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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the biological function of p7 protein
and to look for proteins interacting with p7 protein in
hepatocytes.

METHODS: We constructed p7 protein bait plasmid by
cloning the gene of p7 protein into pGBKT7, then transformed
it into yeast AH109 (a type). The transformed yeast was
mated with yeast Y187 (α type) containing liver cDNA
library plasmid, pACT2 in 2×YPDA medium. Diploid yeast
was plated on synthetic dropout nutrient medium (SD/-
Trp-Leu-His-Ade) containing x-α-gal for selection and
screening. After extracting and sequencing of plasmids
from blue colonies, we performed sequence analysis by
bioinformatics.

RESULTS: Fifty colonies were selected and sequenced.
Among them, one colony was Homo sapiens signal
sequence receptor, seven colonies were Homo sapiens

H19, seven colonies were immunoglobulin superfamily
containing leucine-rich repeat, three colonies were
spermatid peri-nuclear RNA binding proteins, two colonies
were membrane-spanning 4-domains, 24 colonies were
cancer-associated antigens, four colonies were nucleoporin
214 ku and two colonies were CLL-associated antigens.

CONCLUSION: The successful cloning of gene of protein
interacting with p7 protein paves a way for the study of the

physiological function of p7 protein and its associated protein.

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

Hepatitis C virus (HCV) is a major cause of chronic hepatitis,
liver cirrhosis, and hepatocellular carcinoma throughout the
world. Although HCV cannot be incubated efficiently in
vitro, several of its key features have been elucidated in the
past few years. HCV, cloned successfully via molecule
biological technology[1,2], is an enveloped, positive single-
stranded RNA (9.6-kb) virus belonging to the Flaviviridae.
The HCV genome has only one ORF which is flanked by a
5’ and 3’ noncoding region. The ORF encodes for a large
polyprotein precursor of about 3 000 amino acid residues,
and this precursor protein is cleaved by the host and viral
proteinases to generate at least 10 proteins in the following
order: NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-
NS5B-COOH. HCV proteins not only function in viral
replication but also affect a variety of cellular functions[3-6].
HCV p7, which is located between the E2 and NS2 proteins,
is a 63 residue peptide encoded by HCV genome between
2 580-2 768 nt[7]. Although there are studies on the genomic
structure, synthesis and function of p7 protein, the role of
the HCV p7 protein in the virus life cycle is not known. To
gain more information on the HCV p7 protein, and provide
some new clues for elucidating the potential biological
function of p7, we looked for proteins interacting with p7
protein by screening human liver cDNA library with yeast
two-hybrid system.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Bacteria, yeast strains and plasmids
All yeast strains and plasmids for yeast two-hybrid experiments
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were obtained from Clontech (Palo Alto, CA, USA) as
components of the MATCHMAKER two hybrid system 3.
Yeast strain AH109 (MATa, trp1-901, leu2-3,112, ura3-52,
his3-200, gal4 , gal80 , LYS2:GAL1UAS-GAL1TATA-HIS3,
GAL2UAS-GAL2TATA-ADE2, URA3: MEL1UAS-MEL1TATA-

LacZ) containing pGBKT7-53, coding for DNA-BD/mouse
p53 fusing protein and AH109 was used for cloning of bait
plasmids, yeast strain Y187 (MATa, ura3-52, his3-200, Ade2-

101, trp1-901, leu2-3, 112, gal4 , gal80 , met-, URA3:

GAL1UAS-GAL1TATA-lacZ MEL1) containing pTD1-1, in
which pACT2 codes for AD/SV40 large T antigen fusing
protein and Y187 was used for cloning of library plasmids.
Bacterial strain DH5a was used for cloning of every shuttle
plasmid. pGBKT7 DNA-BD cloning plasmid, pGADT7
AD cloning plasmid, pGBKT7-53 control plasmid,
pGADT7, pGBKT7-Lam control plasmid, pCL1 plasmid
were from Clontech Ltd Company (K1612-1). pGEM T
vector was from Promega Company, USA.

