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SUMMARY

I. High quality Hanwoo meet production by the regulation of Calpain

Proteolytic System

The objectives of this research was high quality beef production by the
regulation of calpain proteolytic system. Experimental desigh was 3
treatments (long-term restricted feeding, LTFR; long-term restricted feeding
and hormone treatment, LT FR- Ht; short-term non- restricted feeding, STFNR)
and 3 sexes (bulls, steers, heifers). Thirty calves (5-6month old) was
purchased from local farm and livestock market during 12 calves in 1996,
each 9 calves during 1997 and 1998. Bulls (4-3 calves) was castrated by
surgical method.

LTFR group was fed 96/4 - 97/10 (24month age), and LTFR-Ht group
was fed 97/6 - 98/12 and was implanted sustained-release hormones, M- PO
(progeste- rone + Oestradiol benzoate) for bulls and steers, and F-TO
(Trenbolone acetate + Oestradiol benzoate) for heifers in year subcutaneously
at before slaughter 6 month (18 month old), 4 month (20 month old), and 2
month (22 month old). Concentrate diet was fed based on programed
restricted feeding methods. STFNR group was fed 98/7 - 99/8 (18 month
age), and concentrate diet was fed ad libitum. All animals were slaughtered
and meat quality was recorded by meat evaluator from slaughter house.
Calpain and calpastatin activity was measured from loin and tenderloin
(Wheeler and Koohmaraie, 1991). For drip loss and shear force measurement,
3 steaks were cutted from loin and tenderloin, vacum packaged, and then
aged for 3, 9, 15, 21 days. Steaks were cooked in 75 water bath and 6 core
was punchured (1.24cm DM) by the parallel to muscle fiber, and then

sheared. Meat color was expressed the value of L* (lightness), a* (red-
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green), b* (blue-yellow).

Animal growth rate was highest in bulls and subsequently steers and
heifers. Average daily gain was 0.77 in bulls, 0.71 in steers, and 0.56 in
heifers, LTFR group. the growth rate was linearly increased during feeding
trial. In STFNR group, the slaughter weight was 490.7kg in bulls, 477.0kg in
steers, and 439.2kg in heifers. The overall ADG was highest in STFNR
(0.86), and then subsequently LTFR-Ht (0.77), LTFR (0.68). Therefore, high
growth rate in bulls was enhanced protein accumulation and reduced protein
degradation. However, growth rate was enhanced 8.3% in bulls, 7.7% in
steers, and 23.2% heifers by hormone treatment.

Meat qualtity grade was C in bulls and B in steers although bulls have
high growth rate. Back fat thickness was higher in heifers than in bulls and
steers. However, longisissimus dorci was higher in bulls thann in steer and
heifer. Also, meat quality grade was 2.8 in bulls, but steer has high grade as
14 in steers. Generally, low calpastatin activity was reducd shear forceand
then enhanced meat tenderness. Also, low drip loss in steers may enhanced
meat tenderness. Hunter color-L* was lower in bulls than in steer and
heifers.

In conclusion, STFNR was not enough for high quality beef production and
LTFR-Ht will produce high quality meat with high growth rate. T herefore,
long-term restricted feeding with hormone treatment will be the best choice

to farmers for high quality beef production.

[I. Muscle satellite cell culture and microscopic muscle fiber examine

for high quality hanwoo meat production

Muscle sample were collected from slaughtered experimental hanwoo.

muscle satellite cells were cloned and cultured in vitro. Three medium (DME
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/ F12, DMEM, McCoy's 5A) and three serum sources (FCS, CS, HS) were
tested for optimum culture condition of muscle satellite cells. Cell proliferation
was the highest in DMEM. The cell fusion was 32% in DMEM McCoy's
5A and was 21% in DME/ F12. However, cell proliferation was more affected
by different serum sources than in medium. Cell proliferation was the highest
in FCS and 37.3% in CS and 10.2% in HS compare to FCS.

DNA transfection was made from cloned muscle satellite cells with pCMV
B lac plasmid and liposome complex in DMEM + 10% FCS. Green color was
appeared with gene transfection. T he transfection ratio was low, it prove that
the DNA was transfected and expressed in muscle satellite cells.

Vinculin and desmin were degraded by the increasing storage time in 4
which means that meat tenderness will be improved. Specific activity of
cathepsin B was doubled in male than that in female, but cathepsin B+L
activity was not different between male and female. Vinculin was detected in
day 1 and day 1, however, the band was disappeared after day 3. Vinculin
molecular weight was 90kD. Desmin was also degraded based on aging time
and their molecular weight was 50kD. The molecular weights of calpastatin,
calpain- 1, and calpain- Il were 71kD, 55kD, and 80, 50, 30kD, respectively.

Density of muscle fiber was very flaxible in long-term restriced feeding
group. The length of sarcomere, muscle contraction unit, was extended about
45%. Muscle surface was relaxed in hormone treatment group. It may
effect on muscle fiber relaxing due to vinculin and nebulin degradation.
However, muscle fiber density was high by continuous connection among
muscle fiber and sarcomere unit was not clear. T herefore, the muscle protein
will be intact without degradation and very tough by high shear force.

Muscle total RNA was isolated by the method of Chomczynski and Sacchi
(1987), mRNA was isolated using oliigo-dT cellulose and then purified
(Sambrook et al., 1992). Several cDNA was amplified by RT-PCR. DNA

sequence was used pGEM®—T Easy Vector System in ABI Prism 377 DNA
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Sequencer. Two insert was sequenced, the one is 826bp, and the other was
1.6Kb. 826bp fragment was 100% homology of calpastatin DNA from NIH -
NCBI, GenBank data. Also, other fragment was 85% homology of calpastatin
from other species.

In conclusion, we identified calpain characteristics and relationship with
muscle fiber. Muscle protein degradation during postmortem was directly

connected with muscle tenderness and quality of meat.

[11. Development of calpain antisense DNA microinjected hanwoo

embryos

The purposes of this research is the production of hanwoo embryos
derived from calpain antisense DNA microinjection to improve worsening
livestock industry. This research was performed for 5 years and results were
summarized as follows.

The Holstein oocytes classified as grade A and B were higher than korean
native cattle. And the cumulus cell expantion rate of oocytes cultured in
TCM-199 and Ham's F-10 medium supplemented with 10 % FCS and
hormones were significantly(P<0.05) higher(81.9 % 84.2 %) than non-treated
groups(745 % 76.8 %). The fertilization and polyspermy rate of in vitro
maturation oocytes, cultured in TCM-199 and Ham's F-10 medium
supplemented with 10 % FCS, 1 % BSA and 10 % bFF were 53.8 % 55.0
%, 514 % 526 %, 470 % 50.0 % and 136 % 14.2 %, 100 % 11.1 %, 10.0
% respectively. The FSH-LH treatment was the highest fertilization and
poly- spermy rate in medium containing of PMSG-HCG. The fertilization and
male pronuclear formation rate of follicular oocytes, fertilized with capacitated
spermatozoas by heparin and bFF methods were 70.9 %, 66.2 % and 48.8 %,
50.0 % respectively. And the fertilization and male pronuclear formation rate

were higher method of heparin than other methods.
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In the experiment to increase in survival rate of hanwoo immature oocytes
and embryos, the best cryoprotectant was ethylene glycol. Futhermore, the
addition of ficoll and sucrose to ethylene glycol(EFS40) showed higher
efficiency than that to use ethylene glycol only.

When the in vitro fertilized oocytes were co- cultured with cumulus cells,
the development rate to be morula and blastocyst was 22.7 % and the rates
were higher than of without cumulus cells, 7.8 %(P<0.05).

The embryos developed rate to morula and blastocyste stages in
TCM-199, Ham's F-10, CRla and m-SOF medium containing 10 % FCS
were 20.0 %, 17.8 %, 23.1 %, and 23.6 %. The embryos developed rate of
oocytes cultured in CRlam and m-SOF were higher than those of oocytes
cultured in TCM-199 and Ham's F-10. The embryos developed from IVM,
IVF were cultured in different culture medium with 20 %, 10 % FCS or 04
%, 1 % BSA in CRlaa and m-SOF. The higher developmental rates of IVM,
IVF embryos developed beyond morula and blastocyte stages were obtained
in cultuer medium with 20 % FCS group(229 % 229 %) than those of 10 %
FCS group(154 % 17.1 %), 1 % BSA group(167 % 200 %) and 0.4 %
BSA group(143 %  15.2 %, P<0.05). The cleavage rate of fertilized oocytes
in CRlaa containing o -tocopherol, L-ascorbic, cysteamine and selenium were
no significantly control group. However the fertilized oocytes were cultured
for 168 hrs in culture medium with 25 p M o -tocopherol, the morulae and
blastocyst rate were significantly higher than control group(P<0.05). When
the oocytes were cultured with L-ascorbic acid, the 4cell development rate
were 46.7% 53.7%. The morulae rate were no significantly and the
blastocysts rate were significantly higher than control group(P<0.05). When
the oocytes were cultured with 100 y M cysteamine, the 4cell development
rate were significantly higher(50.0% 61.8%) than control group(50.0%,
P<0.05). Morulae and blastocyst rate were higher than control group. The

blastocysts development rate of oocytes cultured with 400 y M selenium were
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9.4%. There were significantly higher than control group(3.3%, P<0.05).
Addition of 25 p M o -tocopherol, 50 p M L-ascorbic acid, 100 p M
cysteamine and 400 p M selenium to the culture medium increase the
incidence of embryos developed to the morulae and blastocyst.

The percentage of DNA injected embryos reaching to the morula and
blastocyst were slightly lower than those of control embryos. As the result of
X-gal staning, the proportion of positive embryos was 55.6 -2% in morulae
and blastocyst stage embryos. However, mosaicism has been observed in the
most putative transgenic morulae and blastocyst.

These results indicated that the in vitro maturation and culture medium
supplemented with hormones, serum and anti-oxidant can increase the
proportion of maturation, fertilization and developed into morula and
blastocysts stage embryos. And improved IVM/IVF system and culture
condition increased the embro viability and expression of a microinjected
transgene. By this research, we established the mass production of IVM/IVF
hanwoo embryos after calpain DNA microinjection and this result make

possible development of hanwoo industry.
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2

Calpain Proteolytic System

Table 1. Experimental design for Hanwoo feeding trial.

1996 1997 1998
12 9
(24 ) | BAA (24 ) (18
g9 ? g 9
4 4 4 3 3 3 3 3
Table 1 1996 , 1997 , 19998
5-6 6- 8 3-4
1 ¢ 3-4
H H (31 9 )
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Table 2. Diet feeding standard at different growth stage.

-5 6- 12 (13-18 )| (18-24 )
C P(%) 18- 19 14- 16 11-12 10- 11
TDN 70 68- 70 71-72 72-73
20-25 12-15 1.7-18 18-20
3.0-5.0 6.8-8.0 3.0-5.0
25-40 5.0-6.0 25-4.0 -
(%) 1.0-1.2 1.2-15 1.0-1.2 0508
0.8-1.0 11-15 0.7-1.1 0.4- 0.6
Table 3. Monthly feeding pattern for experimental animals
(calf/day: kg as-fed bases)
Age(Month) Stage Concentrate Rice Straw Alfalfa Cube
5 Early Calf 3.0 ad lib 0.3
6 3.2 ad lib 0.5
7 3.6 ad lib 0.6
8 40 ad lib 0.6
9 Middle Calf 4.2 ad lib 1.0
10 45 ad lib 1.0
11 5.0 ad lib 1.0
12 55 ad lib 1.0
13 6.0 ad lib
14 _ 7.5 ad lib
15 Early Fattening 75 ad lib
16 8.0(7.5) ad lib
17 10(8.0) ad lib
18 10(8.0) ad lib
19 11(8.5) ad lib
20 . 11(8.5) ad lib
21 Late Fattening ad lib ad lib
22 ad lib ad lib
23 ad lib ad lib
24 ad lib ad lib
()
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Table 2, 3
( )s

T able 4. Feed consumption of experimental animals (Calf / day : kg)

Age (m) 3 4 5 6 7 8 9
Sex C ¢ 9/C ¢ 9|C ¢ ¢|C ¢ ¢|C ¢ ¢[C ¢ ¢|C o ¢
Diet 30 30 27,30 3.0 30/36 36 36/ 36 3.6 30/ 42 42 42(45 45 45/ 5 5 5
Alfalfa - - -|10 10 10/ 06 06 06/06 06 06/ 1 1 1|1 1 1|1 1 1
Rice Straw |11 12 10/19 1.9 08/ 22 26 16|33 3.3 29/ 36 36 32|37 3.8 34|41 41 37

Table 4 3 9 Table 3
( 0.5 %)
Table 2
2.
AOAC (2
Georing VanSoest(3)
Table 5 (%), NEm

(Mcal/kg) NEg (Mcal/kg)

18.05, 1.102, 1.667 14.05, 1.600,
1.037 (%)

0.80, 0.57 1.07, 0.57

- 28 -




Cube

(4) : : :
[ 7]
, , (%)
15.00, 50.00, 37.00
Table 5. Chemical composition and nutrient contents of fed diet
(as- fed bases, %)
Concentrate Roughage
Composition  Early Middle Early Late Rice Alfalfa
Calf Calf Fattening Fattening Straw Cube
W ater 11.70 11.84 11.95 12.36 9.01 14.35
C. Protein 18.05 14.05 12.34 10.99 450 15.19
C. Fat 2.95 2.69 2.65 314 2.18 2.79
C. Fiber 591 532 458 3.37 28.10 22.22
C. Ash 6.12 8.64 6.78 6.73 15.10 8.17
Ca 0.79 1.07 1.02 0.81 0.24 2.64
P 0.56 0.57 0.53 041 0.13 0.32
NEm* 1.67 1.60 1.62 1.69 0.51 1.09
NEg* 1.10 1.04 10.51 11.09 0.17 0.54
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1.
(LTFR)
Fig 1 Table 6
’ ’ 3 9
(1)
11 9 , , 271.8, 275.6, 246.2
kg : 3-4
1 700g
1 600- 700g
5-6 7-8
Table 6 0.71, 0.77, 0.56
22
2-3
(Burdizzo)
2- 3 ' 3' 4
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AZsn B F8&8F¥oI Aol H2 IFHE AT (Hedrick, 1968;
Field, 1971; Seideman %, 1982). F4% AA -9l Hlstd AFEo] w=Zn AR
Z&o] & #Holt (Arth®¥ %, 1969; Bidart &, 1977, Field, 1971). E£& 4
T AAS vEte A&&L AT FH)71E Bdol 4t WA #rkHI Aok
(Jacobs &, 1977). E3 AAd ot FF=Ev 719 7] A Y
o FS7HEL AAMA 93td HES ZBEC] AAHeR 10-15% BE FHAd)
7] W& AAE ZIFstngls 4R a8y o] &4 AL AN

AaraR nFEE Ads Ee A0 Bulg 4 glons w4d Aol

700
600 =1
4
o 500
= L
S 400
=
ey —&— bull
200 —e—steer
—&— heifer
100 - -
5 7 9 11 13 15 17 19 21 23
Age (months)

Fig. 1. BW gain during 24 month feeding in long-term restricted feeding
(LTFR) of Korean cattle
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Table 6. BW gain during 24 month feeding in long-term restricted feeding

