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Abstract The natural reproduction of mammal is sexual reproduction, which needs fertilization 
involving sperm and oocyte. Nuclear transfer provided an asexual reproduction method for 
mammal. Donor cells used in previous experiments of nuclear transfer were mostly from undif- 
ferentiated or non-terminally differentiated cells, such as embryonic or fetal cells. However, 
since Wilmut et al. obtained a viable lamb by transfer of an adult sheep somatic cell into an 
enucleated oocyte, nuclear transfer using adult somatic cell has been successful in several 
species. Wilmut et a / .  suggested that it was a key factor for the success of somatic nuclear 
transfer to induce the donor cells into GO phase ("GO-phase hypothesis") . In order to verify the 
Gophase hypothesis, nonquiescent adult fibroblasts from a bovine ear were transferred into 
enucleated bovine oocytes. The experiments showed that the rate of electrofusion after micro- 
manipulation was above 50% , the cleaving rate was 54.5% and 9.1  % of those reconstructed 
embryos developed to 32-cell stage. These results indicate that for cattle, nuclei from nonquies- 
cent adult somatic cells introduced into enucleated oocytes are at least capable of supporting 
early development. 
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IR: 1997, Wilmut et al.  reported that a viable lanib was produced by electrofusion of a mammary gland- 
desired cell adult sheep with an enucleated oocyte. I t  was the first nuclear transfer case using adult so- 
matic cells as nuclear donors. This fact challenged the previous opinion that differentiated mammal somat- 
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ic cells do not possess totipotency . To recover the totipotency of differentiated somatic cells, Wilmut 
et a l .  especially emphasized the importance of inducing the donor cells into GO phase, for reprogram- 
ming, by serum starvation method and regarded it as the key factor for their . In 1998, 
Cibelli et a l .  succeeded in nuclear transfer using nonquiescent fetal bovine fibroblasts as nuclear 
donors'31 . This result seemingly indicated that, to recover totipotency, it was not necessary to induce the 
donor cells into GO phase. However, the result of the latter was not enough to judge the GO-phase hy- 
pothesis because the donor cells were fetal but not adult somatic cells. Here we used adult nonquiescent 
fibroblasts from bovine ear as donors in nuclear transfer to test the GO-phase hypothesis. 

1 Materials and methods 

( I ) Culture of somatic cells. A bovine ear was collected from a local abattoir, cut to about 0 . 5  
cm cubes, submerged in 70 % ethanol for 60 s ,  rinsed by sterile BSS for 3 times and transported to labo- 
ratory at 4 T  . The tissue was cut finely in laboratory, dissagregated by cold trypsin treatment and cul- 
tured in DMEM (Sigma Co . , St. Louis, MO , USA) containing 20 % FCS ( Chuanye Co . , Tianjin , Chi- 
na) according to reference [4] . 

( ii ) Oocyte maturation in vitro. Bovine ovaries, collected at a slaughterhouse, were kept in 
DPBS at 25-30% and transported to the laboratory within 6 h after slaughter. Oocytes were cultured in 

vitro as described by Wu et a1 . [51 . 
( iii ) Nuclear transfer. Oocytes were denuded of cumulus cells at 22-24 h of IVM by pipetting in 

CZB medium containing 0 . 1  % hyaluronidase and then placed in CZB medium containing cytochalasin B 
( 7 . 5  pg/mL) for 30 min . 

For nuclear donor preparation, adult fibroblasts from bovine ear at devision or growth phase (non- 
quiesent phase) were trypsinized at 3 7 T  for 3-5 min and neutralized by DMEM once the majority of the 
cells withdrew their pseudopodia and became round. 

Oocytes were positioned on the holding pipette with the first polar body at the position of 6 o'clock. 
The enucleating pipette was inserted under the zona pellucida and the polar body along with the underly- 
ing ooplasm was aspirated out. Then the donor cell was injected into the perivitelline space of the enucle- 
ated oocyte , touching the membrane of oocyte . 

The microinjected oocyte were exposed to Ml99 (Sigma Co . ) containing cytochalasin B ( 7 . 5  pg/ 

mL) and 10% FCS for 30 min. They were then placed in Zimmerman mediumL6' in an electrical field. 
Membrane fusion was induced by a square-wave DC pulse (130-140 V/mm for 80 p ) .  

All the reconstructed embryos were cultured in MI99 medium containing 10% FCS at 38.  5 T  in 
5 %  co2. 

Manipulation of the control group was the same as above except no donor cell was inserted. 

