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Abstract

AIM: To identify the pre-X region in hepatitis B virus (HBV)
genome and to study the relationship between the genotype
and the pre-X region. To investigate the biological function
of whole-X (pre-X plus X) protein, we performed yeast
two-hybrid to screen proteins in liver interacting with
whole-X protein.

METHODS: The pre-X region of HBV was amplified by
polymerase chain reaction (PCR) method, and was cloned
to pGEM Teasy vector. After the target region was sequenced,
Vector 8.0 software was used to analyze the sequences.
The whole-X bait plasmid was constructed by using yeast
two-hybrid system 3. Yeast strain AH109 was transformed.
After expression of the whole-X protein in AH109 yeast strains
was proved, yeast two-hybrid screening was performed
by mating AH109 with Y187 containing liver cDNA library
plasmid. The mated yeast was plated on quadruple dropout
medium and assayed for -gal activity. The interaction
between whole-X protein and the protein obtained from
positive colonies was further confirmed by repeating yeast
two-hybrid. After extracting and sequencing of plasmid
from blue colonies, we carried out analysis by bioinformatics.

RESULTS: After sequencing, 27 of 45 clones (60%) were
found encoding the pre-X peptide. Eighteen of twenty-seven
clones (66.7%) of pre-X coding sequences were found
from genotype C. Five positive colonies that interacted with
whole-X protein were obtained and sequenced; namely,
fetuin B, UDP glycosyltransferase 1 family-polypeptide A9,
mannose-P-dolichol utilization defect 1, fibrinogen-B beta

polypeptide, transmembrane 4 superfamily member 4-
CD81 (TM4SF4).

CONCLUSION: The pre-X gene exists in HBV genome.
Genes of proteins interacting with whole-X protein in
hepatocytes were successfully cloned. These results brought
some new clues for studying the biological functions of
whole-X protein.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) predominantly infects host hepatocytes
and causes a spectrum of pathological processes, ranging
from occult infection to the later development of primary
liver cancer[1,2]. HBV genomes have a compact genetic
organization with four open reading frames (ORFs) as P,
X, S, and C corresponding to the polymerase, the X protein,
the S including pre-S, and the nucleocapsid/HBeAg proteins,
respectively. The P gene covers more than 70% of the complete
genome and overlaps the entire pre-S and S-genes and the
X and core genes partially[3,4]. pX is likely to be an important
regulatory protein since its sequence is conserved among
the mammalian hepadnaviridae members. pX increases HBV
transcription by trans-activating the viral enhancer-I via the
sequence named the E-element. HBx deregulates cell cycle
checkpoints and stimulates DNA synthesis, leading to the
proliferation of quiescent fibroblasts. Importantly, HBx is
a moderate but broad-acting transcriptional transactivator
and activates a variety of cellular and viral genes, including
proto-oncogenes, such as c-myc, c-fos, and c-jun. However, little
is known about the exact role of HBx in tumorigenesis[5-7].

Some of the reported HBV sequences have an additional
in-frame initiation codon, ATG, 56 nucleotide triplets upstream
of X gene’s ATG. In our study on molecular epidemiological
features of HBV genome, the ORF named pre-X region was
found[8,9]. The pre-X gene can be translated with X gene in
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frame. The pre-X plus X gene, named whole-X gene, is 630
bp long and the whole-X polypeptide encoded by this gene
comprises 210 amino acids. In order to further reveal the
biological roles of whole-X protein, we therefore tried to identify
its associated proteins in the present study by the GAL4-based
yeast two-hybrid system using the full-length whole-X cDNA
as a bait to screen the human fetal liver cDNA library.

