BMB
reports

Molecular characterization and functional analysis of
a protease-related protein in Chang-liver cells

Congrui Wan§1,*Huiyong Zhang®, Huigen Feng’, Baosheng Yang’, Jogenananda Pramanik™>, Zhikun Guo® &
2,45,

Juntang Lin™™

Departments of 'Biochemistry and Molecular Biology, “Life Science and Technology, Xinxiang Medical University, 453003 Xinxiang, China,
*Allianze College of Medical Sciences, Waziria Medical Square, Kepala Batas 13200, Pinang, Malaysia, “Key Open Laboratory for Tissue
Regeneration of Henan Universities, Xinxiang Medical University, 453003 Xinxiang, China, SInstitute of Anatomy I, School of Medicine,

University of Jena, Teichgraben 7, 07743 Jena, Germany

In this study, the cDNA library of Chang-liver cells was im-
munoscreened using common ADAMs antibody to obtain
ADAM related genes. We found one positive clone that was
confirmed as a new gene by Blast, which is an uncharac-
terized helical and coil protein and processes protease activity,
and named protease-related protein 1 (ARPT). The submitted
GenBank accession number is AY078070. Molecular charac-
terizations of ARPT were analyzed with appropriate bioinfor-
matics software. To analyse its expression and function, ARP1
was subcloned into glutathione S-transferase fusion plasmid
PGEX-2T and expressed by E. coli system. The in vitro ex-
pression product of ARPT was recognized by common
ADAMs antibody with western blot. Interestingly, ARP1
cleaves gelatine at pH9.5, which suggests it is an alkaline
protease. Semi-quantitative RT-PCR result indicates that ARP1
mRNA is strongly transcribed in the liver and the treated
Chang-liver cells. [BMB reports 2010; 43(5): 375-381]

INTRODUCTION

Chang-liver cell was a cell line generated from human liver
cancer tissue, which was often used in scientific research (1-3).
After Chang-liver cells treated by the modified Hanks buffer
containing ATP, compared to untreated control cells, there
were new proteins recognized by ADAMs antibody, and some
of them possessed metalloprotease activity (4).
Metalloproteases are a superfamily of protease including
ADAMSs (a disintegrin and metalloproteases) etc. (5). This su-
perfamily occupy important roles in normal or abnormal phys-
iological conditions, such as proliferation, cell motility, remod-
elling, wound healing, angiogenesis, and key reproductive
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events (6). Metalloproteases also play roles in liver regenera-
tion and fibrosis (7, 8). Among metalloproteases, ADAM fam-
ily belong to type | transmembrane proteins, which and their
related proteins are potentially involved in proteolysis, adhe-
sion, cell fusion and cell signalling (9, 10).

To study the ADAMSs or their related proteins involved in
Chang-liver cells under abnormal conditions, such as being
treated by ATP in modified Hanks buffer, it is necessary to
clone the full-length cDNAs of them, for example, to screen
the target gene from cDNA library (11, 12). We constructed
the cDNA expression library of Chang-liver cells treated by the
modified Hanks buffer containing ATP (13), then screened the
cDNA library with common ADAMs antibody raised against a
conserved region from the metalloprotease domain of several
known ADAMs molecules and predicted to recognize most
ADAMs and ADAM related proteins. A new gene named pro-
tease-related protein 1 (ARPT) was obtained from the cDNA li-
brary (4, 13).

In the present study, we analyzed the molecular character-
istics of ARPT and investigated its function in vitro. ARP1 is lo-
cated on human genome 16¢22.1. It may be a secreted pro-
tein with a potential signal peptide. Glutathione S-transferase
(GST)-ARP1 fusion protein was obtained by E. coli expression
system. Protease activity assay analysis revealed that ARP1
strongly sheds gelatine at pH9.5, which suggests it has alkaline
protease activity. Our results may provide the basis to further
investigate the roles of ADAMSs or protease related genes.

