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SUMMARY

Chromosome condensation and swelling of the donor nucleus have been known as the early
morphological indicators of chromatin remodelling after injection of a foreign nucleus into an
enucleated recipient cytoplasm. The effects of non-preactivation and electrical preactivation of
recipient cytoplasm, prior to fusing a donor nucleus, on the profile of nuclear remodelling in the
nuclear transplant rabbit embryos were evaluated. The embryos of 16-cell stage were collected
and synchronized to G, phase of 32-cell stage. The recipient cytoplasms were obtained by remov-
ing the first polar body and chromosome mass by non-disruptive microsurgical procedure, The
separated G; phase blastomeres of 32-cell stage were injected into non-preactivated recipient
cytoplasms. Otherwise, the enucleated recipient cytoplasms were preactivated by electrical
stimulation and the separated G, phase blastomeres of 32-cell stage were injected. After culture
until 20h post-hCG injection, the nuclear transplant oocytes were electrofused by electrical
stimulation. The nuclei of nuclear transplant embryos fused into non-preactivated and /or
preactivated recipient cytoplasm were stained by Hoechst 33342 at 0, 1.5, 2, 4, 6, 8, 10 hrs
post-fusion and were observed under an fluorescence microscopy. Accurate measurements of nu-
clear diameter were revealed with an ocular micrometer at 200X.

Upon blastomere fusion into non-preactivated recipient cytoplasm, a prematurely chromosome
condensation at 1.5 hrs post-fusion and nuclear swelling at 8 hrs post-fusion were occurred as
01.6% and 86.1%, respectively. But the nuclei of nuclear transplant embryos fused into
preactivated recipient cytoplasm, as opposed to non-preactivated recipient cytoplasm, were not

occurred chromosome condensation and extensive nuclear swelling. Nuclear diameter fused into
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non-preactivated and preactivated recipient cytoplasm at 8 hrs post-fusion was 30.2+0.74 and

15.241.324m, respectively.

These results indicated that onset of nuclear condensation and swelling which was associated

with oocytes activation were critical steps in the process of chromatin swelling, Futhermore,

complete reprogramming seemed only possible after remodelling of the donor nucleus by chrom-

osome condensation and nuclear swelling.
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slo]2] oA A o FYUE Ho| FeiF
ol a3}l Wity B IAFAEA AETHo
2 Be Iug To gt} AgrEd F7id BA
33 e A4 GAE Fola] 7oA sage s
@ol 2183l g}, ol T PR Ay gAY At
wr} g3fo] 49w Yol Rkl AFES ¥Y
% slokn g A vk AAEA 7719 FE79
#o]= maturation promoting factor(MPF)&} &
2= BA & FEsEd(Masui®t Markert,
1971; Newport$} Kirschner, 1984; Gerhart &,
1984; Christmann %, 1994) MPF& Z42he] M
o Z7)d i 579 o221 HEEY B¢ Y3
A fAeE A2rEde] F7)(metaphase I,
Mol AR e s MI 32 94 2
FFo] MPFE A8t gtk MPF= F $79 Wi
- 42 71 g9l TS0 el & V1 dee £
z}gto] 34 kDagl cdc2st ) 7)1 @9 EAbH0] 56
kDa AE7} HE cyclineg FAE o] o Leest
Nurse, 1987; Dunphy$} Newport, 1988. Dunphy
=, 1988; Draetta %-, 1989; Labbe 5, 1989: Par-
rish 5, 1992). P34cegt s Eele cde2s 8443
HAe W ¥ @A <18k (phosphoryla-
tion) A 4 U&= A Ho) &4 (protein kinase)
o] 44L& 711 g, o)3-& DNAY| A2=0] &
histone H1 @9 2-g 4ksbr) 712 o] Axpzr] G4
Ao} g-&o0] ot} (Johnson# Rao, 1970; Mur-
ray$} Kirschner, 1989). Z&iu} ol P349?e
w2l 9] histone HldlE &S vx|A7 G244

