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Two thousand sixty-eight multi-purpose expression clones for
the 326 candidate genes related to gastric or liver cancers were
constructed using the Gateway system. These clones can be
expressed as His, Glutathione-S-transferase (GST) or Enhanced
version of the green fluorescent protein (EGFP) fusion proteins
in E. coli, insect cells or mammalian cells. For the 246 E. coli
expression clones, the GST fusion proteins had greater
expression efficiency and solubility than the His fusion proteins.
Approximately 20% of the expressed proteins had unexpected
molecular weights. A detailed sequence analysis of these clones
revealed frameshift mutations resulting from insertion, deletion
or substitution of nucleotides. The results indicate that these
changes in the candidate genes may affect the occurrence of
gastric or liver cancers. In addition, when 105 proteins, which
were expressed in E. coli at very low or undetectable levels,
were expressed in insect cells, 76% of the proteins were
expressed very well and most were soluble. We also found that
most of the 30 proteins prepared using EGFP mammalian
expression clones were localized to cellular compartments
expected by Gene ontology (GO) and this localization was
unaffected if the EGFP-fusion was at the N-terminal or C-
terminal region of the protein. Antibody production and
subcellular localization analysis of the candidate genes as well
as a screen of genes involved in carcinogenesis pathways are
currently in progress using these expression clones. These
studies provide a valuable resource for developing a better
understanding of the molecular mechanism of carcinogenesis in
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both gastric and liver cancer and would be very helpful in
diagnosis and therapeutic predictions. Exp Biol Med 234:1220—
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Introduction

Gastric and liver cancers are among the leading causes
of cancer deaths worldwide (1). They are particularly
prevalent in Korea where they are the leading causes of
cancer-associated death (2). While advances in diagnostic
and treatment technologies have enabled us to offer
excellent long-term survival for early-diagnosed gastric or
liver cancer, the prognosis of advanced cancers still remains
poor (3). Molecular analyses of gastric cancer have revealed
a close relationship with genetic alterations in several genes,
including p53, APC, E-cadherin, beta-catenin, TGF-alpha,
c-met, trefoil factor I and Runx3 (4-7). Additionally, for
liver cancer, reports indicate that mutations in p53, Rb and
B-catenin, as well as the over-expression of c-myc and
cyclin D1, are related to hepatocellular carcinoma (HCC),
the most common primary cancer of the liver (8-11).
Several growth factors, such as TGF o and P, also are
implicated in the development of HCC (12, 13). Many gene
expression profile analyses of gastric or liver cancer using
microarrays have also been reported (14—17). However, the
common carcinogenesis pathways and the subsequent
progression of these cancers are not understood.

To elucidate the molecular mechanisms associated with
gastric or liver carcinogenesis, we isolated gastric or liver
cancer-related genes by the three approaches in the first
phase of the “Project for Functional Analysis of Human
Genome, Korea.” These approaches are as follows: 1)
analysis of gene expression by examining Expressed
sequence tags (ESTs) via single-pass sequencing of clones
randomly selected from cDNA libraries of human gastric or
liver cancer (18-20); ii) analysis of the expression profile of
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genes expressed in human gastric or liver cancer via high-
density cDNA microarray containing 38,000 unigene
clusters (21, 22); and iii) analysis of the proteome expressed
in human gastric or liver cancer via Two-dimensional
electrophoresis (2-DE) (23, 24). Using these approaches,
883 genes were identified as candidate diagnosis markers
and/or therapeutic targets of gastric or liver cancer. The
focus of the next phase is to validate the cellular function of
these candidate genes and to develop new diagnostics and
therapies for gastric and liver cancer. To accomplish this,
material resources such as expression clones, purified
proteins and monoclonal antibodies for these candidate
genes are essential. The first step in the production of such
materials is to construct an expression system for the
candidate genes in which proteins could be expressed under
different conditions and in various hosts. This system
requires a high-throughput-based DNA cloning technology
enabling a large number of protein-encoding Open reading
frames (ORFs) to be cloned precisely into different
expression vectors.