2 Results 

The rate of cell fusion was above 50 % (table 1 ) . 
The results showed that reconstructed oocytes can cleave and the cleaving rates of 2- ,  4-, 8-,  16-, 

and 32-cell stages were 54.5 % , 42 .4% , 27.3% , 15.2% and 9 .1  % , respectively (fig. 1 (d)-(i) ; 

table 1 ) .  These results suggest that nuclei of nonquiescent, somatic cells from adult bovine are at least 
capable of supporting early development when introduced into enucleated oocytes. 

Table 1 Development of reconstructed bovine embryos 

No. No. No. fused No. 2-cell No. 4-cell No. 8-cell No. 16-cell No. 32-cell 
Group 

oocytes enucleated ( % ) ( 7 % )  ( % )  ( % )  ( % )  ( %  

112 expt . 64 33 (51.6) 18 (54.5) 14 (42.4) 9 (27.3) 5 (15.2) 3 (9 .1 )  

controla) 19 0 

a) The manipulation of the control group was the same as the experimental group except no donor cell was inserted. 

3 Discussion 

Previous studies have suggested that adult mammal somatic cells are irreversibly differentiated and do 
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Fig. I . Cultures of donor ( a )  and recipient cells ( b )  , nuclear transfer ( c )  and the development of 
constructed embryos at 1-cell ( d )  , 2-cell ( e )  , 4-cell ( f )  , 8-cell ( g )  , 16-cell ( h)  and 32-cell stage 
( i )  . The atta<,hed bovine ear fibroblasts are at growth phase ( a )  and the first polar body (arrow, ( b )  ) 
i~~dicat rs  the maturation of bovine oocyte. 

not possess totipotency, so the donor cells used in those nuclear transfer experiments are mainly embryo 
cells which are undifferentiated. The success of nuclear transfer using terminally differentiated, adult so- 
matic cells as donors indicates that differentiated somatic cells still possess totipotency . 

Wilmut et a l .  regarded it as the key factor to induce donor somatic cells into GO phase. On the one 
hand, they proposed that the GO-phase nuclei and the MI1 stage enucleated oocytes in both the "post-ac- 
tivation" and "fusion and activation" methods of reconstruction are coordinated; on the other hand, the 
chromatin of GO-phase donor nuclei have undergone modification and may be more readily modified by 

oocyte cytoplasm ( dedifferentiation ) [ ' . So, Wakayama et a1 . selected the Sertoli cells and neurons 
which were at GO phase and cumulus cells (more than 9 0 %  in the GO/G1 phase of the cell cycle) as nu- 

clear donors in their experiments[lO' . Kato et a l .  also cloned cow by inducing the donor cells to exit the 

growth phase'"' . However, Cibeli et a l .  used G1 phase rather than GO phase fetal-calf-fibroblasts as 

donors in their nuclear transfer'" . We froze the somatic cells after culturing for 2 weeks and recovered 
them one month later. After being subcultured for 4-6 d (when cells did not grow ful ly) ,  the cells were 
used as donors in nuclear transfer. On the night before micromanipulation, the medium was refreshed to 
confirm the donor cells at growth phase (nonquiescent phase) . These cells were randomly at G1 , S ,  G2 
or M phases. Our experiments show that donor cell at GO phase is not the necessary factor for somatic 
cloning. Obviously, it needs further research to judge whether nonquiescent adult somatic cells are capable 
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of supportir~g the full-term development of the n?c:onstruc.ted oocytts. In addition, the effects of donor (:ells 
at different phases ( CO , G1 , S . G2 or R.1 phanr ) on the efficiency of nuclear transfer are still unknown. 

Up to now, tht: donor cells l i d  in adult rnarnmal somatic nuclear transfer are, interestirtgly , originat- 
ed from the reproductive system of female anin~als. For example. thc donor cells in the sheep cloning were 

. . 
manltnary-tlerived epitheliumit. , those in Kato's bovine nt~clear transfer.were cumulus cells and oviductal 

cells' ' ' I  , and Wakayama et al . used cumulus cells for cloning mice' lo] . I h i s  fact leads to the following two 
questions. I:irst, when male somatic cells or cells from non-reproduc:tive system are used as r~uclear donors, 
can they support the full-development of reconstntcted enhryos? Second, does the difference of sex or sys- 
tem affect the efficiency of cloning? Our experiments can partly solve the first pm1)lem because the donor 
cc.11~ were from a male cattle and also from a norl-repduc-tive s!.stc:m. As for the second question, system- 
atic. and erlolmous research is necessar). . 
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