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ABSTRACT

The microinjection of retroviral vectors into the perivitelline spaces of MII-stage oocytes increased
production of transgenic bovine embryos. However, oocytes have various sizes of perivitelline space, and
there is the tendency that the oocyte membranes are damageable by micropipettes during the injection
of retroviral vectors into perivitelline spaces of oocytes. Thus, it was not always possible to stably inject
retroviral vector into perivitelline spaces of oocytes. Here we used sucrose to minimize the damage of
the oocyte membrane. When the oocytes were suspended in 0.5% sucrose, poor quality oocytes showed
rough cytoplasmic membranes, while good quality oocytes maintained smooth membranes. However,
when the latters were subjected to in vitro fertilization, no significant differences were observed in
cleavage rates (82% of control Vs. 84% of sucrose treated oocytes). The Same trends were obtained
from the oocytes fertilized after microinjection of LN 8-EGFP and LNC-hGH genes into the perivitelline
spaces. The rates of cleavage and blastocyst from microinjection of LN 8-EGFP genes were 81 and 25%,
and from microinjection of LNC-hGH genes were 83 and 30%, respectively. The result indicated that
microinjected oocytes could develop to the blastocyst stages after in vitro fertilization with no significant
difference from control group. Moreover, the integration of hGH-gene (by PCR analysis) was detected
in 52% of infected cleaved embryos and the expression of EGFP-gene (under a fluorescence microscope)
was also observed in 34% of infected blastocyst. These results indicated that 0.5% sucrose treatment
could be an efficient method not only to select good quality embryos but also to inject retroviral vectors

into perivitelline spaces without any harm and hence improving developmental rates.

1. INTRODUCTION

In the previous studies, microinjections of foreign
DNA into pronucleus were used for gene transfers
into various mammalian embryos, but their efficien-
cy were low in production of transgenic cattle and
other livestock (Wall, 1996). Thus the interest in

the production of transgenic animals by retroviral
vectors is growing. Several mosaic transgenic fetuses
were obtained by placing retroviral packaging cells
into the perivitelline spaces of bovine embryos, but
no live animals were produced (Haskell and Bowen
1995). However, the introduction of retroviral vec-
tor genes into metaphase I oocytes of the second

meiosis resulted in the higher probability of pre-in-
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tegration complexes gaining access to the chromatin
compared to the pronuclear injection (Chan et al.,
1998) and therefore, this method led to production
of transgenic cattles and monkeys (Chan et al., 1998
and 2001). Rescently, 3% sucrose pretreatment as
an efficient and non-damaging method could not
only easily remove the well-distinguished spindles
and chromosomes but also provide a method for
judging oocyte quality in nuclear transplantation
(Wang et al., 2001). Most mammalian cells respond
to hypertonic cell shrinkage and a phenomenon
known as regulatory volume increase (RVI) main-
taine cell volume. Borttner and Cidlowski (1996)
also reported that the absence of volume regulatory
mechanisms contributed to the rapid activation of
apoptosis in thymocytes. We hypothesized that when
hypertonic cytoplasmic membrane shrinkage was
induced by sucrose treatment, retroviral vector co-
uld be stably injected into perivitelline spaces of M
I stage oocytes and therefore, production of tran-
sgenic bovine embryos should be increased.
These experiments were carried out to investigate
the effects of sucrose pretreatment on morphology
of oocytes, in vitro development of microinjected
oocytes, and integration and expression of infected

embryos.