RESULTS AND DISCUSSION

Immunoscreening for cDNA library of Chang-liver cells

We have investigated the molecular alteration of Chang-liver
cells treated by Hanks buffer containing ATP, and found that
new ADAMs or their related proteins are induced after ATP
treatment (4). The cDNA library of Chang-liver cells treated by
the modified Hanks buffer containing ATP was also con-
structed (13). This cDNA library was immnunoscreened with
common ADAM s antibody (Fig. 1A-C). After immunoscreening
and sequencing, we obtained a series of positive clones from
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Clore No. Hemokogous gene Similarity | GenBark No.
CLT-A1 | H poteinase (ARPY), conplete cd 100% AYO730M
CLT-A2 | Homosapiens, ckme IMAGE:3510538, mRNA 100% BCOOBON?
CLT-A3 | Homo sapiens, ckne IMAGE:3856738, mRNA 99% BRO32595
CLT-A4 | Homosapiens A kinase (PRKA) anchor protein (yotizo) 9, mRIA 9% BCO1SS33
CLT-45 | H jers - ide-sensi NSF), mRNA 9% NM_005178
CLT-A% | H jens ADAM idase domain 10 (ADAMI0), RN A 100% NM_001110
CLT-A7 | H jens ADAM idase damain 15 (ADAMIS), TL, nBNA | 100% NM_207191
CLT-A8 | Homo sspiens, ckme MGC:19844 IMAGE 2959726, wRMNA, compltecds | 96% BCOL18
CLT-49 | H jens ADAM idase domain 17 (ADAM17), mRNA 9% NM_003183

Fig. 1. Gradient immnunoscreening of positive clones from the
cDNA expression library with common ADAMs antibody. (A) pos-
itive dots of phage clone from first cycle of screening by com-
mon ADAMs antibody. The original cDNA library was diluted in
1:1,000. Arrow indicates the positive plaque. (B) positive dots of
phage clone from second cycle of screening with the dilution
(1 :100) of the positive plaque from the first screening. (C) pos-
itive dots of phage clone from third screening with the dilution
(1:100) of the positive plaque from the second screening.
Arrows show the positive plaques. The immunoscreening method
performed was same for the three cycles. (D) the list of obtained
positive clones including ARP1 from the cDNA expression library
screened with common ADAMs antibody.
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Fig. 2. The schematic presentation of ARPT gene structure, as
well as ARPT c¢DNA sequence and the deduced amino acids. (A)
the schematic presentation for the composition of ARP1 gene,
which consists of 6 exons and 5 introns. The vertical shows exons,
and the line between each two adjacent exons shows intron. (B)
the cDNA sequence of ARPT and its reduced amino acids from
the putative ORF. The boldfaced and underlined atg and tga are
the start and stop codens, respectively. The boldfaced and Italic
sequence (aataa) is the polyadenylation signal sequence. The pu-
tative signal peptide sequence is boldfaced and underlined.

the cDNA library (Fig. 1D). One of them (CLT-A-1) shows
strong immunoreactivity with common ADAMs antibody,
named ARP1. The length of ARPT is 1,220 bp with polyA+,
encoding 239 amino acids (aa, Fig. 2).

Bioinformatics analysis of ARP1

Sequence analysis indicates that ARPT possesses 6 exons and
5 introns (Fig. 2A). The cDNA of ARPT possesses a 720 bp
open reading frame (ORF) from 27 bp to 746 bp, except for a
26 bp 5' untranslated region (UTR) and a 474 bp 3' UTR. In
the 3' UTR, there exists a typical polyadenylation signal aataa
(14) and a long polyA+ tail (Fig. 2B), which indicates we ob-
tained the full-length cDNA of ARP1 from the constructed
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cDNA library. The obtained sequence was analyzed using the
BLAST program in the NCBI GenBank database (http:/www.
ncbi.nlm.nih.gov). The full-length cDNA of ARPT was sub-
mitted as GenBank accession no. AY078070.

