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Effects of Activation Regimens of Recipient Cytoplasm,
Culture Condition of Donor Embryos and Size of
Blastomeres on Development of Reconstituted Bovine Embryos
Sim, B. W., S. K. Cho, H. J. Lee*, C. S. Park and S. Y. Choe*

Dept. of Animal Science, Gyeongsang National University
SUMMARY

To improve the efficiency of nuclear transplantation in bovine, in this study the development
in vitro of nuclear transferred (NT) embryos was compared by different activation regimens of
the enucleated oocytes. The effect of developmental stage and culture system of donor nuclei on
fusion and development in vitro of NT embryos were also evaluated. Oocytes were collected from
Hanwoo ovaries obtained from slaughterhouse and matured in Ham’s F-10 supplemented with
hormones, After 20~22 h maturation, the ococytes were vortexed to be free from cumulus cells
and subsequently their nucleus and the first polar body were removed.

Enucleated oocytes were divided into 3 groups for activation; the oocytes of group I were
activated with ionomycin for 5 min and subsequently incubated in 6-dimetylaminopurine
(DMAP) for 4 h, Those of group II were treated with DMAP for 4 h at 39 h after onset of in
vitro maturation (IVM) and those of group Il were kept in room temperature (25C) for 3 h at 39
h after onset of IVM. After in vitro fertilization (IVEF) the embryos for muclear donor were cul-
tured either by group culture (20 embryos /50 ul drop) or individually (1 embryo /504 drop) for
4 day and 5 day. At day 4 and 5 after I'VF, blastomeres were separated in calcium-magnesium
free medium, and then classified into small (day 5: <38 um, day 4: 46<um) and large (day 5: >
38 um, day 4. =46 um). The separated blastomeres were replaced into enucleated and activated
recipient cytoplasm. The blastomere-oocyte complexes were fused by electrically. The NT em-
bryos were cultured in TCM-199 containing 10% FCS in 39¢C, 5% CO; incubator for 7 day.

The results obtained were summarized as follows:

There were no differences in fusion and development to blastocyst between groups as group I
(68%, 10%), group U (75%, 14%) and group W (73%, 9%), respectively. However, the cell
number in blastocyst of NT embryos in group [l were significantly fewer than in the other
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groups (P<0.05). No differences in fusion and development to blastocyst were found between in-

dividual or group cultured and between small or large blastomeres of day 4 and day 5 donor em-

bryos.

From these results, it was concluded that the combination of ionomycin and DMAP, or treat-
ment of DMAP at 39 h after onset of IVM were useful for the efficient of production of NT bov-
ine embryos, and the individual cultured embryos could be simply used as donor nuclei for NT

bovine embryo.
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gjA o] A3} gt M¥Ede] ATHE a2 5
o Fat e gt HFPAdo] HolA LY F] W
& B 9L vHA Bl gzt e 2ug
2 2 metaphase IIMMII) o] 3 &#& @33l 3
AxAdz olgsted, MIe Wxl= maturation
promototing factor(MPF) 9] 4=30] o} L83
o A HL4FH, vdS YA g5 Pl 4
7)€" (Murray$} Kirschner, 1989: Collas %,
1992a; Campbell 5, 1993), AL&-© 32| M EF 7|7}
1Y 5ol 7719 o] A NELYIE AR
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M1 dxe] MPFe] 528 Fojxzlr] g Wy
o2 ZfFol g AXAZ dYFo g FIHAF7] 4
sto} AR (Ware 5, 1989), ol&h& Ay
(Nagai, 1987), calcium ionophore A& (Stein-
hardt F, 1974) 5°l AH-HANUTh /58S WA=
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1. ¥Rl e Fu|

EE$2 HE dAE 343 3~8 mme] dX=
B URE sjFste] Wiemer £(1991) o] whyo) &
8l 1% o]de] GFAHEFo] Jon, A xHo] g
33 AT AL AR, dEF A&
Ham’s F-10 wi<foe] sodium pyruvate{56 u
g/ml), streptomycin(100 ug/ml), penicillin G
(100 units /ml)¢} hormonese @ LH(10 g
g/ml), FSH(35 pg/ml), estradiol-178(1 pn
g/ml) 10% BCSE 713t vjggdoa Sauals
20~2207}, B2 e AAFAE st 24
A7k &t A A& st

