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ABSTRACT

This study was conducted to examine the effects of pre activation treatment and activation time of recipient
cytoplasm on the development of bovine somatic cell nuclear transfer(NT) embryos. Donor cells were transferred and
electrofused to enudleated oocytes before(pre-AC) or after activation(post-AC). Activation was induced with a com-
bination of Ca’*-ionophore(A23187) and DMAP. NT embryos were cultured in CRlaa containing 3 mg/ml BSA for 9
days. Some NT embryos were fixed at 0.5 to 2.5 hr after fusion(for post-AC) or activation(for pre-AC) for confocal
microscopy. Developmental rate to the blastocyst stage was slightly high in the post-AC group(20.6%) compared to
that of pre-AC group(15.3%). However, developmental speed of embryos in the pre-AC group was faster than that
of embryos in the post-AC group. Development rates to the blastocyst stage were similar among different activation
time before fusion(0.5, 2 and 4 hr). The result of the present study suggests that development and nuclear morphology
are affected by the activation status of the recipient cytoplasm before fusion.
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A2 ¥ DMAPZ 4412t ulgste o= 71315t oA @2 CRlaafd A 997 v gt T8-S HEFNS
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HAte] Ads HAdA 7P 2% A2 MPF(matu-
ration promoting factor; &1L BT AL
A Qlto|t}y, MPFE cydlin B9} P34“? k= F 7o) ¢
2 BEgAzA 43 91, kinase 8442 T4 kinase
o] QIxtg}l Aol Ao Wkt cydin BSHe B o)
AN zAAY AZED F7) T PUYY FREE IA
A gob g cyding FEE thFsith P34 ki-
nase?| 48 AE7 FAHEE Ee HAFEE AHE
Z31A7131, k2T (nuclear envelop break down, NE-
BD), ¥4 €%, AEXEZY A7 g A2 HH
o] W3S 7hA&Th(Nurse, 1990). Cyclin B] proteo-
lytic degradation MPF] E&8A3E freat dA7}
metaphase”| 2%E FEdo]l AAE F U=F I
(Lorca 5, 1993).

W2l A4 Al MPF 842 Al 1349 Al 23 Zrad
%7)(metaphase)oll A # el @dict WAzt Mol
BAHARES W, MPF 2432 A Fot IA, ¢4 =
= @43t Ao MPF 842 215384 A gtH(Camp-
bell 5, 1993). &A3t=]x] 42 dAlol] o|2d 32 £
g AEHe & MPF &4 9Jste] #ut F-I(nuclear
envelop break down, NEBD)7} ¥ojubal uvlid< A4
3% (premature chromosome condensation, PCC)o] ¥
ofdrt. 1 F st 9dte] FHupo] A FAHHT
DNA #4do] Alztent o] Tpgel A A A -+
AE& THAE AFEFHEL A oR 2Ed vzt
A B&Ea o)A F ARtE waEny Wil Fdge
2 245te 3 AT Ag- o)44d 3o NEBDS}
PCCE Yojuhx] ot so]dA] Fof AXe] Nz F
719} 4#glol DNA §4¢] dojdrtiCampbell F, 1996).
o] AL go] WF=E F NEBD9} PCC glol® o8
sje] 27187} JHsdhe AT

2 dA7E 8 A 7989 243 Ay 7% &
3 2y Algkol & AME F HelATe Ao L&
o X 9T AR H3 AT

olr o

XHE Ol HitH
AL [= 3= |

HE2H MF U YSHY
TEFA dAE 4t AH 2~7 mmé] GEE
2 GEAE FU8HY v S GRAE ARG AH
H gxe A degstedA GFAEsd Y8t AE
3 ANkS Mdste] Aol o] &3ttt ¢
¥ HL)d&E& TCM-199 H(Gibco-BRL, Grand Island,
NY, USA)dll 10% ZEfo} EH(fetal bovine serum; FBS,
Gibco-BRL), 0.2 mM Na-pyruvate, 0.02 TU/ml FSH(Sig-
ma, St. Louis, MO, USA), 1 ug/ml 17B -estradiol(Sigma)
2 50 ug/ml gentamycin(Gibco-BRL)o| i <%
AL 50 we AFoZ O] paraffin oil2 ¥ EH3IIL
427 7 107]9) dEFE Yo 18~20A17F vl