(LTFR) of Korean cattle

Age Bulls Steers Heifers
BW BW BW

(Month)  BwW change ADG BW change ADG BW change ADG

5 152.8 143.8 130.4
6 1800 272 091 1716 278 093 1544 240 080
7 200.6 206  0.69 1952 236 0.79 1738 194 0.65
8 209.2 86 0.29 2178 226 075 1904 166 055
9 2370 278 093 2394 216 072 2100 196  0.65
10 2540 170 057 2488 94 031 2246 146 049
11 2756 216 072 2718 230 077 2462 216 072
12 2920 164 055 2940 222 074 2704 242 081
13 3094 174 058 3156 216 0.72 2858 154 051
14 3210 116 039 3242 86 029 2958 100 033
15 3448 238 079 3504 262  0.87 3081 123 041
16 3834 38.6 1.29 3754  25.0 0.83 3320 239 0.80
17 4050 216 072 3944 190 0.63 3468 148 049
18 4310 260 087 4204 260 0.87 3724 256 085
19 461.8 30.8 1.03 4458 254 0.85 378.2 5.8 0.19
20 4948 330 110 4812 354 118 4054 272 091
21 5280 332 111 4982 170 057 4204 150 050
22 529.0 1.0 0.03 496.3 -19 -0.06 4304 100 0.33
23 5676 386 1.29 5232 269  0.90 4424 120 040
24 5934 258 0.86 5488 25.6 0.85 4524 100 0.33
Avg 0.77 0.71 0.56

24
.97 10 9 6 24
(Fig. 2 Table 7).
( )1 H
1 3 , 1
1 ’
6 (18 ), 4 (20 ), 2 (22 )

M- PO (progesterone
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200mg/dose, Oestradiol benzoate 20mg/dose) F-TO (Trenbolone

acetate 200mg/dose, Oestradiol benzoate 20mg/dose) (Upjohn, USA)

F0g
500 -
P
o - - ;
= 500 — .}__....— #_EF,J—
= L ool g
=2 | r — s
g 400 =
o — _.'-!'__.E’
300 | 3= [—m—pu
__.55:5-'5“"" —e—zigar
200 H.-—"—'E- | —=—nheifer
u—l"'
100
a T 9 1 13 15 ! 9 21 23

Age {maonths)

Fig. 2. BW gain of LTFR-tH of Korean cattle treated hormone (n=30)

Table 7. BW gain of LTFR-tH of Korean cattle treated hormone (n=30)

Sex

Age(M) Bulls Steers Heifers
4 110.7 110.8 1126
5 124.9 126.4 126.8
6 156.4 155.3 152.8
7 183.7 182.8 176.6
8 213.6 211.9 201.3
9 250.5 242.8 229.9
10 2715 266.2 249.4
11 304.4 2925 270.5
12 323.9 304.8 284.5
13 341.6 3335 307.9
14 3714 356.3 329.2
15 415.1 396.1 361.9
16 427.9 409.3 373.8
17 448.7 422.4 382.8
18 480.1 441.9 393.8
19 504.4 471.1 417.2
20 525.2 498.3 447.8
21 543.5 523.3 475.0
22 563.5 534.6 487.5
23 590.2. 558.8 516.2
24 610.8 572.9 525.4
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.98 7 9 8 18

16
490.7kg, 477.0kg, 439.2kg
50kg , 10kg

, (Guenther
, 1968).
(Prior , 1977).

(Plegge , 1985; Hanke , 1986; Wagner, 1987, Glimp , 1989).

(Zinn, 1987).

(old Garrett, 1987; Hicks , 1990). Zinn (1986)
94%

4.6%
(Glim , 1989).
0.86
, (0.77) (0.68)
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T2 (83%), AAST (7.7%), P12 AF (232%) F7HetAdot

600
T 1
500 ’ ——¢
\—1)
(&)
= 400
£
el
2 300
200 —o— steer
—a— heifer|
100 : : t . z )
5 6 7 8 9 10 11 12 13 14 15 16 17 18
Age (months)

Fig. 3. Body weight gain of short-term feeding (STFNR) of Korean cattle

Table 8 Body weight gain of short-term feeding (STFNR) of Korean cattle

5 6 7 8 9 100 11 12 13 14 15 1.6 17 18

Bulls 1240 1490 176.3 206.0 235.0 269.7 306.7 340.0 374.3 401.7 429.0 475.0 483.3 490.7
Steers 1365 153.8 1725 193.8 2253 264.3 295.0 328.0 368.3 391.3 417.5 461.0 465.0 477.0

Heifer  136.8 157.0 184.0 207.3 230.7 268.7 293.3 340.0 355.0 375.7 393.7 418.3 436.0 439.2
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B (Cho , 1995).

(hONG , 1996). ,

Table 9. Comparison of ADG among treatments and sexes (kg/d, LS mean)

T reatment Sex
LTFR LTFR-tH STFNR Bull Steer Heifer
ADG 0.68b 0.77b 0.86a 0.85a 0.79b 0.67b

LTFR: long-term feeding by restricted supply of diets

LTFR-tH: long-term feeding by restricted diets with hormone treatment.
STFNR: short-term feeding by ad libitum of diets.

abMeans in the same row with a common superscript do not differ (P<0.05).

Fig 4. Experimental animals. feeding trial (top), weighing and blood sampling

(middle), and anabolic implant in ear.
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(1 ) 96 4
24 97
24 (2 =2 ) , Carcass yield

MQD = 65.834 - (0.393 x BFT) + (0.088 x LA) - (0.008 x CW)
[MQD(meat quantity index), BFT (back fat thickness), LA(longissimus area,
cm2, CW (carcass weight, kg)]

Table 10 Table 11

50kg , 30kg 47kg

(Table 1).

(T able 2). :

Table 12 Table 13
14 , 2.0
2.8

( , 1996).
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Bos
indicus Bos taurus
(Garrett Hinman, 1971,
Knapp , 1989; Griffin , 1992).

, high marbling

T able 10. Carcass trait of bulls, steers and heifer in different feeding program
of Korean cattle (n=5, kg)

ltems LTFR STFNR .
Bull Steer Siga Bull Steer Heifer
Body wt 608.4+ 21.5 556.0+ 17.7 NS 556.7+ 41.1 548.3+ 24.6 500.0+ 35.1
Dressed wt 360.0+ 9.5 330.0+ 5.9 * 3223+ 25,7  323.3+ 19.3 295.0+ 18.7
T enderloin 8.1+ 0.2 8.2+ 0.6 NS 5.2+ 0.4 52+ 04 51+ 05
Loin 39.2+ 4.0 349+ 1.9 NS 37.7+ 35 34.1+ 1.6 293+ 1.1
Sirloin 7.8+ 0.1 8.2+ 0.2 NS 7.9+ 0.2 6.6+ 0.5 7.0+ 1
Rump 22,6+ 0.6 19.3+ 0.6 ** 179+ 1.3 174+ 1.5 164+ 1.1
Round 36.6+ 0.8 326+ 1.2 * 30.6+ 2.08 31.8+ 3.2 26.6+ 1.4
Foreleg 26.7+ 1.1 21.8+ 0.6 ol 22.4at 1.3 20.5eh+ 1.51 16.4ht 1.1
Chuck 231+ 23 11.7+ 15 * 13.6+ 2.1 7.7t 0.8 7.2bt 0.9
Brisket 437+ 14 36.1+ 14 ** 34.1+ 4.0 344+ 25 278+ 2.2
Shank 16.0+ 0.2 14.8+ 0.5 NS 15.7+ 0.9 14.3+ 0.9 12.4+ 0.9
Whole Ribs 46.9+ 1.3 46,5+ 1.5 NS 435+ 4.5 47.8+ 3.2 453+ 2.7
Lean Carcs 262.3+ 13.8 234.2+ A7 NS 2235+ 17.8  219.7+ 147 193.5+ 8.2
Fat 30.3+ 2.9 46.9+ 24 ol 43.4at 0.5 404at 1.1 32.7ht 1.9
Bone 46.4+ 0.6 413+ 1.0 ** 474+ 8.4 60.5+ 13.5 66.1+ 10.8
By- product 76.7+ 2.6 88.2+ 2.4 * 90.8+ 8.3 100.9+ 134 98.8+ 12.1

a&ig=significance. Means in a row marked with an asterisk differ ( *P<.05,
**P< .01, **P<.001). short-term feeding (kg, n=9).



Table 11. Comparison of carcass trait among treatments and sexes (kg, LS

mean)
T reatment Sex

Items LTFR STFNR Bull Steer Heifer
Body weight 564.7 535.0 585.3 549.4 514.9
Dressing weight 335.7 313.6 3431 324.7 306.1
T enderloin 8.2a 5.2b 6.7 6.7 6.6
Loin 34.8 33.7 385 345 29.9
Sirloin 7.9a 7.1b 7.7 7.5 7.4
Rump 20.6a 17.2b 20.5a 18.2b 18.1b
Round 33.1 29.7 34.0a 31.9ab 28.3b
Foreleg 22.6a 19.8b 24.8a 30.0b 17.9b
Chuck 16.3 9.5b 18.7a 9.4b 10.6b
Brisket 37.7a 32.1b 39.4a 34.8 30.6b
Shank 14.5 14.1 15.8a 14.5a 12.6b
Whole Ribs 46.6 455 455 46.9 459
Lean Carcass 238.8a 212.2b 244.3 2254 206.8
Fat 35.6 38.9 35.6a 44.9b 3l.1a
Bone 47.9 58.0 48.0 49.8 70.0

abMeans in the same row with a common superscript do not differ (P<0.05).
Beef cuts data for LTFR-tH of was not taken because of experimental

conditions.



Table 12. Carcass grade

pattern in Hanwoo

of bulls, steers and heifers at three different feeding

Items LTFR LTFR-tH STFENR
Bull Steer  Siga Bull Steer Heifer Bull Steer Heifer
BFT (mm) 24+ 0.2 7.8+ 08 *** 49k 0.6 13.7at 1.6 15.1ar 1.2 45bt 0.9 80&+ 1.0 14.7at 26
LMA(cm2 822+ 23818+ 20 NS 86.4+ 2.2 857+ 2.1 90.6+ 2.81 88.7at 29 72.7ht 45 8574 2.6
CW (kg) 360+ 9.5 330+ 6.0 * 375at 7.2 345 7.0 331% 12 322+ 257 323+ 193 295+ 187
Yield index 77.0+ 0.2 76.3+ 0.1 ** 70.5at 0.2 67.2h+ 0.7 67.2h+ 0.6 71l.2at 0.3 68.5&x+ 0.6 67.25h+ 1.3
MQGc 14+ 02 20+ 00 * 10kt 0.0 2.0a: 0.2 2la: 0.3 10+ 0.0 13+ 0.3 20+ 06
IMTd 12+ 0.2 3.8+ 04 *** 1.1kt 0.1 50a 0.3 5.0at 05 13+ 03  33+12 30+ 1.0
Meat colore 4.8+ 0.2 4.4+ 0.2 NS 49at 0.1 4.0bt 0.0 4.9a 0.2 43+ 0.3 3.3+ 0.3 4.0+ 0.6
Fat colorf 2.0+ 0.0 24+ 02 NS 28+ 01 2901 33+03 23+ 03 27+ 0.3 3.0+ 0.0
Textureg 20+ 00 14+ 02 * 20at 0.0 1.0ct 0.0 1.6kt 0.2 2.0+ 0.0 13+ 03 13+ 03
Maturityh 1.0+ 0.0 1.0+ 0.0 NS 1.3+ 0.2 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0
MQSi 38+ 02 24+ 02 ** 29ar 0.1 16kt 0.2 1.7ht 0.2 3.7+ 0.3 2.7+ 0.7 2.7+ 0.7

BFT (Back fat thickness), LMA (longissimus muscle area) CW (Carcass wt)
LTFR (n=5), LTFR-tH (n=10), STFNR (n=3).
abMeans in the same row with a common superscript do not differ (P<0.05).
¢ MQG (Meat quantity grade) : A, B, C, and D grade = each 1, 2, 3, and 4.
dIMT (Intramuscle fat) : 1 (devoid) — 7 (very good)
e Meat color : 1 (scarlet) — 7 (dark red)

f Fat color : 1 (white) - 7 (yellow)

g Texture : 1 (good), 2 (standard), 3 (bad)

h Maturity : 1 (less 3 years old), 2 (3-5 years old), 3 (more 5 years old)
I MQS (Meat quality score) : 1+ 1, 2, 3, and D grade = each 1, 2, 3, 4, 5



Table 13. Comparison of meat grade among treatments and sexes (LS mean)

T reatment Sex
Items LTFR “TER'U STENR - Bull  Steer  Heifer
Back fat thick(mm) 7.2a 11.3ab 9.1b 3.6a 10.5b 13.5¢
Longissimus area(cm? 835 87.6 82.3 845&h 814b  87.6a
Carcass wt. (kg) 3355 350.5a 313.6b 355.1a 330.2b 314.3b
Yield index 76.0a 68.3b 69.0b 73.0a 705b  69.8b
Meat quantity gradec 19 17 14 1.1b 19a 2.1a
Intramuscle fatd 3.0ab 3.7a 2.6b 0.9b 4.2a 4.2a
Meat colore 4.7a 4.6a 3.9b 4.7a 3.9b 4.7a
Fat colorf 2.4b 3.0a 2.7 2.4b 2.6ab 3.0a
T extureg 17 15 16 2.0a 1.2c 1.6b
M aturityh 1.0 11 1.0 lla 1.0b 0.9b
Meat quality gradei 2.9a 2.1b 3.0a 3.5a 2.2b 2.3b
3. Calpain
Calpain calpastatin W heeler Koohmaraie (1991)
1 (Longissimus dorsi)
(Psoas major)
calpastatin  calpain
(Table 14, table 15). calpastatin  calpain
1993 Morgan
calpastatin calpain

Table 18 T able 19

calpastatin
calapin- |
calpastatin calpain
(Table 3).
Lysosomal cysteine
lysosome
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lysosome
cathepsins B, D, H L
Cathepsins actin myosin
(Whipple Koohmaraie, 1991).
) 72 actin  myosin

(Banfman Zdanis, 1988).

a- actinin z- disk (Hwan
Bandman, 1989). In vivo cystatin
(Barrett, 1987). Cystatin lysosome

(Barrett, 1987; Bond and Butler, 1987). Cathepsin

Ca2+ (Koohmaraie,
1992).
, calpain Caz+ . Calpain
system
(Koohmaraie, 1992).
(Goll , 1989). Calpain/ calpastatin system
Caz+ , in vivo
system
. In vitro calpain |
(Quali, 1990; Croall DeMartino, 1991; Koohmaraie, 1992; Geesink,
1993).
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Fig 5. Muscle sample preparation and column elution for calpain and

calpastatin activity measurement,

Table 15. Comparison of calpain/calpastatin activity (UU/g) among treatments

and sexes (n=18, LS mean)

Ttems Treatment Sex
' LTFR LTFR-tH STFNR Bull Steer  Heifer
Calpastatin 12.10° 13.85 10.08° 1397 1081"  12.21°
Calpain-1 0.43" 0.75" 0.45" 0.62" 0.33" 0.79"
Calpain-II  0.76" 0.64" 0.65" 0.79*  0.64" 0.67"

LTFR: long-term feeding by restricted supply of diets

LTFR-tH: long-term feeding by restricted diets with hormone treated.