[I. MATERIALS AND METHODS

1. Preparation of Retroviral Vector

For Introducing gene sequences of retroviral vector
and vesicular stomatitis virus G glycoprotein (VSV
-G; Burns et al., 1993), 293mGPHy cells containing
the gag and pol genes were converted into
virus-producing cells (Kim et al., 2001). At first,
the virus-producing cell line (LN 8-EGFP or LNC
-hGH) was constructed by transfection of PG13 and
PT67 cells with plasmid pLN S-EGFP and pLNC
-hGH (Fig. 1), followed by selection with 600 s/
ml of G418 (Gibco/BRL) for two weeks (Milfer et
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Fig. 1. Structures of replication-defective retro-
viral vectors. LTR; long terminal repeat,
neo, G418 resistant gene, B-actin; rat 8
-actin promoter, EGFP; enhanced green
fluorescent protein gene, CMV; human
cytomegalovirus immediated early pro-
moter, hGH; human growth hormone
gene. Drawings are not to scale. The LN
B-EGFP and LNC-hGH plasmids were
constructed by replacing LacZ genes of
pLNCZ with the 368 bp EGFP and 345
bp hGH c¢DNA fragment, respectively
(Kim et al., 1993).

al., 1991). Secondly, to introduce VSV-G gene
which is equivalent to the retrovirus env gene, the
cells were undergone calcium phosphate transfec-
tion by adding 20 ug of plasmid pHCMV-G in 1 ml
of calcium phosphate solution to the Neo® (G418
resistant) 293mGPHy cells plated on the previous
day (1 x 10° cells/100 mm dish) (Yee et al., 1994;
obtained from Dr. Jane C. Burns). After 8 hours of
incubation at 37°C with 5% CO, in air, calcium
phosphate solution was aspirated to culture the cells
with 10 ml of medium. Because VSV-G is cytotoxic,
the medium containing retrovirus vectors was har-

vested after 48 hours of transfection.

2. Concentration of Virus

The medium harvested from the virus-producing
cells was centrifuged to pellet the viruses at 50,000
x g for 90 minutes at 4°C using vertical rotor
(Beckman 70Ti). Following complete removal of
supernatant after centrifugation, the pellet was

placed at 4C overnight with small volume of 0.1X



Hank's Balanced Salt Solution (HBSS) for suspen-
sion (Yee et al, 1994). For 1,000X concentration,
virus stock of the first concentration cycle was
pooled and centrifuged again. The concentrated
virus stock was filtered through 0.45 ym pore-size
filter before storage in aliquots at —70C.

3. In Vitro Oocyte Maturation

Ovaries were collected from a slaughterhouse and
the cumulus-cocyte complexes (COCs) were obtain-
ed by aspirating the follicles (2~6 mm in diameter)
by using a 10 ml disposable syringe fitted with an
18-gauge needle. The COCs were washed three
times with TL-HEPES (Parrish et al., 1988) and the
maturation medium, respectively. Ten COCs were
transferred into a 50 1 of maturation medium under
warm paraffin oil in a petri dish equilibrated for 2
hr at 39°C with 5% CO, and 95% air. The matura-
tion medium for bovine COCs was TCM-199 (Gib-
co, Grand Island, NY) supplemented with 25 mM
NaHCO;, 10% FBS, 0.2 mM pyruvate, 5 pxg/ml
FSH, 1 pg/ml estradiol-17 8 and 25 pg/ml genta-
mycine. Culture was carried out at 39°C with 5%
CO, and 95% air for 22~24 hr.

4. Microinjection of Retroviral Vector into
Perivitelline Space

For microinjection of retroviral vector, bovine
oocytes were recovered from maturation medium
after 17 hrs of incubation. These ococytes were
stripped of cumulus in TL-HEPES stock supple-
mented with 0.1% hyaluronidase and washed three
times in TL-HEPES containing 0.1% BSA. The
micromanipulation medium was modified TCM-199
(mMTCM-199) supplemented with 0.2 mM pyruvate,
0.5% sucrose, 15 mM Hepes, and 10% FBS. Vector
stock (X 1000) was concentrated to 3x10° G418
resistant colony forming units/ml on the EBTr
(bovine trachea target cell), to permit microinjection

of picoliters. All of them were microinjected while

maintained in droplets of their respective handling
medium (mTCM-199) under paraffin oil. When swell-
ing of the zona pellucida was observed, microinjec-
tion was stopped. Although it was impossible to
assess exactly what volume of solution was injected
or retained into the perivitelline space after micro-
injection, the degree of swelling suggested that~10
to 100pl was introduced into the perivitelline space.

