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A b s t r a c t  
 

Embryo production through somatic cloning technology has the perspectives for application 
in reproductive biotechnologies in cattle in order to multiply the most productive and unique genotypes 
in livestock breeding and create new genotypes using genome editing. Success of somatic cloning 
depends on the ability of donor somatic cell nucleus (karioplast) to be reprogrammed to totipotent 
state. Relevant transformations of donor nucleus are mediated by oocyte cytoplasmic factors (cyto-
plasts) and start from the moment of their association (fusion). Effects of oocyte cytoplasm are direct 
and depend on many factors. The objective of the present study was to evaluate the cloning efficiency 
in terms of time of oocyte cytoplasm exposure to donor nucleus before activation, the time of oocyte 
maturation before their activation in the fused complexes (cytohybrids), and repeated electrofusion of 
the cytoplast and karyoplast. The effects of these factors on formation of cloned embryos and devel-
opment to blastocyst stage were studied. Isolated oocyte-cumulus complexes (OCCs) were in vitro 
matured in TC-199 medium supplemented with 10 % fetal bovine serum, 10 μg/ml of FSH and 
10 μg/ml of LH. After 20-24 h of maturation, OCCs were treated with a 0.1% hyaluronidase, then 
cumulus cells were mechanically removed and the oocytes with the first polar body were selected. 
Long-time conserved fetal fibroblasts were in vitro cultured up to monolayer and maintained in contact 
inhibition during 2 days. Then, cell suspension was prepared for transferring into enucleated oocyte. 
Somatic cell was transferred to perivitelline space of the oocyte, and two consecutive rectangular 
20 μs pulses at constant current with a voltage of 35 V were performed (once or twice if there were no 
signs of cell-oocyte fusion). The obtained cytohybrids were activated with the ionomycin 1 or 2 hours 
after fusion (recipient oocytes were matured either 23-25 hours or 26-28 hours). Activated cytohybrides 
were then cultured up to blastocyst stage. Oocyte cleavage rate were similar in all experimental 
groups (60.7 to 70.4 %). Blastocyst development rate did not differ between the groups where single 
or double fusions were performed (29.4±4.4 and 22.8±3.5 %, respectively). Blastocyst rate was 
17.4±2.6% at 1-hour interval between fusion and activation. Two-hour interval increased blastocyst 
rate to 31.1±3.8% (p < 0.05). In the case of early activation (23-25 hours of maturation), 29.4±4.8% 
of fused complexes developed to the blastocyst stage. With an increase of oocyte maturation time 
to 26-28 hours, blastocyst rate decreased to 14.6±2.2% (p < 0.05). Therefore, cloning efficiency 
depends on the interval between cytohybrid fusion and activation, and the age of MII oocytes at 
the time of activation of the fused complexes; 2 hours and 23-25 hours, respectively, were the 
optimal parameters. In addition, the repeated electrofusion of the enucleated oocytes and somatic 
cells did not affect cytohybrid quality, and, therefore, this procedure can be used for somatic embryo 
cloning in cattle. 
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Modern reproductive cell technologies, in particular generation of Bovine 
cloned embryos, have broad prospects in multiplication of the most productive 
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and unique genotypes in pedigree animal husbandry [1-4], as well as in creation 
of new genotypes by genomic editing methods [5-9]. However, efficiency of high-
quality embryo production through somatic cloning remains low, including in cat-
tle, while abortion, perinatal mortality, and birth of low viable offspring are high, 
which inhibits practical application of this technology [10-12]. 

In somatic cloning, a female reproductive cell (oocyte), instead of its own 
chromosomal material, contains the injected nucleus of a somatic cell derived 
from an animal selected for genetic copying. In this, the epigenetic pattern of 
differentiated somatic cells is erased, and the embryonic epigenetic characteristics 
and gene expression patterns are restored to a totipotent embryonic state. The 
resulting cloned embryos with totipotent status are again able to differentiate into 
various types of somatic cells. This process involves various molecular and epige-
netic modifications, on which the cloning efficiency ultimately depends, and is 
called nuclear reprogramming [13]. It is believed that changes of somatic cell 
nucleus (karyoplast) are mediated by the cytoplasm of oocyte (cytoplast) and start 
upon the karyoplast―cytoplast fusion [14]. The effects of cytoplasmic environ-
ment on nuclear reprogramming depend on many factors and, therefore, can be 
altered purposefully [15]. 