STFENR: short-term feeding by ad libitumn of diets.

| . : ) . T
*Means in the same row with a common superscript do not differ (P<0.05).
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Table 14. Comparison of Calpastatin, Calpain-I, Calpain-1l activity with

different sexes and muscles at three different feeding pattern in Korean Cattle

(U/g).

ltems Loin T enderloin
Bull Steer Heifer Bull Steer Heifer
Calpastatin 1564+ 061 1170+ 148  * 1250+ 114 912+ 0.33 *
(g Calpain-l  048£009 011x002  *** 049+ 005 014% 005  ***
Calpain-1l 106+ 007 062+ 004  *** 085+ 002 058 014  ***
Calpastatin 1453+ 089 1291+ 0.83 1411+ 1.39
(LnTzz)R "™ Calpain-1 0530: 004 056h: 008 118ak 0.11
Calpain-1l  0.65+ 003 076+ 0.06 067+ 0.06
Calpastatin  14.2a 057 894t 131 1019 046  13.24ar 1.66 9.6 0.86 10.60k: 0.88
(Snng;\‘R Calpain-1  06a 005 027ht 002 0.62a 004  0.27ht 0.03 0.32ht 003 0.44a 0.05
Calpain- 1l 0.82a 0.03 068t 001 0.71bt 001  0.67a 0.01 05l 0.02 0.560: 0.03

aSig=significance. Means in a row marked with an asterisk differ (* P<0.05, *

P<0.01, ** P<0.001).



4. (Drip Loss, Cooking loss)

Cooking Loss (%) = [A - (B + C)] x 100 + (A - C)
(A: total weight of packaged sample, B: weight of sample removed meat

juice, C:only weight of package)

Drip , )

Table 16 Table 17

. Cooking loss

(Trenkle, 1987). National Beef Quality Audit

(Smith , 1992). b- adrenergic agonist
b- adrenergic agonist
CaCl2
(Koohmaraie Shckelfold, 1991).
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Table 17. Comparison of cooking loss among treatments and sexes (%6, n=18&.
LS mean)

Treatment Sex
Day LTFR LTFR-tH STFNR Bull Steer Heifer
3 22.6% 21.70° 26.64" 24.79 22.78 23.4
9 20.25 20.03 23.04 21.48 20.79 21.06
15 16.88" 19.46™ 22.27° 21.22° 17.26" 20.03"
21 10.94" 18.50° 18.68" 18.14" 13.04" 16.03"
ab

Means in the same row with a common superscript do not differ (P<0.05).

Fig. 8 Loin and tenderloin samples for drip loss and shear force
measurement. (bottom) vacumn packaged steaks.
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Table 16. Comparison of cooking loss between two difference sexes and
muscles. (%).
Loin T enderloin
Day - -
Bull Steer Heifer Bull Steer Heifer
3 2296+ 1.88 18.06+ 1.19 NS 27.40+ 022 22.65+ 0.72 *
LTER 9 1779+ 1.25 1577+ 1.35 NS 2410+ 245 23.48+ 1.26 NS
(n=4) 15 1718+ 1.38 1554+ 1.91 NS 23.04+ 155 10.82+ .56 *
21 1560+ 1.51  7.43+ 119 * 1346+ 147  7.29+ .67 *
3 2226+ 1.05 2158+ 1.18 21.26+ 1.52
LTFR-tH 9  19.71% 117 2007+ 116 20.34+ 1.13
(n=3) 15 1855+ 1.14 1940+ 1.15 2044+ 1.14
21 1809+ .90 19.16+ 115 19.01+ 1.27
3 2118+ 058 2076+ 1.12 20.66+ 050  31.01+ 2.70 33.89+ 0.60 32.40+ 0.12
9 2042+ 152 1884+ 164 1862+ 1.15 2653+ 202 27.03+ 0.73 26.84+ 0.69
STENR 15 2016t 277 1564+ 0.22 1627+ 1.07  27.06+ 3.11 2599+ 149 2851+ 0.01
(n=3) 21 17.79a+ 0.18 14.31kt 0.75 1377? 01 2313+ 003 2031 283 2281+ 033
28 1534+ 073 1261+ 225 11.20+ 122  1878a: 0.22 7.46ht 054 14.03at 1.34

aSig=significance. Means

P<0.01).

in a row marked with an asterisk differ (*
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5. (Warner- Bratzler Shear force)

steak ( 2.45cm- )
, 3,9 15 21 . Steak 75
, 6 core (1.24cm- )
core Instron Universal Testing Machine (Instron,
Canton, MA) 50kg load cell 5cm/min crosshead speed  shear

force

Table 18 Table 19

3,9 ,

15

, 21 . shear

force
. May (1992)
(- 0.63), (- 0.61), (- 0.56), (- 0.55),
(-0.53) : (1993)
. ( , 1996).
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Table 18. Comparison of shear force value between two difference sexes and

muscles (kg).

Loin Tenderloin
Day - -
Bull Steer Heifer Bull Steer Heifer
3 11.97+ .27 11.40+ .23 NS 9.80+ .29 10.04+ .40 NS
LTER 9.84+ .46 9.17+ .34 NS 9.77+ .32 9.93+ .43 NS
(=4 15 910t 21 870+ .30 NS 9.02+ 28  7.43% .18
21 8.39t .32 8.20+ .50 NS 7.59+ .12 6.30+ .32 *x

3 873 35 860+ .22 865+ .41
LTFR.t O 775+ 43 767+ 47 765t .55
H(=3) 15 744+ 58 744+ 34 743t 59
21 698+ 22 687+ .39 688 .30

3 9.05at 042 6.68h 0.16 9.57ar 0.34 9.93at 032 6.680+ 0.27  7.83ct 0.37

9 7.48ht 0.25 7.28h 0.61 9.26at 0.55 9.65at 0.38 570+ 048 8.02at 0.67

STFNR 15

(n=3) 8.73at 0.58  6.06k+ 0.36 7.16ht 0.22 9.06at 049 7.09bt 0.74 7.35& 0.25

21 860at 0.62 6.33nt 0.21 8.43at 0.50 8.25at 0.39 7.19at 0.35 8.04ar 041
28  95lat 055 6.26ht 0.48 7.58ht 0.39 9.14at 033 529 0.30 7.06ct 0.44

a&Sig=significance. Means in a row marked with an asterisk differ (* P<0.05, *

P<0.01).

Table 19. Comparison of shear force among treatments and sexes (n=18, LS

mean, kg)
T reatment Sex

Day
LTFR LTFR-tH STFNR Bull Steer Heifer
3 10.95a 8.69b 8.36b 9.76a 8.60b 9.64a
9 9.94a 7.69b 7.92b 8.70a 7.80b 9.05a
15 8.44a 7.40b 7.59b 8.61a 7.24b 7.57b
21 7.76a 6.91b 7.80a 7.85a 6.84b 7.79a

LTFR: long-term feeding by restricted supply of diets

LTFR-tH: long-term feeding by restricted diets with hormone treated.
STFNR: short-term feeding by ad libitum of diets.

abMeans in the same row with a common superscript do not differ (P<0.05).
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6. (Meat Color)

Chromameter (Minolta, CR301)

Commision International de Leclairage

)
x=0.3136, y=0.3196)

Hunter color-L*
(Table 20). Hunter color-L*
Hunter color-a*

color- b

(1997)  L*

. Marrot (1967)

, 10

- 50 -

Lt~ ) a (-

.(Solberg, 1968).

marbling

steak

), b* (-
(Y =92.40,

Hunter

a*

a*
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Table 20. Effect of storage days at 4

Korean cattle beef in short-term feeding (n=3)

in Hunter color-L*a*b*

values of

L* (lightness)

a* (red- green)

b* (blue- yellow)

Day  Sex Lain T enderloin Loin Tenderloin Lain T enderloin
bull  3553h+ 1.05 34.37+ 1.22 22.74+ 413 21.71bt 0.68 7.23+ 1.25 7.05ht 0.48

1 heifer 41.14ax 1.23 3847+ 1.40 2256+ 1.80 2257kt 0.75 10.12+ 0.88 9.65a0t 0.56

steer  36.67ht 0.94 33.84+ 119 20.52+ 0.60 28.13a+ 0.98 846+ 0.71  10.16a+ 0.88

bull 3292 1.11 3178+ 1.34 1572+ 0.92 18.63a+ 0.93 5.98ht 0.63 6.83+ 0.37

3 heifer 36.84aa+ 1.58 34.56x 1.14 16.22+ 1.20 17.77a+ 1.47 8.12at 0.34 8.31+ 0.28

steer  39.04at 2.89 34.09+ 0.42 18.22+ 1.21  14.35hb+ 0.59 9.46at 1.25 6.97+ 0.27

bull 40.72+ 1.18  38.91ht 0.98 8.06+ 0.84 9.52+ 0.73 3.56+ 0.61 3.90+ 0.55

9 heifer 46.01t 1.58 43.47at 2.80 7.46+ 0.40 8.50+ 0.62 4.26+ 0.90 5.18+ 0.92

Steer 4431+ 1.11  41.75&+ 3.92 9.90+ 1.19 8.30+ 1.26 579+ 1.13 5.18+ 1.44

bull 39.64b+ 1.12 38.15k+ 1.68 10.31+ 1.07 11.59+ 0.40 1.99+ 0.88 3.17+ 0.56

15 heifer 44.96ar 2.35 43.77a+ 1.33 9.83+ 1.05 1243+ 1.34 3.26x= 1.30 4.63+ 0.39
steer 44.16a+ 1.30 42.59a+ 1.82 9.54+ 0.79 9.93+ 1.31 3.30% 0.69 4,03+ 1.30

bull 30.84h+ 8.80 40.82+ 1.02 9.74+ 1.04 10.08ht+ 1.56 3.34a 1.11 2.37+ 0.81

21 heifer 4336at 1.91 43.82+ 2.79 1212+ 1.62 14.68a+ 1.01 1.84bt 0.68 317+ 1.42
steer 44.72a+ 151 40.32+ 1.64 10.64+ 0.64 10.64b+ 0.84 4.09at 0.88 3.27+ 3.29

bull  40.32k+ 211 40.18+ 1.91 9.74+ 149 15.48a+ 2.04 2.43nt 1.09 0.62+ 0.58

28 heifer 48.12a+ 526 40.25+ 1.76 1049+ 1.52 13.13a+ 1.22 3.58at 1.75 1.22+ 2.09
steer 4369t 1.96 40.65+ 4.06 1112+ 165  8.93ht 1.58 3.22at 1.48 1.12+ 2.68

abMeans in the same column of same day with a common superscript do not

differ (P<0.05).
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10

pellet

cloning

0.5 '

, Sigma) PBS , 2 vol

, , pellet  PBS 3

1800 g 10

(DMEM + 10% FCS) 15

cloning
1 DMEM + 10% FCS
(Fig. 1)

DMEM + 10% FCS

()
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Fig. 1. Primary culture of muscle satellite cells from Hanwoo. (left) X100,

(right) <400.

3. EXARAxE Y B

sH- oF Z2ERQ WK EHAAMES] A dExE AP flEy
3 7F¥ uj%ked (DME/F12, DMEM, McCoy’'s 5A)TF 3 7k« " A (fetal calf
serum, FCS; chicken serum, CS; horse serum, HS)& A3l (Table 1).
ool WEG AE et M= 3 7] ui gl F DMEM wH el A 74 s
FEg& FAsAYE ol wste DME/F1291 M= 68 %, McCoyv's LA A+

To MEAREEE 2ok (P<0.05). AXd §32 DMEMY McCoy's

SAA A eF 32%2 A Aozl gl ot DME/Fl120 4+ 21 %EA e g3t
H &8 HERTH

v AlE ARES whdRe] Aol Hrh: "o AoldA g o 7
MstE Holxn Ytk AwrHo g HSY CS Brhi FCS oA AlxE A& 7}
= A dbebdl FCSel HlEte] CS dlM T 37.3%9 3 HS e 102%2
A AT ApolE BATH (P<005). E¢ AEE HEFAME FCSAAME 361 %

%EA 10% A5 xo]E rol

10% FCS Wi gFNg o] &ak ML o]l 7Hd F2 Ao vehta Qloh
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Table 1. Effect of media type and serum source on the proliferation

subsequent myotube formation of hanwoo satellite cells.1

Serum Sources

Media Horse Chicken Fetal Calf

DME/F12, nuclei/fmm2 102.1+ 15.6b 382.0+ 18.1a 1113.2+ 61.3a
myonuclei/mm2 16.2+ 4.1 71.3+ 10.3 306.1+ 14.0
fusion % 15.9 18.7 275

DMEM, nuclei/mm2 183.1+ 19.7c 537.1+ 30.1c 1431.1+ 72.0b
myonuclei/mm2 61.0+ 12.2 140.6+ 12.5 516.2+ 42.1
fusion % 33.3 26.2 36.1

McCoy's 5A, nuclei/mm2 87.1+ 9.2a 411.3+ 9.3b 1003.9+ 67.8a
myonuclei/mm2 21.7+ 4.0 132.1+ 10.7 417.3+ 43.2
fusion % 24.9 32.1 41.6

1 Means with the same superscript in column are not statistically different
(P<0.05). Meant SE of six observations.
Table 2. Effect of

media type and serum source on the proliferation

subsequent myotube formation of holstein satellite cells.1

Serum Sources

Media Horse Chicken Fetal Calf

DM E/F12nuclei/mm2 116.1+ 16.2a 316.2+ 17.2a 1362.1+ 89.3b
myonuclei/mm2 12.3+ 3.2 60.7+ 9.3 421.3+ 21.7
fusion % 10.6 19.2 30.9

DMEM nuclei/mm2 197.3+ 18.3b 462.1+ 34.3c 1573.6+ 93.6C
myonuclei/mm2 56.1+ 10.4 126.3+ 11.2 492.0+ 37.8
fusion % 28.4 27.3 313

McCoy's 5Anuclei/mm2 96.3t 8.7a 378.4+ 22.3b 1184.9+ 71.4a
myonuclei/mm2 19.4+ 4.6 117.0+ 13.6 452.5+ 42.6
fusion % 20.1 30.9 38.2

1 Means with the same

(P<0.05).

superscript in column are not statistically different

Meanz SE of six observations.

