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SUMMARY
(P& 8 oFF)

I. Title

Production of bovine cloned transgenic embryos by somatic cell nuclear transfer

II. Purpose and Necessity of the Research

Several new techniques, which have not yet been fully evaluated or used in
routine, are likely to facilitate gene addition and replacement in animals. The use of
transgenic animals to solve the urgent problems of modern or future medicine is a
necessity rather than a matter of choice. During the last two decades, there have been
significant improvements resulting in novel, more efficient technologies, including
nuclear transfer and the use of lentiviral vectors. These technologies now enable
sophisticated genetic modifications to be carried out not only in mice but also in
sheep, cattle, goats, pigs and rabbits. The efficacy of altering the genotype of the
donor animal by genetic modification, to improve the survival of the donor tissue in
the host, is currently being tested.

Transgenic animals are also valuable as models of human genetic diseases.
These might be of benefit either indirectly, to investigate the biology of the disease,
or directly, to test potential treatments. To create animals resistant to diseases that
can be passed from animal host to humans, therefore reducing the likelihood of
transmission 1s a use of transgenic technology.

At present, Somatic cell nuclear transfer (SCNT) has been proven to be more
efficient method of producing transgenic livestock than pronuclear injection. An
important aspect of SCNT technology is the source and the in vitro techniques used
to obtain viable donor nuclei for the procedure. The whole process of SCNT involves
numerous steps that are interlinked and the success appears to depend at least in part
on the appropriate combination of ell cycle stages among the donor and host cell, and

tissue origin or state of differentiation of donor cell types. To address some of the



problems encountered in SCNT procedures necessitates the present research.

III. Contents and Scope of the Research

The contents of this study were 1) to clone expression promotor and human
serum albumin (hSA) genes as a transgene, 2) to establish bovine somatic cell lines,
including primordial germ cells, fetal fibroblasts and cumulus cells, 3) to analyze and
synchronize the cycle of the cells, 4) to establish the method of gene transfection into
the cells, 5) to develope nuclear transfer techniques, such as enucleation, fusion,
activation and embryo development, 6) to produce cloned transgenic embryos and 7) to

synchronize the estrus of the recipients.

IV. Result and Application of the Research

1. Results

1) The Human serum albumin (hSA), a major protein complement in adult plasma
which is produced in the liver and is largely responsible for maintaining normal
osmolarity in the blood stream and functions as a carrier for numerous small
molecules. In vitro studies on cloning of expression promoter and human serum
albumin genes have been successfully attempted.

2) The chromosomal aneuploidy and apoptosis rates were not different among various
cell types (CFC, FFC and AEFC), transfected with or without pEGFP-NI.
However, FFCs were the cell type most effectively transfected and Effectene was a
suitable agent for transfection.

3) Serum starvation and culture to confluence are efficient means of synchronizing
bovine somatic cells in GO/G1, and indicate that a more efficient synchronization of
the cells in GO/G1 could be established by incubation for a limited time period after
trypsinization of serum-starved or confluent cells.

4) Oocytes matured for 18 h resulted in high enucleation efficiency and further
improvement in fusion rate using PHA-P treatment and activation with a
combination of A23187 and DMAP could enhance the embryo development.

5) In fusion medium, increased Ca’ concentrations of 0.5 mM and 1.0 mM could



enhance the fusion and blastocyst formation rates of bovine nuclear transfer
embryos.

6) The proportion of embryos with normal chromosome constitutions decreased as
activation time was prolonged and blastocyst development rates were higher in
eggs activated within 2 hr after fusion. Thus implying that activation time could
affect the chromatin structure and in vitro development of bovine nuclear transfer
embryos.

7) Different donor cell types (skin, muscle and cumulus cells) and individuals did not
affect the development of cloned bovine embryos. Moreover, passage number and
trypsinization time of donor cells affect the in vitro development. Hence, low (5)
passages and short trypsinization time (1 min) of donor cells could be used to
enhance the in vitro development of cloned bovine embryos.

8) High survival and hatching rates of NT blastocysts adopting 3 step equilibration
offers promise for successful cryopreservation by vitrification method.

9) Demecolcine is useful for the enucleation of recipient oocytes in bovine NT
procedures, and MII oocytes rather than MI oocytes are more appropriate for
recipient cytoplasm. The potential to develop into blastocysts of NT embryos
produced by 1st PB-nonextruded and MI oocytes was very low, these oocytes
could be used for NT.

10) Developmental rate to the blastocyst stage was slightly high in the post-AC
group compared to that of pre-AC group whereas, the developmental speed was
faster in the pre-AC than post-AC group. Further, blastocyst rates were similar
among different activation time before fusion. This stresses that activation status of
the recipient cytoplasm before fusion could affect the development and nuclear
morphology.

11) In Hanwoo cattle, cloned calves can produced following embryo transfer of SCNT
embryos, however, the problem of abortion still exists. This necessitates steps to
overcome the abortion in order to improve the cloning efficiency.

12) The high survival following chilling of blastocysts produced by IVM-IVF of
oocytes matured in media supplemented with cysteamine offers promise as a viable

alternative to freezing for commercial applications requiring short-term storage to



facilitate transport of in vitro produced bovine embryos.

13) IVF-produced embryos are differentially susceptible to cooling injury. Cell counts
made of those blastocysts formed from chilled embryos indicated subtle effects of
chilling.

14) Bovine oocytes can be cryopreserved by vitrification within small droplets using
copper grids However, damage of microtubules and mitochondria might reduce the
viability. Supplementation of IVM medium with cytochalasin B appears to enhance
the stabilization of microtubules during oocyte cryopreservation.

15) Bovine fetal fibroblasts could be effectively synchronized at GO/Gl stages by
three different treatments, confluent, roscovitine and serum-starvation. However,
cells in confluence with passage 5-10 exhibited higher donor cell cycle
synchronization efficiency along with reduced apoptosis and necrosis, and stable
chromosome diversity making it suitable as nuclear donor.

16) Immediate DMAP treatment after ionomycin exposure of oocytes results in arrest
of release of the second polar body, and thus leads to changes in chromosomal
pattern. Therefore, the time interval between ionomycin and DMAP plays a crucial
role in bovine ICSL

17) The use of Sodium Pyro Phosphate with ionomycin reduced greatly the incidence
of chromosomal abnormalities, and might be applied for the activation of nuclear
transplant bovine embryos.

18) DMAP treatment after ionomycin greatly increased the developmental rates of
parthenotes, but did not differ in blastocyst development compare with CHX
treatment. However, DMAP treatment increased the time-dependent cleavage rate
to two-cell stage embryos. Further, it greatly enhanced the incidence of
chromosomal abnormalities in parthenotes and SCNT embryos. Hence, CHX
combined with ionomycin is more desirable than DMAP for oocyte activation
during nuclear transfer in cattle.

19) Intracytoplasmic Round Spermatid injection combined with repeated ionomycin
activation and additionally CHX treatment is more efficient for producing
developmentally competent embryos.

20) The high occurrence of apoptosis observed in SCNT and TG embryos compared

,10,



to IVF counterparts might influence the developmental competence. Moreover, the
SCNT embryos derived using non transfected donor cells exhibited a lower
apoptosis expression in ICM cellsthan in TG embryos derived using pEGP-N1
transfected donor cells suggesting a possible role of negative gene effect in TG
embryos.

21) A single subcutaneous injection with FSH dissolved in polyethylene glycol to
induce superovulation in cattle did not differ from multiple intramuscular injection
protocol on the rates of recovery, transferable and pregnancy rate. Hence a more
practicable approach  for superovulation treatment would be a single injection

procedure as it reduces stress in cattle and less cost and labor intensive.

2. Implementation and Application of the Research

Technologies for the production of transgenic cattle that have been attempted
over the last few years in this project will undoubtedly have an important impact in
obtaining high and sustained results. Generation of transgenic cattle using somatic cell
nuclear transfer technique has given lot of expectations about this elegant approach to
improve the production of transgenic cattle. Different nuclear donor cell types (CFC,
AEFC and FFCs) were transfected in vitro screened for transgenic integration and
then transferred into enucleated oocytes. After fusion of both components and
activation of the reconstituted nuclear transfer complexes, blastocysts were transferred
to synchronized recipients.

The outcome of some fundamental and molecular aspects of this project such as
gene transfection method, activation protocol, cell cycle synchronization of the donor
cells contributes substantially to the nuclear transfer procedures and cryopreservation
without compromising their viability could be successfully implemented. With the
appropriate selection of donor cells and other technical improvements, the problems
associated with nuclear transfer may be decreased or eliminated. However, early
embryonic loss and abortion still remain as challenge to be over come for the

successful large scale application of transgenic technology.
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A gk #H 959 Roslin 742 Wilmut BAF teamoll 2JdfA gAE &z AA
X A=< “Dolly"e= w4171 st & A & 5 vk olyg A+ 44
< AAAETE ofy™ Aol FEH F glus dAZAY A E FAS FAeH,
E3E At Zokoll dolAd tidg u gl ") (Wilmut 5, 1997). o] FA A *E
£ ol &3 HAleE] A& el #et e AFUt o] FoM =, FARAAME B
ooty el elofe] ZAAME, GFAE @ GAFINEE AL E FHo] Ao R Ak}
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I 5 B2 d57 #3853 AUk

Tl e & 519992 ZAo G AEES AbEste] HA| Folx S Aitsk=l A
gk n}
o
Hgk uk QITH(E 55 1990, ©f 55 1994). 53] &4 5(1999) =l HEx AAME

Al AL fGFol"E ARSI T AL KAl shglon ofojM “Xe]"s Aitste] HA

N

o

Atk el A= o] dY 5(1989)0] AFom ol ok AF kel FE

ol
=
45

rr

Bask Qa2 ATAR Aol Mo YA} BN BA AT A

>
e

B

Ak Nes AAA el &9 Fokth

,21,



s}

7 g

=

=

T T (1998)2 Abghel =d A G-CSF

W o]o] A 1998¢] lactoferrin

el

=

——
1o

=

e

B
o
Ho

0

]

B4 A

Ay
e i

Al

A

]

Al

st vk, whebA
};‘Il

A2

3

I
Rius

A

B

¢] human embryonic stem cellS ©| &3}
L2

{5 = T - R T

°

+o]

Blotel

©

Z

2

Ab
Al
2]

1

.

A

=

(2004)°]

=

o

e Ko o]

Ko
=]

]
pad

bt

AREN AT A 20033 49 ANE =
A
o7} Qith. e} ofA kx|
A3

Aol &= o %

a=: N

.

1

o

= ol A
8

k)
pil

()
o4 o=

ar

24

3N

53] 2004 2€ =uio &

A 7= ol A

Al
g 4

o 9ol o

L

JE

°]

J)

fife)

=
=

i

k]
pad

o 9]

o)

(sl
ol

71,

W
=
)
olo
o

73

o

j

Ho

,22,

s
=

7]

Ll

:z.'—/K

AAE BA 7}t

7t



HHeow dgd 5 vk

fo

Mol2l 7142 1981d Illlemnsee®t Hoppe?l AF oA A Soz AF3 olgf e
Aol ol Folx gtk H ¥ Roselin 1749 Wilmut 2FA}F teameol] o84 &AH
“Dolly"= wA17] AAxgte] & A olgtar &  Qvh ofg A= AAAE7} of
Ui Aol &

g 5 Qe A el 2 248 Fhon, w9 AP B

=
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4E3 o HYHoR AEses] ANAE ofd AAHE F /&HA EASo]
DS

A, S5 AAZTE AES A, A st B2 wEss H4e
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AR NE7hde] a7 &3] o FolH ok s, AR HAL(FEAAYE A 23 At
ek HEZE olFolAek atn, UlA, #d&e] F4S FEANL F U=
A

HE7)Eo] gyslofol sta qAA, Aol Aol o FEHE FP

0,
o
ol
-
i
2
)
_O|L
=)
o
o
Ay
BN

71 AR R ugA A AR
58 A% L o84 BF WY Sol AEFolok sl o BAFTE A
AR GHr%o] SHE S2H] Yu

238 Eqgstrlde Y2y Be gt ABHojck dus FuM slEswol
9 gow ¢ frkx B,

id

A E B, 7] 5 B = FolA FEAgEEol AAEHUG oHd FAA

riot

FFEPII &S O FEIA KAAAS} Y352 22 5 AAAFHES 5 O

,23,



7h @ 2AEH A

=

}\0494 =

2

ko)

W,H w XN
= 5 97 " =T W%
S 5 o) 3 o — o T
o5 — o = < T oj o# )
o . < W o T W 1H
= oF Ulo Ml = o o o = Moo
o — = o i % oo
il = =y T o K M._uv o N o ol
@%w%% aaé%uow mm_ﬂ%%ﬂ%
=0 yig .- N — _ —_— _!
x&%éf wm@%a% ﬂwaﬂwm@
o > 3 o o T = o= iy N R fo
SEERY ol = Il A X Mo o
E.E of IS T OE ,mw % e ‘:‘._ ™ or| ,HQ OT
o W g w ® b L I = T < o =
N g g © < W Cal e Moo S 7
i ~ o ny o = _ o = X oK
S il = = F g @ W M RN v '
5 2 x N 3 W E=IC| I ) 5@ = 0 ¥ &
bt ; e —
i ol — \»AI ﬂﬁ o 0 =K E—E ‘_I/ﬁ R wlm_l o T ~ ‘w el
o I » S R e ~] < o <N o 1 il <0
é#%%@ I L g#hi14u
OH_O N m .NL JAII ﬂ_ol umo _nv_AI.._ a.,.lmﬂ ‘OI ~X H;I ﬂ 1r_Aw 0 10®
oF &y % ol TR oF . Ho o i JX. = oo
G B T xE s T CH © & 309
R SE kg s YR oe
iy B X < i do al| . % N < o A
i o i ! w M = ® o5 A) T & o
Lﬁ%d%ﬂ 131@ -3 VL%%AE}_L%Q
R R Y A Mn G o 1_7_01 < Nt A A H
& N E o oF W I o) A e B oy Loy T X
= Ry ' ey 3 M = A = N WW ¥ oo B or o — i)
— - 2 " =~ 7 o ¢ N w o= B w % 70
$oe%ﬂ xzzx 3 = zwmm s ®
o w o N = 0 % 2 oz TS T W
o Jo 2 .ok N~ s B =0 < - N 9 o il of
T o e T < < [ A =0 N o L,_ =
= N 7 W o= o o = B < L, x E 7 il
~ 0 a o < K Gl <
T o T O i/ ICT G - o =
10 o5 o =y ol X g =0 H ~ N
B- " woom o X < oy o- m X | wK
. il Moo B (I o = <) o S o- T o T =
o e T 3 = 1) g )
5 o5 o I BTG oF ) w o e oL o A A
RN e EI i A w» 2w R
N oow S o . = o N
= = X B oF o e R T urow A > T
2 o N b — B ,__lo,ﬁ o) L - NI R X o) K o~
T Ho W ° i o piln ol ~ W 1 fo
w o M iy n ° N g T g w7 B
~ O~ ™ m ! 9 — =~y Qo5 ol do
N aL ‘mﬂ .JU/H oH X v = — ﬁi ot —n_‘._ — 0 K WI I
o u o X x| o T D o o il
° A_.E 1# = mul. E._ _ p— = < — s £ =
= T :l o _T = ® O ~ o i I £l
I 2 . T2 T oo T "
o & = x o T
TenE -
el g o
i) (-

- 24 -

o

Q

o]
=

SN
same) e Kol
j=]

ul
7‘<X



g, 943

1) 34

HE AR Ve

18 38 A AA 494 24

ol

i

g 2REET afde wd 10%0] 3

AR u7te] AHEPELoH.

~SHE A B 2k o)Ehd 1998 Al ¥ o
20 189,000 liter2A iy 10%°]4 Z7}s}

- 1998 Fujel A dERIS 88,000 liter ARaka
Alxbeba oF 7859 o]t

R
Ew

-g—u:]’

22 401,804 literol™, =

2=0
A

ol JEREYFI} V|FoR

- uls ) AR d7 A wS 315x1000 kg o7 Al oF 13 34409 Yol

rlo

1998 w5 A9 Est ol opEe] mE A

A7 o 200$0] 9tk olF BHY

o AMF FE Z BulFol 49 109 olull

=t #9A4L AR ge

]1.1, 2000]’\5]_76]0“% 30‘115501%94 }\]ZJ' TEE HHL‘_ﬂ_ 10% o"l)g— }dz&-% ;']\.Q.i 01]}8'

ox
w
2
0|
ol
N
Ho
o
ol
e
>
rlr
2
2
k1
—_
o
S
o
a2
ACh
o
o
1o
=
Ach
|
)

e
o,
e

2]

45 ol A g Atste,

o3t} 18y PCR

LS|
ay

ke RS 7] Thed

22 (Bowen %,1993) 1 A A3




AzH4 Aore wrjsith PCR BAVMez 27308 e AAdA faAde] Ei
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2) olA A w7 AN R A TS 2710 AAstAL, AAE EAV =

A3 AFALe] BE D g

1L 32 a7 2%

7h ATEE C AAE EA &5 A R SRl A EHERNE AL

iy

Az AN

Y. A7 E

o AAE EA7|sd T FAHE FoA AM(FAAF7H - AEH)

- AAR #A (AR : FAA 2 2F ZE2EYH 32Y)
D At 3439 (hSA) FHate] 229
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7h) Ab ZH(liver) © 2B total RNA®F mRNAS &£gsle] PCR && T3
library 2 5-€] subcloningol] ¢]3&}ted T-vectorel| A Z3%

) T-vectorell A ® hSA F#A A+ automatic sequencingell &8t A 7|vid

2 A4S, olvl MEH FRAS @M Mdn vwgons Fedle)
HYHEE 17

2) 5ol 4 Wd ZEHRE ARy
7} &9 B-casein A 54 FZ= oF 6kbe ZEREFHAAE A library2H
B LA-PCROl 93ty F33te], T-vectorel Atk 5 automatic
sequencing®ll ¢ste] @7ImME HA

1) 5% promoter G| 242> reporter FAAE AE{E GANEE FAA

3) A Eo 73 we T2 RE FA A3E 93 enhancerd o AEY
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1}) cDNASQ & o] ZAHS 837 Y389l f-casein genomic intron 7,89
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- A2AE FA (=7F2 : cell line & 2 $32 £9)
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@Cell line 7% 2 $Ax £9 o Cell line 7+ 2 H4x =4
@AM EA 7ol o3 o FAAI =R A o]
P BAFAT At o FAANEA =AY QA
(FHAF7IF 0 A d) - FAAS FE8 A
- FAAsFAG 4
PHAE [ @AME BAl 9ot aa +(0 FAFAR P
(2003) gk AT EAsdS 54
APsAF N 0 Za) B A o4
@A AE B4 FAT 2 PFAA
3 ST o]y o EALAT 2 FAAS AT o]
(A2 sAT71¢ + T2
o FAAL BAFAHAT G FobA &4
@At Bl wy Ze o HAgolx] AR A
= o FAAL FAe 2A o)A
OCell line 73, 44 =9 2lo FAAS BAFAS At
P8 7 ol o HAAZ Loz A
@A A EBA 7]l <3 o PHAHI FAY AAHHE FHA THEE
FAAS BAlags ALt A2 AF
(FHAT7IF 0 A o FAAZ go} A Enke E4
5 = o FHAHE FopA A HA
(2005) | @AM E EA] sFo9f ZAAx 4o o AME BAFAD oA @ B
B Ak - AA, A HAFAE o4
(Fed771a ) ~ B AHE BA FolA At
o AAE EALolxe GAR}F A
- ALY Y A
- Donor ¥ EA%o}x] Fole] DNA AZ
- DNA &4 o3 EAgQ] (FHP=x)
o HAlForA T FAE HAFolx] FIt
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H 2 =de 7ls7/ig &

1. ol Ao g% EATE A7 &
1997 Wilmut AR Al e] S o] &3 Holxom Ja s AL
g AT olFE AAMEE o] &3 FEEA JHeAde oAy sgAE] ot dS5H
fem I g&k Az FdEa o

Sl M= ol S(1989)0] Ao ool o7k AH Agikel 4E 33

s vk dQa, B AFd= dojarjHor AFet E7o A BA AxE A
AFEE vl T (E %5 1990, ©] 55 1994). A 394 5(1999)& A Ao A A A E
EAZ AAsle] FolA (P Fo])E AAe=Y AEstgoen, w3 ol5e I4-(H

ol M= &g B 3l

o AAE Fol 4T <

Species 43 o (2=x) N =

Mouse Wakayama =, 1998 Cumulus

Sheep Wilmut &, 1997 Mammary gland,
Fetal fibroblast

Goat Baguisi =, 1999 Fetal fibroblast

Pig Polejaeva =, 2000 Granulosa

Bovine Kato =, 1998 Cumulus, Oviduct

Cat Shin &, 2002 Cumulus

Rabbit Chesne s, 2002 Cumulus

Horse Galli s, 2003 Skin

Mule Woods s, 2003 Fetal cell

Dog Lee S, 2005 Skin
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o AAEL oo Fo A3

Species Cell type A2 Xt =] ]
Sheep | Fetal fibroblast Schnieke &, 1997 Transgenic
McCreath &, 2000 Knock=in
Denning =, 2001 Knock-out
Tail skin Wakayama &, 1999
Mouse )
Various cells Wakayama &, 2001
Bovine Fetal fibroblast Cibelli S, 1998 Transgenic
Cumulus, oviduct Kato S, 1998
Granulosa Wells &, 1999
Muscle Shiga =, 1999
Skin Kubota &, 2000
Goat Fetal fibroblast Keefer &, 2001 Transgenic
Pig Granulosa Polejaeva &, 2000 serial NT
Fetal fibroblast Onish &, 2000 Injection
Betthauser =, 2000 In vitro
Park &, 2001 Transgenic
Lai =, 2002 Knockout
Dai s, 2002 “
Cat Cumulus Shin &, 2002
Rabbit | Cumulus Chesne S, 2002
Horse Skin Galli =, 2003
Mule Fetal cell Woods &, 2003
Dog Skin Lee S, 2005 In vivo
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g Adtste=d Al delArle #d Ay Ees 19899 E 497 B

Aol AFY F @ Wol ARelA BAFRAN] B AFE Fqste] 9 u

#3t71 %= oA tHCheong &, 1992; 1993; 1994). | <toll= HAZFSA Ak #e A
TS Fdste] 1993 = AFoR 29 oA #F =3 T,
1993)& Exsto] AeleAd el 32427 @d FETE S o)A ske] wintEz}
A gd F dES s oy, ALste]l wae] wadd, o] 24
sb, I AlZAe] AEFT] Sl B3 V2A ATE FHste] JRE S48
a e T, 1994 A 5, 1996ab), 8ol FHoldo o7k Fopx| Aito =
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APEEAME 1-5% Aolal, E7oX = 0.75%01M, 7kl &A= 0.7%, 2t
ol A= 0.99%, WA= 0.88%, HAAAE= 091% & 1% HIAA & 3Fa
A H(Pursel Z} Rexroad; 1993, Riego %&; 1993, Thomas &; 1993). o] & 7|43}7]
flstel PCREA Ol o8k 717, o8] 7FA vector /I & B2 dA77F +34
a3l

Tl M= ol dF 5(1989)¢] AtHel AT =R FAAE AF FATY A
el mAlFYdsta o5& 7hxIe] kel 38270 o] 2lste] 140 whE](36.6%) 9]
S A= o] F oeubE oA Abge] AT EE FAA HEEH IS g9

FomA IUoMe= Hxrre FEd8 s ATt 1 olF o]AdF T
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(1998) lactoferrine #w o= EH|ste F2AI ALE AP, F5F 5
(1998)2 Abghe] =dRIAkel G-CSFE 7Hxl A g 4Ards Aitst=d A2 3aksl
thoo] folx 2 7bx Q1A YL EHAE EHsteE FEHE FEALLC e
A7 FHEL vk AT E AAFEHERNE FFEoR Aibste dAA
3 BH EVE Adbsked AEd o7F vk ey ofd A= Ejolo] A4
AA ] FHAAE ADAITIAL o] & Fo|A o HAF thg e Kol oA ste] &
A S S AAS I - el T E vrh gloh

B ATNE Bdt dFgder AT AT s,

shar glom, 1989 AF A Holreow EHA AAE Aidet=dl HdEd ol
1994 el = E7el A HAMEAE Akekala

# %
Aol o)k 27 AWN1995-1998)E AW ATH vk AT B AP AR 27 o

ol 498 ATe] Aol o]Foix Holuje] wuEAAS WK Fo] A4
b EAY A 0% AA 2Eka, o4 F A4 ANAAY JFEE A
wo golth Wk, 29 A% Helqs]&e] ol AR ATHUI o] 5

g ool uge W 30%E WA Ran, o4 & ANLATE of
4& 304004 w0l 7] WMol ool o7 A Ao HFES BT 10% A
Folth. 1§ Uolrh, HelMEU AMEE o] &7 HAlY 7
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L S
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Human serum albumin (HSA)& ¢l

Ars, =2 il A4

tF(Rosenoer, et al., 1977;Peters, 1977). %3 Ruoslahti et al.(1976)°]

of % wuAe A

sk els )

a—fetoprotein<-
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gl
_ZTc
!

o
T

7} a-fetoprotein

L
L

H =0l A

1 B 35 oh(Sala-Trepat et al. 1979).

34% A X amino acid’}, 50% “ X nucleotide sequence”}

(Jagodzinski et al, 1981).
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Library Screening< €

Preparation of plating bacteria

}u2] bacteria

3|

+F 5ml LB media®l

3
T
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TE 02%= A
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=
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20% maltose
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0OD600 =AolA 058 =7 2 w71x] 7] A=A 2500rpm 10+ ¥4 &2
B Cell pellets H¥ 10ml MgSO.9 suspensiondt}. (final 1.0x10"cell/ml) ©]
S 4T Bz

Titration
LibraryE &4 o2 SM &9 34 & LB plateE 37C incubatorol] A d
&t} Top agar® =4 48C water bathol] EolE e, o7 == A
phage solution 10x0 ¢} bacteria colony® ZFH]3F host cellS 100u 410 37Tl A
infectionA] Z1t}. Top agar®l| infection ¥ host cell& ¥ I EE5o & F LB
plated] =tk 158 5 LB plates AF 2 3ol 37°C incubatorell Al WA #f %
Ela=

Plating
LB plateE® HA82 el 37C incubatorol A ©l* TS, top agarose(0.7%)
3mlE 9] 48C watet batholl ®9o}&=t}. Phage solution 10x0%} host cell 100E
o] 37CANA 2087 infectionA] 2l |, top agarose®l infection®d celle Y1 &
& H plated] ®E=th 37T incubatorol A wjekE F 4TolA 1 A7 o)At

cooling A 71 t}.

Immobilization of ADNA on nitrocellulose filter
3709 trayel Z+7Zr denaturation solution, neutralizing solution, 2XSSCS &o}
T ¥, NC filter 7FgA2lE &2 ol 7heulA Y filter7t AMA =5 g
t}. filterdl needleZ o2 Ay HAsL 1+ F A3 wo] W o5, 3719
trayoll ©7 solutiono] Ztzb 154 Wt} filterd]l DNA7ZF &+43s 1A F=E 8

0T ovenel 2417+ &=t}

Hybridization
FilterE 2X SSC Yol =9 A4l ¥ prehybridization solution®] £9¢] U+ petri
dish o 3sty¥ Y=t} 683TColA 1A]7F &9k A4 EE50 1A prehybridization
3t} Denaturation ¥ probeZS 21l 68Col|A 18A1%F 44 EE5 9] hybridizationdt

.

Washing
12} washing solution(2X SSC, 0.1% SDS)S.& 10% &< EE5dA Mo & ¢
, 22 washing solution 68T E HIYA 108 E¢F EE5HA Ao & & AilterE

(e}
=
F71Fd A Dt} AutoradiogramS ©]-§ 3k},

Picking up a single plaque

Autoradiogram®} plates # 9tFo] H Il signale] QS W signal® 1+ plaque
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S Mg de] SM buffer 500091 2] Chloroform3d ®&& H7p 3 3
vortexing 3 4Ce| 23 3k}

Purification of & phage DNA
Host cell 40 p¢ ¢+ plaque 171E 4o 37ColA 2083t F°] infection A%l

S50 md NZCYM mediadl =7 Yo 37C shakerolA 10A17F w3tz
chloroform 20002 A7F3F % 1 A17F © w3t} DNase/RNaseS HE =
pe/mb7F S A ¥a 37CAA 3087 vSAIZl S, NaCl #7Fs 5 =914

of 1A1ZF ®x]gt} 4T oA 10% <t 12,000 rpme = A4 e H, 45
=71 PEGE 73 5 =< vd& daolA 1A3F e A ‘:’Pi]d‘:} 4T
128 <t 11,000rpme. 2 Y4 F23k S, PEG €93 A3 AA% & TE 500
21001 l—'?OL T eppendorf tube®z %71t} 2 k9] chloroform= Yl Vortexmg??}
o A 1% &<t dEE sty FE5dS A tubedl #7th DNase 13 RNase

S 7 HFEE 1 pg/mb 7F HA ¥ 37ColA 17343 AE v A7t 5
ot AAFE 5 cell debrisE Al Agtth PEG/NaCl €4S 22 & #7hste] ¢
So 3087 WHASFA, 4CoAA 108 = dAEYIY. 10% SDS 5 ul o
proteinase K& A 7}3F ¥ 683C water batholl 5%%F WX3 & 5M NaCl 10 ul
E 7' H phenol 500 wE ¥ AXR=Z HA s AA 4Ho]
Chloroform 200E 23 42 5 94 &g 5, FSAE A tubrel] &3 H
phenol/chloroform© & extraction3t}. 2 99| isopropanols ¥ i 4& o
0ColA 10% WXstt) 4ToA 1587 YA E2]70% ethanol® washingdt % 73
L9 F7) FoA Z& 3 70% ethanol = washing 3+ F AL F 7]l A
At TE 50 ploll ol 1 d¥-Z  (0.8% agarose gel electroresis® 2213k
B g}

é 2 ne
2 o do

I
—

Jor g

cDNA9 A &4 AW, transfer, 18 i hybridization

A Al 3= cDNA 10 igy W58 2 FRTE S8t F 194 1
2 9E o, 40 U9 AFdEAE 7hetal 2429 & 5 37°Cel 16 /\]ﬂ 7l
?{r?—iﬂr Phenol chloroform F%& AAlste] &35S FEg F 2509 ethanol
S #H7bskar -20°Cell 1A17F o] B#3T} 4°Cell A 10,000 rpme] £%=2 1023
AAEE e F AFAs AAS s JAES 4] AdxA7]3L TE &9 20 il=
=olt} QoA FH|E AdaiAE HHH cDNA A|&EE 0.7% agarose geldl 713k
100 V HAgs A3 243 Bt dA1g st [dA7]dE5o] B gel$ ethdium
bromideE 05 ig/mle FE=2 713 F gelS X T AZHA0E o)) FA3 & #-<]
st A gelsit), WA gd (15 M NaCl, 05 M NaOH)oll gele] &3] S/ =%
sto] AT TEWA 4587 WA E] gel W2 DNAZE WA TS ) Gel&
=341 M Tris-Cl, pH 74, 15 M NaClell &7} A2oA 3087 EE5oFH
A FEAT. FekaY E9lo] Holof Fo] gelhtt A YW FE#E wo|al 2
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4¢] Whatmam 3MM ©]3}5& o] 5¢% 89 (10x SSC & SSPE) 24l th

#2l# 9= bridgeE WHETH 3 mm 9 go =

o HFyEsoz “101/\1 *7]“*‘3% AAs, T3 IR AE5S AR
. = o

3lt}, A2 nylon membrane< —?%—?94 A T A dAEF sha, ] A
o™ oz T &A 5F ol HIHFY HYS o|FEEF  grh. Nylon

membrane< Zo #Z =t} WA nitrocellulose membranes AFE&3 4 #
A2 gomg dE WAZRYH A3 Fo A7es Fogtt Gelg F3A7]=
GHOZRE Aol SlHo] ofgFow Fstsm HYLS F Fd fd 2AH F

MM A= o] T4l &8 Faoh v HAd F7Eo] ol A FEE
Folgth Gel #lel 71E7F A71A ¥EE Fol5tWHA membranes S8 FTh
Gel9] 7}4A8] & parafimelt o2 8 Hev ol gel § FE7H4 94 &
L5 gty Edayg F & olsdFE&AE AAA TS| A AER Ho
Y=t Gel 2719 39S T2 3MM o H A E 10x SSC & A2l
membrane¥ ol Y1 o Fo] EFX|(paper pad)E geld =79
cm AE Eo|7b HA #erh “H-‘Hoﬂ 89S 3 300 WA 500 g F2 =9
T 8A1ZF A 24A]17F E<H(overnight) ®X] 8 Et}. Transfer(blotting)”} &4y
membranes Wil 10x SSColA rinsingdt®] membrane°] £ $li= agarose
ANV s AASTE F AHRA ol Fol 7] FTolA Tdr. MembraneS & &7
X cDNA7F 943 Z2FEH == 80°CollA 2417 F¢F # &ttt Membranes vinyl
bagol ¥ % A FI 9 hybridization &% S % membrane®] A3 HIVEE
(¢F 15 mDE vinyl bago] @&t} 7|2 A5 A AT EF sealing< 3t} 63°C
shaking incubatorel] 1A]7F o)A B#s] Ftr}. Vinyl bagel 3% £S5 dusta &
AS wlH F 15 ml® hybridization €83} &7 A Z3 probed W &rh 7R}
7R =2 2 sealing?d TS 68°C shaking incubatorel 334t WHx|sj&Ev}. &)
%9 hybridizationA] 7] vinyl bags €31 €4S 5 AASY. Ao AlxE&d
1(2x SSC, 0.1% SDS)& A7t 3087t membranes A& ght}, 55°Coll A Al 4
|9 2(0.2x SSC, 01% SDS)= wA7FH 3083+ membranes Al F g},
Membranes oA k@3] 7AZA|7]3, membrane 7 °| Whatman 3MM F°| &

rlo

o #Hoz A TvhE cassetted] TLAHAAT| I OV‘]Oﬂl\ﬂ X-ray filmg ¥& ¥
cassetteE A&A|ZIth -70°Col &FW B £ T films AXEe] AyE #AF
Eia=s

2% % 17
slEAOl A 3 f S

]

kel vk 1 A3 sequencing A ¥E vy 2l

fi-casein 5'-UTR =22 H 999 #AA sequencing (4.1kb)
GATGGGGCTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAAT
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TACGTCCCTCCCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGG
TCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGL
ACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCT
TTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAA
GAGAGATTTAGAATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGC
ACAGTGCTCATCCAGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGC
AGCCCAGGCTGCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGA
TGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCT
GGGGGAAAAACTGCCTCCTCATATCCAACCCAAACCTCCCCTGTCTCAGTG
TAAAGCCATTCCCCCTTGTCCTATCAAGGGGGAGTTTGCTGTGACATTGTT
GGTCTGGGGTGACACATGTTTGCCAATTCAGTGCATCACGGAGAGGCAGAT
CTTGGGGATAAGGAAGTGCAGGACAGCATGGACGTGGGACATGCAGGTGTT
GAGGGCTCTGGGACACTCTCCAAGTCACAGCGTTCAGAACAGCCTTAAGGA
TAAGAAGATAGGATAGAAGGACAAAGAGCAAGTTAAAACCCAGCATGGAG
AGGAGCACAAAAAGGCCACAGACACTGCTGGTCCCTGTGTCTGAGCCTGCA
TGTTTGATGGTGTCTGGATGCAAGCAGAAGGGGTGGAAGAGCTTGCCTGGA
GAGATACAGCTGGGTCAGTAGGACTGGGACAGGCAGCTGGAGAATTGCCAT
GTAGATGTTCATACAATCGTCAAATCATGAAGGCTGGAAAGCCTCCAAGA
TCCCCAAGACCAACCCCAACCCACCCACCGTGCCCACTGGCCATGTCCCTCA
GTGCCACATCCCCACAGTTCTTCATCACCTCCAGGGACGGTGACCCCCCCAC
CTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTTGGAGAAGGTAAATC
TTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAAGGCCATTATCTCT
CATCCAACTCCAGGAACGGAGTCAGTGAGGATGGGGCTCTAGAGGATCCCT
CGACCTGCAGGTCAACGGATCACAACAAACTGGAAAATTCTTCAAGAGAAG
AATACCAGACCACCCTACCTGCTTCCTGAGAAATCTGTTTGCTGCTCAGAA
GCAACAGTTAGAACCAGACATGGAACAACAGACTGGTTCCAAATCAGGAA
AGGAGTATGTCAAGGCTGTATATCGTCACCCTGATTATTTAACTTATATG
CATAGTACATAATACAAAATGCCAGGCTGGATGAATCGCAAGCTGGAATC
AAGATTTCTGGGAGAAATATCAATAAACGAGATACAAAGATACACCACAC
TTATGGCAGAAAACTAAGAAGAACTAAAGAGCCTCTTGATGAAAGTGAAA
GAGGAGAGTGAAAAAGCCAGCTTAAAACCCAACATTCAAAATCAAGATCA
TCATTTCATGGCAAATAAATGGGGAAACAATGGAAACAGTGAGAGACTTT
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ATTTTCTTGGGCTCCAAAATCACTGCAGATTGTGACTACAGCCATGATTAA
AAGATGCTTGCTCCTTGGAAGAGAAGCTATTACCAAACTAGAAAGCATAT
TAAAAAGCAGAGACGTTACTTTGCTGACTAAGTTCTGTCTAGTCAAACCT
ATGGTTTTTCCAGTAGTCATATATGGATGTGAGTTGAACTATAAAGAAAG
CTGAGCACCAAAGAATTGATGCTTTTGAAATTTGGTGTTGGAGAAGTCTC
TTGAGAGTCCCTTGAACCTGCAAGGAGATCCAACCAGTCCATCCTAAAGGA
AATCAGTCCTGAATATTCATTGGAAGGACTGATGCTGAAATTGAAGATTA
ACGTTTTGGACTCACCTAATGCAGAAGAGCCAACTCACTAGAAAAGACCCC
ATGTTGGCAAAAATTGAAGCCAGGAAGAGAAGTGAATGACAGAGGATGAG
ATGGTTGGATGGCATCGTTGACTGAATGGACATGAGTCTGATCAAGTTCCG
GGAGACAGCAAAGGACAGGGCTGCCTGGTCTGCTGCAGTCCATGGGGTTGC
AAAGAGTCGGTCTCAAATGAGTAACTAAACAACAACCAAGCAGTAGAAAA
ATAAATAAAATTTGTCTCTGAGATCTCAGTACCTCTTTCTGTGCATATCC
GTCTCCTGTTATTGTACTTTGTCTTCTGCTTGTAATAAAGCTGTCCTGTTA
GTAAAATCTGTTTGGGTCCTCTGAATTCTTTTAGCTATCAAAAATGGAAG
GTGATTATTGTGCAATGTCCACCTCTGAGTAATATACAGAGAATAAAAGA
AGGGAGAAATTATGTGCAAGTTCTCTCTCATCTCCTGCTTCTCATTTAAAA
GATTCTACCTCAGTGGGGGCTAAAACTCCACATTTAACAGTAGCAAAAACC
AATATTCCATAGCTTCTTAGGAAACCATTTTTTATACTCTTGTATGTAAT
TACATTCAAGCTCAAAAGCAAAGAAGTGATTCTGCGTTGGTGAAGGCCCA
ACCATAGAAAAGAGGAAGAAAATAGGCCACATACTGTGCTTCCCCCATAGC
TCAGTTGGTAAAGAATCTACCTACAATGCAGGAGGCCTGGGCTTGATCCCT
GGGTAAGGGAGATCCCCTGGAGAAGGAAATGGTAACCCACTCCAGTACTCT
TGCCTGTAAATCCCATGGACGGAGGAGCCTGGCAGCTACAGCCTTGGGGTG
GCAAGAGTTGGACATGATTAACAACTAAACCACTGCCACCACTCCACATAC
TGAGTGCTCCCCAGTGGCACTAGTGGTAAAGAACCACCTGCCGGTGCAGAA
GACATTAAAGACACTGGCTCTATCCCTGCTTGGGAAGTAGGGAAGATCCCC
TAGAGAGGGAAATAGCAACCCACTCCAGAATTCTTGCCTGGAAAATCCCAT
GAATGAAGACTGGCGGGCTGTAGTAACTGGGGTCACAAAGAGTTAAACAT
GATTTAGCAACTAAACATCACCACATTAAAAAAATTACCACCAAAATAGT
CATATTCCAGGCTAAGGGGAATAATAGCACTAGTACCTGAGAGAACTTTC
TCAGATTCTCTGTCAAGTTCTTCCTTCTCTCATATAACCAGTAGTCTAGTT
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TACCTCATCAGATATTAACTACTCATCGATTCTAAATTATCTAATTATGG
GGGGGGGCACTACATTGCATTATATTTTGTGTCCATTGACTATCACTCAAT
TTATTTATAAAAAATTCATCCATGTTGTTTCTGTGACAGTAACTCATTCA
CATTAATTGTAATATCTCATTGCATTGTATACTACAATTTATTTATACAA
AATACTATTATTCACACTTCTGTTGATTTTAATTTGGAACATCAACAATA
ACGTGGCTGAGAAGCTTCTTTCTTTAGTATATTGTTAAGGATTTCCTTGA
TCAAGATTTTACCTACTTTTCTGGTCCAATTGGTGAGAGACAGTCATAAG
GAAATGCTGTGTTTATTGCACAATATGTAAAGCATCTTCCTGAGAAAATA
AAAGGGAAATGTTGAATGGGAAGGATATGCTTTCTTTTGTATTCCTTTTC
TGAGAAATCAGACTTTTTCACCTTGGCCTTGGCCACCAAAAGCTAACAAAT
AAAGGCATATGAAGTAGCCAAGGCCTTTTCTAGTTATATCTATGACACTG
AGTTCATTTCATCATTTATTTTCCTGACTTCCTCCTGGGTCCATATGAGCA
GTCTTAGAATGAATATTAGCTGAATAATCCAAATACATAGTAGATGTTGA
TTTGGGTTTTCTAAGCAATCCAAGACTTGTATGACAGTAAGATGTATTAC
CATCCAACACACATCTCAGCATGATATAAATGCAAGGTATATTGTGAAGA
AAAATTTTTAATTATGTCAAAGTGCTTACTTTAGAAGGTCATCTATCTGT
CCCAAAGCTGTGAATATATATATTGAAGGTAATGAATAGATGAAGCTAAC
CTTGTAAAAATGAGTAGTGTGAAATACAACTACAATTATGAACATCTGTC
ACTAAAGAGGCAAAGAAACTTGAAGATTGCTTTTGCAAATGGGCTCCTAT
TAATAAAAAGTACTTTTGAGGTCTGGCTCAGACTCTATTGTAGTACTTAG
GGTAAGACCCTCCTCCTGTATGGGCTTTCATTTTCTTTCTTGCTTCCCTCA
TTTGCCCTTCCATGAATACTAGCTGATAAACATTGACTATAAAAGATATG
AGGCCAAACTTGAGCTGTCCCATTTTAATAAATCTGTATAAATAATATTT
GTTCTACAAAAGTATTATCTAAATAAATGTTACTTTCTGTCTTAAAATCC
CTCAACAAATCCCCACTATCTAGAGAATAAGATTGACATTCCCTGGAATCA
CAGCATGCTTTGTCTGCCATTATCTGACCCCTTTCTCTTTCTCTCTTCTCA
CCTCCATCTACTCCTTTTTCCTTGCAATTCATGACCCAGATTCACTGTTTG
ATTTGGCTTGCATGTGTGTGTGCTGAGTTGCGTCTGACTGTTATCAACCCC
ATGAATGATAGTCCACCAGGCTCTACTGTCCATGAAATTTTCCAGTCAAGA
ATACTGGAGTGGATTGCATTTCCTACTCCATTTGATTAATTTAGTGACTT
TTAAATTTCTTTTTCCATATTCGGGAGCCTATTCTTCCTTTTTAGTCTAT
ACTCTCTTCACTCTTCAGGTCTAAGGTATCATCGTGTGCTTGTTAGCTTGT
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TACTTTCTCCATTATAGCTTAAGCACTAACAACTGTTCAGGTTGGCATGAA
ATTGTGTTCTTTGTGTGGCCTGTATATTTCTGTTGTGTATTAGAATTTAC
CCCAAGATCTCAAAGACCCACTGAATACTAAAGAGACCTCATTGTGGTTAC
AATAATTTGGGGACTGGGCCAAAACTTCCGTGCATCCCAGCCAAGATCTGT
AGCTACTGGACAATTTCATTTCCTTTATCAGATTGTGAGTTATTCCTGTT
AAAATGCTCCCCAGAATTTCTGGGGACAGAAAAATAGGAAGAATTCATTT
CCTAATCATGCAGATTTCTAGGAATTCAAATCCACTGTTGGTTTTATTTC
AAACCACAAAATTAGCATGCCATTAAATACTATATATAAACAGCCACTAA
ATCAGATCATT

f-casein 3-UTR 9499 #AA sequencing (5.5kb)
AATTGTGATTATTATTTCTTTAAGAATCTATTTCCTAACCAGTCATTT

