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ABSTRACT

This study investigated the successful introduction of genes of erythropoietin (EPO) and enhanced
green fluorescent protein (EGFP) in bovine embryos following nuclear transfer of bovine fetal fibroblasts
(bFF), which were transfected by retrovirus vector system. Non-starved bFF were transferred into
perivitelline space of enucleated oocytes. The bFF-cocyte units were accomplished by cell to cell fusion
and activated with calcium inophore and 6-dimethylaminopurine. Reconstructed embryos were
co-cultured with bovine oviduct epithelial cells in CRlaa medium for 8 days. Out of 187 (EPO) and
210 (EGFP) bovine eggs reconstructed by nuclear transfer, 149 (EPO : 80.0%) and 158 (EGFP : 75.2%})
embryos were cleaved, and among them 36 (EPO : 24.2%) and 35 (EGFP : 22.2%) embryos developed
to the blastocyst stage. Of these blastocysts, 100% integration of EPO gene in 36 embryos was
determined by PCR, and 100% expression of EGFP gene in 35 embryos was observed under the
fluorescent microscope. This result indicates that bovine oocytes reconstructed by nuclear transfer of
transfected bFF can successfully develop to the blastocyst stage. Furthermore, this novel procedure may

be presumably an attractive method efficiently to produce the transgenic cattles.
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1. INTRODUCTION

Nuclear Transfer (NT) technique in mammals
has been used as a powerful tool for production of
cloned and transgenic animals. Recently, the
development of somatic cell NT has become more

successful in generating cloned animals (mouse -

Nuclear transfer, Fetal fibroblast, EPO, EGFP, Bovine)

Wakayama et al, 1998; goat - Baguishi et al,
1999; sheep - Wilmut et al.,, 1997; pig - Polejaeva
et al., 2000; cow - Kato et al., 1998). Moreover, the
approach of somatic cell-mediated gene transfer
enabled production of cloned transgenic animals
from embryos reconstructed with sheep and cow
fetal fibroblasts transfected with foreign genes
(Schnieke et al., 1997; Cibelli et al., 1998). In
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recent, gene-targeted sheep was produced by
nuclear transfer with fetal fibroblasts (McCreath et
al, 2000). These results suggest that the NT
method using genetically modified somatic cell
lines overcome the problems of mosaicism and low
efficiency of transgenic livestock production when
using conventional pronucleus DNA microinjection.

In this study, therefore, we investigated the
production of transgenic bovine embryos using NT
with genetically modified donor cells before
embryo transfer. For transfection of donor cells
used EGFP gene as marker and EPO gene as an
important factor regulating the production of red
blood cell. We successfully introduced foreign
genes to bovine embryos reconstructed with bovine
fetal fibroblasts (bFF) transfected by retrovirus
vector for genetic modification of donor cells.
Embryonic development and gene expression and
integration of EGFP and EPO in bovine embryos
reconstucted by nuclei cells transfected with EGFP
and EPO genes were used as parameters that

determine the success of this study.

[I. MATERIALS AND METHODS

1. In Vitro Maturation

Ovaries were obtained from slaughtered female
cows, and the oocyte-cumulus complexes (OCCs)
were recovered by aspiration from the follicles (2~
6 mm in diameter) using a 10ml! disposable syringe
fitted with an 18-gaugé needle. The OCCs were
washed three times with TL-HEPES (1mg/ml BSA,
low carbonate TALP; Parrish et al., 1988) and the
maturation medium, respectively. Ten OCCs were
transferred into a 50«1 of maturation medium
under warm paraffin oil in a petri dish equilibrated
for 2 hr in 5% CO; and 95% O; in air. The
maturation bovine OCCs was
TCM-199 (with Earle's salts; Gibco, Grand Island,

NY) supplemented with 25 mM NaHCO;, 10%

medium  for

FBS, 0.2mM pyruvate, 5xg/ml FSH, 1pg/ml
estradiol-17 8 and 25 zg/ml gentamycin. Culture
was carried out at 39°C in 5% CO; in air for 22~
24 hr.

