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[. INTRODUCTION

Recent advances of in vitro maturation (IVM)
(IVF) system in

animals have considerably increased the avail-

and fertilization livestock

ability of the embryos for the artificial manipu-
lation of early embryo, such as production of
clone and transgenic animal. However, in the
pig, the progress toward efficient IVM /IVF

has been limited due to a high incidence of

744 (Ammal Livestock Research Insti

1994 Funahashi et al., 19
1996e), and low incidences of
1993)
of n vitro developmemt of embryos at the early
stages (Funahashi et al., 1994: Kim et al., 19
96b). Kubisch et al. (1995b) demonstrated the

developmental incidence of DNA microinjected

polyspermy (Nagai,
.

95

male pronuclear formation (Yoshida et al.,

Kim et al.,

IVM /IVF derived porcine embryos reaching to
the blastocyst was less than 3% with very high
mosaicism,

Very recent studies have succeeded in the im-

tute, Rural Development Administration)



proving porcine [VM /IVF system. Maturing
oocytes in NCSU23 medium and preincubation
of oocytes with oviductal fluid have shown to
decrease the polyspermic penetration and in-
crease embryonic development following IVFEF
(Funahashi et al., 1996; Kim et al., 1996a,c). In
addition, Pollard et al. (1995) reported that dual
cuture system for the porcine embryo signifi-
cantly improved in vitro development of embryos
to the blastocyst and hatched blastocyst stages.
The objective of this study is to evaluate devel-
opmental ability s witro and transgene expr-
ession of porcine embryos by improved VM /
IVF system.

. MATERIALS AND METHODS

1. In vitro maturation and fertilization

Prepubertal porcine ovaries were collected
from a local slaughterhouse and transported to
the laboratory at 35~39%C in Dulbecco’s phos-
phate buffered saline supplemented with 5.54
mM D-glucose, 0.33 mM sodium pyruvate, 75
mg /ml potassium penicilin G and 50 mg/ml
streptomycin sulphate (mDPBS). Oocyte-cumu-
lus-complexes (OCC) were aspirated through an
18-gauge needle into a disposable 10 ml syringe
from follicles 3 to 6 mm in diameter and washed
three times with TL-HEPES medium. Groups of
50 OCC were matured in 5004 of NCSU 23 me-
dium supplemented with 10% porcine follicular
fluid, 0.6 mM cysteine, 10 1U/ml pregnant
mare’s serum gonadotrophin (Sigma, USA) and
10 IU /ml human chorionic gonadotrophin (Sig-
ma) under paraffin oil at 39C for 44 h. After
maturation, oocytes were incubated with sperm
at a final concentration of 5x10° cells /ml for 6

h at 397 in an atmosphere of 5% CQ, in air.

2. Embryo manipulation and DNA microinjec-

tion

Embryo manipulations were performed in
TL-HEPES medium. Zygotes were pipetting for
several times to remove the cumulus cells and
centrifuged at 15,000 rpm for 5 mun to displace
cytoplasmic lipids. The 5.5 kb SV40-Lac Z gene
and 5.5 kb MT-1 /gGH gene was isolated from
vector sequences by Pst 1 digestion and EcoR
I /Hind I digestion, and was used for DNA
microinjection. Microinjection was performed
under DIC optic on an inverted microscope (Zeis:
s) fitted with a micromanipulator (Leitz) at
18~20 h after IVF. Appoximately 1~2 pl con-
taining 1~2 wg /ml of DNA solution was injec-
ted into the male pronucleus of the one cell em-

bryos.

3. In vitro embryo development

One group of DNA injected embryos was tran-
sferred to 500  of fresh NCSU23 with 0.4 %
BSA (Fraction V, Sigma) and cultured for 9
days. Another group of injected embryos was
cultured in NCSU23 medium for 4 days, and
then transferred into a Eagle's minimal essential
medium (EMEM) at the morula stage for an ad-
ditional 5 days at 39¢C in an atmosphere of 5%
CO, in air, EMEM was prepared described by
Pollard et al. (1995) and contained 4g /1 glu-
cose, 2x non-essential MEM-amino acids (Gib-
co), 2x MEM-vitamins (Gibco), 8.2mg /1 insu-
lin (Sigma) and 20% (v /v) FCS (Gibco).

