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commercial and experimental interst in cattle

[. INTRODUCTION production and breeding. The i#n vitro techniques

related to IVM, IVF and in vitro culture(IVC)

Embryo cloning by nuclear transfer (NT) is a are now provided a great potential for the pro-
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duction of large numbers of embryos in ET in-
dustry and NT procedures (Leibfried-Rutled-
ge et al., 1989). To date, the IVM oocytes and
IVF embryos have been effectively utilized as
the sources of recipient cocytes or donor nuclei
for the bovine NT, respectively (Barnes et al.,
1993; Yang et al., 1993). It has been also rep-
orted that the proportoin of blastocyts obtained
from the IVC of bovine NT embryos is almost
similar to that obtained through sheep oviducts
(Chesne et al., 1993). However, the overall ef-
ficiency of NT procedures is still low and the in-
formation on factors determining NT efficiency
is also restricted (Prather et al., 1989). Among
these factors, the problems in relation to the
causes of low oocyte activation and enucleation
effeciency of the recipient oocytes (Leibfried-
Rutledge et al., 1992: Westhusin et al., 1992)

and low subsequent development of fused ooc-

ytes remains a key of inadequate NT steps (Mor-

aghan et al., 1992). Recently, these steps have
been greatly improved by the use of aged ooc-
ytes as recipients (Ware et al., 1989: Sims et
al., 1991: Barnes et al., 1993; Yang et al,, 1993)
and by the electrofusion techniques (Willadsen,
1986; Prather et al.,, 1987; Clement and Brem,
1989). On the other hand, several new approac-
hes have demonstrated that the efficiency of
oocyte enucleation and the oocyte activation in
NT embryo development in vitro could be simul-
taneously improved through the delay of elec-
trofusion to 12~20h after enucleation at 20-24h
of IVM for oocyte aging (Sims et al., 1991:
Yang et al., 1993: Heyman et al., 1994; Chung

et al., 1995: Tsunoda et al,, 1996). In these stud-

ies, the transfer of donor blastomeres into the
enucleated oocytes was performed immediately
after enucleation or after further aging of the
recipient oocytes. In our previous study (Chung
et al., 1995), we have observed that blastomere

divesion arised somtimes during the additional

culture prior to fusion as assumed by Yang et al.
(1993) and resulted in low NT efficiency (un-
published data). In addition, the current method-
s for electrofusion in bovine NT procedures
greatly vary according to the investigators, es-
pecially 0.7~1.3kV /cm in a DC field strength
(Heyman et al., 1994; Chung et al., 1995: Tsun-
oda et al., 1996) and 20~70 wsec in DC pulse dur-
ation {Clement-Sengewald et al., 1992; Yang et
al., 1993; Chung et al., 1995). This study was
conducted to investigate the effect of transfer
time of donor blastomeres on the rates of fusion
and subsequent development of reconstituted
oocytes and determine the optimal condition of
electrofusion using IVM oocytes and IVF donor

nuclei.

. MATERIALS AND METHODS

1. Recipient oocytes

Ovaries of the Korean native cattles were
obtained at an local abattoir within 30min of
slaughter and transferred to the laboratory with
in 2h in a thermos of 30~35%C saline solution,
Cumulus-oocyte complexes (COC) were aspir-
ated from 2~6mm follicles in diameter using a
10-ml disposable syringe with a 18-G needle and
pooled in a 50-ml conical centrifuge tube. The
COC were washed 3 times through 25mM Hep-
es-buffered TCM199 (Gibco, USA) containing
10%FCS and antibiotics. Only intact oocytes
with unexpended dense cumulus layers and nor-
mal cytoplasm were chosen for IVM culture, Fif-
teen to 20 cocytes were cultured in a 500z drop
of TCM199 supplemented with 10%FCS, hor-
mones (5ug /ml FSH, 101U /ml HCG, 1gg/ml
estradiol-178) and antibiotics under the co-cul-
ture with granulosa cells (1x10°cells /ml) in a
humidified incubator with an atmosphere of 5%
CO, in air. After 23~24h of IVM, all oocytes

were stripped of cumulus cells by vortexing for
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app. 2min in DPBS containing 0.25% hyaluroni-
dase and by gentle pipetting. The stripped coc-
ytes having a polar body (PB) were used for

preparing recipient cytoplasm.

