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Abstract

AIM: To elucidate the biological function of HBV core
antigen (HBcAg) on pathogenesis of hepatitis B, a novel
gene C12 coding for protein with unknown function
interacting with HBcAg in hepatocytes was identified and
characterized.

METHODS: HBcAg bait plasmid pGBKT7-HBcAg was
constructed and transformed into yeast AH109, then the
transformed yeast was mated with yeast Y187 containing
liver complementary DNA (cDNA) library plasmid in
2xYPDA medium. Diploid yeast was plated on synthetic
dropout nutrient medium (SD/-Trp-Leu-His-Ade) and
synthetic dropout nutrient medium (SD/-Trp-Leu-His-Ade)
containing X-a-gal for screening twice. After extracting
and sequencing of plasmid from blue colonies, we isolated
a cDNA clone encoding a novel protein designated as C12
that directly interacted with HBcAg. The interaction
between HBcAg and C12 was verified again by re-mating.
pEGFP-N1-C12 fluorescent protein fusion gene was
transfected in 293 and L02 cell, and observed by
fluorescent microscope. MTT reduction assay was used
to study the action of C12 protein effect on metabolism of
mammal cell. Yeast two-hybrid and cDNA microarray were
performed to search binding protein and differential
expression genes regulated by C12 protein.

RESULTS: C12 gene was screened and identified by yeast
two-hybrid system 3. The interaction between HBcAg and
the novel protein coded by the new gene C12 was further
confirmed by re-mating. After 48 h, fluorescence of fusion
protein could be observed steadily in the 293 and L02 cell
plasma. Under MTT assay, we found that the expression
of C12 did not influence the growth of liver cells. Seventeen
differential expression genes in HepG2 cells transfected
with C12 protein expression plasmid by cDNA microarray,
of which 16 genes were upregulated and 1 gene was
downregulated by C12 protein. Twenty-one colonies
containing 16 different genes coding for C12 protein
binding proteins were isolated by yeast two-hybrid, there

were 2 new genes with unknown function.

CONCLUSION: The novel protein C12 is located in cell
plasma, and its overexpression has no significant effect
on the metabolism of liver cell. It interacts with many
proteins in hepatocytes and may be involved in many
processes of gene expression.

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

There are mote than 400 million carriers of HBV wortldwide
who ate at high risk for the development of chronic liver
diseases, but the precise mechanism of virus involvement
remains elusive!"?. Identification of cellular HBV core
antigen (HBcAg) interaction protein would provide insights
into the mechanism of HBV cellular effects®!. Based on
the yeast two-hybrid screening and bio-information assay,
we found a novel gene named C12 coding for protein
binding with HBcAg, and located in cell plasma. After the
finishing of human genome project, we obtained mass
information of chromosome DNA including many
sequences of coding gene with unknown functions. While
DNA constitutes the information archive of the genome,
it is the proteins that actually serve as the functional effectors
of cellular processes. How to elucidate the structure,
biological function and medical significance of protein
coding by novel genes, are the most difficult and complex
work in future. By means of MTT reduction assay,
complementary DNA (cDNA) microarray and yeast
two-hybrid technique, the potential biological function of
C12 protein was initially investigated in the context of effect
on cell metabolism and gene expression, the binding protein
in hepatocytes. We expected the results would bring us some
valuable information and pave the way for further study.

MATERIALS AND METHODS

Plasmid construction
The HBcAg gene from a known HBV DNA sequence
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(subtype ayw) was amplified by PCR (P1 3>-GAA TTC ATG
GAC ATC GAC CCT TAT AA-5, P2 3°-CTG CAG AAC
ATT GAG ATT CCC GAG AT-5%) and cloned into the
DNA-binding domain vector pPGBKT7 (Clontech, Palo Alto,
CA, USA). This plasmid contains TRP1 gene, permitting it
to grow in trp medium. A normal human adult liver cDNA
stretch library was cloned into the activation domain vector
pACT?2 and transformed into yeast strain Y187 to build
pretransformed cDNA liver cell library (Clontech Co., USA);
pACT?2 plasmid contain Leu2 gene (Clontech Co., USA),
permitting it to grow in leu-medium™?.