g2 TE 7190l g Aol nustn Yt

Rabbit nuclear transfer, Preactivation, Nuclear remodelling, Recipient cyto-

(Kubelka &, 1995). &= t}& =Hg-2 A=te] ol
(lamin)-& 22H3AF + $1E lamin kinaseZ A 2]
2goz olgld fglo) 2J3io] siuto] HFih ol
Azrde Arel #oto] AAE (Miake-Lyest
Kirschner, 1985; Arion &, 1988), Watol| A a=o]
Aol el 3 & iAol thAlel o g Ca?tel
B8] "Holeta B sl tH(Kono &, 1995). &
& RNA =884 (RNA polymerase) & ¢14H3IA A
AxEd 29 HAF 50| A= (Ciseks} Cor-
den, 1989), E& 7] AETEE F< myosin®] A3}
B dAArt 9o 2EHo AEH(karyokin-
esis)o] YAE wWi7lx] M EAEL (cytokinesis) S
ok lo|ch(Satterwhite 5, 1982). o} 7|E T
cycling F7FH oz SrldMe SAHT MEEY
=0} Mz} 743l (Evans 5, 1983; Swenson 7,
1986), MPF9] &3 3l P34 4tsH(Doree
= 1989)¢ cyclin® Hal(Murray9l Kirschner,
1989) 2 o|FojAtim Fe}, 18)3le] MPF& AlX
Bge AxE 1 nuclear envelope breakdown
(NEBD), 9449 8%, WAk $-3& =3ty
w3 &g 3k e 878 e 3 €7
o] & AP Y& AR}, F, nuclear envelope
breakdown(NEBD), prematurely chromosome
condensation(PCC), nucloli®] 24}, sjute) &4
2 Asle] ¥4, #e] B3 (nuclear swelling) o)
&Aooz dojdeH( Murray$} Kirschner, 1989 .
Collas$} Robl, 1991; Campbell 5, 1993). o}#¢
dde] T Yol AP WY TG FIZE
2= 9l 291" 9] AF7A (nuclear remodelling)
olgtx B 13l cH(Stice®} Robl, 1988; Collas$}
Robl, 1991). &) 74L& ol Ad Fg o]
HRE A2 wgo dAE 3 FUE H9 rep-
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rogamming®]2ti 3t TH(Stices} Robl, 1988: Col-
las9} Robl, 1991; Collas %, 1992a; Pinto-correia
%, 1995). Szollosi $(1988) & &7} AloztEd
o] 719k 7] Alolo] MEFT] dRle} FFHUS
o 2o AQFAo] rbsstcia o, IRy E4
g0 NEF7I7} A 27tRE ] B ol &7}
FHHAE o o) A= AT FFE Ao
W] gitkn stg.om, AF A dai7t S aks
AEF717F S7191 dRloll $HAAE o, Ate B
Bl7} GoluA @i P4 ¢4 2B AR
Zatgdorn gt} (Maleszewski, 1992). SAA o] v
He AxAs] EAsHe 5289 Buido] DNAS 2
oM REHD AT B dAdME dg
GA o} SHe fdzL BEE, o w@Ao)
EXF FAzre 2L wje] gy GaYol] 9%
Qlzlo|e}, Gilbert (1994) & FAHOIR|R| & F4
A= A 843k 4 Qloka s, whek Reld
AxE Holaslolg AL LdE oz FHx7E oA
HEE A gherhd A wje] Bae] JEE A &
g1}t DiBerardino(1987), Modlinski®} Smorag
(1991) 2 Barnes 5(1987) ¥ Collas®} Barnes
(1994) & ¥ol2] FAH P Fej@o] H3ld o] v
7F3AQ wslel BAGE reprogrammingS- vl
gl Aalg Foia s el A FAd) og Hol
2] A9 reprogramminge #ola] £AT e
2o foattn ok A FHNAN A&
MI 3= Y2 §3He e A3 dA9 s
3o z7Ado] 3t E o] 7IEHQ Aoz FY
AS W3 zItkn ) (DiBerardino, 1992). E3t
Smithe} Wilmut(1989)+= A3y dr|e] Ao
Aed MI @27} reprogramming 53| -3
o B askgc),

ool B A7e EVE AHESAA AEFIE 23
3 32-41%719 GY) E78 THBOE ARl '/
A GRS A7y PEos FHIE A= F F
Aol FTE FQYST FH b Yol FHBE
Aaksle] LA iz A wE o AFHE
ZAYstaAL STt

I xi= o by

1. 3A S8

£ Aol AMgE FA] 52 New-Zealand White
%o Awd E724 dgddEidgdigio g v
FFEGoH AME Ao MAE B ARSERIL Bt
AlE = ZMrRe] F4E Y.

