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DNA Transfection in SK-N-BE(2)C Human Neuroblastoma Cells
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DNA transfection conditions were investigated by calcium phosphate-DNA co-precipitation
in SK-N-BE(2)C human neuroblastoma cells. The DNA plasmid of TH2400CAT was used
in which rat tyrosine hydroxylase gene was inserted into chloramphenicol acetyltransferase
reporter gene. The transfection efficiency was 25~30% and the method was simple and
reproducible. So, the method will be a good tool for transient transfection analysis.
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INTRODUCTION

DNA transfection in mammalian cells is a covenient
method for expressing mature proteins from cloned
mammalian cDNA. The most commonly used methods
are transfections with DEAE-dextran (Sussman and
Milman, 1984), with calcium-phosphate (Chen and
Okayama, 1987), with cationic liposome (Felgner et al.,
1987; Hatzfeld and Hatzfeld, 1991) and by electropo-
ration (Anderson and Evans, 1998). Serum-supplemen-
ted media are used after transfection to allow growth
of transfected cell, replication of transfected plasmids
and expression of inserted cDNA. Serum-free defined
media are often used for increasing the transfection
efficiency (Hatzfeld and Hatzfeld, 1991).

The SK-N-BE(2)C cells, derived from a human neuro-
blastoma, express the catecholamine biosynthetic en-
zymes such as tyrosine hydroxylase (TH), aromatic L-
amino acid decarboxylase and dopamine B-hydroxylase
(Kim et al., 1993). Therefore, the SK-N-BE(2)C cells have
been used as a model system for the gene regulation
using transient transfection analysis.

The rat TH gene has potential cis-acting motifs such
as AP1, AP3, POU/Oct, SP1 and c-AMP-response ele-
ment within —2400 bp (Coker et al., 1988). The TH
upstream region within —2400 bp was fused to the
bacterial chloramphenicol acetyltransferase (CAT) gene
as a reporter gene (TH2400CAT plasmid). The plasmid
preparation of TH2400CAT has been described else-
where (Kim et al., 1993).

In this study, the optimal conditions of transfection
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in SK-N-BE(2)C cells using the TH2400CAT plamid are
investigated by the calcium phosphate-DNA co-preci-
pitation. The method of calcium phosphate-DNA co-
precipitation in SK-N-BE(2)C cells reproducibly provides
a good transfection efficiency.

MATERIALS AND METHODS

Cell culture

The human neuroblastoma cells SK-N-BE(2)C were
routinely grown in 60 mm tissue culture-dish in Dul-
becco’s modified Eagle’s medium (DMEM) with 10%
fetal calf serum (FCS) and penicillin (100 units/ml)/stre-
ptomycin (100 ug/ml). The confluent cells were harves-
ted by trypsinization with 1 ml of phosphate-buffered
saline (PBS) containing 0.05% trypsin and 0.02% EDTA.
Trypsinized cells were added in DMEM-FCS medium
and incubated at 37°C in 5% CO, humidified atmos-
phere until transfection.

DNA plasmids

TH2400CAT plamid was prepared as previously des-
cribed (Kim et al, 1993). This plasmid was amplified
in MC1061 E. coli strain, extracted by the alkaline pro-
cedure and purified two times on a CsCl gradient. pBL-
CAT plasmid without any inseted cDNA was used
for control. For transfection analysis, all plasmid DNA
were purified twice by phenol-chloroform extraction
and ethanol precipitation in the presence of 2.5 M
ammonium acetate.

In all experiments, pRSV fGal plasmid containing
the B-galactosidase gene linked to the RSV promo-
tor/enhancer was included as an interal control for
the different transfection efficiencies between experi-
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ments.

DNA transfection with calcium phosphate and CAT
assay

Transfection of reporter plasmids into SK-N-BE(2)C
cells was performed by the calcium phosphate-DNA
co-precipitation method (Chen and Okayama, 1987).
The cells, which reached approximately 40% conflu-
ency (ca. 2X10° cells/cm? in 60 mm Falcon tissue cul-
ture dish, received 4 pg of TH2400CAT plasmid and
1 ug of pRSV BGal plasmide by Ca’*-DNA co-precipi-
tation (total DNA amount 5 pg, total volume 500 ul
in 2X HEPES buffered solution 25 mM, pH 7.05 with
0.125 M Ca**). The cells were exposed to the precipi-
tate for 12 hrs and then medium was replaced with
DMEM-FCS. After a further 24 hr incubation, the cells
were washed with PBS (2 ml) and harvested by scraping
with a rubber policeman in PBS. Extracts were prepared
by resuspending cells in 200 ul of 0.25 M Tris-HCI
buffer (pH 8.0) followed 3 times of freeze-thaw cycles.
The extracts were heated at 60°C for 10 min to inacti-
vate endogenous acetylase.

CAT activity was measured as described (Lewis et
al., 1987) using 0.5 uCi ["C] chloramphenicol, 0.25
mM n-butyryl Co-A as a cofactor and 20 pl of cell
extracts in 100 ul of 0.25 M Tris-HCl buffer (pH 7.5)
at 37°C for 30 min. Butyrylated reaction products were
extracted with the mixture of Pristane-xylene (2 : 1) and
the extracts were counted by the scintillation counter
(Beckman, USA). Accurate amount of cell extracts were
adjusted by normalizing each transfection efficiency
by B-galactosidase assay (Arvidson et al., 1991; Kim
et al,, 1993). In most experiments, the variation of -
galactosidase activity was within the range of 15%.