5. In Vitro Fertilizaion (IVF)

Matured and microinjected oocytes were washed
twice with Fert-TALP (Rosenkrans et al., 1993)
and then ten oocytes were transferred into a 44 pl
of Fert-TALP droplet under paraffin oil. Insemina-
tion was achieved by adding a motile fraction of
frozen-thawed bull sperm selected by discontinuous
percoll gradient with a final sperm concentration of
2x10° cell/ml. Then 2 4l of heparin stock solution
to induce sperm capacitation and 2 ! of PHE stock
solution (2mM Phenicillamine, 20 M hypotaurine
and | #M epinephrine) to stimulate sperm motility
were added into a Fert-TALP droplet. Sperm and
oocytes were coincubated in a 50zl drop of Fert
-TALP under paraffin oil at 39°C for 24 hrs and
5% CO; in humidified atmosphere.

6. In Vitro Culture (IVC)

After 24 hrs insemination, the inseminated oocy-
tes were stripped of any adherent sperm and trans-
ferred to the drops of culture medium, CRlaa
(Rosenkrans and First, 1993) supplemented with 3
mg/ml fatty-acid-free BSA, 20 ¢l/ml MEN essential
amino acid, 10 xl/ml MEN non-essential amino acid,
0.44 gg/ml Na pyruvate, 1.46 pg/ml glutamine, 25
pg/ml gentamycine under liquid paraffin at 39°C in
5% CO; in air. Following culture for 48 hrs, all
embryos were co-cultured with bovine oviduct
epithelial cells in 500 xl of CRlaa containing 10%
FBS for 4 days at 39°C in an atmosphere of 5%

CO; in air.
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7. Investigating the EGFP Expression in the
Embryos

The expression of EGFP in blastocyst placed in
a microdrop of TL-HEPES medium (Sigma) was
observed under the fluorescence microscope using
an FITC filter.

8. PCR Analysis of Single Embryo

Embryos for PCR analysis were washed three
times in sterile saline solution before transferring
into a 0.2 ml PCR tube with 5zl of autoclaved,
deionized water. Embryo samples were stored at —
20°C until PCR analysis. Before PCR analysis,
embryo samples were subjected to repeated freezing
in liquid nitrogen and thawing at room temperature
for three times. Each reaction material contained
1~2 ¢l ¢DNA solution, 50 picomol of each primer,
5 ul of 10 Ex Taq buffer, 8 u#l of 25 mM dNTPs
and 0.5 ¢l Ex Taq. The primer used for amplifica-
tion of the hGH —specific sequences were as
follows: 3'-GACAACCTCCCACGACCTTAT -5
(5' primer) and 3'-AGTCCTTCCTGTA CCTG-
TTCC -5 (3' primer), which yielded a 345-bp
fragment. The final volume of the PCR reaction
was 50 ] and the amplification cycle was thirty
-five cycles of 94°C for 30 sec, 58°C for 30 sec and
72°C for 30 sec. After 35 cycles, PCR products

were separated on a 1.7% agarose gel.

9. Statistical Analysis

The data from at least three replications were
pooled. Differences in the percentages of oocytes
developed to particular stages were estimated by

Student's t-test.

. RESULTS

1. Morphological Classification Oocytes
By the treatment of 0.5% sucrose, oocytes were

classified into two groups: oocytes with smooth
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Fig. 2. Morphology of bovine oocytes treated
with 0.5% sucrose after 17 hrs incubat-
ion in maturation medium. A; Qocytes
before 0.5% sucrose treatment (X 100),
B; Oocytes after 0.5% sucrose treatment
(X100), C; Good quality oocytes (X
100), D; Poor quality oocytes ( x100), E;
Good quality oocyte (X200), F; Poor
quality oocyte (x200).

plasma membranes and oocytes with rough plasma
membranes (Fig. 2). Oocytes with smooth plasma
membranes were regarded as good quality oocytes
and retroviral vectors could be safely injected in
their perivitelline spaces because of proper increase
of perivitelline spaces by sucrose treatment. Accor-
ding to these results, good quality oocytes were

only used in present studies.

