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SUMMARY

Development of effective activation protocols is of great importance for improving the
success of cloning and subsequent transgenic. Three methods for oocyte activation, including 5
#M ionomycin (5 min) alone, ionomycin + 1.9 mM é-dimetylaminopurine (DMAP, 3 hrs) and
ionomycin + 10 pg/ml cycloheximide (CHX, 3 hrs) were compared for their effects of pronuclei
(PN) formation, development, developmental velocity and ploidy of parthenotes to IVF control
in bovine. In group of ionomycin + DMAP, the oocytes having more 3PN were significantly
(P < 0.05) higher than in groups of ionomycin alone and of ionomycin + CHX (45.5% vs. 0
and 0%, respectively). Activation with the ionomycin alone, ionomycin + DMAP and ionomycin
+ CHX resulted in cleavage rates of 30, 85.5 and 57.9%, respectively. The blastocysts rate of
parthenotes activated by ionomycin + DMAP treatment was significantly higher (12.3%, P <
0.05) than those of other treated groups. Chromosome analysis shows that ionomycin + DMAP
treatment greatly enhances the incidence of chromosomal abnormality of the parthenotes.

From the results, we may conclude that DMAP treatment to the oocytes accelerates develop-
mental velocity resulting in both the higher incidence of chromosome abnormality and of PN
formation, and strongly suggest that CHX combined with ionomycin is better than DMAP for
the purpose of successful nuclear transplantation. Developmental velocity of parthenotes
activated by ionomycin + DMAP treatment was significantly (P < 0.05) faster than others.
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A (reprogramming), T3 Fa}e] &A% F B
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A} (Fulka %, 1998).

gola Al 43t F= BAE Ca”l iono-
phore (Ernst %, 1999; Liu &, 1998a; Liu &, 19
98b), ethanol (Kuznietsova &, 2000; Nagai, 1987)
= electrical stimulation (Bodo 5, 1998) 5o} o] &
¥ 4 1o, MPF (maturation promoting factor)
2 A3 AF7) 989 cycloheximide (CHX,
Ernst 5, 1999; Bodo$} Yang %, 1998; Presicce
%, 1994), 6-dimetylaminopurine (DMAP, Liu 5,
1998ab) 2 cdc2 kinase inhibitor (Alberio 5, 2000;
Motlik 5, 1998) 5-o] HEE = qlck ol A4
Ho g widd ¢t A 2 FFEE7] T A
A8 AE o MPF #A7F £ AHE FAHY
7t AR A £ o] dojHA MPF 3]+
2483 26 wat AEEG] dojvte JAE
7o &3 ok

A dRre] dlol] gAste] tid o7 AP
{Stice =, 1994; Presicce®} Yang 5, 1994; Ware
%, 1989; Nagai, 1987)E ] Ad 10487 +3 5
ol gow, FIE Hol4 3 ¢ g3}
1852 2 Hl-hitone kinase inhibitor 24 DMAP
< g AREsl gk 28y DMAPS &2 &
AE AT E730 GAA w53 (ploidy)=h
A EZF7) ZAZE GRS 5 UArheE FFE0] A
ZAH 2 At} (Avery =, 1998; De la Fuente ¢} King
= 1998; Rho 5, 1998; Winger 5, 1997). £ &
71914 Dinnyes 5 (2001)2 NZ g o) e
#23} %o cycloheximide (CHX)% DMAPZ
ALsdg o U RIS iy wesd
RN Azl Aatels AdEActy Bisdch
ol AMZFF ol o] MiNtEAA LEY F
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Ca™ ionophore A A% ionomycin3} Hl-histone
kinase inhibitore] DMAP % protein synthesis
inhibitordl, CHXE 7zt ®E&Xastd @92
ol My A, dEs, 9EET 2 G4A ) v
g ALY, E&8 O 43 EE 7
AR BA FF BA $4 AV oLt
st th

ME & U

2 Ao AME BE wgYe 2 F4ER
(Millipore S.A. 67120, France)ol| A A48 Milli-Q
& o] &3to Axstgen, pH 7.2~7.4, AFSt
£ 280+5% mOsmkgl 2 FAste] ALEsch
Ao AME" Aleks} ujokdl-2 Sigma Chemical
Co. 2 R¥ 7ttt