CAATAAATTAACCCTTAGGCATATTTAAGTTTTCTTGTCTTTATTATATTT
TTAAAAATGAAATTGGTCTCTTTATTGTTAACTTAAATTTATCTTTGATG
TTAAAAATAGCTGTGGAAAATTAAAATTGAATAGAATTCTTTGAATTGAG
TTCCAAAGGATATCAAAAAGTGAGGGAAAAGATAGGGTGAGCCTATGCTGC
ATATGTCCTTAGAAAGTCTTGGTTTATACCTGTTACCTAAGTTAAACAATT
ATACTTGTTCCTTTCACTCTCGAAAGTACCCAGCATTGGATGTTAAATTTT
ATAGTCATCCTAGACAAAAAAAAAAAAAAAAACAAACAACCCTCAAATGT
GATATCTGAATCACAGCTCTACAGTGTGGTAGCTAAGTGGTGCTGTGTAAG
TTAGTCTCCAAGAGATTCCATTTCTACATTTATAAACAGTCAATTTAAGGT
GTTTTATTGAAGTTTTAATGTGAAAAGTGCACTATATGGTGCATGATAGG
AGTTCCTGGTTGAATCTCATTTCTGACATCACTGACACCAGTGCAGCAAGGA
CTAGTGTTACAATCAGAAGGAGCTGAGTTGTGTAATTTTAGCCATTAATGC
CCAAGAGACTAGAACTTACACAAAGCTCTAATATCCATTGTCTCTGTCTGT
GGAGTAATTATTTCATTGCCATGAATTATCTGTCTGTCATATCCTGCATTT
TTATACATGATTCAGTTCCCTTCAGTTCACACAATGACTTGTCTAATTTCA
TCTTTCCTGCATCCTCCATGTTTTCCTCACTTCAGGATTAAGTGAAGCCGTA
CTTAGGCACAATATTTCTTATCTTTAAAGAAAAATTCCATCTTTGAGAGTT
GTTATTGTTCAGTCACTAGGTCATGTCCAACTCTTTGTGACCCCATGCACTG
CAGCATGCCAGGCTTCCCTGCCCTTCGCTCTCTCCTGGAGTTTGCTCAGACTC
ATGTAGATTGAGTCGGTGATGGTATCCAACTATCTCATCAACTGTTGTGCC
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CTTCTCCTCCTACCCTCAGTCTTTACCAGCATCAGAGTCTTTCTCAGATTCT
TCAGGTTATTATATAACAACTATCATAAAAGGAGTATCTAAATGGCTGTGT
CCATTATTTCACATGTTATTCTCTCTTTAACTTGCTCCAATCCCAATTTTA
TCCCTATGGGAACTGCTTTATTGAAGATCACCAACAACTTTTATTTTACTA
ATCGTTTTGTTTTACCCAACCTCTCAGTGAGTGTTATGAGGTAGAGTTGAC
TATTTCTTCATTTTGAAATATTACGCTTCATTTCATTTGATATCCTAAAGC
TCATAAGGTGTGGTTTTTCTCTTAACTCACTAGACACTTCTTTGAAGTCTC
TCTTCTGGCATTTTCTCCTTTTCCAAAATTTTAATGGTTGGAGTACCCTAG
ATTTTAGCCTTAATTTGTTTGATGTTGTTCAGTTCCATTCTCAGCTCAGAG
CTTCCAACTGTATGTCTCCAAACTTACTCGTTTTGTAAACTCCAAACTCAT
GCACTCAACTGCATTCTTGACCTCCACACTGAATTATCTAATTAATGTCCT
AAATCTGGCATGACCAAGCATACATTTTTGTCTGAATCCAGTCCCCAACTT
GCTCAAAATTTAATTAAACGTAATTCAGTTACAAAGGCAGCTGATATTGTA
TGCAATAGACCTGAATGGGAACTTCACAAAAGAAGTTATCTTAATTGTCAA
TAAAAACATGAAAAATACTCTACATCATCAATCTTCAGAAAAATGCAAAT
TAAAGGTGCCTAATAATATCATGACACAACCGTCAGAATGACTGAAATGAA
AAGAATTGTAATACAGTTCAGTTCAGTTCAGTTACTCAGTCGTCTCCAACT
CTTTGTGACCCCATGAACTGCAGCATGACAGACCTTCCTGTCCATCACCAAC
TCCCAGAGTTTACTCAGACTATGTCCATTGAGTTGATGATGCCATCCAACCA
TCTCATCCTCTGTCGTCCCCTTCTCCTCCTGCCCTCAGTCTTTCCCAGCATCA
GGGTCTTTTCCAATGAGTCAGCTCTTCGCATCAGGTGGCTAAAGTATTGGA
GTTTCAGCTTCAACATCAGTCCTTCTAATTAACACCCAGGACTGATCTCTTT
TAGGATGGACTAGTTGGATCTCCTTGCAGTCCAAGGGACTCTCAAGAGTCT
TCTCCAACACCACAGTTCAAAAGCATCAATTCCTTGGCACTCAGCTTTCCTT
ATAGTCCATGTCTCACATCCACACATGACTATTGGAAAAACCATAGCCTTG
ACTAGGTGGACCTTTGTTGACAAAGTAATGTCTCTGCTTTTTAATATGTTG
TCTAGATTGGTCATAACTTTCCTTCCAAGAAGTAATTGTCTTTTAATTTCA
TGGCTGCAGTCACCATCTGCAGTGATTTTGGAGCCCCAAAATATAAAGTCA
GCTGCTGTTTCCACTGTTGCCCCATCTACCCCATCTATTTGCCATGAAGTGA
TGGGACTGGATGCCACTATCTTAGTTTTCTGAATGTTGAGCTTTAAGCCAG
CCTTTTTACTCTCCTCTTTCACTTTCATCAAGAGGCTCTTTAGTTCCTCTTC
ACTTTCTGCCATAAGGGTGGTGTCATCTGCATATCTGAGGTTATTGATATT
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TCTCTTGGCAATTTTGATTCCAGCCTGCACTTCTTCCAGCCCAGTGTTTCTC
ATGATGTACTCTGCATATAAATTAAATAAGCAGAGTGACAATATACAGCCT
TGACATACTCTTTTTCCTATTTGGAACCAGTCTGTTGTTCCATGTCCAGTTC
TAACTGTTGTTTCCTGACCTGCATACAGGTTTCTCAAGAGGCAAGTCAGGT
GGTCTGGTATTCTCACCTGTTTCAGAATTTTCCACAGTTTATTGTGATCCA
CACAGTCAAAGGCTTTGGCATAGCCAATAAAGCAGAAAGAGATGTTTTTCT
GGAACTCTCTTACTTTTTTGATGATCCAGTGGATGTTGGCAATTTGATCTC
TGGTTCCTCTGCCTTTTCTAAAACCAGCTTTAACATCTGGAAGTTCATGGT
TCACGTAATACAAAATGTAATACAAAATGTCTGCAAAAACAAAGGAATGA
AAAGTAATGCTAAAAAATGTTAATATTTACAGAAATTTTTATAGTAGTAA
AGAATTCACCTGCAATACAGGAGAACCGGGTTAGATCCCTGGGTTGGAAGA
CCTCCTGGAGAAGGAAATGGCTACCCAATCTAGTATTCTTGTCTGGAGAAG
GCAAGAATGGACAGAGAAGCCCAGCGGGCTATGGTCCATCGGGTCACAAAGA
GTCAGAAGCTACCTTGCACACAGCAAGCACGGTGCGCGCGCGTGCACACACA
CACACACACACACACACAGACACACACACACTCTAAAACATTTACCCAAGCT
TGTCCAATGGAAAATCAAAAAGCCAGCAATTTAAGATGACATCAGGTACCA
CTGTCCAGGTAAGCCTCAGAACACAATGACCAGTAAGAAGCAAAGTGCCAT
ATGAGCAACTCGAATTTTTGCAATGTTACCTAAGAGCTTCCATTTTTATAA
TGCAAAAGAATTTCATATGGGGAAATTGTATTAGATAACCCTGAATGAGGA
GCAAGATATAGTCAAAGTAAGATGCTCTAGTACTATTTTTTATAAGCATGA
TTTGTTCAGCCAAAGGTTTTTTCCCATATGGCCAATGAACTGAAATATGCA
GTCCTGAGATTTGCATATATTTCTAGCTGAAACCAAGTAAATAATATCCTC
AAGAAAGAAATCAATAGAAAAGTTGGATGAAGAGTACAATAAAGGGACCA
AAAATATTCAGAAATAAGAACTAGAGGAGATATTGGGAAATCCCTGGTGAG
TCCAGTTTAGGATTTTGTACTTTCACTGCAGTTGGCATGGATATAATCCCT
CACTGGGGAACTAAGATCCCATAAGCTGTGTTGGATTGCCAAAAAAATAAA
TATTAAGAGATATCATTCATAGAATATTTTAAAGATATTTTAGAGAAGAG
GAAATTAAGGATGTGAGAATTTGTATTACTTTTTCAAGATACTAAAGCTA
TTTAGAGATAGAGCTGTTACTAAAAACTTCAGTTTCCTAAAAATTATTTG
AAGCACTGTTTAATAAATTCCAAAATATAGAGGAAGGAAAACAAAATACT
GAGGATTCATATAATGATTCAGATTTAGAAACAATATAACACAGAATTAG
TGAATTCTGACAAATTATTAGGTAGGAGTAGATAGTTCAGCATTACTCGTA
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TAGATGGAGTATTTAATCCTTTCCATGAGATTATCCAAATATAATAATTTC
GTATCTATGTGAAGTATAACTATTAAGATTACTTTATAAAGTAAATCAAG
AACCAGAGAATAAGAAAAATGTTTTGTGAACCAGCAGATACTATGAACACA
TAAAACTCAGAACCCTGATTCCTAAGACACACAGCTAATCCTGATTATTCT
TCCTTTACATGTGACCATAGAACTTCACACAAGTTCAAGATACATTTGTTG
AGCACATCAGTATCAGTTCAGTCACTCAGTCATGTCCGAATCTTTGTGACCT
TGTGGACTGCAGCACGCCAGGCTTTCCTGTCCACCACCAACCCCTGGAGCTT
ACTCAAACTCATGTCCATTGAGTCAGTGATCCCATCCAACCATCTCATCCTC
TGTCATCCTCTTCTCCTGCCTTCAATCTTTCCCAGACATTGGAGTCTTTTCC
AATGAGTCAGATCTTCACATTAGGTGGCCAAAGTATAGGAGTTTCAGCTTC
AGCATCAATCCTTCCAATGAATATTCCTTGATGTACCCCTTTCGCAGTTTGG
AACCAGTCTGTTGTTCCATGTCCAGTTCTAACTGCTGCTTCTGGACCTGTAT
ACAGATTTCTCAGGAGGCAGGTAAAGTGGTCTGGTATTCCCATCTCTTGAA
GAATTTTCCACAGTTTATTGTGATCCACACAATCAAAGGCTTTAGCGTAGT
CAATAAAGCAGATGTTTTTCTGGAACTCTCGTGCTTTTTTGATGATCCAAT
GGATGTTGGCAATTTGATCTCTGGTTCCTCTGCCTTTTCTAAATCCAGCTTG
AACATCTGGAAGTTCATGGTCCACGTACTGTTGAAGCCTGGCTTGGAGAAT
TTTGAGAGTTATTTTGCTAGCATGTGAGATGAGTGCAATCATGTGGGTGTT
TGAACATACTTTGTCATTGCTTTTCTTTGGGATTGTGGCAGTCCTGTGGCC
ACTGCTGAGTTTTCCAAATTTGCTGACATATTGAGTGCAGCACTTTCACAG
CATCACCTTTTAAGATTTGAAATAGCTCAACTGGAATTCCATCACCTCCAC
TAGCTTTGTTCATAGTGAGGCTTTCTAAGGCCGTTTGACTTTGCATTCCAG
GGTGTCTGGCTCTAGGTGAGTGATCCGTTGACCTGCAGCGGCCGCAAT

29 $H=Ry 2uEY 2298 F 4809 insulator $AAE TLH 2
GGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCT
AGGGGCAGCAGCGAGCCGCCCGGGEGELCTCCGLCTCCGGETCCGGLCELTCCCCCCEe
ATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACG
GGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCT
GGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATGACA
GAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGATCCA
ACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAGCCA
CATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTT
GGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTCA
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TATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCT
ATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTG
CCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGG
ACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAA
GTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACA
AAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACA
CTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGC
AGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACT
GGGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAAT
CATGAAGGCTGGAAAGCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCA
CCGTGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCAC
CTCCAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCAC
CGCTCTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGC
ACAACGTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAG

Human serum albumin F3d%x¢] 22938 714 Fadl9 cDNA libraryS o] &
3t A3 th Probe DNAE olv] 43 F4x 239
PCRE F%3stlor, o5 A= pGEM-vectorel AJZ&3gH $ sequencingoll <3k

SIERE

sequences &85}

pGEM-TEASY 4, T [ hsa ]

LaczZ MCS 5> 3

Amplification of
HAS by PCR

(3018bp)

Ligation
'

AT
J'MA

o] probe +HAE o] 8&3to] library screeningS 33 A= olgiel )
ol colonyZ%FEH DNAS 3|53 & AFaihE ALEslo] Aot
2|

B g 2o

% pGEM vector

rir

of Azx%3 F sequencing gt

ATGAAGTGGGTAACCTTTATTTCCCTTCTTTTTCTCTTTAGCTCGGCTTATT
CCAGGGGTGTGTTTCGTCGAGATGCACACAAGAGTGAGGTTGCTCATCGGTT
TAAAGATTTGGGAGAAGAAAATTTCAAAGCCTTGGTGTTGATTGCCTTTGC
TCAGTATCTTCAGCAGTGTCCATTTGAAGATCATGTAAAATTAGTGAATGA
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AGTAACTGAATTTGCAAAAACATGTGTTGCTGATGAGTCAGCTGAAAATTG
TGACAAATCACTTCATACCCTTTTTGGAGACAAATTATGCACAGTTGCAACT
CTTCGTGAAACCTATGGTGAAATGGCTGACTGCTGTGCAAAACAAGAACCTG
AGAGTAATGAATGCTTCTTGCAACACAAAGATGACAACCCAAACCTCCCCCG
ATTGGTGAGACCAGAGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAA
GAGACATTTTTGAAAAAATACCTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCTGCTTTTA
CAGAATGTTGCCAAGCTGCTGATAAAGCTGCCTGCCTGTTGCCAAAGCTCGA
TGAACTTCGGGATGAAGGGAAGGCTTCGTCTGCCAAACAGAGACTCAAGTGT
GCCAGTCTCCAAAAATTTGGAGAAAGAGCTTTCAAAGCATGGGCAGTAGCTC
GCCTGAGCCAGAGATTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGT
GACAGATCTTACCAAAGTCCACACGGAATGCTGCCATGGAGATCTGCTTGAA
TGTGCTGATGACAGGGCGGACCTTGCCAAGTATATCTGTGAAAATCAAGATT
CGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAACCTCTGTTGGAAAAATC
CCACTGCATTGCCGAAGTGGAAAATGATGAGATGCCTGCTGACTTGCCTTCA
TTAGCTGCTGATTTTGTTGAAAGTAAGGATGTTTGCAAAAACTATGCTGAG
GCAAAGGATGTCTTCCTGGGCATGTTTTTGTATGAATATGCAAGAAGGCATC
CTGATTACTCTGTCGTGCTGCTGCTGAGACTTGCCAAGACATATGAAACCAC
TCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTATGCCAAAGTG
TTCGATGAATTTAAACCTCTTGTGGAAGAGCCTCAGAATTTAATCAAACAA
AATTGTGAGCTTTTTGAGCAGCTTGGAGAGTACAAATTCCAGAATGCGCTAT
TAGTTCGTTACACCAAGAAAGTACCCCAAGTGTCAACTCCAACTCTTGTAGA
GGTCTCAAGAAACCTAGGAAAAGTGGGCAGCAAATGTTGTAAACATCCTGGA
GCAAAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAACCAGT
TATGTGTGTTGCATGAGAAAACGCCAGTAAGTGACAGAGTCACCAAATGCTG
CACAGAATCCTTGGTGAACAGGCGACCATGCTTTTCAGCTCTGGAAGTCGAT
GAAACATACGTTCCCAAAGAGTTTAATGCTGAAACATTCACCTTCCATGCAG
ATATATGCACACTTTCTGAGAAGGAGAGACAAATCAAGAAACAAACTGCAC
TTGTTGAGCTTGTGAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGC
TGTTATGGATGATTTCGCAGCTTTTGTAGAGAAGTGCTGCAAGGCTGACGAT
AAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTGTTGCTGCAAGTCAAG
CTGCCTTAGGCTTATAA
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A24 Cell line 75 3 A =4

2-1. AR A" ZTAAEZE o] &3 2R Hol4 73
(EFFICIENCY OF GENE TRANSFECTION INTO DONOR CELLS FOR
NUCLEAR TRANSFER OF BOVINE EMBRYOS)

Abstract

The production of transgenic animals by somatic cell nuclear transfer (SCNT) has
proven to be a more efficient method than other methods, such as gene injection or
sperm mediation. The present study was intended to evaluate the efficiency of gene
transfection by Effectene (Qiagen Inc.), a lipid-based reagent compared to
electroporation in fetal-derived fibroblast cells (FFC), cumulus—derived fibroblast cells
(CFC) and adult ear skin-derived fibroblast cells (AEFC). Parameters compared were
factors such as chromosome abnormality, gene expression, and the incidence of
apoptosis. Further, the transgenic (TG) embryos with transfected donor cells generated
by electroporation or Effectene were compared to IVF and SCNT embryos in terms of
rates of cleavage, blastocyst formation and blastocyst cell number. Most of the cells
(>80%) at confluence were at GO/Gl and considered to be suitable nuclear donors for
cloning. Transfection with a plasmid containing the enhanced green fluorescent protein
(pEGFP-N1) gene into FFC did not increase the incidence of chromosomal
abnormalities. The rates of apoptosis in different cell types transfected with pEGFP-N1
were 3.3-5.0%, and the values did not differ among groups. In addition, the rates of
apoptosis in various cells between 5-7 and 20-22 cell passages did not differ.
However, the efficiency of gene transfecton into FFCby Effectene reagent (14.21.7) was
significantly (P<0.05) higher than that obtained by electroporation (5.11.0). Among
various cell types, the efficiency of gene transfection by Effectene and eletroporation of
FFC (14.21.7 and 5.11.0, respectively) was significantly (P<0.05) higher than transfection
of CFC and AEFC by either method (9.41.5 and 3.30.8, 8.80.7 and 2.10.4, respectively).
In transgenic (TG) embryos produced by SCNT with electroporation and Effectene,
therates of cleavage and blastocyst formation were significantly lower (P<0.05) than

those of IVF controls, but rates did not differ between SCNT and TG embryos.
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Similarly, significantly higher (p < 0.05) total cell numbers in day-8 blastocysts were
observed in IVF controls than those in SCNT and TG embryos, but did not differ
between SCNT and TG (136 vs. 7110, respectively). The results demonstratedthat,
though there were no difference in the rates of chromosomal aneuploidy and the
incidence of apoptosis among various cell types, transfected with or without pEGFP-NI,
FFC were the cell type most effectively transfected and Effectene was a suitable agent

for transfection.

ANE
P A3 55 A4S AFHARE F Y Zokl JdojA Fasith FEAE T
S ElA YE FHAe F49 WHdE retroviral vectors (Chan et al, 1999),

fusion (Zou et al., 1996), A AN vlAFYH (Brister et al, 1985), electroporation
(Zou et al., 1995) % sperm carrier (Shemesh et al., 2000) So°| <)
AA7EA, AME o] IR (somatic cell nuclear transfer, SCNT)e] M3 F9

WoET FAAS w25 AAteted 28 40ldkar Bag vp Aok (Cibelli et al., 1998;

Baguisi et al., 1999; McCreath et al,, 2000). ¥&AA3 = {FHAA} HF & WiHS 9
|4 SCNT 712 FIAEY T/ ALgul 7He] Fa3 FHo= diFxa )

. 53 &9 AF oAy FF9Y AAXE, fetal fibroblasts (Cibelli et al., 1998),
oviductal cells (Kato et al., 1998), cumulus cells (Kato et al., 2000), mural granulose
cells (Wells et al, 1999), muscle cells (Shiga et al, 1999) ear fibroblasts
(Zakhartchenko et al., 1999a), 2 fetal germ cells (Zakhartchenko et al., 1999b; Yoo et
al, 2003) 94 AT 9 AAE LS v vk 1 F fetal fibroblasts7F 7 #ol

H

s

Aoz AMEH I =], ol AlXE FA o] &olsty] mitoletal gt} (Schnieke et
al., 1997 Cibelli et al, 1998; Baguisi et al., 1999; Kuhholzer et al., 2000). —1&{.},
Wells et al. (1999)e] H o] o3t A& AAME HA ZT&-S mural cells, cumulus cells
2 granulosa cells®] fibroblasts Bt} £ttal 3ow, ol Axe FfHo uwa 4
t}.

Fa A3 =52 Ak goji T trE 83 2918 FAA} transfection HHH o)

F&o] detAE S 1

M

2ta 3t} dHbH © 2 electroporation, liposome-mediated transfectiono] d# o]&% L
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9 t}. Electroporation WH2 simpledtil =< &85 Holal (Lurquin, 1997), 3k
Effectene %< cationic liposome based reagent + Lipofectamine, Lipofectin,
SuperFect, DMRIE-C and DOTAP HUu&®: =& &§8&% HAUHUchida et al, 2002;
Nikcevic et al., 2003).

Enhanced green fluorescence protein (EGFP) & & % gene expression®] 7]

%
o

wlFo] d2] o]8% = marker geneo|t}. o] E o] &3k A (Park et al., 2001 Lai et

al., 2002; Hyun et al, 2003) 722/3L 4 (Roh et al, 2000 Arat et al., 200)Fg & 2 At

rlo

2 & AARgE vE Atk EGFP7E 4bAbe] Aita &S Bats Bik AR & 9%
ge Aoz vy Fojxtk (Ikawa et al, 1995; Roh et al., 2000).

IRl dolx SCNTE SallA o8 sEoA 4ar AF Hark vk 18y
OFA VA = AR F &L 3| A3 Holtl (Hill et al, 1999; Westhusin et al., 2001).
odg] QoEo] AL A 1 F FAT apoptosis’t =23 28-S 3}t (Fahrudin
et al., 2002). AsletA FejslAel WMl 9sjA FRFEE apoptosisE  DNA
fragmentation, caspase activation, alteration of mitochondrial function, release of
cytochrome C, chromatin condensation, cytoplasmic fragmentation, ~18] 31 #&o] 1t
g A& E FHstA @k (Hockenberry et al., 1990; Hardy, 1997 Green and Reed, 1998

Hardy et al, 2001; Ranger et al., 2001; Levy et al., 2001).

AE R
Hl F 4

Sigma Chemical Company (St. Louis, MO, USA)olA FLd® Al ef 2 nfjekol

o

B Ao FAEAT. WdxAdL g VM) 25 mM sodium pyruvate, 1 mM
L-glutamine, 1.0% (v/v) penicillin-streptomycin (10,000 IU and 10,000 g/mL,
respectively; Pen-Strep; GIBCO), 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 10
g/mL FSH, 10 g/mL LH, and 1 g/mL estradiol 17 &% TCMI199E o]&3}%t}.
Albumin, lactate, pyruvate 7} %% Tyrode’s mediumo = Hepes-TALP H#
IVF-TALP)S vWE%x, FAHE wddo 2= modified Eagle medium (MEM)

non-essential amino acids, 0.4 mM sodium pyruvate, ] mM L-glutamine % 50 g/mL
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gentamycin®] 3% synthetic oviduct fluid medium (SOF) ]S o] &3tHTH RE

kel e pH 74 1813l AHFS 280 mOsm/kg. = KA 3sko] AF&3 T}

AN ] g

A FFe M ¥, fetal-derived fibroblast cells (FFC), cumulus—derived fibroblast
cells (CFC) ¥ adult ear skin-derived fibroblast cells (AEFC)& AF&3lth. 44l 35
d #Hol EjolEFE FFC, -+ 4 ¥ Ao A=ZHFE AEFC, 183 2-7 mm follicles
25 CFCE 77 wefskalvh ®lol 24 2 71242 0.25% trypsin-0.04% EDTA €
el 39C 10&3 Agld § 7% (v/v) FBS7F §H+¥ modified Eagle medium (MEM)el
A disperseA At AR -G FAE BA S 05 mg/mL hyaluronidase® | 2] dto] &+
AEE B3t #8d AXE 300 Xg 1083 948 & 10% (v/v) FCS, 1.0%
(v/v) Pen-Strep”} g8 MEMu| ol A 39C, 5% CO2 incubatoroll A B %353

80-90% confluence A Holl A 0.25% Trypsin-0.04% EDTA & 587 A &3 & o}
& passage® %713, 4 AMEE 10% dimethyl sulfoxide (DMSO)E T4 HFE &

t} (Keefer et al, 2002).

GeneTransfection 2 Expression

3-5 passage® M2 E 2-5 A3t v ¥ electroporation W &2 pEGFP-N1& =
AstA ) oju AREE wjgAe] A2 75% cytosalts (120 mM KCl, 0.15 mM CaCl2,
10 mM K2HPO4, 5 mM MgCl2, pH 7.6) (Van den Hoff et al, 1992) % 15 g
pEGFP-N1¢] ¥ 25% Opti-MEMo.Z a3l A 5x10° cells/mLE a4lch,

A7) A 74L& 239 038 kV, 400 F 22 393, Gene Pulser (Bio-rad)& A}-83}

e
rlo

9t} Effectene & Effectene Transfection Reagent (Qiagen inc.)S AF&3tiaz, %
A zZAF2] protocoledl] Wkt 600 g/mL G418 (Geneticin, Gibco BRL) ©] #7}¥ 8%k
el A} 48A17F W FFo RN FHA =98 AEE AAsATH (Hogan et al, 1994).
Az =999 %= FITC (Excitation maximum = 483 nm; emission maximum = 507
nm) inverted fluorescent microscope (Nikon, Japan) stoll Al #z&sdar, 100709 Ax2E

PCR o=z Zolstgdrt ol A3t primers 18-base sense primerZ+ 5 -CAG
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AGC TGG TTT AGT GAA-3' 3} 20-base antisense primer 5'-GAA CTT GTG
GCC TAC GT-3'& A+&3A

Cellcycle &4
Cell cycle #2442 CYSTAIN DNA 2 steps kit (PARTEC, Germany)Z ©]-&3F
flow cytometry (PARTEC. PA-1)& A A5t t) 2 x 106cells/mL M XE  70% ethanol

(4C)el 18417F Agetdar, g H AAE fshA 200 Xg 10 3t dAAHAT. AEE

H

DNA flurochrome 4, 6-diamidino-2-phenylindole (DAPDZ 287+ A3 % (Boquest

et al., 1999), &4 8k th.

Chromosomal AnalysisofCells

A A BALS Williams et al (2003) WHol 3ttt 0.05 g/mL democolcine
(Gibco, colcemide)e] H7Fd MEMoO itlrks ®i%3F & 0.075 mM KClol 5%, 0.8%
sodium citratee] 30%7F @ ¥ v}S, spread 33 methanol : acetic acid (3:1, v/v)ol
IS ATE. 4% Giemsa Ho2 57F7F A ¥ light microscope (Nikon)oll Al 77 3f

ATt

Apoptosis &4
Apoptosis ZAF= In Situ Cell Death Detection Kit (Boehringer Mannheim,
Indianapolis, IN) ¢} propidium iodide (PI, Molecular Probes, Eugene, OR)9 Wiz 44

o] €3 TUNEL W oz AA st

In Vitro Embryo Production

ke

54 fo GE

ftlo
4

A3FA L, 15702 COCsE IVM wj ¥} 50 ul dropsell ¥
3 39C, 5% CO2 ujeF7]ol Al wldAl AT, SCNT W2 Wells et al, (1999)¢] ®H
upe} A A s T

Hj &k 18AIZFWOON, T AIELE 3% (v/v) sodium citrate & Yol 4 23+ vortexing

st AAAHI, ddéS 9dlA 5 ug/mL Hoechst 333429 2-3%3F 2381
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Trypsin A &¥ FAAEE GdE dxpe] faAe] Fstx, A7 &
MgCl2, CaCl27F H7F¢ 0.28 M mannitol &4 1.6 kV/cm, 30 usec ¢ 23S F W
AAEAY. &85 SCNT A &S 5 uM ionomycindl A 5%, 10 g/mL CHXolA 34|
2k ) AT

hxT24 AFAdd YA Ali and Sirard, (2002) HHS o] &3k, A=A
Y= Rosenkrans et al. (1993)9] WHHZ st 30719 F4d&S SOF 30 uL
dropsell A4l 8¥ 3t 39C, 5% CO2, 5% 02 % 90% N2 =3 stell A ajdstd, 2¢ WO

W onEs] wess Ao, A4 de £E v

o

2 8Y WOl =47 2+

ZA}3H

Al A g
Gene expression, apoptosis, cleavage % developmentE arc-sine transforation
Z one-way ANOVA = 2AAsHa, B wEALS Duncan’s and Tukey multiple
comparisons testZ ©| 83t  Chromosome analysis< Student’s t-test® ©] &3+

o P<0.05 9EO #9073 ZolZ <lAHeA

ZER A T
Cell Cycle ¥4

¥ 12 FFC, CFC ¥ AEFC AMXE pEGFP-NIZ %9 3 % cell cycles Z=AFgH
Aoty Al a7k GO/GL, S 2 G2/M = o4 AolE AT F fdd. FFC,
CFC % AEF w9 oif-#9 Ax7b GO/G17] %tk (88.81.9, 91.21.3 86.71.6, 90.415
86.91.1, 87.715, respectively). F4x =dd Axol =4 oF AETHY cell cycledl

oA o4 Aol E A4+ ¢eieh
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TABLE 1. The Cyeles of Different Cell Types
Transfected With or Without pEGEFP-MNI

Percentage (mean & SEM) of cells al

Cell
tvpes Transfected CHCa] 3 LN |
FFC - dEba= 1.4 4.5+0.5 6.7+ LG
ol2+1.3 3.4 +0.8 a.a+09
CFC - 867 =16 ER LN 8.85+1.7
on4+1.5 45+ 1.3 a.1+09
AEFC - gEH 1.1 a8 0N Tax08
| BT. T+ 1.5 48+0,7 7.5+12

Passages (5-T)
FFC, letal-derived fbroblast eells; CPC, cumulus-derived
fibroblast cells; AEFC, sdult ear skin-derived fibrohlast calls,

Efficiency of pEFGP-N1 transfection into Cells
a¥ 18 Z+7] vE passage 7t (short term, 5-7; long term, 20-22) pEGFP-N1

A T HEHES v Z2ASE Aol FFCol Q94 short term¥ long term H &<

-

79 #d A} transfection €8S CFCe AEFC Hrtl #F9 & o7 (P<0.05) =9t
1

gl 2% Effectene¥} electroporation W 7Fe] transfection &< FAMgE Aol

1o
w2

Effectene™} electroporation + WHol| ojA, FFC7} th& MET Htp foldog

lo
o

<2 transfection& S R tl. L3 Effectene *E2]7} electroporation Rt} &2 2dH &

LR

m
"o

Eaclion

Iine
L
-

(2= [ afF

Flg. 1. Elmerey o irmmeleccsm by Efbsdiames sl b pE P | miba
pers ok prasslan IR el peesa gee-al tiileram ovdl ivpes as Selerranesd iy
Nurresseree EioTsogy. Staslam smor hees are indiosied. Wisne

wilh Al Teresl superse gl o iMer sigrdlisancly o P IG FFE, feal
fer el Bhrohibear pel b CF9C, cimmnodisd eriosd Blovddost el AR
aibill sar abliidieviesl ol sl a=lls
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3

KeX
T

2% positive® UEFSE

pEGFP-N1 positive cellsg Ho] 3 13 4= 80 coloniesE® PCR 4

E 2% G £ 24
27 e AR, AR £ gHgre] Aole A4 A

oo
=) /v}

A2 58%2] celle] 60712 HAAFE YENAS L,

o,

TAELE 2. Chromosomse Numbers of FFC Transfected With pEGFP-N1 by Twao

Different Methods

Now of oells

Mo, 16 mean

HAEM: of eellz with chimmosomes of

Treatnwents counted Gl [E1] 1]
Santeanslecisan 46 TIIGRZ2 A DE R ] £ 11 (24,9 = (L)
ITanefneLinm
Eliset pofscd Ll 3 TiTa 1.2 FARHE- BT Y] 11 (282 = 4%
E It = Hil3H+1.8 hE a1 N W] 1h (276 = 2.6

FRL, Pl -darivod libialslasg oolls ol 20 passages, [our mopiesles

Apoptosis Detection

a9 5+ cell passage°]| W&

20-22 passages 7Fel F9% zol=
o5 dAT 4 gldH (2™ 6, 7).
il =
-
FF R
Flg 3. T prgerikes of il e dilk
:.I....--:lll:. :.: I-I.}il- :I1;I .I ...-!I..- l.-l.:-.l .I.--I:I.:-.'
gl par san-lereel dmblaa ol

apoptosis&S UEMH

5-7 passages$}t
el whEkA = 2b

FF

wlla AUSFY.. sdudll aur skir
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DevelopmentRateof VariousEmbryos

¥ 32 IVF, SCNT (non-transfected donor cells) ¥ TG (transfected donor cells

by electroporation or Effectene with pEGFP-N1) =3 & 7te] ddhg 2 AAMEFS

jud)

|3 ARG Aoty IVF A gho] wiwkarr] whebgel glojA SCNT % TG HEth

lo

Aoz =gt (33.7% vs 180 - 24.3%). 5-7 passagesdml FFC2} 20-22 passages?t

lo

kg o ol 7k Atk IVFO ojA AAAESFE SCNT 2 TG Hu} Fo8o=
= T

ki

TAHRLE & Lhw |'|l||-:|!|l'|rl"|l of Clamed Emabiryos Predoced by nifTerent Passages of
Trunsfected or Nontransfected FFC

Ma, U5 b al dessalopirsel

ST kL= Pt eall=
Embeyns pussage e Cleavage Blasiooymst meeran = SEMI
IVF A2 e WY IR 122 (357 146 = LI _;"
SN = 244 193 14187 Sk 124,00 104, 5 + 547
1ES 146G (TE#) i 12430 110.2 110
Ti-Elestric 144 TIFD AR A0 1RO LEH) 4 55
] a1 1T 2 1RO 1032 4 T.6"
T3 Electong 5" 157 104 (TE.1) 1 20E 1110+ 161"
b . 1 E= 144 (T68) 17 1B T 1060 4= 18"

I¥F. in vitrofertilization; SCNT, cloned embryvos; T-Electric, iransgenic choned embryo=wilh
FFC transfocted by edpeiric pul=e; Te-Edeclons, transgenae clomed o iy with FFI
Lranslecied by Electene. FPC, al-derved Ghrablast cells, seven replicates,

M Poreant nges
¥ = LG

with dallorent superscripls w ithin oslumns indicate significant diffsrences

olAte] A¥E FHAF transfection o ™3

f
_IZi
ot
o
>

SZ 2= fetal fibroblast ¢9]

= 5 %13, Effectene WH o] electroporation Bt} && %<l Holgly Alg¥ch oz}
A, S FAHdS B4 FATSS vE7] 9184 = fetal fibroblastsE ©] &3 A effectene
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Microtubulin  Configuration and  Mitochondrial  Distribution  After

Ultra-Rapid Cooling of Bovine Oocytes

Abstract

Considerable attention has been focused on the cryopreservation of mammalian
oocytes, as a consequence of poor development of cryopreserved bovine oocytes in
vitro, in order to enhance the application of genetic engineering. Experiments were
carried out to evaluate the viability and ultra-structural changes of bovine oocytes
cryopreserved by ultra rapid cooling methods. Oocytes that had been allowed to
mature for 22 h were exposed to a mixture of cryoprotectants (3.2 M ethyleneglycol,
2.36 M DMSO, 0.6 M sucrose), and were cryopreserved by very rapid cooling either
within glass capillaries or as droplets on copper electron microscope grids. After
being warmed, the oocytes were cultured in IVM medium for an additional 2 h.
Viability was assessed by determining the development rate after fertilization with
frozen semen from which motile sperm had been recovered using a Percoll density
gradient, and by immunochemical evaluation of microtubule and mitochondrial
morphology. Cleavage and development rates were significantly (P<0.05) lower in
oocytes cryopreserved by vitrification than in IVF control group, but did not differ in
the open pulled glass (OPG) or copper grid (CG) groups. In most oocytes
cryopreserved by vitrification, the microtubules were partially or completely broken.
Similarly mitochondria appeared to be abnormal compared to that of unfrozen oocytes.
Oocytes cultured in IVM medium supplemented with both cytochalasin B (a protein
synthesis inhibitor) and 2-mercaptoethanol (an antioxidant) showed less damage to
microtubules, but not to mitochondria after cryopreservation. In conclusion, this

study showed that bovine oocytes can be cryopreserved by vitrification within small
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droplets using copper grids. While damage to microtubules and mitochondria may be
involved in reduced viability, supplementation of IVM medium with cytochalasin B

appears to enhance stabilization of microtubules during oocyte cryopreservation.
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respectively; Pen-Strep; GIBCO), 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 10
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TABLE 1. Cleavage amd Development of Cryopreserved Bovine Ooeyles

Intoe Hlasiecysis

Mol o I-'.'_l.'1-:'.-l" Development Lo 15
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Contral b 15 AlG (94.05) o) (EREE T8 !-I-.Tl':
Hanaflesd eomteod A48 25T (T3 11E -':|IZI.i"iI'_I EALA B
Cryopreservation (0P 472 183 (48.2) T6 (4157 14 (7.7
[ 85 191 (45,651 T6 (39,5 16 {8 417

“Conteed, IVF control; handled control, exposed o cevoprotectant:; OPG, Open-pulled plasa;
O, Copper grud.

"IVM, oumber of soeyies motured; IVC, number of in vitme eultured soodes out ol matured
oocyles.
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F9)

A% mitochondria Y&S MAEAE XA FATAAY G

mitochondria -2+ controlol W& FJHo =z Sk orH(58% vs. 81%,

2-mercaptoethanol # 2] 7 7Foll &= x}o]7F LA TtH61% vs. 58%).

P<0.05),

TABLE 2. Microtubule Changes in Control, Handled Control, and Cryopreserved

Doeyies
Microtubule changea (%)
Mo, ol Partially Completely
Treatment oaocyies Normal reduced reduced
Cantrol 26 24 9238 2177 LR
Handled eontrml g 21 I_I"I."I.l':':l"l 0372 a1
Cryopreservallon 209 9 i3Lm" 14 (4836 61207
Percentnges with different superseripts are significonily different (F < 0,051,
Five replicales.
Contreal, untreated; handled sontral, exposad Lo eryoprolectant.
TABLE 3. Mitochondria Changes in Control, Handled
Conirol, and Cryopreserved Docytes
Mitochondria changes (%)
Nao, of
Treatments oocvies Normal Reduced
Caontrol a3 27 (B1.815 6 (18,2)
Handled sontrol as 26 (74.3) Bi25.7)
Crvoprezervalion a6 21 15837 15 141.7)
Percentages with different superscripts are significantly
dilTerent (F < 0L05),
Five replicates.
Control, unireated; handled control, exposed o crvoprobec-
tant.
TABLE 4. Effeet of Cytochalnsin B on Mierotubule Poattern of Cryvopreserved
Bovine Chaavies
Micratubube changes %%
o, ol
Trewtment oot Wormnl Fartially redused Completely reducod
LContral 28 27 reEn” 2 1659 oim
Crenpresarvation an 11031417 17 1486 T 20
CCH il 188137 B{Z5.8) 4012.91

Fercentoges with different superscripts are significontly different (7 < 0,051

Fiva replcales,

Caontral, untrented; eryopressrvation, crvopreserved; CCR, prioe toeryopreservation, cultured
in eyvlochalasin B medium.
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TABLE 5. Effect of 2-Mercaptoethanol on
Mitochondrial Distribution Pattern of
Crvopreserved Bovine Oooyles

Mitochondria changes (%)

Mo, of
Treatment Oy s Mormal Hedueed
Caontrol a2 26 (81.3)° Gi18.8)
Crvopreservalion 343 19 157.6)° 14 (42.4)
2:-ME a4 20 (606" 13 (39.4)

Percentages with different superscripts are significantly
different {F = 0.05).

Five replicates.