The result from protein blast with blastp program (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) and phylogenetic tree analysis
revealed that ARP1 amino acid sequence does not show high
similarity with the members of ADAM family, but shows high
homology with the uncharacterized proteins from human and
other species (Fig. 3A). For example, ARP1 shares 99% (231/
233) identities and positives with the unnamed protein prod-
uct or solute carrier protein family member from Homo sapi-
ens (accession no. BAB14538) (15, 16). ARP1 also shares high
level identities and positives with other species, such as the
unnamed protein product from Macaca fascicularis (94% iden-

A AY078070 <=

BAB14538
BAE91241
EFB25514
XP_853763
BAE27395
EDL92442
ACH44260
NP_001101
NP_003174
NP_997080

T T T
200 150 100 50 0

B 10 20 30 40 50 60 70

MEAARTAVLRVKRKRSAEPAEALVLACKRLRSDAVESAAQKTSEGLERAAENNVFHLVATVCSQEEPVQP

hhhhhheeeee hhh! hhhh hhh
LLREVLRPSRDSQQRVRRNLRASAREVRQEGRYRVLSSRRSLGTTSSGQBSEYTPGNPEAAGNSGFQLLD
hhhhhh hhhhhhhhhhhhhhhhhhcceeeee heehh
LVHEEGEPEAASAGSCKTSDPDVILCNSVELIRERLTVSEDGPGVRRQEEQKHDDYVYDIYYLETATPGW
hhhh heehhhhhhhhhheee hhhheeeeeee tt
IENILSVQPYSQEWELVNDDQEPVGHLRR

hhheeee hheeehtt

C

50 100 150 200

Fig. 3. The phylogenetic tree and the predicted secondary struc-
ture of ARP1 from SOPMA. (A) the phylogenetic tree generated
among the proteins which share similarities with  ARP1.
AY078070, protease-related protein 1 (ARP1); BAB14538, human
unnamed protein; BAE91241, macaca fascicularis unnamed pro-
tein product; EFB25514, hypothetical protein PANDA 012377;
XP_ 853763, canis familiaris predicted hypothetical protein XP
848670; BAE27395, mouse unnamed protein product; EDL92442,
rat liver regeneration-related protein; ACH44260, taeniopygia gut-
tata hypothetical protein; NP_001101, human ADAMTI0 metal-
loprotease domain; NP_003174, human ADAM17 metalloprotease
domain; NP_997080, human ADAM15 metalloprotease domain.
The numbers below indicate the amino acid difference between
the various protein sequences. (B) the linearization structure of
ARP1 protein. h, alpha helix; ¢, random coin; e, extended strand;
t, beta turn. (C) the secondary structure of ARP1 protein shown
in the schematic presentation. Alpha helix and extended strand
were denoted as vertical long bars and vertical short bars, re-
spectively, with the horizontal line presenting the random coil
running through the whole molecule.
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tities and 96% positives, accession no. BAE91241) (17), the
predicted hypothetical protein XP_848670 from Canis famil-
iaris (79% identities and 84% positives, accession no. XP_
853763), the liver regeneration-related protein from Rattus
norvegicus (73% identities and 81% positives, accession no.
EDL92442.1) (18), and the unnamed protein product from
Mus musculus (72% identities and 81% positives, accession
no. BAE27395) (19). The above results further confirmed that
human ARP1 is an uncharacterized protein. Interestingly, hu-
man ARP1 shares high similarity with rat liver regeneration-related
protein. Liver tissue could regenerate after damage or clinical
operation in mammals (20). Tissue regeneration is an ex-
tremely complicated procedure involving cell differentiation,
dedifferentiation and redifferentiation (21). Human ARP1 comes
from Chang-liver cells after the treatment with ATP which may
result in cell dedifferentiation or redifferentiation (13), so hu-
man ARP1 may be involved in liver regeneration through in-
volvement in cell differentiation and redifferentiation.

Analysis with SOPMA program shows the secondary struc-
ture of ARP1 to be composed of 43.10% random coil (c),
42.26% alpha helix (h), while 12.97% extended strand (e) and
1.67% beta turn (Fig. 3B). Alpha helices are located within the
main body especially in the N-terminal region of ARP1, while
random coils mainly penetrate through the rest part of this se-
quence accompanied by a small amount of alpha helixes and
extended strands, as well as a few beta turn (Fig. 3B, C). This
indicates that ARP1 is a predominantly helical and coil pro-
tein. The comparative modelling of three-dimensional (3D)
structure was performed using SWISS-MODEL and HHpred
programs. There is no existing model which shows high sim-
ilarity with the 3D structure of ARP1 since it is a totally un-
characterized protein. It may be an interesting point to inves-
tigate the high level structure of ARP1 later.