The Gateway cloning system is a genome-wide
recombinant protein expression system. It does not involve
standard nucleic acid digestion and ligation but instead
permits in vitro site-specific recombination using a universal
system that is independent of expression vector function,
host background or candidate target genes. This technique
enables highly efficient and accurate directional cloning
(25-28). Once Gateway tags are added to a gene, its
subsequent sub-cloning into an expression system requires
only a simple in vitro reaction that is amenable to high-
throughput operation. The technique has been used to
generate functional ORFeomes, such as C. elegans
ORFeome version 1.1, human ORFeome version 1.1 and
P. falciparum functional molecules, as well as to study
protein-protein interactions and protein subcellular local-
ization (29-33).

To generate resources for the functional study of
candidate genes in human gastric or liver cancer, the
Gateway cloning system was applied to construct expres-
sion clones of the candidate genes described above. Among
the 883 genes of version 1, expression clones for 326
candidate genes, which have already been obtained as full-
length cDNA by our EST collection project (18), were
constructed. These expression clones can be expressed as
His, GST or GFP fusion proteins in E. coli, insect cells or
mammalian cells. The clones can be directly used in a mass
scale cell-based assay for the functional study of candidate
genes as well as in the mass scale preparation of proteins for
antibody production. Here, we describe the system for
constructing multi-purpose expression clones of the candi-
date genes using Gateway recombinational cloning and how
this system is being used for the integrated study of
functional proteomics of human gastric and liver cancers.
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Materials and Methods

ORF Source of Cancer Candidate Genes. We
used cDNAs constructed from 18 gastric samples and 15
liver samples as ORF sources of cancer candidate genes.
The origin and nature of the gastric samples have been
described previously (18-20).

Construction of the Entry Clones by PCR and
BP Reaction. The forward primers were designed to have
18~22 bases on the ATG start initiator codon of the
candidate genes, while the reverse primers were designed to
have 18~22 bases not with the termination codon, in order
to allow for the expression of N- and C-terminal fusion
proteins. Using these primers, the ORFs of the candidate
genes were first amplified using Pfu DNA polymerase
(Promega, WI, USA) in 96-well plates and these amplified
mixtures were then used as templates for secondary PCR
reactions containing the a#fB adapter primers.

For construction of entry clones for candidate genes,
each purified PCR product was incubated with the donor
vector pDONOR201 in reaction solution containing BP
clonase enzyme mix (Invitrogen Life Technologies, Carls-
bad, CA) and were then transformed into E. coli DHS5o in
96-well plates. The 5" and 3’ regions of the positive entry
clones were sequenced in order to confirm frameshift
mutations of the ORF.

Construction of Expression Clones by LR
Reaction. DNA from the entry clones was incubated with
the appropriate expression vector in LR clonase enzyme mix
(Invitrogen Life Technologies, Carlsbad, CA) at 25°C for
4 h. The used expression vector system is as follows:
pDEST15 (N-GST) and pDEST17 (N-His) for E. coli,
BacHTS (N-GST, Neurogenx, Daejeon, Korea) for insect
cells, and pDEST-27 (N-GST), pcDNA-DEST53E (N-
EGFP) and pcDNA-DEST47E (C-EGFP) for mammalian
cells. The reactions, except for the insect vector, were
transformed into E. coli DH5a in 96-well plates. The
expression clones for gene were analyzed for the presence
of the ORF by the colony PCR. The reaction conditions
followed the manufacturer’s instructions.

Recombinant Protein Expression in E. coli. E.
coli expression clones were inoculated in M9ZB minimal
medium of a 96-well plate at 37°C, treated with 0.1 mM
IPTG, and then the cells were suspended in lysis buffer
using general procedures. The used sample is as follows: the
lysis solution as the total fraction, supernatants of lysis
solution as the soluble fraction and resuspended solution of
the remaining cell pellets as insoluble fraction. The samples
were electrophoresed on 12% polyacrylamide SDS gels and
their molecular weight (MW) calculated. If MW of the
protein was in the range of *£10% compared to the expected
MW, the protein was considered as a protein with the
corrected MW.