Control, untreated; cryvopreservation, eryvopreserved, 2-ME,
prior to crvopreservation, cultured in Z-mercaptoethanol
medinm,
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Vitrification of in vitro fertilized and somatic cell nuclear transfer embryos

in bovine

Abstract

This study was conducted to examine the development of invitro fertilized (IVF)
and nuclear transfer (NT) embryos following vitrification for the establishment of
vitrification method of NT embryos. IVF embryos developed to the blastocyst stage
were equilibrated by 1 to 3 steps, vitrified and thawed, and their survival and
hatching rates were examined. Survival and hatching rates (67% and 47.7%,
respectively) were high in 3 step equilibrated group (E1) compared to 2 (E3) and 1
step (E3) groups (P<0.05). Higher survival (82.1%6) and hatching rates (64.1%) were
obtained in expanded blastocysts compared to blastocysts (P<0.05). High survival and
hatching rate were also obtained by vitrification of NT blastocysts, especially in
expanded and hatching blastocysts (81.1 and 78.3%, respectively). The result of this
study shows that NT blastocysts are successfully cryopreserved by vitrification in

company with 3 step equilibration.
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(Scheffen %, 1986; Kasai &, 1990), E7](Smorag %, 1989; Kobayashi %, 1990), ™%
(Schiewe %, 1991; Ali ¢ Shelton, 1993), #} A (Dobrinsky ¢ Johnson, 1993; Kuwayama
S, 1997) 2 A(Massip 5, 1986; Kuwayama &, 1992) oA % A3} w24 433
Uk Massip 5 (1987)2 29 AFdu)7lolA 7] wiwt27r] FA4d¢S 2243} g4t 4kHAt
2 d=d AFsd oy, FaAAARE AFE3 glycerol ¥ 1,2-propanediol?] £ AL &
HjmrZ o] ZZArEE wagHe Aoew yewt. FHZ, Kuwayama S(1992)
glycerol ¥} 12-propanediol®] Z%E9| sucroseE F71ste] @A HEF S A7+ W ol
A diREES] ZApsbEs Ao g oleta R uskSth BlSgh WO R Saito 5 (1994)2
glycerol ¥} ethylene glycol®] &3HE9] sucrose ¢ dextroseE # 713k GESD9o =z 4

Al el witEE GAA R HIAA 248 sdsts YHoR 2 AEES

Aot Bastddrt ¢, 2AstE A9 dbAQl dntEd $ FATe] AEES v
3 A9 zpol7t Qe Ao BuE S ow(Van Wagtendonk-De Leeuw 5, 1995), 2.3
] 2 Byl o3 st A ks g% A& AoFATY] AEES HET
A, 2235 A oste] AT AEE ] F71EY tHMahmoudzadeh 5, 1994).
oA AAE o] xAstEAMS FYsty] st AdFATES ol &
g 2AS A |ES AER & BATe] A3} #AVeR §8F F de tesEE A

E5gdd A 3ad G2 darSE s dAE AFHSG FTAETE st
3 HEFoe] #Ad AnkS AwWsle] 5% COy 39T ZAsbollA 187204 7 A Sl &3}
Atk Gxeel Agasugdd e TCM-1999 (Gibco-BRL, Grand Island, NY, USA)dl 10%
FBS(Gibco-BRL), 0.2 mM Na-pyruvate, 0.02 U/m¢ FSH(Sigma, St. Louis, MO, USA),
1 pg/mé 17f-estradiol(Sigma) 2 50 pg/m¢ gentamicin(Gibco-BRL)S #H7}3F A& AL-&3}

At
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2. A FARY AN
AR e B9 FAAL Agah 4

10ug/ml heparin(Sigma), 3ug/ml BSA 2 2x10° Az/ml 7} 5% BOYN(Brackett <}

o

Cu.,

& WA TE 5mM caffeine(Sigma),

Oliphant, 1975)¢] 50ul 22 e WA Z7F Se4e A2 107128 $£935t 5% CO.,
39T zxstell A 12720A12F wj sttt 4 §F dAs GFAE7 Bode A= 3u
g/ml BSAE 343 TCM-19999] 2o 27 32-40A17F Wi & YA EE A AS
d#e 10% FBSE 33t CRlaalol A 5-7d43F F7}

PN
T
4 A% F ude o] $retty BAHE WS 245

o] 2 & Campbell 5(1996)9] WHlol E3hel B9 ARAZE 52§33

7h i FEt § Apgskslvh dabe] 282 cytochalasin B(CB)&

i
%
Jo
ok
._}
@
=
—_
do]
O
+
w
=
o

/m¢ BSA®S] viAaA (50 w) WellA Al 15AeF FHe AxdS o 1/38% Fdste] A
2 FAREE TV GAAE AASte WHer 23s AASAT. Donor AlEE A
injection pipette©. = Fste] Galgh Axdol a7 W= FY3tairh

ATFEFTH] A7§FS BTX AEXEFHHAXMBTX, San Diego, CA, USA) H
05-mm*9] wire chambergE ©o]&3le] AASIT. AFHTFL 0.1 mM MgSO4 0.05
mM CaCls, 0.05 mg/m¢ BSAS A 7}s 0.3 M mannitol 945 Y& wire chambere] <

3

of

A Aol 2 &7, 15 kV/eme AFDOAFZ 30 ps 7+ 13 B4t g8 771
ot} g o] gely dojxere §3 147 & 10 uM2] Ca’ -ionophore(A23187; Sigma) =
587 A8 & 24 10 wg/m! F%9 2 mM9 6-dimethylaminopurine (6-DMAP, Sigma)
= ek A dA Y] drop W= A 4ATF FF widste] A5 E frle . &4
Al & so] ke 3 mg/m BSAZF §Hf¥ CRlaa wiFele] 50 pl drop = &7 5%
COz 2 39C9 z=Hatell A 48A%F wjgFste] e ol ee 10% FBSE g3
CRlaa W2 &7 57943 F7F viFatqivh. AAbe wiwtx BAl& F dxpe] do]

Sthn AuHE FAGRe 2405 A4 TS,
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4. 22332 2 4 P FH

Z A} 35 A 9 (vitrification solution; VS)2 Saito 5(1994)0] Al&3 GESDE <3
sto] AFEElTh BA N FAL 20% FBS(Gibco)7t 37k D-PBS(Dulbecco’s PBS)E
7B o g 3ol 20% glycerol, 20% ethylene glycol, 3/8 M sucrose % 3/8 M dextrose
7b R EES 2R ATHVSI). 2Asbs AN A A, WA FEEAA 2 sugars
D-PBSYd HZFFxEe 1.25W w52 &slste] AFE ol FBS9F 4:19] vl &2 &35t
ZA AT w3 A A P ke 20% FBS7F ¥ D-PBSE o] &3fo] VS3
S 7+ 50% 2 25% = s|Asle] VS2 % VSIS wrETh 3, g3 & el A A9
s]A e} o &= 20% FBSE §H3 D-PBSHel 1/2 M sucroseE 7 7}8He1(S-PBS) AH-&-3}

Form GAZF XS st 1/4 M sucrosed = 72& Wby o7 Fu]3k Tl

5. F AT xA3FZE

54 # ¥ (equilibration)H-2 Al AH2F=2 o] vt A= wiNEE

b

VS1, VS2 % VS3o] zZ}zF 58 5% % 1837 #Hy A om(El), EA= VS2 2 VS3

of 27} 5% 0 187k WP AZI(ED), TS e VS3lu 183k HE A ATHES).

FATS Vs3] HEs= 18 ool 0.25-ml ZE+2E straw(FHK, Japan) W
2 Tt Uy 94 strawlel S-PBS 25(710 2 70 mm), VS3 25(°3 4
10 mm)& 242 05 mme] &7 Fo= Fgste] Flg F FHo= FA st 3-674
of AeFA frefl MiNrEE VS3He] AlFHg & uE 10 mme] VS3Fe &7 ¥al o]0
A VS3 15 (73 mm) # S-PBS(T15 mm) 158 W& ¥ straw?] & & 4 AAE
ojg3sto] FTATHA 5, 1998). FA o] T straws FA & ST H5FE LN2
W= JAAstdvh As 1285w waA JA sk, yeA 1/2 F2&2 AA8 JAeR S

™, VS3ell FEMAIFEH 12 ool A strawll & 2 LN2W A o] vt

|

L2 319t 52 straws §3) A7FA LN2 £7] el ®aatgoh
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6. AT &3 2 34

TR gl T sAHLAAY sAS ekl 025 E 0.5M sucroses A&
&4 straw LN2 Weld 7ol 20T s=xellM of 10x3t &
sucrose’t B0l WFEHA W2 WE&E=S wWEAA EFAAT F4de SA 05M
sucrose?] W2 &7 A-LolA 5&7F A4 ¥ thA] 0.25M sucrose o W& &A 57

2% g 20% FBSE st D-PBSZ A 3te] v atoch

T4 FaATe AF 5 10% FBS7F E7FE CRlaa WAl 2 %7 5% CO, 39T ¢
Z73o A 2-347F gt AEE ! F IS (hatching rate)S HASHAY. 4 &9

AEE2 MG F 2403 2 BA3e w2 A ZH oo A &d Witz £

8. TAA

-
>
o)
ﬂ
X
3
X
=
o
L
i
<
wn
S
g
<
0]
38
2
N
N,
N
N,
a1
b
5
—
o~
)
oﬂ

P A 71 E27-(20%) 2 VS3el

T 1R YA E3F(1.9%) vlste] {94 02 (P<0.05) =ktH(Table 1). 34, &
) 3 72417 wjekete]l HE8S A A3} EltolAME 47.7%(52/109)7F F-3pujz wh
S8 WA E2 2 B3P AE ZH2E 10.0% 9F 0% 50 A(P<0.05) 2.2 wkokt)
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Table 1. Survival and hatching rates of vitrified IVF embryos after thawing.

Group No. Thawed No. Survived(%) No. Hatching(%5)
El 109 73(67.0)* 52(47.7)%

E2 110 22(20.0) 11(10.0)°

E3 104 2(1.9)¢ 0°

“Embryos were equilibrated in VS1, VS2 and VS3 each for 5, 5 and 1 min(E1), for 0, 5 and 1 min(E2), and

for 0, 0 and 1 min(E3). Hatching rate was assessed at 72 hr after culture.

eV alues with different superscripts in the same column differ(P<0.05).

=& WjRkET}
=
a2

zokow, W

Table 2. Survival and hatching rates of vitrified IVF embryos after thawing”.

Embryo stage No. Thawed No. Survived(%) No. Hatching(%)

Blastocyst(BL) 104 53(51.0)* 27(26.0)*

Expanded BL 117 96(82.1)" 75(64.1)
“Embryos were equilibrated in VS1, VS2 and VS3 each for 5, 5 and 1 min(El).

aValues with different superscripts in the same column differ (P<0.05).

w
r
N
lo,
3

$9AE By g3 ¥ A2

29 g F AEES WES) 718%, 9 0 Hsh)
SREEE RTINS

¢ % F-shulel AeF v w2 A

e

Fahuf o] A9-7h 783%% EAl e
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Table 3. Survival and hatching rates of vitrified reconstituted embryos after thawing”.

Embryo stage No. Thawed No. Survived(%) No. Hatching(%)
Blastocyst(BL) 39 28(71.8) 21(53.8)
Expanded and

hatching BL
“Embryos were equilibrated in VS1, VS2 and VS3 each for 5, 5 and 1 min(E1).

37 30(81.1) 29(78.3)

&

2
2As BAL £AW ATA] AWl A% E4S ArsForA SHE BAL
S Qa, mkel sk Ba flov, AnE AR F 9 %

il
F oM & AT s #F&sA ol&¥olAd FvMassip 5, 1986;

i

Kuwayama %5, 1992; Saito %, 1994; # %, 1998). =#3} 548N L FA x5 HH
Abg AL whEl ksl o A Fol A= Saito 5(1994)9] WS W ste] A& T

Saito 5 (1994)2> GESDE ol&3le] & Ao Aehs 394 " & 243 43 A
7

iRk el - 83%7F, 1Al SNz Bg= 96%7F &3 F ALkl on, 9641t
Wk o] Fa& 77 T4% o 86%E vl wATh MIE o] F Abxbe] Ak AT

ShAl 2FSEAIRE, sucrose ¢} dextrose®] H7H7F Ao Ao FE sttt ®Haskth
Kasai 5(1990)% ethylene glycol, Ficoll ¥ sucroseZ T3t ZAalxddo=zm HH 4

/HHHE—L >=A

] =2 AESS AT FaAHA AN sucroses H7FSIEEA o E F3

olX
)
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=
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Al71= 98& gt Aoz dEA Atk (Utsumi &, 1992).
Kuwayama 5(1994)2 4 AJF-A &S glycerold} 1,2-propanediol®] &3 o g

ZAsbEA Al 7 GA B 5EA "M 29 A BE Y 18 A=A FIEAZ 1694 B
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o] AFETS HAEAT date] AEES 39A YT (E]
67%)7F 29A(E2) 2 19A(E3) BE T Hoh fo)doz =9hon(P<0.05), #3&%, El
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3-3. & I dAdA W a34E F AYAN FHTY dE S
Effect on Development of Chilling In Vitro Produced Bovine Embryos at

Various Cleavage Stages

Abstract

Bovine embryos and zygotes are known to be sensitive to "temperature shock”
when cooled to temperatures near 0°C. The effect of chilling on in vitro derived
embryos at various cleavage stages was investigated. Cumulus—oocyte-complexes
(COCs) were matured in IVM medium with serum. Presumptive zygotes were cultured
in serum free IVC medium. Embryos were used as chilled or control samples at the
2-cell, 4-cell, 8-cell, morula, and blastocyst stages. Embryos in 0.2 ml PBS in plastic
straws were cooled rapidly in ethanol baths at 0°C for 30 min. Embryo viability was
assessed by in vitro development. The percentage of control embryos that hatched as
blastocysts increased the later stage at which they were selected. Relative proportion of
embryos increased from 28% to 48% to 68% when chilled at the 8-cell, morula or
blastocyst stages. Cell counts made of those blastocysts formed from chilled embryos

indicated subtle effects of chilling.
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otk Wb 2ARES 717 HEY 5+ Ar FAVE deed, we A7 wasw
2

odAA= Aol A A, MEAA, v Gl A" e & 3
tH(Gordon,1994) webA 27] deEdAle] A4S 228 A skl F7Izt Bk W
Hell tigh A7F &ds] s itk 0°C o 7HAA AHA s W Alxe B2 &4

S ur
= T«

fr

O 23E& 2% F40lgt dth Fo] 23S sZd o3 Ay &4, 52 "cold
shock” ol2} 24 At (Morris et al, 1984). <+ 54 #FAddts dos XH%
o)

=o] ofd FEolA v 2 o7 ERdm o3 WolE oA HAvh (Mazur



wt al.,, 1992,6).

th.(Gordon ,1994; Gordon, 2003). # ¢ 74 &g Ao dagle]l AAl st Hasio =

48 A ek webA] 4 AZIA @3 0°Cel A BasteE Alo] 7hsEttt. (Kasai et

Aol B =2 =AM dde] Bel 5o IA &2, PBSSF 2 wjdelA

4 B A 48, MAGH ko] etk oA 0°C A 4°C HER A

st Bshs WY S o] &5te] S 4 k. L Ui FE, AQuld 3 7] wiwrEel A4
PBSAlA B#3 AL 0°CollA slowZ2 rapid cooling 39S o AE A L},

(Leibo et al., 1993).

1970 d ol B Aol A T GA e e o, A=A AAE= WHAt 4

oF

HIo] zolE WEs HAF.(Trounson et al, 1976.). &< A-$ | &7 2EFHA

b

o w34 ste] 75°08tE, Al st AESHA] ESkRAAR, 27 winkEe] B9 AE
g = At (Richards et al, 1988 ). FA & W gAY} | FE9 T2, 52 &4

175 ZAZ Aok AS A3 H(Mohr et al, 1981).

mﬂ

mEpA B As dEAE B4 A A7) BES AT A GAR A9 B

wrek Ao whet chillingd] &3 H)as] Bgkoh

ot

s

Lo

As 2 By
dx g 2H
Sigma Chemical Company (St. Louis, MO, USA)oA T4 F Al 2 wjgtads B

EEAA EAE gae Ba® f5ete 30735C AeAds golol wol 49

N

HE ewatel 47 277 mmel GERTE 18 gauge FAHEC] FAE FAIE B
%

< 98k M FAE AFSAG AFE A A A
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A
HEF] Ao TCM-1999 (Gibco-BRL, Grand Island, NY, USA)ol| 10% A
Ejo}ld A (fetal bovine serum; FBS, Gibco-BRL), 0.2 mM Na-pyruvate, 0.02 IU/ml

FSH(Sigma, St. Louis, MO, USA), 1 pug/ml 17@-estradiol(Sigma) % 50 pg/ml

L

gentamycin(Gibco-BRL)©] g AEugd s 50 ple] A% o2 wrEoparaffin oilZ I
F 273N el 5% CO2, 39TCe] z=AstelA B Azl %, 72 &4 & 10
< o] 1872041 %F vl st
Ao d<s F da FHe G AEE A FIVF-TALP vt =g &A%
A

RS miT 2106 77} HE2 Qa1 20-2447 A AT o]

B

(o]3} BOEC)$} svikgtct. BOEC 342 Rieger et al (1995)¢] W
Aol Eo7F A FE IVC mYo(EHo] o7 UA &S M19T o ol 0.1%
polyvinyl alcohol & F7hHel BOECE duldste] 48A12F & 3885 el A4,
FA A o 50 =gl 20709 THAp
MDS s Fe flell AR-&stdet

dHo] o7t YA &S IVC mitoj(FH o] 507 AA &2

polyvinyl alcohol & 7ol BOECE Fw|Ysle] 48417F & #3&S gQlstdlom, A9

m&m

Abg-3tt, Wi E 29 (Dow Corning, Midland,
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Statistical Analysis
B Wk 9} hatching &2 one way ANOVAE A3} 3, control® chilledZF 3+l A
X9l Hrgkd Student’s t-testE o]&3te] v WS TE Pgrel 0.06X T & w fo)Ad

2 agasin.

2% 2 23
The effect of chilling on the in vitro viability of in vitro produced bovine
embryos at different developmental stages
0°Coll A 307} chillinge]l ©& 2 TS AL FAdTe] o] nA= F
@& chilling$ 1243 FAC =2 FATo] HtstAY, wivtxrt & wj7bA] #EEqd
Cooling$ HIZ e 4l Wsle glAAT oW S
w7 A zekdth. Bl s FE ARl Wk QLA 3641350l MY &0l Eokh
Zt7] & i gAe] AdE FATE 0°C oA 307t chillingshls W 54 2ol
A= gge ¥ 19 Uk th control 189 248 A¥E719 A$ 30750%4 E vk
iRz = ek SFA T chilling 1E9 A5, 24427 wiwtER O oA XSkelal, 8
ME7IE] A5 16%, AAw7le] F$ 2 % wiwrE 2 Wustd o} control®] A 24,8 A4 F

7] 8 v EELS 2/3 AE7} hatchingS 3F$ith. Chillingdt 259 4% 24 AE7] &+

e
has)
==
=

AE52 hachingdtA] SakiA gk, Q] 7iv wiukz o] 79 hatchingsteith. 78

of g% mintxe]l A7)e= Aol 7F gl
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Table 1. Effect of Chilling on Survival of Different Developmental Stages of In Vitro

Produced Bovine Embryos

Number (%) of embryos that

Embryo Embryos developed into Normalized
Group -
Stage used Expanded Hatching survival (%)
blastocyst blastocyst
9 Cell Control 77 25 (32.5)a 22 (28.6)a 100
Chilled 77 2 (2.6)b 0 (b 0
4-Coell Control 59 23 (39.0)ae 19 (32.2)a 100
Chilled 59 0 (0)b 0 (b 0
3 Cell Control 54 27 (50.0)c 18 (33.3)a 100
Chilled 54 8 (14.8)d 5 (9.3)b 27.9
Morula Control 73 31 (425)e 25 (34.2)a 100
Chilled 73 16 (21.9)d 12 (16.4)c 48.0
Blastocyst Control 71 - 59 (83.1)d 100
Chilled 71 - 40 (56.3)e 67.7

a—e Values with different letters within a column are significantly different (P<0.05).

The comparison of Cell Number of Different Developmental Stages of In Vitro

Produced Bovine Embryos After Chilling

=k

P
i

2 Wy WA Qe AN 25332 chiling F F, FiE A

&

r

T=
Ad= % 20 vk Ao control 1558 9 8417k AHAAHNT] el 7.8 wiRbE e
Gt AEFs 72 145.9F 142000k | 8AlaET]eF Al AlaET] Abolo] Al Aol A
chilling@ 153} 12 Aol 7} A4 = At

Aol A AT AN Ve ANTE AA v HollA ok Z viES T
Ak mEkA oy ZEA gFgk Eokell E4A 2d & Advk AR o A d Id, Al
A oA, dg o] A, A EAGe] T x2H]] VS wE o o #8535

Al 22 4 ATHHcshi et al, 2003). webA], £4Fo] 2 o HA

o3
N
)
T
r o
i
ol
¥
ol
offt

Aol tist #HE 5017l A vh(Pollard et al., 1994).
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Table 2. Comparison of Cell Number of Different Developmental Stages of In Vitro

Produced Bovine Embryos After Chilling

Embryos Blastocyst cell count (Mean+SEM)
Stage Group used Day-7 Day-8 Day-9

Control 22 145.0+8.0a = -
e 25 - 160.8+7.0a _
8—cell : o : -
chilled 14 - 119.4+3.3h -
Control 27 14254652 ~ -
Morula 29 - 156.9+7.8a -
h Chilled 23 101,88 1b . -
: 20 - 125.3+4.6ab -
14 - 1755+2.8a =

blastocyst Control 14 - - 191.8+2.2a
e Chilled 10 - 170.6+1 9a N

8 _ - 188.1+3.3a

*Number of cells within the same column is significantly different (P<0.05).

Looney et al. (1989)2 cooling 25+ Fef¥ <l W3y IATE 3-7A|7Fo] Xt

F 38°CollAl vl SRS ol Mxute] &S JdeEva Rusin iy gAe gt
£ chillingZ4AS dutEl dA4olt) e 22X A, AELLS Yolxth (Mazur et al,

1992; Zhang et al., 1996). 8-16M3E7]19] AFAd ] 5 10°Colst=E coolingdst¥H AE&

&

o] Wojxttar ®uEolxl vk 9tk (Wilmut et al., 1975). A A= 24ME719]
&g chillingd A AEFo] ofF SARE A 7] o] FFHE AEAGl Frhetr] A%

skl ojE 3k AL W dAo] wEl chillingZdFAe] ttEtE AL "t o)

El

E7F A= WA A AFATE 7S AF, BHol o A &2 wiA A 7]E& R
o, v S nEZEgolyt Wi, Ae] ko] =uh Xy d e wido] Ty HE
tgole] 7leS Ask A7l AE ofr|sty] ol o]y $t 71ZEo] chillingd &

A el 2449

i

o

]

[¢]

oft
o
=)
i
oy

Ao 2 ®al Hilth (Abe et al, 2003). 2 & o
A 8MIE7], Al 719 AL controlit# chillingw Aol &) wjHEE ] M| L g=o] 2ol x|
vk wiREE el A9 chilling? control®] A9 AESF oA Aol7b yERA] FotTh
chillingL& o] AMEF7F v Aol AR AEELE AU, &5 o] oA A

257 Ao Aoz Aud
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3-4. A9 A& Al, cysteamine® H7I7F & dAY AL AT L FAHATY T
uXE 9
EFFECT OF CYSTEAMINE SUPPLEMENTATION OF IN VITRO
MATURED BOVINE OOCYTES ON CHILLING SENSITIVITY AND
DEVELOPMENT OF EMBRYOS

Abstract

In vitro techniques for production of bovine embryos including in vitro oocyte
maturation (IVM), fertilization (IVF) and culture (IVC) are becoming increasingly
employed for a variety of research purposes. However, decreased viability following
cryopreservation by conventional methods has limited commercial applications of these
technologies. A practical alternative to facilitate transport would be to arrest
development by chilling without freezing. The present research was undertaken to
evaluate chilling sensitivity of IVM-IVF embryos at different stages of development,
and to determine possible beneficial effects of cysteamine treatment during IVM,
previously shown to enhance embryo development in culture, on survival following
chilling at different stages. Embryos produced by standard IVM-IVF-IVC methods
were chilled to 0°C for 30 minutes at 2-cell (30-34 hour post-insemination, hpi), 8-cell
(48-52 hpi), or blastocyst (166-170 hpi) stages. Viability after chilling was assessed by
IVC with development to expanded blastocyst stage determined on days 7 and 8 post
insemination (pi), and hatching blastocyst stage determined on days 9 and 10 pi.
Control embryos at the same stages were handled similarly, but without chilling, and
development during culture similarly assessed. The effect of cysteamine
supplementation (100 M) of the IVM medium was determined for both chilled and
non-chilled (control) embryos. Cysteamine supplementation during IVM had no
significant effect on oocyte maturation or fertilization, but increased the proportions of
oocytes developing to blastocyst stage by day 7 (13.7£0.9% vs 7.2+0.9%; P<0.05), total

blastocysts (20.5+0.9% vs 15.3£1.3%; P<0.05), and hatching blastocysts (16.8+1.6% vs
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12.0£1.5%,; P<0.05). The high survival following chilling of blastocysts produced by
IVM-IVF of oocytes matured in media supplemented with cysteamine offers promise
as a viable alternative to freezing for commercial applications requiring short-term

storage to facilitate transport of in vitroproduced bovine embryos.

A2

Al e ke AakEe Frketal o, AgHom dy o] &Ha A 1Y

U gl o] §atr] A BE WS o sy Eo] QA 7] wiitol, WAkl A+

ol B2 A7k JAHa o whet
A 0°C - 5°C= W7t A7) W Aol AAsts Wil disiA B A7 19
I 90 th (Gordon, 1994, 2003).

Damoulin 52 1992 hypotaurine ¥} taurine(2r3t® hypotaurine)®] 73 &<
Wdbo] FAXQ g3E Wty B ustgch  Cysteaminee hypotaurin® A+ E@ojH,
Ao A AtazFgo] o]sle] hypotaurine 2. & HFATE (Huxtable, 1992). & A &< A€
ok mitjojel TCM-1999] A4 cysteine®] & o}lF Y cystine? %o IR wWr}
(Cysteine, 0.6 M; Cystine, 83.2 M) (Morgan et. al., 1950). ©]&#{3F & cysteined] %
& wjged 29 cysteineo] AF3lE o] cystine©®  wFH 7] wEo]tk(Mohindru et. al,
dAMNALE Tt AEAFE] AstEE AS ARAHQA AR Ves &4
&gt W3lolth.(Del corso and Mura, 1994). mercaptoethanol ¢} cysteamine< cystin<
7+ A71M ) glutathione(GSH) A& &FAA71E cysteines F7HA1 21 tH(Bannai, 1984;

Issels et. al,, 1988). De Matos et al.,, (1995, 1996)% cysteamin®} #-2 E]SAHES A9

o,
A

wlgpelel A7beh: A GSHEAS Edstel ML wdge wthn wushy

% 7] wito]t} (Balasubramanian et. al., 1998).

waka AHe A eAS nt)o]e cysteamine A7F7F AAFHA, REE dEs v}
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2 A AT Fo BEgo] w3 FFS v A=A dste] Fopr gkt

Sigma Chemical Company (St. Louis, MO, USA)olA Fd= Ak 2@ ujoko s

w Aol FAsksch

ALY A=, 4 2 i F

Ied TS FA19 &5 ol &3kl AMAT vha A getol A 22-2443F A
SAZAT GRS agd AVM)2HEPESZE £ &=MI1997 t] of (Earle’s  salts;
Canadian life Technologies, Burlington, Ontario)®ll sodium bicarbonate (2.2g/L), sodium
pyruvate (110 mg/L), Penicillin (3,000 IU/L) Streptomycin (3,000ug/L) and 10% Steer
Serum (SS, CanSera Inc. Rexdale, Ontario, Canada) = % 7}8}3 100uM<2] cysteamine©]
FS TORE o] AYS st

o)k
=

A% F 44 Fuel GTAEE AAF hg IVF-TALP vtlo] =ge] $7]
% 19

_|_4

210 M7F H=5 Qi 20-24A3F FAAAIY ofwf Ak d

A E (o]3} BOEC)9} Fvidgtct. BOEC 3<% -2 Rieger et al (1995)¢] W& o}

S

dAol o7k JA @ IVC Hgo(BH o] Eo7F YA & MI199H| t] oo
0.1% polyvinyl alcohol & *7hdl BOECE #u]dsle] 48417 & R8-S gelsic) A

o Q)

A=, A, Aol 50 pl=goll 2070 FAE AFE gt EirE 2 AU (Dow Corning,

)

Midland, MDD v} 9o A}-&-3h,

A48 gzl

1. A9 A= vdo] 9 cysteamine H7I7F & FAY A FAZo v FF
GPEAEE AN dXE ethanol 3 acetic acid (3:1[v/v])oll 484 7F5<¢F 1A 71

%, 1% aceto-lacmoid= @A sto] 9174k A4S Ab&sto] #Egr)

2. A= Aol 9 cysteamine A7 & #, Wity dg o) nA= IF

2= 5 & H35L0 0 5 ST [N ARG T
£A ¥, 290 F RS, 7Y 8 F NE WD BAAh wMpMTE 29
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o wjFste] 9d ¥ 10l AlEzsE st
3. cystemine3 717 9 oE GAY £2dAY T AFAAC vX= 9F

T4 F 30-34A17F o] 2METE, FBFA8-52A1% e 8AETVIE, 4 F 166-170
AlZboll B2 E S 3] 58k, cysteamined -2 ol whEl S U, FAS
FAL ~ER9| programmable freezer (BioCool III FTS systems, Stone Ridge, NY)&

o] &3t 308 o 0°C o Trl 2 &= A7Ee xS D-PBS, 385°C , 5%

e 4g 449 &£ dAE T2 IS W i E s VX 9F

T2 UHe 3ol Adt Ax g} 24279k SAET| A FABte] w%E 8
A7) 4 viukE S 3]5=3Fo] 1%sodium citrate solution®ll 437+ %t} Grease—free glass
slideoll &7 % acetic acid and methanol (1:1) £ <£glo]tof ¥alx nl= uw] 71X
BedA EojFEu. 1 1 &89l =ZE acetic acidimethanol(1:3) &9l 11 4°C oA 3}

Tt = 4% Giemsa fAS sto] $AF AvlAd S ol &sto] AlEFE BEIIT

FAAY
A HAy wjubEe] WEhg-8 one way analysis of variance (ANOVA)E AF&
3oL, A gatel HS Tukey-Kramer multiple comparisons test® AF&3} T} Pitol

0.05014du §<4 o)z} Yttt S1AFA

473 92 1%

1. Cysteamine supplementation to IVM medium on PN formation

=]

12 AL A5 vyole cysteamine M 7H7F A& dxpe] AE PO mA= G
o g AxE Jelgdch 100 uM9 cysteamnine & A< uwt)oo] HrteE AL

Aol Ay A Fo A2l ZolE e A k=t Cysteine &2 cystine 37}l

A%

®

Alglol, AHsAks wiEol cysteineo] AFE}FI T} (Bannai,1984;Sagara et.al.,1993). Yoshida et
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al,(1993)2 #ke] GSHx= AAHe] &5 9ol £u L s th.(Grupen,et.al, 1994) 3A 9

2 Ao E due 4TS vAA FArh

Table 1. Effect of cysteamine supplementation during in vitro maturation on pronuclear

formation

Hour post

Oocytes Fertilization status (% mean*SD)*
insemination Treatment
(i) used  pfertilized  1PN/Decon 2PN 3PN
19 Cys 83 14 (16.9+2.8) 33 (39.8+6.5)a 36 (43.4+4.3)a -
Cys 65 13 (20.0£4.5) 26 (40.0+4.2)a 25 (38.5+4.4)a 1 (1.5+2.8)
18 Cys 73 14 (19.2+4.6) 12 (16.4+1.7)b 46 (63.0£5.0)b 1 (1.4+2.4)
Cys 88 17 (19.3£1.8) 20 (22.7+5.1)b 50 (56.8+3.1)b 1 (1.1+1.8)

Superscripts within columns differ significantly; P 0.05.
+*Unfertilized, unfertilized eggs; 1PN/Decon, eggs with one pronucleus and decondensed sperm; 2PN, eggs

with two pronuclei; 3PN, eggs with three pronuclei.

2. Cysteamine supplementation to IVM medium on embryo development

E 25 AYA<s mgo]o 100M cysteamine H7F7F & 2, wjubx wEgo
x| = doltt. 7t R FEEo= Aol7F gl | WS v E o] g =

cysteamines 7} o] FoH o =& wHESS HIY. De Matos et al.(2002)2
EGF U cysteamineo] A< wtjojo] A3 W FAd 4FS vA Ferhal 549
th(Oyamada and Fukui,2004). 3stA%F 2 Ao += 100M Cysteamine & 7 7}g 9]

wadEol= FoAd Ael7k AR, Witz R o] BE e 2 FoHor w9kt
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Table 2. Effect of cysteamine supplementation during in vitromaturation on cleavage

and blastocyst development

Blastocyst development (% meantSD)  Hatched

Oocytes
Treatment=* Cleaved Blastocyst
used
Day 7 Day 8 Total (%)
241 27 51 40
IVM - Cys 333 24 (7.2+09)a
(72.4+4.1) (81+1.7) (15.3%1.3)a  (12.0f1.5)a
249 44 22 66 54
IVM + Cys 322

(77.3+2.5)  (13.7£09)b  (6.8+1.2)  (20.5+0.9)b  (16.8£1.6)b

Superscripts within columns differ significantly; P 0.05.
*[VM - Cys, oocytes matured in TCM199 in the absence of cysteamine; IVM + Cys, oocytes matured in

TCM199 in the presence of 100 M cysteamine.

3. Cysteamine supplementation to IVM medium on chilling sensitivity

¥32 cystemine H7F7F b2 2d dAlo] Adte] FE A vA = JEE
el Adtoltt, 4 F Wi FASES HludS 10002 sS4z 241%27], 8
AEZ7], wigkE ] GAle A 24.2%, 36.3%, 90.2%° wE&ES ATt Leibo and

Loskutoff(1993)2 wj<F witjol= whdbg Ml oyl $Z235 9 AELE JF&S 13

T gtk & 292 GSHE Eolal B2AES wFddes W 43 $7] 2o oA
Al 4¥F%S Frhal g Matos et al(1995)# sUg A&S AU
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Table 3. Effect of cysteamine supplementation in IVM medium on chilling sensitivity of

different developmental stages of in vitro produced bovine embryos

No. (meanSD) of embryo

Emb b that developed into Normalize
e Treatment* Group TPIYOS - Expanded Hatched d survival
stage used Blastocyst Blastocyst (%)
n % n %
Control 91 36 39.2+47a 29 31.4%52a 100
IVM - Cys
Chilled 91 1 11+19c 0 0 0
2 - Cell
Control 98 48 49.1+69a 37 37.8+7.2a 100
IVM + Cys
Chilled 98 11 11.0+55b 9 9.1£6.7b 24.2
Control 78 34 436+72a 25 32.0£5.8a 100
IVM - Cys
Chilled 78 12 154+47b 9 11.5%44b 35.9
8- Cell
Control 82 40 487+71a 33 40.2+6.3a 100
IVM + Cys
Chilled 82 15 183+43b 12 14.6x4.0b 36.3
Control 68 - - 57 83.8+7.3c 100
IVM - Cys
Chilled 68 - - 40 58.8+7.9d 70.2
Blastocyst
Control 70 - - 61 87.1£6.2¢c 100
IVM + Cys
Chilled 70 - - 55 78.6x7.0c 90.2

Superscripts within column differ significantly; P 0.05
*«[IVM - Cys, oocytes matured in TCM199 in the absence of cysteamine; IVM + Cys, oocytes matured in

TCM199 in the presence of 100 M cysteamine.

4. Effect of chilling sensitivity at different developmental stages on blastocyst

cell number

¥4E o2 2 G & 9AE T4 S9S W wiRkE S A= JaFo|rh
vl 77 Bl asle] cysteamin® H7FelE F A0 Aol UAATE, 24379 8AE 7]



of feoldel Aol7p vrebytth. ZAF A wfofol]l oA AlE
Hxol AZRIS el F= A FEo|th. (Papaionnou and Ebert,1986).

9]
FAT Bd dA= A5 2ol 9FE MAAR, cystemined] H7b= FFE 1A

Table 4. Comparison of blastocyst cell number from different developmental stage

bovine embryos after chilling

Embryo Embryos Cell number (mean*SEM)
Treatment* Group
stage used Day 8 Day 9
Control 32 169.8 £ 6.9a -
IVM - Cys
Chilled - - -
2 - Cell
Control 43 170.7 £ 6.7a -
IVM + Cys
Chilled 12 126.8 + 14.9b -
Control 28 163.0 £ 5.3a -
IVM - Cys
Chilled 8 110.0 = 7.2b -
8- Cell
Control 30 1727 £ 55a -
IVM + Cys
Chilled 14 116.1 £ 4.6b -
Control 36 - 188.6 = 3.0
IVM - Cys
Chilled 28 - 1788 + 49
Blastocyst
Control 30 - 191.1 = 45
IVM + Cys
Chilled 26 - 185.2 + 4.2

Superscripts within column differ significantly; P 0.05

«[VM - Cys, oocytes matured in TCM199 in the absence of cysteamine; IVM + Cys, oocytes matured in

TCM199 in the presence of 100 M cysteamine.
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2= AF= A5 Aldgk cysteamine®] 7ol djslo] Lol Ao]7]d FEHEAFA = 4

2o GAAM ] cysteamine®] @l e AL S H oo & Aol
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3-5. F8H iAo A A vt FFE FALFA
Enhanced Cryosurvival of Bovine Blastocysts Produced In Vitro in

Serum-Free Medium

Abstract

Culture systems affect the development of IVP embryos and consequently their
cryosurvival potential. The wviability of post-thawed bovine IVP embryos developed
from IVM/IVC medium in the presence or absence of serum was compared.
Cumulus-oocyte complexes were matured in IVM medium supplemented with or
without serum. Some oocytes were evaluated for nuclear maturation status and others
were inseminated with semen. Presumptive zygotes were cultured in IVC medium
supplemented with or without serum for 9 days. Blastocysts were cryopreserved with
1.5 M ethylene glycol in PBS. No difference was observed in the nuclear maturation
status and cleavage rates in both groups, but significantly (P<0.05) higher in
blastocyst rates in the serum-supplemented group. After freezing, survival of
blastocysts was higher in the serum-free group. At 36 h culture after thawing,
blastocysts developed without serum had significantly (P<0.05) higher cell number
than those cultured with serum. We conclude that serum-—free culture system enhances

the viability of frozen-thawed bovine embryo

aol AN AT AN 71 TR W] 2 NFEAL o] et W
ware  grettd gl ¥74e wAS o] £ cH(Pinyopummintr et

al.,1991;Shamsuddin et al., 1993). & FA TS T2 o] H7be wjFA oA A A Ee}
=

oH
=
o2
o
r
=
q
i)
i
il
ol
N
—_&,
Lo
i
Lot
>
%

Aol = EF8kar, AEjold  (fetal calf

serum, FCS)& #7beh= Wiol de] ARSI g & sA ] e e 49

o2

o]

g >

o

flo

1 ®aug vk gloewBavister BD, 1995), wkd A & X9 (bovine
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serum albumin, BSA) T 22 F£AHH @ddS JiH T gAs T IdHA T
(Gray et al.,1992). 52 TATS ol&3to] HFo=Z Folx7t "ot o] &(Wilmut et
al., 1973), AW FAze] 54 okl o] g71A ] o] AT A wj(in vitro

culture, IVO)T EA4& Hrtets A2 FA4d §4 A, 2 2ol 93 v &

&
2
)
B
I
off
o

T AT AES FHS 8 B =¥E sta o,
FE A FAT o] &gl A7) o] Fox 1L glth(Leibo et al, 1993;Suzuki et al.,
1993). BSA, insulin, transferrin®} selenium©] #7Fg M199 #]gd S ALE319 S 44,

estrous cow serum(ECS) ©%= 32 oviductal epithelial cells (BOEC)¥} & ®i% Al ®H}

2 g3 T AELo] =gt E Bl A tH(Dinneys et al, 1996). A5 E FHES
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Sigma Chemical Company (St. Louis, MO, USA)olA 45 AleF = njgds
BoAddo] FAFAY. WAl S widd (IVM)2 25 mM sodium pyruvate, 1 mM

L-glutamine, 1.0% (v/v) penicillin-streptomycin (10,000 IU and 10,000 g/mL,
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respectively; Pen-Strep; GIBCO), 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 10
g/mL FSH, 10 g/mL LH, and 1 g/mL estradiol 17 3% TCMI199E o] &3

Albumin, lactate, pyruvate 7} &% Tyrode’s medium®% Hepes-TALP %

IVF-TALP)E =%, FAHS wIdANoFE modified Fagle medium (MEM)
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- 104 -



7] oA 5&3Y, 37CollA 15%7t

f

AEeR sAS & A AL gty FAY strawe ¥
Fallst H, 36417 B¢ T4 FalS wiRiEE wjksit)
Az2 Papaioannous®t Ebert9]
PgMow A,

Differential Staining

AR AE G th3F inner cell mass(ICM)2] H]-&
W (1988)0l whel Al g FLE ICMS F2 o2 trophoblasti

arcsine transformation 3,

Aol

el
Tukey-Kramer multiple comparisons test

FAAE
AEE H
pER-
— =
14 st o

At 7He
one-way ANOVA # AA3sl¢ar, vl uE
Apol &

ol g3ttt P<0.05 duj folH

=
=

oF O
e

e L
57

¥l A dAE gdo] ArkE MI99HA Fe A7hEA
HA

Fol el e Aol WA
71 Aol7k At ol & WAkl A% A, 27 A7)
Table L Muclear Status of Bovine Owocytes Matured in M1
Supplemented With or Withouwt Serum for 223 b
Yot llssr b . .|
Oocyies Muclear stafus (%)
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Effect of Serum on the development of IVP bovine embryos
F2v A 2 o Al EHe] HUE Al Al 2 vA= S UE
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3-6. ¥ A3 HFPdyol & dA AZAW AAFH< 22eo AAE IF
DIFFERENT  ACTIVATION  REGIMENS  FOR  SUCCESSFUL
DEVELOPMENT OF BOVINE EMBRYOS PRODUCED  BY
INTRACYTOPLASMIC SPERM INJECTION (ICSI)

Abstract

In this study, developmental capacity and cytogenetic composition of different
oocyte activation protocols was evaluated following intracytoplasmic sperm injection
(ICSI) of in vitro matured bovine oocytes. Motile spermatozoa selected by Percoll
density gradient were treated with 5mM dithiothreitol (DTT) and analysed for
ultrastructural changes of the head using transmission electron microscopy (TEM) .
the alterations in sperm morphology agter DTT treatment for different times(15,30 and
60 min) were 10%,45-55% and 70-85% , respectively. Further, a partial decondensation
of sperm heads was observed agter DTT treatment for 30min. Oocytes were injected
with sperm treated with DTT for 30min. In Group 1, sperm injection was performed
without any further activation stimuli to the oocytes. In Group 2, sham injection was
performed without activation. Oocytes injected with sperm exposed to 5 M ionomycin
for 5 min (Group 3), 5 M ionomycin + 1.9 mM dimethylaminopurine (DMAP) for 3 h(
Group 4) and 5 M ionomycin + 3 h culture in M199 + 1.9 mM DMAP (Group 5) were
also evaluated for cleavage, development and chromosomal abnormality . Cleavage
and development rates in Groups 1, 2 and 3 were significantly (P<0.05) lower than
those in Groups 4 and 5. The incidence of chromosomal abnormality in the embryos
treated directly with DMAP after ionomycin (Group 4) was higher than in Group b.
we conclude that immediate DMAP treatment after ionomycin exposure of oocytes
results in arrest of release of the second polar body, and thus leads to changes in
chromosomal pattern. Therefore, the time interval between ionomycin and DMAP plays

a crucial role in bovine ICSL
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o] #JofF st} (Susko-Parrish et al., 1994; Perry et al., 1999; Suttner et al., 2002) . H] &
s o]l gate] AAE FUToEM oz Z|AAS] g5t dojyr]e siAY, 1
ol el A3yt dasttt wepA HY FRO ERFEA BIAQ T @AsE
fresty] fete] ofeuE ofEd =eA WRLAT7IA ASeo] F U H At (kaufman,1983,

Qian et al, 1996; Chen&Seidel,1997;rho et al .,1993;Ware et al.,1989; Powell &
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Sigma Chemical Company (St. Louis, MO, USA)o A 48 Al © wjgos B

i1t

ol FAEAT. RS wigEd IVM)L 25 mM sodium pyruvate, 1 mM
L-glutamine, 1.0% (v/v) penicillin-streptomycin (10,000 IU and 10,000 g/mL,
respectively; Pen-Strep, GIBCO), 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 10

g/mL FSH, 10 g/mL LH, and 1 g/mL estradiol 17 3%f¥ TCMI199Z o] &3}
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t} Albumin, lactate, pyruvate 7} &% Tyrode's medium®=2 Hepes-TALP 4
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GEM 1010 electron microscope)S £3to] &9t}
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Figure 1. Ultrastructural changes of the bovine sperm head cultured with 0.5

mM DTT for 0 min (A); 15 min, (B); 30 min, (C); 1 hr, (D).
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Table 1. Pronuclear formation of bovine oocytes following ICSI withand without

DTT-treated

sperms#
Sperm No. Pronuclear formation (%)
treatment oocytes 2PN MII+ISP MII+1PN 3PN
- DTT 75 23 (30.7)a 35 (46.6)a 9 (12.0) 8 (10.6)
+ DTT 75 39 (52.0)b 15 (20.0)b 12 (16.0) 9 (12.0)

a, b within column, percentages with different superscripts differ significantly, P<0.05. * 5 replicates. ** 2PN,
male + female PN; MII+1SP, MII oocyte + intact sperm; MII+1PN, MII oocyte + male PN and 3PN, more

than 3PN.