- 55 -



Holstein (T able 2) DMEM

DMEM DME / F12
71 % , McCoy's 5A 69 % . DMEM
McCoy's 5A 30 % , DME/ F12 20 %
HS, CS, FCS 3
FCS . FCS
CS 282 % , HS 9.7%
Holstein DMEM + 10% FCS
holstein
McCoy's 5A + 10% FCS 416% 382%
, holstein
holstein
3. Clone
1 clone
clone DMEM + 10% FCS 2
calpain gene transfection (Fig 2) . pCMV lac
plasmid lipofectin  liposome complex culture
plasmid DNA  expression
B - galactosidase x-gal Fig 2
() phase contrastion
, gene transfection +,-
transfection calpastatin calpain sense

anstisense DNA
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Fig 2. DNA (pCMVblac) transfection in muscle satellite cell culture.
(left) 50X, (right) 400X,

A2d 5 dd F4

1. Western blotting®l 2] 3+ vinculin, desmin +% ¥4

EA%F 0 1, 3 697 “AZ 5g% vo] 16mle) 2%SDS, pH 7.0914 73
3l &% 500ul T ANE Fak2 sample buffer (8M urea, 2M thioured. 3% SDS,
0.7 MCE,50mM Tris HCI, pH 6.8)° &3jA1A 70T A 423 7t gkt &
ol Z ol A EAHT thA] 50:502] 2% SDSSF sample bufferoioll 4.0mg/ml& 3
Mg F 5000 x goll A 2% AR s

% Lromophenol blue tracking dyve&
0.1%FF o5 H7std Wolfes (1989)2] Bl o & SDS-PAGE
o

shaich. 719

A 7t @WAS 27|31 vinculin,

i

E Z gel2 nitrocellulose membrane®l
desmin LA} 2 overnight #1S3 1 A ¥ F horseradish peroxidase2}t
Agyl 2arakA 9} &7 1A12F Wik S enchanced chemilumine- sence(ELC) %

o7 238 A signalS Fol 7t il Fe) WEtdS FASACH
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SDS-PAGE Vinculin Desmin

M 0d 1¢ 39 64 0d 1d 3ad od Ocl Id 3d  6d

< Vinculin

AR ARAAR AR

i | .

i < Desmin
[

|

Fig. 3. Western blot analysis of vinculin and desmin degradation at
different postmortem times. Longissimus homogenates were prepared from
samples taken at 0, 1, 3, and 6 day of postmortem storage at 4 . Each lane
was loaded with 30ug of protein, electrophoresed, and blotted as described in
Materials and Methods. Standard (M) lanes consist of molecular weight
markers, including phosphorylase b (94 kDa), bovine serum albumin (83 kDa),
ovalbumin (43 kDa), Carbonic Anhydrase (30 kDa), soybean trypsin inhibitor
(20.1 kDa), a -lactalbumin (14.4 kDa).

Fig 3

vinculin desmin 4

2. Cathepsin B, Cathepsins B+L, Cystatin

30 -70 7

lysine buffer (50 mM sodium acetate, 100mM NaCl, ImM EDTA,0.2% Triton

x-100 [vol/vol], pH 5.0 ) 1
32,000 bovine serum
albumin biuret 2ml S-car-
boxymethylated- papain- Sepharose affinity chromatography cyatatin
6ml lysing buffer 2 Kirschke (1983)
fluorimetry . Cystatin  affinity chromatography

cathepsin B+L

Cathepsin calpain/calpastatin
(Table 3). cathepsin
B specific activity 2 cathepsin B+L
activity . activity
cathepsin B cathepsin B+L  activity 25%

- B8 -



calpain

Table 3. Activity of Cathepsin B and Cathepsin B+L in Hanwoo.

(nmole/min/mg protein, n=5)

Cathepsin B Cathepsin B+L
Specific Activity / Specific Activity /
activity g muscle activity g muscle

Male  0.163% 0.02a 0.126+ 0.03a 0.374+ 0.06a 4.760+ 0.36a
Female 0.072+ 0.01b 0.113+ 0.02a 0.321+ 0.05a 3.821+ 0.27b

* Means with the same superscript in column are not statistically different

(P<0.05).

3. SDS-PAGE Gel western blotting titin, vinculin,

nebulin, desmin

0,13 6 5¢ 15ml  2%SDS, pH 7.0

500ul sample buffer (8M urea, 2M rhiourea, 3%
SDS, 0.7% MCE, 50mM Tris HCI, pH 6.8) 70
4 . 5050 2% SDS sample
buffer 4.0mg/ml 5000 x g 2
Lromophenol blue tracking dye 0.1% Wolfe (1989)(21)

SDS- PAGE

gel nitrocellulose membrane vinculin,

nebulin, tifin, desmin overnight horseradish
perooidase 2 1 enchanced chemilumine-
sence(ELC) 2 signal titin, vinculin,

nebulin, desmin
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3} & 3 500ul JrANE FWe] sample buffer (8M ures, 2M rhiourea, 3%
SNS, 0.7% MCE, 50mM Tris HCL, pl1 6.8)9F E&38te] kA B3llAlA 70°C ol A
4320 ZAgsvh. &9%F A 549 F Al 50509 2% SDSSE sample
buffer?le] 4.0mg/mlst 34§ & 5000 x gold 284 d4dFe & F
Lromophenol blue tracking dyedt 0.19%5F2 & #H7hste] Wolfes (1989)(21) )
WY 0.3 SDS-PAGES ol 838t W714s such

A7I9%E £ gelFo) ) AE-E nitrocellulose membranedl &7 vinculin,
nebulin, tifin, desmin Y AL A overnight ¥Wi¥st Al ¥ F horseradish
perovidase ¢} A%¥ 23 Aok A 1AL WY¥F enchanced chemilumine-
sence(ELC) WM o8t 2xF &A) signal® #Fo}l %W ¥ EQl  titin, vinculin,
nebulin, desmin®) ¥13}E2-8 A3t

malel A gAzbol whE Zhzhe] 2fu v Fe] FajFdE datadt
Ao wlel Abir®l™ desmin, vinculin, nebulin, titin®) standard T A& 743
o] western blottingd] 2@ é-9-2] & desmin, vinculin, nebulin, titin®] &2k

e ey 4 gl

s
o

(c) Nebulin (d) Titin
Fig. 4. Western blot of muscle proteins, desmin, vinculin, nebulin, titin in

Hanwoo.
Vinculin® day 091 day 190 A& Ak, 1t day 3 o] Fell #3859

elK gk, Vinculin®] #2488 ¢F OKDaZ 338 Feh Desming =5%
AV Aulste ki) F-EHRa, ERbe oF S0KDa® FERSLTE,
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glutaraldehyde
microtome 5- 10 slice slide glass
Fig 5 Cross- section
my ofibril . 400x%

muscle fiber

slice
skeletal muscle (striated)
sample
Holstein
Fig. 5 slice
skeletal muscle (striated)

sample
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Fig. 5. Microscopic cross—sectional and longitudinul view (x50) of skeletal

muscle of [anwoo, Top @ LTIR, middle : LTFR-H{, bottom : STFNR

2. AxE A 9% myofibril 49 ZuA¢Ez W3l B

AAAZIE 0.1M cacodylate buffer 4l

4dmm x 30mm -L7}9)

25% glutaraldehyde 3t 47 A 4A) -5k G A 7]150 Al HE 1% tannic acid

0
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NSEM :

o
{0

&

23087 GAME 19% osmium SR 1A ZF Bt thAl LA A7) 5L 269 o DA
2 33 MHsQCl 471 AsE Que] dukwE ©@FAd F ospur A4l G
B A)7] & 4dS whEo] thA] lead citrutest wrany! acetatei GAF Taylor

£(1995,1)9) wlo] o)s] ARHo|PANA zmAl FrEE Estach

2719 QAEE NFHE AAsE F4d 80w, nvje) AW F8.d
organoleptic E440lth (Weir, 1960; Lawrie, 1966, Moeller 5, 1977). &9 &
Fo] #AGCl EEF Azte] Artgtoiwel mzizk Ak WA i Rl
fno] o)ate AR T S A4S E&5F uv)e] gHEIL U
= AL ouge) ¥ §9-0) YA ARoA EHdwdEe] #lel Y
st REl5 L Aok (Reeds, 1989), ol#f ¢ vbild iy ++5Ul o d EslR
2o )3t FrE i Q)

& A Balol: cathepsinii ot viE W vbd R F L )30
z-disk7t #8151, ob&¢ a-actinine] W-&l¥ = I Tl 53] calpain? +H

oY y-actinin® HaldtA & z-diskE WS AT A0E 4 A

at)

dvl, #7¢ WA desmin, nebulin, titinge] 37]e] Astdl FR.§ Ao
o) A AT} (Young 5, 1980; Robson 6, 1984),

Desmin® #2729  intermediate AFA2RA K] FAER8 Lot
Intermediate A2 (2 10nm FAA) &= WG gygog)l Ase3os hetero-
genous TP A whlolu}l, Desmin? intermediate d{+42 5714 bW 22 &)
vpelu], 2432, A3, Wik S EAsa gl

Cytoskeletal 4 f-2:+2 Ml3E0] s plasma membrane 7 17 ¥ o] gl
%3 AAAAE WA 2 microfilamentell 2% actin £ E o] A
£} V)Ao] HEZEiz cytoplasmic LW FAF o)) AL B4 AU

Vinculing A ERF] 24 & cytoplasmic WHo AN e)glel, 1vjum
vinculing actin 55 v}k d} plasma membrane¥ e} QA & A7)yl
W aotin W vhdol transmembrane S AN FHo] 9lix A ) e
oA BelFge] SSchde] #alE RASUM vl kel g

Agte] AE Ros AzhEh (Goll 5, 1989, Penny, 1980; Valin, 1985).
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I'ig 6. LElectronmicrograph (magnitude x6.0k) of muscle tissue in

hanwoo (left: cross—section, right: transversal, a,b: control, c,d:

long~-term feeding, ¢,f: b—agonist treat, g,h:short-term feeding).

_64_

2O18/10/18 1428

YT

| 8t Calpain proteolytic system =& J|=

0
0=
x
o
40

NEEX: &2 13



Irig 7. EBlectronmicrograph (magnitude x3.0k) of muscle tissue in
hanwoo (left:  cross—scclion, right: transversal, ab: control, c¢,d:

long-term feeding, c,ff b-agonist Lreatl, gishort—-Lerm feeding).
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xi. 5k 1018 1BRA

Fig 8. Blectronmicrograph (magnitude x800-2.0k) of muscle Lissuce in

.

hanwoo (left:  cross—scction, right:  transversal, ab! control, c,d:

long-term leeding, ¢,f b-agonist treat).
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IFig 9. Electronmicrograph (magnitude x300) of muscle tissue in
hanwoo. (a: control, b: long—term (eeding, c¢@  b-agonist treat,
d:short-term feeding)

QrpE) Q4G o al R A el ru AR SE 2D mpakal gl (i 6
- O), bS] AWy dlintel]l n)ale] 4N 4 vIARRE Ael bl M 21 0
frolal ) AV, SER A ERI) sircomere 7oy Abv)abel Avfetell A 450,
AN CLA frolsku) o)t calpain W calpastatin $hAd ¥l @13kSle] el gt
U ALZREIE Wik Lt (h-agonist) Z Y] ol AL S CkYLe] o] $hufo) )y
FALO M 2 glon), o]it tRykmlA el vinculin®l nebuline] &l ulo] (kLo
Solyk gloil M a4 Qv VAR (18191 el A g Fhal A 9 ek ot
Kol @iz oL ol ANo] olite] nlako] F4 w A Gl R o],
sarcomere YFSIN 3] A ekt e il Mol SERku A gRe] Lt

A o A Aas AvkE shere forceo] olalMnz ¢k = Qlrh,
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A4 Calpain / Calpastatin £ )

1. Calpain 3 Calpastatin®) ¥u%2 A x

ARE 0ol A A2 &oZRE proteolytic EAE B U
VEALL Gg % 00 HvIR MAstm, Sujeke] FASLNL W3 FA)
(Polytron PI-30000o1 41 3024 53] #d3 stk ARE 4 WILHES &
At EE-E N 30,000 g oA 3027 4THM QAR YTYG. AL
FAskl A3 & N0R conductivityE 38T DEAE-Cellulose column
(15 x 20 c¢m, Sigma)f buffer AS B Aelo] o|2X 231, buffer 100mM
NaCl,, Buffer 200mM NaCl, Buffer 400mM NaCl &9%9o2 Ztzt 5ml 4 157

L,

: 0o, .

 Peaction (Sritiaiion),

Fig 10. Proteolytic enzyme elution profile

Columnol X &#% A9 F3E (ODw)e Fig 109] bk wpe} 7o)
Calpain3} calpain® Buffer A o] NaCl3%% 2z} 100, 200, 400 mM= F7}FA]
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Aed SEJ oj2usgFon AH3| £o)¥ peakE RolFIlT
659 -2 FAREZRE calpstatin® calpain®] elution® Bl Fig 119 v}
Ebphubel o) Cellulose columnol 2z} Gmi¥ [5 fractiond &&3-2ct
Calpastating 45 A ¢ peakE RoFi oA calpastatinol b K- 5
i dEE RYFn e

H P

(amwoo): 0L B

Tirmy

m 11 Fo 15 4.0 16 17 18 19 a0
nu}l:bu!

[ - L o@i-3 |- A

L T | 1 ] |-%-eat=i0f.d |
\ AP A S _ B S N L &

: ot —12

L ontet 4

= oal~1 4

v ¥ BT 4 8 T n 910 11 1813, 14.16 16 17 18- 19 20
. . P?aul!un number ;

Fig 11, Column elution profile pattern of Calpastatin (top), calpain-I (middle),

calpain-II (bottom) of Hanwoo skeletal muscle.
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2 band . €elution
peak fraction 3-4, 9-10, 12
column
Fig 11 calpain- elution cal-3
sample fraction 6-8 peak Cal- 3
peak fraction 9-12 peak  calpain-
| 7] calpain- elution

Calpain- cal- 3 sample

fraction 6-9 single band , cal-10 calpain-
calpain-
DMEM - celluiose column calpastatin calpain- ,
system

calpastatin  calpain  preolytic enzyme

2. Calpain / Calpastatin
Column 20 SDS- PAGE
4 calpain  calpastatin
Fig 12 lane calpastatin  band
71kD band 5 band

cal- 17 55kD band

calpastatin calpastatin
lane calpain- | banding . cal- 17
55kD band cal- 17 55kD
band lane lane calpain-1  calpastatin
lane calpain- banding
. 80kD, 50kD, 30kD 3 band

calpain-

3

post- translational modification
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AA=EX

% sick.
74 band: A8 vy

o] 49] calpatatin and calpain®= A+ AP AP =
U gk iAol wel B7hA tE EaggEe] Yehve A 45 Ao AEFHe
2 calpastatin® £} 71KD, calpain- I #218F 55kD, calpain-09] 2} &

80, 50, 30, kDT 2.8 }Elyic),

® O @ 6 @ 6 ©

O ® 6 @& ®

Fig. 12. SDS-PAGE of Calpain / Calpastatin, (), Marker, @ Buffer A, @
100mM Nacl inbuffer A(Calpastatin), @ 200mM Nacl in buffer A(Calpain-1),

® 400mM Nacl in buffer A(Calpain-11)
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5 Calpain / Calpastatin

1. Total RNA
total RNA  Chomczynski and Sacchi (1987) 10g
. microtube
600ul 60ul  2M sodium acetate, ddHZ 5
saturation  phenol 600ul, chlorogorm 120ul
(4 , 15,000rpm, 20 ) . ( 600ul)
phenol(25):chloroform(24):isoamylalcohol(1)
(4 , 15,000rpm, 10 )
phenol . 2- propanol
-20 2 RNA . (4 , 15000
rpm, 20 ) RNA pellet 70% ethanol
. Pellet DEPC 0.5% SDS
oD RNA , 1
ethidium bromide ethidium bromide
Fig 13 . RNA
28s RNA 18s RNA
28s 18s 2
MRNA 28s  18s RNA

