
Collection of serum samples  126 of serum samples were
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provided by Department of Laboratory Diagnosis, Nanjing
Jinling Hospital. The viral markers were tested by using the
enzyme immune assay (EIA) methodology. All of the samples
were positive for anti-HBs and negative for HBsAg. The ALT
level was considered to be abnormal to all of them.

Methods
Extraction of HBV genome DNAs  DNAs was isolated and
purified from 100 µL of serum samples. Proteinase K (20 mg/
ml) and SDS (10 %) were added into 100 µL of sera and their
concentrations in reaction were 2.5 mg/ml and 0.5 %,
respectively. After a brief vortex, the mixture was heated at
70  for 3 hours. Then the same volume of phenol: chloroform
was added to the mixture to extract DNA. The DNA pellet
was obtained with 100 % ethanol precipitation, and was washed
with 70 % ethanol. The dried DNA pellet was then resuspended
in 20 µl of H2O and stored at -20 . All of 126 sera were
prepared in this way.
Amplification of HBV S DNAs  The amplification of HBV S
gene was carried out by using the nested PCR method. In the
first-round PCR, the 50 µl reaction solution including 5 µl
DNA template and 40 pmole (each) of the first-round primers.
The mixture was heated to 94  for 5 min, followed by 30
PCR cycles consisting of 94  for 30 s, 55  for 30 s and 72 
for 60 s in a thermal cycler. And then 1.25 µl of the first-round
PCR product served as the template for the second-round of
PCR amplification which consisting of the same cycles except
that the annealing temperature was raised to 65 . Positive
PCR product, a DNA band of 1.2kb as expected, was detected
on agarose gel electrophoresis. After amplification, we
achieved 16 HBV S DNAs.
      The primers for the nested PCR were designed according
to the known HBV genome sequences and the main popular
subtypes, adr and adw, in China, as follows:
The primers for first-round:
P1’: 5’ACATCATCTGTGGAAGGC 3’, nt2756-nt2773, the
upstream primer;
P6’: 5’TATCCCATGAAGTTAAGG 3’, nt884-nt867, the
downstream primer;
The primers for second-round:
PEC: 5’CGGAATTCACCATATTCTTGGGAACAAG 3’,
nt2 823-nt2 844, the upstream primer;
PPS: 5’GCTGCAGGTTTAAATGTATACCCAAAGAC 3’,
nt838-nt816, the downstream primer;
      An EcoRI or a Pst I sites was originally added at 5’-end
respectively for cloning purpose.
Amplification of HBV DNA fragments for control  To
achieve the HBV DNA fragment with an A at nt551, the wild-
type HBV S DNA as template was amplified by using the
primer pair P551A-PPS under the condition of regular PCR.
The HBsAg mutant with a G at nt551 as template was amplified
by using the primer pair P551G-PPS to achieve the HBV DNA
fragment with a G at nt551. The HBV DNA fragment with a C
or T at nt551 was achieved by using introducing mutation in a
PCR. The PCR primer sequences were as follows:
P551A: 5’TCCTGCTCAAGGAACCTCTA 3’, nt532-nt551,
upstream primer;
P551G: 5’TCCTGCTCAAGGAACCTCTG 3’,  nt532-nt551,
upstream primer;
P551C: 5’TCCTGCTCAAGGAACCTCTC 3’, nt532-nt551,
upstream primer;
P551T: 5’TCCTGCTCAAGGAACCTCTT 3’, nt532-nt551,
upstream primer;
PPS: See the above.
     P551C-PPS and P551T-PPS were used respectively to
amplify HBV DNA fragments with a C or T at nt551, which
are 314 bp long. Additionally, two upstream primers had been
designed respectively by introducing mutation in order to

achieve the controls of HBV DNA with a C or T at nt551.
P551CM: TCCTGCTCAAGGAACCTCTCTGTTTC, nt532-nt557;
P551TM: TCCTGCTCAAGGAACCTCTTTGTTTC, nt532-nt557.
Establishment of msPCR  In order to amplify HBV DNA
specifically, the annealing temperature of PCR was regulated
according to the Tm. The reaction volume of PCR was 25 µl. The
PCR reaction was carried out by using P551A-PPS, P551G-PPS,
P551C-PPS and P551T-PPS as primer pairs to amplify HBV S
DNA templates with an A, G, C, or T at nt551, respectively.
Application of msPCR  Under the condition of the msPCR
method, the 16 of samples which were positive for HBV S DNA
as templates were amplified by using P551A-PPS, P551G-PPS,
P551C-PPS and P551T-PPS as primer pairs respectively.
HBV S DNA sequencing  In order to confirm the validity of
the msPCR, the purified PCR products of HBV S gene
fragments from selected samples according to the results of
msPCR, NO.2, NO.5, NO.8 and NO.57 were sequenced by
using the primer PPS.

RESULTS

HBV DNA fragments for control
The HBV S DNA with an A, G, C or T at nt551 was amplified
respectively for control. This result is shown in Figure 1.

Figure 1  Amplification of Control HBV DNA. Lane 1: DNA
Marker; Lane 2: HBV DNA with an A at nt551 amplified by
P551A-PPS; Lane 3: HBV DNA with a G at nt551 amplified by
P551G-PPS; Lane 4: HBV DNA with a C at nt551 amplified by
P551CM-PPS; Lane 5: HBV DNA with a T at nt551 amplified
by P551TM-PPS. The amplified DNA fragments are 314 bp long.