ArFE A4 FAY Sl Y& Percoll
density gradient(90%:45%) W2 g @3 o] £&
RA2E At Aol o)Lt on, M SH
< FgAHEE dEFE 4§ IVF-TALP medium
22 3~43] AX g ¥ +3§ IVF-TALP medium
o B4AE &1 g FAHFe] §58 gYEIt B2
Az HFEEI}F 1~2%10° cells /mle] HEE )
A F, 2407 B FHE FrEstd

AAFAE AL HECM-6 (Hamster Em-
bryo Culture Medium) 2.2 4~53] 4| {3t G
N Xt AAE A3 AAT v 38T HECMalA
wlekst ¥, 10% BCS7H A7He TCM-199 wjgo
2 ANFHEE A 4~5371X) wi st st
Hog E WYL 50 ul 23 149 £3TE Wol
gt on, 2EIS 50 pl9 2F4 20709 &
AL wigsle FH@oT ALY, $H 20~
2207+ A% YAE 300 IU /mig] hyaluroni-
dase (Sigma Co., U.S.A.)l o] 387 voltexs}
o A XE A A A1ZA 7 B 73 A EF
Zdsa 248 A FH@en AN 2gn
FUHL AYGsr 4d(FHF 90AZh 3} 5YA
(3% 1147h) 9] F#3FeZ 0.5%2] pronase
(Sigma Co., U.S.A) oA EHiE AAG F Ca?t
2 Mg?*7} Ei9A1 ¥ D-PBSHA 75 £a3
o Fo@do 2 AR

2. EiLEx]o) S o gAIE

GFAEN AAE s T T ozTE £i
B T AXE AEIZH AR 7.5 ug/mie]
cytochalasin B (Sigma Co., U.S.A.)olx} 1587
AN S .o, 7.5 ug /ml9] cytochalasin BE
10% BCS7} X§d TCM-1999) 3718 gadA 1
A ZF oo AAIBI Tt A RS $8He microm-
anipulator (Narishige Co., Japan)& DIC =¢g
u}7 (Nikon Co., Japan) 9]¢l #2312 McGrath
9} Solter (1983) 2] non-disruptive Z&gdl] 2]3}e]
Axsignt. & 44¥ $AS holding pipetteo =
AT AL A A7) ¢85t injection pipette
< 9 W& AAAA A1FA 9} 2 F9 e A3
© AR F719 GAAE 9 AT Aoy
A=z Fhsto AAsAS

g% 0.5 pg /ml Hoechst 33342(Sigma CO.,
U.S.A.)7} 82 D-PBSo|A 1087 ¥4 & ¥4 &
tF o g3 ARg Q) F goo] ¥l e
MNEZZH A ol oz G438 FE3HA

1) Ionomycin®} DMAP2| HEH
g edxe] A Ao TE5E S7AA
ZF¥& 5 M ionomycin(Sigma, Co., U.S.A.)olA 5
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22 Asd QARNHE 471 ¥ 2 mM
DMAPS] 4X\7t FAste) Bohazt Azl 843}
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2) AlZ1Zaie} Al2ul2bo]] 2t gHdst

g3d dE 10% BCS7 3718 TCM-19991 @
o 39%, 5% CO; incubatord|A] 17~19A)7}F 37} )
Fste] AR e 13 8438 =T F 25T
Ao 37 Bt GadRe] A EAEHSE 5
34t

3) AlZiZzie} DMAPX2ol| o3t gHAis}

Stice 5(1994) €] Wyl wlel ¥ FAE 10%
BCS7I 7t TCM-199¢) ¥eo] 39¢C, 5% CO; in-
cubatorol|lA] wjFslgow, widArE Ae)As F
390 7k0.2 ATt e 13} $A3E R F 2
mM DMAP7} & TCM-1999 4M7F St Al x4
2438 K F 879 FY € AXFY o) %
=3 1=

3. 3eTEE g7 37|
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2 smalls} larged) 2§02 FEI}PLY, FRF
1144 2-(595)) &) AT 38umE 7]1F 22 small
# larged] T Fo 2 TE-31] doj]ef o] &3t}