MATERIALS AND METHODS

Yeast strains
Matchmaker GAL4 two-hybrid system 3 and vector pACT2
containing the human liver cDNA library were obtained
from Clontech Co., USA. Yeast strain AH109 (MATa, trp
1-901, leu2-3, 112, ura 3-52, his3-200, gal4, gal80, LYS2::
GAL1UAS-GAL1TATA-HIS3, GAL2UAS-GAL2TATA-
ADE2 URA3::MEL1TATA-lacZ MEL1) contains pGBKT7-
53, coding for DNA-BD/mouse p53 fusing protein. Yeast
strain Y187Y187 (MATa ura3-52, his3-200, Ade2-101, trp1-
901, leu2-3, 112, gal4, gal80, met-, URA3::GAL1UAS-
GAL1TATA-lacZ MEL1) contains pTD1-1, in which pACT2
coding for AD/SV40 large T antigen fusing protein. AH109
was used for cloning of bait plasmids and Y187 was used
for cloning of  library plasmids. Yeast-Escherichia coli shuttle
plasmids, pGBKT7 DNA-BD cloning plasmid, pGADT7
AD cloning plasmid, pGBKT7-53 control plasmid, pGADT7,
pGBKT7-Lam control plasmid, pCL1 plasmid were obtained
from Clontech Ltd Co. (K1612-1).

Chemical agents and cultural media
Taq DNA polymerase was purchased from Promega Co.
T4 DNA ligase, EcoRI and BamHI restriction endonuclease
were purchased from Takara Co. c-Myc mAb secreted by
1-9E10.2 hybridoma (ATCC), goat anti-mouse IgG conjugated
with horseradish peroxidase were from Zhongshan
Company, China. Tryptone and yeast extracts from OXOID.
X-a-Gal and cultural media: YPDA, SD/-Trp SD/-Leu,
SD/-Trp/-Leu, SD/-Trp/-Leu/-His, SD/-Trp/-Leu/-His/-
Ade from Clontech Ltd Co.

Amplification and sequences of the pre-X region of HBV
DNA was extracted from serum of 17 patients with chronic
hepatitis B. The extracted DNA was mixed with polymerase
chain reaction (PCR) mixture containing the primers: sense
5’- CCA AGT GTT TGC TGA CGC AAC C’, antisense 5’-
GGA TCC AGT TGG CAG CAC ACC-3’. The PCR
product was cloned with pGEM-T vector (Promega Co.).
The primary structure of  insert was confirmed by direct
sequencing[10,11].

Plasmid constructs
The full-length whole-X gene of HBV was cloned into the
yeast two-hybrid BD vector using a BamHI and EcoRI, which
could facilitate expression of DNA binding domain, c-myc
and whole-X fusion protein. The construction was verified
by restriction digestion and sequencing (Figure 1).

31           130

F296-1 C ATGGGGCTTGGCCATTGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCC

TTGCAGCTTGTTTTGCTCGCAGC

F296-4 C ----------------------------------------------------------------------------------------------------

F296-5 C ----------------------------------------------------------------------------------------------------

F298-1 C C---------------------------------------------------------------------------------------------------

F298-2 C ----------------------------------------------------------------------------------------------------

F298-3 C ----------------------------------------------------------------------------------------------------

F298-5 C ----------------------------------------------------------------------------------------------------

F299-1 C C---------------------------------------------------------------------------------------------------

F299-2 C C---------------------------------------------------------------------------------------------------

F300-1 B/C C---------------------------------------------------------------------------------------------------

F300-2 B/C C---------------------------------------------------------------------------------------------------

F300-4 B/C C---------------------------------------------------------------------------------------------------

F325-2 B T---------------------------------------------------------------------------------------------------

F325-3 B T---------------------------------------------------------------------------------------------------

F325-4 B T---------------------------------------------------------------------------------------------------

F325-6 B T---------------------------------------------------------------------------------------------------

F326-1 C ----------------------------------------------------------------------------------------------------

F326-2 C ----------------------------------------------------------------------------------------------------

F326-4 C ----------------------------------------------------------------------------------------------------

F326-6 C ----------------------------------------------------------------------------------------------------

F327-1 C T---------------------------------------------------------------------------------------------------

F327-2 C T---------------------------------------------------------------------------------------------------

Y931-2 B ----------------------------------------------------------------------------------------------------

Y931-3 B ----------------------------------------------------------------------------------------------------

Y933-1 B T---------------------------------------------------------------------------------------------------

Y933-2 B T---------------------------------------------------------------------------------------------------

Y940-4 C ----------------------------------------------------------------------------------------------------

Y942-3 C ----------------------------------------------------------------------------------------------------
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Y943-1 A T---------------------------------------------------------------------------------------------------