Recombinant Protein Expression in Insect
Cells. After infection of insect expression clones with
Sf21 cells at a 20 MOI, the cells were suspended in lysis
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Figure 1. Overall scheme for the Gateway cloning of human candidate genes related to gastric and liver cancers.

buffer by general procedures. Total and soluble protein
fractions were separated on a 12% SDS-polyacrylamide gel
and the Western blotting was performed with anti-GST-
HRP. Analysis of MW of the proteins was performed as
described in E. coli expression.

Recombinant Protein Expression in Mamma-
lian Cells and Image Analysis. The NIH3T3 and
HEK?293 cells transfected with EGFP mammalian expres-
sion clones were grown on glass cover slips for 48 h in
DMEM, and then fixed in 4% paraformaldehyde. The fixed
cells were imaged using a Nikon ECLIPSE (TS100)
microscope and the localization of the protein was
determined.

Bioinformatic Analysis. The Molecular weight of
the protein encoded in the candidate genes was predicted
from the RefSeq data in public database (as of July 12,
2004). The classification of the subcellular localization of the
proteins was performed based on the cellular components
category of GO database (http://www.geneontology.org, as
of March 2005).

Results

Construction of Multi-Purpose Expression
Clones for Candidate Genes. Figure 1 shows the
outlines for constructing high-throughput-based expression
clones for the candidate genes. We have identified 883
gastric or liver cancer-related genes using the transcriptome
data, which includes EST frequency, cDNA microarray, and
proteomic data all generated by our project team. Among
these candidate genes, the full-length cDNAs of 366 genes
were previously obtained from the 21C Frontier Human
cDNA Bank (http://kugi.kribb.re.kr:8080/genbank/) and
were used as templates for generating multi-purpose
expression clones. The GO analysis of these 366 genes
revealed that 288 showed catalytic activity, mainly hydro-
lase and oxidoreductase activity, 73 genes also showed
transferase activity, and 48 genes showed signal transducer
activity (data not shown). In addition, 59 genes were
involved in nucleic acid binding, and 91 genes were
involved in protein binding.

To construct the ORFs containing the Gateway
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Figure 2. Success rate of PCR amplification for constructing entry
clones using the Gateway system.

recombination site, the full-length cDNA for each of the 366
candidate genes was amplified with gene-specific primers by
a second PCR in 96-well plates as described in the Materials
and Methods section. When the amplified PCR products
were subjected to electrophoresis and the length of the
observed products were compared to their expected length,
as calculated from RefSeq data in the public database, 326
PCR products (89%) were found to be of the correct size,
while 40 PCR products had the incorrect size from no
products, an unexpected size, multiple or smear banded
products (data not shown). This failure may be mainly due
to the non-specific PCR conditions or the use of incorrect
genes as a template in the course of the colony re-array. Of
the 366 genes, ORFs up to 2 kb were successfully amplified
with a rate higher than 89%, whereas the successful
amplification of ORFs larger than 2 kb was dramatically
decreased (Fig. 2). These results are consistent with
previous reports of amplification of PCR products depend-
ent on ORF length.

To prepare entry clones for the candidate genes, the 326
PCR products with the correct size were cloned into a
Gateway donor vector, pPDONR201. The identities of the
entry cloned ORFs were examined by PCR and DNA
sequencing. The 326 PCR products were successfully
constructed into entry clones and to have the correct frame
sequence; however, a few clones were shown to have
frameshift mutations in the ORF due to incorrect gene
specific primers. To generate expression clones which can
be expressed in various hosts with various protein tags, the
326 entry clones were recombined with four Gateway
destination vectors: the pDEST-15, pDEST-17, BacHTS
and pDEST-27, and two modified GFP expression vectors,
pcDNA-DEST-53E and pcDNA-DEST-47E. PCR analysis
of the constructed expression clones showed that almost all
of the entry clones were successfully recloned into six types
of Gateway destination vectors. In total, from 366 amplified
PCR products, we successfully constructed 326 entry clones
and 2,068 expression clones including the 244 GST fusion
or 208 Hisq fusion expression clones for E. coli using the
LR recombinational cloning.