Ly

HAMZ ZH|
Ao A FARNEE wjFsted oF 43) AE passagedt

o

ofrt

g 450 LN, §7] Yol B@sie AMgsitkE
ARER AAEE AHE Aol g3heteq 5% CO, B 39
T 22904 109 o) A7) widsted] 2 AX 2%
(confluence AENE THEo] F22HX GO/GL7]o| FXA
Zoh. wiE AT GU/Gl7] & ARE 2 AFA
= AESA @dort dxe] AhAM 90% oo AlE
7} GO/G17)°l T2HE RAoeZ FAHAHCheong T,
2003).

Demecolcine *{2

AYellA 18~20A7F A5AZ FEFES 1
1999932 1% hyaluronidase”’t £ gle AT &7
vortex mixer® 5&3F A st GFHEE AA F,
AFAY MFx7L FUT RS AP W} A 1537
gold IS o] &Itk GFAES AAR A=
04 pl/ml demecolcine® @ 40%3F #2]3}3, 3 mg/ml
BSAZ T3 TCM-199949] dropo 2 &A 153+ 44|
A2l % chromosome mass2] EZ°] EQ1e WAE 49
o ]85} tHYin 5, 2002).

M =

55 vAl 22 A-29)A DIC X9 Narishige 7
AzA7)7) 2R =hEnES o gate] AT
gL 5 ng/ml cytochalasin B(CB)7} #-fE mPBS(mo-
dified phosphate buffered saline)?§2] Wi¥AZ(50 pl)
Woll Al A 1539 T AEAS oF 13 A= Y3
o Al 2 fFAHEE F7] QAAE AAsE THeE A4
it 23lE AEES 1 pg/mlY bisbenzimide(Hoe-
chst 33342, Sigma)E 43 TCM-199<80l] 1587 A4
dto] PPAr|F o2 B A5-E Halsginh o)A =
22 TCM-199 + 3 mg/ml BSA Wioll A AAIESAT vl
d AAEE 0.05% trypsin-EDTA SH0Z 1~383F A
2|3t pipetting®] ojste] BiFA A AReA E2fst
gtk 29 AAEE 200xgol A 587 YAlEE sk A
ZN9 AT F 3 mg/ml BSAS T3 TCM-1994 <]
dropdll B#ated A&t Donor AlE= A4 injec-
tion pipette 22 FY3te] B3-S AAF 7HE T3t
g Axde] 3 Wz Fdasih

MA5Ee ®IIgE ¥ 243

A& A7 §FL BIX AEFEEA(BTX, San
Diego, CA, USA) H 1 mm%9] wire chamberS AHE-3}
o At AFESLS 01 mM MgSO, 0.1 mM
CaCl, 0.05 mg/ml BSAE #7}% 0.3 M mannitol &4
S Y2 wire chamber®] & = Alo|2 &7, pipetteS
o]-&38l4 donor AXE9} ¢ Axe] HEHo & A
o FHo] HEE fx28t1, oo 1.5 kV/emg] 2F
(DOAFZE 30 1 sec It 13 BA3NAE B4 F FA
TCM-199 + 3 mg/ml BSAY UjellA 3] x4 F ujA]
ol A 0.5~1A17F Fol] ME &3 AFE #F3H.
Post-activation(post-AC) Ael7E §& Al 10 u Mg
A23187(Sigma) 2 5%+ H#d F 2 mMe 6-dimethy-
laminopurine(6-DMAP, Sigma)S -3t A <jufgFl(o}
A F2)A drop WE &A 44T F& wiEst vl
Z 05 B 2A7F Ex BGFTE F(A3187 M F 44



+A, pre-activation(pre-AC) ﬂ
10 pMA A23187% 583t Ay ¥
6—DMAP‘% g3k A ufetde] drop W
< Hiek }04 %Hi@} Fr718ksich 45
3 % 05, 1.5 € 2547t whole-mount
A EH F A :’3‘7\13}9\1‘4.