Western blotting

The plasmid pGBKT7-HBcAg containing full length of
HBcAg gene was constructed by insertion of HBcAg gene
in-frame into EcR1/BanHI site, and could directly express
DNA binding domain, ¢-yc and core fusion protein was
transformed into yeast strain AH109 by using lithium acetate
method. Yeast protein of AH109 was extracted and Western
blotting was performed to confirm the expression of the
fusion protein by using ¢-7yc mAb. Transformed AH109
was cultured on quadrupole dropout media to exclude the
auto-activity.

Two-hybrid library screen and cDNA isolation

One large (2-3 mm), fresh (<2 mo old) colony of AH109
containing bait plasmid was inoculated into 50 mL of
SD/-Ttp and incubated at 30 “C overnight (16-24 h) with
shaking at 250-270 r/min. Then the cells were spun down
by centrifuging the entire 50-mL culture at 1 000 r/min
for 5 min and supernatant was decanted, the cell pellet was
resuspended in the residual liquid by vortexing. The entire
AH109 (bait) culture and the 1-mL library were combined
and cultured in a 2-L sterile flask and 45 mL of 2X YPDA/
Kan was added and swirled gently. After 20-h mating, the
cells were spun down, resuspended and then spread on
50 large (150-mm) plates, containing 200 mL of SD/-Ade/
-His/-Leu/-Trp. After 6-18 d of growth, the yeast colonies
were transferred onto the plates containing X-0-gal to check
for expression of the MEL1 reporter gene (blue colonies).
Blue colonies were considered to be true positives and were
discarded. Yeast plasmid DNA was isolated with lyticase
method (Clontech), and transformed into E. co/i by using
electroporation; transformants were plated on ampicillin LB
selection media and analyzed by DNA sequencing.

DNA sequencing and computation

cDNA inserts were sequenced with the Sequenase version
2.0 sequencing kit (Boya Biochemical Corp, China) based
on the dideoxy method. Homology searches for the DNA
sequences thus determined and their deduced amino acid
sequences were performed at the National Center for
Biotechnology Information with the BLAST network
service.

RT-PCR and re-mating

Based on the information of GenBank, PCR primers of
the novel gene C12 were designed (P3 5-GAA TTC ATG
ATA AGT GAA GGC GGA TG-3, P4 5°-GGA TCC CTA
TTG TTA ACA GAG GAC T-3’), and the full-length gene

of C12 was amplified by using reverse transcription
polymerase chain reaction (RT-PCR) by using genomic DNA
from HepG2 cell line as the template. C12 gene was inserted
into yeast expression vector pGADT7 and transformed into
yeast strain Y187, then re-mated with AH109 containing
pGBKT7-HBcAg. After mating, the diploid yeasts were
plated on QDO covered with X-0-gal for further

verification'",

Sub-cellular localization

Full-length C12 gene was amplified by PCR with primers
P5 5-GAA TTC ATG ATA AGT GAA GGC GGA TG-3,
P6 5-GGA TCC TTG TTA ACA GAG GAC TTT T-3")
and inserted into green fluorescent protein (GEFP) expression
vector pEGFP-N1 (Promega Co., USA). The human liver
cell line L.O2 and African green monkey renal cell line 293
was incubated in DMEM medium with 10% fetal bovine
serum (FBS), 200 umol /L L-glutamine, penicillin, streptomycin,
and plated at a density of 1X10*/well in 35-mm dishes.
Purified plasmid pEGFP-N1-C12 was transfected into 293
and L02 cell by using Lipofectamine PLUS (Gibco Co.,
USA) and observed under fluorescent microscope after
48-h incubation.