1. HEO B H M d=

E&3 #8 A YG4AE penicillin-streptomycin
(Gibco, Pen-Strep)e] 0.6 mL/L FHF 302Cel
PBS (Phosphate Buffered Saline)2 3~43] |3 gt
%, slicing Wy o2 Gz sy ¢y
o) A9 H&E WFHLS 25 mM HEPES7) &5
H TCM199 uj ekl (Earle's salt)el) 2.2 g/L sodium
bicarbonate, 0.11 g/L sodium pyruvate, 0.6 mL/L
Pen-Strep % 10% steer serum (Cansera Inc., Rex-
dale, ON, Canada)g H7FAA A&t dxst
o) A ke A s wigy 50 pL vA £
Ao 1518} dEFE 23 CO; incubator (5%
CO3, 98~99% &%, 39C)oIA 22417 FoF vk
stk

2 A2 M= HXte| et M|

Wate] FA3LE 98] A} calcium ionophore |
A ¢l ionomycine 2% BSA S 10 mM HEPESZt &
43 Tyrode's albumin lactate pyruvate (TALP) ul
oroll, DMAP @ CHX%: 0.599 g/I. Hemi ca-lactate,
20 mi/L9} 10 mV/L Hep ot ¥ld < ofml it 0.2 gf
L L-glutamine, 0.6 ml/L Pen-Strep 1813 3 mg/
mL BSAo] F7tg¥ CRlaa wjFele] &afate Ab
£33k



A wiok ¥ 22A17F A 43 dA-E 3% sodium
-citrate RN A WA A dp NEE A AF L,
E¥dn 73 (Nikon, 200 magnification) 3}l A |
1547 B& =T Axdo] #3838 A 2 g5
7] e dATE AEid A Adees
#3tdct 4E < 1 (ionomycin treated group)e} ¢
A= S uM ionomycin© 2 SHE7ZF ¢E ] z)slyg
o, 49 2 (lonomycin + DMAP treated group)
o dals 5 4M ionomycinS B SEZ Xy &
1.9 mM DMAP &e] 3A]7F wjddtdy, 4
3 (ionomycin + CHX treated group)®) @A} 5 uM
ionomycin® 2 5%7+ A2 & 10 pug/mL CHX &
Aol A 3A|ZF FF vl A H T

3 ML 3 Y Mol i

A Mel R A9 Yol o] &R Hjgy L
2% BSA (Fraction V)& 10 mM HEPES7} &5
TALP wjofo & 7|22 2 3o 10 pg/ml heparin
= ATIANA A9 34 wjkd(IVF-TALP) O &
o] &3}, heparino] H7FE ) of & wigAL AR
A M4 (Sperm-TALP)S. & o] &3} t}.

GETS AL FAHA AMEEH FAE B 484
A FHRREAZ HAHE o] 8351H o, Rho
(1998)2] uloll 3kod Percoll density gradient
Ho2 HAEATE Percoll gradient®] 2w
100% percoll £ (S-1644)o] 10x salt £of
(NaCl, 2.889 g;: KCl, 0.238 g; KH,PO,, 0.116 g;
CaClp, 0.112 g: HEPES, 0.163 g; Milli-Q &, 50
mL)S H7}ete] 90% percoll 9L DE T, 90%
percoll S-olol Fakel sperm-TALPES Hr}hela
45% percoll 84L& Fn&Hch 15 ml conical
plastic tube2! ofghZ=ol 90% percoll £ 2 mL-&
W3 O 23Eo) 45% percoll £ 2 mLE % o)
Ho)A] FEFH 2AAYA BF3 F, 45% percoll
g FE Rl gale EAAY 0.5 mLEg Wol
1,000 xgell A 15% Ft 94 2% &, AR
pellet& 3¢5t th ga9 A=} pelletd 10 mL
o] sperm-TALP £9o} Hol 350xgo|A] 1087+
4 BeAA A" s

