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Abstract

The nuclear localization signal (NLS) marks proteins for transport to the nucleus and is used in various applications in many
fields. NLSs are used to achieve efficient and stable transport of biomolecules. Previously, commercial vectors used in NLS
studies contained three iterations of the NLS sequence, but these sequences can affect experimental results and alter protein
function. Here, we investigated a new vector using a single classical NLS sequence with a mutation in pDsRed2-C1-wt to
reduce experimental artifacts. In the newly constructed pDsRed2-C1-1NLS vector, the NLS sequence is placed near the
multiple cloning sites of pDsRed2-C1-wt, and the multiple cloning site region was designed to facilitate insertion of the
desired gene by site-directed mutagenesis. Fluorescent protein expression in the nucleus can be visually confirmed. The
results show that the fluorescent protein was bound to the transport protein. The constructed vector had a cell survival rate
of 89-95% and a transfection efficiency of 39-56% when introduced into animal cells, which are similar to those of other
NLS vectors. Additionally, the constructed NLS vector can be used to demonstrate complementary binding between target
proteins, and that the target protein is transported by the NLS transport system. Especially, we show that the vector can be
useful for experiments involving the SI00A10 gene. In addition, the constructed vector is useful for studies of genes and
proteins that show potential for gene therapy or drug delivery applications.

Keywords Nuclear localization signal - Vector - Single construction of sequence - Viability - Transfection efficiency -
S100A10

Introduction metabolites, metal ions, and molecules smaller than ~40 kDa

can be transported relatively freely (Wente and Rout 2010).
The structure of the nuclear pore (~30 nm) imposes two  Larger proteins require a nuclear localization signal (NLS)
size limits on nuclear transport (Pante and Aebi 1996).  to be actively transported through the central channel of the
Macromolecules with more than 40 kDa in size cannot dif-  pore. Colloidal gold particles of less than~25 nm in diame-
fuse from the cytoplasm to the nucleus. Conversely, small  ter are transported into the nuclei of HeLa cells when coated
with SV40 NLS peptide-conjugated bovine serum albumin
or with nucleoplasmin, an endogenous karyophilic protein
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studies showed that small, single-stranded oligonucleotides
can diffuse into the nucleus (Hagstrom et al. 1997; Chin
et al. 1990; Leonetti et al. 1991). The short peptide form of
the SV40 T antigen NLS (NLS/NL) was used in previous
studies because it is more efficient than the long peptide
form of NLS for the nuclear transport of large macromol-
ecules such as IgM (Rihs et al. 1991; Yoneda et al. 1992).
As aresult, proteins larger than 40 kDa are transported from
the cytoplasm to the nucleus through nuclear pores if they
contain NLS.

The transport of DNA into the nucleus to regulate cel-
lular activities is important for studies of DNA viruses, cell
metabolism, and diseases (Sebestyen et al. 1998; Whittaker
and Helenius 1998; Kasamatsu and Nakanishi 1998). This
approach is particularly important for developing non-viral
vectors for gene therapy. Studies of DNA transport have
progressed as the understanding of how proteins and RNA
are transported into and out of nuclei has improved (Mattaj
and Englmeier 1998; Pennisi 1998). NLS tags proteins in
amino acid sequences to be introduced into the nucleus of
the cell by nuclear transport (Kalderon et al. 1984). NLS has
been used to evaluate signal transduction pathways (Plessner
et al. 2015), e.g., p62/SQSTM, to determine the relationship
between the formation and reconstruction of actin and cell
attachment and differentiation (Katsuragi et al. 2015). NLS
is also used in metastasis-resistant prostate cancer treatment
with AR-V7 protein biomarkers expressed in circulating
tumor cells (Scher et al. 2017). The newly constructed NLS
vector can be used in various fields, including drug delivery.
Macromolecules, such as proteins over 40 kDa size, that
contain NLSs or export signals bind to nuclear transport
proteins (e.g., karyopherin o and p) to mediate directional
movement through the nuclear pore.