4. X-gal staining

A histochemical staining procedure for E. coli
B-galactocidase activity was used to detect ex-
pression of microinjected LacZ gene. Embryos
were rinsed three times with PBS (pH 7.2) and
then fixed for 10 min at 4°C with 0.25% glutaral-
dehyde in PBS. After six times washes in PBS,
the embryos were incubated in staining solution
consisting of 0.04% 5-bromo-4-chloro-3-indolyl-8
-D-galactopyranoside (X-gal, Sigma), 1 mM Mg-
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Cl;, 10 mM potassium ferricyanide, and 10 mM

potassium ferrocyanide in PBS,

5. PCR

Transgenic embryos were identified by using
PCR analysis with following gGH specific prim-
ers: 5-TCAGACTTGGAGCTGCTTCGC and
anti 5-GCGACACTTCATGACCCTCAG. The
primers were selected based on GC content. The
mixture was consisted of 10 mM Tris-HC] (pH
8.4), 1.5 mM MgCl,, 50 mM KCl, 0.2 .M of
each four deoxynucleotides (dANTP), 1 xM of
each primers and 1.5 unit of Taq polymerase
(Boehringer Mannheim, Germany), PCR analy-
sis was performed by using an automated tem-
perature cycler (Ericomp, Inc., USA). Amplifi-
cation was repeated for 30 cycles following the
first cycles: denaturation at 95 for 5 min, an-
nealing at 60°C for 1 min and extension at 72¢C
for 3 min. The repeated cycles were continued
for another 30 cycles with 95C for 1 min, 60°C
for 1 min and at 72°C for 2 min. The PCR reac-
tion was terminated with a 10 min extension re-
action at 72°C. The PCR products were separat-
ed electrophoretically in an 0.8% of agarose gel
and photographed under ultraviolet light.

6. Statistical analyses

Statistical analyses of data from at least three
replicate trials were carried out by analysis of
variance (ANOVA) and Fisher’s protected least
significant difference test. The percentage data
were subjected to arcsine transformation before
statistical analysis. Probability of P<0.05 was
considered to be statistically significant.

. RESULTS

1. In vitro embryo development after DNA
microinjection

Pronuclei were visible in 60.3% zygotes when
examined between 18 and 21 h after IVF. In
80% of them, 1 and 2 pronuclei could be seen.
The remaining 20% of embryos were found to
contain more than 2 pronuclei. Among microin-
jected embryos, 412 embryos were cleaved. Per-
centages of DNA microinjected embryos and
non-injected embryos that developed to the blas-
tocyst or hatched blastocyst stage in dual cul-
ture systems (NCSU23 and EMEM) were sig-
nificantly higher than those in NCSU?23 medium
alone (Table 1, P<0.05). The procedure of mic-

Table 1. Effect of DNA microinjection on development of IVM/IVF embryos the during 9 days of

culture in NCSU-23 alone or NCSU23-EMEM

Culture No. of No. (%) of embryos developed to
. embryos -
Treatment medium . lcell  2cell  dcell  8cell Morula Dlastocyst Hatching &
examined (BL) hatched BL
Injected NCSU23 232 32 (13.8)42 (18.1)48 (20.7) 69 (20.7)20 ( 8.6) 21 ( 9.1)*° 00 )
NCSU23
180 20 (11.1)21 (11.7)38 (21.1) 41 (22.8)25 (13.9) 31 (17.2)° 4 (2.
EMEM ( ( ) ( ) (2.2)
Subtotal 412 52 (12.6)63 (15.3)86 (20.9)110 (26.7) 45 (10.9) 51 (12.4) 4 (0.9)
Non- NCSU23 226 10 ( 4.4)20 ( 8.8)40 (17.7) 66 (29.2)43 (19.0) 47 (20.8)° 00 )
injected  NCSUZ3 0 9 (13020 ( 9.6)32 (15.4) 48 (23.1)25 (12.0) 64 (30.8) 10 (4.8)
-EMEM
Subtotal 434 19 ( 4.4)40 ( 9.2)72 (16.6) 114 (26.3) 68 (15.7) 111 (25.6) 10 (2.3)