A8 & A9 A4g d ¥ kg sperm-TALP
MR o 2 wRtele) U7 M EF0) YRE 7

o ot
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& ThE IVE-TALP wifolq 2~33] A AT %,
A4 IVF-TALP vj<kol 50 4L v)A A& F 15
MY F2E @& the percoll gradientol] 2]s) A
F9E BAE HAFE 57 2x10° sperm/mlo] )
& 718te] CO, incubatoro] A 16~18417F |
9l #3& F=stch

g4 9 A +% £ uikS Al 471
CRlaa | Fooll A wiokal s, 2 & TCM199 uj
FAo &A I EZ|7LA ek dTh H e vl
Al M FA L 50 pl PA &2F 215709 GRE g
] 5% CO,, 39C9] Z 4 3tollA] wlFaiElon, &
At A= A FH T 12475E 48A L7
A 6AIZ VAR AHETE 2AEIY L, Al 29
(A 0Y: A3 AT g A9 AL By
R A Aol MW Er] LS 7z W w FA}
EI3a=y

4 MEZEH 2o

243 A5 9 A 3 1847 § gy
T A9 AV AW P43 TAIE) 9
A} methanol:acetic acid (3:1, v/v)oll 18A]7F o)A}
A F 1% aceto-lacmoidE. G 3t Ad &
A3t e SESAT g8 AT 2 Ay 5
A 1084 7] S @t A 9) S ee) A xS
2 G BHE HaA 0.05 pg/mL Karyo-
MAX Colcemid solution (GIBCO BRL)o| Z 3%
CRlaa v Fefoll A 6A17HE<Qr vl ofate) A ZF7)
£ F712 713 Al713L 1% Na-citrateol| A] 487}
A st 2t GRS 0.5 119 1% Nacitrate
9} 1.5 pl methanol:acetic acid (1:1, v/v)ol] 2%t}
7} slide glassol] Q13 o & Hojx HMHE g
Al HEg 3, slided methanol:acetic acid (3:1, v/v)
2 18AZF o) AF 2AE & 4% (v/v) Giemsa @M
Ao ' AUES MEor FUAE AF3y, 4
A} w5402 wHEA] (haploid), ©1¥l ) (diploid),
v <= A (polyploid) == £ G444 (mixoploid)
2 FEaq.

5 A Mzl
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ANA ) w44 HF S One-Way ANOVAE ¥



A3 Atk @A el B8 Student's t-testE #A]
g A=y
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1. HHXe| &3t R0 OE MM @Y

A dsd A 274FEE F71 dAd 2] ¢
2 843 FEE VI & 18A17F St wis &
A A& A A3 Table 13 2ot Tono-
mycin 32 ¥ DMAPS *a)3 ¥xl+= IPN &4
£9°] 9.1%Z ionomycin® & A2 3P A io-
nomycin A2 ¥ CHXEZ A& 3 Y=o A 9 1PN
HAL 77.85% 79.0%ET $97 (P<0.05)0 2
@A et o m, T3 3PN ol Are] A2 455
%E TUE F FHET fo4 (P<0.05)22 A 1}
Ebstth.

Avery S (1998)2 2 mM DMAPC & &3} =
& 7GR 20417 Ao} vk F A YA
&°] 1PN 11% yebd 519, 2PNo} 76%7}F ek
Woial BHIEHTh olgld Bis B AYAA
ionomycin * & & DMAPS.E #A3} A=& 7}
€ ® 1PNo] 9.1%¢9] B=3t&igk 3PN o]/do)
45.5%\ VERG A3t fARE A4S 2

T3 B AYddA = ionomycin 2] ¥ DMAP
2 2438 FEIFATY vy dReA 2
g do] 3N, 4N 2 6PNo] velhts 5 Hj3AE
%8 EHch WA jonomycin @5 A2 3tAHY
ionomycin # g & CHXZ @A3}E $E349%

[¢3

| IPN& 7} 3PN ojAke] A&
SE Q4 ol A 29 F
IAE H 9] A4 A DMAPL Z Xstge o v
Al A 2 24EY F7)7F Jel e (Fluka
=, 1991; Rime =, 1989), |88 2.9le] &) u)
2o HEg ¥ 4 Uky B33 AI(Ka-
warsky 5, 1996; King 5, 1979)¢} & X &g}, wh
A DMAPE dzbol WA A4 AL &
E3tE RS U F UJT, olE FTF wgEql
el JAHA R oo 42E Ho=
At EY B A A BAT AAEA
=tk