Available data on improving efficiency of cloning embryos are methodo-
logically contradictory and require additional elaboration to select the optimal 
parameters for manipulations. So, there is no consensus on the time of donor 
nucleus exposure to oocyte cytoplasm. Whereas in some works, the development 
of cloned embryos in cattle requires a long exposure before activation [16], in 
others it is reported that excessive exposure is unfavorable [17]. It was shown that 
the percentage of development of cloned blastocysts decreases as the period be-
tween fusion and activation increases from 1 to 5 hours [18]. A number of authors 
regard the 2-2.5-hour interval optimal [19, 20]. 

Cytoplasmic maturation of the oocyte which integrates donor nucleus is 
no less important for generation of viable cloned embryos. A mature oocyte in 
metaphase II is regarded the most suitable recipient cell [21]. However, aging of 
mature mammalian oocytes, which negatively affects their quality and competence 
to further embryonic development, occurs in the absence of activating stimuli [22, 
23]. Prolonged culture of a mature oocyte due to its late activation during donor 
nucleus transfer is probably also accompanied by a complex of intracellular pro-
cesses called “oocyte aging” [22, 24]. However, this aspect of oocyte quality de-
terioration, unfortunately, has not yet been regarded when improving in vitro cul-
ture systems, the optimal age of mature oocytes for cloning has also not yet been 
determined [25]. 

Commonly, to generate cloned cattle embryos, oocyte in metaphase II 
(MII) stage of meiotic division is fully enucleated, and somatic donor cell is in-
jected into perivitelline space of the cytoplast [21]. Upon completion of enuclea-
tion, the cytoplast and karyoplast are fused in a pulsed electric field with the 
breakdown of their membranes at the contact point. The in vitro development of 
cloned embryos directly depends on how efficiently the recipient and donor cells 
fuse and whether they remain viable during such aggressive manipulations. [26]. 
The reconstructed oocytes failed to fuse are again subjected to electrofusion to 
increase the yield of cytohybrids [27]. This may have an adverse effect on a cloned 
embryo development that is not yet elucidated. 

This paper reports optimized parameters of cattle embryo cloning protocol 
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(i.e. the time during which the donor nucleus should be exposed to the cytoplasm 
of reconstructed oocyte prior to activation, and the timing of the oocyte matura-
tion until activation in the cytohybrid). Also, for the first time, we showed no neg-
ative effects of a re-fusion commonly used to increase the yield of cytoplast-karyo-
plast complexes on in vitro development of cloned cattle embryos. 

Our objective was to assess effects of fusion-activation interval, the age of 
MII oocytes at activation, and re-fusion on the efficiency of cloning in cattle, i.e. 
on embryo formation and development to blastocyst stage. 

Materials and methods. In all experiments, except for specially indicated, 
reagents from Sigma-Aldrich (USA) were used. Oocytes and embryos were cul-
tured at 38.5 С, 90% humidity and a 5% СО2 atmosphere; outside the incubator, 
all manipulations were carried out at 37 С. 

Preparation of donor cell s. Cattle fetal fibroblasts were donor cells. 
Uteri of cows on day 55 of pregnancy was delivered to the laboratory, the uterine 
horn containing the fetus was treated with 70% ethanol, the extracted fetus was 
released from head, limbs, and internal organs. The resulting fetal tissue was 
washed repeatedly in phosphate-buffered saline (PBS) with antibiotics and an an-
timycotic (100 IU/ml penicillin, 100 μg/ml streptomycin, 100 ng/ml amphoteri-
cin), mechanically fragmented and treated with 0.25% trypsin solution for 30 min 
at 37 С. Trypsin was neutralized with an equivalent volume of DMEM manipu-
lation medium (Gibco, USA, Cat. No. 31966021) containing 5% fetal bovine se-
rum (FBS) and gentamicin (50 μg/ml) (DMEM-M). Cell suspension was filtered 
through a sieve with a pore of 100 μm diameter and centrifuged at 1500 rpm for 
5 minutes. The supernatant was removed, the cell pellet was resuspended in 
DMEM-M medium, centrifuged again, after cultured to form a monolayer on 
100-mm-diameter Petri dishes with DMEM growth medium (Gibco, USA, Cat. 
No. 31966021), supplemented with 15 % FBS, 1% non-essential amino acids 
(Gibco, USA) and 50 μg/ml gentamicin (DMEM-P). 

