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Study on Production of Cloned Animals by
Recycling Nuclear Transplantation
. Improved Second Generation Cloning of Rabbit Embryos
Using Donor Nuclei with Synchronized Cell Cycles*
H. J. Lee, B. G. Jeon, C. S. Park, S. Y. Choe, C. H. Yun and D. J. Kang

Institute for Development of Livestock Production, Gyeongsang National University
SUMMARY

Large scale production of cloned embryos requires the technology of multiple generation
nuclear transplantation(NT) using NT embryos as the subsequent donor nuclei, The
purposes of this study were producing the second generation cloned rabbit embryos, and
also to determine the electrofusion rate and in vitro developmental potential comparatively
in the cloned embryos of the first and second NT generation,

The embryos of 16-cell stage were collected from the mated does by flushing oviducts
with Dulbecco’s phosphate buffered saline (D-PBS) containing 10% fetal calf serum(FCS)
at 47 hours after hCG injection. In the first generation NT, the nuclear donor embryos
were synchronized in the phase of G1 /S transition of 32-cell stage. The first generation
NT embryos which were developed to 8-cell were synchronized in G1/S transition phase
of the following 16-cell stage and used as donor nuclei for second generation,
Synchronization of the cell cycle of blastomeres was induced, first, using an inhibitor of
microtuble polymerization, colcemid for 10 hours to arrest blastomeres in M phase, and
secondly, using a DNA synthesis inhibitor, aphidicolin for 1.5 to 2 hours to arrest them in
G1 /S transition boundary. The recipient cytoplasms were obtained by removing the nu-
cleus and the first polar body from the oocytes collected at 14 hours after hCG injection.

The separated donor blastomeres were injected into the enucleated recipient oocytes by
micromanipulation and were electrofused by electrical stimulation of three pulses for 60 x
sec at 1.25 kV /cm in 0.28 M mannitol solution. The fused ococytes were co-cultured with a
monolayer of rabbit oviductal epithelial cells in M-199 solution containing 10% FCS for 120
hours at 39%C in a 5% CQ, incubator. Following in witro culture of the first and second gen-

eration cloned embryos to blastocyst stage, they were stained with Hoechst 33342 dye for
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counting the number of blastomeres by fluorescence microscopy. The results obtained

were summarized as follows:

1. The electrofusion rate was found to be similar as 79.4 and 91.5% in the first and sec-

ond generation NT rabbit embryos, respectively.

2. The in vitro developmental potential to blastocyst stage of the second generation NT

embryos(23.3%) was found significantly(p<0.05) lower, compared with that of the

first generation NT embryos(56.8%).

3. The mean blastomeres counts of embryos developed to blastosyst stage following i

witro culture for 120 hours and also their daily cell cycles during the culture period

were decreased significantly(p<0.05) to 104.3 cells and 1.33 cylces in the second NT

generation, compoared with 210.4 cells and 1.54 cycles in the first NT generation, re-

spectively.

Key word : nuclear transfer, second generation cloning, electrofusion, rabbit embryo
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Table 1. Electrofusion rate of the first and second
generation NT rabbit embryos

No. of No. of

Generation of embryos embryos  Fusion

NT embryos used fused rate(/)
1st 45 37 79.4*
2nd 47 43 91.5

* The values with same superscripts in the column

are not significantly different(p<0.05).



Table 2. Development in vitro of the first and second generation NT rabbit embryos

Generation of No. of embryos No. & (%) of embryos developed to
NT embryos cultured 2-cell 4-cell Morula Blastocyst o
st 37 © 31(83.8) 28(80.8) 27(72.9) 21(56.8)"
2nd 43 32(76.2) 23(53.5) 21(48.8) 10(23.3)°

* The values with different superscripts in the column are significantly different (p<0.05).
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Table 3. Blastomere counts and daily cell cycles of blastocysts following in vitro culture for 120 hours of
the first and second generation NT rabbit embryos*

Generation of No. of embryos No. of No. of cell
NT embryos stained blastomeres cycles /day
1st 10 210.4 = 9.6* 1.54 = 0.012
2nd 8 104.3 + 10.3° 1.33 = 0.03°

*Mean = SEM. The values with different superscripts in the column are significantly different(p<0.05).
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Fig. 1. Blastocyst stage NT rabbit embryos from the first(A) and second(B) generation cloning (X 100).
A shows a hatching-like extrusion of partial cell mass through the zona pellucida aperture for mic-
romanipulation.
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bryos but requires the utilization of pluripotent
embryonic stem cells or ES cells. ES cells can
be cultured for prolonged periods of time with-
out loss of pluripotentiality and as a result it is
possible to genetically transform the cells in cul-
ture, identify the cell containing the desired
modification, and reintroduce them into a host
blastocyst. Due to its pluripotentiality, the ES
cells are capable of interacting with the inner
cells mass cells of the host blastocyst to form a
chimera containing tissues derived from the
transgenic ES cell. The problem with this tech-
nique is that to date, the isolation of ES cells
from cattle has not been possible. While some
progress has been made, and cell lines derived
from the inner cell mass of bovine embryos have
been established(Stice et al., 1994; Strelchenko
and Stice, 1994: Evans ef al., 1900), no chimeric
animals have been produced by combining these
cells with those from a normal embryo, and no
transgenic livestock have been produced using
this technology. The use of inner cell mass-de-
rived cell lines to produce live calves following
nuclear transfer as discussed above is an exci-
ting breakthrough, however these experiments

have yet to be repeated.
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