N gl

2. XY #d3t RO ME A wHE

A dsd A 2 ZdeEE F7 dAe 4
e 43 4SS Ve ¥ 2eg 9 wEsd
H 2 ZAEE A= Table 2004 B upeh 2o

Tonomycing 2|3} DMAPS 2 BAI3E &
T AT BEELE 855%2 A £
Z79 72.5% /93 Abe] (P<0.05)7F 1A H
A %A, ionomycing ©E A2 AL} iono-
mycin 2 ¥ CHXZ 8435 f=3 dd9
3039 57.9%90 His| H<97F (P<0.05)E &7
etk 18y DMAPS R date) $4318 &
TERes W B2 xR FAEFAA T W
BrE 7R o] W8 123%2 thE 79 27.8 %%}
= Fr9 3 Ao) (P<O.05)E vreRHTL o) @A
£ jonomycin®. 2 A g]8l7 DMAPE &4 3} z=

Table 1. Comparisons of pronuclei formation in parthenotes produced by various treatments to IVF controls at

18 hrs after activation and insemination

No. of No. (%) of pronuclei
Treatments
oocytes 1 2 >3 0
Ionomycin 18 14 (77.8)° 0 0 4 (2227
lonomycin+DMAP 22 2 (9.1 10 (45.5)° 10 (45.5)° 0°
Tonomycin+CHX 19 15 (79.0 2 (10.5F 0° 2 (10.5)°
Control (IVF) 32 3(94) 23 (71.9% 4 (12.5)° 2 ( 63)

*4 percentages with different superscripts within columns indicate significant differences (P<0.05).
lonomycin, 5 ¢M ionomycin; DMAP, 1.9 mM 6-dimethylaminopurine; CHX: 10 pgg/mL cycloheximide, Control (IVF):

IVF embryos.
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Table 2. Comparisons of development of bovine parthenotes produced by various treatments to IVF controls

No. (%) of oocytes developed to

Treatments No. of oocytes

2-cell Blastocyst
lonomycin 142 43 (30.3Y 1 (0.7
fonomycin+DMAP 138 118 (85.5) 17 (12.3)b
jonomycin+CHX 133 77 (57.9)° 7 ( 5.3)°
Control (IVF) 327 237 (72.5)° 91 (27.8)°

abed

Percentages with different superscripts within columns indicate significant differences (P<0.05).

lonomycin, 5 #M ionomycin, DMAP, 1.9 mM 6-dimethylaminopurine; CHX: 10 ug/ml. cycloheximide, Control (1VF):

IVF embryos.

5 bt W@ S vt gol 7z 70.09
173%A 0 Rho 5 (1998)8] B ¥ & FALg 43
E B2yt

Yang E (1994)2 49 WAE ethanolE A
st3L CHXE #2443t fuste 24A10 A A8
& o 3 Aol 49%, 2~-8M X7} 45%F
B Arky Bolskgeh o= B Al A iono-
mycin *g] & CHXE €43 #5& 8d& 1 2
AEZ7V7F 57.9%E VER AT Aol fAbsich
1213 Bodo £ (1998)2 A7) A= CHXE W)
3te] Whabel 8438 fxg Aa winze] Wy
o] 14%E ‘iEhgTl Baste B A YA
ionomycin 8] ¥ CHXZ @A3s &%
o) Wik Y Wb gl 53%E T B UwES B
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Ae) Adsg Al 23FEE F7] Ak

77) o

® g3 A= vre F 2-AEZV 2 2E97)7
A&} A ZARE A#E Figo 1olA] B onpet
ek

lonomycin & & DMAP2o T A3 frg
CGHHAYRE AT T 18AIZ] o]n 28%9] Y
&8 BHYoy} EHZ?- ionomycin % Azl 2
ionomycin 2] & CHXE @AHE S¥35 43
T 2P7E S5, 2 B 3% R £ Y §9
H (P<005)2.8 A vebstch Ionomycin A g
¥ DMAP2.E EAE FE3 A¥T2 2447
AR E W 52%E 2 BEES 29 v o)