MTT reduction assay

L02 and Bel7402 cells were respectively divided into four
groups; they were empty cell group, liposomes group,
pEGFP-N1 group, and pEGFP-N1-C12 group. Each
group included six wells and each well was incubated with
1x10" cells. Deionized water, liposomes, pEGFP-N1, and
pEGFP-N1-C12 were transfected into corresponding
groups and incubated for 18 h in DMEM medium with
10% FBS at 37 C (Roche Co., USA). Cells were incubated
for next 4 h with DMEM without FBS, and 750 uL. DMSO
was added in each well followed by discarding the medium
and washing with 1X PBS. After mixing steadily, the
absorbance of samples was measured (detection wavelength
550 nm, reference wavelength 650 nm) to quantify cell number.

Screening of binding protein

pGBKT7-C12 bait plasmid was constructed by inserting
C12 full-length gene into yeast expression vector pGBKT7
and transfected into AH109 cell. Positive AH109 cell mated
with pretransformed cDNA liver cell library Y187 cell for
screening twice. Blue colonies were discarded and analyzed
by DNA sequencing and bioinformatic assay.

c¢DNA microarray assay

HepG2 cell line transfected with pcDNA3.1(-)-C12 and
pcDNA3.1(-) were incubated at DMEM medium for 48 h.
mRNA from these cells were extracted by using Quick Prep
micro mRNA Purification Kit (Amersham Pharmacia Co.,
USA). Cy3-dUTP was labeled into cDNA of pcDNA3.1(-)
group and Cy5-dUTP was labeled into cDNA of pcDNA3.1
(9)-C12 group during the RT-PCR procedure. These cDNA
was hybridized with cDNA chip containing 1 152 cDNA
and amplified by PCR with common primer. After dotting,
hydrating, dehydrating, ultraviolet joining, and washing with
SDS, water and sodium borocaptate solution, samples were
degenerated in water at 95 'C for 5 min and hybridized
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with mixed probe for 15-17 h. Followed by washing, drying
at room temperature, specimens were analyzed by
ScanAtrray 3000 (General Scanning, positive standard: Cy5/
Cy3>2.0, negative standard: Cy5/Cy3<0.5).

RESULTS

Expression of the “bait” fusion protein

Yeast strain AH109 transformed with pGBKT7-HBcAg
could stably express the fusion protein at high level
(Figure 1). The transformed AH109 could only grow on
SD/-Ttp medium but not on QDO medium. Thus, the
transformed yeast could be used for yeast hybrid analysis.

Figure 1 Western blotting showed the expression of HBV core protein in yeast.
Lane 1: 5-pL sample; lane 2: 10-pyL sample.

Two-hybrid library screen and re-mating

In order to unravel the molecular mechanisms of HBcAg,
we adopted the yeast two-hybrid system to identify and
characterize cellular targets of HBcAg. An adult human
liver cDNA library containing cDNAs fused to the GAL4
activation domain in yeast vector pCAT2 was used to screen
for clones interacting with HBcAg. Plasmid pACT2-cDNA
was recovered from the true positive clone and was
sequenced. The result of our screening led to the identification
of a clone containing gene without homologs in GenBank.
This cDNA was 591 bases long (Figure 3), which contained
an open reading frame (ORF) able to encode a protein of
197 amino acids. The protein was named C12. Sequence
homology searches in GenBank revealed that it was a novel
gene. The entire ORF coding for C12 was obtained from
HepG2 cells and subcloned into yeast plasmid pGADT7 to
be expressed as a fusion protein with DNA activation domain
of GAL4. pGADT7-C12 was transfected into Y187 and
re-mated with AH109 transfected with pGBKT7-HBcAg
to verify the reliability of the interaction between them.

bp
+2000

<500

Figure 2 pEGFP-N1-C12 digested by EcoRIl and BamHI. Lane 1: pEGFP-N1-C12;
lane 2: DNA marker.