RNA  (28s, 18s)
total RNA
RNA -80
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[Ffig. 13, RNA band pattern in agarose clectrophoresis. Total RNAs  were
extracted  from  skeletal  muscle  of  Koreun  cattle  and  separated by
clectrophoresis as described in Materials and Methods, The two bhands elearly
visible in cach lane represent the tRNAthe upper band is 285 rRNA and the
fower is 185 rRRNA. The smear between these two bands represents the
MRNAs. lune 1 @ steer= loin; lane 2 steer-tenderloins lane 3 ¢ bull-loin; lune

4 © bull-tenderloin; lane 5 @ heifer-loin,

2. mRNA-¢

Total RNAZL 3] oligo-dT cellulosed: o] &8Fe] mRNAS W-v), 4«84
Uk, (Sumbrook Y, 1987). Oligo=dT cellulosed: A§)el] o) 238171 g18le] 1.oml
microtubedl 0.05g9] oligo=dT cellulose®t | x binding buffer 500uls Wil &
A2 A vortexing 8 AL U(3,400mm,  3E81e] AR NS Al A 89 )
0.IN NaOIT  500uli+
AABATE o g 77t (03], 53] WMERIvE Total RNASE 2%l o] &3]
71918 RNAG-E 1A €] 8Fe] 70% ethanoldt Al 43 21 &0 Al x}el 71 %5)¢)

o}, 250ul clution bulfers ¥ 7Féh 3 ®etala 7} (65'C, GH9)aA L. 250ule) 2

FA 2200 vortexing 4 vFL- @l A Bl &lo] ) ol

x binding bufferit # 7kl 10850 A2 A&kl =g oligo-dT

cellulosest total RNAH &3tslo] 4ol A oF 3K ¢17) 2 5L vortexing &y 54

_73_

=



D=8 MAE 2|8t Calpain proteolytic system & J|& MY /s

kS A ] QAN (s, 3,400rpm, 4398kl ME AEE polv-ATSh
oligo-dT  colluloseds  200ul®)  Ix  binding bulferi 438 wb3 Al Halqvh
Oligo=d'l" cotluloseel 3= 34x1 poly-A" RNAH elutionA] Z17] 13l Al A §F sumple
of clution buffer 200ulit: A4 ¢ vig vFAste] byl oligo-dT
collulosesl Aol %] griist fejeto] g ole 434N WHiate] sk dvh
Total RNACNA 9} vl 7F<1 il 1% agarose gelol A Az ed&shanl zhzbe] 4=
& 1o ANe Vhan 2ls s o] :17]9] single strand ©] mRNAR Q& ofwl H
Wl w) sl e« eban ¢lNs Awisl Bl il wdt OD. & HR e W)

Sl 260728000 gbol 18iA GEkAl mRNAZE A el H Q&S el

[V

ND:VA

Fig. 4. mRNA in agarose clectrophoresis afler mRNA isolation from muscle

tissue. (D mRNA @) lotal RNA

3. Total RNAZY-¥] cDNA 3§14
§h9-0) ARl A e calpastatin®] sequencing S ¢FobR 7] 913l §h§-9)

SRS ALaAE WAL Al H St oAl Aol SHA WEEle] AR SRk obs
SESU total BRNAL s Chomezynski and Sacchi (1987)¢] ®Wgiol whe} 10go] 3%
Aot A el A, cDNASE $A 871818k WA Alig 1.5ml tubedl 5
3 RNA lug, oligo dT lul(100pmol/ub gl 10.5ul®] ddH. O 71§ v 7070
10N WA LY vkg-eit 5o x RT O buffer 4ul, 0.1M DTT  2ul,
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ANTP(IOmM)  lul, RNase inhibitor(40U/ul) 0.5ul 9t Reverstransecriptase
(2000 /ul) Luls Hspslel & 20ulis WHES g gHs upe 370R wioli
circulatordll A 1A] 7FgoF Wk A1 Z ),

AP Abe) vhEbu wlke) o]l (@) laned: smeardhAl LHERG S EA wulg- o
o) 271¢] DNAS©l $AH S #38 & 2tk ol olal RNAS 73 023}
71 g0l ARl u)$- ofe} E5o) 1x DNA 7bvhEo| uli s <k siA @
A5E 4 4 ATk
D(2)

@ @

Fig. 15, ¢cDNA synthesized by the Reverse Tanscriptase, A complementuary
DNA strand was synthesized by Moloney Murine Leukemia virus Reversc
Transcriptuse (M-MLV RT) lne | und 4, ADNA/Hind 1 lane 2 and 3
¢DNA

v

4. Specific primer §4

oIl E7lvk 2o M calpastatin v Alabe] ¢ 71 el sl T aiel A
A ook a gdek o]l calpastatin A% AAM Gl w=6le) primerdt
design@ thE- ) Primertad A3l A9l (Fupe] ujopel s1v) 7} Ok 4N
FAHEE calpastatin A4 oa 3, 3 3R S primerd FE-&
sjelabdek, 42 21709) @ 1R whEol X specific & primeriie- PAGES] ©) 3l
A A ¥ At
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T able 4. Synthetic primers for calpastatin RT-PCR in Hanwoo

Set Primers Direction
5-ATGAATCCCACAGAAGCCAAG-3 5
! 5-CTTCAGAAAGTCACCATCTAC-3 3
5-AATGATGCCATCGATGCCTTG-3 5
? 5-CTTTTCTCTTTGGGT GGAGCA-3 3
5-TCTCACGATCCTCTTCTTTGG-3 5
° 5-AAACCCGTAGAGGATAAAGTC-3 3
5-CCAAAGAAGAGGATCGTGAGA-3 5
: 5-TGTCTCTGTGTTCAGCTTTGG-3 3
5. calpastatin cloning RT-PCR
calpastatin (killefer —, 1994) RT - PCR(
) calpastatin
RNA
RNA (A, T, G, Q)

0.2 umole poly-

acrylamide gel

Oligo name : u- CPST 5-ATgAA TCCCA CAgAA gCCAA g-3
Oligo name : d- CPST 5-9gCTgA TggAA AAAgQT ACAAQ-3

1 DNA
Taq DNA
calpastatin DNA . PCR ddH2D 84.5ul,
10x PCR buffer(+Mg) 10ul, 10mM dNTP 2ul, 5 primer(100pmol/ul) 1ul,
3 primer(100pmol/ul) 1ul, DNA(200ng/ul) 1ul, Tag DNA Polymerase
(5U/ul) 1ul PCR
primer RT-PCR
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MqC 94T

' bmin | Imin \ 72°C 72T
' . 20T Z2min 7min '\
2min N 4T
. I
X3
bty iy e e et B HIENESEEEE DR RR AL e = g .
denature annealing synthesis store

| I ea -

[Fig 16, PCR condition for calpastatin synthesis (35 cycle)

AT 7K 8) PCR WS fiske] vhe Fig 179) Avki ololu), f1)

tho7heke] o] tlEE ofW BA4E WEwkE frkidlel 1 oprimer X7lel

................. oo i

IFig 17. PCR amplified [ragments for calpastatin, (1)O7:

AHindIl DNA

maker, Q@@O®@@OADI6 : amplified products, 2030908 © not synthesized

Table 42) 871°] primers S ol &3le] PCRE )XW Fig (79F ko] o))

2] PCR productE 4-& F dvk o] w] o 43 4 9l PCR product L7} & 31

T

i

vlglo] #HHe) PCR 278 gylal A &-.9-9 calpastatin 5 <5 o 4) 5] 1= 2
N SFEALY Fig 18914 (DG DNA size marker( ATlind T, [23bp)e] 3,

QEOW® = ZHZFel ML vt primerol]l Al &%, §HA Hol A product o) o,
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O @ o @ O O

= 790bp
760bp
450bp
- 410bp

IFig 18, PCR products for specific calpustatin DNA. (lane 1, ADNA/Hind M
size marker; lane 2, 3, 4, and D, amplified PCR products: lune 6, 123 1DNA

ladder size marker.

6. DNA ligation

of WAL W} AMASIA Q8 sequencingE 915t PCR productiE
plasmid vectorell QI8 WA OFRA {4585 7)o Yol gury o
AVl PCR producty: 3 %ol $171% &lui9l AS AWAEA ¥lu), oy ¢
5 ol &alo] Promega ol A A3t Hlol W pGEMY™-T Easy Veclor Svstem
it ol&slo] PCR productis ligation Al vl Microcentrifuge tubed] — 2X
Rapid ligation buffer, T4 DNA ligase Sul, pGEM"~T Easy Vector(50ng) lul,
PCR product 3ul, T4DNA ligase(3weiss units/ul) lul 3715 284 14)7}
incubution A7} ARE 4°Co M overnight 8 ligation ¥hg-o] & 4 sl¥l o),

obell IFig 19 ol A 2341 ukst ko] PCR producti vector?] cloning site®l
ligation ¥°] plasmidell 4FR151e] JM109 2}3ix Ecoli colldl transformation ¥ ¢}

A,
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PGEM®-T Easy Vector

T7 Transcription Star

§'... TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCA ACATC GCATG CICCC GGCCG CCATG
3'...ACATY ATGCT GAGTG ATATC CCACT TAACC CGGGﬁ: TGGAG”CGTAC GIAGGG CCGGC GQTAC

T7 Promolar
Apal Aarll Sphrl 8s12) Neol
GCGGE CGLGE GAATT CGATTS(cbnEd Insen) -ATCAC TAGTG AATTC GCBAC CGCCT GCAGG TCHAC
CGCCG GCGCC CTTAA GCTA JTTAGTA ATCAC TTAAG CGCCG GCGGA CGTG AGCTG
=
oSl EacRl Soel  EoRl l—rrr Pt san

SP6 Transcription Slan
-4——.

CATAT GGGA GAGCT CCCAA GBCAT TGGAT QCATA GCTTA AGTAT T(‘TAT AGTGT CACCT AAAT
GTATA (‘CCTCTCGLG"GGTT QCGCA ACCTA CGLNIF CQAAC TCATA AQATA TCACAGTGGATTTA | .‘)’
I

SPE Prormoter

THIVAZLAL

Nds} Sac ) BorX| Nsil

Fig 19, Promoter site and multiple cloning site in pGEM®™-T Easy Vector

7. Calcium chloride& ©]-4% competent E.coli W % DNA #l 9]

PCR product& 7ZHAl1 1% plasmide FEcoli cell®] ¥R #Ha 4]
transformation S )X )= Fi:v), o]& S8l Ecoli celle] AE¥-3 dx
b= &) o] competent cell® AFsk= Ao, ) Ecoli cellJMI09)E LB
plated] streakingAlAA 37TCHA 16-20AH4 & vl & F single colonyF u}
Al LB broth 10mld] ¥, 437 shaking 8894 O.D. #ko] 05 o]4o] v x
Fled gt (AHQA transformationZ 9)81e]), @ WFNE AL A3l
O 47T, 4000rpm o2 102 A EE 5 cellE Zath () 48 %9 Yol &
0.IM CaCly 2mldll 2z} pellet& A€ v cfA] MRS cellg weo) @
0.IM CaCI2 200ulel 7+ pelletE A HEE The competent cell 20ul 9 A e
plasmid DNAE 3H7tete] 427C 9] &&430A 90Z % wigAzItk, @) o
tubed] SOC medium 800ulE H7kghch Plasmidell €138 ¢3¢ antibiotic
resistance marker®] %# 3} bucteria 3] E& $)8A 370 FEFLAMN 4600
vjekstct, @ Plasmid o] 98] P AAEE cellS 20mM MgS049 FAE-A
(Ampicillin) & XZ 3§ SOB agar plated] ZZ3hel, D 37CAA plateE 12-164)
Zt incubation¥tvt,

vi¢¥ § white colony ¢} blue colony”} A7)+t white colonyt ligation ¥
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NSEXN

o
10

o] plasmid’} transformation ¢ ampicillin A3 7} QoA F2l
o]z Holil blue colony® PCR product 7} AU 5A @ebAl plasmid R} 7}
self-ligation ¥o]2 Rojr} o] AL plasmidE Miniprep $th3 9ol DNAE
A7) ES A ligation DRI 28A &L AL H4A FEY F A 099

transformation ¥ A & Ecoli & 25 Abdsich

8. Plasmid¢] Miniprep
D Mol &y LB/Amp broth Sml & 1.5m! % 2709 ETel &7 3400rpm
A R celld AN F AFHES W gL Solution I(50mM glucose,
25mM Tris-HCI(pH 8.0), 10mM EDTA) 100ul& ¥7}5t3 vortexing 3tch @
A FYo AZF Solution T(0.2N NaOH, 1% SDS)E 200ul H7He ¥ 5 A
B EE d&FHd ARFd. @ A7FE Solution MM Potassum acetate
60ml, glacial acetic acid 11.5ml, H0 285mh¥ 2 E5oFd. @ 47, 15000rpm,
SR QAR RS tubed] 45NHE ©}E ¥ phenolichloroforme 2 &

Al vlE ethnol® A3 A 33 £ DNA pelletd ®oF TE buffero]

sequencing®ll ©]-&%hc},

9. Calpastatin DNA Sequencing

¥ PCR productE 9l A7IMES A3y Hstd 2wt d@dMe
Sanger ¥¥-& ©]&38te direct sequencing& JAFR AFAHHr} 12 F
A kol gl AgEAXN Y pGEM®-T Easy Vector Systeme ©o|-&3e] A A3}
At} Sequencings A istuid] 712HEAAAFLAAN HAIFGFHAIL oo o]
£5 0] kit ABI Prism Bigdye Terminator cycle sequencing kit(part No.
4303149)% A3 EA47)71= AEFEA 7|7 ABI Prism 377 DNA
Sequencer (Perkin Llmer, Co)& °l&3tdth 1 @A ugd o] F 4749
PPCR product & 1% 59 @® laned] 319dtE 2719 insert® sequencing &
7 Ak
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5'-CCAAAGAAGAGGATCGTGAGAAACTTGGT GAAAAAGAAGAAACGAT
TCCTCCTGATTACAGATTAGAAGAAGCCAAGGATAAAGACGGAAAACCA
CTGCT GCCAAAAGAGGT CAAGGAACCGCTCCCACCCTTGAGT GAAGACGT
CCTCCTCGATGCTCTGTCCAAGGACTTCACTGTCCCCTCAGACACATCAT
CGCCTCAATTTGAAGATGCTAAACTTTCAGCTGTCGTCTCTGAAGTGGT
TTCCCAAACCCCAGCT CCAACCACCCAGGCAGCCGGT CCACCCCCCAGCAC
TGCGCAGCGT GACAACAAAGAACTTGACGATGCCCTGGATCAACTTTCT
GACAGTCTCGGGCAAAGACAGCCTGATCCAGATGAGAATAAACCCGTAG
AGGATAAAGTCAAGGAAAAAGCCAAAGCTGAACACAGAGACAAGCT GGG
AGAAAGAGATGACACCATCCCACCTAAATACCAACATCTTTTGGATGAC
AACAAGGAGGGCACACCCGGGAAGCCAAAGGCATCAGAGAAGCCCAAGG
CATCAGAGAAACCT GCAGGTGCCCAGGACCCCATTGATGCCCTCT CAGGG
GACTTTGACAGCTGTCCCTCGACTACAGAAACCTCGACAGACACACCAA
AGGACAAAGACAAGAAGCCTGCTTCCAGT GCCGAAGCACCTAGGAATGG
CGGGAAAGCAAAGGATTCCACAAAGGCAAAGGAGGAAACTTCCAAGCCA
AAAGCTGATGGAAAAAGTACAAGTTAAAGTTCACACTATTTGGTATCT
GCATATAAAATCTTCAGCGGGTAGATGGTGACTTTCTGAAG-3