Therapeutic genes, typically inserted into a plasmid, must
be transported from the exterior of the cell to the nucleus
and then expressed to exert their beneficial effects. Whereas
naked DNA (linear or plasmid) can traverse the nuclear
pores of intact nuclei (Dowty et al. 1995; Hagstrom et al.
1997), the process is inefficient compared to those of viral
genomes and karyophilic proteins. An approach for increas-
ing the efficiency of nuclear entry of foreign DNA is to link
DNA to an NLS. Several groups have reported that the non-
covalent association of an NLS with DNA can enhance DNA
nuclear transport (Clollas and Alestrom 1997; Dean 1997;
Kaneda et al. 1989; Ludtke et al. 1999).

pDsRed2-C1, a vector with 4.7 kb, expresses a red
fluorescent protein (RFP) with approximately 25.9 kDa,
maximum excitation of 558 nm, and maximum emission
of 583 nm (Remington 2002). pDsRed2-C1 enables numer-
ous experiments to be conducted within a short time period
and has a maturation time of approximately 24 h (Bevis
and Glick 2002). Because of these properties, we devel-
oped pDsRed2-C1-1NLS based on pDsRed2-C1-wt. The
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commercially available pDsRed2-C1-3NLS vector contains
three NLS repetitions and a longer NLS sequence than that
of the newly constructed pDsRed2-C1-1NLS vector, which
has a single NLS sequence with no repetition. The vector
pDsRed2-C1-1NLS containing a monopartite sequence
without repetition was obtained by slightly modifying the
classical NLS sequence and multiple cloning sites (MCS)
for easy insertion by restriction enzymes. To confirm the
presence of functional NLS and MCS sequences in the con-
structed pDsRed2-C1-1NLS vector, the SIO0A10 gene was
inserted and confirmed by electrophoresis and sequencing.
Although S100A10 has been the subject of considerable
research in recent years, its functions have not been fully
clarified, even though several have been identified. Proteins
of the S100A family are localized to the cytoplasm and/or
nucleus of a wide range of cells, regulating cellular pro-
cesses such as cell cycle and differentiation (Madureira and
Waisman 2009). These proteins are also related to exocytosis
and endocytosis by reorganization of F-actin (Ursula and
Volker 2008). In addition, the SIO0A10 protein is linked
to the transport of neurotransmitters, is found in the brain
of humans and other mammals, and is involved in mood
control. Because of their interaction with serotonin signal-
ing proteins and their association with symptoms of mood
swings, S1I00A10 proteins are a new potential target for
pharmacotherapy (Per et al. 2006). Therefore, we confirmed
that the newly constructed pDsRed2-C1-1NLS containing
the SI00A10 gene is functional.

Materials and methods
Plasmid construction

pDsRed2-C1-wt was obtained from Clontech Laboratories
(Mountain View, CA, USA). The following primers were
used to insert the SIO0A10 gene into the MCS region via
restriction enzyme sites: SI00A10 UP primer Xhol (CT
CGA G), 5'-GGA GCT CCT CGA GCA AGC TTC ATG
CCA TCT CAA ATG-3' and SI00A10 DOWN primer
Sall (CAG CTG), 3'-GTC TTC CCT TTC TTC GTC GAC
GGG ATC CAC CGG-5'. The PCR product was cloned into
pDsRed2-C1-wt and pDsRed2-C1-1NLS using the Xho I
and Sal I restriction enzymes. The cloned vectors were trans-
formed into DH5a chemically competent E. Coli (Enzynom-
ics, Daejeon, South Korea) and cultured in Luria—Bertani
(LB) broth containing kanamycin at 37 °C for 24 h. Plas-
mid DNA was extracted using the AccuPrep Plasmid Mini
Extraction Kit (Bioneer, Daejeon, South Korea).
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Mutagenesis

The pDsRed2-C1-wt vector was constructed from a vec-
tor containing the NLS sequence by mutating the existing
sequence through site-directed mutagenesis. Mutagen-
esis was performed using the pDsRed2-C1-wt (Fig. 1)
and EZchange Site-directed Mutagenesis Kit (Enzynom-
ics, Daejeon, South Korea) with the following primers
(Table 1): pDsRed2-CI1-1NLS upstream primer 5'-GTC
GAC GGT ACC GCG GGC AGG AAA AAG AAG
CGC AAG CGC GGA TCC ACC GGA TCT-3' and
pDsRed2-C1-1NLS downstream primer 5'-TCT AGA TCC
GGT GGA TCC GCG CTT GCG CTT CTT TTT CCT
GCC CGC GGT ACC GTC-3'. The underlined primer
sequences were modified by mutating the 1336CCG1338
sequence to 1336 AGG1338 and then constructing the new
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pDsRed2-C1-1NLS by inserting 1338AAA AAG AAG
CGC AAG CGC1339.