2. TE{2io| FH|

E79 g 7l 453 4EZE 30mg
FSH (Foltroptn® Australia) & 3% $¢} 8% &
WY BUste] THFAYT, B FAF 12402
% hCG(Puberogen® Japan) 100IUE Awz=A}a}
9ot hCG FAF ¥ 13~154]749) chloropromazine
HCl3} ketamine HClg A4 n}#i§ o A8 ¢
sl dgo 2 HE dxE 10% fetal calf ser-
um(FCS, Gibco Co., U.S.A))e] &#¥ Dulbec-
co’s phosphate buffered saline(D-PBS, Sigma
Co., US.A)oz 3sigint. 3d da= 300
IU /ml hyaluronidase(Sigma Co., U.S.A.)-8%0)
A 39, 5% CO, 2708 787 3R thS, 150k
m fire-polished pipette©. 2 vkE pipettingale] &
FAEE AASLIL AR et MEdo] gd
Py ST AT b ez ATt

3. 3gie] Fd| 3 MEFI(e| =F

E7)e] dhjg frle @ FHe g ez
AAalstg em, hCGFAY AF A58 FE79 v
AZAY. 16-AE7]19] 8T hCG FAL F 482]31
A@sIH L, 32-AE79 G2 AEFVE 2Es)
Ao} g MEE 32-HE719] GUIZ MEFVIE F
718}5l= WhH L Collas $(1992a) o] ez, gk
3] g.ofstd, AT 16-AFE 71 F9TE 0.5 /ml
microtubules 23 A colcemid(Gibeo Co.,
US.A) % 10% FCS7} 238 M-199(Earl’s salt,
Sigma Co., U.S.A)) sFqolA] 10412t v st
16-M127] ©AA 32-H27] GAZ dolrke MXE
Bd9 F710 AXAZ 48 0.5% pronase(Sig-
ma Co., U.S A)olA 887 w3t mucin coat
9 B E AAS o2, 50um FE 2] pipettel g
Ca?* 2 Mg?" Aodd PBSAA &78 Halsth
o] M3 ¥ DNA &4 JAIAQ 0.14g /ml aphid-
icolin(Sigma Co., U.S.A.) 2 10% FCSE 3%



M-199 s F oA 1.5~2413t ¢t vikated M EF
d 943 F 32-4%E719 G2 713k 275 7Y
do g ARRsI T

4. HO|AZ 2(8t DjMIZ=R}

aghe] gag 93 mAR2L Stice?t Robl
(1988) 2} Collas 5 (1989) 9] el F3te] HAI3HA
o}, &, Sy FHFoZRE g &7 AEE
7.5u4g /ml cytochalasin B(Sigma Co., U.S.A.),
0.1zg /ml aphidicolin 28]3 10% FCS7} &79
Earl’s balanced salt solution(EBSS, Sigma Co.,
U.S.A)eA 1583 %8 thg DIC =g &7
(Nikon Co., Japan)oll #2¥l micromanipulators
(Narishige Co., Japan)ellA] pidzze AAIBI
o}, mAHZFE BY35 EBSS&YoA McGrathe}
Solter(1983) & non-disruptive ol 2sle] &3
< AAEEEY, AsE MO daks 984 A3
150pm AE2] vl pipetteo 2 IPAF| T b 3
Hell A7 30ume] AvHE ") A pipetteE FEh
2 ZJAIA 1A 1 F ol fix] e AT
d 57 A4 dEAT AgF N2 FY3tA
AAsAt gHE FR= hCG FAF 3 18A17H71R]
HioRst the A §8H 22 239 AR
ko) AEAYSE frrtdnt oled dAE Ozl
(1990) o] weiell we) Wz} MEde] Fejo ot
wxte] 843} 8- gasted IRt 8488 As
Za} Salgo 2 AMElE L, MES77F 2AEE Gy
o] FaEFE FY3IATE T77F FUE oA
A= 0.1pg /ml aphidicolin ¥ 10% FCS7 %%
M-199 ulj gt A Fzle] MEAw 7o |8 W7
A st