2. Effects of Sucrose Treatment on In Vitro
Fertilization of Oocytes

Oocytes were pretreated in mTCM-199 medium
containing 0.5% sucrose and then subjected to in
vitro fertilization. As shown in Table 1, the cleav-

age rates of sucrose non-treated and treated oocytes



Table 1. Effect of sucrose treatment on cleavage of oocytes after in vitro fertilization

Treatment No. of oocytes used No.(%) of selected No. of oocytes used No.(%) of

on oocytes for treatment oocytes for IVF cleaved oocytes
Control - 148 121(82)°
0.5% sucrose* 216 153(71) 153 128(84)°

" Matured oocytes were selected by the treatment in mTCM199 medium including 0.5% sucrose.

® Values with same superscripts within column mean no significant difference.

were 82 and 84%, respectively, with no significant
difference. This result showed that the treatment of
bovine M1 oocytes with medium containing 0.5%

sucrose was non-damaging.

3. Effects of Sucrose Treatment on In Vitro
Fertilizaiton and Development of Qocytes Injected
with Retroviral Vector

Retroviral vectors were microinjected into the
perivitelline spaces of oocytes. The rates of cleav-
age and blastocyst in microinjection of LN 8-EGFP
genes were 81 and 25%, and in microinjection of
LNC-hGH gene were 83 and 30% (Table 2 and
Table 3) and there was no significant difference
(p<0.05) between contro! and microinjection group.
Therefore, these results showed that embryos in-
fected by retroviral vector after treatment of 0.5%

sucrose could develop to blastocyst stage with no

Table 2. In vitro development of embryos in-
jected with retroviral vectors, LN S
-EGFP into perivitelline spaces of bo-
vine oocytes

No.(%) of -

Treatment No. of No.(%) of

on oocyt t cleaved blastocysts
oocytes  oocytes embryos Ccys
Control 10° 77(75)° 24(23)°
0.5% sucrose* 15° 124(81)° 38(25)b

" Matured oocytes were selected by the treatment in
mTCM199 medium including 0.5%sucrose.

* Values with same superscripts within column mean
no significant difference.

Table 3. In vitro development of embryos in-
jected with retroviral vectors, LNC
-hGH into perivitelline spaces of bo-
vine oocytes

No.(%) of

Treatment  No. of No.(%) of
cleaved
on oocytes  oocytes blastocysts
embryos
Control 10° 84(77)° 25(23)°
0.5% sucrose* 19 164(83)" 59(30)°

" Matured oocytes were selected by the treatment in
mTCM199 medium including 0.5% sucrose.

b . . g
* Values with same superscripts within column mean
no significant difference.

significant difference from control group.

4. Integration and Expression of Foreign Gene
in Embryos Microinjected with LN A-EGFP and
LNC-hGH Genes into Perivitelline Spaces

Fig. 3. Representative microscopic images of the
day 7 blastocyst developed from the oo-
cytes microinjected with LN B-EGFP
after 0.5% sucrose treatment. A; Light
stereomicroscopic image, B; Fluorescence
microscope image under the EGFP
excitation light.
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Embryos developed to blastocysts after microin-
jection of LN B-EGFP and LNC-hGH genes into
perivitelline spaces of oocytes were investigated to
confirm the integration and expression of foreign
DNA. As shown in Fig. 3 and Fig. 4, 34% (13/38)
of blastocysts infected by LN S-EGFP was obser-
ved under fluorescence microscope using a standard
FITC filter set. No mosaicism was shown. As
shown in Fig. 4 and Fig. 5, 52% (50/96) of cleaved

Expression rate (%)
Integration rate (%)

Biastocysts Cleaved embryos

‘mLng-EGFP | [QNC-nGH |

Fig. 4. Expression and integration rates in bo-
vine embryos developed from oocytes mi-
croinjected with LN 8-EGFP and LNC
-hGH. Expression of EGFP-gene was ob-
served under fluorescence microscope in
34% (13/38) of infected blastocysts. Inte-
gration of hGH gene was detected by
PCR analysis and 52% (50/96) of cleaved
embryos were infected.