Table 2. Developmental capacity of bovine oocytes following ICSI

N o .Development (%)

Group (treatment)

oocytes Cleavage Blastocyst
1 (control) 150 5 ( 3.3)a 0
2 (handled control) 150 2 (13)a 0
3 (Ionomycin) 159 27 (17.0)b 1 ( 06)a
4 (Ionomycin+DMAP) 154 108 (70.1)c 28 (182)b
5 (Ionomycin+3h+DMAP) 158 106 (67.1)c 24 (15.2)b

*Percentages with different superscripts within a column differ significantly. P<0.05.
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Table 3. Ploidy of embryos produced by ICSI

No. Ploidy (%)

Group (treatment)
blastocysts  Diploid Mixoploid Polyploid Unknown

4 (IonomycintDMAP) 28 9 (32.1) 10 (35.7) 7 (25.0) 2(7.1)
5 (Ionomycin+3h+DMAP) 24 13 (54.2) 6 (25.0) 4 ( 16.7) 1(4.2)
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In vitro development of bovine oocytes reconstructed with round spermaitids

Abstract

Sperm has been used as a vector to carry exogenous genes for producing
transgenic animals. However, the success in cattle 1s low, due to deficiencies in oocyte
activation and sperm decondensation. This study was carried out to develop an oocyte
activation method for producing embryos reconstructed with round spermatids (RS).
Embryos reconstructed by intracytoplasmic RS injection (ROSI) were compared with
three activation treatments on their development and ploidy. RSs were isolated from
bull testes by Percoll density gradients. Matured oocytes were divided into three
activation groups. In Group 1, oocytes were activated with ionomycin (5 M, 5 min)
prior to ROSI. InGroup 2, oocytes were activated with ionomycin post ROSI. In
Group 3, oocytes were activated twice with ionomycin before and after ROSI. All eggs
were then incubated in cycloheximide (10 g/mL) for 5 h and cultured in CRlaa medium
to day 8. In the rate of development of parthenotes, cleavage rates were significantly
(P<0.05) higher in Group 3 than in Group 1 and 2, but blastocyst rate did not differ
among groups. In the rate of PN formation of ROSI eggs, 2PN rates were significantly
(P< 0.05) higher in Group 3 than those in Group 1 and 2. In development rate of
ROSI embryos, cleavage rates were significantly (P<0.05) higher in Group 3 than in
Groups 1 and 2. Blastocyst development rates were also significantly (P<0.05) higher
in Group 3 than in Group 1 and 2. Ploid analysis of ROSI blastocysts appeared all
over 90% normal diploid. These results suggest that intracytoplasmic RS injection
combined with repeated ionomycin activation and additionally CHX treatment is more

efficient for producing developmentally competent embryos.
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FRA TAHE B AE U AAFTY 7ledd olF=Z Algh(Palermo et
al.1992), E7](Hosoi et al. 1988.), 4 (Goto et al.1990), ¥ (Gomez et al.1998), I <] (Pope
et al.1998). H& ¥ <U<Fol(Hewitson et al.1999), =) A (Martin et al.2000, Lavitrano et
al2002)5 oA d=H o, FH(Maione et al.1998, Yamazaki et al.1998, Huang et

al.2000)¢} s} A (Lavitrano et al.2002, 2003)o 4] & 7|Sx=2 Axlel AHAANEE ALE

it

S 2A PAAS = IS A5kt
o] DNA Aoz, GapAae] dawdo] 3| ~E3 DNA 539 58 ol1ie
olgstE AdE AAsty] wWiwol dIAAMEE ARG © E&Folgtal HawolR]
t}.(Yamazaki et al.1998., Huang et al.2000) 12}, LHAMEE o] &3 it LS o4
3] StH(Goto et al1996). ABBAEE o] &3 Hle] AALol= F 7HA o] S)
Intracytoplasmicg& ¥3tste] GAAEZ JAFAAEE F=YUs= H(Goto et al.1996,
Ogura et al.1993)¥ F2+e] G52 APAHAMELIE FYg ol F A7 A5S F= Zolv
(Ogura et al.1994). #(Ogura et al.1994,1996), E7|(Sofikitis et all994), A} (Tesarik et
al.1995)ell A = 7FA W o w R AkatE AAbedith vl s 23S G AW AAE
FaH AxEAW A AHFASs A ewm vus A= FUAAT, FAAEAY GAE

FY ) EEed gigie] o]AF o] & JAelA ¥ ARE BAth(Goto et

s

A Fxo HAHe HAMEAY AHAME FUE e g8 JFS Froha
(Ogura et al.1999, Lee et al.2002). 183} &

A, 244 A5S ot AlmHAY. 243 RS AN FA A ek
Arpzte] g5 AU s T 8L42(MPR)9 AFHS 9] 8 Ao {40 8
SleS ¥Ise] wwlAa A A& A (cycloheximide, CHX)e] Z3+3} phosphorylation
(6-dimethylaminopurine, DMAP)©] A}-8-% 2 th(Susko-Parrish et al.1994, Chen et al.1997,
Rho et al.1998, Ock et al.2003)

2ol M g ol FateAle Aty wid g Al A4kE AsiAl= wfel 2
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oA o Yy ZAAES PE=rtH(Ock et al.2003, Yoo et al.2003, Suttner et al.2000, Kimura
et al.1995) 18y Wxte] DMAPE Aelsl= A2 AXEe F7]7F S-phase® tA] Eo}7}
A st A= GAA e o] S YEeEFAY(Suttner et al.2000, Ock et al.2004). DMAPE ©]
|3 AZAW AAE ARFTAE v, 70% ol dollA F= w4, &89 I3 22
H 240 AAA o] S YEFWTH(Suttner et al.2000). A A AL AFT o A
TAEHE e 90%7F v AGAA AMAE 7FH Y (King et al.1979).

T uE TS DNASH AlX B9 & dAad &5 diol H74 A=5o=
ARl dold w Aol FAEe] F7|stel] Stk FH oA Az BAIELE mAFS)
5 308 Atold EA3slE Haw dctu BRauFEoR vl JtH(Ogura et al.1994, Kimura et

al.1995). Aol A, WA &AdstE dxtel] GAE FdS 8 1724 H8S F= 3lo] w
%]
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52
Ll

o] =7 yEbdo] B

TUR ol o) F, ko] DA stel o] f-o wiwbe] Fate] thek wlal= gk

A 2 Y
1. Al ek} ul &y

RE 3}8t8# L8 Sigma Chemical Company (St. Louis, MO)ZS AF-g3}%d 1L, HiFH-&
GIBCO (Invitrogen Corporation)& AF&3tAth A& dA-GFHE EFAE  Earle's
salts, 10% fetal bovine serum (FBS), 25mM hepes, 2.5mM Na-pyruvate, 1mM
L-glutamine®} 0.05% gentamycin (Biowhittaker)o] 3¥3t% wjkel MI199= AF-&3}Sitt.
embryo?] ¥l 0.15mg/mL L-glutamine, 0.55mg/mL L-lactate, 10uL/mL non-essential
amino acids solution (MEMaa) (100), 20ul/mL essential amino acids solution (BMFEaa)
(50), 25mM sodium pyruvate®} 3% bovine serum albumin (BSA, essential fatty acid
free, Fraction V)o] X &% CRlaa (114mM NaCl, 3.1mM KCl, 26.2mM NaHCOz) 1l 9k -2
ALE3EA T 3% BSA, 10mM Hepes ©] ¥3t¥ Tyrode's lactate hepes (114mM NaCl,

3.2mM KCl, 2mM NaHCOs, 0.4mM NaH:PO4H20, 2mM CaCl; 2H20, 0.5mM MgCl:6H>0
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2} 10mM Na lactate, TL-hepes) medium+ HAEQ FwH| e} wAZ2 vjddz U=z

wasing®l] AF&E AT 2E wgd o pHE 74, A45F94e 280 mOsm/kgS A3t .

D

s

X
MN
=

=5 daelA 276mme] dEA dA-d Al S3AE A FH skl A9l
Z WA S AR 39C, 5% CO. o] ZAolA 20417 A% st 20417 As F
s}

el GFAEE 3% sodium citrate solution® A ASFI, A 1A 9} whwh sl AN EZ S

3. AA X F4)
AAEY 8= Ock et al.(2004)9] WHS watth =4 &
HjFo| A ZAE AFHste] EA4 A2 Percoll density gradientE o] &3l =4S 5o

H AAE Bt v z2S 98] TL-hepes dropoll &7t

4. " A==

5. @2 &4d3e} wj

el Agke] g mlus s, dAe 7HA A er @Adstsdv. Group 1
(pre-activation) S 22417F A <A171 GAE 5uM ionomycine(Ion)ol 5&7F &3k & 147k
ol 10ug/mL cyclohexmide (CHX)¢] *¥3%%¥ CRlaadl 5 A7t w43t Group2
(post-activation)= 23A17F A5 A2l WAE Tonoll 533F A @] shar, CHXoll 541 vl s}
th. Group3 (pretpost activation) Ad< § 22A1 7k} 23A] kel 242F 524 F ¥ Tonell A
2lgk & 10 ug/mL CHX ol 5A1%F 8] &34

HAAELE T AL 714 HgToz EA 3359t Group 1 (pre-activation)<
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A5 22413 o] @AE lono® 587 WA FASAZ oM, FAMELN HHAEE F

RS

43t o] FACHXO 5A17F vlFat At Group 2 (post-activation) FAXEE F=Y3+ W=
= Jonol 5%7F A3 Azl 5 CHXell 5A17F v 3ttt Group 3 (pre+post activation)
2 AN EAY GAELE F4s7] A3 Fo one® 747 583 7 H &3t A7l o]
F-of, CHXoll 5212 mjgFatdeh e dAb= 3974409 = dAAEAY ANEE F9
g 9) 3% BSAZF £3¥ CRlaa ¥l &Hell A vjfetdar ol % 8U A 7bx= 10% FBS7H

¥3td CRlaa WlFd oA nj<Fsladt..

6. Cytological procedure
st A7l 16412 o] Fof,

o ANHPHA I Mol AejEels 93] 10g/mL propidium iodide (PI)$213te] 620nm

T

2} methanol: acetic acid (3:1, viv)oll stF 1143}

J

wavelength®] 333w F oA ##23s}%vh (Narishige, Tokyo, Japan).

g3t A 196413 o] Fof, wiwkx®e] w2 King et al.(1979)9] WHS 74
st wiFAe] PAHow =AYttt HlE  M-phaseZ9 AHAAE  Ys  0.05ug/mL
democolcine(Gibco, colcemide)®] ¥3F®l CRlaa Bl ol 3AI7HE<F wikstAth 0.5%
trypsing 10i3F A gk o] Fo, wi= A H(0.8% sodium citrate)oll 5&3F A5k,
methanol: acetic acid (3:1)2.2 dFAH % AT th 4% Giemsa solution® 5%3F A3}
3, wjs=A S geldkt. wj= wkEA (haploid), ©] A (diploid), ©<= Al (polyploidy) 2 ¥ %

7.

7. Experimental design
Experiment 1-& Al 7bA &3} Al A 2435) A 48413 & a9 A gol
Aol E&ed FAsE AP 19243 Fol el
274= FAAEAY AAEE FAI wE A7) vE A APste] 16413 o 3
$ =S

A5 v 2 (Experiment 2)3 192A1 7 %o £ 3§ 3 wjurx b

ARk o] &S ¥ 3¢ vH(Experiment 4).
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8. BATAH A
Folg 2dEdg HE AL HolHE arcsine transformation 3 ¥ SPSS9
one-way ANOVAE &3ttt 1E3He] ¥+ Duncan’s ¥ Tukey Us Hlu B4&

AAEAT AR BN At gke] xo]lE Student’s t-testE o] €3 Ath P <0.05

QW ol Hel Aol Qs

29 A H+= ol Group 3°14 Tt Groupel W& fFoldozm w2 £E&S e
Fov, vtz 2 o] o= Al Group A F9A < Aol 7t yERLEA] ekt o]y s A
|25 g A et CHXe 2oz FA] &Adstx o] oot es)

g gstdrh. 2oy B a8 A8 BAF A B e 2asY 9

:Jd
fu
X
B
1o,
=
>
e
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iy

o]

ojty, Zg o|2FFHFEA F H A FH L W Fo] CHX (pre+post activation treatment)
S Agk dxe] giREAAE EE(R0%)0] doluto pret post 243 A H WAl
M 60%7F Lol dojwkth. Pretpost 2733t A2 gh dhapol A o] winkx ke 59 w vk
oo o9} FASHAl Suttner et al.(2000) &= Zrg o] 2Ty EA|9 CHX 5% 43t

gl o] & 40%<e ETE&I 4%9] wivty dEsS H
lable 1
Development of parthenotes produced by ench different activation treatments

Ciroap (ireatmenis) Chocyees used [Revelopment %)

Cleavage B lastoc vel
I {Pre-actvalion ) 175 07 (554 a LR
2 {Post-activalion) 19 119 (BT a Bid.y
3 {Pre + pos-activarion ) IR0 144 (8 b G5
Percentages wath dafferent leters {a, by watlon @ column are significant y cifferent (F < OL05).

" Pre-activation, activated with 5 @M lonomycing (lon) for 5 min = culiure for an bour + 10 pg'ml. ovelo
hexmide (CHX) for Sh; post-activation, lon + CHX; pre + post-activation, lon + culwre for an hoar + -
lon + CHX: five replicates.

2. SAAZAY BAZE FAUT vl AHFA
293t e 16417 o, dAAEEW AAES FAT ol o defot AP

o,
o

SAsAT. Group 1, 2, 3 "iFEolA BA Aol PFAFN o, Group 7ol #9
Zpol= YERY A kot ey HA A" HA &S Group 3 ©] ©E Group ° H]

iy
o
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stol freldom A tehdth T le A b dAE 3L A4e] dod A
oleba %8tk Group 3 A F 1ol A8 FHgol e Group o el FelHow

wgkor}. Group 19} 24belols frolH o ApolE vhehilA ekgkth Group 3014 3719)

A8 A dAps A 2FAe) BE) Ao 2

o

Ao Z FP o, Group 13 214

o]
4
o e nyrh CHXS 24 o] 2REngAZ T o At 2e 24 499

o,

o ST = 5 =S =

S T/ 3, R EAY BAEE FAT e @3t e Ea A ettt e

Tahia 3

Prossc ke omsom of enpn g e with roaad speniratal by diberm aciraian oaleeTs

Cisvap |Bed e Oacyies med P formation (%) Acivaion rabes °F |
[ ] IPM+IEE  ME+IPY  MIl+ RS PN 3P Uipknimn

I P mtidion) L2 bBitdh 15214 §iT4p Tiina IR 2804 Bfldja Tilngi ELT T

I (i -acmatn | &1 Tilldy 1620 & Wik £ {50 HilKia 6@0a s 81 M0

1iPw & pnlmiivaloey 78 T 13105 & (B B34 MEsdE J2OTIE 455 AT

Percantapes wath diHapm lewem (3, ki wehin s codame ae agedconey ddorem (O < 1B

" Premerivaneon, sctivated with 5 % b (ke for 3 min+ BOS+ 10 pginl o oheamade (CHY 3 for 3 b postgoaton, RS + lon + CHXC e + post
BT alon. lon & ROG] e Joa & CHIYC

" 1P, e demale promiclan; [P« 1ES, ome femsde prooec ees and an e mend sperranid; M1+ 1PN, meaphas 11 arad one mal e promaciess. M+ TES
gl 11 ol e ol spasmtsl. 2P & siale aid i Memalks promiclens. 37X, deos prosscicin

! Teddl fevrmle FY fweniim mie, far e b

3. dAAEZAN HAXE FUT w9 £ TEe

&2 Group 3914 FoH ez =A e e, Group 13} 204 = Fo148 A

o ol F a3 Qc¢loR L3I} pretpost FAZ AHEE Edgy wivty ddge =
ZIA T G4 A A ol2FHEAE T H HEste A dAAMAEAY AAEXE F

Tahle &
Development of embryos injected with round spermatid by differemt aetivation treatments
Geouip {Irsalments) Doy ies uasd Diewelopenent | %)

Cleavage Blastocvst
I {Pre-actvaton b 121 GBS (53T a Ti58 a
2 (Post-activation) 120 TT (642} a 210L.Ta
1 iPre + pos-activarion ) 1300 07T 820 b 1T{131)

Percentages with different letters (2, b) withan a codumn are significantly different (P < 0.05),
" Preactvation, activaied with 5 pM lonomycine (Fon) for 5 min + ROSE + 10 pgfml. cychohex mide (CHX)
for 5 h: post-activation, ROST + lon + CHX, prespost-activation, lon « ROST + Ton + CHX: five replicas.
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4. SAAZAN AAEE FETE A d4A £
Group 13 204 Z-=Fe] w7} wintx = Wesly] wiol A4l Hlaue shA sk
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As Edskt. a2y 15709 wiRkx el A 1470 ol AL, shue thEAl T

=8, 24 o] £EINTAS CHX ¥ 43 AzlaA) DMAP 243 Aelsto] ao]4
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plates®] B F&Eo] #EHo] AN E A AAMERA FAE0] S| wiEelth

Table 4
Ploady of embryos imjected with round spermaisd by differsni activation reaimenis
o (Ireatments) Metaphase plaes analyzed (embryosh Ploidy (50)

] 2n A
1 i Pre-nctvmiion) ] % 4.4 50 (A6 R & (®,5
2 | Post-sotivation | 154 14 %33 | T
% [ Pre & post-activation ) 153 {17} 533 | 3 (RR. T 12 (7.8

" Pre-activation, activated with 3 pM Tonomycine (lon ) for 3 min+ ROSI + 10 pgfml cyclohex mide (CHX)
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Cell cycle analysis of bovine cultured somatic cells by flow cytometry

Abstract

This study was undertaken to examine the cell cycle characteristics of bovine
fetal and adult somatic cells (fetal fibroblasts, adult skin and muscle cells, and
cumulus cells) after culture under a variety of conditions; 1) growth to 60-70%
confluency(cycling), 2) serum starvation, 3) culture to confluency. Cell-cycle phases
were determined by flow cytometry with propidium iodide staining enabling the
calculation of percentages of cells in GO/Gl, S and G2/M. The majority was in
GO/G1 regardless of cell typeand treatment. Serum-starved or confluent cultures
contained higher percentages of cells in GO/G1 (89.5-95.4%; P< 0.05). Percentages of
cells in GO/Gl increased as cell size decreased regardless of the cell type and
treatment. In the serum-starved and confluent cultures, about 98% of small cells
were in GO/Gl. Serum-starved cultures contained higher percentages of small cells
(38.5-66.9%) than cycling and confluent cultures regardless of cell type (P < 0.05).
After trypsinization of fetal fibroblasts and adult skin cells that were serum-starved
and cultured to confluency, the percentages of cells in GO/Gl increased (P< 0.05) on
incubation for 1.5 (95.7-99.5%) or 3 hr (95.9-98.6%). These results verify that serum
starvation and culture to confluency are efficient means of synchronizing bovine
somatic cells in GO/G1, and indicate that a more efficient synchronization of the cells
in GO/G1 can be established by incubation for a limited time period after trypsinization

of serum-starved or confluent cells.
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TE FATAE Aol slofA = AFHde AFAd MEAE FA7] 1A
= gdlE AsdAed o4 H = A do] G17]dl &3 slojoF rh(Cheong &, 1993;

Campbell 5, 1996a). G171 9] o] o2 e 27|stE FEste] L&e

o
olN

A
7= AL HauE i At (Collas 5, 1992; Cheong 5, 1993). 3+&, A A| X o] Ao o]
Ae G171 AXE g2l F371Q G079l MEE o] &ste] AbxAYAbel] A F sk th(Wilmut
5, 1997, Kato &, 1998; Wells 5, 1999). AAE2 G077l =t AX9 A7) ohul ol
o3t AL 4 9o m(Campbell 5, 1996a,b; Boquest %, 1999), Sertoli A EY 417 Al
Ay AAdezr FAE MEE JH(Wakayama &, 1998). G071 AXE= FHAY
transcription @43 G WIS 7AANA AHAAOSZ donor AEY 27|FE =3

A7 Aew F55 3 A th(Whitfield &, 1985).

o
A
Q

07] §x7t AAL dolae] 4TS 98 BFaAL op s BIE gl
o). Cibelli 5(1998) GO717k obl 54 F9 Gl7] AMEES ol o] BAld Aike] A

Fgoms Y3Yor 275 & Ue

=

o

Busdoh T3 GO/GL7) ol %3 AFA T
M E o] ol o= Ax}7} ABAE Q] o1 (Wakayama %, 1998), =24 =<2 #H A
ol ol Al o] aol Ao oE| M E Ak AAbe]l W E Y Lai 5, 2002).

AAES] GO/GL7] TFE 93 WO R serum starvation® ¥ confluenct Hi ¥

Mo
1%
b

o] Ab&¥ 1 rh(Betthauser 5, 2000; Kubota 5, 2000). 3k A L] A EF7
2o #HA oA HuEa JthBoquest S, 1999 Hill &, 2000; Kubota %, 2000
Kasinathan &, 2001). 284 o] & 7% ©X Mg HFAAANATL AxXF7] &
o] o] Fo]

B AT7E doas ] A HAsE Fol 9 AeE 98 FeAEst v Mz
ol A MFHAE W & Elopd oAz AE AAE] MEFY] 547 trypsinA @
T Az Ael wE AEF7] WEE ZAME] 98 R E A
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o oAl = 10098 Y A Bol=RE Esul. ®ol2RE W, A%
Wge 42F F 9o BAYRS Fe 7o Restyth 4A WYs 28 24L
3dE 9o oA ARFE Imm® 2719 e xHow AHert =4S 15m 94

doll 27 ¥ PBS+0.05% trypsin-EDTAN-S £33t 37Tl 3087 A3 3 58

N
o
o
o
&
o
ol
12
i

S 3Fetduh. 3¢ AEde 500xgR 5E-7F YA R s AxS
3|std. 34" A 2AAMAEE 10% FBS, 50pg/ml  gentamycin®o] ¥ 3ml
DMEM(Gibco-BRL, Grand Island, NY, USA)el A H§A1A 50me wj=el] Wo] 37T,
5% CO, ZAoA  mgsdn. dFEAEE dPAE-dA BEgAES 01%
hyarulonidase(Sigma)® = g]sle] #2952 DMEMO 2 o A Z sttt 13

MEE 50m¢ HREE 7] WollA 3mé DMEM & wjekstdth theF 90% confluencyol] ©] 2

ol
o

o, AlZ= 12 HE&= Alguidetaar, 49 o) Aduie & AlZx= 15% FBS$

10% DMSO7} &% DMEM o = HA| A Aol 543t

2. AAE A
TARER AXE Falste]l b 3Bm MFHA el 1x10°cel/mle] FEZ 10%

FBS7} g% DMEM 9ol A AF83}l7] A monolayers EAEE v SE At Al E7)

rr

60-70% confluency &= vl 29 3 A L= o kLo mAsL7] Hol| 37HA A F+F 3
ZEA] wlo 2 Ay Ednh 1) &4 1A (cycling cell); 2) 05% FBS7F 8% DMEM Hi
FAHoz 5UFLt F7H F(serum-starved cell); 3) 10% FBS7F & DMEM #j & 9 o

2 2-3do] A wjgdS wASFHA 25U F7Ma) Y(grown to conflurncy).

3. ¥ 1R GA
Trypsin 2% AZE PBSol A% AlA 500xgol A 5% EoF 4% 59
o YARFE MEE 1l 70%(v/v) ethnol(4C)ol] A HGAA 2T mASH L

TAAZEA] 20T 2 FAANZG. DS 98l trypsin A 2l® Bjol AfobAEet A AlA

B
rr

15m¢ FA A 10% FBS7F ¥ 1m¢é DMEMYH o] A F5 AlA 3L trypsin A& &
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AlZrell mE AEF7]E A7 913 ethanol 114 el 37ColA 1.5, 3, 61352

p—.

cE

d B

Vg EE50] FHA HiYE gt ethanol A ZF o pelletdty AlEE PBSHO R ZA] A
393 37ColA 303+ 200pg/m¢ RNase A(Boeringer Mannheim Gmbh, Mannheim,
Germany) 0.2 HlFsIA Tt AX = A2oA 1A17Hs <t 50ug/ml propidium iodide <o

A A, AME A EE flow cytometry #2317 Aol 50um 74 2] nylon filterZ

SIHAA Azl s AAE

4, Flow cytometry

AZE i7le] DNA &3 S0 s AxF7] dA= ARde eE" Wy
(cheong et al., 2000)2.%2 flow cytometry(EPICS XL-MCL, Beckman coulter Inc., FL,
USA) oA AR A} ksl MEF7]= AEY Z7]E small, medium, large(<13
um, 14-18um, >19um, Z+Z}; Fig 102 Y7o AWAit&3(Forward light scatter) &2 4]
3, GO+Gl, S719F G2+M7]19 dA<LA el vl &S EPICS XL System I software(Fig.
205 ol&dte] Ateit. AExAvie dAnAAeR SAHE MEAVE TEcE

histogram< AF-§-3to] whHEo %o,
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-
2
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Fig 1. Scatterplot of forward light scatter (FS) versus side light scatter (SS) of
cycling bovine adult skin cells allowing for gating of the viable cell

population.
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Fig 2. A typical histogram of DNA obtained using flow cytometry of bovine adult

skin cells following various culture treatments.

5 A¥4dA
A D wgEAaH Axe A7 XTI vAe S AESIT &
oMol E, 45 I o EHAXE F dFAEE 27} cycling WY, serum starvation
Z sl 259 AEZFVE BAsT A9 4 AYre

W 9 confluent Bl &

270 HES 384 Bt

EARAL SAS ZEagdA GLME Agstd Fasrh. AelTe folA

AAL student’s t-testE o]&3dlo] S35}

42 3
1. 48 1
DNA peaks (Fig. 2)olA Holx= Ay o] Axe 7o A#glo] thitio

AEES2 GO+GL7]ol A AT Table 1). 22y}, Bjolid frobAl £t Al T2 A= AA

X5 dA7)o1A8(89.5-954%) A confluency(89.3-95.4%) ¥igES w  AlE7F
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cycling A& 9} BluwglS v Fodoz (P<0.05) W =2 GO+Gl7] vl &S el b
=, cycling ME= AEZ7]Lel AFagle]l & A 7wt S71(5.0-154%) 2k G2+M7]
(11.7-174%)°ll ho1A o =2 Bl&S YEATHP<0.05). JAFAELE A3 s Ax
7190 lolA AA 7)ot el ¢t confluency Foll QA= MEF719 2ol 7k gdtt T
BAFo| = A 7olx 8+ GO0+G171(93.3%)7} confluency 1-¢ GO+G17]1(90.3%) H.t}
=

2%A o =& B&S vErATh trypsin A 8@ cycling AT dn 7 BAZo A= A

ke

o] AZAol 8melA  24mmAtolel  EATHE uEbWllth AE7]de]l Zd#gle]  small,
medium, large 2719 AX ¥ &S v PSS W] smallZ 7] A XH]&o] A 7|o}A T
7} 385-66.9%=Z cyclingT(10.5-25.0%)9 confluent (25.3-46.5%)7 Rt o 2 H&S
YWt (Table 2). Confluent7-ol A& small =719 A EZH]&o] cyclingT Bt © =4

vhebt

Table 1. Percentages (+SD) of bovine somatic cells in the various phase of the cell

cycle after a variety of culture treatments

Culture Cell cycle Cell type*

treatment phase FF SC MC CC
GO+ G1 73.3+0.9*  75.3+0.7° 82.941.5 70.5+1.7°

Cycling S 15.0+0.9° 7.240.5 5.0+0.9° 15.4+1.2¢
G2+M 11.741.7°  17.4+1.0° 12.14+0.7° 14.1+0.5°

Serum GO+ G1 95.440.3°  93.3+0.3" 89.5+0.9" 91.1+0.4°

starvation S 0.6+0.1° 0.8+0.2° 0.8+0.2° 1.1+0.2°
G2+ M 4.0+0.3° 6.2+0.5° 9.7+1.1° 7.8+0.5°
GO+ Gl 95.440.3°  90.3+2.2¢ 89.340.6" 92.6+0.4"

Confluency S 1.4+0.1° 2.0£0.5° 0.740.2° 1.4+0.1°
G2+ M 3.2+0.3" 7.8+1.9° 10.0£0.6° 6.1+0.3°

“FF, fetal fibroblasts; SC, skin cells; MC, muscle cells; CC, cumulus cells

¢Values with different superscripts in the same cell cycle phase and column significantly differ (P<0.05)

2. 4% 2
dA 7ok 2 ¢k confluency WiFE EjobdFobAl e A9 A 2] trypsin A

2] % 1.5h(95.7-99.5%)7 3.0h(95.9-98.6%)°. & AJzto] Zzghel ulel GO+Gl7]19 A3
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H

A

Igol oM oR F/AMP<005) 6M7] ARG wWE Hxe AXF/) 2
23

FskAl 34 eH(Table 3).

[e)
T

Table 2. Percentages (£SD) of bovine cultured somatic cells in the various cell sizes

after a variety of culture treatments

: Serum
Cell type Cell size Cycling Confluency
starvation
Small 14.0£2.9° 57.2+1.2° 38.3+3.3°
Fetal fibroblast Medium 55.2+1.2% 39.3+1.1° 52.3+2.1¢%
Large 30.8%+4.1° 3.6+0.2° 8.8+1.3°
Small 25.0£2.2° 62.4+1.2° 34.1+0.8°
Adult skin Medium 57.5+0.8° 33.6+0.6° 52.7+0.4¢
Large 17.5+1.7% 4.0£0.7° 13.241.2°
Small 23.442.2° 66.9+4.1° 46.5+4.0°
Adult muscle Medium 62.1£0.5% 28.3+3.2° 48.3+3.2°
Large 14.6+0.8° 4.740.8° 5.2+0.9°
Small 10.5+2.8° 38.5+3.5" 25.341.2°
Cumulus Medium 60.5+0.6% 53.3+2.6° 60.6+0.7°
Large 28.9+2.2° 8.241.0° 14.1£0.6¢

ab,c

Values with different superscripts in the same low significantly differ (P<0.05)
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Table 3.

Percentages (+SD) of bovine somatic cells in the various phase of the cell

cycle at various times after release from the serum starvation or confluency

Cell Culture Cell cycle Time(h) after release from quiescent treatment
type*  treatment phase 0.0 1.5 3.0 6.0
GO+ G1 95.6+0.8°  99.5+0.1° 98.6+0.3" 97.5+0.2%
Serum ) ) )
S 0.7£0.2° 0.3+0.1 0.5+0.1% 0.840.3
starvation )
- G2+ M 3.840.6° 0.240.1° 0.940.3 1.740.3¢
GO+ G1 95.1£0.5*  99.0+£0.2° 98.3+0.2° 89.9+0.9°
Confluency S 1.5+0.3% 0.5+0.1° 0.740.1° 5.14+1.2¢
G2+ M 3.3+0.3° 0.5+0.1° 1.140.2° 4.940.4°
GO+ G1 93.3+0.5" 96.4+£0.5° 96.0+£0.5" 94.24+0.1°
Serum
S 0.840.1° 0.7£0.2? 0.7£0.2° 0.74+0.1°
starvation . .
5c G2+ M 5.9+0.4 2.840.6° 3.3+0.6 5.1+0.1°
GO+ Gl 92.0+1.2°  95.7+0.8° 95.9+0.3> 90.5+0.7°
Confluency S 2.0+0.2° 1.0+0.3" 0.6+0.2° 2.2+40.2°
G2+ M 6.0+£1.3° 3.340.5" 3.5+0.3° 7.34£0.9°

“FF, fetal fibroblasts; SC, skin cells

*¢Values with different superscripts in the same low significantly differ (P<0.05)

z
ANEE 22 AEEE T7] G Az Aol o] A& A5 Fojxehe] A<
WS FAEH7] 918kl donor MES] AEF7]E GO/Glel FxsfoF drhar & A 3l

o} E
= 01,‘:_ 3_101 Eﬂ XJ%PY_S]—X]—E‘ ?—__]"E:]Z%

3

ThH(Campbell &, 1996). L& GO7] et G17] Al
Mol 2l Ao A Campbell 5(1996a,b)3¥ Wilmut 5(1997)S GO7] 3o]
F717F A& FAd Axy F

2 okth AAME
, Cibelli 5(1998)37} Lai 5(2002)2 A X

B oleta @ b

Agd F 8] EFAEE ARSI AEF7] A T AES] gFES G17] AEE
Hol o] G17] AIEE ol &stolx: A7t AikdE = AdS5S BoAF AT (Cilelli 5, 1998).

= =] e o}d ol Al 3 (Boquest &, 1999)¢F -4 M 3 (Prather &, 1999)9] A ZF7]
B4 Ao GO AEQ BIEE fluorescein isothiocyanateo] o3 graldako] = of 9

af AAstl=d, o= GO AlE7F RNA 3 o] A5 Aolgke= ko] A5k3]

(Wilmut &, 1997). Acridine orangeE ©]-83}9] RNA % DNAS =& =A== W
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oM = G071t GIAEE S4E + thDarzynkiewicz, 1993). 1elu, & AF-ol A=
propidium iodided Aol 7] %& fFEEeHS AHEa 7] wlZo] DNAS] & 7] %3}
MEF7]1E 43 tH(Darzynkiewicz, 1993).

HE dA7lotxglgo] AEAME S #7188 + USH(Hu &, 2001; Lee $F
Piedrahita, 2002), confluency W= 2 7 MxE MEF7IE GO/GL7] T2A7]+=
&g o Z8Ha dv Hsg AarE & 9 A E(Kubota 5, 2000), 1A -
M 3E(Cheong 5, 2000), =} A ejo}d f-olA E(Boquest 5, 1999) © =] A 41 Al 3 (Prather
S, 1999014 BarE itk Cycling A2 AEZF7= &(Kubota 5, 200009+ =X
(Boquest 5, 1999; Prather %, 1999)oll A GO/G1ME7} 65-75%2FaL 3k B el H| =3t}
B AP E 710%9 cycling AIE7F GO/Glol €& 9, E3] 2H& A F(small size)
o] A%+ cycling MlZetar stefgte 90%°ldol GO/GLlell W= AATh wepa A7)
ol 8] A FEr} confluent AFE®W ol cycling AME 5 Z& NEE AP T oz A 3o
A ge] whgo] FX

fid

g4 5 JdS slew Andd

AAE Aol FAA trypsin A Elo] 3 F&FH MEE o] FoF IubH
o= M Fol FA Hrh o] AZHESE donor MEE AAIEHIL T RS FAEH
AEF717F APdrt. FHaAgd AEE 53 §F 15-3X3tE

o] Hl&o] F7bet=Hl, o= G271v Mrle] AlxE7F AlxF7]5 ddgste] Gl7l= So3t

rE
[z
D

17]o] 998 AT Gl17] AEF717F 47 Wi A3 Gl7)ol Hollr] w&E
ol Ao 2 FAFAHGadbois 5, 1992;Prather 5, 1999). 1&jv} 6A1 74 vl %A 7bo] <
FEH NEF7I7F AL AgEo ST Y G2Z/M7ZIZ o7 AlXEe " o] FU1EHA H

t Aoz dadrn
Aedor 2 d79 Aaes o4 A AxFriezed A AA Agil

WE AnE AT Aew, AY7lobelsh confluent WYHol 2 AALE AT
F2E GG Fxshizd EnHolv], oldg AL o] & el F ALE AL

AL Ee vdet] ForA aaE SUE AE ¢ e AS Besnh
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MEY AAZTY MEF7] EAF trypsin A8 T AHA b & AEF

AES A wgE "ol 9§, &F, dFAEE AFFY SR E AT 5 1)
70% confluency7}#] 8] ¥ (cycling), 2) A 7]oFA 2], 3) confluencyZ7FA] ®l <. trypsin A
g8 AFEE 70% ethanol®2 1133 propidium iodideEZ GMstgth AFS s
trypsin A 8]¥® Al¥+E DMEM+10%FBS oz ARFAZ] & ethanol® 11A3s7] A

15, 3, 613 &<t 7k EEIFUA wdetlth. AxF7]= GO+GL, S, G2+M~719] Hl &

=

= A 5 Sl flow cytometrys ©]-&3ko] HESIAT. thiEo] AlE7F A7
Al GO+G171 = YES T " 7o A2y confluency7HA Ml A2 ol A =&
Bl &9 GO+G1(89.5-95.4%)5 HATH EE Alxet Al FolA AEo A7 Zold 4=
GO+GInl&o] Al yetstth. 7oAl el A= cyclingelt confluency -l A H.t}
2he 2719 AEBE85-66.9%)7F weol A3 THP<0.05). @3 71okA 29k confluency 74
Wi ke Ejole} T FBAMEE trypsin A $Fol 1.5h(95.9-99.5%)9F 3h(95.9-98.6%) I Al
GO+G171¢] A Ee] nlgo] FoHon Frtstqirt. aenw Fo|2s g ahHe &
AAEZL GO+Gl7] &= A 7)oy confluency M EZ trypsinx 8] & A ghd A 7+H5<k
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Study on the improvement of bovine somatic cell nuclear transfer technique

Abstract

This study was conducted to examine the efficiency of enucleation and effects
of phytohemagglutinin-P (PHA-P) treatment and activation agent on the fusion,
activation or in vitro development of bovine nuclear transfer embryos. Bovine oocytes
were enucleated at 16-24 h of in vitro maturation (IVM). Adult ear skin cells treated
or non-treated with PHA-P were transferred into enucleated oocytes. Reconstituted
oocytes treated or non-treated with PHA-P were fused by a pulse of 1.5 kV/cm for
30 usec. Fused oocytes were activated with a combination of calcium ionophore
(A23187) and cycloheximide (CHXM) or dimethylaminopurine (DMAP), and cultured in
vitro for 7-9 days. Enucleation rate was significantly increased when oocytes were
matured for 16-18 h (70.2-92.3%, P<0.05) compared to that of oocytes were matured
for 20-24 h (44.3-53.4%). Enucleation efficiency was increased by using CB and UV
light. The location of metaphase-II plate was far off from the 1st polar body as
maturation time was increased. PHA-P treatment of donor cells or reconstituted
oocytes significantly improved fusion rate (P<0.05). Cleavage and blastocyst formation
rates were significantly increased after activation with a combination of A23187 and
DMAP (78.6% and 32.9%, respectively) compared to those of embryos activated with a
combination of A23187 and CHXM (485 and 15.29, respectively). From the present
result, it is suggested that high enucleation efficiency can obtained by using oocytes
matured for 18 h. It also shows that PHA-P treatment can improve the fusion rate,
and activation with a combination of A23187 and DMAP can enhance the embryo

development.
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QEE b TR 2908 A4SUAL o8] Adaol @ Fie] wop Ak B

d &S MASA FF= AP (Critser %, 1986; Westhusin %, 1992; Smith %, 1993;
Mohamed &, 1999; Dominko %, 2000; Liu &, 2000, Yin %, 2002)7} thFstAl Al == A
ou HARA UV stelA e A5 dlabax dals AAlst= WU (Critser &,
1986; Westhusin &, 1992; Smith %, 1993; Dominko &, 2000)¢] =2 &3 &5 d&
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27 AHE ol FFE&S oy 93 WHe Aol &Hslth Keefer 5(1994)
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A= ¥H (Wakayama 5, 1998; Ogura 5, 2000022 e §388 F&a 4

_Z,_
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Fa T A= A7 A= o)L} ethanol, calcium ionophore (A23187), ionomycin
¥ Ze gegHd AR HNEF W calcuim %8 T7FA#A MPF  (maturation
promoting factor)®] AL 7FHAA7|a, @A A2l cycloheximide (CHXM)
(Presicce®} Yang, 1994, Liu &, 1998b)t} Protein serine/threonin kinase (& 14Hsh) o
A A Q! 6-dimethylaminopurine (DMAP)S -8 A g]st= W (Susko-Parrish &, 1994)°]
At ATk 28y CHXM¥ DMAPS] 2§ 7]2he] zpol7t o] 2 ghe] &/ she} wlf gt
of M= Gl daiA= BEetA ezl Aol gl
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TCM-1999 (Gibco-BRL, Grand Island, NY, USA)ol 10% FBS (Gibco-BRL), 0.2 mM
Na-pyruvate, 0.02 U/m{ FSH (Sigma, St. Louis, MO, USA), 1 pug/ml 17f—estradiol

(Sigma) ¥ 50 pg/ml gentamicin (Gibco-BRL)S #7}3t A& AF-&319 o}

2. AAXEY &4

- G2 7 AREzHoERYH AAEES Ieste] 10% FBS, 0.2 mM
Na-pyruvate % 50 pg/ml gentamicin®] ¥ DMEM (Dulbecco’s modified Eagle's
medium, Gibco-BRL)®} Wo| A wj%&le] 4763 passage & SZEE 3 tirl 3o] 2o

Abgatgdnh §ald AEE Hold Ao 4-well disholl A 2k 1 FU7F vjksle] =& AF

o,

il
e

U % (confluence 4 ENE THEo] Fo24 GO/GL7]d 5x2& X3}

RE nAxzE A0 DIC optic# Narishige B Al Z2F717F 2281 =Y &)
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S oF 1/3HE & Ysle] metaphase-IIM-1ID)7] FAAE A At #HHog 3lg A
stk gal 229 A EAE 1 pg/mle Hoechst 33342 (Sigma)E 373 TCM-1999

15%7F 4 (Westhusin &, 1992)sto] 3@ d o= @3] o5 5 AAlstAoh
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7. BAAY

23 e 3= Duncan ths el os fold& A8k

2 3
1. dAe g4 Azt gHage NAE I
2 geAd A 9A([Fig. DS FAG A, Aol AuesE 349

o~

A7t o= NS 1B, A4 F 16 2 18A1HA = M-1I7] SAA7 242 100% <+
65.6%(80/122)7F <A FR (1] Dol EAT whd, 20-24A 4 &= 11.2-156% wHo] =]
Tl 1 f Ao EASATHTable 1). 54 WE&S WAt J&Azke] 425kl upet
Skt s T 24A13bel oF 70%°] dATF SAE WEsTh ¢, gL ofd o
4ol ol freAem mol, Aa F 1647 92.3%7F B3 HA o, SA4 FEES

10.5%° &3t A THP<0.05). A= F 18A1Al= 48%(131/273)7F = A& W=kt 1

& 70.226(92/13D)7F 2= AtH(Table 2). A< F 20-24A3M= =4 =& frolH o
2 oEE W, 2EE S oA o Al vi(P<0.05).
@ 0

Figure 1. Diagrammatic representation of metaphase-II plate location as
related to polar body (PB).
Table 1. Effect of in vitro maturation period on the location of metaphase-I1I (M-II)

plate in bovine oocytes

Maturation No. of No. (%) of oocytes with M-IIplate in various location
period oocytes 1 2 3 4
16h 11 11(100.0)* 000.0)* 0(0.0)* 0(0.0)*
18h 122 80(65.6)" 30(24.6) 6(4.9) 6(4.9)"
20h 128 20(15.6)° 45(35.2)™ 40(31.2)" 23(18.0)"
22h 134 15(11.2)°¢ 56(41.8)° 48(35.8)" 15(11.2)*
24h 86 11(12.8)° 43(50.0)° 26(30.3)" 6(7)

¢V alues with different superscripts in the same column differ (P<0.05).
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2. FTAE AALR 2HF L A= F

2al  d vortexing®} pipettingel 9 WFAME AALYHS Hlwg A
pipetting®l] &g WHFAE AA A] @ &o] 788%E vortexing®Hol vt tha =4 4y
Bl ot} fojAel xpolrb g1t (Table 3). Vortexing® o] o] XS WH3tA A =3
S5 ASATIE Ao QaE 9o} B Ad A= vortexingH I pipetting® =

F abelh 9l welFrh

Table 2. Effect of in vitro maturation period on the 1st polar body extrusion and

enucleation rates of bovine oocytes”

No. (%) of oocytes No. (%) of total
Maturation No. of
period oocytes Extruded 1st PB Enucleated oocytes extruded
1st PB at 24 h
16h 124 13(10.5)* 12(92.3)* 91(73.4)
18h 273 131(48.0)" 92(70.2) 183(68.8)
20h 226 140(61.9)¢ 62(44.3)° 159(70.3)
22h 225 148(65.8)° 62(41.0)° 162(72.0)
24h 171 118(70.1)° 62(52.0)° 118(70.1)

“PB: polar body

*byalues with different superscripts in the same column differ (P<0.05).

ga gl Fo] CBY &A= WAte] 288 F3 A7, CB-7(70.2%)°l n]&}o]
oo = B8 (824%, P<0.05)S LEMHATHTable 4). o= CBe EA=2 <3}

[e)
a
of Wate fedgel FHe] FAUSIA i BRES FolshA FAL F AW 2
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Table 3. Effect of the denuded method of cumulus cells on enucleation rate of bovine

oocytes matured for 18 h.