2. Nuclear Transfer

1) Preparation of Cells

The virus-producing cell line (pLN 3-EGFP and
pLNC-EPO) was constructed by transfection of
PA317 and PGI13 cells (Miller and Buttimore,
1986; Miller et al, 1991) with plasmid pLN ]
-EGFP and pLNC-EPO, followed by selection with
800 1. g/ml of G418 (Gibco/BRL) for 2 weeks. The
resulting neomycin resistant cells were continuously
grown in Dulbecco's Modified Eagle's Medium
(DMEM; Gibco/BRL) supplemented with 10%
FBS, penicillin (100 x g/ml), and streptomycin (100
w g/ml). For targeting cell line, primary bFFs were
isolated from fetuses of pregnant female at 60-days
after mating. The cells were maintained in the same
media as described by the virus-producing cell line
up to passage 2 to 7. After infection of bFFs with
the pLNC-EPO and pLN 3-EGFP vector retrovirus,
respectively, the cells were selected with medium
containing 400 1 g/m} of G418 for two weeks. The
PG13 LNC-EPO or PA317 LN 8-EGFP transfected
cells were grown at 37°C in an atmosphere of 5%

CO; in air.

2) Retrovirus Vector Construction

Construction of pLN 8-EGFP (Fig. 1) was done
by inserting a 780 bp fragment of the EGFP gene
isolated from pEGFP-N1 (purchased from Clontech)
after Not1, Klenow and Hind Tl treatment into
pLNBZ (Kim et al, 1993) treated with Sal],
Klenow and Hind[I. Construction of pLNC-EPO
was done by inserting CMV promoter and a 719 bp
fragment of cloned EPO. For eukaryotic cell tran-

sfection, purification of plasmid DNA from 500
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pLN 3 -EGFP

A -actin EGFP

............ LTR

LTR | ceeveniennns gag neo
pLNC-EPO
LTR | ceeeevvnnans gag neo

CMV EPO

............ LTR

Fig. 1. Construction of pLN 8-EGFP and pLNC-EPO retrovirus vectors. LTR, long terminal repeat;
gag, 5' portion of Moloney murine leukemia virus (MoMLV) gag gene; neo, neomycin
resistance gene; fB-actin, rat B-actin promotor; EGFP, enhanced green fluorescent protein
gene; CMV, human cytomegalovirus immediate early promoter; EPO, erythropoietin gene.

ml LB culture of transformed HB101 E. coli com-
petent cells was done by using a Qiagen column
(Qiagen Inc.). All the enzyme for DNA manipu-
lation were purchared from New England Biolabs,

Inc.

3) Transfection and Infection of Cells

Polybrene/DMSO (dimethyl sulfoxide) mediated
transfection (Kawai and Nishizawa, 1984) was
performed as follows: 10 g of plasmid DNA in 1
ml medium supplemented with ploybrene (30 ug/
ml;  Aldrich, WI) was added to amphotropic
MLV-based PA317 packing cells plated on the
previous day (5x10° cells/60mm dish). After 6 hrs
of incubation at 37°C in an atmosphere of 5% CO,
in air, the DNA-medium mixture was aspirated, and
DMSO shock was applied by adding 2ml of 25%
DMSO in medium to a 60mm dish for 1 min.
Following three washes with medium, cells were
fed with 4 to 5ml of medium and incubated
overnight before trypsinization of split the trans-
fected cells.

Infection of bFF was performed following the
modified procedure of Miller and Rosman (1989); 3
m! of a mixture of fresh non-selection medium
(filtered through a 0.22 4] pore-size filter) of
virus-containing medium, and polybrene (5 xg/ml
of final concentration) were added to target cells

which were plated on the previous day. Exposure of

the target cells to the mixture was allowed for only
1 hr. The virus-containing medium was harvested
from virus-producing cells which had been fed with
non-selection medium on the previous day. Fo-
llowing day 1 of culture, infected cells were trypsi-
nized and split in non-selection medium. In both
transfection and infection medium (G418) was done
on the next day after splitting.