Figure 2  Establishment of the msPCR for nt551A and nt551G
Lane 1: DNA Marker; Lane 2-5: P551A-PPS amplified HBV
DNAs of control (nt551A in Lane 2, nt551G in Lane 3, nt551C
in Lane 4, nt551T in Lane 5). Lane 6-9: P551G-PPS amplified
HBV DNAs of control (nt551A in Lane 6, nt551G in Lane 7,
nt551C in Lane 8, nt551T in Lane 9).

Figure 3  Establishment of the msPCR for nt551C and nt551T
Lane 1: DNA Marker; Lane 2-5: P551C-PPS amplified HBV
DNAs of control (nt551A in Lane 2, nt551G in Lane 3, nt551C
in Lane 4, nt551T in Lane 5). Lane 6-9: P551T-PPS amplified
HBV DNAs of control (nt551A in Lane 6, nt551G in Lane 7,
nt551C in Lane 8, nt551T in Lane 9).
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Establishment of msPCR
When the annealing temperature was set from 65  to 70 ,
the results of amplification were not specific to the four primer
pairs. In other words, the templates were amplified by no-
matching primers. Then the annealing temperature was raised
to 71 , the specific amplified results were found for P551A-
PPS and P551G-PPS; When the annealing temperature was
raised to 72  and the concentration of the primers (each)
were at 5 pmole in reaction of 25 µl volume, P551C-PPS and
P551T-PPS amplified HBV DNAs with C or T at nt551
specifically. The specific results to establish msPCR method
are shown in Figture 2 and Figture 3.

Application of msPCR
16 samples were tested by using the msPCR method. This result
is shown in Table 1.

HBV S DNA sequencing
According to the results of msPCR, four DNA samples, No.2,
No.5, No.8 and No.57 were selected to sequence. The
sequencing results showed that No.2 was a T at nt551, both
No.5 and No.8 were an A at nt551, and No.57 was a G at
nt551, confirming the results of the msPCR. The sequencing
results are shown in Figure 4.

DISCUSSION
In the recent years, mutant HBsAg have caused great academic
interest[19,20], and many analyses and researches have been made
for the emergence of HBV mutants with mutations in the “a”
determinant of HBsAg which result in immune escape[13-16,21].
According to these research results, it is very important to
further investigate mutant distributions and clarify mutations
in HBV S gene which could cause the changes of antigenicity
and immunogenicity of HBsAg[3,12,22-24]. It is well known that
the mutants of HBsAg were able to cause infection and
horizontal transmission despite the presence of anti-HBs[25-29].
The increasing use of HBV vaccine has had overwhelming
positive influence on the prevention of hepatitis B viral
infection, but have no effective impact to those mutants[30].
The mutations in the coding region of “a” determinant of
HBsAg could not be detected in some routine assays[31,32].
     This study was to obtain a specific and sensitive method
for monitoring the HBsAg mutant with a mutation at nt551.
The method of msPCR is different from immnoassays that are

based on the antigen-antibody reaction[33,34]. To detect mutant
HBsAg, the unique specific monoclonal antibodies are
required. But these kinds of antibodies are limited or not
available commercially. Because HBV is a double-stranded
DNA virus, its genome is fairly stable in the blood and tissue,
the PCR amplification of HBV DNA is relatively easy[35]. The
msPCR is actually a method to detect the specific site mutation.
This method was firstly developed to detect site mutation of
allele-special genes of β-globin genome DNA for sickle cell
anemia[36]. And then it was used in virological studies. This
mechanism was used in our study.
       The msPCR was established at the basis of the known HBV
DNA. The primers were only one-base different from each
other at 3’ terminus, thus the non-specific DNA should not be
amplified at regular value of Tm. However, we considered the
variability of annealing temperature and set it as high as
possible. When it was 71  and 72 , the ideal result was
found respectively for different primer pairs. The process
confirmed that the annealing temperature is the key factor to
establish msPCR method of nt551. Additionally, the
concentration of the primers is also an important factor for
this msPCR. In short, different primers amplify HBV DNA
specifically with different conditions.
     The aim of this study was to detect the mutation of the
known HBV S gene at nt551. All of 126 serum samples were
collected from hepatitis B patients in hospital. After the nested
PCR amplification, 16 samples were positive for HBV S gene.
The msPCR detection showed that 14 of them were an A at
nt551, one was a G at nt551, and the other was a T at nt551.
The reliability of msPCR was confirmed by sequencing
analysis of four samples. A special attention should be paid to
No.2. It is a T at nt551, resulting in a Met (ATG) to Leu (TTG)
change at aa133 of HBsAg. Whether this mutation caused the
change of antigenicity need further identification. In addition
to these mutations in HBsAg “a” determinant, there were several
other mutations in S gene. These results further confirmed the
diversity and popularity of HBV S gene mutation.
      In conclusion, this msPCR is a sensitive and specific approach
for the detection of mutations in HBV S gene, and will have
tremendous potential in screening HBsAg mutants and further
investigating their distribution in patients of hepatitis B.
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