2. IVF donor embryos

Donor embryonic blastomeres were obtained
from 16~32-cell stage embryos produced by
IVM and IVF cocytes. The IVM was performed
by the same method with that for recipient ooc-
ytes. For IVF, frozen-thawed sperm from two
Korean native bulls were capacitated with caf-
feine and heparin according to the procedure of
Niwa and Oghoda (1988) and 15-20 matured ooc-
ytes were transferred into a 200, sperm microd-
rop with concetration of 1~2x10° sperm /ml
under paraffin oil. After 18h of incubation with
sperm, the IVF oocytes were co-cultured in the
development medium containing bovine ovid-
uctal epithelial cells (BOEC) prepared accord-
ing to Eystone and First (1989) for further dev-
elopemnt to 8~16-cell stage.

3. Micromanipulation of embryos and cocytes

Micromanipulation for NT was essentially
done according to the non-disruptive procedure
of McGrath and Solter (1983) using an inverted
microscope (Diaphot, Nikon, Japan) equipped
with a Norishige micromanipulator system. Do-
nor embryos were treated with 0.5% pronase for
zona removal and then placed in DPBS contain-
ing 4% BSA and 7.5ug /ml cytochalasin B. The
blastomeses of donor embryos were separated
by gentle pipetting or aspiration with a micropi-
pette. Recipient oocytes were enucleated at
24~25h after the onset of IVM. The PB and a
small amount of cytoplasm adjacent the PB was
aspirated into a enucleation micropipette and
then checked using Hoechst 33342 whether met-
aphase chromosome is present in the removed

cytoplasm. The enucleated oocytes were incub-

ated for an additional 18-20h prior to fusion to
serve as a recipients. The isolated blastomeres
from each donor were randomly allotted to the
recipient oocytes and was placed in the perivit-
elline space of the enucleated oocyte with the
same pipette through the slit made on the zona
during the enucleation. The transfer time of
blastomeres was assigned to two treatments ; at
1-3h post-enucleation (early group) and 16~18h
post- enucleation (late group), respectively.

4. Electrofusion and in vitro culture

At 43~45h of IVM, the reconstituted oocytes
were transferred to a fusion chamber in 0.3M
mannitol solution containing 0.1mM MgSQ,, 0.
05mM CaCl, and 0.05mg /ml BSA and aligned
by a short AC (6V, 6sec). Fusion was induced
by a single DC pulse of 0.75kV/cm and 1.
0kV /cm for 70usec, respectively or a DC pulse
of 0.75kV /cm for 50, 70 and 90gsec, respect-
ively according to the experimental design. Elec-
trostimulation was provided by an electro cell
manipulator (BTX 200, USA). After electrof-
usion, the NT embryos were transferred to
TCM199 containing 10%FCS and monitored
after 1~2h for the fusion, The fused embryos
were co-cultured in a BOEC monolayer estab-
lished 2~3 days previously by flushing slaugh-
terhouse oviducts to observe the cleavage and

development to morula and blastocyt stage.

[. RESULTS AND DISCUSSION

1. Effect of transfer time of donor nuclei

As shown in Table 1, the effect of NT time
was compared between two groups (early and
late NT). The late NT group was designed to
remove problem that the inserted blastomeres
may be divided during awaiting period before
fusion in the early group. The cleavage rate and

the proportion of 8- to 16-cell embryos in the



Table 1. Effect of transfer time of donor nuclei on fusion and cleavage of reconstituted oocytes

- _ ,
Time(h) No. (%) of oocytes

No. (%) of embryos cleaved to

fused /pulsed

26 /32(81.0)
101/120(84.2)

Early(24~26)
Late (42~44)

2~4-cell 8~16-cell Total
9 4(15.4) 13(50.0)
49 29(28.7) 78(77.2)

Time after onset of IVM.

