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function of mKIAA proteins
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Abstract

Complementary DNA (cDNA) clones for human KIAA genes have been isolated as long cDNAs (>4 kb) with unknown functions. To
facilitate the functional analysis of these human clones, we have isolated and determined the structures of their respective mouse homologues
(mKIAA genes). Furthermore, we have comprehensively raised antibodies against the translated mKIAA proteins in order to establish a
platform for their functional analysis. Since the specificity of these antibodies is critical for subsequent analyses of protein function, here we
introduce two assays utilizing mammalian cells to improve their evaluation. First, we have established a semi-high-throughput production of
C-terminally FLAG epitope-tagged proteins for Western blotting using specially designed mammalian expression vectors. Secondly, we have
utilized immunofluorescence staining of mouse cells to analyze the subcellular localization of endogenous mKIAA proteins. Importantly,
these methods allow us to detect potential posttranslational modification of the mKIAA/KIAA proteins and to predict their biological
function based on their subcellular localization.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

chain reaction; bp, base pair(s); kb, kilobase(s); kDa, kilodaltons; MW, The sequencing of human genome has been completed
molecular weight; siRNA, small interfering RNA; PBS, phosphate-buffered (International Human Genome Sequencing Consortium,
saline; GST, glutathione-S-transferase; ORF, open reading frame; CMV, 2004) and draft sequences of other animals are also available

cytomegalovirus; GFP, green fluorescent protein; APC2, anaphase promot-
ing complex subunit 2; BLAST, Basic Local Alignment Search Tool; FITC,
fluorescein isothiocyanate; DAPI, 4',6-diamidino-2-phenylindole, dihydro-

(http://www.genome.gov/). Given that the most important
molecules for biological processes are the proteins made

chloride; ELISA, enzyme-linked immunosorbent assay; Tet, tetracycline. from mRNA, the sequence information of cloned copies of
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speculated (and in some cases identified) as being related to
higher-order cell function and/or diseases (Mushegian et al.,
1997; Ohara et al., 1997). Until now, we have isolated more
than 2000 genes (KIAA genes) (Nagase et al., 2003; http://
www.kazusa.or.jp/huge/).

As a next step in understanding the function of the KIAA
genes, we have begun to isolate their respective mouse
homologues (mKIAA genes) (Okazaki et al., 2002, 2003a,b,
2004; http://www.kazusa.or.jp/rouge/). Since approximately
99% of mouse genes have human counterparts (Mouse
Genome Sequencing Consortium, 2002), we can bypass the
legal and ethical restrictions by using mouse counterparts
instead of using human materials to analyze the function of
KIAA genes. To reveal the function of the corresponding
proteins, it is important to prepare a set of probes that can
specifically recognize and distinguish each protein. To this
end, we have begun to comprehensively produce antibodies
against mKIAA proteins (Hara et al., 2003; Koga et al.,
2004a). Using these antibodies, we have begun to examine
protein expression by Western blot analyses using samples
from adult mouse tissues and mouse tissue culture cells as
well as by immunohistochemical analyses of mouse tissues.
These data, together with the gene expression profiles of 127
mKIAA genes/proteins, were integrated and released to
public as the InGaP database (Koga et al., 2004b; http:/
www.kazusa.or.jp/ingap/).

In this work, we introduce two assays using mammalian
tissue culture cells as a means of developing a reliable set of
reagents for the functional analyses of mKIAA/KIAA
proteins. First, we have established semi-high-throughput
production of mammalian expression vectors in order to
express C-terminally FLAG epitope-tagged proteins for
Western blotting. Secondly, we have utilized immunofluor-
escence staining of mouse cells to analyze the subcellular
localization of endogenous mKIAA proteins. We show that
these assays are effective in evaluating antibody specificity
to be used for further functional studies of mKIAA/KIAA
proteins. We also present data indicating that these assays
are useful in detecting potential posttranslational modifica-
tion and in predicting possible protein function based on
specific intracellular localization.

2. Materials and methods
2.1. Plasmids

ORFs (from the initiation codon to the termination
codon) of mKIAA/KIAA were cloned between in vitro
recombination sites (a#tL1 and a#fL2 sites) into a plasmid by
using E. colli homologous recombination. In these plas-
mids, ORFs of mKIAA/KIAA were preceded by the Kozak
consensus sequence for efficient translation in mammalian
cells and termination codons were destroyed by one base
substitution (Nakajima et al., in press). These ORFs were
cloned into pTREXFLAGFRT-DEST vector (Nakajima et

al., unpublished data) to construct mammalian expression
vectors by using the Gateway recombination cloning system
(Invitrogen Corp., Carlsbad, CA) (Fig. 1) so that mKIAA/
KIAA proteins were expressed as fusions with 3xFLAG
(DYKDHDGDYKDHDIDYKDDDDK) at their carboxyl
terminus. Since there is also the linker sequence containing
the a#tB2 site in between ORFs and 3xFLAG, expressed
proteins are 47 amino acids longer than native ones. Identity
of each construct was checked either by digestion with
appropriate restriction enzymes or by sequencing 3’-ends of
mKIAA/KIAA cDNAs.

2.2. Cell culture and nucleic acid transfection

The human cell line, HEK293, was cultured in Dulbeco’s
modified Eagle’s medium (DMEM) (Sigma-Aldrich, Inc., St
Louis, MO) supplemented with 10% fetal bovine serum
(Invitrogen Corp., Carlsbad, CA) in a 5% CO, incubator at
37 °C, while mouse cell lines, P388D1, 1.929 and Swiss3T3
were cultured in DMEM with 5% fetal bovine serum in a
5% CO, incubator at 37 °C.

One day before transfection, 3 x 10° of HEK293 cells
were plated in 35-mm plates and 500 ng of expression
vectors were transfected by using FUGENE 6 Transfection
Reagent (Roche Diagnostics Corporation, Indianapolis, IN).
Cells were harvested 36—45 h after transfection for Western
blotting analysis.

2.3. Anti-mKIAA antibodies and Western blotting

Rabbit polyclonal antibodies were prepared by immuni-
zation with recombinant antigens as described previously
(Hara et al., 2003; Koga et al., 2004a). All immune sera
were preabsorbed by a large amount of GST immobilized on
the resin to remove contaminating anti-GST antibodies.

Western blotting was performed basically as described
previously (Magae et al., 1997; Koga et al., 2004b). ECL
Western blotting detection reagents (Amersham Bioscien-
ces, Buckinghamshire, UK) were used for detection. As an
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Fig. 1. Outline of the strategy to construct mammalian mKIAA/KIAA-
3xFLAG protein expression vectors by in vitro recombination-assisted
method. After LR reaction, ORFs of mKIAA/KIAA genes (mKIAA in the
figure) in entry clones were transferred between the CMV promoter (Pcyry)
and the 3xFLAG epitope (FLAG). The ccdB gene encoding a toxin
targeting the essential DNA gyrase of E. coli and the phage 4
recombination sites (a#B, attP, attL, and attR) are also indicated.
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