4) Enucleation of Oocytes

Matured oocytes were stripped of cumulus cells
in PBS supplemented with 0.1% hyaluronidase and
washed three times in PBS containing 0.1% BSA.
Oocytes were enucleated by aspirating the first
polar body and adjacent cytoplasm (approximately
30% of ooplasm) using a beveled pipette (30mm in
diameter) in PBS containing 0.1% BSA and 7.5 z g/
ml Cytochalasin B (CB; Sigma). Enucleated oo-
cytes were incubated in CRlaa containing 0.3%
BSA until injection of donor cells. Enucleation was
confirmed by staining aspirated portion of cyto-
plasm with 5z g/ml Heochst 33342 (Sigma).

5) Nuclear Transfer

The isolated single bFF was inserted into
perivitelline space of each enucleated oocyte. Reco-
nstructed eggs were washed three times in fusion
solution. The solution composed 0.3 M manitol,
0.ImM CaCl, and 0.1 mM MgSQq. Fusion was
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performed at room temperature, in a chamber with
two stainless steel electrodes Imm apart overlaid
with fusion solution. The reconstructed eggs were
manually aligned with a fine pasteur pippete, so
that the contact surface between the bFF and oocyte
was parallel to the electrodes. Membrane fusion
was induced with two D.C. pulses of 2.5 KV/em
for 30 psec delivered by a BTX Electro Cell
Manipulator 200 (BTX, San Diego, CA). Fused
bovine oocytes and denuded matured oocytes as
control were activated by treatment of SuM
calcium inophore and 2.0mM 6-dimethylaminopu-
rine (6-DMAP).

3. In Vitro Fertilization (IVF)

Matured COCs were washed twice with Sp-
TALP and subsequently with Fert-TALP (Rosen-
krans et al, 1993). After washing, ten mature
COCs were pooled in a 44 ¢] of Fert-TALP droplet
under paraffin oil. Bull spermatozoa recovered from
frozen-thawed semen were separated on a discon-
tinuous percoll gradient. Highly motile spermatozoa
were added to Fert-TALP at a final concentration of
1.0x10° sperm/ml. Then 2] of heparin stock
solution to induce sperm capacitation and 2 ] of
PHE stock solution (2mM Phenicillamine, 20 x4 M
hypotaurine and 1M epinephrine) to stimulate
sperm motility were added into a Fert-TALP
droplet. Sperm and COCs were co-incubated in a
50 1 drops of Fert-TALP under paraffin oil for 24
hrs at 39C, 5% CO; in humidified atmosphere.

4. In Vitro Culture of Reconstructed Embryos

All embryos were co-cultured with bovine
oviduct epithelial cells in 500 zg of CRlaa con-
taining 10% FBS for 8 days at 39C in an
atmosphere of 5% CO; in air.

5. PCR Analysis

Transgenic embryos with EPO gene were identi-

fied by using gene specific primers. The primers
used for amplification of the EPO-specific seque-
nces were as follows: 3'-GATGAGGGCCCCGGG-
TGTGG-5' (5' primer) and 3.CGGGGGA- GGG-
TGTGGCACAA-5' (3' primer). Reaction mixtures
for PCR were as follows: 2.5 U of TaKaRa Ex-Taq
DNA polymerase, 0.5 1 of 10 XEx Taq buffur, 8.5
2] of ANTP mixture, 11 of each primers, and
almost 100 ng of DNA. Amplification was repeated
for 35 cycle: denaturation at 94C for 40 sec,
annealing at 63.5C for 40 sec and extension at 7
2°C for 35 sec. PCR products were applied to a
2.0% agarose gel, electrophoresed, stained with
ethidium bromide, and photographed under uitra-
violet light.