4. #FQ| ol 8%t

TRFo 2Ry BaE TN EE v|A pipetted
EY3a ol mAzFo s gdg ST YT}
) FYsAt

Yollge] A7I§HE BTX-200 AEFEFA
(BTX, San Diego, CA, U.S.A.) ¥ 1.0 mm%g)
wire chamber& AH-3t4] o] 5(1992) 9] Wy &
3ty AAEc o] Y€ FAe Zimmerman
fusion solutiong Y& wire chamber®] ¥R A}
°|& &7, pipette® 2 @7 MEA ] FEHHo) &

AF o] He2 458 F, 1.1kV/cme) AF
(DC)AFE 60 psecE 23] TA3 ] AEFHS &
=3gd. B4 ¥ MolyFLe ZA) 7.5 pg/mig
cytochalasin B 10% BCS7t §-8-8 TCM-1999)
AH7HeE &AM 3087 WFF §F A58 BESA
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5. djojagete| |ejuliel 9 g ZAL

3ol o|FoA £AHTL 10% BCS/H FHd
TCM-199 uje¥ole) 50 pul A& o8 &4 5% CO,
39°C incubatorelA] 7~9Y7F WYsli e, wYF
A7 AN wgdo s FFste] BEE 9 o)
WSS AR T3 ol de] i)
vo] ¥74E FES] st AESH F 780 W
WE2 wed ol $ATE Pursel F (1985) 9]
uh o] u}a} bisbenzamide &gt FF&Hn|
74 (Nikon Co., Japan) & & @748 2AMSIHTH

6. AN £4

A Aste] FATH £4& SAS packages ©|
23l AA3E e, GLM(General Linear Mod-
el) ProcedureE &-83t9 72+ Q91¢] Least square
meansE 75t 8217k X8 A AL

II. 2=t o 5k

1. #ojaolj ojA Ealdxle] @3t Wie| s}

2 IAE ionomycindt DMAP$} A2, 39 ~43
A7kl DMAP A2 2283 39~42A170) A-&-0)A
4318 FEI HolA S HAIR 2 o]E] AE
F8e 2 Rtz B4 AR A3 Table
1, wiukE ) w2 Bgg g3 8 Table 2
of Lteld whe} 7t

Table 1014 B uie} 7ho] 5UA| 9] +3He] &

€ ionomycinzt DMAPS] 2], 39~43A]7k]
DMAPS] Ag] 8|3 39~42X7ke] e Fo &
A3 FE3 gudal) FRA% F A7) §HEL
Z}zy 68.0, 74.7 23 72.8%% ionomycind}
DMAP®] A7t @A vepgtont fo 3 atole
veRdA) goreh. wivtEs] Wiz wag =3 747
10.0, 14.3 23 9.0%= 39~42A17kel] A&o)M &
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Table 1. Effect of different activation regimens on fusion and development of NT bovine embryos

Activation No.(%) of No.(%) of embryos developed to
regimens? embryos fused /used 2-cell Morula Blastocyst
I4+DMAP 70 /103(68.0)* 58(82.8) 14(20.0) 7(10.0)2
DMAP 112 /153(74.7)* 90(80.3) 27(24.1) 16(14.3)*
RTA 67/ 92(72.8)* 56(83.6) 13(19.4) 6( 9.0)*

D {4+DMAP : Ionomycin, 5 min + DMAP, 4 hrs

DMAP : Aging (39 hrs after onset of maturation)+DMAP, 4 hrs
RTA : Aging (40 hrs after onset of maturation)-+room temperature, 3 hrs

* Values with same superscripts in the same column were not significantly different (P<0.05).

Table 2. Effect of activation regimens on numbers of nuclei in NT bovine cultured for 7 days

Activation regimens?

No. of embryos used

No. of nuclei /embryo

Mean + S.D. Range
I+DMAP 5 79.2+16.05* 53~ 96
DMAP 10 73.4£18.57* 50~100
RTA 5 53.2+ 8.12° 43~ 66

D J4+DMAP : Ionomycin, 5 min + DMAP, 4 hrs

DMAP : Aging (39 h onset of maturation) + DMAP, 4 hrs
RTA : Aging (40 h onset of maturation) + Room temperature, 3 hrs

* Values with different superscripts within column were significantly different (P <0.05).