2k P<(.05, “¢ P<0.05
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roinjection decreased in vitro development of
embryos to the blastocyst stage in both culture
systems (P<0.05).

2. Expression of microinjected gene

The expression rates of the exogenous LacZ
gene microinjected embryos were summarized in
Table 2. The proportions of embryos expressed
LacZ were 40.0, 42.9% at the morula and blasto-
cyst stages, respectively. But, non-injected em
bryos showed no staining throughout the preim-
plantation development. Most of embryos ex-
pressing transgene were mosaics (Table 2).
After X-gal staining, the embryos showed blue

Table 2. The expression of LacZ gene after 9 days of culture follo

Stage of embryos No. of embryos

examined examined
Morula 40
Blastocyst 42

with various degrees of intensity. For example,
blue spots were observed in the cytoplasm of
some blastomeres (Fig. 1).

PCR analysis of whole embryos following mic-
roinjection demonstrated that microinjected
MT-gGH gene were integrated into the chrom-
osome of embryos. The specific band for gGH
gene were generated from all embryos at the
2~8 cell stages (Fig. 2A) but were not generat-
ed from half of embryos at the morula and blas-
tocyst stages (Fig. 2B). Integration rates were
100% at the 2~ 8cell stages and 45, 44.5% at the
morula and blastocyst stages, respectively (T-
able 3).

No. (7%)W(;fré;rrlbryc;7 7 N:.A(O/;) of
expressed LacZ gene mosaicism
16 (40.0) 14 (87.5)
18 (42.9) 18 (100)

Fig. 1. The g-galactosidase detection by X-gal staining at the morulae and blastocyst stages ( x

400 and x 200).
A. morulae, B. blastocyst
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Fig. 2. Detection of microinjected gGH genes in individual embryos.
PCR products were applied individually on the wells of 0.8% agarose gel and visualized
under ultraviolet light after staining with ethidium bromide.

Table 3. PCR analysis of porcine embryos injec-
ted with gGH gene (%)

Stage of embryos Embryos containing

examined gGH gene
2-cell 25 /25 (100)
4-cell 25 /25 (100)
8-cell 25 /25 (100)
Morula 9/20 ( 45)
Blastocyst 8/18 ( 44.4)

IV. DISCUSSION

In this study, we found a relatively higher
rate of in vitro development of [VM-IVF porcine
embryos microinjected with foreign gene upto
the blastocyst stage. The rate was significantly
higher than the previous data reported by Kub-
ish et al. (1995b). The reason why we got the
higher rate might be caused by using different
culture medium, NCSU23, for oocyte maturation

and in vitro culture of IVM-IVF derived zygotes
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in this experiment. The NCSU medium has been
developed for the in vitro culture of porcine em-
bryos by Petters and Wells (1993). A major dif-
ference of NCSU23 from other media is the pres-
ence of organic osmolytes, such as taurine,
hypotaurine and sorbitol. Recently it was known
that the addition of organic osmolytes to the
maturation medium enhanced cytoplasmic matu-
ration which was reflected by glutathione con-
tent and cytoskeleton assembly of ococytes at
the end of maturation and by developmental
rate to the blastocysts. (Funahashi et al., 1996;
Kim et al., 1996d,f). Therefore, our data sugges-
t that adoptation of a modified medium for ooc-
yte maturation as well as in vitro culture of em-
bryo may improve developmental competence
and following microinjection of foreign DNA.