Cell culture and transfection

SV40, with the classical NLS sequence, is being studied in
humans and monkeys. In particular, COS cell lines are often
used by biologists when studying the monkey virus, SV40.
These cell lines are transfected to produce recombinant pro-
teins for molecular biology, biochemistry, and cell biology
experiments. Thus, COS1 and COS7 cells, fibroblast-like
cell lines derived from kidney tissue, were used for NLS
studies. COS1 and COS7 cells were purchased from the
Korean Cell Line Bank (KCLB, Seoul, South Korea; No.
21650 and 21651). COS1 and COS7 cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Welgene,
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Fig.1 Map and MCS region of pDsRed2-Cl-wt. a Vector of
pDsRed2-C1-wt (Clontech), b pDsRed2-C1-wt MCS region (Clon-
tech). ¢ MCS regions of pDsRed2-Cl-wt and pDsRed2-CI1-INLS.
The NLS sequence was inserted between positions 1335 and 1339 in
the sequence of pDsRed2-C1-wt (Clontech), and the CCG sequence

was mutated to the CGC sequence. (a) was made by plasMapper 2.0
(https://wishart.biology.ualberta.ca/PlasMapper/index.html). For
more information of pDsRed2-Cl-wt, visit Clontech site (https:/
www.takarabio.com/assets/documents/Vector%20Documents/PT360
3-5.pdf)

Pigllase ¢l ay .
e e O) Springer


https://wishart.biology.ualberta.ca/PlasMapper/index.html
https://www.takarabio.com/assets/documents/Vector%20Documents/PT3603-5.pdf
https://www.takarabio.com/assets/documents/Vector%20Documents/PT3603-5.pdf
https://www.takarabio.com/assets/documents/Vector%20Documents/PT3603-5.pdf

232 Page4of10 3 Biotech (2019) 9:232

g Gyeongsan, South Korea) supplemented with 10% (v/v)
; heat-inactivated fetal bovine serum and 1000 U of penicil-
3 lin—streptomycin (Gibco BRL, Grand Island, NY, USA). The
g E cells were maintained in DMEM with a humidified atmos-
2 = phere (5% CO,) at 37 °C and then subcultured on a new plate
% § once every 3 days.
= 2 COS1 and COS7 cells were transfected with pDsRed?2-
3 3} C1l-wt, pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-wt,
é + % and pDsRed2-C1-S100A10-1NLS via lipofectamine 3000
g (Thermo Fisher Scientific, USA) according to the manufac-
; turer’s instructions and incubated for 36 h prior to analyses.
=1
§ Fluorescence microscopy and image assay
=
. & COS1 and COS7 cells were grown overnight to approxi-
Q 3 3 mately 75% confluence on glass coverslips in four-well
E‘ = 2 plates. Cells were transfected with pDsRed2-C1-wt,
5 = o pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-wt, and
O o g pDsRed2-C1-S100A10-1NLS for the indicated times.
é 3} S g 5 § Samples that were not processed with any reagent or trans-
E 8 S vs g fected with vectors were used as a control. The cells were
8 E RS 8 : =) then washed with phosphate buffered saline (PBS), fixed
S 5 g 5 & 5 % in 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO,
: 8 = S 8 g E USA) for 15 min at 25 °C, and permeabilized in 0.1% PBT
SR R ) (PBS +0.1% Triton X-100) at 25 °C for 20 min. For fluores-
5 g 5 8 8 5 5 g cent staining, the cells were blocked in PBS with 5% bovine
= © E‘ serum albumin for 1 h at 36 °C and then incubated with
< o Hoechst 333,342 (Thermo Fisher Scientific, USA) staining
~1© 6 E solution for 90 min at 25 °C. Finally, the cells were mounted
? :tt 3 § on slides in DAKO mounting media (Sigma-Aldrich). The
o) % : § slides were incubated overnight or longer at 4 °C before
E :E 3 o % visualization using a confocal laser scanning microscope
g, jg : % = (DE/LSM710, Zeiss, Oberkochen, Germany) at the Center
% < 8 ) f for Research Instruments and Experimental Facilities of
- é S 9 % ; Chungbuk National University. Image analysis was per-
g 8 S g § formed using imaging software (Zen, black edition, Zeiss,
2 09 5 % Oberkochen, Germany) provided by the manufacturer.
S r? % é 3 § | blotti
§ Tle 8 S 5 mmunoblotting
=N v RG] e
:f, § 8 8 S ; Cells were harvested with Trypsin—-EDTA and lysed in
z _S* < ::ﬂ 5 g RIPA buffer. Protein concentrations were determined using
i § 8 9 2 © % 8 a BCA Kit (Pierce, Rockford, IL, USA), and equal amounts
£1815° 8 < g % of protein were separated on 12% sodium dodecyl sulfate
;; 5 2 (SDS) gels in SDS-running buffer and transferred onto poly-
2 Z » vinylidene fluoride membranes (Invitrogen). The membranes
& 5 g were blocked for 90 min at 4 °C with 5% skim milk in PBS.
é -2 S| E‘ They were then immunoblotted with anti-DsRed antibod-
z é Z &; 2 ies ((L-18) (F9), Santa Cruz Biotechnology) followed by
§ é 5 2 %0 horseradish peroxidase-conjugated anti-IgG antibodies (sc-
A~ % S| S “é z 2354, s¢516102 Santa Cruz Biotechnology). Reactive bands
% g % é 2 °§ were visualized with a ChemiDoc imaging system (Bio-
e 2|2 » £ & Rad Laboratories, Hercules, CA) using Immobilon Western
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Chemiluminescent HRP Substrate (Merck, Darmstadt,
Germany). Image analysis was performed using imaging
software (Image Lab, Bio-Rad Laboratories, Hercules, CA).