Expression and Analysis of Recombinant Fu-
sion Protein in E. coli. We transformed 244 GST and
208 Hise fusion expression clones to competent BL21
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Table 1. Expression of N-GST Fusion or N-Hisg-
Fusion Protein
E. coli Insect
N-GST N-Hisg N-GST
No. of used clones 244 208 105

No. of expressed clones 175 (72) 126 (61) 80 (76)
Soluble protein 27 (15) 1(1) 74 (93)
Insoluble protein 148 (85) 125 (99) 6 (8)
Expected size protein* 134 (77) 98 (78) 72 (90)
Soluble/Expected size 18 (10) 0 (0) 66 (83)

protein

*, M.W. was estimated by RefSeq data in public database
(), indicates % of the success rate

(DE3) cells, and the expressed proteins were examined by
SDS-PAGE analysis. A summary of protein expression is
shown in Table 1. Of the 244 GST fusion clones, 175 (72%)
were expressed successfully in E. coli. Among them, 27
clones (15%) were expressed as soluble proteins, while 148
clones (85%) were expressed as insoluble proteins. In
addition, 134 clones (77%) expressed proteins with
molecular weight predicted by RefSeq, of which 18 clones
(10%) expressed soluble proteins. In contrast, Hisg fusion
protein expression was reduced (61%) compared to GST
fusion protein expression. Of the 126 expressed Hisg fusion
proteins, 98 clones (78%) expressed proteins with the
expected MW and one clone was expressed as a soluble
protein of an unexpected size. When we performed a GO
analysis for the 61 clones that expressed only the GST
fusion protein and not the His fusion protein, genes showed
catalytic activity containing hydrolase family proteins such
as PGC (progastricin) and PLG (plasminogen); also, signal
transducer activity such as CD/4 and F3 (coagulation factor
III) were highly involved. Figure 3-I-A shows the
expression yield for the 244 GST or 208 Hise fusion
proteins according to their molecular weight. The over-
lapped proteins which are expressed both as a GST fusion
and a Hisg fusion protein were calculated as one protein.
GST fusion proteins up to 60 kDa were expressed with
success rate of 70-80%, and for proteins larger than 60 kDa,
the success rate was decreased to only 38%. This
observation demonstrates that the expression of recombinant
proteins can be affected by their size (34). In addition, the
Hisg fusion proteins were expressed with low yield of about
60% compared to the GST fusion proteins, and proteins
smaller than 10 kDa were not expressed at all. It is possible
that, when a smaller protein is mixed with the CBB dye, it is
not detected. These findings are consistent with a previous
report that GST fusion has a higher success rate for
expression than Hise fusion (35). However, the expression
of proteins larger than 50 kDa were higher for the His fusion
proteins than for the GST fusion proteins. On the other
hand, when 246 proteins were analyzed according to the
subcellular localization based on GO, 92 proteins (37%)
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Figure 3. Analysis of recombinant proteins expressed in E. coli. (I) For 246 expression clones, 206 clones included two different tags, GST and
Hisg while 38 clones were tagged only with GST and 2 clones only with Hisg. The success rate was calculated by dividing the number of proteins
in these categories by the number of expressed proteins. (A) Size distribution of expressed proteins. Proteins were divided into seven categories
according to their predicted molecular weights. For the fraction on the top of bar, the lower number means the number of used total clones, the
upper number for the number of the expressed clones. (B) Correlation of expression success with the predicted subcellular localization of the
proteins. The localization of proteins was estimated based on GO term. Cytosol (Cyt), nucleus (Nuc), mitochondrion (Mit), endoplasmic
reticulum (ER), vesicle (Ves), membrane (Mem), cytoskeleton (Cysk), extracellular (Ext), unknown (Uk). The overlapped proteins which are
expressed both with GST fusion recombinant protein and with Hise fusion recombinant protein were calculated as one protein. The number in
the upper of the bar represents the number of used total clones. (Il) Analysis of incorrect-sized proteins in E. coli expression. 41 clones encoding
proteins with an unexpected molecular weight in E. coli were selected and the full-region of the cDNA sequenced. The obtained sequence data
were compared to the RefSeq data in the public database. (A) Analysis of incorrect sized proteins. Small mutation indicates change by less than
10 bases, large mutation for change by more than 40 bases. (B) Detailed analysis of the small mutation. (C) Examples of the incorrect sized
proteins. 1 and 2, insertion of intron; 3, deletion of exon; 4, insertion of intron and deletion of exons simultaneously; *, stop codon.