Denuded No. of No. (%) of oocytes
method oocytes enucleated
Vortexing 131 92 (70.2)
Pipetting 104 82 (78.8)

Table 4. Effect of cytochalasin B in manipulation medium on enucleation rate of bovine

oocytes maturated for 18 h.

No. (%) of oocytes

Treatment No. of oocytes
enucleated
+CB 108 89(82.4)*
-CB 110 77(70.0)"

a>Values with different superscripts differ (P<0.05).

4, 2ol g Fa gl vAE T

g 7129 blind SWI UV-3

o

st A walss wEe was As

blind &3 (70.2%)°] H]ste] UV Z¢Y slolA e &dlo] Hxlel &all8(96.4%)

o
Ho
Lo
a2

o= Z/ANATHTable 5). UV #4 stolA: Ag 928 Falstus g8 & = glo
B2 A g g8 5 gov, doly F uAe] WiEd 9IS FA gvhd

2 %

o

& = O
Hol4 EE

o
ity

= AR AR

38

Table 5. Effect of the enucleation method on the enucleation rate of bovine

oocytes maturated for 18 h.

Enucleation No. of No. (%) of oocytes
method oocytes enucleated
Blind 130 92(70.8)"

UV -mediated 138 133(96.4)"

**Values with different superscripts differ (P<0.05).
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5. PHA-P A7l §& & v+ 4%

Donor A 2] 7(67.2%, 86/125)¢ A5 A el +(64.5%, 78/121)3e] §3&
e #94 Aol molA ARAW F AT BF FAYT(504%, 61/12De] nlsA=
FolHoR = §FLS YEATHP<0.05). WErEzEA o] &g 214-254%% 7}
AT FoAs A EA G UrH(Table 6).

Table 6. Effect of PHA-P treatment on fusion rate and the development of nuclear

transfer embryos”

No. of No. (%) of embryos developed to
No. (%) of
Treatment oocytes oocytes fused 2—Cell Morula Blastocyst
examined
Donor cells 125 84(67.2)* 50(59.5)* 22(26.2) 18(21.4)
Recog‘;guted 121 78(64.5)" 59(75.6)" 22(28.2) 20(25.6)
Control 121 61(50.4)" 36(59.0)® 18(29.5) 15(24.6)

“PHA-P: Phytohemagglutinin-P

*>Values with different superscripts in the same column differ (P<0.05).

6. €% F 438 Aol v T2 A= IF

% 5 A3 Agel wE FejAwe & B Wity wSE

fus

lo

R

A23187+DMAP A2 77} 78.6%(55/70)2F 32.9%(23/70)2 A23187+CHXM A 2] 7-(48.5%
9} 15.2%)°l wlale] H29 2 o 2(P<0.05) = A WETHTable 7).

(=)

Table 7. Effect of activation agent on the development of nuclear transfer embryos

Activation No. of embryos No. (%) of embryos developed to
agents’ cultured 2-Cell Morula Blastocyst
A23187+DMAP 70 55(78.6)* 26(37.1) 23(32.9)°
A23187+CHXM 66 32(48.5)" 16(24.2) 10(15.2)°

"‘DMAP: 6-dimethylaminopurine, CHXM: cycloheximide

*>Values with different superscripts in the same column differ (P<0.05).
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M-II7] &o] 9xgttn RuF A Kono 5, 1991). £ AFNHE AZAFE A 1 =
A2 NEoz A 92 geldt A 16~18A7 Asd dAe] dAaA A= A 1
=SAleE At 23 o]
Foh, AEAzte] Aol wet A 1 FAek A At HolH

71 Al et AEZ I donor AlEe] HAAEE FHE FE A=
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e}

o

o] & Fox AZHE= 1, 29 Aol 90% ol =Alst
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A

Ao 7 AR, Keefer 5(1994)& Aol A donor A|EE ICME o] &3+ o] 2lo| A galx
A ICM AXEE sty Ao Alxe F3qe fE3t= PHA-PE AHgs & §3

&5 e A FAE T v §FEo] =A vEETh 2 Ao A = PHA-PY A
S donor AXE Aot ATSHH HYFR re] §F&S vusded, 7 A
ke §F e E FA Aol fAAAT FA Aol HlEE FaHer FIHE
o}, PHA-P Aol w2 aloj2ghe] nintE7)7ztx] o] H&&S o4 o7 glolorn =
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=g W Ca¥ BES 1.0 mME %o §38S o171 % 9 tHCheong %5, 2002).
AAE ol o] FAst= GLA B4stE V| ERE o] Fojxal e, %7
b=, ethanol T+ A23187 53 DMAP(Cibelli %, 1998)o]1} CHXM(Kato 5, 1998) %
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W 7I7MA o] &g o] CHXM AgHtt Fo40 2 =7 vetwrh o9 22 Ais
old A= Hil(Liu 5, 1998 Rho &, 1998; Lim -5, 2000)¢% ¢ gttt DMAP
A7 A e ZEelek Al 2 FA BES WA owfAl(diploid) &/43HE frEshE
WHH (Susko-Parrish &, 1994), CHXM-2> @A A e] Fejet A 2 SA4Y HE=S JASHA

ot Aoz olAM B 4P B4 A F GAA Ry FAY BES

>,
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o
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=
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UV-lightE o]&3to 2 FA%S. Donor ME 32 A F=To] PHA-PE A3 74
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4-3. AE €9 F9 Ca¥ =7 & AAE FolA&e §3, 93 2L AL S
HX e 9%
Effect of Ca?" concentration in fusion medium on the fusion, nuclear
morphology and development of bovine somatic cell nuclear transfer

embryos

Abstract

This study was conducted to investigate the effect of Ca' concentration in
fusion medium on the fusion, nuclear morphology and the development of bovine
somatic cell nuclear transfer embryos. Bovine skin cells were transferred into an
enucleated oocyte and fused with cytoplasm in the fusion medium containing with 0.05
to 1.0 mM CaCls. Nuclear transfer embryos were activated with a combination of
A23187 and cycloheximide. Nuclear transfer embryos were fixed at 3 h after fusion or
cultured for 7-8 days. Fusion rate was significantly (P<0.01) increased by increasing the
Ca"" concentrations in the fusion medium from 0.06 mM (56.6%) to 0.5 mM (80.1%) and
1.0 mM (84.3%). More than 80% of reconstituted embryos underwent premature
chromosome condensation (PCC) with 0.05, 0.1 mM CaCl,, whereas 54.5% and 59.3%
of embryos formed pronucleus (PN) directly without PCC in the 0.5 and 1.0 mM CaCl:
groups. Blastocyst formation rates were significantly (P<0.05) different between 0.1
mM and 1.0 mM CaCly groups, From the present result, it is suggested that the
elevated Ca'" concentrations in fusion medium can enhance the fusion and blastocyst

formation rates of bovine nuclear transfer embryos.
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S Eol7] A% vk ol My Mxde AV]§H Alel A&t (Lavoir 5, 1997;
Wells &, 1997, 1999). Lavoir 5(1997) 3} Az d7re] H2EES 421717 98 3
o] 21 & Hj%Fe ol phytohemaglutinin-PE 378131, Wells 5(1997)2 3S A Y3t

5o MEAS dehydrate A1Z1 & §5317] A rehydrate A7 FoAAE} =Tt A XA

7ke] HAL go|aA s S AMREIE s agelx Beta A7 Aol 9
& & AAE NI AEAe] FRES FAY Fof &l vste] wfg vrol AAME
oj2e] &S Adfst= TaT 8o

ol ¢ed WMy FH&ES FINE 7 deol EiaH A (Cheong &, 2002). ©]
ES TR Ca Aol #dskg P ol §FE FellE mapHoln o]

webA, B dgE & AAEE o] 83 o] Al el W Ca wE7F & AA

% So|Aee] g Ao W Ao v

o2

F& ARSI

10%6 FBS (fetal bovine serum, Gibco-BRL), 0.2 mM Na-pyruvate, 0.02 U/ml
FSH(Sigma, St. Louis, MO, USA), 1 pg/ml 178-estradiol(Sigma) % 50 pg/ml

gentamycin(Gibco-BRL)°] 3% A&ujddS 50 ple] 24 o2 WS o] mineral oil®
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HBatn 5 23 A7 Aol 5% CO, 39T xAsfelA BF A F, 7 24 @
o

% o] 18-20 A7 WL,

2. AAE &, g £ BE
AAEe] Hg 2 sjdS Wilmut 5(1997)¢] HHe] =3t 399 7 Jiz
g otg 9= ZA Aol 15 ml YATA A ¥ 005% trypsin-EDTA

o &
=

5]
(Gibco-BRL) 10 ml& &&3&to] 37Tl 30 &3+ 1&g & 5 &3+ JAsto] 4

ol

S|ttt 3lE G A 200 xg2 5 w3F dAEEEe] AEE et FaH
YEAEE 10% FBS, 02 mM Na-pyruvate 2 50 pg/ml gentamycin®] $-+%¥ DMEM
A 3 mlel Al FFAIA 25 ml WFE el Fo] 5% CO; ¥ 39T ZxdolA wjdstad
o o vl 3 Y Ao E M wjgdor wEstgon, AEZE oF 90%AH =
confluence & W 1:2 H] &2 passageds W3t &F 4 3] A X passagest AX+=
A LA oal] G AAMA FE GRSt dgE AlEs 10% DMSO % 10%

FBSZ &-53 DMEM &9 Zo] 1 x10°ml A¥5%E2 2447 3 ml Y% vialo] 1 ml

of

Aol 70T Wil Wl A overnightdte] T2 F LNo&7] o] 233

ARZE J AAEE AFE Hel galete]l 7 mle] MEwjgd o R 200 xgo] %A
oA 5 &3+ dAEgste AHT vs A FFAIA 4-well disholl 0.5 ml¥ &3k 5%
CO. B 39T4 xAolA wigstdnt. Al FAe= A dPoz, AEE 8-10
A7+ A7) wdsle] =2 M EU X (confluence AENE W5 FozAM GO/GLYA 5%

A7 F dol e o) gatsch,

4. VR FE 2
Aol A 18-20 AIzE A9l A&AZ FEHS 1 mo TCM-1999e] Eoje ¢

Alglo] £/ vortex mixer® 5 H7F HJ@dte] GFAEE AAT T A E A Mz} HF
dstar Al 1 FAZE glE dANkS FIHTFLo R ARGEAT B A A2

A AAEH e, A Tde] gdle 4 PBS(modified phosphate buffered saline;
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mPBS)H ] wiFAaA (50 ) WellA Al 1 A< Y AXdS o 1/3 A% S35
A 2 fFAHEE T7]1 GAE AAS e o E AASAT g3 xzd AEES 1 e
/mle] Hoechst 33342(Sigma)E &3 TCM-199¢8] 15 &3+ o A (Westhusin %, 1992)

stel YydAvgoR 9 olng Ftshgt.

5. o]

ol A Z2S 5 ug/ml cytochalasin B(CB)7F €-f% mPBS< WA Campbell
5(1996)2] WHol +=3te] HASAATE Donord AAMEE $19F 22 WHoz FH| st
0.05% trypsin-EDTAE = 1 7t A ]ske] pipettingl 2|ste] wll FH Ao AW el A
HElgh §, 200 xgell Al 5 23F AR ste] FFHS AATF F 3 mg/ml BSAE T3
TCM-19994 2] dropell X #3}e] AFE3+9 T DonorAdl 2= A F injection pipettel = S

3

stol Bal AN FHE Fokol BUY ALY AP W FYsHA

6. AT5a9 A7V H &4

ATETde A71§F2 Cheong 5(1993)9] Wl F3to] BTX AEFIEA
(BTX, San Diego, CA, USA) ¥ 0.5 mm=9 wire chamberg A}-83}o] AA|s T A
TE5 &2 01 mM MgSO, 0.05, 0.1, 05 == 1.0 mM CaCly, 0.05 mg/ml BSAE %713

0.3 M mannitol €% Y& wire chamber?d %d=FAlo]lZ 27, pipetteS ©]&3to] A

o

Aot Alxde] HEHe] sl o] HEs fFxati, o]oJA 15 kV/emo AF
(DO)AFE 30 psec 3+ 1 3 FAHsAY. 54 F FA TCM-199 + 3 mg/ml BSA U
NN 3] A=A T AR FAXL, FF HAA F 30 ol Alxe] §FAFE A
th Solage] @35S fF7]8kr] f1ste]l gdteol &<l | ATsEws % A 1A
7k 3o 10 uM¢] Ca''-ionophore (A23187; Sigma)® 5 &7+ =g ZA] 10 pg/ml F%

so] A gke] AN

28
o
2

9] cycloheximide(CHXM, Sigma)® 5 A7t ZAI3E f7] A

3 A 7+# whole-mount®l] 38+ t}.

7. FolA @ A & u]F
A3t & HolA &S 3 mg/ml BSAE I3+ CRlaa 9 50 ul dropl& =
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71 5% CO2 R 39Te zxdstellA 40-42 AlzF vt &, 2dE&S HAFsEA T ol 2 g
o ¥ ¥ 10% FBSE @@ CRlaa volA F7h2 5-6 A7k wiste] wpubs g4&
Abat et

o
o

8. Whole-mount X &9 A%
ol A ghe] PCC o5 2 HAYPS 7HAlel7] Yste] A5 Hol A A7§3 3 A
b Fo mAste] RS At o] @S vaselined} paraffin FE(DE ARZF
2AE A3 slide glass 9ol Ao widA st 7 &AFI cover glassZ 7H Al

A=A 1 & ethanol¥® acetic acidE 312 2313 nA Aoz 24 AlZF 1143

pul

o

aceto—orcein®. & 5 E7F AM3 1 25% aceto-glycerol® A& 3o DIC7F A&Hw 94>

-

#An 7 (x400) 0.2 3o e s Ak

9. EAA
4@l Ashe LSD-testel 93te] fo14¢ AAsAh.

4 ¥
L &% W Ca"' s =7t AFHe §3 viAe 9T

g W Ca” w=(0.05-1.0 mM)el wt §F&& A= A, CaCly w=7F
0.05 mMeIM 05 2 1.0 mM= Z7hgell wa} Fhao] 56.6%14 80.5 5 84.3% % 1+
A(P<0.0D o= 7ol vh(Fig. ).
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Figure 1. Effect of Ca'’ concentration in fusion medium on the fusion rate(ab,c: P<0.01).
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2. €Y Y Ca” FZo wE HYPeo w3l
€9 Wl Ca’ Fx=ol we A7Fue AP HAET 27 CaCl, 5% 0.05% 0.1
A= IAA S (premature chromosome condensation, PCC) ©]% AMA & A

sh= whxbo] Hlgo] 884%¢%F 84.0% % YWERd ¥FH 059 1.0 mMolA = PCC FEHE 7

A4 21 §% AF A9 P dAe) wlgol 545% 593%2 et §Fe
Ca” ¥%7h Z7hgol wek PCCREE ANA @ 43S FYsHe bl wgo] F7}

= A4S B tH(Table 1).

Table 1. Effect of Ca'" concentration in fusion medium on nuclear morphology”

Ca""con. No. of Chromatin clumps (%) NPCC (%) Non-AC
(mM)  NTs 1 2 =3 1PN 2PN (%)
0.05 52 26(50.0)* 14(26.9* 6(11.5) 4(7.7)° 0(0.0)>  2(3.8)
0.1 50 24(48.0)* 14(28.0)*  4(8.0) 5(10.00°  000.0)"  3(6.0)
0.5 55 14(25.5)"  5(9.1)"  5(9.1) 29(52.7)*  1(1.8)"  1(1.8)
1.0 54 12(22.2)°  4(7.4)°  4(7.4) 28(51.9°  4(7.4)"  2(3.7)

“NPCC, non-premature chromosome condensation; AC, activation; PN, pronucleus; NTs, nuclear transfer
embryos

aValues with different superscripts in the same column differ (P<0.05).

3.Ca” FTEo] 2 PolAae AT
S Y Ca't Hro] wE Aau]y] 98] gojrs golAdel xo]7) vpEbL

A kA k wjukE F Ao 9dojA 1.0mM CaCly, ol A& #jwbxE wr§-8o] 306%=
Bl wbH ) 01 mM CaCly oA E 200%%E UEY 592 (P<0.05)¢] =}o]E yElWT)
(Table 2).
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Table 2. Effect of Ca'" concentration in fusion medium on the development of bovine

nuclear transfer embryos

Ca'" con. No. of No. (%) of embryos developed to

(mM) NTs* 2-Cell 8-Cell Morula Blastocyst
0.05 50 37(74.0) 24(48.0) 14(28.0) 11(22.0)™
0.1 50 31(62.0) 19(38.0) 13(26.0) 10(20.0)°
0.5 50 35(70.0) 27(54.0) 16(32.0) 11(22.0)*
1.0 49 25(51.0) 19(38.8) 16(32.7) 15(30.6)%

“NTs : nuclear transfer embryos

*Values with different superscripts differ (P<0.05).

z #F

2 AANEE G v Axd oA g

rr

2]l T sturt g3d Alxdo @Adstelrt. FIT Axde SAdsE 9% W

o= A&AFo wxte] A|AH, ogk& A EE Ca -ionophore A F wA 4
A A el cycloheximide Y 6-DMAP(dimethylaminopurine) &2 7} 8] &3sle] = WH
of oot = FAHIES

Yang, 1993), ©I ofste] wAE o] &7 dojAdm A AtH(First 5, 1992;

o
Ads

S He=

golx o (First 5, 1992; Presicce2}
719
Aoyagi ¢} Konish, 1994). 3 < g4 o] Al §FH U Ca'’ sEE F7/HA F
7EARQL st M flole FREN Wi PHES FAAE F
(Cheong &, 2002), ¢]31& AAME o2 Al §3FA U AAHS Ca s=e FHo] "o
=2 F79 Ca’ ATl ¢ A5 op7|FoEN Fo] g
Ca' %7} 571l

& IH
Ca''o] ATZujel Fo] AME} Fad AED] JHS

Aol A AME old F 14

Z7hgel Wl PCCHHE AXNA g3 §8F 4F 492 F4shs dAe] wol Fo4

o

S7tetd e, Ca wEo T/ @48t AnE FUMAA AEY §F JALEH

2
GAst7h weA g Az Hvk A AAE So]Ae] FfoE, Ca =7}

°

Z7hgel weh PCCE AAA 93 A4 A8e GAsE BRe] &l



523 B 7 At Cheong 5, 2002). 4o o]2lo] AL o HaE AL&s2Z <l

PARAE ¥ AN B AP Ao AL 9 Ca” FES F ANAT AF

Y
£
- b
@
a5}
Ho
o
o
o|\
N
X
>
b
e
oX,
ot
i
o|\
™
>
N

The= H3l(Sun &, 1992)¢F A= A3

BT e & AL dolAl A LEFAL BEd Cal Eno] v 24A
o2 A wE glo}, 10 mMe] CaClhg §&< U A8 A §380 #2174
(P<OODSZ Z7Fglom, 013 1.0 mMolA Wik F4e A 24 (P<0.05)2 2ol
2wl g9 g 1.0 mMO Ca’ B%7F 2 AAE Aold A aitAolegt AtaHT) o
st Are] Sk 2 ARAA, §F
o ey #He A, 4T §ER

ol
5
o wa) Qo] PCCE AAA 23 v A9 F4F A9E Ny 15ee 27
5

e Aol7h s Cal Bwe) Fobel mE B

oL

9 wskel Aol A & AAAE FHA @

W, Aol el AL obrlEE Aow
& AME dolde] Fg, PCCH Aol AR AFFwe] Aol B ofF Bit
Aoz pasol FAYe] WES Holn WME WS AdSt Aow b, A
Eo| AEEIE GO/GIol BEIAE PCC o F WARA dAAred Aol B
thA 5, 2000 =@ AAAAsH 2 & dolqete] 27)se] PCCTF BF Aol obd £
AeE FH% F U4 o] g3 dolx MPeNA A AT (Barnes 5, 1993).
AgHom, ¥ A7 Ade 7 0 A4Fe Ca’ BEe] Fhe & AME

solAete] 38 FAHAYE §3 F o4 vsle] e v solAete] wiwE

A AAE o)A Al FFA W Ca wEe wE §FE, dPe] W, v wEg
S AR A44E oy 2o L399 Wl Ca =E 005 01, 05 2 1.0 mMZ 7}
7] 2A Agsd Az 05 9 1.0 mM2] CaCl, oA §¢&o] 805 9 84.3%= e}
0.05 mM CaCly 1A 9] §3F& 56.6%°l Hlste] 22 (P<0.01) o2 =drh 2. 84 W
Ca" Fxo W& AFEue gL HES 23 CaCl % 0059 01 mM oAM=
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88.49F 84.0%<] A7t PCCols AAMAAE FAsk vt 059 1.0 mM A<= 5459
59.3%7} PCC HEIE AAA 9n 44 Aade 4ol Ca” BRI F4Eel we

PCCHEE AXA @3 A4 AL F4dae Aol mgol Zradth 3 do)4 g

|

Ae HE&S HAES A7 1.0 mM CaCl, oA & wjurz &8 o] 30.6%= e wF
W, 0.1 mM CaCly AT 20.0%=Z el §94(P<0.05%1 #ol & yErW}

2 A7) Ads 7Y Wl Ca sE] S & AAE HolAge] §39& Y
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4-4. & AAEZE o] &3 FolA FAHTAY AU I A3 A7te] 9 T
2dge HAE= FF
Effect of activation time on the nuclear remodeling and in vitro

development of nuclear transfer embryos derived from bovine somatic cells

Abstract

This study was conducted to investigate the effect of recipient activation time
on the chromatin structure and development of bovine nuclear transfer embryos.
Serum starved skin cells were electrofused to enucleated oocytes, activated 1-5 hr
after fusion, and cultured in vitro. Some fused eggs were fixed at each time point
after fusion without activation, or 3 h or 7 h after activation. Some nocodazole
treated zygotes were fixed to analyze their chromosome constitutions. The proportion
of eggs with a morphologically normal premature chromosome condensation (PCC)
state increased 1-2 hr after fusion. Whereas eggs with elongated chromosome plate
increased as activation time was prolonged to 3 hr, and 5 hr after fusion, 58.1% of
eggs showed more than two scattered chromosome sets. The proportion of eggs with
a single chromatin mass (40.6-56.7%) significantly increased when eggs were
activated within 2.5 hr after fusion (P<0.05). Only 23.3% of reconstituted embryos
activated 5 hr after fusion formed one pronucleus—like structure (PN), whereas,
64.5-78.3% of embryos activated 1-2.5 hr after fusion formed one PN. The proportion
of embryos with normal chromosome constitutions decreased as activation time was
prolonged. Development rates to the blastocyst stage were higher in eggs activated
within 2 hr after fusion (17.3-21.7%) compared to those of others (0-8.6%, P<0.05).
The result of the present study suggests that activation time can affect the

chromatin structure and in vitro development of bovine nuclear transfer embryos.
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9ee FHE Aolth 1 F ok % AAAE HoHL ol §3 BA| FEI AuL

(Cibelli &, 1998; Kato &, 1998 Wells &, 1999), ##/(Wakayama &, 1998), AF%

O

(Baguisi %, 1999), #]#] (Betthauser %, 2000; Polejaeva %5, 2000) SolAd%= H ¥t
P2 A

F 27] Aol 3 A90E AZAHE AR EA, 1A i e BAE

>

SR ol P VAT PAES EES WS, FUE U EY F 27

of o 1 Z&Ado] wig Ax3 Aot

o] o o3t BAlFE AAF &2 donor AIEQ 71, ANEFY], FAF A T
I e ofe] 7hA aQlel] FEgFe W=, 53 @3¥ MI(Metaphase 11)7] A2 o
ol A ¥l AEe M2 At FHA WsE ZAA Ho, HolAge] o] IS F=
AoR AR ¢tHCheong 5, 1993, 1994). A<= 2 <A} (maturation promoting
factor; MPF)¢] o] 7Hd =& MIO7] dAE gt oz AMRPS 4 o4 % donor
o] agtul3] (nuclear envelop break down; NEBD)7F dojd & mA<s A $=
(premature chromosome condensation; PCC)o] dojuA HFH(Collas 5, 1992b; Cheong

5, 1994). PCCe] Q= ol4® dof AlxF7|o] J&da ol g4 om dojrehe]
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w7l AR (Stice 5, 1996; Wells 5, 1998), 472 A$ol®w &3 F 3764 ko] 243}
AL E ahQle W ] wego]l FHTH(Wakayama 5, 1998). WA, HA 9] 74 $ol =
ol AH Hel AEA ) wFANE 46AN AR AUAA dFeE AnthE 247 F

o 2AS AAS w1t 9a, 7 Aol 0§ FE
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EAE FYste] vAds dAE AFAS AL AFA I AA dAn]B st A GA R
7b atdstar AlEdo]l A Anks AdWste] dAgSE W FA(TCM-199) o2 3]
A 5 Aol ol &atdnt. W] Al fole TCM-199° (Gibco-BRL, Grand
Island, NY, USA)ol 10% Z€Ejo}d A (fetal bovine serum; FBS, Gibco-BRL), 0.2mM
Na-pyruvate, 0.02U/ml FSH(Sigma, St. Louis, MO, USA), lug/m¢ 17f-estradiol(Sigma)
2 50ug/ml  gentamycin(Gibco-BRL)©] dhfrd AE5ulgds 50me] AFoz2 whEo
mineral oil2 353} Ad<sufer 2-3A17F Aol 5% CO, 39T 2] 233t A HE

wo] 1872043 wh sttt

]

A7l &

g5

[e:

’

7 2 g 10708 dEe

o

2. AAEe 29, i & BE
AAE] g 2 Mg Wilmut 5(1997)¢] Bell Fstdvh &eA 7 24&
dFste] FaAer 245 WA HE 4T v, JF

Ag ot JFRE ZA Aol 15ml YA T & Y3 0.05% trypsin-EDTA

BN
2
o
Shd
Ak
ol
&
4
BN

skttt 3lE AT 200xg®E 5 dAEg et AEE gt s 954
= 10%  FBS, 02mM  Na-pyruvate 2 50pg/ml  gentamycin®]  $H¥
DMEM (Dulbecco’s modified Eagle’s medium, Gibco-BRL) 3mlel| A F-5A17 25ml =Y
S ol ¥o] 5% COp; B 37TCe oA wjgetdnt. vt nf 39 314
wgstg o AE7E oF 90% A% confluence ¥ AS W 1:2 H]&E passage
S WSt oF 43] H X passagedt AEE GAAEA O o] A AAA & E
stk MEE 4763] passagedt § 3|ste] 10% DMSO % 10% FBSE &3
DMEM &9 Fo 1 x 107/ml AEs%=® FHA7 3ml W% vialel Iml® %o 70T

W&ol A overnight skl FA3F F LNo&7] ol Byati.

3. AAEY FHAY
EARE @ AAILTE AL dol gt Tmle MEHIYA O F 200xge] FAd
A 5EE GARE st AFHS v A FAAIA 4-well dishel 0.5mlN &3k 5%

CO, 9 37Ce zAdA wWFstach Axe FuALE F b PAS AHgsach o
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= d A 7)ok(serum starvation) W (Campbell 5, 1996h) 0. &, A FEE A Frjkol(9] 2
g Fx) FolA 273Uz Mg ¥, 05% FBSE $rek DMEMY o2 axsle] 5k
F7F e v ol o] &sklal, thE st A BRow AEE 109
A A7) wjeksle] =S AL E(confluence AENE WEo] Eo 7 A GO/GL7o XA

ER BEE IR

4. A EF71EH

Trypsin 2] & AXZE PBSel AFf AlA 500xgoll A 5 &<k A E2 kA
AAEYE AE= 1l 70%(v/v) ethnol(dT)oll A FA1A st 1ATG L 4

A7FA 20C =2 FAA AT Ethanol 114 $-ol pelletstd AXZE PBSHYO R FA] AlFH
st a 37ColA 30837F 200ug/m¢é RNase A(Boeringer Mannheim Gmbh, Mannheim,
Germany)H o & vjekslgdth A ETE AL A 1A17F5<¢F 50ug/ml propidium iodide o<
2 A dE AIEE flow cytometry 241387 Aol 50m 7+ ¢ nylon filterS
EHANA Axdolel & A A st
Al 7H7He] DNA §tF 54 gk AxF7] dA= Abdel 7l<sd W (Cheong &,
2000) 2. & flow cytometry(EPICS XL-MCL, Beckman coulter Inc., FL, USA)o| e]&jA 2
gttt

5. o]
Aol A 18-20A17F A 9] A2 G
7]

n)
o
—
=
IS
Lo,
)
@)
=
iR
©
e}
2
o
1l
2
%0,
rlr
rfo,
>,
r d

o] &7 vortex mixer & 5%t A
I A=A BolE dAwe falggor ALYt RE uly e AL DIC
optic?} Narishige "|A|Z2H7]7} 2h 7 =9 w2 ae

23l 2 mineral oilZ ¥ E¥ TCM-199 + 3mg/ml BSAS] v A2 (B0ul) Rl A AAEHS

o WA 148 ¥ 3(holding pipette: OD 150-200um) .2 HAE TAA 7|3, =&

3l (injection pipette; ID 30im)S o] &3kl A1FAS FHe AMEAS oF 1/38% 5938}
o A2FAEE F7] GAAE AASE YHoE IS AASAY. &3 z22tE M2

AL 1ug/ml2] Hoechst 33342(Sigma)E §H3F TCM-1998 ] 1587+ A sle] &33& v
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Hom galoiBE HAlsle] Edo] gl wFHants FAlgdoR A 83T
Z22 5ug/ml cytochalasin B(CB)7F h® 4% PBS(modified phosphate
buffered saline; mPBS)® oA Campbell 5(1996b)e] Wl F3ste] A

Donor& AAZEE ¢ & W oz F8|sle] 0.05% trypsin-EDTAg N o7 387 A

23} pipettingoll &5te] sl ALl AW EE sk T 200xgo] A 58I A&}
of FFHE AA F 3mg/ml BSAE 33k TCM-1999¢] dropel H¥tsto] A§-3hSl
th. DonorMl 2+ A% injection pipette® 2 F3te] @S HAg FH& Fato] &9

@ Axdel U FYa9

6. AT AVISH H 43

Aol 71§82 Cheong 5(1993)¢] ol F8HoIBTX Al 6342 (BTX,
San Diego, CA, USA) ¥ 05mm=Z2] wire chamberE Al&3te] A7) &3S HAAEA
ATFFHTHL 0.1mM MgSO,4, 0.05mM CaCly, 0.05mg/ml BSAE %713 0.3M mannitol &

YL wire chamber? %¥xIAlo]Z %A, pipettes ©]-&3F°] donor AlXE ¢} 8

e}

O_H'
Axde] HEFdoe] =l FHel Hes st o]ofA 1.5kV/emél 27+ ([DC)H 7
E 30psec 3F 13 FASAL. 5 F FA TCM-199 + 3mg/ml BSAY Ulol Al 3] Al
2 ufA] el A 0571AIZE Foll M §RAFE BEEAT Fol Fld o]y
go] dX = §3 05 1, 1.5, 2, 25, 3, 5417F $o] whole-mountdll A3, dF= &

A= 57137 98l 10uMe] Ca''—ionophore (A23187; Sigma)® 5%%F A& & =A] 10

82

pg/ml & =9 cycloheximide(Sigma)E &3t Au]gFNe] drop HE &AH HAIZE &

wFetol 23S FIIAH oM, ol ekl Ad¥= whole-mountol] & A5}t

7. Aol A

FAstx el & do]4 &2 3mg/ml BSAZF &#% CRlaa vl%Fele] 50ul dropo =
%7 5% CO; ¥ 39T9 Azt A 72417+ wjgste], SA%E §5F 2 2385 HAlst
Ak dol Aol £ T 10% FBSE 73 CRlaatlol A 5-74 7t vjgsie] wintx &

&S AAEEA
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8. Whole-mount ¥ &2 Az
o] 2l ghe] PCCAYF 2 AFS A7 flste] dF dojAate A7gd & 74

A7 D CHXMA ] 25A17F Fo] mAs ] #

FPE
o
2
X,
Ol
ei)
)
o,
1>
e
o
<
Q
wn
@,
5
@)
A

paraffin& & (9:1) &2 AZboll 222 8] 3F slide glass 9ol &2 vty A &7
3 cover glass® 79l &#EAY. 2§ ethanol® acetic acidE 312 =33 174
Mo 7 24-T2A 7 1A 3T F aceto-orceine & 587 AME1L 259% aceto-glycerol®E Al

2ske] Ak An A (x400) 2 o] FeE HHEATh

9. @A &4

G434 $ oA TS CRlaa M &AM £ H@AAZE A)7bA wige &
054g/ml nocodazole(Sigma)e] SH% widdoz 27 8-12A7F HiY F1% sodium
citrate2 103+ A2 3FHth A 2l® ol 2 slide glass ¥l 274 1mm o] 4%

ox IAZ ZT 4%

£

3 &7 &A% methanol¥} acetic acidE 31E &3 1A

Giemsa &% o2 1587 I3 immersion oil® ¥ E3Fo] A3 v H(x1000) .2 A

10. 4@ 4A

AE 1) AAES] AEF7] A 0 AREE AEe] AEF77F GO/GL7IY TR
AeA e AFE flow cytometryoll o8] HAtstAth AF 2) &3 § ZAAE AP
3 HE - HolAHES g3 T 1, 15, 2, 25, 3, E 54 7o whole-mountE A Aldte] 53
st Ay AbE 3

[e)
g
£2 SEl
AE : dolque §F F 1 15,2 25 3, 2 5A0e] @48k Al F 25404 FAY

T Ak PCC dejE Hlustith 49 3) &%

55 ##A3d T whole-mountE A Alsle] &3 A2 AIHE A WHIE v wstd
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of Adaigd S FH AE - FolAEE §F F 2ARF % 5ARMe &3 AP F 6774t

o] whole-mount& A A|&te] AAPAH L Jej & Fzsir},

11. 3AAH

Fe] A3 Duncan thEA Ao 9 F24

o
o
ol
ol
ol
R
o

2 ¥
1. AXF7]

Serum-starvation W% & tfHEE9 AE(93.5%)7] GO/G17]d FZFFHJYx S7] 2

G2+M7]oll EAlst= AlEze 247 1.1%¢F 54%° =33 th(Fig. 1).

= 6l AL R
L =L
G2+aE 5.
rd
L1=]
B
a5
[ x]
-
n
o [
= p———
A AR 4BA GRA ERA LAZ4
Fl

Figure 1. A typical histogram of DNA obtained using flow cytometry of
serum-starved bovine ear skin cells. Histograms allow the discrimination of cell

populations existing in GO+Gl, S and G2+M phases of the cell cycle

T F ARl mE dlolAghe] dlgRsk(Fig. 2)& I AyH(Table 1),

duto]l G o] PCC7F & Tl 199 22 1A 77F 881% = #Fo4ew 7t
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SAAE TS 1543 FoA 41.2% =2 71 =A el oy 7M v dd 8-S 2l
5 T2 AL e A TshE o9 FFolsh ATHP<005). PCC F

of WAl ol MAL 25M7 TA29%)9 347 TGRS 7 B BALS v
0o A TEe He feHon Bl tdehga, 1A3F TN 0.0%2 b felHe
2 9l GETHP<005). $%8 GAAEe] B A9 gejgz P NI F98
5AZF POl AR 58.1%9] WHAE S ol A AeFelAE vEhtA et VaEl
Ve 7 AT folA Aolzh el

mlo

Table 1. Nuclear remodeling type following time after fusion of bovine somatic cell

nuclear transfer embryos”

Time No. of Nuclear remodeling types (%)

post embryos

fusionth) fused I I i v v VI
1 31 18(58.1)*  9(29.0)* 0(0.0) 0(0.0)* 1(3.2) 3(9.7)
1.5 34 11(32.4)° 14(41.2)*  3(8.8)™  0(0.0)*  3(8.8) 3(8.8)
2 32 9(28.1)" 11(34.4)™ 4(12.5* 0(0.0)* 2(6.3) 6(18.7)
2.5 31 4(12.9)°Y 7(22.6)* 13(41.9 0(0.0)* 3(9.7) 4(12.9)
3 34 000.0)*  7(20.6)™ 20(58.8)Y 0(0.0)*  4(11.8)  3(8.8)
5 31 00.0)Y  3(9.7)° 9(29.0)" 18(58.1)°  0(0.0) 1(3.2)

“I: condensing nucleus, II: condensed chromosome plate, IMI: elongated chromosome plate, IV: scattered
chromosome plate, V: condensed chromatin clump following activation, VI: pronucleus-like nucleus (PN)

abedyalues with different superscripts in the same column differ(P<0.05).

2. 8% F 243t A Alto] ol Fe IAFPWtel nX = FF

o &43tE /71 F 2547 whole-mountE A Alske] 44
JFFS Az A3 (Table 2), 1719 & 22 3] (chromatin clump)
= dola g HHEL 1ATHG6.7%), 1.5417H51.6%), 2A7H(48.3%), 2.54]7H40.%)
o] 3A17H(22.3%) ¥ 5AIZHO0.0%) HlE] fre]H o ® A VERSTHP<0.05). 270 dA1F
5 Hols ol zk Ao Fo4 Aelrh gllar, 370 o]} AN E Hol
o oA 5ARF FUF 742% % thE A grEel ME folAew =A yEu
(P<0.05).
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Table 2. Nuclear morphology of somatic cell nuclear transfer bovine embryos activated

at various time after fusion”

AC time Nuclei morphologies (%)
No. of
post—fusion embryos 1c oC ~3C 1PN

(h) fused
1 60 34(56.7)% 10(16.7) 0(0.0)* 16(26.7)
1.5 62 32(51.6)% 10(16.1) 4(6.5)* 16(25.8)
2 60 29(48.3)° 16(27.6) 0(0.0)* 15(25.0)
2.5 64 26(40.6)* 14(21.9) 6(9.4)* 18(28.1)
3 62 14(22.3)° 14(22.6) 18(29.0)* 16(25.8)
5 62 0(0.0)° 6(9.7) 46(74.2)" 10(16.1)

“Embryos were fixed at 3 h after initial activation (A23187 treatment). AC: activation, C: chromatin clump,

PN: pronucleus-like nucleus abeyalues with different superscripts in the same column differ(P<0.05).

-.

Figure 2. Nuclear remodeling types of nuclear transfer embryos. Type I: condensing

chromosomes, Type II: condensed chromosome plate, Type II: elongated chromosome plate, Type IV:
scattered chromosome plate, Type V: a condensed chromatin clump following activation, Type VI:

pronucleus-like nucleus (400x).
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Figure 3. Nuclear morphologies of nuclear transfer bovine embryos. Embryos have one

chromatin clump (A), two chromatin clumps (B), three chromatin clumps (C), or four chromatin clumps (D)

in their cytoplasm, (400x).

3. 8% F @43 Az Azto] oA @Y AIAPAPo] A= IF
o A3 AP mE ol Ase] AP T AIH(Table 3), 254
N

[e]
2
W Tl A= Al IPN g4 &0

iy
X
T
o,
T
i
o
o
o
fz
32
o
x
w
p0=)
1
>,
)

= EAse AT, A9 FAHGHL FA} BEHE Aol Ate] wgol %A e
= A%e n.

Table 3. Nuclear morphology of nuclear transfer embryos at 7h after activation

treatment”
AC time No. of Chromatin clump

1PN 1PN+ 1PB  Other

Post oocytes (%)1PN (%) ) ) )

Fusion (hr) activated 1C =2C ’ § ’
1 60 3(5.0)° 2(3.3) 47(78.3)*  7(11.7)° 1(1.7)
1.5 63 3(4.8)° 3(4.8)  46(73.00*  8(12.7)*  3(4.8)
2 62 2(3.2)* 6(9.7)  40(64.5)* 12(19.0)™  2(3.2)
2.5 61 2(3.3)% 4(6.6)  40(65.6)* 11(18.00"  4(6.6)
3 60 5(8.3)* 4(6.7)  25(41.7)" 17(28.3)"  9(15.0)
5 60 18(30.0)"  4(6.7)  14(23.3)° 16(26.7)"  8(13.3)

“AC,activation; PN, pronucleus-like structure C, chromatin mass PB, polar body

*PValues with different superscripts in the same column differ (P<0.05).
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4 % F BAH A Aol FolAFY AAA FH MAE 9%

& 1B5AIE Foll &Ast A& sle] dojaere] daA FA4S v¥wd Ay
(Table 4), 1, 15 2 2A17F FollA AAAC 60708 AMAS 2zt o)A ghe] 71 =7
UEb L, 25417 o] SHE 60712 AAAES zte ol @] Ut HadteE IS B

.

Table 4. Chromosome constitutions of nuclear transfer one cell embryos with various

times of activation

AC time No. of No. (%) of embryos with the following
post—fusion emb‘ryos number of chromosomes
(h) analyzed < 60 60 > 60
1 30 4(13.3)" 26(86.7)° 0(0.0)
1.5 30 6(20.0)* 22(73.3)" 2(6.7)
2 30 8(26.7)" 22(73.3)" 0(0.0)
2.5 30 12(40.0)™ 18(60.0)* 0(0.0)
3 30 14(46.7) 14(46.7) 2(6.7)
5 30 24(80.0)" 4(13.3)° 2(6.7)

*Values with different superscripts in the same column differ(P<0.05).