Immunoprecipitation

COS1 and COS7 cells were transfected using Lipo-
fectamine 3000 with pDsRed2-C1-wt, pDsRed2-C1-1NLS,
pDsRed2-C1-S100A10-wt, and pDsRed2-C1-S100A10-
INLS. Thirty-six hours later, cells were collected with
trypsin—EDTA, lysed in RIPA buffer, and incubated
overnight. The lysates were centrifuged at 16,000xg for
30 min. The supernatant was incubated with anti-DsRed
(Santa Cruz Biotechnology, Dallas, TX, USA) or anti-
karyopherin alpha2 (Santa Cruz Biotechnology) or beta2
(Santa Cruz Biotechnology) antibodies on a rotating wheel
for 1 h at 4 °C. After incubation, 30 pL of protein-A/G
plus-agarose (Santa Cruz Biotechnology) was added to the
antibody-coupled lysates and incubated overnight at 4 °C.
The beads were washed three times with 1 mL of RIPA
buffer for 5 min with low-speed pelleting between washes.
The resulting bead-bound immunocomplexes were ana-
lyzed using SDS—polyacrylamide gel electrophoresis and
western blotting according to standard techniques (Harlow
and Lane 1988). Reactive bands were visualized on Chemi-
Doc imaging system (Bio-Rad Laboratories, Hercules, CA)
using Immobilon Western Chemiluminescent HRP Substrate
(Merck, Darmstadt, Germany). Anti-p-actin (C4) antibod-
ies were used to detect a reference protein. Image analysis
was performed using imaging software (Image Lab, Bio-
Rad Laboratories, Hercules, CA).

Cell viability assay

COS1 and COS7 cells (1.75x 107 cells) were added to a
60-mm cell culture dish and transfected with pDsRed2-
Cl-wt, pDsRed2-CI1-1INLS, pDsRed2-C1-S100A10-wt,
and pDsRed2-C1-S100A10-1NLS for 36 h. The cells were
washed once with PBS, treated with 0.05% trypsin—-EDTA,
harvested, and washed once with PBS. The harvested cells
were treated with Muse Count and Viability assay kit (Merck
Millipore), and reacted at room temperature for 5 min. Via-
ble cells were measured with a Muse Cell Analyzer (Merck
Millipore). Samples that were not processed with any rea-
gent or transfected with vectors were used as a negative con-
trol, whereas those treated with only Lipofectamine 3000
reagent were used as a positive control.

Flow cytometry analysis of transfection efficiency
COS1 and COS7 cells (1.75x 107 cells) were added to a

60-mm cell culture dish and transfected with pDsRed2-
Cl1-wt, pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-wt,

and pDsRed2-C1-S100A10-1NLS for 36 h. Next, the cells
were resuspended in 0.5 mL of PBS. Flow cytometry was
performed to analyze cellular DsRed using the Guava easy-
Cyte Flow Cytometer (Merck Millipore).