Cleavage rale (%

Tirre ater achvanen (hou

—&— lonomycir —@— fonormyein + DMAP —e— lonomycin + CHX —e— Controi (IVE)

Fig. 1. Diagram of developmental velocity of parthe-
notes produced by various activation treat-
ments. ®* Percentages with different super-
scripts  within  columns indicate significant
differences (P<0.05). lonomycin, 5 M iono-
mycin; DMAP, 1.9 mM 6-dimethylaminopurine;
CHX: 10 pg/mL cycloheximide, Control (IVF):
IVF embryos.

Z%, lonomycin TE Xl W ionomycin 2
% CHXZ %Mﬁ} ercS AR TS 7 26, 59
27%9) $ & 2Eg&S BHATh T3 48A17F Ad}E}
SE wWol = ionomycin 2] ¥ DMAPE &A%
E FET ALl 6% FEEE B tix
9] 73%%= fA1EHA T fonomycin BHE A @
3 CHXE 84318 f53 A8 vs) #2039
(P<O.05)C.2 H& dEEE BAT

olH g Ay HEd HHEE + X, Win-
ger 5 (1997)°] & W28 843 A& F DMAP
S AHEE AS AE 37 (cell-cycle) & DNA 3
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7191 S-phasecll A} G2-phaseZ A3 =R ¥
S-phase & ¥ © JHAEA XTI 2 YY)
ole] 2ed & Uty 7HEIF ut Yok
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AEF717F A&5 0] 274 B 2IAET) W
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3 B4g s3za AT

4. HXo] 435 RE0 OE BT MES ¥
M =4

Z7) O 843 A5 S 7HE F 10843 54
A} WP SAAT] AESS A B4
2 2 AFE Table 3oA] B wkel 7o)
Ionomycin + DMAPA] 2]l #-2] HF M EZFE 12,6
+1.4670 2 229 11.3+034709F §AMEA
Bl ®H jonomycin ©% A €] 3} ionomycin A
2] ¥ CHX Agz9 Had AMEFe 247 34+
0.757Y, 42+0.4971 2 ionomycin 38} ¥ DMAP
Al B 22y HFAEso] vs §94 (P
<0.05)2 8 @A JERTH

Ionomycin #j2] ¥ DMAPCE #AIE §E
g AEY dAAeE vA (haploid)Zt 2.1%
2 jonomycin T% 23t A vt jonomycin 28] F
CHXZ 843 =& 718 43939 89.3%9%
63.8%¢0] nH}3] #9134 (P<0.05)0.2 & vy &
3 G AR (mixoploid)E 60.4%2. 0.0%3F 22.7%0)
Hz] f21d (P<0.05)2 2 =4 vebstch o

A= DMAPS 2 438 FEstd 252 g7]
of 3 AxaZe} FFo) AYHLE dojhx
SFob F7] wf wggo| oty wjrt wesitiet
T G o]de] MWElA dojdtie Bl (A-
very o, 1998; Rho 5, 1998; Winger &, 1997)s}
A2 5= AIe)d, L3 De la Fuente 9 King 5
(1998)% 42 DMAPE A3 $5 2 34d
U 843 B&2 AT YA vAGH A
L 2438 Aol DNAS] @0l YF o274 dof
£ TARC) Ja2 Bst bt itk BA ZE
FAAE 49 AL AMA dxtY A3 AT
PO 2 ©e J3X 0| calcium + DMAP X8 &
371802 F3a do, dF IF3 (Wells
%, 1999; Cibelli %, 1998)c] 2laiAut Abal A4 AL
B g ub ok AbA; Aatel] dsfistes ol f &
7}7] T 9 M X9 F3 2} reprogram-
ming®] YA dZa1 o), & Are A
2 = reprogramming ¥-TF o} e} - 3A] Rat
43 AF 9EA 202 AR AT Hage-
mann 5 (1995)2 =48 43l CHXE ©@=
o2 gAY WESde W Y Beol B
T 2Y% W5 (haploid) B 7M. 2%
gon B AFA T ionomycin HE] ¥ CHXZE
g3 AFE 7S @ ukgA) (haploid) st
63.8%=Z VER HlnH HAAAQ "AYE TR