SO[A 2o A el Y

2438 A7 § Ho|AF¢E 3 mg/ml BSATE TiH
CRlaa vlFe] 50 pl drop2 & &A 5% CO, 2 39T
9 3o 48A13E B kstod %ﬂo & AAAT, ¥
&g ol TE 10% FBSE 3 CRlaa W= &7A 7
S5 2 e e S5e B

MPF Kinase Assay

MPF kinase assay™ Anas 5(1999)%] *'Hol wel ME-
SACUP cdc2 kinase assay kit(MBL, Nagoya, Japan)°.%
catalytic subunitq! cdc2 kinase®] &S &3t &
oF3lH, GTAIEE AAT 20709 FAE cde2 kinase
sample buffer(50 mM Tris HCL, 05 M NaCl, 5 mM
EDTA, 2 mM EGTA, 001 % Brij 35, 1 mM phenyl-
methyl- sulfonylfluoride, 0.05 mg/ml leupeptin, 50 mM
2-mercaptoethanol, 25 mM @ -glycerophosphate % 1
mM Na-orthovanadate, MBL)| A & ¥ #&3 ¢} 5
ul buffer®] microtube®l &AH —80CNA T2 #7333
ot galsked EAATE dA FEAG p) 25 mM
Hepes buffer(MBL), 10 mM MgCl(MBL), 0.1 mM ATP,
10 % biotinylated MV HE] = (Ser-Lue-Tyr-Ser- Ser-Ser-
Pro-Gly-Gly-Ala-Tyr-Cys ; MBL)7} &4 45 ul kinase
assay bufferg} i{?}é}@] 30°Col| A 30 St T
o} AAkE} 9hE2 200 pie] stop reagent(SO mM EDTA
S sl PBS ; MBL)Z AHA|AIA 13,000 xgoll A 15%
ok YRR, Cd2 kinase B4L ELISA Hol
3 ZA83=d, 22 100 we W3NS biotinylated
MV peptide®] 2143+ HE|E <12413HE monoclonal anti-
body7} 2 Z}2te) microwell2 7 25TollA 602 &
Qb wiekste] PBSE 59 A%tk L % 100 wl® hor-
seradish peroxidase conjugated streptavidin solution
2z} Arlsted 25 CoA 308S =9+ BHohﬂ. 5 A3}
o] 100 pl] POD substrate solutions ¥} —,‘7]-xq o=
5% BoF wjYEicl HFH o2 100 ue stop solu-
t10n(20% H;PO)E 717+9] wellll Y31, microplated ©]
&3t 492 nm% FFEE FASHH
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Holage] 3 A 493} Al (post-ACT) Y &
T 243 AT (pre-ACT)9] HiwtEr] LEE&S HE
& A3, post-ACT7F 20.6%E 153%% pre-ACTETh
tha A Gebtou golakE 21Tk Table 1).

88 HF 243 Moo O Uss: HE

dojalge] AJau)r] Z& wtE7|7A] B8 £ E
AES A7, re-AC?“ fﬂi 121 & 6gatel]l FAn=
HW‘S}O# 7%}z}0ﬂ HiRrE7} £ 2 4ﬂ9 A post-ACT

= 7UAEE AR wddte] 8Ua} o] ol wintxrt
ﬂrﬂﬂﬁ’iﬂ} ot "AAHQ 8 dEgede xko)rt ¢l
ThFig. 1).

8B ® #Y3t X2 A FOII mE Ysg 48
Post-ACT9] S ¢3 A &A3s 27 A|7ro] gho]Al
@] 2o um-t— YL AET 2K (Table 2), WE

LEE2 Fo|4] F 05, 2 % 4A0 FFE Al TR
o2l Aol 7t °i?i‘4(17-2 20.5%).
843t X2 ¥ N'E MPF +F {3 HE

Table 1. Effect of activation time on the development of nuclear transfer oocytes

No. of embryos

No.(%) of embryos developed to

Treatments’
fused(%) 2-Cell Morula Blastocyst
Pre-AC 124/178(69.7)° 114(91.9) 26(21.0) 19(15.3)
Post-AC 141/180(78.3)° 131(92.9) 35(24.8) 29(20.6)

" AC, activation.
** Values with different superscripts differ(p<0.05).
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Fig. 1. The developmental patterns of nuclear transfer embryos. The proportion of NT embryos that reached the morula (A) and blastocyst
(B) stage by Days 6~9. *Values in the same day and same stage significantly differ(p<0.05).