826bp National Institutes of Health (NIH) National

Center for Biotechnology Information (NCBI) GenBank data

BLAST search

Query: 1 ccaaagaagaggatcgtgagaaacttggtgaaaaagaagaaacgattcctcctgattaca 60
S:1726  ccaaagaagaggatcgtgagaaacttggtgaaaaagaagaaacgattcctcctgattaca 1785

Query: 61 gattagaagaagccaaggataaagacggaaaaccactgctgccaaaagaggtcaaggaac 120
Shjct: 1786 gattagaagaagccaaggataaagacggaaaaccactgctgccaaaagaggtcaaggaac 1845

Query: 121 cgctcccacccttgagtgaagacgtcctectcgatgetctgtccaaggacttcactgtece 180
Shjct: 1846 cgctcccacccttgagtgaagacgtcctectcgatgcetctgtccaaggacttcactgtee 1905

Query: 181 cctcagacacatcatcgcctcaatttgaagatgctaaactttcagctgtcgtctctgaag 240
Shjct: 1906 cctcagacacatcatcgcctcaatttgaagatgctaaactttcagetgtcgtctctgaag 1965

Query: 241 tggtttcccaaaccccagctccaaccacccaggcagccggtccaccecccagceactgege 300
Shjct: 1966 tggtttcccaaaccccagctccaaccacccaggceagecggtccacceeccagceactgege 2025

Query: 301 agcgtgacaacaaagaacttgacgatgccctggatcaactttctgacagtctcgggcaaa 360
Shjct: 2026 agcgtgacaacaaagaacttgacgatgccctggatcaactttctgacagtctcgggcaaa 2085
Query: 361 gacagcctgatccagatgagaataaacccgtagaggataaagtcaaggaaaaagccaaag 420

Shjct: 2086 gacagcctgatccagatgagaataaacccgtagaggataaagtcaaggaaaaagccaaag 2145

Query: 421 ctgaacacagagacaagctgggagaaagagatgacaccatcccacctaaataccaacatc 480
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Shjct: 2146 ctgaacacagagacaagctgggagaaagagatgacaccatcccacctaaataccaacatc 2205

Query: 481 ttttggatgacaacaaggagggcacacccgggaagccaaaggcatcagagaagcccaagg 540
Shjct: 2206 ttttggatgacaacaaggagggcacacccgggaagccaaaggcatcagagaagcccaagg 2265

Query: 541 catcagagaaacctgcaggtgcccaggaccccattgatgccctctcaggggactttgaca 600
Shjct: 2266 catcagagaaacctgcaggtgcccaggaccccattgatgecctctcaggggactttgaca 2325

Query: 601 gctgtccctcgactacagaaacctcgacagacacaccaaaggacaaagacaagaagcectg 660
Shjct: 2326 gctgtccctcgactacagaaacctcgacagacacaccaaaggacaaagacaagaagcectg 2385

Query: 661 cttccagtgccgaagcacctaggaatggcgggaaagcaaaggattccacaaaggcaaagg 720
Shjct: 2386 cttccagtgccgaagcacctaggaatggcgggaaagcaaaggattccacaaaggcaaagg 2445

Query: 721 aggaaacttccaagccaaaagctgatggaaaaagtacaagttaaagttcacactatttgg 780
Shjct: 2446 aggaaacttccaagccaaaagctgatggaaaaagtacaagttaaagttcacactatttgg 2505

Query: 781 tatctgcatataaaatcttcagcgggtagatggtgactt 819
Shjct: 2506 tatctgcatataaaatcttcagcgggtagatggtgactt 2544

Cong, M. 1998 J. Biol. Chem. 273 (1), 660- 666
(Bos taurus ) calpastatin sequencing
819bp homology  100% . Bos
taurus

calpastatin  sequence  100%

Koohmaraie, M 1994 J. Anim. Sci.
72(3):606- 14 Bos taurus calpastain sequencing
96%
homology . calpastatin homology

85%
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5'-ATGAATCCCACAGAAGCCAAGGCTGTAAAAACAGAACCT GAGAAGA
AGCCACAATCATCTAAGCCATCTGTGGTTCATGAGAAAAAAACCCAAGA
AGTAAAGCCAAAGGAACACACAGAGCCAAAAAGCCTACCCAAGCACTCA
TCAGATACAGGAAGCAAGCATGCTCCTAAGGAAAAAGCCGTTTCCAAAT
CAAGCGAGCAGCCACCATCAGAGAAATCAACAAAACCAAAGACCAAGTC
ACAGGACAAGATCTCCGGT GGT GGAAAGAGCGCTGTTCCT GCT GCT GCT
GCTGCAGCATCTGCCAAACCAGCTGACAAGAATAAAGAAAATAAATTGT
TAACATCGGCCGTACCAGCTGAATCTAAACCAAGTAAACCATCTGGAAA
GTCAGACATGGACACTGCTCTTGGATGACTTAATAGACACTTTAGGAGA
ACCTGAAGAGATGAAAGAAGATAACACAACATATACT GGACCAGAAGT
GTCGGATCCAATGAGTTCTACCTACATAGAGGAACTGGGTAAAAGAGAA
TCCACACTTCCTCCAAAATATAAGGAACTTCTGAATAAAGAAGAAGGGA
TCGCAGGGCCTTCTTCAGACTCCTTGAAACCCCT GGGGCCCAATGATGCC
ATCGATGCCTTGTCATCCGACTTCACCTGCAGTTCCCCTACAGCTGATGC
AAAGAAAACTGAGAAAGAGAAATCTACAGAAGAGGCTTTAAAAGCTCA
GTCAGCTGGGGTGATCAGAAGT GCTGCTCCACCCCAAGAGAAAAAAAGG
AAAGT GGAAAAGGATGCCATGACT GAGCACGCCCT GGAGGCCCTGTCAG
CCT CCCT GGGCACCCGGAAGCCGGAGCCGGAGCT CGACCCCAGCTCCATT
AAGGAGGT CGATGAGGCAAAAGCCAAAGAAGAGAAAGTAAAGAAATGT
GGTGAAGATGAGGAAACAGTCCCATCGGAGTACAGATTAAAACCGGCCA
CAGATAAAGATGGAAAACCACTCTTGCCAGAGGCTGAAGAAAAACCCAA
GCCCCTGAGTGAATCAGAACTCATCGATGAACTCTCAGAAGATTTTGAC
CAGTCTAAGTGTAAAGAAAAACAATCTAAGCCAACTGAAAAAACAGAG
GCAT CCCCGGCT GCT GCCCCCGT GCCCGT GGCAGAGGACGT GCCTCGGACC
TCCATGTGTTCTGT GCAGT CGGCT CCGCCACAGCAGCT CCAGCGAAGGGC
ATGGT GCCAGACGATGCT GT CGAAGCCT TGGCT GGAAGCCT GGGCAAAA
AGGAAGCAGATCCAGAAGACGGAAAGCCTGTGGAGGATAAAGT CAAGGA
GAAAGCCAAAGAAGAGGATCGT GAGAAACTTGGT GAAAAAGAAGAAAC
GATTCCTCCTGATTACAGATTAGAAGAAGCCAAGGATAAAGACGGAAA
ACCACT GCT GCCAAAAGAGGT CAAGGAACCGCTCCCACCCTTGAGTGAAG
ACGTCCTCCTCGATGCTCTGTCCAAGGACTTCACTGTCCCCTCAGACACA
TCATCGCCTCAATTTGAAGATGCTAAACTTTCAGCTGTCGTCTCTGAAG
TGGTTTCCCAAACCCCAGCTCCAACCACCCAGGCAGCCGGT CCACCCCCCA
GCACTGCGCAGCGTGACAACAAAGAACTTGACGATGCCCTGGATCAACT
TTCTGACAGTCTCGGGCAAAGACAGCCTGATCCAGATGAGAATAAACCC
GTAGAGGATAAAGTCAAGGAAAAAGCCAAAGCT GAACACAGAGACAAGC
TGGGAGAAAGAGATGACACCATCCCACCTAAATACCAACATCTTTTGGA
TGACAACAAGGAGGGCACACCCGGGAAGCCAAAGGCATCAGAGAAGCCC
AAGGCATCAGAGAAACCT GCAGGT GCCCAGGACCCCATTGATGCCCTCTC
AGGGGACTTTGACAGCTGTCCCTCGACTACAGAAACCTCGACAGACACAC
CAAAGGACAAAGACAAGAAGCCTGCTTCCAGTGCCGAAGCACCTAGGAA
TGGCGGGAAAGCAAAGGATTCCACAAAGGCAAAGGAGGAAACTTCCAAG
CCAAAAGCTGATGGAAAAAGTACAAGTTAAAGTTCACACTATTTGGTA
TCTGCATATAAAATCTTCAGCGGGTAGATGGTGACTTTCTGAAG-3

Fig. 20. Full-length nucleotide sequence of hanwoo calpastatin DNA.
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4 calpastatin
antisense DNA

1
(Pincus  Enzman, 1935) ,
(Motlick , 1984 ; Byun Lee, 1992) (Leibfried First,
1979 ; Nagai , 1993) (Yoshida , 1989 ; Wang , 1992 ;
Bousquet, 1994 ; , 1994)

, (Eng , 1986 ; , 1993),
(Linder , 1974 ; Channing , 1978 ;
Racowsky, 1985 ; Naito Toyoda , 1992)

, gap junction

(Motlick , 1984) ,

glutathione (Funahashi ,

1995) ,

, (male pronucleus) (in vitro
cell block)

(Ball, 1983 ; Racowsky, 1991).
(Sanbuissho T hrelfall, 1989 ; lwasaki Nakahara, 1990),
2 L
(Schellander  , 1990)
8 16 (T hibault, 1966)
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genome
free radical
Pabon , 1989),
free radical
(1990)
(Li Foote, 1993 ; Grupen
, 1998) . ,

Wood (1995)

Niemann, 1991)

. Lin(1966)

- 85 -

(Bigger, 1987 ; Riger , 1991).

(Bize , 1991 ;

T hompson

free radical

, 1995 ; Guyader- Joly

(46%)

(Heyman, 1986 ;

bovine gamma globulin

. (lin Monie,



1973 ; Glass , 1974 ; Seidel 1982, 1983 ; Brem , 1985 ; Hammer , 1986
; Pursel , 1987 ; McEvoy Sreenan, 1990 ; T akeda Toyoda, 1991 ;
, 1994 . Kubisch , 1995)

micro injection technique

2
1.
1001U/ml penicilline G 100 ug /ml streptomysin sulfate
, 2 2-3 10ml
(18G) 3-8 mm
(Nikon, Japan) Fig. 1
A ’
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DSF § WED ool me 4EFOR $F3

o
T

EHela Aet BE ] &ldsk

GEIRE AY AGYSS FESATh

Fig 1. Quality of follicular oocytes classified by cumulus cells
Grade A - Cumulus-oocytes complexes(COC) completely surrounded by at

least 4~5 layers of cumulus cell in combination with a homogeneous
cytoplasmic pigmentation,

Grade B - COC surrounded by 2 or 3 layers of cumulus cells.

Grade C - COC partially denuded.

Grade DD - COC spread and unhomogeneous.

L A=

&5 P E SGEL TG F ANEE 9% WYY ZAHL Table |

It g,
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Table 1. Hanwoo oocytes maturation medium

TCM-199 8mé
Fetal cell serum 2ml.
Pyruvate stock 1000
Gentamycine stock 1040
PMSG 10IU/mé
HCG 10IU/mé
17 8 -estradiol 1ug/mé

Adjust the pH to 74

2. AN T7
o Q% WhEFE A9 S #F71F Fig 20] AlAg wpolo]l Ast BEE WE
ae-g A orgol) FAsHACh

(A) (B)

(@)

Fig 2. Cumulus cell expension of bovine oocytes at 20h in vitro maturation.

A - Tully expanded, B - Partially expanded, C - None expanded
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5 38 water bath 30
10 mM caffeine B.O. 15
500 x g 5 2 3 , pellet 5 mM
caffeine 05 % BSA, 10 / heparin B.O.
1 x 106 /
200 60

petri- dish(Nunc, Denmark)

45 50 6
6

acetic acid ethylalcohol

1 % orcein 45 % acetic acid

mineral oil(Sigma, U.S.A)
B.O. 2 3
CO2 incubator
6
3:1 48

(Nagai , 1984 ; Kano

CT C(Chloride tetracycline)

bend (B.O medi
(1x 107
CO2 6 PVP Solution
1200 g 6 CTC
CTC Slide

(Lynn , 1995).

- 89 -

x 15

(Nikon, Japan)

, 1994).

um) 3

), 1000



(TCM-199, Ham's F-10, CRlaa, SOF) FCS(10% VS

20%) BSA(0.4% VS 1%) mineral oil CO2
20
25 CcOo2

24 , OVCM (Oviductal conditioned medium)

3-4mm
petri dish (TCM-199) 5 10 epidermal

growth factor(25ng/ ) CcOo2 16- 18

2 24

.(Anderson Killian, 1994)

1) : Table 2 2
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Table 2. Vitrification solution for hanwoo oocytes

Type
. TCM-199+20% FCS+1.5M DMSO+2.0M Glycerol+0.25M sucrose
- DPBS+20% FCS+10% Glycerol+0.25M Sucrose+0.125M Glucose
- DPBS+20% FCS+10% Glycerol+10% Ethyleneglycol+0.25M
Sucroset+ 0.25M Glucose
- DPBS+20% FCS+10% Glycerol+10% Ethylene glycol+0.375M
Sucrose+0.375M Glucose
2) : Table 2 0.25
Straw(I.M.F., France) Fig. 3 1
5
Straw 35
petri dish 3 4

SP | VS A EFS A EFS A EFS A VS | CP

Fig 3. Configutration of 0.25 straws loaded vitrification solution before
vitrification
CP : Cotton plug, VS : Vitrification solution, A : Air

EFS : Vitrification solution + Oocytes, SP : Straw powder

2 straw loading EG
EFS40 ,
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A a4 ) A2 Microeleetrode puller. Microforge (Narishige

Co,, Japan) oo AR&38F0] Lin(1966, 1971) 21230 Seidel(1982) 0] ol <i3lof

Fig, 49 A} ¢ 9} 3he) Al «spaivl,

D

IYig 4. Micromanipulator system
A Micro puller B @ Micro forge C : Micro grainder

D Inverted microscope with micro injector
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uh A vbrie) Fw) el nl 0| FS

A4 7] 16 - 18 A1 F Y4l Ea)std Ao shpalEs Yot E
AAS ohg Aol FAE vhpwkg el Fig. Goll AlAl & ubep o] A o)
DNAZ mAMF¢ dtgdth. & Wagner $5(1984)9] wiie]l &3t 100 - 400 &
2 7239 TH™0) A (Narishige)ol A &epele] wha HEe 02miE #&ol
HAFES Wolmd o OilE YATh WA BT WE o B A
AgE] 5 - 10 o) FAl RS &< thE holding v eE FA vAHE &

Yy

ol ¥WAstY DNAES 2A3 injection V& BAH ¥ T4l vkxlo] g
sli B %70 & Subs vk H=bsbcd o)jw] wkaete] B zh vkghvh
7 rin=1

o Ape] el

11'.