5. 8% F 843 A Alzro] Holyhe W dEd HAE T
T UBAIZE Foll 243 AelEs sho] dojAgte] v e wag A (Table

5), TEEL2 1A F7F 86.8%=2 Fodez 71 =4 YE L 5A1E Foll A 37.6% =

Zy 21.7%, 17.3%, 2 194% =2 F94<Q Aol AT, 25, 3 9 5A7F Fo H|s|A =
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Table 5. In vitro development of nuclear transfer embryos activated at various times

after fusion

AC® time No. of No. (%) of embryos developed to

post—-fusion(h) erfr;k;rgss 2-Cell Morula Blastocyst
1 106 92(86.8)° 32(30.2)? 23(21.7)%
1.5 104 80(76.9)™® 28(26.9)* 18(17.3)"
2 108 88(81.5)™ 34(31.5)* 21(19.4)*
2.5 111 83(74.8)™ 22(19.8)% 15(7.2)%
3 105 67(63.8)° 12(11.4)° 9(8.6)"
5 101 38(37.6)¢ 0(0.0)° 0(0.0)°

“AC: activation

abeValues with different superscripts in the same column differ(P<0.05).
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CREIERE
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53] NEBD¢ PCC7} 7V =
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)8 o] 4] ghe]
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=
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A 5719

AE Ae o Aol gt o f= W)
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Mol el A defelrh A At (Lai 5, 2001).
g4 A F P W= donor AES] AEF/IW W op §3F F FA

st g A7A S, o AlEE W =S £33 GFS vA=dH, AHe 2dd v

ML

Aol GI7l 912 ol F 16Ael B4% Aelg s g wedygel tehta
i %

wea gadse] A

wEEE AS BAs7] fE CBE AEd 23 e
AEo] 7+7+e] 73 (pseudo—pronuclel) &= by o] w webgo] FAE o= Havk 9l
3 (Wakayama 5, 1993), A(Alberio &, 2000)9 A= v 5 M”79 A& ALESIAT &3
379217t 5 PCCS @El7} anaphase-telophase®] &4 &ejol w23k 54 A4 F
el gojel®= EelH = Aol 17243t Hlal] Wol Yekutar, g3 § 3744%F, 67743t
g3t A E st FSAGEo] Adaglo] HIAZAR 274 ol dMd A& e AT
Suje] A go] =A YEET B AFANE AT mE trgs PCC FEiet &4
3 & gAAe 2y &ado] vehged, A& AbE3 donor AlES] A

o} Ag E confluency WH O 2 GO/GlYl B2AA AFE8}7] wjio] o]z s dxbo] A

X
N
il
i)
o
N

Tl 71l AolgprlHks 2435 A ARt VIlE Aer Bt 5, &4

3} AgAzro] #olx £ s P wste] JdFS A, PCC 27|19 I, THe] HlaL

A we ALTE Y AsA R 9AQ A wol wEHEd w, 59 o
AR WA AAAY BHE W, V3ol g AeTE 2485 Asu 2 ol4el
G4 ¥ E e dolde B@Re] A e Aoz ol §3 F Azte] Aol

PCCY @eHjol G2 Fo BAT F AL FrE FFL VAL Ao Bew

o} F7PH o2 V(PCC followed by activation), VIINPCC 1PN)¥ 2 AH¥ FHA v Al

xAo] &gdst Aztel wAglol A3 AxZAIRe] A &F A Fol AR o8
o] JPE = Srentt dA d4sirr JAPHA7] wiEl Aom Algdn. AF Fo]
Ao Ag, 1AE7) FHae] g8 AT Qe o4 A$ PCCr dojubA ¢ o] d

do] vl AE AEe A FEE el 9AtHCheong , 1992).
a5t AEAY] §F F Ao AZAY wEALO] ol o] wgo| JFS v

T AE AR HuHd=d(Wakayama 5, 1998), o]4¥d A X3 o] NEBD< PCC/F ¢
o]

G Eek ol A® AEe} sade] AED Aol wuld mge dojrz §3 F
U wel gysh Adets Ae olAw Axae] $Md remodelingd WalaHE Aow
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4-5. Donor A X9 T/ 2L MEAZ | & & AAXE HojA e A gHtS
Development of somatic cell nuclear transfer embryos following donor cell

type and cell treatment in cattle

Abstract

This study was conducted to investigate the effects of donor cell type,
individual, passage number and trypsinization time on the in vitro development of
bovine somatic cell nuclear transfer embryos. Three cell types (skin, muscle and
cumulus cells) and cells from 3 individuals were used for nuclear transfer. Cell were
passaged by 5, 15 or 30 times, and cell were trypsinized for 1 or 3 min before
injection. Nuclear transfer were performed by conventional fusion method. Development
rates to the blastocyst stage were not significantly different among three cell types
(16.5723.9%) and individuals (16.4719.5%). Blastocyst formation rate of cloned embryos
reconstituted with cells at passage 30 (5.8%) was significantly lower than those of
embryos reconstituted with 5- and 15-passaged cells (25.3 and 23.5%, respectively,
P<0.05). The rate of embryos developed to the blastocyst stage was higher in
embryos reconstituted with cells trypsinized for 1 min (30.7%) compared to embryos
reconstituted with cells trypsinized for 3min (P<0.05). The result of the present study
indicates that different donor cell types and individuals used in this study did not
affect the development of cloned bovine embryos. However, passage number and

trypsinization time of donor cells affect the in vitro development of cloned bovine

embryos.
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4 3
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o] A Ql zfo] 7} Q1A= X SktH(Table 1).

Table 1. Development of cloned bovine embryos reconstituted with different donor cell

types
Type No. of eggs No. (%) of embryos developed to
of cells” fused 2—Cell Molura Blastocyst
Skin 111 7(71.2)° 28(25.2)" 25(17.9)
Cumulus 92 78(84.8)° 35(38.0)" 22(23.9)
Muscle 115 89(77.4)™ 36(31.3)™ 19(16.5)

*Skin and muscle cells were derived from same individual, but cumulus cells were derived from another
individual.

®yalues with different superscripts in the same column differ (P<0.05).

2. AAE MAE g o]y

g9 3AAYS, TW 2 Kuk)oll A I FAEE 3|g8to] o] 4k At 8o A]
= Kuk(84.8%) o258 38 IFAZE o8& F¢ YS(T48%)ET Fo4oR &
&S YERATHP<0.05). 1y Y] EEEE 21.97244%, vwivkE 3 SE&

1647195% %, 370A Zhell o4l kel 7F A=A & ktH(Table 2).
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Table 2. Development of cloned bovine embryos reconstituted with donor cells derived

from different individuals®

o No. of eggs No. (%) of embryos developed to
Individuals
fused 2-Cell Molura Blastocyst
YS 151 113(74.8)* 33(21.9) 27(17.9)
TW 256 207(80.8)™ 62(24.2) 50(19.5)
Kuk 269 228(84.8)" 62(23.0) 44(16.4)

“Skin cells derived from each individuals were used for nuclear transfer.

®Values with different superscripts differ (P<0.05).
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2L P15l Hlske] o] 4 (P<0.05) o & vre iy P E(5.8%) ER A TH(Table 3).

T

g

3t passageE 27 W& Aol= M ES doubling time E HEjo] U J3FS m 3

K

T AoR e T AA].

Table 3. Effect of passage number of donor cells on the development of cloned bovine

embryos”
No. of No. of eggs No. (%) of embryos developed to
Passage fused 2—Cell Molura Blastocyst
P5 142 125(88.0) 53(37.3)* 36(25.3)"
P15 136 116(85.3) 46(33.8)™ 32(23.5)"
P30 138 112(81.2) 28(20.3)" 8(5.8)

“Skin cells derived from same individual were used for nuclear transfer.

®Values with different superscripts in the same column differ (P<0.05).

4, A A X9 trypsinization A]7Fe] wWE & o]

A NA e AHNEZE 0.05% trypsin-EDTA &Aooz 7ztzp 183} 387 xg 3 2
I 187 A8 39S wWl(30.7%)7F 3E7F A7 S w(19.2%) Bl wjurE A8
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FolMow s UJEETHP<005). #9, typsino® 187 Ael e el §
Fe §PEE veAT o5

(43.8%) Bt} 3E3F A stAS Wb 51.7% = i
Apoli= 1A tH(Table 4).

Table 4. Effect of trypsinization time of donor cells on the development of cloned

bovine embryos”

Trypsinization No. of eggs No. (%) of No. (%) of embryos developed to
time manipulated eggs fused 2-Cell Molura Blastocyst
1 min 255 127(49.8) 115(90.6) 53(41.7)% 39(30.7)*
3 min 292 151(51.7) 126(83.4) 46(30.5)" 29(19.2)"

“Skin cells derived from same individual were used for nuclear transfer.

®Values with different superscripts in the same column differ (P<0.05).
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4-6. Demecolcinex 2o <3 @3 FAF M XA AXF7|7F & HolAFeo
S MAE 3
Effects of demecolcine-assisted enucleation and recipient cell cycle stage on

the development of nuclear transfer bovine embryos

Abstract

This study was conducted to examine the effects of demecolcine-assisted
enucleation and recipient cell cycle stage on the development of bovine somatic cell
nuclear transfer (NT) embryos. In vitro cultured oocytes for 16-20 h were classified
by first polar body(lst PB) extrusion and cell cycle stage(MI and MII) and treated 0.4
w/ml  demecolcine for 40 min before enucleation. Enucleated oocytes were fused
electrically with bovine ear skin cells, activated by Ca-ionophore+DMAP, and cultured
in vitro.

Most of eggs (86.2%) treated with demecolcine protruded a chromosome mass
and enucleated efficiently (98.8%, P<0.01). Demecolcine did not have a deteriorative
effect on the development of NT embryos. Developmental rate of NT embryos
reconstituted with oocytes extruded 1st PB significantly higher than that of NT
embryos produced by oocytes without 1st PB(18.2% vs. 4.6%; P<0.05). Cleavage and
blastocyst formation rate of embryos reconstituted with MI oocytes (69.4% and 5.9%,
respectively) were significantly lower than those of embryos reconstituted with MII
oocytes (96.7% and 23.9%, respectively, P<0.05).

From the present result, it is suggested that demecolcine is useful for the
enucleation of recipient oocytes in bovine NT procedures, and MII oocytes rather than
MI oocytes are more appropriate for recipient cytoplasm. Although, the potential to
develop into blastocysts of NT embryos produced by 1st PB-nonextruded and MI

oocytes was very low, these oocytes can use for NT
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% add o8 9FS we F vk 53, AR g8 Hge Fone 9

& SAsA AAS] oA F AE AFHuiel AR Wi FAE A v

Fasith Al 1A% FA 99 AEAL AAse] GAsE )Ee] YL B Lol
A 251H (Barnes 5, 1993), B& el AEAL AAGA Hre grEete] weo]

dFE = F sdtk
A ek 2 kel A4 Hoechst 333422 @Aste] UV 39 atellA o] 91x&

F% F A 1A% T/ ANAT AARE

ok

Hol] o]g&d" 4 oy (Tsunoda <
Kato, 2000), g+ WA ol (Smith 5, 1993), AES #A(Yang 5, 1990) o] HiFH

2 At Liu 5(2002)2 0.3M o]A9] sucrose’} ¥:3¥ 1A HNo g X ste] HxE &

=

X711 9438 A2 metaphase [IMID 7] AMAES 55 A1A GaS AEeArt =3
Mohamed 5(1999)2 €& A A9 A<l &As M2 s A XF7]E Telophase 11
7l® frEdtal AlEwte R =59 s SletiA gdsts WS ol &sklth. 1Yy
g3t AYE dxe AEZE W AL XA (maturation promoting factor; MPF) <]
dido] FAaEM AAEE o4 RS A5 donorMES] AEF7o] #AGle] AT
o] wrgo] AFEHTani 5, 2001). > Yin 5(2002a,b)> sHx e} E7]9] A& dxto
demecolcines A Elste]  70%°]/de] FagAA Axd o=z A (chromosome
mass)®] EEHE AL FQlstal o]F o] o] gt AL go NEAHS Fistik
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TEHT] WEHRAHGo] Fadk dFgS v HCheong F, 1993). oA HAlEES] Biks
g -] AFlA ZAsE HA e MIY] WAE o] &t tHWilmut 5, 1997;

Kato &, 1998; Polejaeva &, 2000). MPF 0] =2 MIV| 94A& Fdatoz 1838
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o
o

o] 21¥ donor# o] &utH-3(nuclear envelop break down; NEBD)$ m A4 & A7)
&5 (premature chromosome condensation; PCC)e] dojui= 5 st Jes Hss
AAA i (Cheong -5, 1994). 18y AAE o] 2ol SlojA &Ast A2 5 MPF &
gol vk e Al Al donorde] oA HAS wole ol WETF dojupA] o

W, o] ¥ AFek AL¥E Ae® BuHAtHTani 5, 2001). wekA 33 A2 d 3k

2

FoAgel Qlol T AEFT|7F oA The] wgo AA FFS M= O
AR G2 A< 34 F¢F MPF &4 S metaphase IMD) 7] d2}¢ MII7] WA 25
A Haz=2 Jepdti(Campbell 5, 1996). ¢]&4o2 MI7] 425 3 Axrd=z o &
& Z$ol%= donor ¥o] ¥ FFe MPF @Ad =E¥mz g3 o %737}
7Fe & Aeolth. $i A (Miyoshi &, 2001)¢} E7](Zhang 5, 2004)5 ©]& ¢ A--ol4 MI”]

UAE ol g3 AAE oo WY &LS MY HAE ol faRe Wrth Az

Aoz HIH o MI7] A% o2 o]§ & 4 Q&= 7FasAdo] &2l HIh
2 AFE & AME ol oA demecolcine Aol o &y} F=3) o

:rL
AEF7)0] mhE So| el Wi AR

=5
1L GEDY AA L A5G
5o B ael das fN5ate] 30-35Ce AeAds ool dol A
FAZ 9mae] AA 2-7 mme YEZRE 18 gauge FAMHIESO] RHE FA/|E GE
% G2 AHSAT AFE dAE= AA n Ao A Eo)
st AEDe]l #AT AV Adelel WAEE NFRo 53 AH F 45

ko]l o]l gatArt. WFEFS Aujgde TCM-1999(Gibco-BRL, Grand Island, NY,

A

USA)ell 10% fetal bovine serum(FBS, Gibco-BRL), 0.2 mM Na-pyruvate, 0.02 IU/m{
FSH(Sigma, St. Louis, MO, USA), 1 ug/ml 17f-estradiol(Sigma) % 50 pug/ml
gentamicin(Gibco-BRL)©] ¥ A&uigd S 50 we] A~ o 2 wHE9] paraffin o2 &
el 2-3A12F Aol 5% COy 39T =71stolA HE Azl &, 72} &4 9 1070

al
o TS Yol 16-20A17F wiF3A
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2. Whole-mount ¥ &2 Az

Aol A Azl dapel Az F71E5 ddsty] fldte] dsd dAE 1A

of
oL
s

i

z

FES Azstdnt AsdES vaselined} paraffin £E(9:1)E AbzZbo] AZ S u)
slide glass 9ol &) kol s} 34 &A% cover glass®= 7P A &5t 1 %

ethanol¥} acetic acidE 3118 33 B NOZ 24-T2A]7F AT Z gceto-orcein & 5
o}

M
e

A skl 25% aceto-glycerol= Al ske] 9jdar dAvFdor waste] wWake] Al

#71% #asar

3. AA XL FH]
A A HFEAEE Choi 5(2004)2] #Hd whel #n8|ste] ik & FZ2RE 3F9 T
FARE ®H AAETE ALE Ao st 10% FBS, 0.2 mM Na-pyruvate 2 50 pg/ml

gentamicin®] % Dulbecco’s modified Eagle medium(DMEM, Gibco-BRL) 2.2 200

xg® ZAolA HEZF 44 FEste] AHG tha A AlEujekee] A FFAIA
4-well dishol 0.5me¥ FF3te] 5% CO, B 37T oA 109 ol 47 wjdsto]
=2 MEYUE(confluence FEHNE THEO] Fo24 GO/GL7I FZAIAT widd AxX
o] GO/G17] Tx o B Ao HESIA ot wre] Adoa 90% o]/
AIZ7F GO/GL171e sz Aoz gl % A Cheong 5, 2003).

4. Demecolcine # g

Aol A 16-20A1F A9 Al FEFES 1 omee] TCM-19%3 1 ml
hyaluronidase(300 TU/mé)7} £+ DA &7 vortex mixer®2 53 A 2] sto] -
AEE AAS & Axde] Azrt ddst G5 A o2t A 15A47F g1d A
o Slu A e RS Egdte] ol &sivh dAEE AAE FA= 04 wl/ml
demecolcine 2. & 40%7F A8 3t 3 mg/ml BSAE 33 TCM-199% 9] dropl.& &7

1587 AAA1Z] & chromosome mass®] E&o| &eld WxE 2o o] &35}

5. #ol 4

nE nHzAe Ao DIC 49 Narishige vAZ27]7F 2042 =8 &0 7
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S o] €3le] 5 ug/ml cytochalasin B7F &-4% 44 TCM-199 + 3 mg/m¢ BSA <ho] ok
A B0 p)H A AASAT WA 248 93 (holding pipette: OD 150-200 pm) o2
25 G A7) A, F94 ¥ 3 (injection pipette; ID 30 ym)S o] g3dto] thzte A4 Al

1= Fuel AEAS o 1345 Fste] A 2 Y&EAEy) A4 AAste W

o

Hoz &als A, Demecolcines A2 ¢ WA= chromosome mass? 5%
&olstal(Fig. 1) chromosome massE A AstE WHo R ©3ls AASST o

==4
Al 1A BEE A Al 15AE A A

penh}
i)
g
e
(it
B3
kel
i)
rlo
—
=

<
=]

IS5
lo,

Hoechst 33342(Sigma)E 73 TCM-19980] 1587 GAste] g3dAn oz gao]
BE Arste] galo] oy mEA@uts Fagdor AgEnt. wYE AMEE
0.05% trypsin-EDTA& N o2 1-38E7F A2 &}o] pipettingol]l 2dte] vl FH Al 2] A ol A
st BeE AAEE 200 xgolA 583 QARG s] AFAE AAZ F 3 mg/

m{ BSAE g3t TCM-1999 2] dropel =H¥#Aste] ALg3t9th. DonorAlXe A

TYE Ftel BT ALAY AR

rot

injection pipetteo. & &¢jsto] &3S A A

2 Fgsar

6. AT5T A&, 43 2 A&

ATFETe] A71FFS BTX AZ8FEABTX, San Diego, CA, USA) % 1-mm
Z 9] wire chamberE AFg&3te] HAAgAT AF=HFS 01 mM MgSOs 01 mM CaCls,
0.06 mg/m¢ BSAE %7} 0.3 M mannitol £ %S Y2 wire chamber®] < = Alo]=2
%71, pipettes ©] 839 donor AX$} AT MEHL] HEHo] ¢ AT F=Ho| =
= fEstal, olojA 1.5 kV/em® AFDO)AFE 30 ps 1k 13] S}
Al TCM-199 + 3 mg/mé BSAS WellA] 3] A& 5 wjA] el A 0.5-1A1F F-of] A
FdATE dEEAT el g@dE HolHEe &3 1A ¥ FAsE f{FUIer] S
g 10 pMel Ca''-ionophore (A23187; Sigma)® 5%k Ay F A 2 mMY
6-dimethylaminopurine(6-DMAP, Sigma)< $H+3 Al e]wFd 2] drop HZ &7 4A3F &

o wiFstel BHEE fUlstAr. BASAY F Aol 3 me/ml BSAE FHE

I3
1

CRlaa wlFhe] 50 ul drope 2 &7 5% CO, & 39°Ce Z7sfol| A 48471 uf kst

&S AT 2 8E oA 10% FBSE $Hi3 CRlaa Z &7 47647

4»
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7 wFste] wp

Figure 1. MII(A, B) and MI(C, D) oocytes with membrane protrusion 40 min after
demecolcine treatment. Arrow indicates the 1st polar body, and arrowhead

indicates the membrane protrusion.

7.9 R AA

Microtubules ¥} 39 ®gl= Kim 5(1996)2] Wl F3te] st dab+=
modified buffer M (Simerly ¢} Schatten, 1993, 25% glycerol, 50mM KCl, 0.5mM MgCly,
0.ImM etylenediaminetetraactic acid, 1mM [E-mercaptoethanol, 50mM 1imidazol, 3% Triton
X-100, 25mM phenylmethylsulfonyl fluoride)ol A 10% &<t A& staL, -20C <] Methanol
ol 4 102 &< A F 0.02% sodium azide ¢} 0.1% BSA 7} 3H7bd PBSo| Tzt
5 Yo 277d B 4TolA BASTE Microtubules?] 1% 748 $3] 05% Triton

X-1002F 05% BSA7F #71d PBSAlA WAabE o8 W Al $ 1:100 #] &2 PBSZ 3

)

21¥ Monoclonal Anti-a-tubulin (1st antibody)2. 2 39TCel|A 90 &<t Az st

#]¥ WA= Blocking solution (0.1 M glycine, 1% calf serum, 0.01% Triton X-100,
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0.5% BSA, 0.02% sodium azide)2. 2 39T A 1A17F §<F 2833t} Blocking ® WA}
= Anti mouse IgG-FITC antibody (2nd antibody)olA 1A17F %< A7 & A
Blocking solution® 2 30837t A& Aok DNA &<lS 9ste] 200 pg/mé propidium
iodide®ll 1A17F &<k AR Y. AE dAE Egfol= FEkxe] H2 A]7]3L anti-fade
mounting solution® 2 I &E3}o] Po] W3t= AS A st TEH ol v H

(confocal laser microscope) 3FollA4] microtubules®} A4S &213}] T},

8. AFAHA

A% 1) Demecolcine Aol w& o2 : AAE SHo]a A 9lojA
demecolcines A €]/ < 20A 7HA o] m] = o] HE]ste] chromosome mass®] =%
dettar, o5 &3 Ao o] §ste] v et dIls 9 wSsES HE s A

2) A = FFol mE el 1 A9 A 204l SAVE WEE dAe SAVE W

tlo
do

%

257 % WdAE TR 217 demecolcined A edte] Balsta, slo]4 F B

o HEES HAE stk AF 3) dAY AEFIE o)A 1 1643 A9 s AR F

s

A 15A7E HEEA e 4 M) wdAksk 20417 A%A17] MI7] Bl demecolcine A
Zate] Qelala, sold ¥ BAlge] W& ARG M) Wb Ae)4% 164740

SAE sl Al 1 4529 37 GAAS Ssigt. AY 4) dAe AuFsld w

<]

1835Fo] Mol Al Ao Z+ZF demecolcine

i

3l 9@ microtubules®] W3} 1 MI, MII 4=
222 3} chromosome masse WES %3 % demecolcined @ A3} o
microtubules®] W5 #A#Felqlar, o2 & {3 154 e &5t A Fo o A

microtubules®] W3l #2353

9. TAA

ol A3+= Duncan Y5 AA & FdHL AR

4 7
1. Demecolcine * glo] w& o]

Demecolcine A2 3, A 1542} 5&F M (Fig. 1S A A3t g A 2



=

I el o] 988% = 7o 75.7% BTt FY AR =A UETHP<0.01). 3ol A &
9

HRFE 7] TS8-S PET(18.6%)2 demecolcine A & 7-(20.5%) &A1 xFo] 7t

TH(Table 1).

Table 1. Effect of demecolcine on enucleation and development of nuclear

transfer
embryos (NTs)
Protrusion Enucleation  No. of No.(%) of embryos developed to
Treatment
(%) (%) NTs 2-Cell Morula  Blastocyst
Control - 112/148(75.7)* 59 49(83.1) 18(30.5) 11(18.6)

Deme 162/188(86.2)  158/160(98.8)" 73 67(91.8) 20(27.4) 15(20.5)

“Deme: Demecolcine

**Values with different superscripts differ(P<0.01).

2. A WE 47 o

¥ o] 4

il

A7 HEEHA Ee Ao chromosome mass &2 63.1%2 A7 w49

SAbe] 85.9% Wb fo4 02 wA Ve tP<005). dol F wuws]

[T}
==

53!

Y

7

rlo
4

A vEHo] 46%E FAH WETHO 182%HT F9F(P<0.05)o.= WA YEryt
(Table 2).

Table 2. Effect of polar body (PB) extrusion on development of nuclear transfer

embryos (NT's)

. ) No. of No. (%) of embryos developed to
Group Protrusion(%)
NTs 2-Cell Morula Blastocyst
1st PB - 258/409(63.1)* 130 96(73.9)" 15(11.5)* 6(4.6)"
st PB + 462/538(85.9)" 233 205(88.7)" 60(26.0)" 42(18.2)

* 1st PB-, 1st PB-nonextruded recipients; 1st PB+, 1st PB-extruded recipients

“Oocytes were examined at 20h of IVM.

by alues with different superscripts in the same column differ(P<0.05).
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3. d&RY AEF7E HolH

kel AEF7IE gdsty] Sl A 1640 dAE 1

oZi

3l & A

84.3%7F MIZ1Z2 A=A (Fig. 2), A1FA7 wWE FolAWNTD HEd FHAMIDE
ALk Fap Foll A= 951% 7F MIZI GAAl s Btk ol wek 16413 A7
A S A 1A BEEA g GAE M7 g F4ste] A3 o] &kt MI7] WAk
SIMII7] WA}ell demecolcines # 2] 8F¢] chromosome mass %< &< 3 A3} (Fig. 1),
EE &0l 47 79.0%9 888%= MIZ] Aol A =&F&o] FoAo=z =4 YEr
o (P<0.05), B8 F o] g A}, Fd& gty H5E T M7 TAH69.4% 9
59%)7F, MII7] %2H(96.7% <F 23.9%)°] H]ate] {92 2 (P<0.05) SA YEstH(Table
3).

a /. 2 o o 1 I |
LET Wi fil T 1]
Cell eycle slages

Figure 2. Cell cycle stage of oocytes matured for 16h. GV, germinal vesicle; MI,

metaphase I, Al, anaphase I, TI, telophase I; MII, metaphase II

Table 3. Effect of recipient cell cycle stage on development of nuclear transfer

embryos (NTs)

Recipient No. of No. (%) of embryos development to
1 0]
Cesliacgi(ile Protrusion (%) NTs 2-Cell Morula Blastocyst
MI 180/228(79.0)* 85 59(69.4)" 11(12.9) 5(5.9)*
MII 159/179(88.8)" 92 89(96.7) 27(29.3) 22(23.9)

"MI: metaphase I, MII: metaphase II

*Values with different superscripts in the same column differ(P<0.05).
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4, 329 NEF7] & I L microtubulesd M3}
MI7] wxbe} MII7] wWape] #o]2] # microtubulesS ## 3 A3} (Fig. 3), MI7] ¢}
MII7] W2 BRFolA §3 & PCC 7} #2 5 3l microtubuleso] oFslA] A& w o) A

3} 7] &= microtubulesS #E & = QlA T}

Figure 3. Immunofluorescence localization of microtubule (green) and chromosomes (red).
A-C:MI oocytes, D-F: MII oocytes. (A, D) Oocytes before enucleation. (B,
E) Nuclear transfer embryos before activation. (C, F) Nuclear transfer

embryos shortly after activation.
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el WSS AAA Hol, oA wHo] FIFE F= ALE AAAY] wIoltt

(Cheong &, 1993, 1994). =3 &t A £ do 23l& 93k thgst o] A =sd=d, Al

Ak A T Axde FAdsks Rl o 29 2 Uy da o]
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etoposide®} cycloheximide® A 2|3l GAMAE HEA| 7= HHOZ 96%2] @9 &

Hustdov s& Frtth 1 & Aolrt doem dojr Fof & w vfg vk
tHElsheikh %, 1997, Savard S 2004). Zernicka-Goetz %(1993)2 # <] MII7] WA}l
nocodazolee #2]st¥ actin-rich domain®l §¢] chromosome mass’} X&H EZdo] =
=50 ol AATFOoRN Go] Jhgsirka BHastint A, MG 7122 obA ¢
3 W AR FUA R Fa2F W v Ao TS A= demecolcineS AR A
gatd S A AEZ 2o chromosome massE st e B F7F AT
3 HIFEFHYin 5, 2002a.b; Gasparrini 5, 2003). ¥ Ao A=, demecolcineS A &

slo] do] E5H 4 WAE demecolcine®] & WAooz &VH FE o =59 F

P

7k AlEA &0 BA Sol7by] W HA(Yin 5, 200209 E71(Yin 5, 2002b)°]
A R A pipetteS o] &3te] A 1349 228 8L AN AAE FHeHA
&

W 2842 UHS £8 3 gd WS o] 83l WS Gasparrini 5(2003)2] H
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AN} AEHTe] Tl o wste] AR FAEM o]z W= oA¥ e 7]}
Aol loja H4=2 o]tk (Collaset Robl, 1991). MPF7} 4] A] &luto] Aalwo] chulz
wgko] golaty] wiite] ¥ FEe] MPF7E EAets Wdabs e o g

Age Zoltt. Campbell 5(1996)& 2+ A< A& MPFY &4 & MI7] wWApe}

MII7] W2 RFol A =4 vebutttar B89 2™, Wehrend?t Meinecke(2001)& 40

R
o,
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o
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b MPFO| &2 A= WAl & 8AIZEAC S718k7] Al=hste] 14413t A
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Fol A detil 1943014 Ba BauE 24 4% o Fo b Frhdtn w

aFo] MI7] dAE Falgon &g

rud'

F 7beAlo]l dtta #dkEith Miyoshi 5 (2001)2
Ao MI7] GRS Falgto R o]& Al 344-50.0%9] AT=ToA o] %273 HA

=
o) A 849l A FA(swelling)o] &l Hof, MI7] a5 FHTOR o] & A] 39

&

27185 AT 5 lvke A SHEAT E ATAME HE oAk 29 MIY] W
A7b TR B o] Ml datE Saldon o8 = o] ol wdrh &4
T3kal Zhang “5(2004)% Miyoshi & (2001)¢] ®irej A el mpit

2
AAR B ATANE MY HAE ol §3 FolAge] Wi ge] MV HAE o] &34
[e)
°
B AL MU 9AE ol 8% ATFANN o dE A x/gst olFe] A 4 Aee

2 3dEn Zhang 5(2004) o4 Hl o] z7|sHE fd L= vAIAVE M
A Aol EA skl &3 Al MI7] A ASH 3 AA HJAAY Ee MIZ] A ¢
R w AR EAste] MIZ] dAb Wl M= &8t HA A ofd =R shA &
S ol Baustlth @, Gao §(2002)2 F oA pro-MI7] o] HatE F3gow o
3 ATFFEAA AR BE7F MY WAE o] &8 AFFHd v ggion
BTy AL o] mAAdfre BEE JERYTh B askith

B AT A3, ol demecolcine®] A#= B3 aE&S FY AFA 6] Fol
2ol fr&etA AHEE F S Aom AT, 2o ol glojA MIY] FAt 5
dFoz A A 15247 FEHA g dAY MIZ] G R Hol 4] & winkxr| 2

Wg @ oelgol el Heh

ol gho] Wgof n e JTFS HESAC ALeA 16-20A7F Asujdd HAE =
A WE 5 9 M, MII7] G2 2 FE8E3F9] 04 pl/ml demecolcine & 4057 A7 &
ANA 7 =59 dAe g9 & o] FAISATE &9 7 HFAEES G

ol 23l A7|gF ¥ A5 A (Ca-ionophoretDMAP)E A A9 wjdssdch
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(69.4% <} 59%) MII @A} f& o] o] H]sle] fFod oz vhekrh(96.7% < 23.9%,
P<0.05). ¥ 749 A3E demecolcine® 2] 7F & dxpe] ©dlo) wl$ &2 olw MIL7]
W27 MI7] &bl vlste] g Axdz o A3y A4 vwEd 9 MV 3A =

HE A @A ol 7] sA R Aol Aghe] Wik whg
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4-7. THF Y ATt }E & AAE Ho| AT HS
Development of Somatic Cell Nuclear Transfer Bovine Embryos following

Activation Time of Recipient Cytoplasm

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
enucleated oocytes before(pre-AC) or after activation(post-AC). Activation was
induced with a combination 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 05 to 25 h after fusion (for post-AC) or activation(for pre-AC) for
whole-mounting or 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 blstocyst stage
were similar among different activation time before fusion (0.5, 2 and 4 h). Embryos
in pre-AC group, but not post-AC group, underwent NEBD and PCC. Microtubules
derived from donor cells were remained at 1.5 and 2.5 h after fusion in the post-AC
group, but disappeared in the pre-AC group at the same time. The result of the
present study suggests that development and nuclear morphology are affected by the

activation status of the recipient cytoplasm before fusion.

A B

AAE Hol 2o o FHAOR FAT EA FEo S WFWimut T,
1997), A (Cibelli &, 1998), v}-$-2(Wakayama %5, 1998), At (Baguisi 5, 1999), =|A|
(Onishi %, 2000), 3L%F°](Shin %, 2002), E7](Chesne %, 2002), %= (Woods %, 2003),

d(Galli 5, 2003) % & (Zhou -5, 2003)°l A Hirxar Qo e A4S EA 24
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Wzt Al A AA 71 F 23 AL MPF(maturation promoting factor; %34

Zxeazhztn EEeE AxEd gAoltt(Matsui 9F Markert, 1971). MPF+ cyclin B9+

1z

P34cdc2ete= 7 e @ RIAZA dEA i, kinase B> @A kinaseo] <l

o Ae] wWstel cyclin Bebe] #dol] osjr ddAT AEEA F7] 1t
P34cdc29] FE=+ LASA Fol AA W cyclin® FE+ thAsttl. P34cde? kinaseo] &
Ao A¥E7F FAIREY T+ AFEEd AE 2R3A7]2, A5 I (nuclear envelop
break down, NEBD), @A &%, AExzAe A7A 28 AxFee ¥sts 7t
tH(Nurse, 1990). Cyclin B9 proteolytic degradation® MPF¢ E&A43 S FEsta
A7} metaphase”’] 258 Aol AME F Jd=FH dh(Lorca 5, 1993).

W2} A< Al MPF €42 A 129} Al 22k 2 5 7] (metaphase) ol Al & a1

down, NEBD)7} dojubar w4 &4 M A& = (premature chromosome condensation, PCC)
o] dojurt 1 & &Adgtof| ofsto] Futo] thA] FAJ I DNAZA ol AlZET}. o] ¥}
4 7HA]

il o4 & Az wdt. wde] fudo AN BAE ST 49 o

AAFHE AT ATEFBE GH e Baste] v

Ha\
D/ -3
o to

o

dlo] NEBDS} PCCE dojiupx] o dloja] Al Fo] Mol AEF7|9f A#glol
DNAEA o] dojdti(Campbell 5, 1996). o] A2 o] IAHF == &< NEBDS PCC ¢l

ol o] o] %737} IS AAFEHL
2 dTe §9 A 3] A AY Frok @A Albel & AAE
g ol Aol A9 H&Fo WA= JFE HESY] s A
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=S =aE gae] das Faete] 30735Te A ds Sl gl A

7 mme| WERFEH 18 gauge TAHREC] FAHE FAZIE

EAE FYste] mAgs s AU AHE dA= AA duiAstelA dFAE
7b stdeta Alxdo] A Awks Adste] G SE wddor 3 AFH F A

Sujgel o] &5t

kv
n9
B
=
lo
o,
H
=
o2
12
rlo

TCM-1999 (Gibco-BRL, Grand Island,
NY, USA)ol 10% Z®lo}d H(fetal bovine serum; FBS, Gibco-BRL), 0.2 mM
Na-pyruvate, 0.02 IU/m{ FSH(Sigma, St. Louis, MO, USA), 1 pg/mé 17§
-estradiol(Sigma) ¥ 50 pg/m¢ gentamycin(Gibco-BRL)¢] /% A<wlddS 50 plo

Ao R WS paraffin oil® I 533 A SuiF 273417 Aol 5% CO2, 39Ce] =43d}

/\
tli‘
oM WA A F, 2 AA D 10719 G o] 187204 e

2. AAE FH
AAZE Wilmut 5 (1997)¢] Bl sk} o] 7] I F-AEZE vigete] oF 43

4= passaged T §2A3 o] LN»E7] wol Basty ALgsilvt. 28 E | AAxE

rie

Abg Aol gaiate] 7 mee] Al Eu YN (DMEM+10% FBS)S.2 200xge] 7oA 5&
b AR Ete] AlAE oy Alde AaEede] A FEHAIA 4-well dishel 0.8 meH
BFste] 5% CO. 2 39T 7oA 104 ol A7 wigsle] %S AXdUE=
(confluence AE)E W&o Fo 22X GO/GL7]o Fx2AZTH widd AlX GO/GL7] &
Z oRe B Ao HdESA FRor o] Ao 90% o4 AEZE GO/GL
719

of
EN

He Aoz FAE At Cheong 5, 2003).

3. Demecolcine A
Aol 1820417 A4A 7l dEHS 1 mle] TCM-1999 3} 1% hyaluronidase”}

S0 AT &7 vortex mixer®2 5 Akl GFAEE A AT F AEH

AU

Bz7h FAL A APl Wk A 1FA FUE d4E ol gtk dFALI A

A" PAE= 04 pb/mé demecolcine© 2 40#3F A dtal, 3 mg/m BSAE FH3
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TCM-1999 9] dropl.Z %7 15%37F AA A7l ¥ chromosome mass® E%&°| &Aq#H
2 s Agel o] &8t th(Yin 5, 2002).
4. vl ==

RE mAFxAE Ao DIC &X ¢ Narishige P A %277 22387 =@ n) A
S o] &3t AHAIEA AAlsFA . gl e 5 ye/ml cytochalasin B(CB)7F -3 <=
A PBS(modified phosphate buffered saline; mPBS) 2] w]%A2 (50 w)HlA A 1=

A 2f Qlake] Al 2 FrAME

gi =
of o

o HIRE HA

1 pg/me]l Hoechst 33342(Sigma)E
Ev A=
+ 3 mg/ml BSA WA AAISF . Donord AAMEE ¢ 283 #

4 37 GAAE AAE WP

flo

Hol 4 xz

0.05% trypsin-EDTA§ N o2 1-3&3F A 2l3ke] pipettingol 2&Fe] wjFAle] Ao

A B3 E Y. E8E AAMES 200xgol A 5E3F 94
mg/m¢ BSAZ &3 TCM-199919] dropell H.#3to]

[e)

injection pipette.® FYU3te] G A +HS &

2 Fsg

5. ATE@e A714% 2 B4
ATER A7 G

gate o
% 9] wire chamber& A}&3lo] A A5 T

BTX ME&FEA(BTX,

A5

KN
=

0
T T

0.05 mg/ml BSAE %7}k 0.3 M mannitol £ <}

=71, pipettes ©] €3} donor A|XE<9} F3 Tt ML

TYste] Aesds AAT = 3
AFg3tg T DonorAl £ AH
slod galg AEAY Tt U

San Diego, CA, USA) % 1 mm
0.1 mM MgSO,4 0.1 mM CaCls,
wire chamber® & A= Alo]=

HEwol & A=l

T3 =
2 Fxsla, oloj 15 kV/emel A FDCO)AFE 30usec 7+ 13 543G 54 F
A TCM-199 + 3 mg/mé BSAH el Al 3] AH 5 wjA] el A 0.571A17E F-of Al
¥l §ggHE AH3SE. Post-ativation(post-AC) HAg 7= &3 Ao 10 uMe
Ca "—ionophore (A23187; Sigma)® 5&3F g3 & 2 mMe 6-dimethylaminopurine

(6-DMAP; Sigma)< &gt AujgA (o] 638 Fx2)Ne] drop E &7 4A17F &<t
Wittty vl T 05 2 2417 e wlYFE F(A23187 HEl F 4A17hel S A
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33tk 3H, pre-activation(pre-AC)AH 87+ €% &< F 10 pMe] A23187% 5H5E3t
< ZA] 2mMe] 6-DMAPS &3 Aefugde] drop =2 &7 4A1F 52 ol
A EE F71edTt. 95 ol e g3 T 05 1.5 2 2547 o whole-mount

% el gl FA A

6. ol 2 Fe A JulF
g3t A 8 T ol 3 mg/mé BSAYF F%E CRlaa w9 50 ul drope

2 &7 5% CO; B 39Te| xxstell A 4843t wjdste] £d&S HAsIAT. £

19

ol A &S 10% FBSE 313 CRlaa =2 &7 74 F7F wigste] ajvtx &S

A AT,

7. Whole-mount ¥ Az
o) A gh2 vaseline?} paraffin E&E(9:1)%2 Alztol A% 2 w]X 3} slide glass ¢
of awke] WA FA HAFIL cover glassE ZHEA FFSAT 1§ ethanol?
actic acidg 312 33t mgNo R 24-72A3F AT F aceto-orcein® 2 5&3F A
do

= gastel Ao FeT AT

AR

O

Bt 25% aceto-glycerol® A& sle] A=+ @An)

o,

8. 99 ¥ A

Microtubules #} #2] ®Wgl= Kim 5(1996)9] Wl &3te] gt dab=
modified buffer M (Simerly ¢} Schatten, 1993, 25% glycerol, 50mM KCIl, 0.5mM
MgCl2, 0.1mM etylenediaminetetraactic acid, 1mM [-mercaptoethanol, 50mM imidazol,
3% Triton X-100, 25mM phenylmethylsulfony! fluoride)ol Al 10+ &< g3k, -20C
9] Methanololl A 10% &<t A3 T 0.02% sodium azide ¢ 0.1% BSA 7} #H7i=
PBSoll Wx5 Yo 277 5k 4TolA B33 th Micotubules®] 1% 45 93
0.5% Triton X-100¢} 0.5% BSAZF #7H¥l PBSAlA A& ofg] H A& % 1:100 H]&
9] PBSE 3 A% monoclonal Anti-o-tubulin (1st antibody) 2. % 39T A 90& =t A

gttt A 8l¥ W= blocking solution (0.1 M glycine, 1% calf serum, 0.01% Triton
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X-100, 0.5% BSA, 0.02% sodium azide)>.2 39TlA 1A+ &<k A2 3% . Blocking
¥ WA= Anti mouse IgG-FITC antibody (2nd antibody)ell Al 1A%+ &<t A2 - thA]
blocking solution®® 303+ =17 H Utk DNA &21S ¢35te] 200 pg/ml propidium
iodideell 1A17F &<t @AsHH. dd4E dAE Sdtol= Fdhzel FF A7
anti-fade mounitng solution®. = 3] &3lo] FFo] weli= FHES AA ol ¥4 #HolA

& u] A (laser scannig comfocal microscopy) 3FolA4 microtubules®} &3S EHelstsd

9. MPF kinase assay

MPF kinase assayt© Anas 5(1999)¢] wWHe] wgl MESACUP cdc2 kinase
1
Atk EE 33F oFE 2 SigmartEHH AT aokstd, W AlEZE AAE 2070

g

N\
ol

assay kit (MBL, Nagoya, Japan)2 & catalytic subunit®l cdc? kinased A<S

9] W2k cde? kinase sample buffer (50 mM Tris HCl, 0.5 M NaCl, 5 mM EDTA, 2
mM EGTA, 001 % Brij 35, 1 mM phenylmethylsulfonylfluoride, 0.05 mg/m¢ leupeptin,
50 mM 2-meraptoethanol, 25 mM [-glycerophosphate @ 1 mM Na-orthovanadate)®l
A F W AR S o 5ul buffer®] microtubed] &7 -80TC oA 2 AAstgThrt &3
gte] A48ttt dAFEN(5u)2 25 mM Hepes buffer(MBL), 10 mM MgCL(MBL),
0.1 mM ATP, 10 % biotinylated MV % E]=(Ser-Lue-Tyr-Ser-Ser-Ser-Pro-Gly-

Gly-Ala-Tyr-Cys ; MBL)7} $Hf4% 4540 kinase assay buffer®} =313}, 30Tl A 30

rr

B Bob wikstdnh dAks wkSe 20009 stop reagent(50 mM EDTAS ¥3t3)

fo

PBS ; MBL)Z AAAIA 13,000xgol A 15% Tt YA th Cde2 kinase &4

24

ELISA®Y A 93 At =d, 2442 100p2] ¥H-g-d-2 biotinylated MV peptidee] <1
3= <124 38l= monoclonal antibody”Z} Z¢ 2172+ 9] microwell& 74 25ColA] 60&
FoF wjksle] PBSE 581 M HStE 1§ 100xL2] horseradish peroxidase conjugated

streptavidin solutiong Z+Z} FH71sle] 25Tl A 3022 <k widst & A Fske] 10040

O

(]
¢}

o] POD substrate solutiong 2o F7l4 o2 5 &< vt HFH o= 10002
stop solution(20% Hs;PO,)< Z+Zhe] wellel ¥ i1, microplateE o] &

2 =z35lo
= SA45A
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ek AF b5) % AF @dstAeE o] we] 3 Yl microtubules®] W3} 3 o] 2
d& FF AdA §3F F(post-ACT) EE LA 3HAE (pre-ACT)8k] 15 H 254 e
324 dolA dvAE )83t microtubules®] WgtE #HE3ATH

AE 6) 5 A5 LgstAd ol APt HE: Aol TdE post-ACT 9
pre-ACT 2 U 83 F(post-ACT) T+ X3 F(pre-ACT) 15 %L 2547

whole-mount & A Alste] &3} el Azbd AYPWSEE 1 w3

3}
1. % A% &4sAge & TS5 &

S A A3 AT (post-ACT)e} & F A3 AT (pre-AC
1) wukE ] Ha§S AES A3 post-ACT7F 20.6% % 15.3%2 pre-ACTE. Ut} th

2 = vE ey oAk gl (Table 1).