To get enough fibroblasts, the primary cell culture was propagated by pas-
saging the formed monolayer (1:4). Petri dishes, after the growth medium replace-
ment with trypsin/EDTA solution (Gibco, USA), were incubated at 37 °C, the 
cell suspension was transferred to centrifuge tubes with DMEM-M to neutralize 
trypsin and centrifuged at 1500 rpm for 5 minutes The supernatant was removed, 
the pellet was resuspended and re-cultured on 100-mm-diameter Petri dishes with 
DMEM-P, as described above. After the second passage, the cells were frozen in 
DMEM (Gibco, USA, Cat. No. 31966021) with 40% FBS and 10% dimethyl 
sulfoxide (DMSO) and stored in 1 ml cryovials (Corning, USA) at 196 С until 
use (for 8 years). 

Seven days before somatic cloning, the frozen fibroblasts were thawed in 
cryovials in a water bath at 37 С, centrifuged at 1500 rpm in tubes with 10 ml of 
DMEM-M, cultured in DMEM-P until complete monolayer formation, and al-
lowed for 2-day contact inhibition to synchronize the cell cycle. The cells were 
suspended in TC199 medium containing 10% FBS and 50 μg/ml gentamicin 
(TC199-M) at most 30 minutes before transfer to an enucleated oocyte.  

Preparation of recipient oocytes. Cows’ ovaries delivered at 30-
35 С within 3-5 hours were released from surrounding tissues and washed many 
times in sterile saline with antibiotics (100 IU/ml penicillin and 50 μg/ml strep-
tomycin). Cumulus-oocyte complexes (COC) were isolated from follicles, washed 
3 times in TC199-M medium with heparin (10 μg/ml), and morphologically ex-
amined. Round shaped oocytes with a homogeneous cytoplasm, uniformly wide 
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zone pellucida and multilayered compact cumulus were selected and cultured for 
19-23 hours, 20-30 OCCs per 500 μl of TC-199 medium containing 10% PBS, 
1 mM sodium pyruvate, 50 μg/ml gentamicin, 10 μg/ml follicle-stimulating hor-
mone (FSH) and 10 μg/ml luteinizing hormone (LH). 

Reconstruction of mature oocytes. Matured oocytes were released 
freed from cumulus cells in a 0.1% hyaluronidase solution in TC199-M medium) 
for 1 min at 37 С, followed by disaggregation of the complexes by pipetting. Only 
oocytes with a first polar body (FPB) were selected for cloning. 

Fifteen to twenty oocytes were microsurgically manipulated at once in 20 
μl drops of TC199-M medium which were put on a Petri dish bottom pre-covered 
with light mineral oil. The procedure was performed with an inverted microscope 
Diafort (Nikon Corporation, Japan) equipped with a Narishige micromanipulation 
system (Japan). During the reconstruction, the oocytes were focused with a hold-
ing pipette in the field of view of the microscope in a position that allows clear 
visualization of a first polar body (PB1) in the perivitelline space in the position 
to 1 or 5 hours of the conditional dial. A biopsy micropipette (13-15 μm internal 
diameter) was brought close to oocyte membrane, the zone pellucida was punc-
tured at the site of PB1 localization, chromosomes were removed blindly by aspi-
ration of the PB1 and 10-20% of adjacent cytoplasm. A somatic cell was intro-
duced into the perivitelline space of a fixed oocyte with the micropipette, previ-
ously used for PB1 biopsy, through an opening formed during enucleation. 

To obtain a cloned cytohybrid, the enucleated oocyte and somatic cell 
were electro-fused with an Eppendorf multiporator (Great Britain). The oo-
cyte/somatic cell complexes were placed in a microchamber pre-filled with 
buffer (270 mM mannitol, 0.1 mM MgSO4, 0.05 mM CaCl2), with a 0.2 mm 
distance between the electrodes and were first exposed to an alternating current 
electric field (5 V, 5 s) to drive cell complexes apart towards the electrodes, then 
two consecutive rectangular pulses of direct current (35 V, 20 μs) were applied. 
Treated cell complexes were short-cultured in 50 μl TC199-M drops covered 
with light mineral oil. After 1 h incubation, morphologically normal cloned cy-
tohybrids formed from oocyte/somatic cell complexes were selected. The com-
plexes with no signs of the oocyte and somatic cell fusion were repeatedly sub-
jected to electrofusion procedure as described above. 