Forskolin and isobutyl methylxanthine were added
directly to the media 12 hrs prior to harvest. To check
the efficiency of transfection, small aliquots of the har-
vested cells were tested for the expression of B-galac-
tosidase by the histochemistry using the x-gal solution
(Kim et al., 1993).

RESULTS AND DISCUSSION

Human neuroblastoma cells, presumably of neural
crest origin, have been utilized as in vitro models of
neural differentiation. One of the human neurobla-
stoma cells, SK-N-BE(2)C, could reproducibly be trans-
fected with high frequency.

The quantity of DNA required for an optimal signal
in transient transfections varies with cell types. The
DNA amount using TH2400CAT and pRSV pGal plas-
mids were investigated by the calcium phosphate-DNA
co-precipitation. The DNA amount of TH2400CAT
from 1 pg to 15 pg increased the CAT activity: 4 ug
of TH2400CAT and 1 pg of pRSV yGal plasmids were
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selected (total DNA amount, 5 ug.

The stable CAT activities were obtained by the ex-
posure time of 3-16 hrs after transfection. Longer
period of exposure to the precipitate altered the
cell viability. In the experiment, the exposure time of
12 hrs was selected and then media were replaced
with fresh DMEM-FCS.

The SK-N-BE(2)C cells, which reached the confluency
of 40% (ca. 2X10° cells/cm?, were used for stable
transfection. The cell confluency lower than 30% show-
ed no good transfection efficiency (less than 15%). At
higher confluency than 50%, cells were overgrown
during exposure periods.

PC12 cells, rat pheochromocytoma have been re-
ported to be treated with glycerol or DMSO to increase
transfection efficiency (Lewis et al., 1987; Kilboure et
al., 1991). And the poly-L-lysine-, dextran-, collagen-
or gelatin-treated culture dish was usually adopted prior
to the transfection procedure because cells, when han-
dled, were easily floated from the culture dish (Kilboure
et al., 1991). However, glycerol or DMSO treatment
in SK-N-BE(2)C cells didn’t increase the CAT activity.
SK-N-BE(2)C cells strongly attached to the surface of
plates without a special treatment such as poly-L-lysine
or gelatin. The optimal conditions of transfection in
the SK-N-BE(2)C cells were summarized in Table 1.

PC12 cells showed a very low transfection efficiency
using a rough-size of calcium phosphate-DNA precipi-
tate because the cell viability was altered by the rough
particles and by the longer exposure periods (Kim et
al., 1993). In SK-N-BE(2)C cells, the particle size of pre-
cipitate had little effect on the transfection analysis.
But fine and consistent particle sizes were required
for a stable and satisfactory transfection (data not
shown).

In this method, serum-containing medium DMEM-
FCS was used and a newborn calf serum could be
used instead of FCS. Serum-free conditions were not
good for cell viability and expression (unpublished ob-
servation). But serum-free media in COS cells showed
a good transfection efficiency by DEAE-dextran/chioro-

Table I. Comparison of the transfection conditions between
SK-N-BE(2)C and PC12 cells

Cell lines SK-N-BE(2)C  PC12°
Total DNA amount® 5 ug 10 ug
Transfection efficiency 25-30% 2-5%
Cell confluency {60 mm-culture dish) 40% 50%
Exposure time after transfection 12 hr 6hr
glycerol treatment non +

?The transfection conditions for PC12 cells were cited form
Kim et al. (1993).

SHEPES buffer (25 mM, pH 7.05) with Ca’* (0.125 M) was
used for calcium phosphate-DNA co-precipitation.
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Table 1l. CAT activities obtained from the TH2400CAT plas-
mid using SK-N-BE(2)C cell extracts

CPM Conversion rate, %
pBLCAT 3020 15
TH2400CAT 40450 20.7
TH2400CAT + Forskolin 82460 423

The cell extracts of 20 ul obtained from control plasmid pBL-
CAT and TH2400CAT plasmid were used for CAT assay. Fors-
kolin 10 pM was treated for 12 hrs after transfection and
then cells were incubated for 12 hrs. The conversion rate
was the percentage of butyrylated products vs. substrate "C-
chloramphenicol. All experiments were performed in triplicate.

quine (Hatzfeld and Hatzfeld, 1991).

The transfection efficiency of 25-30% in SK-N-BE(2)C
cells were shown by the x-gal solution method (n=20),
whereas that of 2-5% in PC12 cells were shown (Kim
et al., 1993). The CAT activities obtained from the TH
2400CAT plasmid and the control pBLCAT Plasmid
were shown in Table ll. The TH2400CAT activity was
increased by the treatment of forskolin, which is an
activator of adenylate cyclase (Lewis et al., 1987) (Table
I). The method was well applied to study the mecha-
nism of TH gene regulation (Kim et al., 1993).

The transfection conditions are simple and reprodu-
cible in using the popular technique, calcium phos-
phate-DNA co-precipitation. Therefore, the method will
be a good tool for transient transfection analysis.
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