of WolX« YEH FelArk

Fig 5. Microinjection of bovine embryo. A ! Egg is held by holding plpott(
using gentle suction. B : Injection pipetle aligned before DNA injection. C
Ixpended pronucleus. DD @ DNA injection
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Table 3 Holstein Fig. 1
4
Table 3. Quality of follicular oocytes classified by breeds
No. of
lity (%
Breed Oocytes Oocytes Quality (%)
examined A B C D
Hanw oo 341 144(42.2)a  103(30.2)a 55(16.1)a 39(11.4)a
Holstein 291 156(53.7)b  89(30.6)b 34(11.7)b 12(14.0)b

: grade A Oocytes with compact and dense cumulus cells
: grade B Partially made oocytes with cumulus layer

: grade C Incompletely

o O W >

: grade D  Oocytes with foggy cumulus cell

a , b : Different superscripts within column denote significant differences( p

< 0.05)
Holstein 291 A B
341 247 72.4%
Holstein
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Table 4,56

T able 4. Effect of maturation medium of nuclear maturation of hanwoo

oocytes
_ No. of No. of oocytes at the stage of b M aturation
Media oocytes t
examineda GV Pro-TI Ml rate
TCM-199 177 2 31 144 81.4
Ham's F- 10 164 3 29 132 80.5
a GV : germinal vesicle, Pro. : prometaphase, Tl : telophase , MI
metaphase
Table 4 TCM-199 Ham's F-10
FCS(Fetal calf serum) 10% ,
341 TCM-199 Ham's F-10 177
164 2 144(81.4%)

132(80.5%) TCM-199

FCS, BSA(Bovine Serum Albumin) BFF (Bovine

Follicular Fluid) Table 5
metphase TCM-199 FCS, BSA,
BFF 81.4%, 76.5%, 78.0% Ham's F-10 FCS,
BSA, BFF 80.5%, 77.6%, 76.0%
FCS BSA BFF
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Table 5. Effect of FCS, BSA, BFF in maturation medium of nuclear

maturation of Hanwoo oocytes

Media Supplementa o,\égygs No. of oocytes at the stage of b Matrlgtaetion
examined GV Pro-TI Ml

FCS 177 2 31 144 81.4
TCM BSA 136 2 30 104 76.5
BFF 118 0 26 192 78.0
FCS 164 3 29 132 80.5
Ham's F-10 BSA 112 0 25 87 77.6
BFF 125 0 30 95 76.0

a FCS = 10%(v/v) fetal calf serum, BSA = 1%(w/v) bovine serum albumin

BFF = 10%(v/v) bovine follicular fluid

b GV : germinal vesicle, Pro. : prometaphase, T : telophase , M
metaphase
(TCM-199, Ham's F-10) FCS 10%
FSH(0.2 AU/ml)  LH(10ug/ml) PMSG HCG (10 1U/ml)
T able 6 S
609 TCM-199 Ham's F-10
10% FCS, FSH-LH PMSG-HCG TCM-199
300 85.6% 257 2
Ham's F-10 309 83.8%
259 2 Table 6
10% FCS 3-5%
82.9% Gott  (1988)
Younis  (1989) 97.7%
Ham's F-10 TCM-199
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FCS

BFF(bovine follicular fluid)

Table 6. Effect of hormone supplements on nuclear maturation of hanwoo

oocytes
. No. of oocytes No. of oocytes at the stage of b )
Media Hormonea examined oV Pro-T1 i Maturation rate
FSH-LH 128 0 18 110 .
TCM-199 859
PMSG-HCG 172 0 25 147 854
FSH-LH 145 0 23 122 .
Ham's F-10 841
PMSG-HCG 164 0 27 137 835

aFSH : 0.2AU/ml, LH : 10ug/ml, PMSG : 10 IU/ml, HCG : 10 IU/ml

b GV : germinal vesicle, Pro. : prometaphase, TI| : telophase | MI
metaphase
Fig. 2 A B
BO
2-3 50 ul BO 20
1x107 ml
T able 7 FCS, BSA BFF
47.6%- 55.0% 10- 14.2%
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Table 7. Effects of FCS, BSA, BFF on fertiligation and polysperm rates of

hanwoo oocytes matured in vitro

M edia Supplementa No. of oocytes No. of oocytes No. of polyspermic

examined fertilized(%) oocytes(%)
FCS 40 22(55.0) 3(13.6)
TCM-199 BSA 38 20(52.6) 2(10.0)
BFF 42 20(47.0) 2(10.0)
FCS 39 21(53.8) 3(14.2)
Ham's F- 10 BSA 35 18(51.4) 2(11.1)
BFF 40 20(50.0) 2(10.0)

a FCS : 10%(v/v) fetal calf serum, BSA : 1 % (w/v) bovine serum albumin
BFF : 10%(v/v) bovine follicular fluid

, 10% FCS
Table 8

Table 8. Effect of hormone on fertiliation and polysperm rates of hanwoo

oocytes matured in vitro

No. of
. No. of oocytes  No. of oocytes .
Media Supplement . e polyspermic
examined fertilized(%) oocytes(%)
FSH-LH 42 34(81.0) 5(14.7)
TCM-199 PMSG- HCG 45 35(77.8) 5(14.3)
, FSH-LH 38 31(81.6) 5(16.1)
Ham's F-10 byse-Hee 48 35(72.9) 6(17.1)
FSH : 0.2IU/ml, LH : 10ug/ml, PMSG : 10 IU/ml, HCG : 10 IU/ml
FSH LH PMSG HCG
FSH HCG

Shalgi (1979), Ball (1983)
Hensleigh  Hunter(1985)
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% Ao +4FAYS AWyl d$ANLAe PN E 9%
D gAte) £35S W

(D BFF(Bovine follicular fluid) ) 2]+

AF ABg 2GEAET FA9 £ ¥ Y5 wWF N (sperm-TL)I10%
(vv) RA7tst 45412 A Wigstd 3% 58 frlsoh 28 A /9
g (BOY , sperm-TL , TCM-199) Wel 10 % BFF& 78t 16, 3,
45, 6 Azt T wigatEA Fzie] &AL HAFUT

@ BOCM (Bovine oviductal conditioned medium) # 2]44]

o e 2% 5 I FFE EF Fa 454 9 W
¥l AT Y5 77 sUeH A FHO) MR FFo) GIuFAE
3 M3AA wFAIZHER YRl SFEAAE waAsh

® Heparin A 244

T3% Y5 MY AL EFstn 7)) heparin(10ume/n)& H7t 454 ¢t
A Mgt FA% 5SS Fristden A FHY 72 heparin (10ug/md) &
A7 Wit A MgAIPE R Fxle) $EAE wAs

2) AR +4%d Aelo) WE ArE

¢ dEFY Aol FAH Y HE AHYYYA BE NI
Table 99} 2t}
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Table 9. Effects of capacition methods of sperms on in vitro fertilization rate

of hanwoo oocytes

Capacitalion No. of oocytes No. (%) of Male pronuclear
method examined oocytes fertiliged formation
Control 140 86(61.4) 25(20.1)

BFF 136 93(68.4) 47(50.5)
BOCM 165 19(72.1) 58(48.7)
Heparin 182 139(76.3) 66(47.5)

BFF : Bovine follicular fluid

BOCM : Bovine oviductal conditiond medium

A9 R Y Y5 uGN 10 % BFFE 3718t 45 AL A g
% A5Ae Ay 53 &) 684%, BOCM ¥7HAl 72.1%, Heparin H7HA] 76.
3% 5 Rol 2T 614%=2 AL)FA & Aolst AR heparin F7HA 7+
=28 A4S B}, heparin A7 HAFAEo] L olfv HEAHI} &
Fqe) ZASH heparin?} hyaluronic acid€ -3 GAG (Glycos amino
glycans) 7} A& FANA £4 T H5& YA {1 MY F

A&& wol7]l W& A v (Bal &, 1981 , Parrish &, 1986)
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Acrosome reaction(%)

Control Heparin BFF

Treatment

Fig 6. Effect of heparin and DFF on acrosome reuction incubated 4 hours.
Sperm were incubated in medium(TCM-199) alone, with heparin (10ug/m¢) and
bFF(10 % v/v)

CTC WU 2 ZAG gxbe) ¥Aw3 Avbe Fig. 601 AA) s vpe}
o A2 £35S wFA(sperm-TL)o} 10% A vES (BFF)?F  heparin
(10 pg/me), & w3t wige] (BOCM)E A7F 45 A1ZF W3 HARbeg ZAMS
AZbe dZTo A 19.8%, BFF 54.7%, HEP 55.9%, BOCM 538%% # &) 17}
Azl ngte] foHoR EA ElRTHP<005). & A £F9 +3% 9
5 g (BO, sperm-TL, TCM-199)¢] BFF, BOCM, heparing %7} CO, uj
F71AA L5 AIZE 3 AZE 45 Az 6 Al B wiEHA Qi) SRAL
AR A27be Fig. 5, 6, 7 o AlAIsdel, Al F579 kel wFo A v
15 A F 254 A A3t Helgs Azl o)k et ulF 342
o} FHE ztolzt vtebyith, F wlod 45 A7be} - BONGIA ol 582% A
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gl 61.9~704% 2 ‘el A 2 Aol7h ANUTH o3 A= FRIAE

W 4% 3% LAy BFF, BOCM, heparin d7l7F HAwkg, %o 54,
ARG 1 A PYS & 4 ANy Fabufgy HobAlelz 1 A
b S AN,

2. @S- AgFA L) AYguFrE

b Alepad wjgelo] widgd) vk 4%
@4 Ao FHLE @ FFH M) wFde FCS 20%E Hoh A9 g
Fr5 3k @35> Table 107} 2}

Table 10. Effect of culture media on in vitro development of bovine

oacytes following insemination

No. of embryos developed to the following

. No.of No.of oocytes stage

Culture wles Jeaved at 48 h

media oocyLes cleaved a at 48 h (%) at 192 h (%)

examined %)
2 cell 4 cell Mor & Blast

T(/M l‘)‘) 90 50(55.6) 33(66.0)  14(28.0) 10(20.0)
Ham's F-10 00 45(50.0) 27(60.0)  15(33.3) 8(17.8)
(,Rmd 90 52(37.8) 35(67.3) 15(28.8) 12(23.1)

Ao i 48A17F Fo] FET WIS TCM-199e 4 55.6%, Ham's
F-10914 50%, CRiaadlA 53.3%5 B9 wlFqtel] & Aozt gAch HAq4
A F 897 ALY A= CRiaa WERAA Ao wivkxu] 2ggo]
23.1%I TCM-199914 20.0%, Ham's F-1001 4 17.8% Rt A vElsc,

vho Al el kel Ul g H sk wipddel mAE 9%

AE5e) Aeprel migddd FCS(10%9F 20%)9F BSA(04%<F 1%)& 7t
A9)%54 & NS 2AFg AsHe Table 119 BTk A94H BN T v
£ FCS9F BSAE 20% 9F 1% d7F & 9 10%9 04%& #H7I9E W Bt
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BT motony Aduje} wimt¥y] dE& T FCS9 BSAS At BE7F e+
b gkl = GEE I gduiel uiukTy] Hdg2 FCSE 78S 9 BSA
g #7t L W B} 24 Jebytch

Table 11. Effect of FCS and BSA in culture media on in vitro
development of bovine oocytes following insemination

No. of embryos developed to the

Cone Oaocyte  Oocytes ‘
Culture ' s cleaved at following_stage (%) -
. of suppl. . _ 48 h 192 h
media (%) examin 48h 2 ool Ao Mor &
9 e ce

ed (%) ¢ Blast
FCS 10% 80 38(47.5) 24(63.2) 10(26.3) 5(13.2)
20% 90 50(55.6) 35(70.0)  14(28.0) 10(20.0)
TCM-199 BSA 0.4% 60 24(40.0) 15(62.5)  8(33.3) 3(12.5)
1% 10 55(55.0) 37(67.2) 16(29.0) 8(14.5)
FCS 10% 80 35(43.8) 18(51.4)  15(39.4) 5(14.3)
Ham’ 20% 90 45(50.0) 27(60,0) 15(33.3) 8(17.8)

am's
E=i0 BSA 0.4% 60 26(43.3) 14(53.8)  10(38.4) 2(7.7)
1% 80 41(51.3) 23(66.1)  17(41.5) 5(12.2)
FCS 10% 80 39(48.8) 26(66.7)  12(30.8) 6(15.4)
0 )

CRiaa 20% 90 48(53.3) 32(66.7)  14(29.2) 11(22.9)
BSA 04% 60 28(46.7) 15(33.5) 12(42.9) 4(14.3)

1 % 80 42(52.5) 24(57.1) 15367 7167
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v}. Modified synthetic oviduct fluid(mSOF)ullgeo] v ebe] u) 4=
o

mSOF (Takahashi & First, 1992)9] FCS¢F BSAE #H7F wsh&a vigd &8
ZAL8l A P|4+= Table 129 AlA 3 vl9} Zr},
Table 12. Effect of [FCS and BSA in mSOF medium on in vitro

development of bovine oocytes following inseminatio

No. of embryos developed to the

Concentration No.of O(ch‘;(:; following stage
supplements oacytes s > B
(9%) examined Lilzd\liicj/ ;n 48 h (9%) 192 h (%)
0 2 cell 4 cell Mor. Blast
FCS 10% 80 41(51.3) 25(61.0)  13(31.7) 7(17.1)
) 20% 90 55(61.1) 30(545)  20(36.3) 13(23.6)
BSA 0.4% 70 33(47.1) 17(51.5)  13(39.3) 5(15.2)
' 1% 80 45(56.3) 30(66.7)  12(26.7) 9(20.0)

o4 4827 F &S FCS 10%9) 20%E 37108 W zhzt 51.3%9)
61.19%, BSA 04%¢ 1%E H7MHE W 47.1%, 56.3%F TCM-199, Ham's
F-10, CRiaaX v}l 3%k Aol wigtzul 2225 227t 17.1%, 23.6%,15.2%
ILESL 200%5 A7 AIFFe WA My AdAno A JEgt 2
g} Fukui $(1991)0] TCM-1990] A ulsbE web-go] 35%, SOFAA 11.1%2
SOFAA & Wl HASA Etcks dutebs Aol AU Ae2d w)
Foit SOF7} §-43tchi AZbs x| gk o]o] cigd BHS)§ AF7F L dg

)

f

i

shrtar AZhE )
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NEEM

o

(en)
-

J=

C D

Fig 7. The in vitro development of hanwoo embryos.

A 2 cell embryos B : 4 cell embryos
C : 8~16 cell embryos D ! Morulae~Blastocyste cell embryos

gh, s E ke Ful o] widtddl m A= JF

Aot w) N (CRiaa, TCM-199)Ye] BOECS #7) WaH&a vy 43S
ZASE Ade Table 139 Zoh, #9444 4842 F HEE&L CRuast
TCM-1901 A 22t §59.7% ¢} 562%S Hgon Aduet vty dds e

256%9} 25.0%% R.o] BOECE #71ehx e Aslst wlild
il wiwkE wteb g mF kM A luiytel, 3HE BOCMAA Al 9] 7 el
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NEEH

&t

o
.