Activation and post-activation culture of cloned cytohybrids. 
The cytohybrids were activated 1 or 2 hours after fusion (i.e. 23-25 or 26-28 hours 
from the start of maturation of recipient oocytes) by incubation for 5 min in a 5 
mM ionomycin-containing Tyrode solution [28], followed by culture of recon-
structed oocytes in CR1aa medium [29] with 2 mM 6-dimethylaminopurine and 10 
μg ml cyclohexedine. After 4 hours, putative zygotes were transferred to CR1aa 
medium and cultured for 4 days, after which the developing embryos were trans-
ferred into the same medium with 5% FBS. On day 2 after activation of cytohybrids, 
morphologically of the cleaved zygotes were evaluated; on day 7, the number of 
embryos developed to the blastocyst stage was determined. Evaluation was per-
formed with a SMZ stereo microscope (Nikon, Japan, magnification ×40). 

One-way analysis of variance was performed with a SigmaStat software 
(Systat Software, Inc., USA). The data are presented as mean values (M) and 
standard errors of the mean (±SEM). The Tukey’s test (p  0.05) was used to 
assess the significance of differences between the compared means. 

Results. Figure 1 illustrates the stages of preparation of fetal fibroblasts 
and cattle oocytes for the cloning procedure (a ― a monolayer of cultured donor 
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cells, b ― a suspension of fetal fibroblasts, c ― selection of oocytes with the first 
polar body). 

 

Fig. 1. Cattle fetal fibroblasts and oocytes during somatic cell nuclear transfer (SCNT) procedure: a — 
culture of fetal fibroblasts after 2 days of contact inhibition; b — fetal fibroblasts suspension (magni-
fication ×200); c — oocytes at metaphase II stage (white arrow indicates the first polar body, magni-
fication ×400) (an Eclipse Ti-U microscope, Nikon, Japan). 

 

 
Fig. 2. Cloned cattle embryos derived from fused enucleated MII oocytes and somatic cells (fetal fibro-
blasts) after activation: a — fused (red arrow) and cleaved (white arrow) cytohybrids (magnification 
×200); b — cytogybrids developed to the blastocyst stage (magnification ×100) (an Eclipse Ti-U mi-
croscope, Nikon, Japan). 

 

The time of exposure of the oocyte cytoplasm to the donor nucleus before 
activation is known to be critical for the development of cloned embryos [18, 20]. 
Reprogramming processes that are necessary for a cell to return to the totipotency 
[21] are initiated under the influence of cytoplasmic factors in nucleus of somatic 
cell from the moment of its integration into the cytoplast via fusion. 

The influence of the interval between fusion and activation (1 or 2 hours) 
on somatic nucleus reprogramming efficiency was assessed by the ability of acti-
vated cytohybrids (n = 142) to enter the first cleavage division (Fig. 2, a) and to 
reach the blastocyst stage (see Fig. 2, b). The cleavage rate of activated oocytes 
on day 2 did not differ for 1- and 2-hour pre-activation exposure of donor nucleus 
to oocyte cytoplasm (66.6±4.9 and 70.0±5.8%, respectively). However, 1- and 2-
hour intervals resulted in different blastocyst yields, i.e. 17.4±2.6% for 1.0 hour 
vs. a significant increase to 31.1±3.8% (p < 0. 05) for 2 hours (Fig. 3). 