were expected to be localized to the cytosol, nucleus, and
extracellular compartments, and 61 clones (25%) to the
mitochondrion, ER (Endoplasmic Reticulum), vesicle,
membrane and cytoskeleton. The subcellular localization
of the remaining (38%) was not assigned. The 188

Most soluble proteins were localized to the cytosol, vesicle
and membrane compartments.

To determine why proteins of unexpected size were
produced, we randomly selected 41 clones which expressed
GST or His fusion proteins of unexpected molecular weight

expressed proteins, which should be localized to the cytosol,
nucleus, vesicle and cytoskeleton, were highly expressed
with a success rate of more than 80%, although there were
few proteins in the vesicle and cytoskeleton (Fig. 3-I-B).

and analyzed their ORF region by full-sequencing. Of the
41 genes, 27 genes (66%) were found to have various
mutations. 14 genes (52%) contained an insertion or
deletion mutation of more than 40 bases, while 13 genes
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(48%) had insertion, deletion, or substitution mutations of
less than 10 bases (Fig. 3-II-A & B). These results indicate
that the proteins with an unexpected MW were a result of
frameshift mutations. The remaining clones had no
mutation. From these clones, the production of proteins
with an unexpected MW may be due to the modification or
the degradation of the proteins. The insertions of >40 bases
were shown to occur primarily in intron regions, whereas
the deletions occurred primarily at exon regions. Examples
are shown in Figure 3-II-C. For BCKDK (branched chain
alpha-ketoacid dehydrogenase kinase), our transcript con-
tains the insertion of intron 11 (92 bp) between exon 11 and
exon 12, a mutation predicted to generate a 365 amino acid
protein rather than the 412 amino acid protein predicted by
RefSeq. In contrast, the C8G (complement component 8,
gamma polypeptide) clone produced a 249 amino acid
protein due to the insertion of intron 4 (239 bp) between
exon 4 and exon 5 of the gene. Additionally, the HAO2
(hydroxyacid oxidase 2) clone, produced a smaller transcript
resulting from the partial deletion of exon 4, and the RGN
(regucalcin) clone produced a new transcript containing an
insertion of intron 3 and a deletion from exons 4, 5, 6 and 7.

To determine whether such mutations were present in
the original tumor, the mutations were examined by RT-
PCR using the original total RNA. The results revealed that
large mutations such as BCKDK, C8G and GK (glycerol
kinase) were present in the original tumors, while HAO2 and
RGN occurred in normal tissue as an alternative splicing
form (data not shown). However, small mutations such as
UBE2C (ubiquitin-conjugating enzyme E2C), LENGS
(tRNA splicing endonuclease 34 homolog) and SGK
(serum/glucocorticoid regulated kinase) were not detected
in the original DNA. This indicates that single mutations
occurred during the creation of the clone. This observation
can be compared to a previous report concerning the
mutation rate for the creation of clones by PCR amplifica-
tion (29). These genes which have different alternative
splicing forms or large mutations could be provide valuable
clues toward understanding the molecular mechanism
associated with the tumorigenesis of gastric or liver
carcinogenesis.