Y947-2 C ----------------------------------------------------------------------------------------------------

Y947-3 C ----------------------------------------------------------------------------------------------------

Y949-2 C ----------------------------------------------------------------------------------------------------

Y949-3 C ----------------------------------------------------------------------------------------------------

Y949-4 C ----------------------------------------------------------------------------------------------------

Y949-5 C ----------------------------------------------------------------------------------------------------

Y982-1 B/C ----------------------------------------------------------------------------------------------------

Y982-3 B/C ----------------------------------------------------------------------------------------------------

Y982-4 B/C ----------------------------------------------------------------------------------------------------

Y982-5 B/C ----------------------------------------------------------------------------------------------------

Y982-6 B/C ----------------------------------------------------------------------------------------------------

Y983-2 B/C ----------------------------------------------------------------------------------------------------

Y983-3 B/C ----------------------------------------------------------------------------------------------------

Y985-2 C ----------------------------------------------------------------------------------------------------

Y985-3 C ---------------------------------------------------------------------------------------------------

Y985-6 C ---------------------------------------------------------------------------------------------------

Consensus ATGGGGCTTGGCCATAGGCCATCGGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCC

TAGCAGCTTGTTTTGCTCGCAGC

131    198

F296-1 C CGGTCTGGGGCAAACCTTATCGGAACTGACAACTCTGTTGTCCTCTCTCGGAAATACACCTCCTTTCC

F296-4 C ---------------------------------------T----------------------------

F296-5 C ---------------------------------------T----------------------------

F298-1 C ---------------------------------------CGA--------------------------

F298-2 C --------------------------------------------------------------------

F298-3 C --------------------------------------------------------------------

F298-5 C --------------------------------------------------------------------

F299-1 C --------------------------------------------------------------------

F299-2 C --------------------------------------------------------------------

F300-1 B/C -------------------------T-----------------------------------------

F300-2 B/C -------------------------T-----------------------------------------

F300-4 B/C -------------------------T-----------------------------------------

F325-2 B --------------------------T-----------------------------------------

F325-3 B --------------------------T-----------------------------------------

F325-4 B --------------------------T-----------------------------------------

F325-6 B --------------------------T-----------------------------------------

F326-1 C --------------------------------------------------------------------

F326-2 C --------------------------------------------------------------------

F326-4 C --------------------------------------------------------------------

F326-6 C --------------------------------------------------------------------

F327-1 C --------------------------------------------------------------------

F327-2 C --------------------------------------------------------------------

Y931-2 B --------------------------------------------------------------------

Y931-3 B --------------------------------------------------------------------

Y933-1 B ---------------------------T----------------------------------------

Y933-2 B ---------------------------T----------------------------------------

Y940-4 C --------------------------------------------------------------------

Y942-3 C --------------------------------------------------------------------

Y943-1 A ---------------------------T----------------------------------------

Y947-2 C --------------------------------------------------------------------

Y947-3 C --------------------------------------------------------------------

Y949-2 C --------------------------------------------------------------------

Y949-3 C --------------------------------------------------------------------

Y949-4 C --------------------------------------------------------------------

Y949-5 C --------------------------------------------------------------------

Y982-1 B/C --------------------------------------------------------------------

Y982-3 B/C --------------------------------------------------------------------

Y982-4 B/C --------------------------------------------------------------------



Western blot analysis
Denatured cell extracts were subjected to electrophoresis
using 4-12% SDS-polyacrylamide gels and transferred to
nitrocellulose membranes[14]. The membranes were blocked
with 5% non-fat dry milk for 1 h and then incubated with
monoclonal anti-c-myc antibody (Santa Cruz Biotechnology
Inc., Santa Cruz, CA) for 2 h and with HRP-conjugated
secondary antibody for another 1 h prior to detection of
antibody reactive proteins with chemiluminescence reagent
(ECL, Amersham Pharmacia Biotech).