Human genome blast revealed that ARP1 is located on the
long arm of human chromosome 16 (16q22.1, Fig. 4A). Its mo-
lecular weight is 26.8kD, and the isoelectric point (pl) is 5.21.
Signal peptide analysis revealed a most likely cleavage site be-
tween positions S32 and D33 (Fig. 2B), which suggests that the
putative ARP1 protein possibly possesses a signal peptide of
32 aa at the N terminus.

Fusion protein expression of ARP1 by E. coli
The existence of ARPT has been confirmed by PCR with the
common primers from the cDNA library kit running by 1.2%
agarose gel and sequencing (Fig. 4B). Furthermore, another
PCR was performed to amplify the ORF of ARPT with primers
containing BamHI or EcoRI enzyme site, respectively. The
PCR product for the ORF of ARP1 digested doubly by BamHI
and EcoRI was inserted into the expression vector pEGX-2T
which was digested by the same enzymes. The recombinant
plasmid was named pEGX-2T-ARP1.

PEGX-2T-ARP1 was used to transform E. coli cell BL21 for
protein expression in vitro. After induction with isopropyl-b-
D-thiogalactoside (IPTG), the expression product was analyzed
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Fig. 4. Chromosome location, cDNA amplification, protein ex-
pression in vitro, function and expression profile analysis of hu-
man ARP1. (A) human ARP1 is located on the long arm of chro-
mosome 16 (16g22.1, arrow). (B) PCR amplification for the
full-length ¢cDNA of ARP1. Lane 1 indicates the marker, while
lane 2 shows PCR product for the full-length cDNA of ARP1. (C)
the GST-ARP1 fusion protein expressed from pEGX-2T-ARP1
shown from SDS-PAGE (50 kD band). (D) confirmation of the ex-
pression product of pEGX-2T-ARP1 by western blotting with com-
mon ADAMSs antibody. (E) strong protease activity of ARP1 at pH
9.5. (F) negative protease activity of ARP1 at pH4. In Fig. 4CF,
lane 1 is for the control without IPTG induction, while lane 2 is
for the expression product of pEGX-2T-ARP7T induced by IPTG.
Lane 3 in Fig. 4C and 4E is the protein marker also applied in
Fig. 4D and 4F, respectively. (G) the expression profile of ARP1
(ORF of ARP1) in human brain and liver, as well as in Chang-liv-
er cells detected by semi-quantitative RT-PCR. Human beta-actin
(Actin) serves as an internal control. M, DNA marker; CLC, nor-
mal Chang-liver cells; CLT, Chang-liver cells treated with Hanks
buffer containing ATP.
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by sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). Compared to the uninduced control (lane 1 in
Fig. 40), there is an about 50 kD protein band after induction
with IPTG (lane 2 in Fig. 4C). Since the expression product is
GST fusion protein, and the molecular weight of GST is 26 kD
(16), of ARP1 is 26.8 kD, the 50 kD band should be the fusion
protein of ARP1 and GST which was predicted (Fig. 4C). The
other control of the empty pEGX-2T induced by IPTG to ex-
press GST (26 kD protein) is not shown here. To further con-
firm the expression product is GST-ARP1 fusion protein, west-
ern blotting was performed with common ADAMs antibody
(Fig. 4D). The result clearly shows that there is a 50 kD band
after IPTG inducing expression (lane 1 in Fig. 4D), but there is
no immunoreactive band in the control, the sample without
IPTG induction (lane 2 in Fig. 4D). It indicates that we success-
fully obtained the expression product of ARP1 in vitro.