Electrofusion : a single 0.75kV /cm DC pulse of 70gsec duration at 43-45h post-1VM.

late group greatly increased more than those in
the early group. However, the fusion rate did
not differ between two groups. In this exper-
iment, such a evidence of the difference in
cleavage rates was not detected, but we could
observed that the frequency of blastomere div-
ision tended to be greatly reduced in the late
group (data not shown). Until recently, most of
NT experiments has involved the use of aged
oocyte as nuclear recipients, To solve the prob-
lem that the enucleation elficieny of recipient
bovine oocyte decreased with oocyte age, new
approach has been demonstrated by Yang et al.
(1991, 1993) who performed (a) enucleation and
NT immediately after IVM and conducted elec-
trofusiom 6 or 18h later or (b) enucleated after
IVM and cutured for an additional 18~20h be-

fore NT and fusion. According to the (a) met-
hod (Westhusin et al., 1991: Park et al., 1994.
Heyman et al., 1994: Chung et al.,, 1995) and
(b) method (Sims et al., 1991: Kim et al., 1993:
Yang et al., 1993: Tsunoda et al., 1996), high
M+B devolopment rates have been obtained.
The results from the late group in this exper-
iment agreed with those of these previous rep-
orts. Qur results indicate that as suggested by
Yang et al. (1993), the methods of late NT may
be useful to not only capitalize both the high
enucleation and oocyte activation but also easy

the NT procedures.

2. Effect of DC voltage and pulse duration
The 2 experiments (Table 2 and 3) were con-

ducted to further improve the results of Table

Table 2. Effect of electric voltage on fusion and in vitro development of reconstuted oocytes

DC voltage No. (%) ;>f oocytes No. (%) of embryos developed to

(kV /cm) fused /pulsed o~d4cell  8~l6cell M+B Total

0.75 34 /43(79.0) 0 9 6(17.6) 25(74.0)
1.0 15 /17(56.0) 1 3 100.1) 8(53.0)

Electrofusion : a single DC voltage for 70usec.

Time of NT and fusion : 42-44h post-IVM and 43-45h post-IVM, respectively.

Table 3. Effect of pulse duration on fusion and in vitro developement of reconstituted oocytes

Duration No.(%) of oo&és No. (%%) of embryos developed to

(u sec) fused /pulsed 2~4~cell  8~16~cell M+B Total
50 31/35(85.7) 13 5 7(22.6) 25(80.6)

70 29 /33(87.7) 10 5 6(20.7) 21(72.4)
90 35/39(89.7) 12 6 5(14.3) 23(65.7)

Transfer time of nuclei and electrofusion condition : see footnote in Table 1, except pulse duration,
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1. The NT and fusion was done 42~44h
post-IVM and 43~45h post-IVM, respectively.
In Table 2, higher fusion, cleavage and M-+B
development was obtained from 0.75kV /cm DC
voltage. The pulse duration greatly affected the
cleavage and development of NT embryos (T-
able 3). M-+B development from 90sec was
more lower than from 50 and 70usec as shown in
"able 3. Therefore, the results indicate that a
single 0.75kV /cm DC voltage for 50~ 70usec
leads to more efficiency development of bovine
NT embryos. The result that 0.75kV /cm DC
produced higher M-+B development than 1.
0kV /cm DC voltage agreed with the reports of
Kim et al.{1995) and Chung et al.(1995) who
produced M-+B embryos from NT 1-3h
post-1VM and fusion 17-18h post-enucleation, re-
spectively. Hewever, it was not similar to the
report of Park et al.(1994) who produced 11.4%
and 12.6% M-+B stage from a single 0.
75kV /cm and 1.0kV /cm for 60usec respect-
ively. In addition, we observed that DC voltage
for high M+B development slightly differed be-
tween IVF (0,75kV /cm) and in wivo produced
embryos (1.0kV /cm) as nuclear donor cells, as
compared to the result of Chung et al. (1997). In
our previous study (Kim et al., 1995), M+B de-
velopment did not differ between IVF and in
vio donor nuclei, but the M+B development
greatly differed between two nuclear sources
when the NT and fusion was done 18-20h
post-IVM (Chung et al., 1997), similar to the
other reports (Clement-Sengewld et al.,, 1992:
Yang et al, 1993). The result that pulse dur-
ation of 90gsec showed low cleavage and M+B
development was the same tendency with the
report of Kono et al.(1989), in which activation
rate of oocytes tended to be decreased by pro-

longation of pulse duration.