Expression of Recombinant Fusion Protein in
Insect Cells. To produce antibodies specific for the
proteins encoded by the candidate genes, we identified
105 clones which were poorly expressed or not expressed in
E. coli. The insect expression clones corresponding to these
genes were transfected to insect Sf21 cells in 96-well plates.
The expression of the GST fusion recombinant protein was
analyzed by Western blot analysis using a GST antibody.
Most of the proteins were expressed well in insect cells,
although a large number of clones also expressed 27 kDa
GST proteins along with their target proteins. In some
clones, degraded forms of the target proteins were also
produced (data not shown). The expression of the proteins is
summarized in Table 1. Of the 105 GST fusion clones, 80
(76%) were successfully expressed. Among them, 72 clones
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(90%) expressed proteins with the expected MW and 66
(92%) were determined to express soluble proteins. Among
the 74 soluble proteins, 53 (72%) were successfully purified
on a small scale. As expected, these results indicate that the
insect cell system significantly increased the expression and
solubility of proteins in comparison with the E. coli system.

We also examined the relationship between the success
rate of expression and the molecular size and subcellular
localization of the proteins in insect cells. As shown in
Figure 4A, unlike the E. coli system, the expression of the
GST fusion proteins was remarkably unaffected by size.
They were expressed with a high success rate of 60—87%,
regardless of protein size. The analysis of the subcellular
localization of 80 expressed proteins revealed that most of
the proteins, except for those that should be localized either
extracellular or to a mitochondrion, were highly expressed
with a success rate of more than 70% (Fig. 4B).
Interestingly, fusion proteins which would be predicted to
be localized to membranes were expressed at a significant
rate, compared to the E. coli system. Most of the proteins
were expressed as soluble proteins.

Expression and Subcellular Localization of
EGFP Recombinant Fusion Proteins in Mammalian
Cells. To examine the expression and localization of
proteins in mammalian cells, we used two types of new
EGFP fusion expression systems instead of the GFP signal
which is difficult to detect. Using the genes expressed with
the expected MW in the E. coli system, the subcellular
localization of their proteins was analyzed in mammalian
cells based on the GO classification. The 30 proteins were
classified into nine categories (extracellular, membrane, ER,
mitochondrion, vesicle, nucleus, cytosol, cytoskeleton and
unknown locations), and 60 expression clones of N-EGFP
fusion or C-EGFP fusion of these proteins were then
transfected into NIH3T3 and HEK293 cells. The local-
ization of the EGFP-fusion protein was analyzed by
fluorescent microscopy. The localization of the proteins
was similar for both the NIH3T3 and HEK293 cell lines
(data not shown) as well as between N-terminal and C-
terminal EGFP-fusion proteins (Fig. 5). In addition, most of
the proteins were localized to cellular components predicted
by GO, although the localization of EGFP-fusion protein to
membrane, ER and vesicle was not easy to distinguish from
other localizations (Fig. 5A). Some proteins, for example
FABP] (fatty acid binding protein 1), were localized in both
the cytosol and nucleus but one of them corresponded to the
GO database. TCEAI (transcription elongation factor A, 1)
was localized to the nucleus, regardless of N-terminal and
C-terminal EGFP-fusion. HSPCB (heat shock 90 kDa
protein 1, beta) was detected as a diffuse cytoplasmic
fluorescence, encompassing the entire cell. Figure 5B
depicts proteins whose localization could not be determined.
GKNI1 (gastrokine 1) and LGALSI (lectin, galactoside-
binding, soluble, 1) were found to be localized to both the
nucleus and cytosol. Like the TCEAI, E2-EPF (ubiquitin
carrier protein) was localized to the nucleus, regardless of
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candidate genes were successfully constructed, and 2,068
expression clones were then produced by cloning the ORFs
of the entry clones into six different expression vectors.
These expression clones of GST-, Hisg- and EGFP-fusion
proteins will provide valuable resources for antibody
production and genome-wide protein analysis as well as
high-throughput protein screening.
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Figure 5. Localization of the proteins encoded by the candidate genes in NIH3T3 cells. Localization of the target protein was estimated by GO
classification. The position of the EGFP represents the position of EGFP tagged to target protein. For example, EGFP-FABP1 means that EGFP
is tagged at the N-terminus of FABP1. Twelve examples were found to be localized in the respective cellular components in the cells. The
subcellular compartments in the bottom indicate the localization for protein which is observed under a fluorescent microscope. (A) Examples of
the localization for known proteins which are estimated by GO classification. (B) Examples of the localization for unknown proteins for which
could not be estimated their localization by GO. A color version of this figure is available in the online journal.
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construction of the entry clones, PCR was performed using
high-fidelity Pfu DNA polymerase and less than 10 cycles
of amplification were used. Under these conditions, a
similar PCR success rate (89%) was observed in the large-
scale cloning of the ORFs from P. falciparum (30) and from
C. elegans (29). A quality assessment of the PCR products
was performed by 1) checking the length of the PCR product
by electrophoresis, ii) sequencing the 5" and 3’ ends of the
PCR products, and iii) calculating the predicted molecular
weight of the encoded protein. Using these criteria, 326
ORF-PCR products with corrected product size and
sequence at the 5’ and 3’ ends were obtained from the
366 candidate genes. Among the proteins encoded by these
OREF, 77% of the E. coli-expressed proteins and 90% of the
insect cell-expressed proteins had the expected molecular
weight. This observation is similar to a previous report
showing that among the 68 clones of C. elegans, 61%
clones expressed N-GST fusion proteins with an appropriate
size in E. coli (29). In addition, it has been reported that
80% of the N-GST fusion proteins were of the correct size
for 192 human proteins expressed in E. coli (36).