Chemical agents and culture media
Taq DNA polymerase was purchased from MBI Company.
T4 DNA ligase, EcoRI and BamHI restriction endonuclease
were from Takara. c-Myc mAb secreted by 1-9E10.2 hybridoma
(ATCC), and goat anti-mouse IgG conjugated with
horseradish peroxidase were from Zhongshan Company,
China. Lithium acetate, semi-sulfate adenine, acrylamide,
and N, N’-bis-acrylamide were from Sigma. TEMED was
from Boehringer Mannheim. Tryptone and yeast extracts
were from Oxoid. X-α-gal and culture media: YPDA, SD/
-Trp, SD/-Leu, SD/-Trp/-Leu, SD/-Trp/-Leu/-His, SD/-
Trp/-Leu/-His/-Ade were from Clontech Ltd Company.
Protein-G agarose were from Roche. pEGM-T vector was
from Promega. RT-PCR kit was from Isotope Company
of China. Others were from Sigma Company.

Construction of “bait” plasmid and expression of HCV p7 protein
To make the bait plasmid, HCV-p7 sequences were generated
by PCR amplification of HCV plasmid (HCV strain 1b).
The plasmid containing coding sequences of all the structural
and non-structural proteins was used as the template. The
sequence of the primers containing the EcoRI and BamHI
restriction enzyme sites are sense primer: 5’-GAA TTC ATG
GCT TTG GAG AAC CTC G-3’ and anti-sense primer:
5’-GGA TCC TTA CGC GTA CGC CCG CTG G-3’.
The PCR conditions were as follows: at 94  for 30 s, at
60  for 30 s, at 72  for 30 s. Ten nanograms of  the
189-bp PCR product were cloned with pGEM-T vector.
The primary structure of  insert was confirmed by direct
sequencing. The fragment of encoding p7 was released from
the pEGM-T-p7 by digestion with EcoRI and BamHI, and
ligated to pGBKT7. Vector pGBKT7-expressing proteins
were fused with amino acids 1-147 of the GAL4 DNA
binding domain (DNA-BD), pGADT7-expressing proteins
were fused with amino acids 768-881 of the GAL4 activation
domain (AD). Plasmid pGBKT7-p7 (Figure 1) containing
full-length HCV p7 gene could directly express DNA binding
domain, c-Myc and p7 fusion protein. The plasmid was
transformed into yeast strain AH109 by using lithium acetate
method[8]. Transformed AH109 (bait) was cultured on
quadruple dropout media to exclude the auto-activity.

Western blot analysis
A single isolated colony (1-2 mm in diameter, not older
than 5 d) of  yeast AH109 transformed with pGBKT7-p7
selected by lithium acetate method was inoculated into 5 mL
of  SD/-Trp and incubated at 30  overnight with shaking
at 220-250 r/min. The entire overnight culture was
inoculated into 50 mL YPDA medium and incubated at
30  with shaking at 220-250 r/min until the A600 reached
0.4-0.6. The culture was chilled and centrifuged for cell
pellets. The yeast protein extracts of p7 were prepared
according to urea/SDS method. A part of protein exact
was resolved on SDS-polyacrylamide gel and transferred
onto nitrocellulose membrane. After being blocked with
nonfat dried milk, the membrane was treated with c-Myc
mAb for 90 min, then with HRP-goat anti-mouse IgG at
the dilution of 1:500 for 60 min. Subsequently the blot
was developed by 4-chloro-1-naphthol and H2O2. The yeast
AH109 cells with transformed pGBKT7 were used for
positive control and the untransformed yeast, AH109 cells
were used for negative control.