M I S EG G W G WQ G WG R S QG

1 ATG ATA AGT GAA GGC GGA TGG GGA TGG CAG GGG TGG GGG CGA AGC CAA GGT

L RPAPC SW V S RM V S P P A

52 CTG AGA CCT GCA CCC TGC AGC TGG GTC AGC AGG ATG GTA TCT CCA CCC GCG

A I Q E T Q L HF LA DT L P s P
103 GCC ATC CAG GAA ACA CAG CTC CAT TTC CTT GCT GAC ACC CTC CCC TCC CCG

L s I L L P PH KGQE E L S Q S Q
154 TTG TCC ATC CTG CTC CCT CCC CAC AAG CAA GAG GAG TTG TCC CAG AGT CAG

LL I A D L LGP A SODTILGNTF QT
205 CTC CTC ATA GCT GAC CTC TTA CCA GCT TCG GAT CTA GGA AAC TTC CAG ACT

S R E T QS Y Q KA QP T P I SF
256 TCT AGG GAG ACA CAG AGC TAC CAG AAA GCC CAA CCC ACC CCC ATC TCT TTC

S PD HR K V SR D V I P G A AL
307 TCT CCA GAT CAT AGG AAA GTA TCA AGG GAT GTC ATT CCG GGA GCA GCC CTT

G TA SS R CWOQM LC PS P SV
358 GGG ACA GCC AGC AGC AGG TGC TGG CAG ATG CTC TGT CCT TCA CCC TCT GTC

P GT R W GR P Q WKL LN S VT
409 CCC GGC ACC AGA TGG GGA AGG CCA CAG TGG AAA CTT CTC AAT TCC GTC ACA

G QSsS sD T V1ISsSQ F SL A MS F
460 GGG CAG AGC TCT GAC ACT GTT ATA AGT CAG TTC TCC CTG GCC ATG TCT TTT

P N F P V PQ L R FL N T C S TD
511 CCT AAT TTT CCT GTC CCA CAA CTT AGG TTC CTT AAC ACT TGT TCT ACA GAT

E TK K S S V N K *
562 GAA ACA AAA AAG TCC TCT GTT AAC AAG TAG

Figure 3 Nucleic and amino acid sequences of C12 cDNA.

Sub-cellular localization

After the full-length gene of C12 was cloned into pEGFP-N1
(Figure 2), the fluorescent protein expression plasmid
pEGFP-N1-C12 was transfected into 293 and L02 cells and
incubated for 48 h. When we observed under the fluorescent
microscope, the steady, powerful green fluorescent signal
could be observed in most cells (Figures 4A and B). The
result indicated that the C12 protein could be expressed in
these cells and mainly localized in the cell plasma.

Figure 4 A pEGFP-N1-C12 expression in 293 cell line; B: pEGFP-N1-C12
expression in L02 cell line.

MTT reduction assay

MTT reduction assay was performed in Bel7402 and 102
cell line transfected with deionized water, liposomes,
pEGFP-N1 and pEGFP-N1-C12 respectively. The results
showed that the optical density in Bel7402 cell line



Lu YY et al. HBV core binding protein C12

5669

groups were 0.547%20.076, 0.575%20.122, 0.470£0.124,
0.503%0.093, while the optical density in LO2 cell line groups
were 0.2161+0.028, 0.201£0.01, 0.1970.011, 0.205£0.024.
It revealed that the expression of C12 gene in both cells
did not have inhibitory or promotional effect on the growth
of these cells, compared with deionized water, liposomes
and empty vector (P>0.01).