Fig. 5. PCR analysis of bovine embryos devel-
oped from oocytes after microinjection of
LNC-hGH into perivitelline space. Lanes
1~14; LNC-hGH injected embryos, M;
100bp molecular size marker, P; positive
control, N; negative control (non-injected
bovine embryo).
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embryos infected by LNC-hGH were also detected
by PCR analysis. Therefore, these results indicated
that although microinjected oocytes were pretreated
in mTCM-199 medium containing 0.5% sucrose,
retroviral vector genes were introduced into bovine

embryos.

IV. DISCUSSION

Sucrose has been widely used, particularly in
embryo cryopreservation and nuclear transfer (Rall,
1987; Collas and Barnes, 1994). Its safety for fur-
ther embryo development were also proven (Saito
et al., 1994). Agca et al. (2000) reported oocytes at
the M stage were no more sensitive to anisotonic
stress than GV oocytes. Moreover, 11% of poor
quality Ml oocytes could be selected by 3% su-
crose treatment in mice (Wang et al., 2001).

The objective of this study was to investigate the
effects of sucrose treatment on the morphology of
oocytes, in vitro development of infected embryos
and the integration and expression of foreign DNA
microinjecited into perivitelline spaces of oocytes.
When the oocytes were treated with medium con-
taining 0.5% sucrose, non-harmful effect was obser-
ved and they were morphologically classified into
two groups, good and poor quality oocytes. The
former maintained smooth plasma membranes, but
the latter showed rough plasma membrane and
enlarged perivitelline space. Actually, about 71%
were selected as good quality oocytes after 17hr
incubation with 0.5% sucrose (Table 1). According
to these results, good quality oocytes could be
selected for the injection of retroviral vectors into
perivitelline spaces. Same trends was obtained from
the oocytes fertilized after microinjection of LNB
-EGFP and LNC-hGH into perivitelline spaces and
no significant differences were observed in cleavage
rates between control group and microinjection
group (Table 2 and Table 3). Therefore, these re-



sults indicated that treatment of bovine MII
oocytes with medium containing 0.5% sucrose was
a stable method for microinjection of retroviral
vectors into perivitelline spaces and the embryos
infected by this method could develop to blastocyst
stages with no significant difference from the
control group.

Saito et al. (1994) reported that the use of sucrose
could induce the shrinkage of the cell. Bortner and
Cidlowski (1996) indicated that the absence of vol-
ume regulatory mechanisms contribute to the rapid
activation of apoptosis in thymocytes. Hyperosmotic
shock induced both activation and translocation of
glucose transporters in mammalian cells (Barros et
al., 2001). Furthermore, recent work showed that
apoptosis was detected in in vitro immature and
matured oocytes (Matwee et al., 2000). These
reports suggested that the proportion of apoptosis in
oocytes of poor quality would be higher than that
in good quality oocytes. Thus we obtained these
results that in vitro development of selected oocytes
after microinjection of retroviral vector could devel-
op to blastocyst stage with no significant difference
from the control group. Morcover, as compared
with the previous report in which the expression
rate of foreign DNA in oocytes and zygote microin-
jected with LacZ-gene into perivitelline spaces were
56 and 22%, respectively (Chan et al., 1998), gene
transfer efficiency of foreign gene in bovine oo-
cytes selected by sucrose treatment was similar as
shown in Fig. 4.

From the results obtained in present studies, it
could be the fact that good quality bovine M
oocytes was selected by medium containing 0.5%
sucrose, retroviral vectors were injected into perivi-
telline space increased by sucrose without damage
and bovine embryos infected by retroviral vectors
could support further developing to term. Therefore,
this method will provide a powerful research tool

for studying microoperation in other animals.
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