6. Statistical Analysis

The data from at least four replications were
pooled. Differences in the percentages of oocytes
developed to particular stages were determined by
Chi-square analysis.

. RESULTS

Expression of EGFP in bFF transfected by
PA317 LN S -EGFP retrovirus vector was shown in
Fig. 2. The EGFP and Neo® genes in the provirus
were to be expressed under the promoters of 3
-actin and LTR promoters, respectively. The green
area (Fig. 2B) shows the expression of EGFP gene.
Even in the cells of one day post-infection some
green fluorescent cells were detected in EGFP
expression. After selection with G418 for 2 weeks,
all bFFs expressed EGFP (Fig. 2B). Thus, these
transfected bFF were used as donor ceils in
following experiments.

In vitro development of reconstructed bovine
embryos produced by these two different tran-
sfected bFFs was showed in Table 1. Out of 187
(EPO) and 210 (EGFP) bovine eggs reconstructed
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Fig. 2. Expression of EGFP gene in bovine fetal fibroblast transfected by PA317 LN 8-EGFP retrovirus
vector; A) under light microscope, B) under fluorescent microscope.

Table 1. In vitro development of reconstructed embryos following nuclear transfer with transfected bFF

No. of No. of embryo Cell number
Treatment .
oocytes examined  Fysion(%) Cleaved(%)  Blastocysts(%)  Of blastocysts
IVF 192 - 157(81.8) 73(46.5)" 128+2.3°
Activation 137 - 94(68.6) 26(27.6)° 45+1.9°
NT EGFP 210 167(79.5) 158(75.2) 35(22.2)b 111+2.4
EPO 187 154(82.4) 149(80.0) 36(24.2)b 109+2.6"
Total 397 321(80.8) 307(77.3) 71(23.1) 11025

*® Values within columns with different superscripts differ (P<0.05).

Fig. 3. Expression of EGFP gene in bovine hatching blastocyst stage embryo frpm nuclear transfer; A)
under light microscope, B) under fluorescent microscope.
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by nuclear transfer, 149 (EPO : 80.0%) and 158
(EGFP : 75.2%) embryos were cleaved, and among
them 36 (EPO : 24.2%) and 35 (EGFP : 22.2%)
embryos developed to the blastocyst stage. The
blastocyst rates of these NT embryos were
significantly lower (P<0.05) than that (46.5%) of
IVF embryos, but were similar to that (27.6%) of
activated embryos. However, total cell numbers
(EGFP : 111124, EPO : 109+2.6) of NT-blasto-
cysts were not significantly different to that (128 +
2.3) of 1VF-blastocysts, but were significantly
higher (P<0.05) than that (45+1.9) of activated
blastocysts.

Moreover, reconstructed bovine embryos develo-
ping in vitro were examined to evaluate the expre-
ssion of EGFP under fluorescence microscopy using
a standard FITC filter set (Fig. 3). All NT
blastocyst stage embryos with bFF transfected by
EGFP gene emitted the green fluorescence without
mosaicism (Fig. 3B). In addition, PCR analysis of
or the integration of EPO gene in blastocysts
following NT with transfected bFF was shown in
Fig. 4. Each genomic DNA from single blastocyst
was applied to PCR analysis. Transfected bFFs was
used as positive control and non-transfected bFFs
was used as negative control. As expected, only the
predicted 702 bp fragment for EPO gene was

detected in the samples of transfected bFFs and
single NT blastocyst. Furthermore, amplified pro-
duct was not detected from non-transfected bFF.
Therefore, these results showed that reconstructed
embryos were all transgenic embryos.