These data are partially consistent with the results of other researchers [19, 
20, 30] and suggest that the 2-hour interval between karioplast-cytoplats fusion 
and activation of resultant cytohybrids provides donor nuclei with enough exposure 
to the MII oocyte cytoplasm to initiate reprogramming events, while the 1-hour 
interval reduces blastocyst-stage embryo production. K.I. Aston et al. [20] also 
reported a positive effect of 2-hour exposure on donor nuclei, but at the same 
time, they found similar effect for 1-hour exposure. Perhaps such differences are 
due to peculiarities of somatic cells used for cloning. In our experiments, we used 
long-stored fetal fibroblasts. 
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Fig. 3. In vitro development of Bovine cloned embryos 
as influenced by intervals between karyoplast-cyto-
plast fusion and activation: a ― cleavage rate, b ― 
blastocyst rate. Standard errors of the mean 
(±SEM) are indicated for n = 6 (independent ex-
periments). An asterisk (*) indicates statistically 
significant differences between the compared 
groups at p < 0.05. 

Fig. 4. In vitro development of cytohybrids to the 
blastocyst stage as influenced by the age of MII 
oocyte at activation: a ― cleavage rate, b ― blasto-
cyst rate. Standard errors of the mean (±SEM) 
are indicated for n = 9 (independent experi-
ments). An asterisk (*) indicates statistically sig-
nificant differences between the compared groups 
at p < 0.05. 

 
Cytoplasmic maturation of the 

original germ cells is essential to gener-
ate cloned embryos capable of normal 
development [21]. MII oocytes are 
convenient recipient cells for cloning, 
since in their cytoplasm, due to specific 
changes, there are factors ensuring for-
mation of embryonic competence in 
cloned cytohybrids [21, 24]. However, 
aging processes are shown to negatively 
affect quality of mature oocytes not 
subjected to activation [22, 23]. As ca-
pability of MII oocytes to acquire com-
petence to activation in cytohybrids is 
age-dependent, the age of MII oocytes 
can also critically affect the develop-
ment of cloned embryos [24, 25]. 

Fig. 5. In vitro development of cloned embryos to the 
blastocyst stage as influenced by re-fusion of enu-
cleated oocyte and somatic cell: a ― cleavage rate, 
b ― blastocyst rate. Standard errors of the mean 
(±SEM) are indicated for n = 9. 

We compared developmental competence in cytohybrids activated in 23-
25 hours (n = 104) and 26-28 hours (n = 78) after the maturation of recipient 
oocytes begins (Fig. 4). The number of cleaved oocytes did not differ between the 
variants and ranged from 69.4 to 70.4%. Upon early activation, cytohybrids de-
veloped to the blastocyst stage constituted 29.4±4.8%. Note, this parameter sig-
nificantly decreased to 14.6±2.2% (p < 0.05) with an increase in the age of oocytes 
to 26-28 hours. Our data indicate the adverse effect of prolonged culture of mature 
oocytes on the development of cloned cattle embryos. Also, the age of MII oocytes 
subjected to activation in hybrid complexes should not exceed 26 hours. Other 
researchers also indicate the advantage of earlier activation to produce viable off-
spring [25, 31]. 
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We also investigated the effects of re-fusion on in vitro embryonic devel-
opment in complexes with no signs of combining an enucleated oocyte and a 
somatic cell 1 hour after the first fusion (Fig. 5). The electrofusion parameters 
were the same as in the first procedure. Analysis of in vitro development of the 
resultant embryos did not reveal adverse effects of the repeated manipulation on 
the percent of cleaved cytohybrids. Also, there was no decrease in the competence 
of cytohybrids to form blastocysts neither upon single nor double fusion (29.4±4.4 
and 22.8±3.5%, respectively). 

Practically, repeated electrofusion is used in somatic cloning to obtain a 
larger number of cell complexes with signs of combining an enucleated oocyte and 
a donor cell [27], and also as a method for activating cytohybrids [31]. At the 
same time, given possible negative consequences of repeated electrofusion, as a 
rule, more gentle electric pulse modes are used. In our study, these parameters 
were similar in both manipulations, however, we did not observe any deterioration 
in in vitro development of the embryos till blastocyst stage. 

Thus, we have confirmed that the efficiency of producing cloned cattle 
embryos of preimplantation stages depends on the interval from fusion to activa-
tion, and also on the age of MII oocytes in activated cytohybrids. As per the in 
vitro cloning protocol we suggest, 2 hours and 23-25 hours, respectively, are the 
optimal. It is also obvious that the repeated electrofusion of an enucleated oocyte 
and a somatic cell does not adversely affect the quality of the resulting cytohybrid, 
and therefore can be used for obtaining cloned embryos in cattle. 
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