V. SUMMARY

The present study was undertaken to deter-
mine the effect of NT time on the rate of fusion
and suhseguent development in vitro and deter-
mine the optimal strength and duration of DC
pulse for electrofusion of IVF donor embryo nu-
clei and IVM recipient oocytes. The recipient
oocytes were enucleated 25~25h after IVM and
further cultured for 18 ~20h prior to fusion for
oocyte aging. | VF embryos as donor nuclei were
co-cultured with BOEC for 16- to 32-cell stage
development, The transfer time of donor blas-
tomeres was 1~ 3h post-enucleation in early NT
group and 1~18h post-enucleation in late NT
group, respectively and fusion was performed
43~45h post-IVM. The fusion rate did not differ
between the early NT and late NT group, but
the rate of cleavage and 3- to 16-cell stage em-
bryos in the late NT group was more higher
than that in the early NT group. The fusion,
cleavage and M~+B development was high from
0.75kV /cm DC than from 1.0kV /cm DC volt-
age, resulting in 17.6% M+B from 0.75kV /cm
DC woltage. No difference in fusion rate was
among pulse durations, but 50 and 70 usec pulse
duration showed slight high cleavage and M+B
development. The results indicate that the best
NT time of IVF donor blastomeres into the enuc-
leated oocytes was 42~44 post-IVM and the
most suitable condition for electrofusion was a
single 0.75kV /cm DC voltage for 50~70usec.

V. REFERENCES

1. Barnes, F., M. Endebrock, C. Looney, R.
Powell, M. Westhusin and K. Bondioli. 1993.
Embryo cloning in cattle : the use of in vitro
matured oocytes. J. Reprod. Fertil., 97:
317-320.



2. Chesne, P., Y. Heyman, N. Peynot and J. P.

Renard. 1993. Nuclear transfer in cattle :

birth of cloned calves and estimation of blas-

tomere totipotency in morulae used as a sour-

ce of nuclei. CR Acad. Sci. Paris, 316:487-
491,

. Chung, Y. C., C. K. Kim, X. X. Song, J. T.
Yoon, S. H. Choi and Y. H. Chung. 1995.
Studies on production and efficient utiliza-
tion of livestock embryos by in vitro fertiliza-
tion and micromanipulation. IV, nuclear tran-
splantation and electrofusion for cloning in
bovine follicular oocytes. AJAS, 8:641-645.

. Chung, Y. C., C. K. Kim, X. X. Song, Y. H.
Chung, and J. T. Yoon, J. W. Lee, H. R.
Kim and K. S. Kim, 1997. Effect nuclear
transfer methods on in witro development of
II. effect of

electric voltage and in vivo produced donor

reconstituted bovine embryos,

embryo quality on fusion and in »itro devel-

opment., Korean J. Anim. Reprod,. 20:
467-472.

. Clement-Sengewald, A. and G. Brem. 1989.
Electrofusion parameters for mouse two-cell
embryos. Theriogenology, 32:159-169.

A. Palma, U.

Berg and G. Brem. 1992. Comparison be-

5. Clement-Sengewald, A., G.

tween in wvitro produced and in vitro flushed

donor embryos for cloning experiments in cat-

tle. Theriogenology, 37:196.

. Eyestone, W. H. and N. L. First. 1989.
Co-culture of early cattle embryos to the
blastocyst stage with oviductal tissue or in
condtioned medium. J. Reprod. Fertil,
85:715-720.

. Heyman, Y., P. Chesne, D. Lebourhis, N.
Peynot. and J. P. Renard. 1994. Develop-
mental ability of bovine embryos after nu-
clear transfer based on the nuclear source :

vitro. Theriogenology,

in vivo VErsus in

42:695-702.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Kim, C. 1., B. K. Yang and H. T. Cheong.
1993. Nucleo-cytoplasmic interactions of bov-
ine oocytes and embryos following nuclear
transplantation, Korean J. Animal Reprod.,
17:287-294.