Screening of binding protein

Yeast strain AH109 transformed with pGBKT7-C12 could
grow on SD/-Trp medium and could not grow on QDO
medium, the result showed that C12 protein have no
autoactivation in yeast cell and could be used for yeast
two-hybrid screening, After being mated with pretransformed
cDNA library strain Y187 and screened on QOD, 21 blue
clones were obtained. Plasmid in these clones wete cloned
into Escherichia coli and analyzed by DNA sequencing.
After comparing these sequences in GenBank, 16 different
genes were screened. Fourteen genes were homolog of
known genes, two genes did not find homolog in GenBank
(Table 1),

Table 1 Binding protein of C12 protein screened by yeast two-hybrid

Homeobox gene Homogeneity % Clones
Cathepsin B 99 1
Apolipoprotein M 98 1
Cytochrome C oxidase IT 97-99 3
Receptor JAK (EPHB4) variation factor 99 1
KH splicing regulation protein (KSRP) 98 1
Phosphatidylinositol deacylase 97 1
poly-glucose Q transcriptional variation factor 1

Ferritin light chain 99 2
Ornithine decarboxylase 1 99 1
Metallothionein 2A 98-100 3
Blood coagulation factor IX 100 1
Acetolactate synthase 99 1
Calpain 98 1
Exo-nucleus triphosphate diplo-phosphoinostide 99 1
hydrolase 5

Plasma globulin inhibitive factor H4 99 1
Novel gene 100 2
c¢DNA microarray assay

Eight paddy genes from 1 152 cDNA on the chip that
served as negative control showed very weak hybrid signal,
which confirmed the reliability of the experiment. Total
mRNA of HepG2 cells transfected with pcDNA3.1(-) and
pcDNA3.1(-)-C12 were purified, respectively, then labeled
with Cy3-dUTP and Cy5-dUTP during RT-PCR procedure.
Cy5 fluorescein showed red fluorescence and Cy3
fluorescein showed green fluorescence. The difference of
color showed the difference of gene expression level, such
as yellow showed that there was no difference between the
two groups. Based on the criteria, 16 differential expression
genes upregulated by C12 and 1 gene downregulated by
C12 were screened (Table 2). These genes were involved in
cell signal conduction, cell proliferation, differentiation, and
generation of carcinoma!'?.

Table 2 Differential expression genes upregulated by C12 gene

GenBank number Homeobox gene

000208 Insulin receptor (INSR),

005500 SUMO-1 activating enzyme subunit 1 (SAE1),

006292 Tumor susceptibility gene 101 (TSG101),

012248 Selenophosphate synthetase 2 (SPS2),

006217 Serine (or cysteine) proteinase inhibitor, clade I
(neuroserpin), member 2 (SERPINI2),

016614 TRAF and TNF receptor-associated protein (TTRAP),

006437 ADP-ribosyltransferase-like 1 (ADPRTL1)

033306 Caspase 4, apoptosis-related cysteine protease
(CASP4), transcript variant gamma,

L04731 Translocation T (4:11) of ALL-1 gene

002085 Glutathione peroxidase 4 (phospholipid
hydroperoxidase) (GPX4),

004728 DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide
21 (DDX21),

002624 Prefoldin 5 (PFDNS5), transcript variant 1,

006415 Serine palmitoyl transferase, long chain base
subunit 1 (SPTLCI),

004127 G protein pathway suppressor 1 (GPS1),

014887 Hypothetical protein from BCRA2 region

000660 Transforming growth factor, beta 1 (TGF-f31),

DISCUSSION

The HBV infection is a public health problem worldwide,
particularly in East Asia. The current therapy of HBV
infection is mostly based on chemical agents and cytokines
that have been shown to provide limited efficacy ate also
toxic to the human body!"*"!. Elucidating the interaction
between hepatocytes and HBV was essential for finding
new methods to inhibit the replication of HBV. The HBV
nucleocapsid or core antigen (HBcAg) is extremely
immunogenic during infection and after immunization.
HBcAg has a unique three-dimensional folding that interacts
with immunoglobulins outside the classical antibody-binding
site, has the CD4" T cell epitopes and the encapsidated
nucleic acids that can efficiently interact and activate antigen
presenting cells, especially naive B cells. HBcAg also
performs pivotal functions by mediating release of (sub)
viral particles, regulation of supercoiled DNA amplification,
and transcriptional transactivation'".. To assess its multiple
functions and host-protein assistance involved, we initiated
a two-hybrid screen using the HBcAg domain as bait and
had identified a novel gene named C12 with unknown
function. To study the biological function of C12 gene and
its role in the HBV infection, we performed the following
researches and hoped to get some valuable clues for the
further investigation.