5. Mz S8 ¥ HAle| #Aist

Wzl &el §3 2 dxie] @43hs hCG 34
F 20A17k ©] 5(1993) 2 HHel wel 1.25kV/
cm, 60secE 33 A7IAFoR FESATH AE &
g dxlel A5 3 £9L 100M CaCl, B
MgCl7} 8 HAalz el 0.28 M mannito] £
o2 25¢e] Aol 247k Bt HE A7 & A3
At 771 ol E bz o] Aoz M7 the
paraffin oile] 249 Qe £3d {711 &7 F4Y

H JxE wjg3te electro cell fusion manipu-
lator(Eyela Co., Japan) & &9} A X §3 2
wale] #4315 FE3ch

6. SHO|&] =EI 2| oMy

Hola] YT o A74E BEsy] Y5t Pur-
sel 5(1985) 2] Wi ol w2} bisbenzamide= ¥ F 4
g AAstEe). hes] 9okshd, 241 10,4 Hoec-
hst(1mg /ml, Sigma Co., U.S.A.), 7504 2.3%
NaCit % 2504 ethanol& 43l working sol-
utiong TFE T 10~204 0.1% trypan blueE 42
2 29 slide glassoll £3-& 5o s HolF
aloll A £ATE o] AF o o]HBGALE °lF 30%
Eob Al 20 WX|E4 L trypan blueg A AZ th
£ 10~204 working solutiong @ojg] 1 3~5%
<t 37 A vl eFsta thA] working solutiong )
Attt A} PermountE "Hojal 1l cover glass
£ 92 e GHdA Hasld, o8 FFdEnA
(Nikon Co., Japan) slollA] @a3tdct. dake] &4
3} A}2L F2] 9L non-preactivated AT 2 &
A3 =L F preactivated FHTE AFE-FE Fo)
A FATL T §8 F0, 1.5 2 4, 6 8 108
Rlol| 247} P JAMste Ao} el E ZABIE, o
o] AL ¥ dn|Ael FAE HF micrometer2
A 2008 9] wlg SoA At Ao HEl AE
st

7. SHIEE EM

AF Azte] EA Y EAL& Microsta computer
statistical program packageE& AFE3lod Chi-square
test2A] A2 7] Fo4E AHsATh

I 2= o 2@

1. #o|&] HROIM 2| SF L WSt

Non-preactivated & preactivated F=-2 =82
o2 AMElaL 32-MEV]9] Gy7) B8 FYUT v
HAE S HA% 3 dyojd] FAHFL] Hoechst
3334224 A FF F3te Collase} Robl(1991)
9] ool we} AXE §5 F 1.5~2A70 2 8Az
ol daA o] 35 2 o] Pig 2z BEY A7



£ Table 13} ZvHFig. 1, 2). Adenot $(1992) ¢
ol wet §E=r] A 7 ¥ AR Hojx
1.54 o4 & A& o] Bald Aoz Hsict
Non-preactivated A8 @2 AFES F¢
e HNE 8 F 1.5~2A7e] g4 S0
91.6%(33 /36) 013, 8AZthol #He] H3h= 86.
1%(35/40) & Z+4t vephict, 28y preactiv-
ated® G2 ST AME Fpole G

Table 1. Effects of electrical preactivation of
recipient cytoplasm on prematurely
chromosome condensation and extent
nuclear swelling in nuclear transplant

rabbit embryos
No. (%) of  No. (%) of
Recipient embryos with embryos with
cytoplasm condensed swollen
chromosome embryos
Non-
prosctivated®  33/36(91.6)  35/40(87.5)
Preactivated™ 0/20( 0.0) 0/20( 0.0)

* The M 1T oocytes were fused and activated by elec-
trical pulses at 20 hrs post-hCG.

