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NIH 3T3 mouse cells were transfected by the plasmid pSV3neo (G418-resistant) with the help of high-velocity mechanical

DNA injection based on the principle of bombarding cells with tungsten particles covered with the DNA. Stable transfor-

mants were obtained. Dot-hybridization and Southern analysis revealed the integration into the genome of 5-20 copies
per cell of original plasmid DNA. The plasmid DNA was shown to have tandem organization.
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1. INTRODUCTION

Gene transfer to animal cells plays a major role
in molecular and cellular biology. Foreign genes
can be introduced into cells with the aid of several
standard methods (review [1]). New methods of
transfection have been used to transform animal
cells: these include osmotic transfection [2], laser
transfection [3}, transfection by scrape and sonica-
tion loading [4], strontium-phosphate transfection
[5] and transfection by DNA-protein complexes
161.

Recently, it has been reported that plant cells can
be transfected by using a new method in which
high-velocity microprojectiles deliver DNA into the
nuclei of the cells [7]. Here we have used this
method for gene transfer into cultured animal cells.

2. MATERIALS AND METHODS

2.1. Materials
NIH 3T3 mouse cells {8] were used as a recipient to test the
possibility of transfection. Cells were maintained in Dulbecco’s
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modified Eagle’s medium (DMEM) supplemented with 10%
fetal calf serum and gentamycin (40 x#g/ml) in 5% CO; at 37°C.

The plasmid pSV3neo [9], containing the (G418-resistance
gene, was used for transfection. Plasmid DNA was prepared by
the lysozyme-NaOH procedure [10] followed by CsCl
equilibrium density gradient centrifugation.

2.2. Transfection of celis

Exponentially growing cells were trypsinized, seeded at
1 x 10° cells per S cm plate and incubated overnight in 5 ml
growth medium. 4.5 mi of the medium was then removed and
cells were bombarded with high-velocity tungsten microprojec-
tiles (0.1-1.0 xm diameter) coated with plasmid DNA. A special
particle-gun similar to that described in [11] was used. Target
cells were placed approx. 15-20 ¢m from the end of the device.
Our protocol differed from the original [11) in that we used
standard calcium-phosphate precipitation [12] instead of sper-
midine to coat the tungsten particles with plasmid DNA. 10 mg
tungsten particles in 1 ml were used, 20 g plasmid supercoiled
DNA being used for one shot.

Immediately after the shot, the plates were placed in a CO; in-
cubator (5%) for 15 min to restore membrane lesions and
growth medium was subsequently added. On the next day the
medium was removed, the cells were rinsed with fresh medium
and divided into portions in the appropriate ratio (>1:5) on
10-cm plates and incubated for an additional 24 h before selec-
tion for stable transformants was begun in the presence of G418
(400 x«g/ml, Sigma, USA). Cell viability was estimated after
staining with fluorescein acetate (1 xg/ml) 24 h after bombard-
ment.

To determine the frequency of stable transformation, cells
were selected for 2-3 weeks, the growth medium being replaced
every 3 days. The efficiency of transformation was calculated by
dividing the average number of NEOX colonies (> 100 cells) by
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the total number of cells and approximated to the 1 xg plasmid
DNA taken for the preparation of tungsten microprojectiles.

As a control, cells were bombarded with the tungsten micro-
projectiles without plasmid DNA or the calcium-phosphate
DNA precipitate concentrated to 2l by centrifugation
(13000 x g, 30 min).

2.3. DNA analysis

Total DNA was isolated from 5 x 10° cells [13] and analysed
by dot hybridization [14] or cleaved with EcoR] and blotted ac-
cording to Southern [15] after electrophoresis. The radioactivity
of the *’P-labeled pUC18 probe, which was used in hybridiza-
tion, was 2 X 10® cpm per xg plasmid DNA. After hybridization
(65°C) in 6 x SSC, 5 x Denhardt, 0.5% SDS, 200 xg/ml

Fig.1. NIH 3T3 cells bombarded with tungsten microprojectiles
(A); presence of particles in the cell nucleus (arrowheads) (B).
Phase contrast.
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salmon sperm DNA which was sonicated and melted, the filters
were washed and radioautographed (—70°C).

3. RESULTS AND DISCUSSION

NIH 3T3 cells were bombarded by tungsten
microprojectiles with the DNA of pSV3neo plas-
mid on their surface. Fig.] demonstrates that shot
particles penetrated the cells and are localized in
the nuclei of some. As a result of 3 experiments,
colonies of stable transformants were obtained
(fig.2). The frequency of stable transformation was
1.1 x 107°/cell per xg plasmid DNA. Viability of
cells was 88% (95% for controls). In control plates
no colonies were seen. To prove that the colonies of
stable transformants had a selective advantage due
to plasmid DNA incorporation, they were
separated using steel cylinders and cultivated under
selective conditions till they reached 5 x 10° cells.
Total DNA was then prepared. The results of dot
hybridization of DNA of § individual colonies are
shown in fig.3. All contain the plasmid DNA. Den-
sitometric analysis revealed 5-20 copies of plasmid
DNA per cell.

To characterize the state of plasmid DNA in the
cells we analyzed the total DNA of two clones by
digestion with EcoRI, which cleaved the original
(pSV3neo) plasmid at one site, and subsequently

Fig.2. A G418-resistant clone on the 9th day of selection.
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Fig.3. Dot hybridization of total DNA isolated from stable

transformants (2 g DNA per dot) with 32P-labeled probe

(pUC18). Dots: (1-5) DNA from transformants 1-5; (6)

pSV3neo plasmid DNA corresponding to 70 copies per diploid
genome; (7) DNA from NIH 3T3 cells.

electrophoresis. The results of blot hybridization
are given in fig.4. The presence of bands with the
same mobility as that of the original plasmid con-
firms that the clones originate from incorporation
of plasmid DNA into the genome of the cells. The
presence of additional bands with mobility which
differs from that of the control can be explained by
plasmid DNA rearrangement at the site of integra-
tion or by the existence of several sites of integra-
tion. Occurrence of a major band after hydrolysis
by EcoRI can indicate tandem organization of
plasmid DNA at the site of integration. The
possibility of self-replication of pSV3neo plasmid
in mouse cells can be excluded [12].

Our results indicate that the clones of stable
transformants arose after bombardment of NIH
3T3 cells with tungsten particles covered with the
pSV3neo plasmid DNA. The input of foreign par-
ticles into the cells’ nuclei did not dramatically in-
fluence cell viability. Thus, the method of high-
velocity mechanical DNA injection used originally
for plant cells can be applied in the genetic trans-
formation of cultured animal cells. The efficiency
of this method is no greater than that of standard
procedures but can have some advantages over
other methods. Among such advantages the
possibility of immediate DNA incorporation into
the nucleus of the cell should be mentioned. The
method can also be used for cells which are dif-
ficult or impossible to transfect by other methods.
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Fig.4. Southern blot analysis of DNA of stable transformants
treated with EcoR1 and separated by horizontal gel electro-
phoresis in 1% agarose (Sigma). After blotting the filter was
hybridized with *?P-labeled probe (pUC18). Lanes: (1) pSV3neo
DNA digested by EcoRI corresponding to 60 copies per diploid
genome, arrows; (2) DNA of NIH 373 cells treated with EcoRI;
(3) DNA of clone 1; (4) DNA of clone 4. Lanes 2-4 contain 5 xg
DNA.
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