We used an N-terminus tagging system for the
construction of expression clones in the E. coli. Because
the amplified ORF was not confirmed by full-sequencing, a
C-terminus tagged protein may not have been expressed
properly. Interestingly, our Hisg fusion protein expression
level in the E. coli expression system was higher than the
55% expression rate observed for human proteins reported
by Rual et al. (33). In addition, our data revealed that the
Hisg fusion proteins larger than 50 kDa showed an increased
expression yield of 89% compared to the expression of the
GST fusion proteins.

Most proteins expressed in E. coli were insoluble.
Several different fusion partners, such as the maltose-
binding protein (MBP), NusA, ZZ, Gbl and thioredoxin,
have been reported to increase the production of soluble
proteins (37). Among these, MBP-tagged proteins are
reported to have the greatest solubility (38). Temperature
has also been reported to have a minor effect on solubility.
To increase the solubility of proteins in E. coli, the protein
expression was performed at 25°C. This change resulted in
some insoluble proteins becoming soluble proteins (data not
shown). These data indicate that a different tag, such as
MBP, or a low temperature will increase the solubility of the
proteins. In our high-throughput expression in the E. coli
expression system, the success rate for expression was
similar to that of previous reports but protein solubility was
relatively low (35, 39). This may be due to the expression in
96-well plate formats under limited conditions such as one
expression vector and one E. coli strain, since protein
solubility is affected by the conditions used for protein
expression, as well as the biological properties of each
protein (39).

Mutations in oncogenes or suppressor genes are known
to be associated with carcinogenesis (40, 41). Alternatively
spliced transcripts are also observed more frequently in
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tumor tissues compared to normal tissues (42). Our
expression data showed that 10-20% of the expressed
proteins had an unexpected molecular weight. A detailed
sequence analysis of these clones revealed frameshift
mutations resulting from the insertion, deletion or sub-
stitution of nucleotides. Large mutations (>40 bp) were
found at the same frequency as small mutations (<10 bp).
Deletion mutations, regardless of the size, were more
frequently observed than insertion mutations. This indicates
that candidate genes related to gastric or liver cancers have a
high frequency of mutations, and that these mutations may
have an effect on the occurrence of gastric or liver cancers.
This prediction is supported by reports that mutations which
delete exons within the E-cadherin gene, a tumor suppressor
gene, were found in diffuse type-gastric carcinomas (43). In
addition, the relation between disease and mutation is
supported by the data depicted in Figure 3-II-C. C8G is
known to participate in the formation of the Membrane
Attack Complex (MAC). Patients with a deficiency in C8G
have been reported to be vulnerable to certain bacteria
infections (44). Our variant, a longer transcript which was
generated by the insertion of an intron, was found in a
gastric cancer. To date, our new variant has not appeared in
the UCSC database, although another 6 variants for C8G
have been reported. It is proposed that C8G deficiency may
be associated with susceptibility of H. pylori infection. RGN
encodes a highly conserved, calcium-binding protein that
may play an important role in calcium homeostasis (45). A
decrease in the expression of this protein has been reported
to lead to the dysregulation of calcium signaling in the aged
liver (46). Seven forms of RGN transcript variants are
reported in the UCSC database. Among them is our variant,
which encodes a 148 amino acid rather than the 299 amino
acid normal protein. This truncation is a result of an
insertion of an intron and the deletion of exons. Our variant
form was found only in purified pancreatic islets of the
database. These findings suggest that a decrease or mutation
in RGN may be associated with liver cancer. A further
analysis of these mutations using DNAs from the original
source showed that mutations occurred frequently in cancer
cells compared to normal tissues as an alternative splicing
form and would be related to carcinogenesis.