Results
Construction of NLS vectors

We constructed a new NLS vector using pDsRed2-C1-wt.
Site-directed mutagenesis was performed using the MCS
of pDsRed2-C1-wt with primers containing a monopartite
NLS sequence (Table 1). The SI00A10 gene was inserted
into the wild-type and NLS vectors between Xho I and Sal
I restriction enzyme sites in the MCS (Fig. 1). The NLS
obtained was also used in S.Cerevisiae Irelp NLS as a clas-
sical sequence (Goffin et al. 2006) (Fig. 1c¢). The produc-
tion of pDsRed2-C1-1NLS and pDsRed2-C1-S100A10-
INLS was confirmed by the presence of the appropriate
size band in electrophoresis (data not shown). Additional
sequence analysis was performed to identify pDsRed2-
C1-wt, pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-wt
and pDsRed2-C1-S100A10-1NLS (Supplementary Fig. 1).
pDsRed2-C1-1NLS and pDsRed2-C1-S100A10-1NLS
contained the NLS sequence. SIO0A10 was inserted in
pDsRed2-C1-wt and pDsRed2-C1-1NLS, which were named
pDsRed2-C1-S100A10-wt and pDsRed2-C1-S100A10-
INLS, respectively.

Nuclear translocation of DsRed proteins

After transfection in COS1 and COS7 cells, confocal laser
scanning microscopy was conducted to evaluate the subcel-
lular localization of DsRed-wt, DsRed-S100A10-wt, DsRed-
INLS, and DsRed-S100A10-1NLS proteins (Fig. 2). DsRed-
wt and DsRed-S100A10-wt were detected in the nuclei and
cytoplasm (Fig. 2b, d, g, i), whereas DsRed-1NLS and
DsRed-S100A10-1NLS were detected only in the nuclei
(Fig. 2c, e, h, j). The cells were clearly distinguished depend-
ing on the presence or absence of the NLS sequence and
based on the intensity profile results. Fluorescence analysis
showed that nuclei and proteins were either clearly distinct
or located in the same position (Fig. 3).

Interaction of NLS signal sequence with importin

The constructed pDsRed2-C1-1NLS and pDsRed2-C1-
S100A10-1NLS vectors contained a monopartite NLS
sequence, which transports proteins through the process of
binding to and separating from importin o (karyopherin o)
and importin f (karyopherin f) via their NLS motif. COS1
and COS7 cells were transfected with the pDsRed2-C1-wt,
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Hoechst DsRed T-PMT

Merged

Hoechst DsRed T-PMT Merged

Fig.2 Confocal microscopy experiments. Vectors transfected in
COS1 (a—e) and COS7 (f-j) cells. a Control b pDsRed2-Cl-wt
(Clontech) ¢ pDsRed2-C1-INLS d pDsRed2-C1-S100A10-wt e
pDsRed2-C1-S100A10-1NLS f control g pDsRed2-C1-wt (Clon-

pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-wt, and
pDsRed2-C1-S100A10-1NLS vectors. Immunoprecipita-
tion was conducted to confirm the binding of importin «
and importin p using antibodies (Fig. 4). DsRed-wt and
DsRed-S100A10-wt did not interact with importin in COS1
and COS7 cells. In contrast, DsRed-1NLS and DsRed-
S100A10-1NLS interacted with importin.

Cell viability and transfection efficiency
after transfection with the new NLS vector

We compared the commercially available vector with the
constructed pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-
wt, and pDsRed2-C1-S100A10-1NLS vectors. Cells were
transfection for 36 h. Cell viability was evaluated to deter-
mine the effect of the constructed vectors. pDsRed2-C1-wt
resulted in 93.5% and 92.85% survival rates for COS1 and
COS7 cells, respectively (Fig. 5). Viability of COS1 and
COS7 cells were 92.55% and 89.87% for pDsRed2-C1-
INLS, 92.95% and 93.42% for pDsRed2-C1-S100A10-wt,
and 95.60% and 89.80% for pDsRed2-C1-S100A10-1NLS,
respectively (Fig. 5). The transfection efficiencies for COS1
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tech) h pDsRed2-C1-1NLS i pDsRed2-C1-S100A10-wt j pDsRed2-
C1-S100A10-1INLS. Controls (a) and (f) correspond to non-treated
COS1 and COST7 cells

and COS7 cells were 42.14% and 56.91%, respectively,
using pDsRed2-C1-wt, and 41.75% and 53.22%, using
pDsRed2-C1-1NLS (Fig. 6). The efficiencies of pDsRed2-
C1-S100A10-wt were 39.51% and 48.05%, whereas those
of pDsRed2-C1-S100A10-1NLS were 45.06% and 49.36%,
respectively (Fig. 6).