Yeast two-hybrid screen
The screening protocol was detailed previously[12]. Yeast
transformants were plated and selected on media lacking
leucine, tryptophan, histidine, and adenine. After 6-18 d, the
yeast colonies were transferred onto the plates containing X-
a-Gal to check for expression of the MEL1 reporter gene
(blue colonies).

Isolating plasmid DNA from putatively positive yeast clones
and confirming the true interaction in yeast
Yeast plasmid was isolated with the lyticase method (provided
by Clontech Co.) and transformed into E. coli strain DH5
and amplified in bacteria. Plasmids isolated from bacteria were
reintroduced into yeast strain Y187, then mating experiments
were carried out by mating with yeast strain AH109 containing
pGBKT7-whole-X or pGBKT7-Lam. The diploid yeast was
plated on media lacking leucine, tryptophan, histidine, and
adenine with X--Gal.

Bioinformatic analysis
After the positive colonies were sequenced, the sequences were
blasted with GenBank to analyze the function of the genes.

RESULTS

The pre-X gene sequencing
After sequencing, 27 of 45 clones (60%) were found encoding
the pre-X peptide. Eighteen of twenty-seven clones (66.7%)
of pre-X coding sequences were found from genotype C.
Three types of replacement mutation led to pre-mature coding
of pre-X gene. The mutation in pre-X peptide had the feature
of individual mutation (Figure 1).

Expression of whole-X protein
Yeast strain AH109 transformed with pGBKT7-whole-X

could stably express the fusion protein at higher level and
could only grow on SD/-Trp medium (Figure 2).

Figure 2  Expression of whole-X protein in yeast demonstrated by Western
blotting. Lane 1: whole-X protein, lane 2: negative control.

Yeast two-hybrid cloning of proteins interacting with whole-
X protein
The whole-X protein was used as the bait for screening a
human liver yeast two-hybrid library. One hundred and
twenty-six clones grew in the absence of tryptophan, leucine,
histidine, adenine. The clones were processed for -galactosidase
assay, and blue colonies were picked. pACT2/cDNA plasmids
were isolated and eliminated by EcoRI digestion (Figure 3).
After elimination, 14 positive clones were further tested
for specificity of -galactosidase expression (Figure 4). After
confirmation of  the true interaction with whole-X protein
in yeast, five independent positive clones were identified
and sequenced (Figure 4).

Figure 3  Colonies cut by EcoRI on 0.9% agarose/EtBr gel.

Analysis of coding sequence of positive clones
The nucleotide sequences of five clones from this cDNA
library were analyzed[24], the full length sequences were
obtained with Vector NTI 6 and by searching BLAST database
(http://www.ncbi.nlm.nih.gov/). Some genes coding proteins
were involved in cell cycle regulation, and apoptosis, signal
transduction pathway and tumor development (Table 1).

Y982-5 B/C --------------------------------------------------------------------

Y982-6 B/C --------------------------------------------------------------------

Y983-2 B/C --------------------------------------------------------------------

Y983-3 B/C --------------------------------------------------------------------

Y985-2 C --------------------------------------------------------------------

Y985-3 C --------------------------------------------------------------------

Y985-6 C --------------------------------------------------------------------

Consensus  CGGTCTGGAGCAAAACTTATCGG ACCGACAACTCTGTTGTCCTCTCTCGGAAATACACCTCCTTTCC

Figure 1  Nucleotide sequence of the pre-X gene.
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Figure 4  Positive clones interactive with the whole-X protein growing on media
containing X--Gal and lacking leucine, tryptophan, histidine and adenine.

Table 1  Sequence analysis of five clones interacted with whole-X
protein

Known genes                 Number Homologous
               of clones           (%)

Fetuin B    4          100

UDP glycosyltransferase 1 family, polypeptide A9    2            99

Mannose-P-dolichol utilization defect 1 (MPDU1)    3          100

Fibrinogen, B beta polypeptide (FGB)    2          100

Transmembrane 4 superfamily member 4 (TM4SF4)    2          100

DISCUSSION

HBV belongs to the family of hepadnaviruses. It has a 3
200 bp partially double-stranded DNA genome from which
four major classes of transcripts are synthesized. The 3.5 kb
pregenomic RNA not only serves as template for reverse
transcription, but also contains coding regions for nucleocapsid
protein and reverse transcriptase. A subclass of this transcript
with a slightly longer 59 end codes for the precore protein,
which, after processing, is secreted as HBV e antigen (HBeAg).
The 2.4 kb RNA encompasses the preS1 ORF that encodes
the large surface (L) protein. The 2.1 kb RNA contains the
preS2 and S ORFs that encode the middle (M) and small
(s) surface proteins, respectively. The smallest transcript
(approximately 0.9 kb) codes for the X protein. Mutations
and deletions in the HBV genome have frequently been
detected during persistent viral infection[13,14].