Kim, C. K., Y. C. Chung, H. R. Kim, S.
Kim, S. S. Hwang, K. W, Lee, D. S. Son, J.
T. Yoon and Y. H. Chung. 1995. Production
of nuclear transplant bovine embryos using
in vitro matured oocytes. RDA J. Agri. Sci,,
37:173-179.

Kono, T., S. Iwasaki and T. Nakahara. 1989.
Parthenogenetic activation by electric stim-
ulus bovine cocytes matured ¢n vitro. Theriog-
enology, 32:569.

Leibfried-Rutledge, M. L., D. L. Morthey,
P. R. Nuttleman and N, L. First, 1992. Proc-
essing of donated nucleus and timing of
post-activation events differ between recipi-
ent oocytes 24 or 42hr of age. Theriogenol-
ogy, 37:244.

McGrath, J. and D. Solter. 1983. Nuclear
transplantation in the mouse embryo by mic-
rosurgery and cell fusion. Science, 220:
1300-1302.

Moraghan, L., X. Yang and S. Jiang. 1992.
Ethanol and electric pulse induced activation
of bovine oocytes matured 23-24 hours ixn vit-
ro. Theriogenology, 37:262.

Niwa, K. and O, Ohgoda. 1988. Synergistic
effect of caffeine and heparin in tn-vitro fertil-
1zation of cattle oocytes matured in culture.
Theriogenology, 30:733-741.

Park. C. S, I. K. Kong, G. J. Rho, H. J.
Lee and S. Y. Choe. 1994. In vitro develop-
ment of nuclear transplantation bovine em-
bryos using in vitro fertilized embryos of Kor-
heifers. Korean. J. Anim.
Reprod., 18:113-1193.

Prather, R. S., F. L. Barnes, M. M. Sims, J.
M. Robl, W. H. Eyestone and N. L. First.

ean native



18.

19.

21

22.

1987. Nuclear transplantation in the bovine
embryos : assessment of donor nucler and
recipient oocyte. Biol. Reprod, 37:859-366.
Prather, R. S., M. M. Sims and N. L. First.
1989. Nuclear transplantation in early pig
embryos. Biol. Reprod., 41:414-418.

Sims, M. M., C. F. Rosenkrans, Jr. and N.

L. First. 1991. Development in vitro of bovine

embryos derived from nuclear transfer. Ther-

iogenology, 35:272.

. Tanaka, H., M. Hishinuma, Y. Takahashi

and Kanagawa, 1996. Influence of combined
activation treatments on success of bovine
nuclear transfer using young aged oocytes,
Theriogenology, 45:287.

Tsunoda, Y., H. Takano and Y. Kato. 1996.
Studies on nuclear transfer in bovine em-
bryos. Proc. 8th AAAP Anim. Sci. Congr.,
Vol. 1:161-166.

Ware, C. B., F. L. Barnes, M. Maiki-Lurila
and N, L. First. 1989. Age dependence of
bovine oocytes activation. Gamete Res.,
22:265-275.

23.

24.

25.

26.

27.

Westhusin, M. E., M. J. Levaduski, R, Scar-
borough, C. R. Looney and K. R. Bondioli,
1992. Viable embryos and normal calves
after nuclear transfer into Hoechst stained
enucleated demi-oocytes of cows. J. Reprod.
Fertil., 95:475-480.

Westhusin, M. E,, J. H, Pryor and K. R.
Bondioli. 1991. Nuclear transfer in the bov-
ine embryos : a comparison of 5-day, 6-day
frozed-thawed and nuclear transfer donor
embryos. Mol. Reprod Dev., 28:119-123.
Willadsen, S. M. 1986. Nuclear transplan-
tation in sheep embryos, Nature, 320:63-65.
Yang, X., S. Jiang, P. Farrell, R. H. Foote
and A. B. McGrath. 1993. Nuclear transfer
in cattle : effect of nuclear donor cells,
cytoplast age, co-culture, and ermbryo trans-
fer. Mol. Reprod. Dev., 35:29-36.

Yang, X., S. Jiang, A. Kovacs and R. H.
Foote, 1991. Age dependent activation, enuc-
leation and nuclear transfer of bovine ooc-
ytes matured in vitro and in vivo. Biol. Rep-
rod. (suppl. 1):141(abst).