Screening of liver cell cDNA library by yeast two-hybrid system
One large (2-3 mm), fresh (<2 mo old) colony of AH109
(bait) was inoculated into 50 mL of  SD/-Trp and incubated
at 30  overnight (16-24 h) with shaking at 250-270 r/min.
Then the cells were spun by centrifuging the entire 50 mL
culture at 1 000 r/min for 5 min. After supernatant was
decanted, the cell pellet was resuspended in the residual
liquid by vortexing. A human liver cDNA library was cloned
into pACT2 and yeast reporter strain Y187 (Clontech Co.).
The entire AH109 (bait) culture and 1 mL human liver
cDNA library (1×106 CFU/mL) were combined and cultured
in a 2-L sterile flask and 45 mL of  2´YPDA/Kan was added
and swirled gently. After 20 h mating, the cells were spun
re-suspended and spread on 50 large (150 mm) plates
containing 100 mL of  SD/-Ade/-His/-Leu/-Trp (QDO).
After growth for 6–15 d, the yeast colonies were transferred
onto the plates containing X-α-gal to check for expression
of the MEL1 reporter gene (blue colonies).

Plasmid isolation from yeast and transformation of E. coli with
yeast plasmid
Approximately 1×106 colonies were screened and 50 positive
clones were identified. Yeast plasmid was isolated from

Figure 1  Map of “bait” plasmid pGBKT7-p7.

f1 ori

TRP1 gene

TRP1

promotor

2u

Kan

pGBKT7-p7

7 489 bp

ADH1 promotor

DNA-BD

c-Myc

EcoRI (1 300)

HCV-p7

BamHI (1 501)

ADH1 terminator

pUC ori



Huang YP et al. Screening of binding-protein of HCV p7     4711

positive yeast colonies with lyticase method (Clontech Co.),
and transformed into super-competence E. coli DH5α by
a chemical method. Transformants were plated on ampicillin
SOB selection media and grown under selection. Subsequently,
pACT2-cDNA constructs were re-isolated following the
standard protocol, analyzed by restriction digestion and
sequencing in.

Bioinformatic analysis
After the positive colonies were sequenced, the sequences
were blasted with GenBank to analyze the function of the
genes (http://www.ncbi.nlm.gov.blast).

Confirmation of the true interaction in yeast
To confirm the true protein–protein interaction and exclude
false positives, the plasmids of positive colonies were
transformed into yeast strain Y187, and then mating
experiments were carried out by mating with yeast strain
AH109 containing pGBKT7-p7 or pGBKT7-Lam. After
mating, the diploids of yeast were plated on SD/-Ade-His-
Leu-Trp (QDO) covered with X-α-gal to test the specificity
of interactions.

RESULRESULRESULRESULRESULTSTSTSTSTS

Identification of recombinant plasmid
The full length sequences of HCV p7 were generated by
PCR amplification of HCV plasmid (HCV strain 1b),
sequenced and analyzed by comparing to vector NTI 6
and BLAST database homology search (http://www.ncbi.
nlm.nih.gov/blast). After being cut by EcoRI/BamHI, the
fragment was in-frame ligated into pGBKT7 EcoRI/BamHI
site. Restriction enzyme analysis of pGBKT7-p7 plasmid
with EcoRI/BamHI yielded two bands: 7 300 bp empty
pGBKT7 and 189 bp HCV p7. The product of plasmid
was amplified by PCR. Analysis of the PCR reaction products
by agarose gel electrophoresis showed the clear bands with
the expected size (189 bp of p7). Sequences of the PCR
products were correct (Figures 2A and B).

Figure 2  Fragment-p7 amplified by PCR (A) and pGBKT7-p7 cut by EcoRI/
BamHI (B).

Expression of “bait” fusion protein
Yeast strain AH109 transformed with pGBKT7-p7 could
stably express the fusion protein at high level (Figure 3) and
could only grow on SD/-Trp medium but not on QDO
medium. Thus, the transformed yeast could be used for
yeast hybrid analysis.