Table 2. In vitro development of nudlear transfer embryos activated at various times before fusion

No.(%) of embryos developed to

Time No. of embryos
post-activation(h) fused/manipulated(%) 2-Cell Morula Blastocyst
05 . 88/115(76.5) 81(92.0) 21(23.9) 18(20.5)
2 56/74(75.7) 47(83.9) 13(23.2) 11(19.6)
4 58/76(76.3) 48(82.8) 12(20.7) 10(17.2)

MI7] 'd2e] MPF 2 10002 B3kg o, 8431 $, dojajgte) B8] e FE= 84 39 shiyl &
el F 05 2 R 4ADAY MPF 782 2171 325,262, A AXE9] Z4gstolth m = 78 Al
19.002 dA3] sk BAEE RN p<0.05, Fig. 2). dolvte AXA &4 A S AXA &2 ol
Z go]d] IAAox w=A] 43 FHojof d) T
o] E5EE 84l B4 588 BFE 783 29
O g3t Izl Mol AN &3 HA|
2 GAE AME Foj]e] AN EAR o] gsignt
) ) _ (Takahashi 5, 1998; Tani %, 2001). Z&lu Z(Bordig-
& FAY dg 2 nsAFY HEFd ol H non¥ Smith, 1998)o4 &43} ¥ telophase ] A
AASAY ABH (Baguisit Overstrom, 2000)14 48}
¥ demecolcine &2 3}35H4 "alsle FH|3 AT Ao
ANE BA FE& BAst=d et Busd, ¢
g el 2435te AEAZ AHE 89 reprogramming
< AABE Aoz wudn. B dPdde &43%
A Z A (post-AC)°] B|B93tE M XA (pre-AC) Rt} Tha
Eo eSS YEAed, A9 FAA7 gerg
719 2438 HA Fe A2 =E50LS ° YE
e o B2dlydy miEo2 wuhEti(Cheong
5, 1994). §4, wjole] W&o glojdE post-ACT
A o =& LHFEEE BoEd ol A Azto]
pre-AC 7ol H]gte] o= Ao 7|Aste Aoz &
SR T A A,

MI 30min 2h 4h ol o] WA T2 A MEAEY ST L A
¥ 843} Al7](Collas?} Robl, 1990)°] 2= o
. . . . N e Wer do] uE@AdsE Wxl] £ S e
Fig. 2. The cdc2 kinase activity of bovine oocytes following time HHO]- = 31]?]_ » P—]L]— ]o1 0103}}7 Oﬂﬂy 21%&—:,—5;]]’2 a oﬂmH‘_
post-activation. The activity level in MII oocytes is defined as = G = = A Sl -
100%. Data are expressed as relative percentage of the level of 5ol z7|stgth o]d 9 }d’*ﬂig W =&
p34™? activity in bovine oocytes. *Significantly differ(p<0.05). Ae o) Z7|3te AFAL 2R3ty BRuFdch
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(Ware 5, 1989). Wakayama (1998)-2 A4F A X
ojHelA HolA FAlel|, #e]d] £ 1~-3A7F
3~6A|3tel| b7} B} AP d A, o)y 3 dF A
7ol AxE F A3 3= Ao] o)l &4 /\U\]?ﬂ- z
Sl B8t & l“’ vz 3ok 2588 ‘?éﬁ’i
o} NI = %“éi‘r% 2t —Zr?ﬁ}?i% = #uo] B
AR gFom, Fo GUAE FAEH FAPH0Z &
57 =t dxte] MPF 842 A 1219} 24 i
& Z7|(metaphase)oll A #ilzol| dsli=dl, A7t Ml
7l BAHRNE W, MPF 842 £A ot AT
q T Z438 Ad MPF 842 2435 Z}i?‘&‘?
(Campbell 5, 1993). THAEL] AxE F7)8 T
243t Ay AP o] ] wiitE 2 o] Ae] WHof
03%% "] 3 cKSatoshi 5, 2002). Vignon 5(1998)> &3}
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Ly WA A
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