It has been demonstrated that the simple cul-
ture media containing BSA can support the de-
velopment of pig zygote to the blastocyst stage
(Menino and Write, 1982; Beckmann and Day,
1993), but limited to the continued development



and hatching of cultured blastocysts. Recently,
Pollard et al. (1995) found the marked increase
in developmental incidence of zygotes to the
expanded or hatched blastocysts in which zygot-
es were cultured in CZB to the morula stage and
in pig-MEM for an additional 72 h. In the pres-
ent study, although we used the different cul-
ture medium, we also observed the increase in
the incidence of development to the hatched
blastocysts.

It has been known that microinjection of for-
ign DNA into the porcine embryo decreased the
developmental rate to the blastocyst as compar-
ed to the control (Hammer et al., 1986; Hajdu,
1994). Further more, the microinjection of DNA
itself was more detrimental to embryos compar-
ed with buffer injected embryos. These results
suggest that chemical and /or physical contami-
nation of the DNA preparation were being inter-
grated into vital regions of the genome in such
way that embryonic development was inhibited
(Williams et al., 1992). In this study we dem-
onstrated that the exogenously introduced SV
40-lacZ gene was expressed in morula and blas-
tocyst with extremely high incidence of mosaic-
ism. This finding was consistant with a previous
report by Kubish et al. (1995b) who observed
that the genes could be transferred into in vitro
generated porcine embryos with predominantly
mosaic. The exact mechanism by which DNA
microinjection causes mosaicism i1s not known.
It has been suggested that such mosaicism res-
ults from the regulatory events controlling tran-
scription or translation that can silence ex-
pression selectively in some blastomeres and not
in others (Steven et al., 1989:; Kothary, 1989;
Takeda and Toyoda, 1991), however, Burdon
and Wall (1992) observed a mosaic distribution
of an injected gene construct after PCR analysis
of individual mouse blastomeres. Powell et al
(1992) showed that bovine zygote have a high
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ability to generate large ligation products from
cytoplasmically injected DNA, Such concatamer-
ization might ultimately lead to circularization
which could make the exogeneous DNA more re-
sistance to exonuxleolytic degradation and likely
to be asymmetrically distributed at cell division
(Bevilacqua et al., 1992:; Kubish et al., 1995a).
Therefore, nonintergrated DNA may be transi-
ently transcribed in the embryos and subsequen-
tly degraded as development progresses (Kubish
et al., 1995b).

In conclusion, our results suggest that IVM
/IVF porcine embryos may be able to develop
in culture and express a microinjected transgen-
e. Such as other species, transgenic embryos ap-
pear to be predominantly mosaic which is likely
to be a significant obstacle to increasing the ef-

ficiency of generating transgenic pigs.

V.SUMMARY

In the present study, we investigated devel-
opmental ability and transgene expression of
IVM /IVF derived porcine embryos following
microinjection with SV40-LacZ. A total of 412
IVM /IVF derived embryos were used to exam-
ine developmental ability and transgene ex-
pression following DNA microinjection. After
centrifugation, pronuclei were visible in 60.3%
when examined between 18~21h after [VF, De-
velopment and transgene expression were asses-
sed after 9 days in culture. The percentages of
injected embryos reaching to the morula and
blastocyst were significantly lower (P<(.05)
than those of non-injected control embryos,
However, the percentages of DNA microinjec-
ted embryos and non-injected embryos that de-
veloped to the blastocyst or hatched blastocyst
stage in dual culture systems (NCSU23 and
EMEM) were significantly higher (P<0.05)
than those in NCSU23 medium alone. As the re-



sult of X-gal staining, the proportion of positive
embryos was 40~43% in morula and blastocyst
stage embryos, however, mosaicism has been
observed in the most putative transgenic mor-
ulae and blastocysts. In the PCR analysis, the
percentages of embryos integrated gGH gene
were 45.0 and 44.4% in morula and blastocyst
stage, respectively. These results suggest that
improved IVM /IVF system and culture con-
dition increased the embryo viability and ex-

pression of a microinjected transgene.
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