Screening of liver cell cDNA library
We isolated the plasmids from the blue colonies containing
only pGBKT7-p7 and one library plasmid other than other
plasmids. Because plasmid pACT2-cDNA contains two
restriction endonuclease sites of BglII on both sides of
multiple cloning sites, the gene fragments of the liver cell
cDNA library (pACT2-cDNA) screened were released by
BglII digestion (Figure 4). The gene fragments of different
lengths in Figure 4 proved, that these screened clones were
positive colonies growing on SD/-Trp/-Leu/-His/-Ade
culture medium after mating.

Figure 4  Identification of different colonies with BglII digestion.

Analysis of cDNA sequence and homology
We obtained a total of  50 positive colonies growing on the
selective SD/-trp-leu-his-ade/X-α-gal medium. These
colonies were prescreened by BglII digestion to make sure
that only colonies with different inserts were subjected to
sequencing. Fifty colonies from cDNA library were
sequenced. Using the BLAST program at the National
Center for Biotechnology Information, the 50 sequences
had a high similarity to known genes. The data are presented
in Table 1.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The precise mechanism of early HCV infection remains
largely unknown. We tried to obtain a sufficient amount of
free virions from the plasma of infected individuals and to
establish a robust in vitro system for virus propagation. In
HCV polyprotein, HCV p7 is located downstream of the
envelope glycoprotein, E2 and upstream of the NS2 protein
and begins at the position 747 of HCV H strain polyprotein.
The generation of HCV p7 is supposed to be catalyzed by

Figure 3  Expression of HCV p7 in yeast shown by Western blotting. Lane 1:
HCV p7 protein; lane 2: positive control; lane 3: negative control.
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a host signal peptidase localized in the endoplasmic reticulum[9].
The p7 polypeptide of HCV is a small hydrophobic polyprotein
of unknown function and contains 63 amino acids. Its
encoding gene is present between structural and non-structural
proteins, but it is still not clear whether p7 is a structural
protein or a non-structural protein. Studies on the subcellular
localization of HCV proteins indicate that most of them
associate with ER membranes[10-12]. HCV p7 comprising two
transmembrane alpha helices linked by a small charged
cytoplasmic loop, is indeed membrane-associated and mostly
located in the endoplasmic reticulum[7]. HCV p7 is an integral
membrane polypeptide. Pulse-chase analysis showed that a
large proportion of p7 stays in an early compartment of
the secretory pathway. Carrere-Kremer et al.,’s studies[7]

showed that p7 has a double membrane-spanning topology,
the amino- and carboxyl-terminal tails are oriented toward
the ER and should therefore also be accessible from the
extracellular environment. The C-terminal transmembrane
domain of p7 is a signal sequence and the amino- and/or
carboxyl-terminal intraluminal tails of  p7 contain sequences
with genotype-specific function[13]. The data indicate that
p7 is a polytopic membrane protein that could play a
functional role in several compartments of the secretory
pathway.

At present, studies are carried on the biological functions
of HCV p7 protein in the virus life cycle. HCV p7 protein
forms hexamer cation ion channels in black lipid membranes.
The function of p7 is supposed to be similar to viroporin,
which mediates cation permeability across membranes and
are important for virion release or maturation[14,15]. Mutants
with deletions of all or part of p7 and a mutant with
substitutions of  two conserved residues in the cytoplasmic
loop are not viable. Thus, p7 is essential for infectivity of
HCV[13]. HCV p7 regulates the internalization properties of
HCV structural proteins[16]. It has been hypothesized that
lack of  p7 may lead to conformational changes of  envelope
proteins, as reported for closely related virus, that are perhaps
important for cell binding and entry of the HCV virion.
Studies of HCV subgenomic replicons showed that p7 is
not critical for RNA replication[17,18].