The insect expression system is a well known
expression system for human proteins. Unlike the E. coli
system, most of the expressed proteins were soluble and the
fusion proteins which should be localized to the mitochond-
rion, ER and cytoskeleton, were almost all expressed as
soluble proteins. The expression efficiency was not
dramatically affected by molecular weight, unlike E. coli.
In addition, Western blot analysis revealed that a large
number of clones expressed 26 kDa GST proteins along
with the target proteins. As described in a previous report,
GST fusion proteins are prone to proteolysis in vivo (36).
Our findings indicate that the insect cell system is useful for
improving the expression and solubility of proteins in
comparison with the E. coli system.
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Subcellular localization is an important parameter in
examining protein functions. Waldo and co-workers re-
ported that GFP is a useful marker for assessing the
subcellular localization of proteins and correct protein
folding (47, 48). Localization data for 30 EGFP fusion
proteins demonstrated that most were localized to the
cellular components predicted by GO, and both N-terminal
and C-terminal EGFP-fusion proteins were localized in
same subcellular compartments in NIH3T3 and HEK293
cell lines (data not shown). These results are supported by
our preliminary data showing that >90% of the 110 EGFP
fusion proteins were localized in cellular components
predicted by GO, and in >80%, no significant difference
was found between N-terminal and C-terminal EGFP-fusion
as well as in various cell lines such as NIH3T3, HEK293
cell lines and a gastric cell line, SNU638 (data not shown).
However, it has been reported that proteins localized in
mitochondria or secretary proteins are localized in different
subcellular compartments according to N-terminal and C-
terminal GFP-fusion (49). This may be due to the N-
terminal fusion blocking signal sequences associated with
import into the mitochondria. Our preliminary data also
showed similar results for these proteins, but these findings
were frequently observed in ER proteins rather than
mitochondrial proteins. On the other hand, proteins
localized to membranes, the ER and vesicles were detected
only with considerable difficulty. To clearly observe these
proteins, organelle markers and confocal microscopy should
be used. The constitution of the localization data set using
EGFP clones should provide insights into the function of
numerous uncharacterized genes.

We plan to construct multi-purpose expression clones
of 1,000 candidate genes associated with gastric and liver
cancers using high-throughput-based Gateway cloning.
With these clones, the generation of antibodies specific for
the candidate genes will be performed using soluble protein
purified from E. coli. In the case of an insoluble protein, the
material will be used to screen for an antibody prepared
from a DNA vaccine. The proteins that could not be
expressed in E. coli were applied to the insect cell system to
express for monoclonal antibody production. Finally,
purified proteins that were over 90% pure could be used
as antigens for antibody production in mice. In addition, by
using mammalian expression clones, an analysis of the
localization of the candidate genes and the screening of
genes involved in carcinogenesis pathways such as E2F,
p53 and Myc by means of a cell-based assay system are now
underway. The purified proteins could also be used for the
identification of interacting proteins with them using a
protein chip as well as the structural elucidation of target
proteins. Although cancer tissues include not only cancer
cells but also other cellular components, these studies using
multi-purpose expression clones promise to provide a
valuable resource for understanding the molecular mecha-
nism of carcinogenesis in gastric and liver cancers and

OH ET AL

would be very helpful in diagnosis and therapeutic
prediction.
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