* Afrer enucleation, the oocytes were preactivated
with electrical pulses at 18 hrs post-hCG, and fol-
lowed by electrical fusion at 20 hrs post-hCG.

$5 4 3o Wk} dojubx] gt} Czolowska F
(1984)& FAME(thymocyte)E non-activated
Al §8EkE A Ho) BE $HEHAL, activ-
ated Wzl Al ggto] s A] ool Hwto] TR
EAFca sk 5 ERE 193 A48 &
= ¥ 608 ool S35 HEL o) et Yo,
60% ool AE AolMe 2 Adto] B3ls
Aotz g}, T3 E7)olA &7E non-activated @
Zpoll g% % Collas®} Robl(1991)2 g3 241710
90%7F 3o &5o) dojttia &, Adenot F
(1992) & 5~6A17tell 84%7}F B3t dojydtiz J
=3

2. oA B sio| FZ WS}

AE FF F 0, 1.5 2, 4, 6, 8, 10~ o]
FAT o) AH S st £ A Fig, 39 e}
W} uke} 7t} Non-preactivatedS $HHOZ ARE
3 Afole dRe AxEn &75 e 4 g
T ol AAL 10.8+0.74xmo|AQ1, HE S F
1.587F el & 9.0+0.63.mE el o]&% 2
e AXE §8 F o] AAET ¢ o dAFH
g2 ga4de] §30] HAUS B Bk BH HE §
3t & 2717l 9.6 +1.01um, 4A17FeHol= 15.2+
0.97um, 6AIZINOlE 24.2+0.74pm, SAITH N &
20.0£0.63umE vteho] o] 7o) NE §F H

Fig. 1. Profile of prematurely chromosome condensation in the transplant rabbit embryos. (A)
Interpase 32-cell satge donor nucleus, prior to fusion to enucleated recipient cytoplasm.
Prematurely condensed donor chromatin(B, arrow) and non prematurely condensed donor
chromatin(C) at 1.5 h after fusion of donor nucleus to non-preactivated recipient cyto-

plasm, respectively. Bar represents 10.m.
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Fig. 2. Profile of nuclear swelling in the transplant rabbit embryos. (A) Interpase 32-cell satge
donor nucleus, prior to fusion to enucleated recipient cytoplasm. Swelled, remodlled nu-
cleus(B, arrow) and the limited swelling of nucleus(C) at 8 h after fusion of donor nucleus
to non-preactivated recipient cytoplasm, respectively. Bar represents 10.m.
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Fig. 3. Nuclear diameter fused into non-preac-
tivated(ll) and preactivated(x) recipi-
ent cytoplasms in the nuclear transplant
rabbit embryos.

Hol 268% AE Z7IEG. T3, 108 7ee
30.2£0.74,m2] 272 vehyo] 27 e FAFR}
302% A= A9 27| ZrhEE vERAUT Non-

preactivated dAE FHTFoZ AT B MX
FH F 4 F¥o] FAHHE HaERe
(Collas®} Robl, 1991) 2 H&oA=x 9] 2| Ho] 4
A|1ZEeRell A 8212 AtololiA ol F7HE-& VERIS
o}, 8} preactivatedE FHPFOFE ALEF HH
de Az §gsl7] Ao T #o AL 10.8+0.
74| DA, AE &5 F 1.5A0H = 10.820.
8um, 2A1ZHO= 11.4+1.41um, 4X 70O 12,
8+0.73um, 6At = 14.6£0.4an, 8AIZIOlE
14.8+0.48,mE Yehlo] o] HFo| ME g3 A
9 x7) AR} 137% AE Tk &3, 1043
ol = 15.240.322m8] A& VeRfo] 7] e
A5 140% B = A9 FAo] F7}= ¢ preactiv-
ated GRS F@Fo2 AMEF H$ dHe) A &
HEE F2) ghskor A9 g-Fo] AR %
t}, E7lo|lA &5 non-actuvated Aol §3 F
Adenot 5(1992) & 5~6A17tel 3o B3lE A7}
Z719] 91.7£23.6pm?ell A 261.2+48.7,m*2 O]
%31, Collas9} Robl(1991)2 &3 & 8A1tel e
AL 2940.8,m=2 ML B9 AFH} 176% &
olstomn, activated W=xjol]l A7t §HE B
15+0.7m= @] AW} 42%%o| Folgria &
o}, olefgt A= Hol Gy7t FUHE F Aol 73
@9l 9] 2|74 non-preactivated HAE 3
o2 AMEE AS doldE & YTk =& MPF