Discussion

The DsRed protein emits red—orange fluorescence when
excited and is present throughout the cell. Fluorescent mol-
ecules, including green fluorescent protein, yellow fluo-
rescent protein, and blue fluorescent protein, can be prob-
lematic because of the long time required between protein
synthesis and fluorescence emission. On the contrary, DsRed
is particularly useful because monomers can be generated
through genetic engineering. Moreover, it has a maturation
time of approximately 24 h (Piatkevich and Verkhisha 2011).
The constructed NLS vector minimized the deformation of
MCS to maintain the function of the vector. To minimize
functional and structural changes in the inserted protein, the
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Fig.3 Fluorescence density analysis. Vectors transfected in COS1
(a—e) and COS7 (f—j) cells. a Control b pDsRed2-C1-wt (Clontech)
¢ pDsRed2-C1-INLS d pDsRed2-C1-S100A10-wt e pDsRed2-Cl1-
S100A10-1NLS f control g pDsRed2-C1-wt (Clontech) h pDsRed2-

e——DRed
10 20 30 40 30 60
Distance (nm)
G @ DsRed
0 10 20 30 40 50 60 70 80
Distance (nm)
40 50 60 70 80
Distance (nm)
I em—=DsRed
"0 10 20 30 40 50 60 70 80 90 10 11 12 13 14
Distance (nm) 000 0 0
400 —DRzd
0 10 20 30 40 50 60 70 80 9%

Distance (nm)

C1-INLS i pDsRed2-C1-S100A10-wt j pDsRed2-C1-S100A10-
INLS. Blue line represents the fluorescence intensity in the nucleus
and red represents the fluorescence intensity of DsRed. Controls (a)
and (f) correspond to non-treated COS1 and COS7 cells

COSl1 COS7
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Fig.4 Immunoprecipitation of modified pDsRed2-C1-1NLS and
pDsRed2-C1-S100A10-1NLS. Immunoprecipitation was performed
using COS1 and COS7 cell lines. pDsRed2-Cl-wt (Clontech),
pDsRed2-C1-1NLS, pDsRed2-C1-S100A10-wt, and pDsRed2-Cl1-
S100A10-1NLS vectors were transfected into each cell line for 24 h.
Cells were lysed after transfection and immunoprecipitation was
performed in the lysate using DsRed, karyopherin a2/p2 antibodies,
and protein A/G plus-agarose (Santa Cruz). Samples that transfected

classical NLS sequence inserted at the distal end of the MCS
was minimized. A monopartite NLS sequence (KKKRKR)
consisting of six amino acids was inserted immediately after
the mutation site (Fig. 1). The newly constructed pDsRed2-
C1-1NLS vector was detected in the nucleus along the
importin transport system. A protein containing the NLS
motif can form a complex with domains of importins a and
for transport into the nucleus (Kim et al. 2017). The classical
NLS motif binds to importin alpha in an expanded form with

with pDsRed2-C1-wt (Clontech), pDsRed2-C1-1NLS, pDsRed2-C1-
S100A10-wt, pDsRed2-C1-S100A10-1NLS were identified using
antibodies that detected karyopherin a2/f2 protein. Samples evalu-
ated for karyopherin «2/p2 were confirmed by western blotting using
antibodies for DsRed protein. Anti-p-actin (C4) antibody (Santa
Cruz) was used to detect a reference protein in whole cell lysates
prior to immunoprecipitation

the principal chain antiparallel to the direction of the import
a. Importin o then recognizes and binds to the domain of
importin f. Importin beta mediates interactions with the
nuclear pore during translocation. When transferred into
the nucleus through the nuclear pore, RanGTP binds to the
complex and transforms the structure of the importin 8. The
action of Nup2 and Ces1 separates the binding of NLS motif
and importin o, and which is transferred to the cytoplasm
again through the nucleus (Lange et al. 2007). Based on this,
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Fig.5 Cell viability in cells transfected with vectors. Cell viability of
transfected vectors in a COS1 and b COS7 cells. Values are presented
as the mean+SEM (n=3) and expressed as percentage decrease in
cell viability. (=) Controls correspond to non-treated COS1 and
COS7 cells. (+) Controls correspond to COS1 and COS7 cells
treated only with transfection reagents