Zeg RrQlt
wrEbA] oA Sy gz A rgTEy
= z

AP L, 288, LEEE 4 ¥Y

ric dle

Table 3. Comparisons of cell number and chromosomal composition of parthenotes at 108 hrs post-activation

and IVF embryos at 108 hrs post-insemination

No. of Mean cell % of chromosome composition classified as
Treatments
oocytes  number+SEM  piploid  Haploid  Mixoploid Polyploid
Tonomycin 36 3.4+0.75° 10.7° 89.3° 0° 0°
Ionomycint+DMAP 48 12.6+1.46° 35.4° 2.1° 60.4° 2.1°
lonomycin+CHX 39 4.240.49° 13.5° 63.8° 2.7 0°
Control (IVF) 33 11.3+0.34° 85.8° 0° 11.3° 2.9°

abed

Percentages with different superscripts within columns indicate significant differences (P<0.05).

Ionomycin, 5 4M ionomycin, DMAP, 1.9 mM 6-dimethylaminopurine; CHX: 10 ug/mL cycloheximide, Control (IVF)

: IVF embryos.
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2 TAEE gotB izt stk
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Zpol A 2] 1PN /44&<l 77.89)F 79.0%K ot &
93 (P<0.05)22 YA velgtod, 3PN ¥
e 45.5%2 RoF (P<0.05)22 A4
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g48E /FES dAE MALAY 93¢
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=& 7159 S o B8&0] 85.5%= A9 &
g 229 72.5%% SAbstdnh v
ionomycing % A28} ionomycin A &
¥ CHXZ ¥Ast A& 713 487y 28
291 30.39F 57.9%9f Bk K93 (P<0.05)2.
2 =4 vt DMAP Mzl 28e2
2 FARRAN Nt e deg
& 123%2 NRFEY 27.8%3= F9H A
ol 1oy wEgel ¥ AH¥ez el
=2

. Tonomycin® 2 2] & DMAPZ @43} ==

& 7He A¥TA dAe] dessE 84
3 A= F 18AIZF H eSS w 28%9] Y
B2H&S e BEEEs MR wsion @
A3 A= F 24481 7-Et A 9] witkE 3
9L 9ol % ionomycin = A 2] &7} iono-
mycin 2] ¥ CHXZ @43 A58 & 43
ol H]3) DMAPL 2 &A% =8 715 A
Htol 213 (P<O.05)CE WE YYEL g
Bk

. Ionomycing ©@% 3 2] A 1} ionomycin X e]

¥ DMAP# CHXE @43} A3& F3 108
AZHEet A Mgstd gdskE Ul ¥
& AEe GHUAE 4% 23 DMAPS
2 #8435 AFE /e AN HE X
F7b 12.6+1467082 239 11340349
AR YERG S ® jonomycin ©F A g2l
I CHXE 843 A3g 713 487 Be
A XS 3440759 4.24+0.490) nlE] 2
7 (P<0.05)0.2 =A ‘ebuir)

- B3 AFE 7HE dRe) G4 A= ionomy-

cin A8 & DMAPC 2 843} 232 71819
& u} w4 (haploid)7} 2.1%E. ionomycing
ZE AHF3AY ionomycin g F CHXE
B33 AFE /M AP 2 89.3%9) 63.8%
o HlE oA (P<O.05)C & P& wy B
A4 A (mixoploid)= 60.4%% 0.08} 22.7%9)
"3 #2d (P<0.05)2 2 =A Jebgch =
3t DMAPo 2 &43l A3Fg 718 a2
ME wjFA(polyploid) = EAJsta] H]RAA
A FAA 7 gol vERE AeZ BaTh



o]l A#AE Rot #A FHolAe 4% =
S48 dg o]85 7 1= 6-dimethylaminopurine
(DMAP)Z izl 843 885 28 2 ) U9
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