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 in the same column differ (P<0.05).
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2. 4% A% FAFAY BE VEEE AE
Aol Heke] FAu7] T MET] AA Y WREEE AEF A, pre-ACTE
ol F 6ol v Wkste] 7] WNIEI FE BEE WY post-ACTE

TAAE GAE wate] 8UA o) Fo MMES HAHUh Tt AAAL W

[

o w o

parcamge ol smbayan

prcerall @ i al wn bk

Figure 1. The developmental patterns of nuclear transfer embryos. The proportion of
NT embryos that reached the morula (A) and blastocyst (B) stage by
Days 679. About 40 fused embryos were tested for the developmental

patterns of each pre— and post-AC group.

3. % A AYAA Aol BE AL AE
post-ACT-9] 4% & A BAHSAE Azke] Ho el Wi AL GFL

g 23N (Table 2), WitE 2552 o] 0.5, 2 & 4A3kell &3 Al T3kl

o

HE
Frel A el kol 7h gl vh(20.5, 19.6 B 17.2%).

Table 2. In vitro development of nuclear transfer embryos activated at various times

before fusion.

Time post— No. of embryos No.(%) of embryos developed to
activation (h) fused(%) 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)
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4, B34 3 A7

% Xztd MPF & W3 AE
MIO7] ¥x¢ MPF < 10028 RYS

nﬂ
0_1_4

A3t Ae F 05 2 E 4A7HA

’

o] MPF %2 zh2t 325, 26.2, 198 dAA 8] Haste 43S HetliAth(Fig. 2).
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M| 3058 24 7+ 42 74
G S

Figure 2. The cdc2 kinase activity of bovine oocytes following time post—activation.
The activity level in MII oocytes is defined as 100%. Data are expressed

4cdc2

as relative percentage of the level of p3 activity in bovine oocytes.

5. % A%F FAsAHEE o] F9 3 I microtubulesd W3}
dlo] 2l &kS post- H pre-ACT = Y7o & 2 microtubuled] WaE FA3 2
I, §¢ Aol donor AAEL I} microtubuleo] TERFJAA T §& Fo+= post-AC
TolMeE 8 F 25AZH7HA] microtubule®] ##H W pre-ACT9 A$= 43} A
2.5+

| 7ol microtubule©] #H#E A & dH(Fig. 3).

o] YPW3} HE

R )
e
_12:0
o,
>
)

32 BX3 A7, pre-ACTIAAME £ &
2 PCC 7} #FH A 21} post-ACTo| A= NEBD7} ##5# ekt §3 32 43}
er

B A el s (Fig. 4).
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Figure 3. Distribution of microtubules (green) and chromosomes (red) in nuclear
transfer embryos resonctituted with Post-AC (A-C) and Pre-AC recipients
(D-F). (A and D) Oocytes after injection. (B and E) Nuclear transfer
embryos 15 h after fusion or activation. (C and F) Nuclear transfer

embryos 2.5 h after fusion or activation.
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Fig. 4. Nuclear morphologies of bovine nuclear transfer embryos resonctituted with

post-AC (A and B) and pre-AC recipients (C and D). (A and C) 1.5h after
fusion or activation. Arrow heads show a donor nucleus (B and D) 2.5h after

fusion or activation. Arrow heads show a pronucleus.

o] -3} tHShiga 5, 1999; Tani %; 2001). Z# v Z(Bordignon ¥ Smith, 1998)°] A
438} & telophased AAMAE A AsAY AF (Baguisi € Overstrom, 2000)9 4] &4

ot
o5

rr

% demecolcineo. = 3}8% galslo] FuH[g AEX o] AME HA FES A

o

o sttt B g3 Ao FAE AFEAE AAE 9 reprogramming S A
AstE Aoz Fudth B AFos EA43td Al E(post-AC)o] v & st A xF

(pre-AC)E T v w& wWEEEs Yepfiled], o Q47 Zedd $719 44
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tF (Cheong ‘5, 1994). ¥, wjojo] EFEHI=ol] glojA = post-AColl»
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it

ERREIRS

1989). Wakayama ‘5 (1998) A3 AAE ol 2oa sfo]2s} FAlol], ]2 - 1734

~
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pul

9% 36l 27k Bs Aeld A, deld F AR Aol Ana ¥ 84n
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howtE BstE WA FUGS W gne] BalHA @ 9

Azdel AgHow wEHA gtk v MPF 248 A 14 23 7
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4-8. EA7)olA B 9} roscovitin #l, confluent® 8]7} A Elo} A folAlXe AEF7]
stoll WX &= I
EFFECTS OF CONFLUENT, ROSCOVITINE TREATMENT AND
SERUM STARVATION ON THE CELL CYCLE SYNCHRONIZATION OF
BOVINE FOETAL FIBROBLASTS

Abstract

The present study was designed to examine the effects of cell cycle
synchronization protocols, such as confluent, roscovitine treatment and serum
starvation, in bovine fetal fibroblasts on synchronization accuracy at GO/Gl, viability,
apoptosis, necrosis and ploidy for the use as a nuclei donor. The cells in 5-10
passages were randomly allocated into 3 treated groups. Cells were cultured either in
Dulbecco’s Modified Eagle’'s Medium (DMEM) + 10% FBS until 90% confluent
(Group 1, confluent), in DMEM +10% FBS + 30 uM roscovitine for 12 h (Group 2,
roscovitine), or in DMEM + 0.5% FBS for 5 days (Group 3, serum starvation). Most
of the cells (>80%) in all groups were arrested at GO/Gl stage. Although the rates
did not differ, cells in Group 1 showed an increased cell population arrested at GO/G1
phase. Significantly (P<0.05) higher rates of apoptosis occurred in Group 3 than in
Group 1 and 2 (10% vs. 6 and 6%, respectively). No differences in chromosomal
abnormality were observed among groups. However, by increasing the cell culture
passage up to 15, significantly (P<0.05) higher chromosomal abnormality was
observed than in 5 and 10 passages (38% vs. 28 and 23%, respectively) in Group 1.
The results clearly indicated that bovine fetal fibroblasts could be effectively
synchronized at GO/Gl stages by all the three different treatments, confluent,
roscovitine and serum-starvation. However, cells in confluent with passage 5-10
exhibited higher donor cell cycle synchronization efficiency along with reduced
apoptosis and necrosis, and stable chromosome diversity and hence, could be used as

nuclear donor.
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vs 28% and 23%)°] Ykt Jaenisch (1997)= =3tE AU, %ol &3lE FAAME
A AMEEAAG WAAA Fxeae Frin wus.
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Percentage with differemt superscripts within columns indicate  significant
ihifferences (p < DLOS).
Three replicates,
EHoRE g HiudgAE LEol Afol AMEE GO/GIeZ MEF7IE 578
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confluent ol AMxe] AGZ GMAEo] M =how, AFTAIEI} A ZIALE ]
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4-9. CDC2 Kinase InhibitorE A}&3lo BALE A & #9 55
EFFICIENT PRODUCTION OF CLONED BOVINE EMBRYOS USING
CDC2 KINASE INHIBITOR

Abstract

This study was carried out to compare the effects of the combination of
ionomycin with a Hl-histone kinase inhibitor (dimethylaminopurine, DMAP) or cdc2
kinase inhibitor (sodium pyrophosphate, SPP) on the development of reconstituted
bovine eggs.

For this study, the enucleated bovine oocytes were injected with a presumptive
primordial germ cell (PGC) pre-treated with 1% sodium citrate, and randomly
allocated into three activation groups: Group 1 (ionomycin 5 M, 5 min), Group 2
(ionomycin + DMAP 1.9 mM, 3 h), and Group 3 (ionomycin + SPP 2 mM, 3 h). The
reconstituted eggs were compared the rates of cleavage and development to the
blastocyst stage, and the ploidy of embryos at 96 h post-activation. Cleavage rates
and blastocyst development in Groups 1, 2 and 3 were 7 and 0%, 63 and 17%, 53 and
1496, respectively. The chromosomal composition differed significantly (p<0.05)
among treatments. Although the embryos in Group 1 had significantly lower
developments, 609 of embryos evaluated had diploid chromosomal sets. In contrast,
“60% of embryos in Group 2 had abnormal ploidy (219, polyploid and 38%,
mixoploid). In Group 3, the appearance of abnormal chromosome sets was reduced
with the proportion of diploid embryos being increased to 86% (19/22), significantly
higher (p<0.05) than in Group 2.

It can be concluded that the use of SPP with ionomycin reduces greatly the
incidence of chromosomal abnormalities, and may be applicable for the activation of

nuclear transplant bovine embryos.
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AEARl Hol o= 3 Wzl el 3 A W) Wi, FoAAES] AXE
F71 &, 778 B 8clEo] #ogrt. (Fulka et al, 1998 Korfiatis et al., 2001;

Kasinathan et al., 2001; Du et al, 2002). i8] =%oA HojaS 93 ZH] st

AT AT, ol AME FolAe] §&L ofF vk AHjolth & AS ARAAAL
o] 3%7F 9A &Etrh (Wilmut et al., 1997, Wakayama et al., 1998). B2 w=Hol|x

Eetal oo JFE] W& olf= AE Fshol dojA e FHl Al Tt
activation¥} zlo] ##Ho] 98 Ao|t}h (Susko-Parrish et al., 1994; Alberio et al., 2000,
2001; Motlik et al., 2002).

oA FolAZE FAAAL, fusion A, FT) ATFHE FES] A
o

rie

HF= Al W29 maturation promoting factor(MPF)E 2 A

il

Al Ak gttt Faldate] st AAE ol g AAGAQ LS Fh=

2 eta =¥ H(Stice and Robl, 1988 Yang et al., 1994). A9 T A2 2 A A L 8 o] 2]
el FAT] AT dFHA dFA &YsE fFREe Ed=, Ca2+
ionophore (Ware et al., 1989; Liu et al., 1998ab), ethanol (Nagai, 1987 1992; Presicce et
al.,, 1994), electrical stimulation (Ware et al, 1989), inhibitors of protein synthesis
(Presicce et al., 1994 Ledda et al, 1996; Liu et al.,1998ab)and phosphorylation
inhibitors (Ledda et al., 1996; Liu et al., 1998ab) &©°] 23X At} 2 ©A] o] F
& 3o 2dREe FF IAY w=3E FA7IL, s & 29 £ UE fd]
ol v deel= AFAA 5 dvk o)Al gk olfi= obA 7hA e A4 il
gto] A olet F55 0o

EAN

xo

o, WAL GAA R ol RARE Awel FApel

ZthH(De La Fuente and King 1998). wWelx ddtx oz 4 WxE QA a

lo

—o

o

Ca2+ ionophore®} cycloheximide < 6-dimethylaminopurine (DMAP)S & A}-&3F

>

2 MEF7IO ANe; v dEES FHAIZE 7 AT (Susko-Parrish et al., 1994).
Adzte] @438 $ DMAPo R AEste e ddgddoly, i ds AMst=slel
fFrasttta 4 A dtd (Susko-Parrish et al., 1994). 12ju} ©rodA 5 1l 3] dojr}
= GAA e olALe "l x| F3 Q9lojg 3t} (King et al, 1988, Winger et

al., 1997).
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Ionomycin ©]4}, protein phosphorylation inhibitorel]l ]38k &3 & A AME F7]

Fob slE ol o]ido] dojdrtE AL LAY (De La Fuente and King, 1998). ©]

o} FAFSHA, cycloheximide ¥4F ofuel, DNAEA #A|3S Zd3te AxEde vwds
T3 MPF A @9 AS §E3t}h (Soloy et al, 1997). A wWabe] A 3wS A3

A ME ol Aol A YAFA FYES A ALAR] FAHE At & FEo] =)
Butyrolactone I ¥} bohemine, sodium pyrophosphate (SPP)+= cdc2 kinase inhibitor

& FA3t= 24E AFEEHAT (Doree et al, 1993). 121} o] A& AF&-3sto] ©heldA o]

u, AMEEol g st 1 EH G3E Yol A7 dAFeith wmeEbA 7 AT
wzteo] g ste]l DMAPSE SPPE Ak o5 7H7f vlalste] whxbe] &S vl usted
aL, AAE FHol A o] A AEE AMRSle] I Z8AHS AT AAEHA
o}
Az 2 By
vl & <4

Sigma Chemical Company (St. Louis, MO, USA)olA Fd¥ Aok 2 wjfad s B

Ao FAEAT. FAAL wjdd IVM)S 25 mM sodium pyruvate, 1 mM
L-glutamine, 1.0% (v/v) penicillin-streptomycin (10,000 IU and 10,000 g/mL,
respectively; Pen-Strep;, GIBCO), 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 10
g/mL FSH, 10 g/mL LH, and 1 g/mL estradiol 17 &% TCMI199Z o] &35t}
Albumin, lactate, pyruvate 7} 3F%¥ Tyrode’'s mediumo = Hepes-TALP H

IVF-TALP)S W&, AP wjgdozZE modified Eagle medium (MEM)

ol

o

non-essential amino acids, 0.4 mM sodium pyruvate, 1 mM L-glutamine ¥ 50 g/mL
gentamycin®] $Ff%¥ synthetic oviduct fluid medium (SOF) ®jokel& o] &3}t BE

MeFele pH 74 181 A4 280 mOsm/kg 2 wA3ke] AF&3ksic,

W2 ot BEFAE SOuA s widdel]  24A17F Eoh G AIEE w7 a, AlE

dol AT ATE ek Aol A

- 236 -



A S F A FH GFAHEE A A U3 IVF-TALP vit)o] =g &A%
et 4 49S mlg 2106 M7 HEE YA 20-24A13 FAAFI olw & Gataby)

AIEZ (o]} BOEC)®t & u] 3ttt BOEC 3|59 Rieger et al (1995)¢] ¥¥ S wgkoh

GAAAAEZ FAHIHE AXY F1] (PGCs)
CRLE SAs3to] 2999 =54 Fdl & HoldA HAlss AMEste] AAHE A
F3atd ok A2 AL percoll gradient(25, 30, 45% fraction, v/v)E AF&3Fo] 30% percoll=

of Aol = AAMBAMEFAAEE 3gaaint. 72l 800gelA 10% 3+ <

4

%8 38ke], washingdtAdth. AAAAAERZ FHEE AEE15% FBS, mol mM
non-essential amino acid (Gibco), 2 mM essential amino acid (Gibco), 1000 units/ml
human leukemia inhibitory factor, 1-2 ng/ml human basic fibroblast factor, 60 ng/ml
human stem cell factor, 10 mMforskolin and 0.5% (v/v) Pen-Strep”’} 9] %= DMEM
ol Al 20-22A1%F  \] A Z1th(Zakhartchenko et al., 1999). 28]3 10% FCS¢} 10%

DMSO7} £°1l+= 28 HS AR&ste] 270

& o] 4
1A Bk ASAZ dxpo A W XS AAZ v 5 ug/ml cytochalasin B7}
5919 HEPES-TALPOl 10&3F & Ag] & A 154 2 99 Axds A7gew
®odzke] @A Fdedh 1§

mannitol §4N A B/ AFL shehe] Az T §HE FEd

/yq E} 3

ZaS Az dAANAEE 2

Barnes, 1994; Do et al., 2002)

g st v
3" dA= 5 uM ionomycin ©] $H¥ HEPES-TALPO| 587+ A &sta, &43}
Hl

£ W37] 91844, 30 mg/mle] bovine serum albumin (BSA)o] &
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Ae] & (Group 1). 7 & 9%+ 1.9 mM DMAPo] EolglE o] 347F (Group 2),
= DMAP thal 2 mM SPPo| &0l viddo] 3A7F vidA AT (Group 3). =&

dol 4 @ & duamAxst T (Rho et al. 2001),

Cytological Procedures
W2t 10 ug/mL propidium iodide (PDell @Alste] d3] A4S #&tATh 9641 1F

Aol cytogenetic compositiong ##3F T (King and Basrur 1979)

Experimental Design

A 1A= 747 vhe AZEA e 23S ARSste] delg At dlo] AEE

#Esta, AF 204 AAFEH TS control® st AIZEA 9] Edst Wy 7F &
3 w2 &S 48AF 192413 el Zh zp SA ST R A A w4 Elskd
o AR 4ellM =, AZEA S AR S AR AlAE ol A degdat 9
of AHE BT viAHer AF SollM = Al7FA e SN S AFERE do] 4
FTATY] 2SI MREES 48AIZF 192417kl 2 ZF Skl e A Ao wl
T4 GA Fdskle

A A

A FA3 By Wwdg oA L one-way analysis of variance (ANOVA)Z

Abgato]l FAAE stATh Parol 0.06ETH A& Wl fFodS 1A

2% 4 1%
Pronuclear formation of oocytes produced by different &4 3} treatments

H1S A 19 235 BoF1 Ak A HA 2F 29 32 88%clde] AP
A 71 7pA BB RAA T, IF 3] 2BT =2 A FA4 BlESs BT I 12 22%

wel AP st
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Table 1. Nuclear observations of bovine oocytes at 18 h after various activation

procedures
Groups Oocytes Nuclear configuration (%)
(treatment) used MII ATI-TII 1PN 9PN >3PN
1. Tonomycin 64 10 (15.6)a 40 (625)a 14 (21.9)a 0 0

2. Tonomycin

+DMAP

72 3042b 7 (97b 40 (55.6)b 12 (16.7)a 10 (13.9)a

3. Ionomycin +

SPP

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

68 3(44b 5(74)b 58 (83)c 1 (15b 1 (15b

DMAP: dimethylaminopurine, SPP: sodium pyrophosphate.

MII: metaphase II, AIl: anaphase II, TII: telophase II, PN: pronuclues

Cleavage and development of parthenotes produced by different activation

treatments

3
< controlwto] AL FA7F 7 =% TH(23.296,0%6,12.126,7.3%).

Table 2. The rates of cleavage and development of oocytes after various activation

procedures
Oocytes Development to (%)
Groups (treatment)
used Cleavage Blastocyst
IVF control 250 147 (58.8)a 58 (23.2)a
1. Tonomycin 247 24 ( 9.1)b 0
2. Ionomycin + DMAP 239 122 (51.0)a 29 (12.1)b
3. Ionomycin + SPP 234 105 (44.9)a 17 ( 7.3)c

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

DMAP: dimethylaminopurine, SPP: sodium pyrophosphate.
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Ploidy of parthenotes produced by different activation treatments

32 A9 3¢9 Aol 507K o] @A TS ARESEo] 96ARbell AMAEA S A

AleFith. Tonomycing @5 A3 1M 259 45 80%e] WA AAAZE Ukt 2

Ao, 207 F el 18717F whAde Bl

Table 3. Ploidy in the parthenotes produced by various activation procedures

Embryos Chromosomal status (%)
Groups (treatment) - — X ; ;
used Haploid Diploid Polyploid  Mixoploid
1. Ionomycin 10 8 (80)b 0C0 2 (20)a 0C0
2. Ionomycin + DMAP 20 4 (20)a 2 (10 12 (60)b 2 (10)
3. Tonomycin + SPP 20 18 (90)b 1 (5 1 (5a 0C0

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

DMAP: dimethylaminopurine, SPP: sodium pyrophosphate.

Pronuclear formation of NT eggs produced by different activation treatments
A3 49) ATl F4E IF 29 30] 4% A FHES BYov, 1F 30) 20y} =

TS B

o

o

Table 4. Pronuclear formation of bovine embryos reconstituted with primordial germ

cells at 18 h after various activation procedures

Oocytes Nuclear status (%)
Groups (treatment)
used No PN 1PN 2PN >3 PN
1. Tonomycin 69 47 (68.1)a 22 (31.9)a 0 0
2. Ionomycin + DMAP 78 4 (51Db 23 (295a 28 (369)a 23 (29.5)
3. Tonomycin + SPP 76 6 (79b 61 (80.3)b 9 (11.8)b 0

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

DMAP: dimethylaminopurine, SPP: sodium pyrophosphate PN: pronuclues
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Cleavage and development of NT embryos produced by different activation

treatments

5= A9 59 A otk AF 12 7% wdES HA vtz ddshA] X

=

ol
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Table 5. The rates of cleavage and development of bovine embryos reconstituted with

primordial germ cells after various activation procedures

Oocytes Development to (%)
Groups (treatment)

used Cleavage Blastocyst
1. Tonomycin 144 10 ( 6.9)a 0
2. Ionomycin + DMAP 186 118 (63.4)b 32 (17.2)
3. Ionomycin + SPP 160 84 (52.5)b 22 (13.9)

xPercentages with different superscripts within columns indicate significant differences (p<0.05).

DMAP: dimethylaminopurine, SPP: sodium pyrophosphate.

Ploidy of NT embryos produced by different activation treatments

w6e A7 69 A% otk 1§19 69%7F ol 44e WAL, 1F 39 £F o

oA S Hdth 18y Ionomycin + DMAP2] 74 42%7F olFA S BV yu A

rr
=
-
ox
o
fz
32

Table 6. Ploidy of bovineembryos reconstituted with primordial germ cells after various

activation procedures

Embryos Chromosomal status (%)
Groups (treatment)
used Haploid Diploid Polyploid Mixoploid
1. Tonomycin 13 1077 9 (69.2)a 3 (23.1)a 0
24 0(C0 10 (41.70b 5 (20.8)a 9 (37.5)a

2. Ionomycin + DMAP
3. Ionomycin + SPP 22 1 (45 19 (864)a 1 ( 45D 1 (45b

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

DMAP: dimethylaminopurine, SPP: sodium pyrophosphate.
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4-10. S FF FA3 AFLYo] Poly F LT dEeH WA vA= 9
&
DEVELOPMENTAL RATE AND PLOIDY OF EMBRYOS PRODUCED BY
NUCLEAR  TRANSFER  WITH  DIFFERENT  ACTIVATION
TREATMENTS IN CATTLE

Abstract

Bovine oocyte activation is one of the essential elements that determine the
success of nuclear transfer and the subsequent development of cloned embryos.
Three methods for oocyte activation, including 5 M ionomycin (5 min, Group 1) alone,
ionomycin + 1.9 mM 6-dimethylaminopurine (DMAP, 3 h, Group 2), and ionomycin +
10 g/ml cycloheximide (CHX, 3 h, Group 3) were compared for the development of
embryos produced by somatic nuclear transfer (SCNT) to parthenotes and IVF
counterparts. At 19 h post-activation/insemination (hpa/hpi), 27.5% of oocytes in
Group 2 cleaved and this rate was greater (P<0.05) than other groups (Group 1,
2.1%6; Group 3, 3.0%). None of the oocytes in the IVF control group cleaved at 19 to
22 hpi. At 24 hpa, the rates of cleavage of oocytes in Group 2 (52.1%) were greater
(P<0.05) than those in Group 1 and 3 (7 and 38.3%, respectively). Only 6 oocytes
(3.3%) in the IVF control group cleaved at 24 hpi. The overall cleavage rates of
oocytes in Group 2 (855%) at 48 hpa were greater (P<0.05) than other treatments,
but it did not show any difference when compared with the IVF control group
(75.0%). The development rate to two-cell stage embryos of Group 2 was
consistently greater at all observation points followed by Group 3 and Group 1.
Similar results were obtained in SCNT embryos, but the rates of cleavage at 48 hpi
and blastocyst development in Group 2 (684 and 16.3% respectively) did not differ
from Group 3 (63.0 and 13.1% respectively). The chromosomal composition in the
parthenotes and SCNT embryos differed (P<0.05) among treatments. In Groups 1 and

3, greater percentages of haploid parthenotes (86 and 71% respectively) were observed.
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In contrast, 84% of parthenotes in Group 2 had abnormal ploidy (44% polyploid and
40% mixoploid). In the case of SCNT embryos, Group 1 and Group 3 had greater
percentages of diploid chromosomal sets (77 and 70%, respectively) whereas 54% in
Group 2 were polyploid or mixoploid. These results indicate that DMAP treatment
after ionomycin greatly increases the developmental rates of parthenotes, but did not
differ in blastocyst development compare with CHX treatment. However, DMAP
treatment increased the time-dependent cleavage rate to two-cell stage embryos.
Further, it greatly enhanced the incidence of chromosomal abnormalities in parthenotes
and SCNT embryos. Hence, it is concluded that CHX combined with ionomycin is
more desirable than DMAP for oocyte activation during nuclear transfer in cattle.
e
Somatic cell nuclear transfer (SCNT)< ©]-&3 & HA= AASE 7HAE 71 7}

Fo) A Sk S AP Qor, sy daa gaynd o ge 44

ax

ol 7IxE F9g Aotk (Cibelli et al, 1998; Wells et al, 1999). IR =3
therapeutic useZ2 ¢33 vt Fa E7]AX 9 AL 93 7t osto) we oF
o] Al dMAES AAE e FAA FE A F8&3t (Hwang et al, 2004
Keefer, 2004). A7k 2R 5314 &, AE W 71594 nuclear—cytoplasmic?] 7]
of o} Wt} w3t Fo Aol e Zhzbe] oete olFlE =& F7F U (Cibelli et al,
1998; McCreath et al, 2000). 2]}, SCNT procedured &-&¥ tha]®o] embryosZE
o] A gto M AojA = Azt A4E Hl&2 o [ E] wrthH(Wilmut et al., 1997).

SCNT techniques® A 3#-< reconstruction process, Bl Z7, FoJ AL & o] 2 A E

&2

L Q9L &I HWilmut et al, 1997; Lanza et al.,

of AX F7|5 XT3+
2000 Du et al, 2002). A7, A9 &A3lE=  chromatin configuration, histone
Hor

composition, methylation¥} acetylation patterns, Z&] 1L ©]% 2] embryo W&ol A=}

zvel & E33E= A3 reprogrammingoll A =03 FAAECR HT(De Sousa

%7] & A4 9] kinetics embryo?] o] AAHolw oy Aol 23|
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wo]l A o]HH(Langendonckt et al, 1997; Lonergan et al, 1999, 2000;
Gutierrez-Adan et al., 2001, 2004). 152 AollA AL]FA o] F HT} o]E A7t &&
of dojt A7t =A F&o] dojdt watel HlE wiwbE R o]2= F7F t] W2, post
insemination in vitro ¢ A &% A7ty g FHE YA FHIAY. (Lonergan
et al, 1999). 1 Fof 2 T3 JFAe 27]-F7] 2TE& Atole] AGHlolA Aol&
vk sl= 27] Wil Y b fdAe] 23S 3 G (Lonergan et al., 2000).
cytoplasts®] &4 o]1} reconstructed bovine SCNT embryos = ¢ 3 protocole Al

W calcium W3e] A2 (Ware et al, 1989)lA <doju:s= A WHA A,

B

cycloheximide(CHX) (Zakhartchenko et al., 1999)¢]4} 6-dimethylaminopurine (DMAP)

=

(Wells et al., 1999)S AF&3s F HA A2 &4 calcium ionophorett 7714 255 23
]_

Promoting Factor)& &4 (Susko—Parrish et al, 1994)3}/oly Rl YA ZFS oL

O

rie

A%H AE dwHon AgHth oH@d A%HA A MPF (Mitosis

ofr

= CSF (cytostatic factor)S - =3tx, A WA embryonic AXF7]0 E7I=E F &
skt DMAP9} CHXE WAtelA 22 metabolic pathwaysolA  broad-spectrum
inhibitors©. 2 W] So]How gFata Ao wjdde] ofsAFd Fx Ut
(Susko—Parrish et al, 1994). =y, 3stE=zH A 3EHE 2o WxlsE v AAZ <
ANAE FAdst= 5-e] AHRho et al., 1998).

AT HH2 AoA SCNTE 3 &4 protocol &g 7 g, o9y
&l ploidyet ©t& A3 zglo wE SCNT embryosd &4 Z7] vlu EA135k]
HA o e FEotalAl gFith

1. Chemicals
EE A2k Sigma Chemical Company (St. Louis, MO, USA)9| AL A3}

kol e Gibco (Life Technologies, Rockville, MD, USA)& A}-8-3}%t).

g2 AL wjgde 25 mM Na pyruvate, 1 mM L-glutamine, 1.0% (v/¥)
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penicillin-streptomycin (10,000 IU and 10,000 g/ml respectively; Pen-Strep; GIBCO),
10% (v/v) FCS, 10 g/ml FSH, 10 g/ml LH and 1 g/ml estradiol-17¢] ¥3%3% TCM199
S A3 A9l w &N -Smodified Eagle medium (MEM), nonessential amino acids
(Gibco BRL, Burlington, ON, Canada), 04 mM pyruvic acid, 1 mM L-glutamine
(Sigma-Aldrich), and 50 g/ml gentamicin (Sigma-Aldrich)©] ¥3t¥ synthetic oviduct
fluid medium (SOF)& A}&3l%th 6 mg/ml bovine serum albumin (BSA, essentially
fatty acid free), 10 mM sodium lactate®] ¥3+¥ Tyrode’s mediu®}, supplemented with
10 mM HEPES (HEPES-TALP)¢] ¥3¥1 mM sodium pyruvate (IVF-TALP)T
ionomycin® 5 uM solutions=H] 2} oocyte micromanipulation®] AF-&% 1t A <] 8f
2 10 g/ml solution of cycloheximide (CHX) < 19 mM 6-dimethylaminopurine

(DMAP)°] o] €5t RE #jFde pHE 74, AF4E280 mOsm/Kgo & AL831%

5% fol 9A9) 27mm HF9 GEANA dA-TTAL BFAE A kel A9

e mfFedol 39C , 5% CO. o ZxolA A<sAl .

4. A +4

g A g SCNT embryos = H13}7] 93ll, embryos< Parrish et al (1936)°l
7125 & 7124 ALFA protocol S o] &-35te] A4t} T

T4 AYe Folstz &4 gl AAE Rosenkrans et al. (1993)¢] 7]&3
Percoll-density gradient method& AF8-3Fe] 2| AIATE 22h A5AIZ] A Al W4
XE HEHo=R vl7a, 15709 dAtel HF GA FX=7F 2X106 sperm/ml H Al 8FA

39C, 5% CO014 16A1E A= A2 & AlejufFd (IVC) ol &7, sttt

o

TAAE FH]

HN

==Fo A AE3 Efol(crown-rump length, 3 cm)oll A fetal fibroblastsg & Al

Atk E8¥ AEZS DMEM #i¥ Aol 576 passagesZ7tA] A tul Al A 12, confluent
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HE 2P AEE o) ntE A 0.25% trypsin - 0.04% EDTA solutiong AF&3}

of elA A

6. 3ol

A 419417 & expanded cumulus cellsg 3% (v/v) sodium citrate solution® = A
At Al 1547 wEE FApeh Alxdoe] kgt WAE dEste] SCNTHA ARE
shodrh. AlIFAIe 2% metaphase II plate & AEdA FHolA AAF o]F 05
mg/ml bisbenzimide (Hoechst-33342)0. 2 M ale] 3lo] sFA&tA A ALJE=R &elst
o FAMEE Agste g8 w o FYPoezr JEFE FYh oocyte-nucleus
complexes+= 200 BTX cell fusion machine (BTX, USA)S A}-&3l] single DC pulse at
1.6 kV/cmoll §&3F1, 0.01% BSA, 100 M MgCly ¢ 50 M CaCl: £ 0.28 M mannitol

solution®] 60% =t} 1A17F o] %ol eggsd] &3S 3Heldic},

7. 845 MY

Mol2 &2 5 uM ionomycinel 5
AAAI717] 98] 30 mg/ml BSA°| 4 3+ £t} 2 ¥ maturation promoting factors
(MPF)®] Y2 levelE fr#8t7] #18l], @A& 10 ug/ml CHX °]v} 1.9 mM DMAP°| ¥
Sl IVC uiF Aol A 5A7E vl kst et el ete] ke 22 Az A QS ¥ b
oA A 1=5A7F Fdsta Axde] Fwke AS A ste], HAS A A o
= g4t A= stk

IVE, @928 e, BA22 EDTAS 8 mg/ml BSA©] X35 IVC v 39, 5%
COs, 5%05,, 90% Nooll 397t vjF3tA i, =2 & 8 mg/ml BSASF MEM essential amino
acidseo] E3te IVC widdel 547F o st 69 Aol 10 ul®] A= IVC

medium <"fed” st H&& ¥ wiwE R o] e 77y 29 Aol TdA o FA S
8. Cytological procedure
AL ufek 96 Al 7o A TS King and Basrur (1979)9] o +=3lo] A3 S FA}

39tk 0.05 ug/ml democolcine (KaryoMAX Colcemid, GIBCO BRL, USA)S. & 6A| 7t
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A 3te] RE SE M phaseol arrest A% 3L, hypotonic solution (0.8% Na-citrate,
w/v)el %A 4 3 Fol AEe swellings FEstAh 1§ TS slideslol FiL,
0.5 ul hypotonic solution®} 1.5 ul ¢methanol: acetic acid (1:1, v/v)& A& $Jo] Hof
gl BEHA AAAE EARAZATE SlidesE® methanol: acetic acid (3:1, v/v)oll A
overnight I HAI7]aL 4% (v/v) Giemsa @A fo® 10 &3+ At 242 39
TE 200 Xo @vAelM wEstglon, A4Sl 2 haploid, diploid, polyploidy,

mixoploid® & 735t}

9. Experimental design
Z}7] g2 A3 A wE adgdss 9

2t Group 1 (Ionomycin)& Wale} Ea &

7] 9lelA A7FA A e oz U

M ionomycin®l 5%7F & %, 30

ol

5u
mg/ml BSAd| 4 3+ Fof A4 E JAAH ™, Group 2 (Tonomycin+tDMAP)| A =
w2t} BEA TS jonomycino® ZA3SIAI7] $ 1.9 mM DMAPe| 5A17F vl &35St
Group 3 (Ionomycin+tCHX)o| A4+ Ionomycin® 2 ZA13F & 10 ug/ml CHXol| 5417+ wj

%9l

10. Statistical analysis

Fotg ddhg 9 Aol nug B4 tolEH = arcsine transformation 3 ¥ SPSS

9] one-way ANOVAE AFE3I T 13749 Hlal+ Duncan’s % Tukey Uhs Hlil &
A& AT P <0059 W Fo4 Aol & A s

2% % B8

1. 843 A F 771 & Add 2 &9 2439 dds

Talde 1
Levelopaerad rries ol panbescies = vanmn ames prodced By Sllereni scinmaom icsmenis
Liraqm™ by of Licrvage s, moand 5. E AL IHasircyw (%,
I EI AT [ e TR | man SR G

18 ihi 22 ihi ¥ ih & hi

Coameel | TVT [E. ] TEEFIN T 113N+ 27" ITiH A+ 3"
14limi 147 Si2lELIP 25RO Tk apf 1100 24 3 2F 10T ok
I dlon = DA AR |3 LER R T R 0 E T LI ird P A E i IIEES 244 80 TilZ M2 4F
Ll = CHK S 111 ITERIE BT RNIE i) RINE-RE R 1T304+ 538" T8I 20F
Percormages with differen soperscripes 1a-dp witin onhumie indase sgaifcant diferences (P D88 (e lon, smamyveie; DIRAR, dedomet by i noqeariee; CHX

cvckibaniraide; froar seplicaies
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T4 & 1977 Group 29141 ©E Group
o Ha fFoHoR w2 FFE&ES Uedd (FE D). v dE2dowA AREEE A el
AT E F4 F 19-22A7bel] 28 FATS HFEA Fodrh. FA F 24474
Group 2914 #&&0°] Y& Group o Hl3] Fdo=z =4 YeERHT 3 5 5 244
ol tixoez ALES AQFAToAE 33%vre] I EHATE FA F 4847
IonomycintDMAPCo &= &3} A2l ® dapoie= BF f£8o] dojytom o= t&
Groupell Hl3| frold oz &35S HolArh gzl ALFATdH vudAs Fo4<l
2ol & YERA] Skt

F4F DA NSRS HRE R

e

2482 Group 2914 ©E Groupol H]
 Fodoer =2 Axnrt Jerutth Group 390419 BEEEE Group2 HUE oA el
HaE BEAAT, Group 1o MM = FoHom =t ey, vivtE BEE L iz
9l Aol e B4 Agd By o4 Aes BATh

olglgt AEE EE WAoo DMAPAH = e ere] wds XA 7= A%
2 de=vga F=2 4 ) o9 v A37F Yang et al. (1994)5 2] H o] 23hH,
ethanol?t CHX®= 2432l dat= 243t A2 § 24413 A 45%¢] +d&5 Bt
T2y DMAP# CHX® @43t A2 | SAde A9, F 23 B2 Fof4 Aol

& HolA &t

’

2. 848 Ag F 47 g Ay E EAGY ¥es

lshic 2

Derveliopereraal iz o 201 orebryas & vansas liges peodpeesd by d iforenl scination iestreeeis
||I--I|"\-JI|I<J|1H.1!I Surpker ol L lkearvuge (%, meun i = E N Bhaskocysd o
e L e ok e b W)
“idh) a=t(h 24 ki ik

Coaleel 1 TVF i= ATl IR 12258 4d P ST e |
| dlemi L4 21004148 120150205
¥ liom = DiRLAF (6. MR E 1.9 TRGdiaE9F I Rl 3L d 80 ¥ jadd£d 0 106 & 2o
% ilem = CHX| 158 1307 & L 4PF A2 ] 2P 106 (630 4 150 300 &0
Parceriages wibk tefforenl sepersnps {3 wehn coblmne iedeaie ograibcan deforeroes (M- 00 (dj lon, smoareen: AR, E-dmetbvismnopenes; LHX
evclabonimele. sin sophoaics

= ) S % 2= - B3

F4 9 248 Azl F 194%b6] AFHDI Group 139045 BEE FAT g

A 9 Group 2914 E 30.0%¢] =& BId&S w9l

T4 % 245} A | BARe] 27

ny)
x
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>
o
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Group 2%} 3ollA Fo A0 Ao]E Ho|X] &gt}
A= v=got gxz2atd AdFASy uds e FoHom e Udss H
Stk

A AerAddgder At wis W A £dste], wiitxro] dAR o

=
(Z
H:l
fu
1o
]
il
o
2
%0,
2
)
3
o
ko]
)
1o,

2 A "t (Lonergan et al, 1999). 1A wje] L& A Aitd wje] A& H7tst

= agA3 202 Aordrh(Van Soom et al, 2004). #wa AL Edsls wjEo] =
S IEES VA gdg @4 Ho & A Sste Aol A 2o Al7e AdE =
AL BEsi, ajk 271 Tk 7] ) 2o A Kineticsol 93-S 531 (Langendonckt

et al., 1997) %7] £&&S E3 w2 Udg Fxo 9GS v H(Rizos et al., 2003).

3.3. @9 d A SCNT embryose] Ploidy

3£ 3914 Group 12 86%¢] el gholl A wheAl A o] AT, 22t
Group 29X, 227 4% 9o @A ge] WAL, YA = oA (diploid), HHAl
(polyploidy), &g A (mixoploid)Att. Group 394, vHIAAAS] AAA e &AL Z=
L, JbeA] ge A ¥ &% Group 2H.UF freld o w2 =okth

Tablk: 3
Pleidy in thee pastbenoles produced by dillersml activalion treatnents

Crowgs” (breatment)  Embryos Chromosemal status (", mean £ 5. E M)
il

Haphmd [pliosl Palyploid Muxoplod
1 {lomp 14 IZ(E5.7£3TF - 2il4.3£ 28"
Xilon+ DMAR) . [ FERCELT 20213 11 @40£32P  10(00£31)
Tilom+CHX) H ITT084£33"  2(8321.0) NENE d{leT=]4)

Percentages with different superscripts (a, bj withm columns mdicste sipnificant diffesences (P< 051 (cp bon,
sapomiyein: DMAR, é-dinsetyylamsinoparine; CHEX, cyclobex imdde; three replicaies

I 4= F 62709 HARe] o] AN JTE  ionomycinA BTl A= 77% 9
o]4=A w7} AArE ATt ionomycin ¥ CHX9 23 A glto| A= ionomycing &4+ A
2 g o mads W v o] FA&S Btk 18y, ionomycin® DMAPY] 53 A g
ol A= 46%2] wiol A oAk A, EFAE UEHTH

Aol Aol A, DMAP2 Al 25419 WEs Wafjgith. 1 232 A o)A ooy

ol ¥, WA S gRY ¥ =L 2d T3 A "Ftk(Szollosi et al,
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1993).