IV. DISCUSSION

The main objective of this study was to transfer
the foreign genes in bovine embryos employing
nuclear transfer approach. Usually, microinjection
of DNA into pronuclei of fertilized oocytes has
been used for production of transgenic animals.
However, the integration rate of exogenous DNA
into their genomes is under 1% in livestock
(reviewed from Wall, 1996). In addition, the most
of transgenic animals showed mosaicism because
the timing and site of integration were random
(reviewed from Wall, 1996). These problems,
however, could be solved by applying the somatic
cell nuclear transfer approach, because it allowed
evaluating the expression of the transgene in the
somatic cells in vitro before creation of the embryo.
Another significant advantage of the somatic cell
nuclear thansfer approach is that it takes only one
generation to produce multiple numbers of transg-
enic livestock of our expectation, compared to at

—702bp

Fig. 4. Integration of EPO gene in blastocyst from nuclear transfer. M: size marker (100 bp ladder),
P: positive control (transfected bovine fetal fibroblasts), N: negative control (non-transfected
bovine fetal fibroblasts), bl ~bS: single NT blastocyst.
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least two generations with the traditional micro-
injection approach. In this study, for NT of bovine
oocytes, EPO or EGFP gene induced into bFF as
donor cells. We could successfully developed to the
blastocyst stage from NT embryos produced by NT
with these donor cells. Moreover, these target genes
were detected in these all blastocysts.

We used EGFP and EPO genes for introduction
of foreign genes into bFF. EGFP (Zhang et al,,
1996) has been used as a reporter gene instead of
wild-type GFP, because wild-type GFP from
jellyfish is expressed at low levels in mammalian
cells. The B-galactosidase gene has been widely
used as a reporter gene for monitoring gene
expression especially in vivo, but the EGFP system
may be a useful alternative because expression of
EGFP can be detected in living cells (Shimada et
al, 1999). Erythropoietin (EPO) as a important
factor regulating production of red blood cell is
produced in the kidney and circulated to bone
marrow (Judith, 1984, Wolfgang, 1992). On the
bone marrow, it is acting to induce the differentia-
tion of hematopoietic stem cells (Benjamine et al.,
1999). Its formation greatly increases in response to
hypoxia.

For the initial step, we transfected the EGFP and
EPO gene to the bFF cells by using a retrovirus
vector system. Use of retrovirus vectors for gene
transfer was mainly due to several failures of
traditional calcium phosphate transfection method.
All surviving cells after infection with retrovirus
vector followed by G418 selection emitted green
fluorescence. In the cells one day post-infection, the
difference between positive and negative cells in
terms of EGFP expression was evident. In addition,
the embryos reconstructed by the transfected bFFs
successfully developed to the blastocyst stage.
These embryos resulted in cytoplasmic expression
of EGFP at blastocyst stage without showing
mosaicism.

Recently, transgenic sheep and cows from the
embryos reconstructed with fetal fibroblasts transfe-
cted with the foreign genes have been produced
(Schmieke et al., 1997, Cibelli et al., 1998). These
cloned animals were all transgenic, and these
investigations indicated that cloned embryos pro-
duced by transfected somatic cells could produce
100% transgenic animals. Also, we found 100%
expression of EGFP gene and integration of EPO
gene in NT blastocyst stage in this study. There-
fore, this study is a significant result and supports
that use of the EGFP and EPO genes in transgnic
animal production may significantly enhance the
efficiency of transgenic animal production because
expression and integration of these genes allows us
to select positive embryos before transfer to the
surrogate mother. Further studies evaluating develo-
pmental and physiological effects by the expression
of the EGFP gene are ongoing. Moreover, for the
expression of exogenous genes of interest in the
transgenic cows, the rat 8-actin and CMV internal
promoter in the retrovirus vector seems to be an
appropriate promoter. We previously proved
excellence of the rat S-actin and CMV promoter in
the retrovirus vector in bovine embryos (Kim et al.,
1993).

In conclusion, the results of this study show the
possibility of efficient transgenic cow production by
applying a nuclear transfer approach. Based on the
experiences and knowledge acquired from this
study, the same experiments will be continued
using the somatic cells of adult cow as nuclei
donors. This will provide a powerful research tool
for studying developmental events in domestic
animals and marked cell lines for other genetic
manipulations.
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