A58 FEg AT W AFS Jegloy
FHQ Kol velbA Fdth. 28 Table 24
A B upel o] o)y AT 7d4 vtz
i o} ol Ae 39~424]7k) A28} 53.2
N2 ionomycin® DMAPS] X792 79.271 282
39~43A|17ke) DMAPS] M&]19] 73.40H} #93
(P<0.05) 0.2 WA Jephton], AXso] yox
L 43~669] A= & AT viste F& A
< el

ol gilldAle] DMAPo] A alg Folla o)
F FRBY ATAHE FAANA FEHEE ol W
B Esuel AXse B4 JeEh) @i &
AsES FANIE ¢ F

Loi 5(1998) & WA g datel ionomycing
A2 Fo DMAPE A3 of ¥o]4] F PCCH
Ao} giglen Frjulze dEES ST B
Fsgen, @Al ionomycine 2 A XA Z
&9 2718 f5% £ DMAPo 2 #4588 24
AREE & 7 At o3& DMAPe] puromycing
$ARIEM protein kinase, protein ¥4 AlA|2

A ZFHEA2 ionomycine 2 M Zu] Z49 57}
& f=% F g sl E AAA MPFY] &
A& A2aAH M9 dAg %) 7712 A0
ZAs}o|}(Rebhun %, 1973; Neant9} Guerrier,
1988). ©]¢} Zo] #ojde glo] EgA Y] DM-
APE o] 83l AdAME o] FAT] w2 U
€2 Jelz 9h(Tatham3} Trounson, 1996;
Lavoir %, 1997). Sims £(1991)-& 1 & €4
EZo) o] g & 6A7F, 184 7k0] A F AEE
T Age] dRA AY LS FrEdte Bggd)
A 6AIZE 3 g Aot uukE ) vlze) e-g
o] 4.7%=M 18137re) 3 $-(32.6%) ) Wists #9
F o2 A Uelted ole £ Al XA A7
7o) e FA3E F2T 73 MPFY 58 &
& ¥ ¢ IS YA & MPFY &
< ¢33 Al F& CSFE young FAME A&

22 §go] dejrtA Tt aged BRPelA = Aol
oJuA] ol ele-gol AR, AWy 59 2
Fo2% CSFE HAANA MPFe £3& Hojmdg
4 glon (Presiccedt Yang, 1994), sjol4)A] M I ¢
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bxe] F Lo B 4 Qe PCCAYol A= o] 33
o] MEF7] Al g% F%o] Fadokr gt
(Collas¢} Robl, 1991). 18] Leibfried-Rutledge
5(1989)& A A+ AAM HAAE &8 YAt
gol FAAE A 4 8§ AL 8~1677F
B I o448 Azke] AAth= Bile aged BAbe]
AHg-ol go)A AT 8 N EAR ALgo] A s}
the A& AARIE A

2 AYJAME ionomycing} DMAPS AaF+7}
WX 7)u 9] T 7E 39~42A17 e A2A 2 g
o] vgte BAl JehG E3dRie FL $A3 iy
22 ARHY, B3 Al H3hg Fte] MPFe 4
=& HolEW & DMAPC g esjuizte] A XF7)E
BE7A 77129 AES FAT AT winx
718 2] 757t 24 Vel DMAPO] A &3 2 5o
3 =3 byl vsle 843 = B2
AteE},

2. vt |Alofl mhE ] MES 9 $Te| 2]

Mg 2 2Fugem $3F 90AZH(day 4)
EE 11447 (day 5) WiEs 38 AZs 2 g
9] A7 & vl 2AME A3} Table 3] vehd up
o} 7}

TRF 0N S A D 2EN ST TR A
X9 FolA B 1L1AZ ¥4 AL Jehidd
3, g7 H7|E HF 46.8 ume} 46.6 ym=. v|E
478 vehden, £4% 114470 /iE 2

G Y AEFIME F 168709 17,
6712 Hl&aA vebkon} 83 90x 7 9] A3t
ujate] 4 @ 2F7ke] Aol Ui Jeg RAF
2 gick zEa o] @7 M= 39.3 pme}
38.3 pm=Z FAF 90A A 2] Aol H)Bled pE -
2EH R Zojrt v &S &+ Uk ol W)
GA A W G gl YoM FruE 2
SE /E wioko]l Euik A vEld wag o)
Fojd A& AL gt