Transfection with RNA transcripts from an infectious
BVDV cDNA clone with in-frame deletions or point
mutations of p7 could not produce infectious virus, but
the infectivity could be restored by providing p7 in
transmembrane. HCV p7 has characteristics similar to those
of a group of proteins called viroporins[13,15]. These proteins
form ion channels that might be of  importance for virus
assembly and/or release or maturation. Mutation of a
conserved basic loop located between the two predicted

transmembrane alpha helices rendered HCV p7 non-
functional as an ion channel. The intra-cellular localization
of  p7 was unaffected by this mutation[19,20]. The HCV-like
particles (HCV-LPs) without p7 (p7-HCV-LP) have been
shown to be more potent in inducing cellular immune
responses with a Th1 bias than HCV-LP with p7[21]. The
study showed that p7-HCV-LP can also induce both humoral
and cellular immunities in AAD mice[22].

Protein-protein interactions occur in a wide variety of
biological processes and essentially control the cell fate from
division to death. Yeast two-hybrid assays represent a
versatile tool to study protein interactions in vivo. Yeast two-
hybrid system 3 based on the system originally designed by
Fields and Song, takes advantage of the properties of the
GAL4 protein of the yeast Saccharomyces cerevisiae. GAL4-
based assay uses yeast transcription factor, GAL4 for
detection of protein interactions by transcriptional activation.
GAL4 possesses a characteristic phenomenon that the
transactivation function can be restored when the factor’s
DNA-binding domain (DBD) and its transcription-AD are
brought together by two interacting heterologous proteins.
GAL4-yeast two-hybrid assay uses two expression vectors,
one uses DBD and the other uses AD. The GAL4-DBD
fuses to a protein ‘X’ and a GAL4-AD fuses to a protein
‘Y’ to form the bait and the target of  the interaction trap,
respectively. A selection of host cells with different reporter
genes and different growth selection markers provides a
means to detect and confirm protein-protein interactions
and has significantly fewer false positives[23-26].

To investigate the role of  HCV p7 in pathogenesis of
HCV and physiologic function in hepatocytes, yeast two
hybrid system 3 is used to screen the proteins interacting
with p7 protein. In this study, the “bait” plasmid pGBKT7-
p7 was transformed into yeast strain AH109. In order to
further confirm the expression of  HCV p7 protein in
AH109 yeast strain, we performed the experiment of
Western blot and a strong expression of  the HCV p7 protein
was observed. After the “bait” plasmid pGBKT7-p7 yeast
strain AH109 was mated with liver cDNA library yeast strain
Y187, the diploid yeast cells were plated on QDO media
containing X-α-gal, 50 true positives were obtained. By
sequencing analysis of isolated library plasmids, we got the
sequences of 50 genes with known functions. Eight of them
were respectively associated with genesis of tumor and
immunity, regulation of cell life cycle, and the way of signal
transmission.

We screened Homo sapiens membrane-spanning 4-domains,
subfamily A (MS4A6A). Tetraspanins are a large superfamily
of cell surface membrane proteins characterized by their

Table 1  Comparison between positive clones and similar sequences in GenBank

High similarity to known genes   Number of similar Homolog (%)