A 60.00%

50.00% 45.06%

42.14% 41.75%

39.51%

40.00%
30.00%
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Efficiency

mDsRed wt mDsRed NLS ®S100A10 wt S100A10 NLS

B 60.00% 56.91%

50.00%
40.00%
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10.00%

0.00%

53.22%

48.05% 49.36%

Efficiency

B DsRed wt M DsRed NLS ®S100A10 wt S100A10 NLS

Fig.6 Transfection efficiency in cells transfected with vectors. Trans-
fection efficiency of transfected vectors in a COS1 and b COS7 cells.
Values are presented as the mean +SEM (n=3) and expressed as per-
centage in cell efficiency

we constructed a new pDsRed2-C1-NLS vector. DsRed-wt
was expressed in both the cytoplasm and nucleus (Fig. 2b,
g), whereas DsRed-1NLS developed a red color only in
the nucleus (Fig. 2c, h). Particularly, DsRed-S100A10-wt
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was distributed throughout the cell (Fig. 2d, i). In contrast,
DsRed-S100A10-1NLS was detected only in the nucleus
(Fig. 2e, j).

The newly constructed pDsRed2-C1-NLS vector works
well by interacting with domains of importins a and p in the
nuclear transport of proteins (Fig. 4). The survival rates of
cell transfected with the pDsRed2-C1-1NLS and pDsRed2-
C1-S100A10-1NLS were 89.80-95.60% in COS1 and COS7
cell lines, indicating that the survival rate and toxicity are
similar to those of the wild-type vector, with survival rates
of 92.85-93.50% (Fig. 5). The transfection efficiency rates of
pDsRed2-C1-1NLS and pDsRed2-C1-S100A10-1NLS were
41.75-53.22% in COS1 and COS7 cell lines. These results
show little difference from the wild-type vector transfection
rate of 39.51-56.91%.

S100A10 is approximately 300 bp in length and is found
as a heterogeneous tetramer composed of a free complex,
homodimers, or complexes with two molecules of annexin 2.
S100A10 is a key scaffolding molecule in the cell and inter-
acts with plasma membrane proteins via annexin 2 (Rety
et al. 1999). It also interacts with cytoplasmic and periplas-
mic membrane-associated proteins such as AHNAK, during
intracellular development. SI00A10 plays a role in the trans-
port of proteins related to mood regulation, nociception, and
cell polarization. It is predominately expressed in the lungs
and kidneys, but is found in all cells of the body. The trans-
ported S1I00A 10 proteins are mostly cell surface receptors
in signaling pathways and ion channels (Rescher and Gerke
2008). Although the exact mechanism is unclear, SI00A10
is essential for controlling serotonin signaling in the brain
(Warner et al. 2009). SI00A10 deficiency causes depres-
sion-like behaviors (Hagstrom et al. 1997) and S100A10 is
a candidate therapeutic target for depression and anxiety, as
it has similar effects to antidepressants administered to mice
(Svenningsson et al. 2006). The newly constructed NLS vec-
tor will enable studies of how various protein function and
reach their subcellular locations. Additionally, The SI00A10
interacts with various proteins, such as cell surface recep-
tors and the circular monoclonal calcium potassium channel
(Svenningsson and Greengard 2007). The SI00A 10 protein,
which does not have an NLS sequence, was expressed uni-
formly throughout the cell in the wild-type vector, but was
clearly observed only in the nucleus when inserted into the
NLS vector.

The transfection efficiency of S100A10-containing vec-
tors in this study was slightly lower than that of the vector
without the inserted gene because of the additional 300-bp
sequence. However, the transfection efficiencies of known
cell lines and transfection reagents were approximately
40-45% for COS1 cells and 48-57% for COS7 cells, indi-
cating no difference in efficiency using the vector. Our
results demonstrate that the newly constructed NLS vector
had minimal impact on DNA and protein levels in cell lines
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when the NLS sequences were not repeated. In this study,
the pDsRed2-C1-S100A10-1NLS vector was constructed as
a model, but the newly constructed pDsRed2-C1-1NLS vec-
tor can be used to clone several types of genes. This vector
will enable genetics-based studies of diseases and may be
useful for drug delivery.
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