74 9lolA Zakhartchenko £(1997) & 3]o)
Aol AL FAFR T ST FAF 49, 59,
64l ztzt 12.6, 19,0 2 515702 YElY B AYof
Hgte} ekt gA vehded ole FAF 0T
113N 7+ A F 83 495 5860 & v]x]E A
ZvulEo g AztEc), 283 Bondioli $(1990)& 5
Az Wi £ 4Tt 28. 270 2H S0
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wgo] mEA 2P AL vehd

FARAEY 79 A7l B8] AYEFE JA Y
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28 e FABU Y G7A7) 9 Aloje T Y
o] X3 g9 F717} it AXG g1
Az]d) ¥lsled AA Jehded (Zakhartchenko &,
1995), Koyama %(1994) & A ¢ 7 7599
£ s HFAS 9~154%78 e &

Table 3. Characteristics of individualor group-cultured bovine embryos for 4 to 5 days (Mean=+S.

D))
Age of Diameter of blastomeres (um)
donor Culture No. of Cell
embryos method embryo number Small® Large? Mean
Day 4V Individual 15 11.1+£2.43° 42,0273 50.9+4.24®  46.8+572°
group 15 11.1%£2.20 41.6+2.89° 50.6+3.63° 46.6+5.58°
Day 5? Individual 15 16.8+1.86* 35.2+3.207 42,5+1.74* 39.3+4.51*
group 16 17.6£2.34* 34.8+3.09* 42.1+2.06* 38.7+4.51*

3 Day-4 were 90 hours post insemination,
9 Day-5 were 113 hours post insemination,
Dday 4 = <46 um, day 5= >46 uym.

2 day 5 = <38 um, day 5= >38 ym.

* Values with different superscripts within column were significantly different (P<0.05).
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oll oA Sttaa) Wee

FAF 90r17H(day 4) 744 AE 2 2GRt ¢
A 7 E AIHE EF{FIA Yolae] A3}
H5H8 9 wde-g A% A= Table 49 7).,
gol2] FAF] AEFFE dojMe MEuig
smalls} large X2 FollA 69.29} 72.3%, 259 %2
small#} large A2]FolA 71.69} 76.3%9] §3H&=
A} larged] @7t smalle] &7ET §HEo] 2
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F3 % 114717Hday 5)71A) AHE R 25 S 4
@ 78 /AR B-FEl Holae) Mgl
+3e 2 22EL 2AIR A3l= Table 591 7).

Aduigd g ae] 79 7171 small# large
A7 2§ ¥ smalls} large A FoA 2tz
71.0, 71.4, 69.9, 77.1%9] &< B F43FA &
ol A ggton, wintxs) wize] degx Z7
11.4, 8.0, 17.2 2 12.9%% B4 /¥ wgd 3
< FHA 2 AMGE A2 2 gE 38 F
YA 2 M- A 2] el Hste] ol e uful
2 o] gl B& gL BY o} {oHQ Ao

Table 4. Effect of culture method and blastomere size {)f Day 4 embryos on subsequent development

of NT bovine embryos
Culture Blastomere No.(%) of No. (%) of embryos developed to
method size embryos fused /used 2-cell Morula Blastocyst
Individual Small 36 /52(69.2) 29(80.6) 7(19.4) 4(11.1)
Large 39/54(72.3) 33(84.6) 8(20.5) 4(10.2)
Group Small 41 /60(71.6) 34(82.9) 10(24.3) 5(12.2)
Large 54 /72(76.3) 41(75.9) 13(24.0) 6(13.0)

* There was no significant difference in fusion rate and development rate between the groups,

Table 5. Effect of culture method and blastomere size of Day 5 embryos on subsequent development
in NT bovine embryos

Culture Blastomere No. (%) of No. (%) of embryos developed to
method sizes embryos fused /used 2-cell Morula Blastocyst
Individual Small 44 /62(71.0) 36(81.9) 9 (20.4) 5(11.4)
Large 50 /70(71.4) 39(78.0) 9(18.0) 4( 8.0)
Group Small 58 /83(69.9) 44(81.1) 16(27.6) 10(17.2)
Large 54 /70(77.1) 46(84.6) 12(22.2) 7(12.9)

* There was no significant difference in fusion rate and devélopment rate between the groups,
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