Talbske 4
Floady m SCHT embryos produced by different activaton reatments
Ciroups® (ireatmenti  Embryos Chromceomal saius (%, mean+ S F W)

el

1|:|1Im.1 rllpl-.'.h‘l I'nl'g.'plm:l !‘.!w-.'.plnn'l

I ilomk 17 59 £01) 13765 £ 587 159427 ST £ LaP
I ilon+ DMAP i D458 £28F 481217 S Ge4e24P
Jjlom+ CHX) 23 141 &05) T N IFERET B L2 .7& L9y

Pereentages with dilfercal supers<rgpis (4, bj Within calunies ikdecae spnificant diferenees (P <005 ). (€ lon,
sononivein; DMVAR &-dimetivlamisopurine; CHX, cvcloheximide; thee replicaes

2ol DMAP H#+ #| 234 &9 A9} metaphase @Al AEF7]7}
S-phased] Eo]7 o2 A EF7] E<to]| karyokinesis7t W3lsle] dxpe] &A37 A4
Ft}(De La Fuente and King, 1998). Slimane-Bureau and King (2002) ¥ Yoo et al.,
(2003)9] Hare] wEW Ao o] DMAPE o] &3t 2 dAaAe nAdo=
AAA] 71E S RIE] Yet 7] ool e 3o wel #Esita Bausiin. ol 2

& o] 71Zste] wlel DMAPE Aeish: e warg ®ub obier 44419 mA e

ionomycing ©]-&3% 243 Azt DMAPE o] &gt €43t g+ ionomycin
W CHX 53 &dstA et vwsgls o, 54T depdyahe] et

Wz o] A= F Group Froll Fel# el Aol yvEbubA] sttt 12y DMAPY
A= 2-ME7 A B A Q] Bete] F3FS T, Gt AT B S4% o
AA ool AnE dEhdth el A #dolAE 98 Akl ionomycin¥

CHX =3 &4s3t AlstE zlo] DMAPS Abg3te] 43 Hgsts A ®Huh Zt).
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4-11. 32388 & AAEE AH83td FASGAS o, AZTEZAHL P44 v
3%
CELLULAR COMPOSITION AND VIABILITY OF CLONED BOVINE
EMBRYOS USING EXOGENE TRANSFECTED SOMATIC CELLS

Abstract

The present study compared the efficiency of transgenic cloned embryo (TG)
production by somatic cell nuclear transfer (SCNT) with fetal derived fibroblasts
(FFCs) which were transfected with pEGFP-NI1 to in vitro fertilized (IVF), parthenotes
(PAT) and SCNT counterparts by evaluating the rates of cleavage and blastocyst
formation, apoptosis rate at different developmental stages, cell number, ploidy and
gene expression in blastocysts.
In SCNT and TG embryos, the rates of cleavage and blastocyst formation were
significantly lower (P<0.05) than those of IVF controls, but it did not differ between
SCNT and TG embryos. In IVF control, 86.7% embryos displayed diploid
chromosomal complements and the rates were significantly (P<0.05) higher than those
of SCNT and TG embryos. Most TG embryos (79%) with FFCs expressed the gene
by both PCR and under fluorescence microscopy. The expression of apoptosis by
TUNEL was first detected at 6-8 cell stages in all embryos of IVF, SCNT and TG
groups, but the expression rate at each developmental stages was significantly higher
(P<0.05) in SCNT and TG embryos than in IVF counterparts. The expression rate in
inner cell mass (ICM) of TG embryos was significantly higher (P<0.05) than in SCNT
and IVF embryos. These results indicate that the high occurrence of apoptosis
observed in SCNTand TG embryos compared to IVF counterparts might influence the
developmental competence. Moreover, the SCNT embryos derived using non transfected
donor cells exhibited a lower apoptosis expression in ICM cellsthan in TG embryos
derived using pEGP-N1 transfected donor cells suggesting a possible role of negative

gene effect in TG embryos.
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SCNToll olair @2 AbAF Bk QAL vhe was 3 52 dAbe Sol o
oA AdS A s A HS SOl WE g A9t eydd. dEAS e

pharmaceutical products (Wilmut et al., 1990, Wall et al., 1997), organ donors (Stice et
al,, 1998; Bondioli et al.,, 2001), 18]z AW X3 B4 5o AFd HEZ 4 v} 19
v A B&o] 53] Axstr] wiol 49d HMEY Aol agHH

H AT ostd AAA R gy = AT dojA = cell death7t WERUA

B
A (Raff et al, 1993), &2 3 Fo +F Z elol2] AFEL apoptosisdl F+=2 9

i

Htx skt}d (Fahrudin et al, 2002). 3% ol apoptosis (Brison and Schultz

1997, Levy et al., 2001) ¥4t o}yl ICM cell®] HI &%= F23F Qo] T}
meba 2 AFoAE FEEE A AT A 285 T A7V fEA in

vitro fertilized (IVF), parthenogenetic (PAT), SCNT % transgenic (TG) 4 &S o

&, AAAES AE apoptosise] F& HIEE vlal EX&t1x AT
As 2 3y
) & <

Sigma Chemical Company (St. Louis, MO, USA)elA F9& AleF & vjgAS B
Ao FAFAY. FAALS wgEd VM) 25 mM  sodium pyruvate, 1 mM
L-glutamine, 1.0% (v/v) penicillin-streptomycin (10,000 IU and 10,000 g/mL,
respectively; Pen-Strep; GIBCO), 10% (v/v) fetal bovine serum (FBS, Gibco BRL), 10
g/mL FSH, 10 g/mL LH, and 1 g/mL estradiol 17 %% TCM199Z o] &3}
Albumin, lactate, pyruvate 7} $F%¥ Tyrode’'s mediumo =& Hepes-TALP %
IVF-TALP)E w53, F4z wgFAdo2= modified Eagle medium (MEM)
non-essential amino acids, 0.4 mM sodium pyruvate, 1 mM L-glutamine % 50 g/mL
gentamycin®] 3% synthetic oviduct fluid medium (SOF) vl o] &3ttt RE

wlokle pH 74 18] A5 280 mOsm/kg. & B A Fe] ALEEt9 )
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A 2wl &

A =79 AN3E, fetal-derived fibroblast cells (FFC), cumulus-derived fibroblast
cells (CFC) ¥ adult ear skin-derived fibroblast cells (AEFC)& AF&3tth A4l 35¢
Ho| glol2HE FFC, F 4 # 49 AZFH AEFC, 28l 2-7 mm folliclesZ4-
B CFCE Ztzt 238ttt Hol %2 9 A%x2ALS 025% trypsin-0.04% EDTA &<
39C 1083 AE3 3 7% (v/v) FBS7F 6% modified Eagle medium (MEM)ol A
disperseA| At dA-GFAE B A S 05 mg/ml hyaluronidase® =g ste] W42
s TPt #EE AEE 300 Xg 1027 fAs 3 10% (v/v) FCS, 1.0% (v/v)
Pen-Strep”} $H-¥ MEMu| %o 4 39C, 5% CO. incubatorol A Hj 935} 3]

80-90% confluence AEfoll A 0.25% Trypsin-0.04% EDTA = 5%3F &3 & t&
passage® 7|1, 4F M EE 10% dimethyl sulfoxide DMSO)E %72 HE vt

(Lee et al., 2005).

5% o xS FHER, 15712 COCsE IVM 8l 50 ull dropsell il
39C, 5% CO2 wiF7]oll A wigAlH T SCNT W2 Wells et al., (1999)e] ol oz}
A A BT i 18AIZHA o, G A E 3% (v/v) sodium citrate &<Hel A 2
7F vortexing 3te] A AAFH 2, ENS a4 5 ug/mL Hoechst 3334201 2-3%7F 4413}
Rtk Trypsin A2]¥ FHAELE DG d Fxpo] febzte] F9istal, A7) 32 10 uM
MgCl2, CaCl27} #7F8 0.28 M mannitol &4 1.6 kV/cm, 30 usec & 2SS F W
AAstATE 39 SCNT A &S 5 uM ionomycinol 4 58, 10 g/mL CHXo|A 3A] %t
Hl} &F kAt

xTEAN AdeAdd A Al and Sirard, (2002) ¥ & o] &9, A +
H]E=  Rosenkrans et al. (1993)¢] W= st 30709 A8 3S SOF 30 ul drops
o A 8UZF 39C, 5% COq, 5% 02 2 90% N; =71 3ol A wigstda, 2¢ A 2 83U Al

of FAT BeE L PREY] BUES 2ASRGO, AA A FE ww 2
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A 4

A EAL King et al.(1979) Wl a9t 0.05 g/mL democolcine (Gibco,
colcemide)©] F7Fd MEMO itlrks #l¥3st % 0.075 mM KClol 5%, 0.8% sodium citrate
of 30%7t A8 3 t}&, spread st  methanol : acetic acid (3:1, v/v)el A 3sFIT}.
4% Giemsa H o2 5E7F I3 Z light microscope (Nikon)ollA AAd AT FAH TS

haploid (n), diploid (2n), polyploid (3n) % mixoploid® ¥ 7}3}

Apoptosis FA}

Apoptosis FAF= In Situ Cell Death Detection Kit (Boehringer Mannheim,
Indianapolis, IN) ¢} propidium iodide (PI, Molecular Probes, Eugene, OR)2] tizx 2
°Jg TUNEL o= AAstaitt. 12-14 A7F (zygote), 20-22 AZF (2-cell), 36-38 Al
b (4-cell), 42-44 A1ZF (8-cell), 52-56 AIZF (16-cell), 120-130 Al%F (morula) % 192-198
AlZF (blastocyst)e] =4 S 4] o] &3k Tk

Apoptotic  index= ©3 o] AASFA Y. Apoptotic index = (number of

TUNEL-positive nuclei / total number of nuclei blastocyst) X 100.

A A 7
Gene expression, apoptosis, cleavage % developmentE arc-sine transforation
% .one-way ANOVA = AAJea, HwFA12 Duncan’s and Tukey multiple

comparisons testZ ©] €399 tl. Chromosome analysise Student’s t-testE o] &390

), P<0.05 dul] fFol% AolE Qs

493 9 1%

Development and Total Cell Number of Various Embryos

FFC, CFC ¥ AEFC= EAld A 9 Fddds sAde] dds 9 dAHNEFS
Aol gl GedAden nlu BAS dae 8 14 Be vkeh 2o d 2o 23
&2 73% oldem mtom, Wit Fo4 Aol AGHA FRkont, 8dA wjRtET]
Aol Wad&S IVFolA 3181%= SCNT % TG 9 198-233% HUT #Fo4o=
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(P<0.05) ottt Z2]1f SCNT B TG wite] £&&3t wiubay] Bdse fo4 2o
7 sisith
AAAEF Yol IVF o] the SCNT ¥ TG Bt folHoz £& $£5

BYor SCNT ¥ TG #3tlle 124 Zol7t it 28y gl ghol] QlojA] +

& 9 ouigtEr] eSS 50% 9 7.6%E OE o BEu fo|Fow vkoka, HAAES
o A ®= e tE o Buk 7440 HAE BT

Tahle 1, Deweloprment rate of eribryos produced & vitro by different methods+

Ezgs % of dewvelopment fnesreSEM)- total cells -
Erribryo soarces+

used+ cleamrages blastocysts [rneart SELT+
[WF# 3lle 74948 Sua 31.8£5.100 135811100 F
PAT# 337e 50 25 B 7e£2 004 BE3s7 e F
SCINT+| FFC# 201+ 78348 300 23325200 11051185 ©
CFC# 158+ 6,547 100 21826 054 1052213 500 %
AEFC# 1734 4 76 00 221 B0 108 521050 %
T3+ | FFC# 1724 7B 246 2 21 .55 Ok 109 8414 50 ©
CFC# 151+ 73025 408 13.8+3 1% 11131025 %
AEFC# 1554 74 47 104 2003 g4 102541055 €

IVE: i vitro fertilization, PAT; parthenogenetic embryos, SCHT; cloned embryos,

T tranegenic cloned embryos, FEC: fetal-derived fibroblast cells CFC: mumulhie-

derived fibroblast cells, and AEFC: adult ear skin-derived fibroblast +

+ b+ Percentages with different superscripts t-v‘itlu'rl cohurns indicate significant
differences (P<0.05 and P<0.017.+

FaA =4
IVE, SCNT 3 TG wint27] A &e] A4 w4 Ay B 2004 Be vheh &

>

o} 15070 AT 2R E 1833719 spreadsE W B8, IVFAlAE ol 52(26/30,
86.7%)°] 2nolR o, o= T2 w9 FAHT B fodom =2 HFAES BT

SRE Y

o,

A4S 1ol SCNT % TG FAZAAME 13-22%7F mixoploidy B o, F2

2n/4n combination®] ¢kt 28 polyploid& & o7+ 2ol 7 fldch
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Table 2. Chromosomal composifon of day 8 blastooysts produced @ wilro by

7 different methods+
Embryo Spreads Mo. (%) ploidy+ -
sourre+ Blastommstsld Haploide Diploide | Polyploids I'»-'Ijxcuplnidﬂ":
[VF+ 412 (30 0« 26 @67re | 300 | 1E3ee

SCNT« FFC+ | 288 (23)¢ | 1{4)° | 17 @F39)0e | 2@7e | 3130w
CFCe | 264 (200 | 1(50) | 168{F50)¢ | 1(50)¢ | 31500 ¢
AEFCe 247 (Z2)e 0e 17 773 | 1@y | 4Q8270 ¢

TGe | FFCe | 233(18)¢ 0o 132 | 156 | 4@2aee ¢
CFCe | 201 (18)¢ | 1(8&% | 13F220 | 1(HE&)« | 31670 *
AEFCY 218 (19)¢ i 147370 | 2005 | 31588 ¢

[m]
[IVE: in witro fertlization, SCINT; cloned embryos, Tl transgenic cloned embryos,

FFC: fetal-derived fibroblast cells, CFC: curmualus-derived fibroblast cells, and

ABFC: adult ear skin-derived fibroblast. +

» b Percentages with differert superscripts within colurrns indicate significant

differences (P=0.05) +

NI R -

pEGFP-N1 gene® transfection® A ¥ @A AS EA =AHA#HS A 3 & {4
A Ees AR Ay # 33 29 1dA B kel 2 72
AEZNA 72 dd POSITIVES B, wiwrzr]2 3ad 4% 70% o] 4
o] positive® YEMYTH a8y widtE 7|2 2d3k positive A TANA mosaicismS
H2HA gt F42 TEE confirm d17] 91814 pEGFP-N1¢] #<1& PCR #2413

vl 5 positive® U ERH AT
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Table 3. Efficiency of transgenic cloned embryos on the expression as determined

by a fluorescent microse opyrs!

Embryo souree+ Eggs useds No. (%) of embryos expresseds ¢
clessrage+ blastocysts E

FFC# 112+ 70089 727 19725 (B26)0e ¥

TGa CFC+ 118+ 687 (758 17722 F7 30
AEFCS 111+ 58082 (72015 13418 7220 ¢

[m]
T tranagenic ermbrviog, FFC: Fetal-derived fibroblast cells, CFC: curmulus-derived

fibroblast cells, and AEFC: adult ear slin-derived fibroblast.+

» b Percentages with different superscripts within cohwrns indicate significant

differences (F<0.05).+

Figure 1. Trans gerde ernbryos derived from transfecte d FFC with pEGFP-M1 under

the green fluorescence under imverted epifluorescence microscope (Micon,

fransfecied FFC for nuclear transfer, Shae) S8 CIOTE FAGHD O A @

ermcleated oocyte C; morula and D; blastocyst stage of transgenic cloned

ernbrya. +

Apoptosis &3&
TUNEL ®Hel ¢34 apoptosisg ¥z Adb= 17 2-40lA VERd= vkep 2
ok 6-8413%719] IVF, SCNT PAT % TG +74@¢ apoptotic H&& 723 v} {94
zhol= glith (19 2). AT W WAV $71= 7FHA apoptotic WE-S F oA o
2 S7HE S BAATh
Apoptotic index™= TGAA T & o Btk foldo

=
AFabAl A A apoptotic cells 9 X TGolA & o+ Bt =& Ay= vy
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25

15

Mo of apoptatio aplls

el A-usll Bfloall Ol mambs  bleckaopd

Figure 2. Apopiosis &t dffersnt developmenial sisge of embrme prodacsd by IVF,

PAT, SZHT amd TG, Open bars indicate VP embryos, hatched bars partnenote
by, Sp oted bars SUNT etnboros and solid bars TO exnbiyos. +

Petserdapes wiith Aiffepenl supsrceiply witkan @okeyos wadicabe

wiggnificant Efferncms (P0005 and Fad 0]

A iH

A i i
Ha ipgheix mlb

5 . IV FAT EXNT TO . ['"F T&T SCHT TO
Fipure & &1 Apopicss st lannoest sage of enbipos prodused ey [VE, PAT, 5CNT
and TG, Apopictic tndex no. apopictic celling Sobal o=l in Hagtoost B
Allecazan of apopiotic calls in [CM of day B E}.llﬂf_‘,‘ll:l Cipasi bacw indicadn
Buraber of wobal spaptotie cel in Bty babeked borg apoptotie osl i
1CH of Wasiorysds. +
Permanbazes ek, Sifarmnt oupereages sriben cslumne mdeas ogtheans

diffanarces (F«0 05 asd 0000 =

Flpure 4, Fhinmsmeni miyossops mnsges ilosiraiieg ihe Sequenny of spoposs
iRl 1 TG (A, TVF (B, PAT (10 anad SCHT [0 b sibseved v TUHEL
mabmis. Embrym mom labaked soth fuoreeoin sethioc yensis-canjogmesed
AL fredlaw) axdd gropidi=m icdds red). Bsds parel @ s dirpley of 5 sngls
ardirro. w N A~ B-oa ] ctags M- roarnls ard A-E Bartvrgt of T0 svnloga
BLIVE, . PAT I SCHT bisstosyst an du § after TV, Aemesbend ottt

w ek ke
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Al 54, AT o4 & FY

5-1. Polyethlylene Glycolo] €3l¥ FSHE 93 FA5 QS we Fujat vkgA 3 o
W 55@ 3o 54
Superovulation Response and Quality of Embryos Recovered from Cattle
after a Single Subcutaneous Injection of FSH dissolved in Polyethylene

Glycol

Abstract

This study was carried out to assess the effect of superovulation response and
quality of embryos recovered from cattle after a single subcutaneous injection of FSH
dissolved in polyethylene glycol (PEG) in cattle. Cattle were allocated into control and
3 experimental treatment groups. In control, cattle were injected intramuscularly 50 mg
FSH twice daily for 4 days. Group 1 were injected subcutaneously with a single dose
of 400 mg FSH dissolved in 30% PEG solution. Group 2 were injected subcutaneously
with a single dose of 200 mg FSH dissolved in 30% PEG solution. Finally in group 3,
cattle were injected twice 200 mg FSH dissolved in 30% PEG solution by
subcutaneous. Superovulation was initiated by injection of FSH between Day 8 and 14
of the estrus cycle (Day 0, the day of estrus), and followed by injection of 25 mg
PGF2a at 48 h after first FSH injection. Cows were then artificially inseminated (AI)
with semen twice at 48 and 60 h after PGF2a injection. At 7 days after the second
Al embryos collected non-surgically by flushing the uterine horns and were counted
and compared morphologically as being transferable and degenerated among different
superovulation treatments. Furthermore, plasma concentrations of progesterone and
estradiol-17F were measured by radioimmunoassay following different treatments at
given days. All of cattle were observed in estrus in all treated groups, but 77.8% of
cattle in control. Superovulation response was observed as 77.8, 87.5, 88.9, and 100%

in control and Groups 1, 2 and 3. The mean numbers of corpus lutea (CL) detected in
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Group 1 were 19.6, which was significantly (P<0.05) higher than those in control,
Group 2 and Group 3 (11.1, 134 and 9.6, respectively). However, there did not differ
on the mean numbers of total embryos recovered and of transferable embryos between
control and treated groups. Higher rates of embryos classified as excellent were
revealed in Group 3 than in others. In Group 2, only 4% of recovered ova remained in
being unfertilized, whereas 29.7, 158 and 18.7% in control, Group 1 and Group 3,
respectively. No difference in the pregnancy rate by transfer of recovered embryos
was observed in control and treated groups (37.0 vs. 30-38%). Similar were the
observations with the secretory patterns of blood progesterone and estradiol-17f in
control and treated groups. In conclusion, a single subcutaneous injection with FSH
dissolved in polyethylene glycol to induce superovulation in cattle did not differ from
multiple intramuscular injection protocol on the rates of recovery, transferable and
pregnancy rate. However, a single injection is more practical for superovulation
treatments than frequent injection because of reduction of stress in cattle and

decreases of cost and labor.

aol WA AR st AFsAel del o] §H: o} o FRL 3
Aol 5sojx Ao TN FAe wwA 2tk olE metelr] Sa 1970
o 271%E FAweld Jdel #AM SEAwe s Uy dgHdA gk 5

e B5ste] Helo] e fito] o4

Z’:
T Aol v A Y- Aakete] ¢ate] THE 7]l /Ess MOET (Multiple

o
"
]
%o
T

Ovulation Embryo Transfer) Wi o] o

A v= Faee Fod 528 FRS A9 1005 F 70%A =7 Fujd A
2

il

@ 4% o4O Holyk FR otk HudlAE AT 257 £ o] He] o

39 TESE SEHAEY TR a8 Al 9 3 S5 drel e
@4=S 918l MOET Programe Ul A4 g Aoz HgA7= Aol &8
Hojof & Ao ALEHT}.
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FAYR o)AV &S AAEE] e 2RA R Fuld Aol s ool
ot sl Ae WS & oAl SlojA ZHE A H Q] Y] EolARE o H kA =
o]2] 7}s 3 FAHTS kg Hola FHHow HAEE U B EAHo]l dol k. &
A AREEE &0 sl A sEEe

F
433l At PMSG+E sialic acid7} g Stdawdz Fo & 23 GEXES 2417

A7 9deS n XA ©+ (Monnianx 5, 1983). o]¢} w2 ujgk xg]A] FSHZ
AlgslE A9 IFEeE AT FE& PMSG Etd 53y 4~5A17He] &2 dr| 2

Ael kol 23] A, 4~5U% A& Fosfof = dHol Ut (Demoustier &,
1998; Walsh &, 1993). %3 & s@foM= AT T =224 /AL Fo

% (Nasser 5, 1993; Akbar &, 1974; Bo 5, 1991, 1994), 5%

i

372 &% stress (Lucy
%, 1992, Wolfenson &, 1997), &9 2% 744 A3} (Shea &, 1984), FSH A A
o gfxo & LHe A+4Y]S&(Gonzalez 5, 1990; Lindsell 5, 1986; Muphy &, 1984;
Tribulo &, 1993; Willmott 5, 1990) 5% Ao = QX1 9

FSHE o8 ¥ Fold 45 sz kel

ot
o

Fr edomt wwd FAR
FHst £ ARV B SRR olHel skl AW

olelgh Fole] EAHS slAdsty] flaf FSHO Ael# wgrles Qdo=m AFgAZ

18k 2o AHAH ~EH A W 243 HF o7 Folgol &

FF
l"E
E}-{o
o
2
=
it
b

ko
ro,
o
fu
LS
ofo
i
=
xe
A

T A= aEA Fr]EZe PVP  (polyvinylpyrrolidone), CMC (carboxymethyl
cellurose), propylene glycol, PEG (polyethylene glycol)s < Al&3te] s 289 Fof 34
=2 ZFolx= Wo] dAFHo] g} (Takedomi 5, 1994; Suzuki, 1993; Lopez-Sebastian %,
1993; 94 5 1998). FUolAE= AdZEC E7oA F %5 (1996)¢] Folltropin-VE 25%
Fol7t b3 Folok AR E3E vEbdo] 1hH st

He=Q o= o 5 (1998)°] o s A
THfo 2EYAE WA AYFAGS bgAoR AT F e 13 F9A] FSH
o] &afAle FFek e AdAS] fskel 1%k 5% CMC, 30%2F 50% PVP, 30%%
50% PEGel &3af+121 FSHe] 13] FAFSE 7]=9] th3] FAbe] &3 dARkgS vl HE
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gt A¥ v Fofet 13] o] F 30% PEGOIA 24 {718, Aeret Adrdd ¢ 4
FSHe| FA & 794 4% Progeterone &% s°l t& &vjAlol vlsir x4 ebsit
i Husdnh 2Ry ol A 18] FAfel o g Fuje &7
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9k 9w FF] AT Aeldl oF FSHO| dankgo] me=A gttt

ek 2 Aol M = FSHE Aol F Ade Fdshes 184 77l=d <
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R AT ARG Fseta g BAFII7F 23] o] AQld MARA HAEATS

432 kgolReow AAFA=A~571F)= Hd 283 2 A At

A ziad, & voleld sty Soll e AUHTE Ao AAglen, 249,
S

sy, e, wEy 5 4%

TE7E EAE Hols g& 092 st 8~1494 FSH (Falltropin-V,
Vetrepharm, Canada)® Iul& A E /fAIeGE. ¥ 194 EE dHlel o] iz
Il AHEle 12417 Aoz 19 23], 497F 50 mgel FSHE 4SFAF six
(Gonzalez & 1990), A&7 12 30% PEGel &3lA1Z]l 400 mge] FSHE, A7 2+ 30%
PEGell 8381171 200 mgel FSHE Z47 13 Azl datFAr stglon, A5 32

30% PEGel 834121 200 mge] FSHE 23] Azyol va5AF shiek (FSHe| 22 Fof
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© 1A FARS A8AIZEl AAjEsith). GAE HAAA BAS F=7] 9d PGF2a
(Lutalyse, Upjohn)E 25 mgS FSH Az 7HA] ¥ 48A)7tell =8FA} sl o, 4847
T 5o T B gle] JdEaAs 23] AAsAH (Bo T, 1994). 1A (Artifical
Insemination, AI)-<> PGF2n o] 3 48AI17HA] 13} A4S A At 23 =4S 12413 &

4

A8 (Callessen 5, 1986). Sle Aol AHSE AA2 oA e 39 &

4l (KPN 243)<& AH&-3H3

a. Control : FSH 50 mg, 83] (LM.)

(Embryo collection)

I
(A.D
V'
(PGF2a)
l
VR A O
1 2 3 4 5 12
Day of treatment
b. Group 1 : FSH 400 mg, 13] (S.C.)
\[2
1 2 3 4 5 12
Day of treatment
c. Group 2 : FSH 200 mg, 13] (S.C.)
N[
1 2 3 4 5 12
Day of treatment
d. Group 3 : FSH 200 mg, 23] (S.C.)
N[ U
1 2 3 4 5 12

Day of treatment

Figure 1. Treatment schedules for superovulation and embryo collection.
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AEFY F 7AM A A4 Tr x2S GAE Ba e Ad FRtel v
2E EQ8e] RS £8 24D £4AL H5RUh 49 H5E non-surgical

flushing W o2 2% Lidocaine ((4™ ¢FE)S Al 1~3v]F Alolo] 6~10 ml FA}8HS
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Table 1. Number of cows detected in estrus and of recovered embryos by different

superovulation treatment

Treatment Groups*

Control 1 2 3
Treated Cows 9 8 9 7
Cows of estrus induction' 7 (77.8%) 8 (100%) 9 (100%) 7 (100%)
Cows of Superovulation2 7 7 8 7

*Control : Cows administered total 400 mg FSH injected intramuscularly twice daily for 4 days.

Group 1 : Cows administered a single subcutaneous injection of 400 mg FSH dissolved in 30% PEG.

Group 2 : Cows administered a single subcutaneous injection of 200 mg FSH dissolved in 30% PEG.

Group 3 : Cows administered 200 mg FSH dissolved in 30% PEG injected subcutaneously twice in an
interval of 48 hrs.

10va/embryos found in recovery

20nly the cows giving more than 2 ova/embryos in recovery were included

T Ao W T FankS Al @ FATIF A F 2004 B
wpel ot tizatek 7 AT 1, 2, 39 Wi FAFE 111413, 196430, 134419 1¥
a1 96+2.07M% 7t yEbsth 30% PEGel £31A121 400 mge] FSHE 13] 7381541
Fogk Aelt 1o v Aga s vl Fo% (P<0.05)o =2 EA vEbkh, ol 2
= 400 mg FSH th3] Foje} 13] Fof Al A5 2073 26870= o)A zko]7h ¢l
kil & Bo 5(1994)¢] ®.aieh 30% PVP &do] 31471 p-FSH 16 mgs 13 Fol 4

- 274 -



3] Fo] A 86 2 787E H.ud Dattena 5(1994)¢] A A} tha ZolS Holm
o, FSHe th3] Fofob 30% PEGel &3l FSHeO 13 Fol A SFAFE 1267
2482 Badk 9 F (1998)9] Harel fAs ARE Ko AMRuiE ez Ayl
dao Wgo JFE A Ao Atk 2y 5w dak E=E FAY o g
AME et 72 A 1, 2, 3914 9.1£1.3, 10.9+3.2, 9.4+1.6 18] 94+1.6 7§2 H
% 3R ZF e 93 Aol (P<0.05)E YERA skt g 3w dA

FAY FE FAFE U g WELER gxTr 4 ATl wa me A3
(821%)5 Uebda, AT 19 358E 555%2 7HE ©e A%E Yehfo] A<
A Ao AgitE A9 E bl

AP = o] 753 FATS =AY HAFAA] ‘Excellent’, 'Good' & H7td A

H
rlr
>4

dow FhFetgom, iz 7 AE T 1, 2, 39 F7F 77 51+1.3, 59£1.5, 7.3£1.8 1

o
o
lo

Y 4621670 % FARS AdE Blow, dgE s dE oy rbed g
Al &2 FSH 50 mg¥ 83 Fo A 562%% ®Hla, Az 29 304 E vlazd &
773%9F 66.7%, Al 1o)A= 539% % 744 e AN veue] AR §ol A
pol= UEIUE A @okt) ole]ld Ad= Ao FSHe 8% L7l =8 SFoA &
Aoz Yre wAdL Uxe #xpZoz ola AgHos thee Uxsb @S5
MSE o g 52 Es SAee = ZrlHoy 3o AaE .

AlZ "t Yamamoto & (1995)2 o 30% PVPol €347l 20~50 mge] FSH 13]

rie

THTAE ZeAelet i, 9 T (199l ©lstH 30% PEGOl &A1zl 400 mg
FSHe| 13] Fojel v3] Fojr] F3)¢

5 1959 887)elaL oA 7l 4
9.9¢F 5470 = 13 Fo7t £ AAS Yetllths Bt A8 A3E BT

ofy

- 275 -



Table 2. Ovary response and embryo production by different superovulation treatment

Treatment Groups*

Items

Control 1 2 3
No. of cows recovered embryos 7 7 8 7
No. of corpus luteum 11.11.3"  196+30°  134+1.9"  96+2.0
No. of recovered ova/embryos 9.1+1.3 10.9+3.2 9.4+1.6 6.9+1.5
Proportion recovery (%) 82.1 55.5 70.1 71.6
No. of transferable embryos 51+1.3 59+15 7.3+1.8 46+1.6
Proportion transferable (%) 56.2 539 77.3 66.7

a,b Value with different superscripts in the row were significantly different (P<0.05)

*Control : Cows administered total 400 mg FSH injected intramuscularly twice daily for 4 days.

Group 1 : Cows administered a single subcutaneous injection of 400 mg FSH dissolved in 30% PEG.

Group 2 : Cows administered a single subcutaneous injection of 200 mg FSH dissolved in 30% PEG.

Group 3 : Cows administered 200 mg FSH dissolved in 30% PEG injected subcutaneously twice in an
interval of 48 hrs.

1Proportion data of recovered ova/embryos out of total number of corpus luteum

2Proportion data of transferable embryos out of total number of recovered ova/embryos
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F atgoen, AT 1dAE 303%2 7 Ae 34&S e b o
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=10
o H

rlo

B2 v&2 yehgon 30% PEGel £31A1Z] 200 mgel FSHE 13] d3l5AE Fogh
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o] H| &2 FSH t}3] FoJoAE 68.2%, FSH-PVP 13] FoloAE 84.0%= Ve 1

5 Folzb o mdAoletn mastdth o e @ A= 200 mg 18] % 28 FojAel B
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Table 3. Quality of embryos recovered by different superovulation treatment

% of ova/embryos by quality**

Treatment Groups*  No. of cows

A B C D E
Control 7 39.1 10.9 6.2 141 29.7
1 7 30.3 22.3 1.3 30.3 15.8
2 8 49.3 20.0 8.0 187 4.0
3 7 52.1 14.6 0.0 14.6 187

*Control : Cows administered total 400 mg FSH injected intramuscularly twice daily for 4 days.

Group 1 @ Cows administered a single subcutaneous injection of 400 mg FSH dissolved in 30% PEG.

Group 2 : Cows administered a single subcutaneous injection of 200 mg FSH dissolved in 30% PEG.

Group 3 : Cows administered 200 mg FSH dissolved in 30% PEG injected subcutaneously twice in an
interval of 48 hrs.

#+(Classification of ova/embryo quality

A : Excellent, B : Good, C : Fair, D : Degenerated, E : Unfertilized ova

dom 7 Ay FHSS 30.0%, 36.8% LElal 37.7%2 UERY AukA o
Hlszet 4345 Jepdidded olge Ans thekd deld ukgo] oA 3 gEE A
ol A= tha dold AdE HolA W 3¢E FA4H FoA oA 7t

ol oAty Az o g Aol FESol
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Table 4. Pregnancy rates after transfer of embryos recovered by different

superovulation treatment

Treatment Groups*

Control 1 2 3
No. of recipients 8 10 19 14
No. of transfered embryos 8 15 26 15
No. of pregnant recipients 3 3 7 5
Pregnancy rate(%) 37.0 30.0 36.8 37.7

*Control : Cows administered total 400 mg FSH injected intramuscularly twice daily for 4 days.

Group 1 @ Cows administered a single subcutaneous injection of 400 mg FSH dissolved in 30% PEG.

Group 2 : Cows administered a single subcutaneous injection of 200 mg FSH dissolved in 30% PEG.

Group 3 : Cows administered 200 mg FSH dissolved in 30% PEG injected subcutaneously twice in an

interval of 48 hrs.

5. % progesterone @ estradiol-17p¢ = £

Tt A MALREE JAFTFAYD A 12412 Ao R Fekg-o] AA WA A
o ddy A FHH A Ao EF progesterone E estradiol-17F FE=E4A A}
v 2% 2, 394 B upet o] tixTE v R 4 AT 5 =8 BHle FAE
3 A3E YElA . Yamamoto 5 (1994)8 <lu<+4 & &AH Y progesteroned &
© FSH 7ol § 2407744 ALAor S7tHm 3 desdd § 794 #2y= &
Aot eEs G 28 o] Jhsd AT ok #Hol e oem HisgITth
BoAgo Azt FAlgolA f2oH(P<0.05)oR =A vEebd A 17lAM 7 E
£ progesterone?] X ZE etk w3 19954 Takedomi 5% p-FSHE g2 d<
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LA A 13 Foo] w}E progesterone = FSH Fo] & 48A17HA] PGF2aEs Fo %
T2A) 2ol ell {9 A (P<0.05) &2 YA YErskon, FSH 7o § 9641744 He 359
Progesterone =5 At Hustdt. 2 Ao = PGF2nS Fo] & 72A]7to]
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Figure 2. Comparisons of plasma EZ2 concentration in cows treated by different

superovulation regimens
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Figure 3. Comparisons of plasma P4 concentration in cows treated by different

superovulation regimens
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5-2. ¢ AAE BEAFAHATY o2 & A&H
Viability of somatic cell nuclear transfer embryos following embryo

transfer in Hanwoo

Abstract

This study was conducted to examine the viability of bovine clone embryos
after embryo transfer. Fresh or vitrified blastocysts derived from somatic cell nuclear
transfer (SCNT) were transferred into the wuterine horn of recipient cows.
Twenty—four of total 73 recipients were pregnant at Day 50 and 4 recipients were
maintained to term. Each 2 calves derived from IVF and SCNT embryos were born.
Pregnancy rate was higher when fresh embryos were transferred to recipients
compared to vitrified embryos, but development to term was not different between
both groups. One female clone calf died at 5 days after birth due to the fullness of
amniotic fluid in rumen and the infection of umbilical cord. The result of the present
study shows that clone claves can produced from embryo transfer of SCNT embryos,

however, solution of abortion problem is necessary to improve the cloning efficiency.
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skl ARgStTh AN FAL 20% FBS(Gibco)7b #7HE D-PBS(Dulbecco’s PBS)
E JEHo g o], 20% glycerol, 20% ethylene glycol, 3/8 M sucrose % 3/8 M
dextrose’t FEEE ZASATHVSI). 2As s A A ZA| A, WA saEAA L

sugarE D-PBSYel HFs=2 1250 == &alleto] AHE Aol FBSSF 4:19] H|

s
Egtatol AT B, T4 A W& fste] 20% FBS7F $t¥ D-PBSE ©] 83
af

WAAe] Aoz 20% FBSE /3 D-PBSY 1/2 M sucroseE #H71sle]

off

of VS34S 747} 50% B 25% = BlAjstel VS2 B VS1S whEd 3, g3 F
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(S-PBS) AHgstdon, A4 348 95t 1/4 M sucrosed = 22 Wi o g FH|3}
At
5. FA#Y =A3552

A A wivkEs VSL, VS2 9 VS3ell 7b7f 5%, 5% 9 1R 33 Az o
(ED), ¥4 VS2 2 VS3el| 7hzy 58 2 187 20 3y AT FAHL VS3Y
of Pt 138 ool 0.25-ml E&2Y straw(FHK, Japan) W& 599tk 54

e A strawdlol S-PBS 2Z(710 2 ~70 mm), VS3 2%(3 2 10 mm)< z2+7 05
mm?®| F7] Fo& Reste] g FH FHoR {FASATh 1-3/M9 A5 H ol
AT o Wy ES VS3de] AH3 T oulE 10 mme] VS3Zel &7 ¥ ool VS3
1=(3 mm) ¥ S-PBS(C15 mm) 1&FS WHE 3 strawd] £ Zo & AAE o] &3}
o] BAsAtH(A &, 1998). A& FfHH straws FA G BAF FHREH LN2UR
AAFAT A 1285 w2 A8, vux] 1/2 F22 A3 A8t o,
VS3ol FEHAAEE 18 ool AT strawl B¢ L LN2W HA Aol Buym

= Stk T2 strawe &3 A7bA LN2 &7] ol B el

6. 2439 &3, I & W&

T4 53 TR A9 3AES ¢3] 0.25 ¥ 05M sucroseE A3

4@

4 strawe LN2 WelA Aol 20T FxolA oF 10&3t

e}
&
sucrose’} 591+ WMEHEA WE WEES wEAA EFAAY. S48 FA 05M

-

sucrose?] W=Z &7 A2dA 583 F% & thA] 0.25M sucrose 9 W2 &7 5E7F
TR oS 20% FBSE 33 D-PBSE A& & 10% FBS7F H7F%l CRlaa ®iA =

w7 5% COq, 399 F7stoll A 6-841%F v et it

FESE AABRS L BART) 2 ASHAT SRS WHRIE 5] W
AF7] 6-1644 9 gtaiol GnRHE T3 F 7dAd PGF2n 30mgs Folstaith. PG
Fo 48417t § WAl 4718 £@$ol GnRHE 13 A Fol F 7-8so] Aol
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8. FATA R YA

A0l deE 71 mukEES 17270 4 20% FBSE %3 DPBS 9

L
i
N

0.25 ml straw o B3slo] o2 A|7tA| 37C straw % 7|o] Bt ¢ =

AZ o] BARS GEow T AFAt G 12708 o] 4k Y 55

B9 AQuA Wil AIZ AT th T wigto] Uolyt WMuIE A7 ¥
Ade F742 ol 4HA o4 F wAAANE wEste] 509 o FAA WHol AHHA

9. Microsatellite assay

ol A S HAlFE HASHY] 9t kg g Fopxe] dolg A F ko]
DNAE 3|58t &o] AAEA %= DNAE 3]43te] 37H(INRA035, INRA023, ABS011)
52 570(BM1824, TGLA122, ETH225, INRA023, ETH10)2] bovine satellite markers&
o]&3to] microsatellite assays HAISHATHVaiman &, 1994; Pfister Genskow -5,

1995).

10. 3|FHAL

>~
——

{a}

=)

o,
N
2,
B>
lo

>~
=
%
(e
r o

& AES] Sste] sReA AAE Arse] F7]x

Ao e, 3AY BdelR, AFeln 5 Ak

FA e o2 AF ol A3l= Chi-square testol] o3t FolAdS HAs AL
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2 3

1 oy #

AES
3N Hde F 73579
Atk (Table 1). ©]2]3F dg| &

A2l 284-291 o] AFAERF == A

5 291<doll Al d ) &f o]

Table 1. Embryo transfer results of bovine NT embryos

Fam No No.(%) of No.(%? of  No. (%). of Note
Recipients pregnant at D50 Abortion Parturition
A 30 9(30.0) 9(100)* 0*
B 21 6(28.6) 3(50.0)" 3(50.0)" IVF 2, NT 1
C 22 9(40.9) 8(88.9)" 1(1L.D®™  Died 5d after born
Total 73 24(32.9) 20(83.3) 4(16.7) IVF 2, NT 2

**Values with different superscript in the same column differ (P<0.05).

Table 2. Embryo transfer results of fresh and vitrified bovine NT embryos

Treatment No. No.(%) of No.(%) of No. (%) of Note
atmen Recipients pregnant at D50  Abortion Parturition
Fresh 34 14(41.2) 12(85.7) 2(14.3) 1(IVF—-derived)
Vitrified 39 10(25.6) 8(80.0) 2(20.0) 1(IVF-derived)
Total 73 24(32.9) 20(83.3) 4(16.7) IVF 2, NT 2
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Table 3. Embryo transfer results following transfer methods

Treatment No. No.(%) of No.(%) of  No. (%) of Note
Recipients  pregnant at D50 Abortion Parturition
NT 62 19(30.6) 18(94.7) 1(5.3) NT 1
NT+IVF 9 3(33.3) 0 3(100.0) IVF 2, NT 1

AI+ET 2 2(100.0) 2(100.0) 0

il iy
:

Figure 1. Clone calves. Left front is male (D287, 34kg) and right is female (D291,
46kg).

2. Microsatellite assay

IVE&at g o]Aste] Hlojwt Fol#] 259 microsatellite w4723}, maker

INRA023% INRAO359A] cattle 1¢] donor A|3E7F DNA7ZF ¥ x]&te] EA$olx =2 HH

HAtH(Fig. 2). $tH, IVF&Y} 7] o] 2ste] glojd FolA| 5, el donor cell?} th

2 @Fokxel daid= DNA 24

3

tlo

A A

of

P st ARERe o Aske] Holyd %

olA] 159 tgt microsatellite #2243 = AF&3F 5709 makers & EFolA donor Al

X 9 donor 7HA ¢ & DNA ¢} genotypeo]l ¥ =X]3}tHTable 4).
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Microsatellite assay

INRA023 ABS011 INRAO035

R D1D2 1 2 R D1D2 1 2 R D1D2 1 2

R : recipient

D1: donor cells(7/19:W.P)
D2: donor cells(7/19:Dew)
1 : cattle1

2 : cattle2

Figure 2. Microsatellite assay of cloned and IVF cattles

Table 4. Microsatellite analysis of donor cells, recipient and offspring

Donor Donor Donor Calf Recipient
Marker

Cell 1 Cell 2 blood blood blood
BM1824 181/183 181/183 181/183 181/183 181/181
TGLA122 151/181 151/181 151/181 151/181 141/181
ETH225 141/141 141/141 141/141 141/141 141/145
INRAO023 203/203 203/203 203/203 203/203 185/211
ETHI10 218/223 218/223 218/223 218/223 218/223
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Figure4. An absorbed clone fetus at D246.
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Atgol wthe Aolth e FARIMEE o83 “Dolly"e] ¢ 8% Az

oS

NEH 3% AbApEAl &S Bl v (Wilmut 5, 1997), AF A= 50% o]/ =

flo

A4ES Holnk AAFAEL 2-3%°] &35t (Wakayama &, 1998). $HA, 4 9]
glol 2 AAAE BATe] AE diFiE 15-55%2 JAE& T 3-25%9 AR LS
71Z5 A o U(Cibelli 5, 1998; Vignon %, 1998, Wells 5, 1999), #+¥d3tA Kato %
(1998)2 100%2] A&7 100%2] #rhe, 75-83%<2] AbAIAY & 183 60%2] A4y
AhES B o mA AAEE o] &3 T= dEFEAY e Ads AlASEAT AT

M= 30% A= dAl&S AAAN o T 17%%ko] FAketo] AR A& 55%0
B

al
o 4] o|ste] Aitel

e azlol WobAE el AAE FeAQAd BAY] DS BAAF, 2RE
BER, DEe NGTAR A AR 2k 5 gtk WMol HolAd] g B

Folx|ol A et ANES A E WA Willadsen 5(1991)2 Holstein®F S X33k

10079 EA FolA] T 10571 24 Ay 24 A5 Algsigoy, ol F AR = AHA
A7k = Bt AAAFo] 130lbs(59%g) ol AolA vt B sldtl. Wilson %

(1995)8 4189 %Al Fol S 2AG dx, 544

rr
©,
o
RN
o,
~
X
rO
2 K
=
=
Lo

3 AatE FolAlET AA ATl Hit 20%0174 FaL, WA L AAATE A= G
o] 4-12vivt A YEtHt i B stk B3 Garry 5(1996)2 4079 HEAIFOIAE
Airetedl, o5 AAATHEAE 264-67.3kg(B#485kg) o= AT

i, 345 A A5l sty ol MAAE S HEtleH, 8% A, 5719

2 A7) ol o Abgshetha waslch

o

FA, AAME BEAlsEe] A5E AdAbAte] EdNIET & ASE YER o,
AP ES HjolEAl JfAl] Hlsle] © &L o=
132-1619 2, YA AFES 3.0-8.7kgo 2 Wil %9 1(Schnieke 5, 1997), AFx}o] 25-58%

b 1ger Qe ARbEAY, Aol soem s =7 AYR Ao HIuHAT
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(Wilmut &, 1997; Schnieke &, 1997). stH EAFolx o H9= ZEd 45 (Kato &,

o,

1999)5 Alelatas AAAF] & Aol AL dFE= AdAF(B3ke)H He FF,
Adek wiFg e 5ol ojdom dalFrld fatE A9E BaEAoh(Cibelli §, 1998).
oAM= BalFolx e A A F o] 34kg ¥ 46kg o2 Ejojutom Fali= Al o
o3 ejoiwt

BadolA) o AbgERE 1) %=ok(25-100%), Cibelli 5(1998)2 4% 5 157} 714

g oA %o o Qleko] Abgekdittal Barsklal, Well 5(1999)2 2% 5 1
7 34 SEAYEoR At Hlew, Kato 5(1998)2] A ¢% 8F & 4771 Wik,
A8 o @44 8dor Qo] Atdedvar Basklvh wf R ZEE e Al
o,

FL2RHY 54U 28 T2 dste] A A AMgS Aoz nuyHfrt
(Vignone &, 1999; Shiga &, 1999). £ A FoA ol EA| Aol HdAz wjFd

o] 7ol Aol 3 olow AW ES)

o

2
B ATl AE BAT o4 & wAel Fu R o4 Fe] wE JuL} YE
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19 EE B gestel Wy 78BS AT 7o
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