Alkaline protease activity of ARP1

Crude protein extract of GST-ARP1 fusion protein was used for
the protease activity assay. Result from SDS-G-PAGE suggests
that the recombinant protein of ARP1 is a pH-dependent pro-
tease which can shed gelatine in vitro. At pH9.5, the fusion
protein ARP1 has strong protease activity (Fig. 4E). However,
ARP1 does not shed gelatine at pH 4 (Fig. 4F). These results in-
dicate that ARP1 is an alkaline protease, at least it can strongly
shed gelatine at pH9.5 in vitro.

Based on the above analysis, ARP1 is still an uncharacterized
protein. ARP1 should be a family member of ADAMs or
ADAM related proteins because it was recognized by common
ADAMs antibody. However, we failed to find high homology
among ADAMs family and ARP1 (Fig. 3A). Since common
ADAMs antibody was designed according to the conserved re-
gion from the metalloprotease domain of several ADAM mem-
bers, it may also recognize some other proteases which have
relation with ADAM family. So, we hereby concluded that
ARP1 is an ADAM related protein, and named it protease-re-
lated protein based on its protease activity. The molecular con-
firmation and the functional investigation of ARP1 will provide
the basis to further study its role in liver cancer or regeneration.

Expression profile of ARP1 in tissues and cells

To monitor the transcription of ARP1 in human tissues and
cells, we performed semi-quantitative RT-PCR analysis using
human brain, liver, normal Chang-liver cells (control, CLC)
and Chang-liver cells with treatment (CLT in Fig. 4G). Human
beta-actin (Actin) was used as an internal control. The results
showed that ARP1T mRNA is weakly detected in normal Chang-
liver cells, but it is transcribed most strongly in the treated
Chang-liver cells with Hanks buffer containing ATP, which is
identical with the above result that ARP1 was obtained from
treated Chang-liver cells. ARP1 is expressed more strongly in
the liver than in the brain, so it is of interest to investigate the
role of ARP1 in normal and abnormal liver tissue.
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MATERIALS AND METHODS

cDNA library construction
Chang-liver cells were cultured in 5.0% CO; incubator at
37°C. Cells were treated with the modified Hanks buffer con-
taining 2 mg/ml ATP (4). Then the treated cells were collected
by centrifugation. Isolation of total RNA was carried out ac-
cording to the protocol of RNAease kit (Qiagen). The Chang-
liver cell cDNA library was constructed according to the proto-
col of SMART cDNA library construction kit (Clontech) and
package protein of A phage (Stratagene) (13).

The chemical and regents used in this study are purchased
from Sigma or Merck companies except for specific mention.

Immunoscreening

The cDNA library of the treated Chang-liver cells was screened
with the common ADAMs antibody. The immunoscreening
procedure has been described by Lin et al. (13). Finally, the
positive clones was sequenced by Shanghai Shenggong
Company. One of positive clones with identical polyA+ was
named protease-related protein 1 (ARPT).

Bioinformatics analysis of ARP1

The full-length genomic sequence and chromosome location
of ARP1 was obtained by blasting against the human genome
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The number
and length of exons and introns were also obtained by com-
parison with the human genome. The ORF and translation of
the nucleotide sequence, the predicted pl and molecular
weight of ARP1, as well as the phylogenetic tree among Arp1
and other similar proteins, were analyzed by DNAStar soft-
ware. Signal peptide of ARP1 was determined with online
SignalP 3.0 Server (http://www.cbs.dtu.dk/services/SignalP/).
Secondary structure of ARP1 was predicted by SOPMA pro-
gram (http:/npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page =npsa
sopma.html) (22). The 3D structure prediction was performed
with SWISS-MODEL (http://swissmodel.expasy.org//SWISS-MODEL.
html) and HHpred programs (http://toolkit.tuebingen.mpg.de/
hhpred).