o] 848 71X ¥ non-preactivated PR} =,
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MI dae 449 A& 74 z} F a %’—6&%91
@3 39 reprogrammingS WEES T
At At gt Smith 5(1994)»8— ZrollA] g
reprogramming & UE & 7} F8% 845 39
AEAolir, Smithet Wilmut(1989) & A8 FA R
o} M1 W=7} reprogramming®] & o] £} 3t
At

B 299 duollA E7c e FEogs A
@A 2 QA Wy o g g4stE U Yd
o2 AMgslolA] pelde] dTE §YS U Holy
TS AisheE Arct 8435 A ke WAt &,
M1 @218 #3ToR o] §3le] Falge] S78 §
st g o e ApAe]l Aok, o]Et Ao
Fagell ojste] ol T reprogramming©]
doletg & & ALk

_‘

Ny 2

B A3E EVS ARSIt BHA0E AER7)
& 24§ 3242719 G7] $7E AMREl £AY”
Azl el whE 3] TS AL, ol E
2 slo)A] 49 reprogrammingS Yolr R}
&l

@A EAe GHOo2RE hCG FALRERE
16-Hl32718] #HAE At 16-ME7] 9 FHHS
7o NERIE 32-HE7NY GrIE 2E9 v
st TR AMEET) FATE @A
1 B7|25E hCG FAFREE] 13~154171) 2 ks
of u)x 2202 A1FA o AH T MEAS A A3t
A2z Tl JAAE HYS F FPden
ARl 3hd, AlgE s ges 3 oy
hCG #4 18A1Z7HA) Wt ohg W7 ixFe2 v
zel ¢A3lE fEstg R, Bald 32-427 G7le
g7 MEE €83 non-preactivated ¢ preactiv-
ated whzte] Aol 242} mqzAko 2 43 ch
1A X7 FFE e hCG FALRRE 2047
F AF AFEA Axel 7 9 daY 845E &
=31, F3o) gl go)a] P/ ALfuts
HAABk5 ).

Falt iz el Aol M2 F1dE Yo s
FAR8E st 32-H 2719 Gy $FE FHTe

2 AR8-8}1L non-preactivated ¥ preactivated @
A5 FHBoR AMEE Ho)d FHTE AX §7
%0, 1.5 2 4, 6 8 10Athel] 1E¢] A Hoec-
hst 3334224 B3 Gl FFJAU A st AF
19t} Non-preactivated W& F3gros AL
3 Fold FADL AE §FF F 1.5A0Te 9L
6%(33 /36) 7} GAA| 2] 2o doigz Az el
o) Ash= 87.5%(35/40)F Ve Z2u
preactivated® WAlE FHTOZ AL Hol2 F
e G &5 2 o) By}t douhx] Fk
v}, & non-preactivated BAE @O R ALS-
gk ol AT §F F 1070 A A
& 30.2%0.74pmelolx] o) Hslrp gelgont
preactivated WHAE FH@ 02 A3 o)y £
e o] FFo) 15.2+1.32umE LR O] o) B
k5] x] 99k3, non-preactivated GAE TR
ARE-EE o)) A TA Fo) A 7Ado) Aot
o 4 A

ol#gt BaE S A ol AP BEE
< A% Y34 non-preactivated @R &
MI Jdx8 sddor ARgshs 3o F¢5 d9
Aol &3 dojd] =Hgre] & reprogramming
o] doit-8 & & AL
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