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S u m m a r y  
 

Parameters of the oocyte enucleation and fusion with somatic cell for producing of cattle cloned cetohybrids were studied. It was established 
that the electrofusion efficiency depends on strength, duration and set number of electrical pulse. The optimal parameters for Multiporator (Eppendorf, 
Germany) were determined: two consistent pulses DC electrical field each of 30 V field strength and 15 msec duration followed by the pulse of AC 
electrical field of 5 V and 10 sec duration. It was found that the first polar body serving as a marker for the chromosome position at «blind» enuclea-
tion must not deviate from the chromosome location by more than 10 degrees. 
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Somatic cloning is widely used in biomedical research and in production of transgenic animals (1). 
Despite a certain success of using this technique in recent years, it is yet inefficient in cattle and other domestic animals owing to high 
incidence of embryonic abnormalities and low viability of the born cloned offspring (2-4). 

To create a clone, genetic material of the host’s egg cell is replaced by genetic material of a somatic cell (reprogramming). It 
is often associated with complete removal of the oocyte’s chromosomes at metaphase II, after which the somatic donor cell is 
introduced in the perivitelline space of the (5). 

The procedure is visualized by staining of the chromosomes with fluorescent vital dye Hoechst 33342 allowing enucleation 
of the host oocyte under ultraviolet light (6). However, this approach adversely affects viability of cells and future embryos (7). The 
alternative solution is blind enucleation when metaphase chromosomes are recognized by location of the first polar body that serves as 
a reference point. This method is considered as more safe for viability of the egg cells and their capacity to future embryonic 
development (8), though some problems are not excluded too. After isolation of the first spindle pole body, metaphase plate of 
chromosomes stays for a while in a close proximity to it. Then, with aging of the egg cell, chromosomes disconnect from the spindle 
pole body that migrates to the perivitelline space. This circumstance complicates blind enucleation of oocytes or interdicts it (9), 
which necessitates identifying the factors important for efficiency of the method. 

After enucleation, the fusion of cytoplast and karyoplast is performed to form a new reconstructed egg cell. Following 
development of cloned embryos directly depends on successful association of the host and donor cells, and viability of the resulting 
hybrid (10-14). 

Electrofusion is commonly used technique for karyoplast-cytoplast fusion. A pulsed electric field applied to the cell 
membrane causes in it a reversible loss of integrity – transmembrane pores, after which the membrane becomes compressed and 
discharged. This makes possible the fusion of two contacting membranes, whose contact points open cytoplasmic channels for 
exchange of cytoplasmic colloid. As a result, one cell is formed from two, and the residual membrane material remains in it included 
in cytoplasmic vacuoles (15). 

Electrofusion of cells can be performed by different methods depending on technical characteristics of used instruments, 
types of cells, and their features. The efficiency of karyoplast-cytoplast fusion depends on current voltage, duration, and frequency of 
the electric pulse. 

The purpose of this work was studying the efficiency of blind enucleation of bovine oocytes depending on the location of 
spindle polar body relative to chromosomes metaphase II, as well as establishing the optimized procedure for electrofusion of 
enucleated oocyte and somatic cell in the pulsed electric field. 

Technique. The oocyte-cumulus complexes (OCC) were derived from ovaries of cows and heifers obtained at slaughter. 
Transportation of the ovaries was performed in a physiological solution at 28-35 C for 3-4 hours. OCC were isolated  by dissection 
of visible follicles; groups of 35-40 oocytes were cultured in modified TS199 medium containing HEPES (25 mM), Na pyruvate (1 
mM), fetal bovine serum (10%), gonadotropins (LH and FSH - luteinizing hormone and follicle-stimulating hormone), and 
gentamicin (50 ug/ml). After 20-24 h of maturation, OCC were treated with 0,1% hyaluronidase solution,  cumulus cells (CC) were 
mechanically removed, and then oocytes with the first polar body (FPB) were collected. 

To evaluate the efficiency of blind enucleation depending on location of chromosomes relative to FPB, the oocytes were 
stained with vital fluorescent dye Hoechst 33342 and separated in groups: I group - oriented oocytes in which chromosomes were 
located near FPB (0-5); II group – oocytes with FPB deviated at no more than 10; III and IV groups – oocytes with FBP deviated at, 
respectively, 11-30 and more than 31. The location of FPB was determined on a fluorescent microscope (Axiovert 40 CFL, “Carl 
Zeiss GmbH”, Germany) by measuring the angle between the lines connecting the oocyte’s center with FPB and the metaphase plate. 
After blind enucleation, the oocytes were re-stained with Hoechst 33342 and then the completeness of removal of the genetic material 
was assessed using a fluorescent microscope. Donor nuclei were isolated from fetal bovine fibroblasts prepared for the transfer as 
previously described (16). 

Oocyte enucleation and somatic cell nuclear transfer were carried out through the direct puncture in zona pellucida by 3D 
hydraulic micromanipulator with ultra-precise tuning (“Narishige”, Japan); the procedure was visually controlled using the 
microscope Diaphot (“Nicon”, Japan). Karyoplast-cytoplast fusion was carried out in multiporator (“Eppendorf”, Germany). The 



 

reconstructed oocytes were placed in the microchamber with a distance between electrodes 0,2 mm filled with a buffer (Eppendorf ¹ 
4308070.536).  