Takahashi et al[15], in an infected serum, have identified a
protein that is coded for by the X gene of HBV, and found
a polypeptide that was weakly bound with an anti-X-mAb.
This result is hard to re-confirm with different sera. They
sequenced the upstream region of the gene of HBV DNA
from the initial sample and found that there is a pre-X
ORF of 56 codons, the pre-X variant is frequently detected
in chronic liver disease, but seldom in asymptomatic carriers.
Another characteristic of the pre-X variant is the cancellation
of  in-frame stop codon, suggesting that pre-X and X are
linearly translated in this variant. Loncarevic et al[17], reported
an HBV genome that possesses an intact pre-X ORF.

In our study, 17 samples were collected. One was genotype
A, 3 were genotype B, 10 were genotype C and 3 were B/C
genotype mixture. After sequencing, 27 of 45 clones (60%)
were found encoding the pre-X peptide. Eighteen of twenty-
seven clones (66.7%) pre-X coding sequences were found

from genotype C. Three types of replacement mutation
lead to pre-mature coding of pre-X gene. The mutation in
pre-X peptide had the feature of individual mutation,
suggesting that coding of  the pre-X gene is popular in HBV
genome.

The pre-X mutations may have some effect on expression
of the X gene. Loncarevic et al[17], reported that all the five
HBV DNA clones derived from hepatocellular carcinoma
had intact pre-X ORF. Protein–protein interactions play an
important role in almost all events that takes place in cells.
The two-hybrid screen is a promising experimental approach
to identify whole-X protein interacting proteins.

The yeast two-hybrid system is a better choice of detecting
protein-protein interactions. Yeast two-hybrid system 3 based
on the system is commercially available from Clontech Co.[18-20].
In this system, the promoters controlling HIS3, ADE2, and
MEL1 expression in AH109 have significantly fewer false
positives and the simple mating protocol significantly reduces
the labor and time involved in performing a two-hybrid
library screening and improves the chances of finding rare
protein-protein interactions and leads to more reproducible
results[21,22]. On screening a human liver cDNA library, five
putative clones are identified as associated proteins, namely
fetuin B, UDP glycosyltransferase 1 family-polypeptide
A9, MPDU1, FGB, transmembrane 4 superfamily member
4-CD81 (TM4SF4). Mammalian transmembrane 4 superfamily
(TM4SF) proteins (also known as tetraspans or tetraspanins)
include at least 16 core members and a number of additional
proteins with sequence similarities. Almost all mammalian
cells contain one or more TM4SF proteins[23]. TM4SF
protein CD81 may function in cell migration, proliferation
and tumor cell metastasis. Most TM4SF proteins can be
found on plasma membrane, and several are located in cell
lamellipodia and lopodia, consistent with their role in cell
motility. TM4SF proteins including CD81 are also found
in various intracellular granules and vesicles. A specific subset
of TM4SF proteins may recruit PI 4-kinase to specific
membrane locations, and thereby influence phosphoinositide-
dependent signaling[24]. Fetuin B is a liver-produced negative
acute phase protein. Multiple physiological roles of the
protein have been suggested, including ability to bind to
hydroxyapatite crystals and to specifically inhibit the tyrosine
kinase activity of the insulin receptor. It is mainly a fetal
protein, in the sense that the highest concentrations are
found in serum and body fluids of embryos and fetuses[25].
Fetuin might be involved in cell differentiation and tissue
transformation during the initial histogenesis[26]. The result
of this study shows that the whole-X protein may modulate
signal transduction pathway by protein-protein binding and
carcinoma formation.
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