First of all, the full-length gene of C12 was amplified
from HepG2 cell and verified by DNA sequencing. Gene
of C12 was cloned into GFP expression vector pEGFP-N1
and transfected into 293 and L02 cell line. After incubating
for 48 h, cells were observed under the fluorescent
microscope. We found that these cells were stained with
steady, strong green fluorescence in the whole cell, the result
indicated that C12 protein mainly expressed in cell plasma.
Eighteen hours after incubation with medium, cell number,
as measured by absorbance (A), was quantified by using
colorimetric MTT assay. The result showed that the optical
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density in Bel7402 and LO2 cell line groups transfected
with deionized water, liposomes, pEGFP-N1 and pEGFP-
N1-C12 have no significant difference. This result could
be explained as follows: C12 protein was a normal protein
present in cells and may have the promotive or inhibitive
effect on cell growth. It did not show significant effect
because of the interference of network regulation of other
proteins. The main expression of C12 protein does not
intervene the growth and reproduction of normal cells.

Screening binding protein in hepatocytes, identification
of interaction protein in the protein network, may provide
valuable clues for the further research !, Based on the
modified yeast two-hybrid technique, the “bait” plasmid
pGBKT7-C12 was transformed into yeast strain AH109.
After mating with liver cDNA library yeast strain Y187, the
diploid yeast cells were plated on QDO media containing
X-0-gal, 21 true positives were obtained. Sequencing analysis
of isolated library plasmids, 16 different genes were found.
Among them, cytochrome C oxidase, ornithine decarboxylase,
and acetolactate synthase related to energy metabolism. C12
bind with these proteins indicating that C12 may participate
in mitochondrion energy metabolism. KSRP was a factor
that regulated the shearing process of enhancer exon™*,
Calpain, phosphatidylinositol deacylase poly-glucose Q
transcriptional variation factor and receptor JAK (EPHB4)
variation factor were important members involved in cellular
signal transduction and cell cycle regulation. The interaction
between C12 and these proteins suggest that C12 may serve
in the above procedure. Ferritin related to hepatocellular
damage and HCCP. Interaction between C12 and ferritin
may play the bridge role in hepatocellular damage and HCC.
C12 also take part in blood coagulation procedure for binding
with coagulation factor IX. All of the above suggest that
proteins found to binding C12 in the yeast two-hybrid system
3 appeared to reveal some probable functions of C12.

The cDNA microarray is a genomic technology, which
is widely used in both basic and applied research. Recent
advances in cDNA microarray technology have great impact
on many areas of biomedical research and pharmacogenomics:
discovering novel targets and genes, elucidating signatures
of complex diseases, transcriptional profiling of models for
diseases, and the development of individually optimized
drugs based on differential gene expression patterns!!”%,
The commercial availability of several different precoated
arrays and the ease of handling supported the broad
distribution of this new technique. The basic protocol in
this article involves the hybridization of complementary
strands of fluorescent (Cy3 and Cy5) labeled cDNA
from HepG2 cells transfected with expression plasmid
pcDNA3.1(-)-C12 and empty vector pcDNA3.1(-) spotted
onto a solid support and then detected by fluorescence
scanning. Sixteen differential expression genes upregulated
by C12 and 1 gene downregulated by C12 were screened
(Table 2). These genes were involved in cell signal
conduction, cell proliferation and differentiation, generation
of carcinoma.

The preliminary data from the context studies suggest
that the novel protein C12 is located in cell plasma, and its
overexpression has no significant effect on the metabolism
of liver cells; it interacted with many proteins in hepatocytes

and may be involved in many processes of gene expression.
These results stride the first step for the functional study
of C12 gene and pave the way for the new gene biology
research. We will further refine our understanding of
currently known results as well as identify novel pathways
and methods to elucidate the integral biological functions.
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