Two experiments were conducted in order to determine the optimum conditions for electrofusion. In the first experiment, 
oocytes were exposed to AC electric field (3 and 5 V) for 5, 10, 15, 20, and 25 seconds, while the cells’ drift to electrodes and 
orientation of contact points to electric field lines were assessed. In the second experiment, the oocytes were exposed to the AC 
electric field as described above, followed by one and two successive rectangular impulses of direct current (20, 25, 30, 35, 40, 45, 
and 50 V) with the duration of 15 and 30 microseconds. These oocytes then were briefly cultured for 2 hours in CR1aa medium (17). 
Resulting cells-hybrids were examined for the presence or absence of degenerative changes (compression and/or lysis of the content). 
The efficiency of cell fusion was determined as the rate of morphologically normal stable karyoplast-cytoplast hybrids. 

The obtained data were expressed as mean percentages, which then were subject to arcsine transformation and one-way 
ANOVA. The significance of differences was assessed by comparison of mean values in Tukey test. Statistical processing was 
performed in the computer program SigmaStat. The experiments were repeated 3-fold. 

Results. The efficiency of blind enucleation of bovine oocytes decreased with increasing the angle of FPB deviation from  
location of chromosomes (table). 

The efficiency of blind enucleation of bovine oocytes depending on location of the first 
polar body (FPB) 

Resulting cytoplasts  Group Angle to FPB Total number of oocytes, 
n n %, Х±х 

I 0-5 110 109 97,2±2,2 
II 6-10 62 51 82,3±3,4 
III 11-30 57 35 61,4±4,3 
IV 31-90 47 12 25,5±3,5 

 

The greatest outcome of cytoplasts was observed in Group I (oocytes with chromosomes located near FPB). In the variant of 
FPB deviation from metaphase II at 6 and more, the efficiency of enucleation was much lower. Thus, in II, III, and IV groups, the 
outcome of enucleated cells was lower than in group I, respectively, by 14,9 (p <0,05), 35,8, and 71,7% (p <0,001). 

Along with it, the efficiency of karyoplast-cytoplast fusion was correlated with parameters of the applied electric field. Thus, 
the efficiency of oocytes’ drift to electrodes and orientation of the cells’ contact points relative to electric field lines depended on the 
voltage and duration of impulses (first experiment). In the variant with 3 V, complete drift of the oocytes to electrodes occurred only 
at duration of impulses 20 and 25 s, which though was accompanied by compression and lysis of cell contents. The optimal 
parameters of electric field providing the complete drift to electrodes of cattle oocytes and preservation of their quality were 
determined: AC impulse of 5 V with duration of 10 seconds. The longer duration of impact in both experiments contributed to 
degenerative changes in the oocytes. 

In the second experiment (Fig.), the greatest outcome of hybrid cells was obtained in the case of two consecutive impulses of 
direct electric field of 30 V and duration of 15 microseconds. Further increasing the voltage to 35 V did not lead to positive results: 
the rate of karyoplast-cytoplast fusion decreased by 14,5% and amounted to 68,8% (Fig., B). The increase in duration of two 
consecutive impulses (Fig., D) reduced the efficiency of fusion. The increase in voltage of impulses from 25 to 40 V led to a smooth 
growth in number of hybrids with degenerative changes (from 16,6 to 80,0%). 

 

 
Efficiency of karyoplast-cytoplast fusion in bovine oocytes depending on voltage, number, and duration of 
direct current impulses: A— 1 impulse of 15 microseconds, B — 2 impulses of 15 microseconds, C — 1 im-
pulse of 30 microseconds, D — 2 impulses of 30 microseconds; a — percentage of fusion, %, b — percentage of 
regeneration, %.  

 

Using a single electric impulse with duration of 15 microseconds didn’t provide high rate of hybrids (Fig., A). A single 
exposure to the impulses of 25, 30, and 35 V for 30 microseconds (Fig., B) increased the efficiency of fusion almost equally to the 
variant of 20 V – respectively, by 47,5; 44,4; 57,4% (p <0,001). 

It’s notable that, even despite the increase in rate of fusion, longer duration of a single impulse (Fig. C) was less efficient 
than two consecutive shorter impulses (Fig. B). The impact of 25 V/30 microseconds resulted in, respectively, 35,8 (p <0,001) and 
21,3% (p <0,001) lower outcome of hybrids than the variants of 30 V/15 microseconds and 35 V/15 microseconds. 



 

Using multiple impulses provided higher rate of resulting hybrids than single impulses, regardless of voltage. Thus, in the 
variants of two successive impulses of 20, 25, 30, 35, and 40 V, the efficiency of fusion increased by 23,0; 10,1; 53,7 (p <0,001); 34,3 
(p <0,001); and 9,3% compared with results of equal single impulses. 

So, blind enucleation ensures complete removal of chromosomes in bovine oocytes with the first polar body deviated from 
metaphase II by no more than 10.  For enucleated bovine oocyte and embryonic fibroblast, the efficiency of cytoplasm fusion 
depends on parameters of the applied electric field – its voltage, duration, and multiplicity of impulses. The optimum parameters for  
electrofusion of these cells in multiporator Eppendorf (Germany) were determined: two successive impulses of direct electric field of 
30 V and duration of 15 microseconds, preceded by the single impulse of alternating electric field with a voltage of 5 V and duration 
of 10 seconds. The obtained data allow suggesting the established optimized conditions of electrofusion for the use in further 
experiments on cloning cattle embryos. 
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