Recombinant plasmid construction

According to the results from the sequencing and bioinfor-
matics analysis for ARP1, primers with appropriate restriction
enzyme sites were designed for the ORF of ARP1. The forward
primer is 5'-GTGGATCCATGGAGGCCGCCAGGAC-3', the un-
derlined sequence showing the BamHI restriction site; the re-
verse primer is 5'-ATGAATTCCTACTGTAAGTGGAAAAGAC-
3', the underlined sequence showing the EcoRlI restriction site.
The PCR template harbouring ARPT was denatured for 5 min
at 94°C, followed by 35 cycles of amplification (denaturing for
60 sec at 94°C, annealing for 60 sec at 55°C, and extension for
80 sec at 72°C). After double digestion with BamHI and EcoRl,
the ORF of ARP1 was directionally subcloned into GST fusion
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expression vector pEGX-2T (Promega), named pEGX-2T-ARP1T.

In vitro expression of ARP1 in E. coli

E. coli strain BL21 was transformed with the recombinant plas-
mid pEGX-2T-ARP1 (23). From resulting colonies, a single col-
ony was inoculated at 37°C in Luria-Bertani (LB) medium con-
taining ampicillin (100 mg/L), with shaking (180 rpm) until the
optical density ODgoo reached about 0.6 OD. Then the cultur-
ing LB medium was separated into two bottles. One was cul-
tured as a control, and the other was induced by adding IPTG
to a final concentration of T mM for ARP1 induction expre-
ssion. The culture was continued for another 8 hours. The ex-
pression level of the protein was assessed by analyzing total
protein extract on 10% (w/v) SDS-PAGE followed by Coomassie
Brilliant Blue R250 staining (18, 24).

Westem blot

The recombinant protein GST-ARP1 was resolved on 10% (w/
v) SDS-PAGE and electro-blotted onto the PVDF membrane
with the wet transfer method according to a standard proce-
dure (25). Then it was detected using common ADAMSs anti-
body which was used for cDNA library immunoscreening. The
steps followed were modified from http://www.westernblot-
ting.org.

Protease active assay with SDS-G-PAGE

SDS-PAGE containing gelatine (SDS-G-PAGE) was performed
for protease active assay according to the modified protocol
(26). Briefly, 1% (w/v) gelatine solution was added into the
polyacrylamide gel for SDS-G-PAGE. 200 pg samples were
loaded for the lysate product from the cultured bacteria con-
taining ARP1 (induced by IPTG) and for the control (without
IPTG induction). After electrophoresis, the gel was washed in
washing buffer (3.03 g Tris-base, 12 ml Triton X-100, in 500
ml sterile water, pH 6.5) at room temperature for 30 min. Then
the gels were washed in sterile water for three times, 10 min
for each time. Next, the gels were incubated in the re-
activation buffer (0.1 M glycine, 5 mM CaCl,) with different
pH value (pH 4, pH 7 and pH 9.5, respectively) at 37°C for 24
hours. Finally, the gels were stained by Coomassie Brilliant
Blue R250. The protein band with protease activity, which di-
gested gelatine at appropriate pH value, would be expected to
lack staining (white colour).

Semi-quantitative RT-PCR

Semi-quantitative RT-PCR was performed using the One Step
RT-PCR Kit (Qiagen). Human brain and liver total RNA were
purchased from Clontech company. The first strand of cDNA
was synthesized in vitro using the SuperScript First-Strand
Synthesis System (Invitrogen). Human beta-actin (Actin) was
used as an internal control to monitor the amount of RNA. The
upper primer for Actin was 5'-CGTGCTGCTGACCGAGGCCC
C-3' and the lower primer 5'-GCTCCTTAATGTCACGCACGAT
TTC-3' (expected product length of 360 bp). The primers for
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ARP1 are same as above (excepted product length of 720 bp).
To obtain clear cDNA bands of both ARP1 and Actin in one
reaction, the ratio of the primer concentration between ARP1
and Actin was adjusted to 2 : 1. The RT-PCR reaction was per-
formed first at 50°C for 30 min for reverse transcription and at
95°C for 15 min for denaturation, followed by 30 cycles of
amplification (denaturation at 94°C for 45 sec, annealing at
55°C for 45 sec and extension at 72°C for 1 min). The PCR
products were analyzed on a 2% agarose gel, which was
stained with ethidium bromide and photographed under UV
light.
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