Homo sapiens signal sequence receptor, delta 1          100
Homo sapiens H19, imprinted maternally expressed untranslated mRNA 7        96-99
Homo sapiens immunoglobulin superfamily containing leucine-rich repeat 7            98
Homo sapiens spermatid perinuclear RNA binding protein 3          100
Homo sapiens membrane-spanning 4-domains, subfamily A, member 6A (MS4A6A) 2        97-98
Homo sapiens colon cancer-associated antigen                 24       94-100
Homo sapiens nucleoporin 214 ku 4            86
Homo sapiens CLL-associated antigen KW-13 2            99
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four transmembrane domains, and expressed in a wide variety
of  cell types and formed two different circularity structures
outside cellular membrane. Tetraspanins interact with diverse
important proteins, such as integrins, immunoreceptors, and
signaling molecules and have functional roles in processes.
They promote cellular growth and signal transduction and
are possibly related to viral adhesion and entry, cellular
cancerization, tumor cell invasion, and metastasis[27,28]. The
tetraspanin web refers to a network of molecular interactions
involving tetraspanins and other molecules. The functions
of net are complex and multiple. The CD81 is one of the
tetraspanins and widely expressed in a variety of cell types.
Todres et al.[29], and Bartosch et al.[30], showed that CD81 is
likely to be the receptor protein of HCV infecting target
cells, and the structures of CD81 and other subfamilies of
tetraspanins are partly homologous. Because CD37 can
regulate directly B cell function and interact between T and
B cells, and regulate humoral immunity[31,32]. CD53 relates
to apoptosis and tumor formation. CD63 relates to maturation
of human dendritic cells and modulates differential
distribution of associated MHC class II molecules during
maturation of dendritic cells[33]. Migration of activated hepatic
stellate cells (HSC) is a key event in the progression of liver
fibrosis. The tetraspanin CD151 molecule plays a key role
as a regulator of α6β1 integrin adhesion strengthening and
involves in HSC migration, adhesion, and proliferation[34,35].
Human CD81 directly enhances Th1 and Th2 cell activation,
but preferentially induces proliferation of Th2 cells upon
long-term stimulation. CD81 cross-linking can also induce
adhesion in B and T cells and decrease the threshold for B cell
activation via the immunoglobulin (Ig) receptor, which produces
autoantibodies and form corresponding immunopathologic
damage[36]. In this study, it was shown that HCV p7 could
bind to tetraspanins and the functions of p7 are complex.

Another important protein interacting with p7 protein
from liver cDNA library is Homo sapiens nucleoporin
214 ku (NUP214). Nuclear pore complexes (NPCs) are
large protein structures spanning the double membrane of
the eukaryotic nucleus that serves as a site for translocation of
macromolecules between the nucleus and the cytoplasm.
NPCs include a family of  50-100 proteins termed as
nucleoporins (Nups). Studies in the past several years have
demonstrated that individual Nups play a unique role in
regulating NPC function and nucleo-cytoplasmic transport
of proteins and RNAs. The functions of individual Nups
are associated with specific human diseases. NUP214, also
named as CAN protein, is an oncogene and one of the
components of NPCs in eukaryotic cells. It contains FG
repeat sequences of special proteins of NPCs, which bind
directly to receptors that transport substrates through the
NPC. NUP214 is located at cytoplasmic side of the NPC
and plays a role in numerous pathways, including cell cycle
progression, control of gene expression, oncogenesis, and
transport of  nucleoplasmic. 3’ extremity of  the gene forms
an integral gene with DEK gene on chromosome 6, which
is correlative to acute myelocytic leukemia and myelodysplastic
syndrome[37-39].

We also screened Homo sapiens Ig superfamily (IgSF)
containing leucine-rich repeat. The IgSF is one of the largest
families of protein domains in this genome and one of the

major families in other multicellular eukaryotes. The
members of the superfamily are involved in a variety of
functions including cell-cell recognition, cell-surface
receptors, muscle structure and the immune system[40]. The
IgSF containing a leucine-rich repeat (LRR) is named as
ISLR. The ISLR gene is mapped on human chromosome
15q23-q24 by fluorescence in situ hybridization. It is a protein
with a molecular mass of 46 ku and contains a LRR, with
conserved flanking sequences and a C2-type Ig-like domain.
These domains are important for protein-protein interaction
or cell adhesion, therefore it is possible that the ISLR may
also interact with other proteins or cells[41].

HCV p7 protein also interacts with Homo sapiens signal
sequence receptor δ, Homo sapiens H19, imprinted maternally-
expressed untranslated mRNA, Homo sapiens spermatid
perinuclear RNA binding protein, Homo sapiens colon cancer-
associated antigen and Homo sapiens CLL-associated antigen
KW-13. The significance of  interactions of  the proteins
with HCV p7 should be further studied in vivo and in vitro.
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