Uakga i A3 AQ]ed 48ATG F OvhEhEE 57.3% ojllen wiug
AL 2N A7) 9) AME7] ATl 74zt 585%9 31.4% A TH(Table 14) =3¢
Aabilel k) g2 2657%2 BOEC ¢ ¥l fgwiel zlols Ak
o]t &l i Xu% (1992)o] BOCM-E TALPOF TCM-199¢] H7huj st Azt
vI3h-go] 7)7) 4829 S 33.3% A Auiel wiwkEwM&o] ZheF 2.49%9t 183% =1
Bargk ARyl & dgonoen BOCMA FTulgAl Hintxu] ekgol
45.8% AL 15LEE Gandolfi €F Moor(1987)¢] AR Th: @& FEolglct. A
sl el ALAWEHd A& FHAT 7] AT TuiFeld wgdviAEet S
AAF0l &z AEE AF FARE £ AAsE A9 HA HARE 2R E
wualel Autd£E FAAYI L WA lel EAsE FABIE AAsE
Ao BaEsL Qo™ (Bavisters, 1992) yFH VM EE ALF=FHe A4S
ALkt QYW EAS B AL SE FAATIY, g EAd: DY
Wetol] ofd L Fi HAE AAAACt B floh(Kataskas, 1992) =
b oybatell A dnlski: A A(GAG'S)el BAkel A% 85, £33 v
7 gh 13S 8ard7]l Wil (Brown &, 1986 ; Anderson®t Killian, 1994) v
T g vhe] YA 2 Aedd 43 dn Yok e,

s
o)

nho AN vk} AR D Hrhsk vk v A g

FAstE AL XRFE MEUC TASHE FFEQA GSHO 5718 714 L
SLGSII: o) naAte]l =4, bl §4 7 DNA®] deoxyribonu- cleotid A7+&
A3 ¥ free radical ¥} reactive oxygen compounds ©] Wit AERFT 5 @
= A s1del Aol TG AR FYPsn A7 W] Aovd WP
Ul ghatshAl(L-ascorbic acid, @ -tocopero) & #H7} AN LA T AXAAR FE
Qg MM ARl Tl F 24 E7] AL)FATE CRuwady TCM-195 2
F4el Aepdd wFNieol L-ascorbic acid(sigma, US.A)E 2Hzt 0, 50umol,
62.5mmol, Tomol® A7l WY FA R Iy AHE BF Aodw uiokeiyy
L-ascorbic M7l &34 Table (50 AAIstGch  wlgF 48410 & wignge
CRiaa®l 50unol3} 7ommol H7FA) 4M3E7) ¢4 o] 2hzh 49.2%9t 56.4% 8A 7
vl AAE e G2.5mol 3 Tomol F7A 11.8%9F 7.7% 2 7o Hlste] el
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AN froHod gA veElgon 53 wivizul A& He A izl
Hlglo] B 8oz FA vebsTh (P<0.05) TCM-199¢] L-ascorbic acid&
A7MATE CRiaadl Ak Zo] Mivtzw] - go] feolHo2 wodoh (P<0.05)
g4 A7) uigW @ -tocoperol(sigma, US.A)E z+e 0, 25, 5.0, 75 pi/meH
2715t &l (Table 16)

Table 13. Development of bovine embryos after fertilization in vitro to
co-culture with bovine oviductal epithelial cells(BOEC)

No.(%) of embryos developed to the
following stage

No. of No.(%) of

Medium embryo.z ; ?ocy‘;tezg . i B h ) at 1920
examined ceaved 2cell _ dcell _ Mor & Blast _
CRiaa 72 43 (59.7) 26 (60.4) 14 (32.6) 11 (25.6)
TCM-199 64 36 (56.2) 22 (61.1) 10 (27.8) 9 (265.0)

Table 14. Development of hovine embryos after fertilization in vitro to
co-culture with bovine oviductal conditioned medium(BOCM)

No.(%) of embryos developed to the

No. of No.(%) of following stage
embryos oocytes at 48 h at 192 h
examined  cleaved at 48 h Mor &
2 cell 4 cell _
~ Blast
122 70 (57.3) 41 (58.5) 22 (31.4) 18 (25,7

WY A3 4eell F&&ol CRiaa 9 TCM-1096] 4 2% izt u]she
Hel oA fredoes wakon wimtxw) A He CRuaadlA ol &) A
0%l wratel Xl 6.6-147%2 HAdoz Eo(P<0.05)TCM-199
X wWigkE ddgo] dETe A TN BEF 0%A«R G wgA
2 g E&FGR% uidte HY oM 125%- 148%% fFodoes Er)
(P<0.0G). oj¢bzke] Alejd gl gastEdo] F2 43S A A o
e Ay FASHEAL thiol S disulfides ASA)A WA 5]
free radical® AAFCLEZH TS HEW HHE olFo] AR W
§3% d4e FESA & F7(Rongs, 199 o)etkn A ztgct,
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Table 15. Effect of L-ascorbic acid in culture media on in vitro development

of bovine 2-cell embryos after fertilization in vitro

No.(%) of embryos developed to the following stage

Culture Treatmen No. of 2-cell

medium t embr}/os at 48 h at 144 h
) examined 2cell  4cel 8cell Morulae Blastocyste
0 68 24(35.3)a 28(411)a O 8(11.8) 0a
50 71 19(26.7)eb 35(49.2)80 0 8(11.3) 7(9.9)b

CRlaa 62.5 76 15(19.7)b 34(44.7)a 9(11.8)b 12(15.8)  11(14.4)c
75 78 13(16.7)b 44(56.4)b  6(7.7)b 9(115)  8(10.2)k:
0 71 17(23.9) 31(437) 10(14.1)a 8(11.3)a 0a

TCM- 50 73 15(20.5)eb 27(40.0) 16(21.9)b 16(21.9)b  7(9.6)b

199 62.5 70 11(15.7)a 33(47.1) 18(25.7)b 21(300)c  10(14.3)c
75 76 20(26.3)b 36(47.3) 13(17.1)d  13(17.1)b  4(5.3)b

a,b,c Different superscripts with columns denote significant difference(P<0.05).
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Table 16. Effect of o -tocoperol in culture media on in vitro development of

bovine 2- cell embryos after fertilization in vitro

No.(%) of embryos developed to the following

| Treatme No. of 2- cell stage
Culture nt embryos at 48 h at 144 h
medium .
(1) examined Blastocy
2 cell 4 cell 8 cell Morulae
ste
0 92 17(18.5) 24(26.1)a 21(22.8) 11(11.9) 0a
CRIa 25 102 12(11.8) 31(30.4)a 28(27.5) 20(19.6) 15(14.7)b
5.0 90 14(15.6) 33(36.7)b 25(27.8) 16(17.8)  8(8.9)d
75 106 20(18.9) 34(32.1)ab 24(22.6) 12(11.3) 7(6.6)d
0 86 18(20.9) 13(15.1)a 8(9.3) 5(5.8)a 0
TCM-1 25 81 20(24.7) 13(16.0)a 8(9.9) 12(14.8)b 0
99 5.0 70 14(20.0) 20(28.6)c 7(10.0) 10(14.3)b 0
75 72 14(19.4) 16(22.2)b 8(11.1) 9(12.5)b 0

a,b,c Different superscripts with columns denote significant difference(P<0.05).
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Table 17 18
. Table 17 Table 2 Type

Table 17. The effect of equilibration period in vitrification solution on the
in-vitro maturation and fertilization rates of hanwoo oocytes cryopreserved by

a rapid freezing method

Equilibration No. of oocytes No. of oocytes No. of oocytes
period(mim) examined matured(%) fertilized(%)

5 42 24(57.1) 15(35.7)

10 45 27(60.0) 17(37.8)

20 40 23(57.5) 13(32.5)

40 39 23(59.0) 13(33.3)

5, 10, 20, 40

10 60% 37.8%

5,20 , 40

Table 18 Table2 Typel 2
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Table 18. Effect of vitrification solution on the in-vitro maturation and

fertilization rates of hanwoo oocytes cryopreserved by rapid freezing method

Vitrification No. of oocytes No. of oocytes No. of oocytes
solution examined matured(%) fertilized(%)
Type 166 98(59.0) 68(41.0)
Type 147 95(64.6) 70(47.6)
Type 10 Type 10 , 10
, 1 . Type 10 , 10 ,
1 64.6% 476%  Type
Type
2

Whittingham  (1972)

glycerol
(-196 )
. (T akai ,
1994) ,

Table 19. Effect of freezing media on in vitro development rates of frozen
hanwoo 2cell embryos

Treatment No. of embryos examined Development (%)
None 125 80 (64.0)
EG 133 69 (51.9)
EFS40 138 74 (53.6)
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53.6%  51.9%

Table 20. In vitro development of hanwoo early blastocysts after vitrification

in EG and EFS40

Treatment No. of embryos examined Development (%)
None 50 36 (72.0)
EG 82 49 (59.8)
EFS40 96 63 (65.6)
EG EFS40

59.8% 65.6%  EFS40
EFS40

4. Capain DNA

calpastatin antisense DNA

MRNA
poly A signal . calpastatin
metallothion(MT)
MRNA poly A SV40
poly A calpastatin
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cDNA

CMV B
- galactosidase calpastatin
1) Metallothion
pMT/SV Xho 1 Cla | 37
8% 1.8kb
pBluescript 1l SK- Xho 1, Cla | 18kb MT
pBSK-MT . (Fig. 8)
2) poly A
poly A pSV2-dhfr BamH | Bgl Il
8% 0.75kp
pBSK-MT BamH |
pBSK-MT-poly A . , Pst | BamH |

poly A . (Fig. 9)
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ol

Amp, MT protmiotor
*ho |
MT promoter
Amp.
S0 poly A
Ecof } pBSK-MT
Chal >
Ao, oBluzt':(rlot ] Xho | Cal
tal
Fig 8. Subcloning Metallothion(MT) promoter
EcoRl)
Bamti
/f-
e f
3 Byl
pSV2—dhtr shot
L dhir MT promotas
SVAQ promoter Amp,
w0 SBSK-MT-polyA
-
o MT promater \,
Anp Bamt [ -
— ",
o
PBSK-MT Hind 81 Clat
AT
Patl Ecofl |
EcaRl Clal
Hind NI

Fig 9. Subcloning of poly A into Metallothion promoter

0z
[P
o
10
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AAZEA :

o
0

]

3) pMT-calpastatin-poly A Z&}2njx=o] Zu|

e 25o2HRY v pGEM-T Easy Vector(Promegaih ¢l 4t €
calpastatin cONA& AI® A4 EcoR 1282 43833 22kbe) @ 23 e
PBSK-MT-poly AE EcoR [2.2 231§ WE | ligation A7) .24 calpastatin
FAZE AUASAY ole @ Eezu=E pMT-cpst-poly AR 3% chFig,
10). °lH ¥ Eek2m)=e Xho I, Sph I, Kpn 1, Ssp | 59 Alagsz Asha
F AZAA ANE FAA AYRAER FAAcHFig. 1), o)ejd Bad 5
A 1.8kbel 2R, 22kbe calpastatin, 0.75kbe] poly A 7}xj3m Qon
2 Xho I # Not [22 4339 475kbe] DNAE 9& 7 9lom o]Ha &
AAE MAFYEL2 Sk £F, o) FHAT £ 2YFFE gy
A 7hSo] Aaslolol 1 Aty AlY 2 W 9%y} BeaHEE B AY
A= oleld Rz A2 CMV Z2EH oste Byl & = d= 2
~galactosidase #AAHE A FHBANN 1 FHR) VYGRS X-galD
AN & szt syl

Fig 10. Construction of pMT-cpst-poly A Expression vector
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Xho |- Not |

.
©
=

Sph |
Kpn i
Ssp |

Fig 1. Electrophoresis of pMT-cpst—poly A after restriction enzyvme digestion
Xho 13 Not 1058 428}8k Aol A= 475kbe] pMT-cpst-poly AS) w9} wl
Bl 20khel mlride #kepsl = ldvp, el Sph 1§ MERiA el wil2d 19

b Kpn [ 4% silek AUk JLe)an Ssp 1050 48k3l 2.2kbe] mlr= /) =,

3.20kbhel mlriz) 1R Ssp T ositess A% 3itd 9ol
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>
ws]

s e
| = = i
| 2 g
! G _:FE _:.: !
| J—m- —m- M
= B E°'5'aE°
S 8 5% 28 6 %

FFig 12, Electrophoresis of pMT-cpst-CMV=-8  after restriction cnzyme

digestion

Az 169kbE pMT-cpst-poly A (475kb) 71 7+ Wl wbikake] 4kglsl slolv, B

e

Al pMT-cpst-poly A7l A -gulactosidase -4 x19F 9145 A8 vy

oAk sal 1 osited B-galactosidase A %}e) 37 o] 9)x)8}w] v A= &

28hsle ol HUAI AAH R AANQnA Helsheluk

4) pMT-cpst-poly AFEel2n =0 2 -galactosidase % z}90] AF9)
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> "\\
1
|
pBhienerpt il 8K )_P &

eall

i Eaofl |

o

Pai | —8all digoction

T promoder

Hind 18
EooR }

] é Cabasialn DNA

640 piv A

Hot! [of ¢]
EooR 1
| Pl digastion : ::l—ﬂotldbuﬂu
i Blunting i =

l Lisation

! -"—\.{T promoter

",

]
!l Amp. askrlin «DMA
! sall
i pNT—opad—CON P
L B iy A
7
4
Pp—eatastosadare
CWN promctar

Fig 13. Subcloning of 8 -galactosidasegene into pMT-cpst-plasmid.
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pCMV- Pst I Sal | CMV , B - galactosidase
poly A 4.5kb pBluescript 11
SK- Pst I Sal | ligation . Pst |
T4 DNA polymerase
pMT - cpst- poly Xho | Not | T4 DNA
polymerase 5 3 calpastatin 4.75kb
ligation . (transformation)
Sal I, Sma I, Xho I,
Hind [11 calpastatin B - galactosidase

pMT - cpst- CMV-3

(Fig. 12, 13).
5) calpastatin
DNA
DNA . ,
(transformation) pMT-cpst-CMV-f3 pMT - cpst- poly A
colony 50ml LB (+Ampicillin, 50
/ml) 37
, CsCI(0.97g/ml)
ethidium bromide(10mg/ml) 2
ethidium bromide (10mg/ml)
TE (IM Tris- Cl pH 7.5, 100mM EDTA) 4
pMT - cpst- CMV-3 Sal |
pMT - cpst- poly A Not I Xho |
8% 12.12kb  4.75kb
geneclean kit(BIO 101, USA) . DNA

ELUTIP-d(Schleicher & Schuell GmbH, Germany)
buffer(10mM Tris- Cl pH 7.5 0.1mM EDTA) 5ng/
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HEE o AMgA 7hH] -20T ¢ BEs A ohFig. 14, 15).

1. pMT-cpsl-CMV-8

MT promoter  Calpastatin cDNA  Poly A CMVpromoter p-galactosidase  poy A

2. pMT-cpst-poly A

MT promoter  Calpastatin cDNA ~ Polv A

Fig 14. Diagram of pMT-cpst-CMV-24(1) and pMT-cpst-poly A(2) vector

for microinjection,
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NSEH

o

(=)
e

i

MT-cpst CMV g
MI -cpst poly A

Marker

?3.1 kb
. 9.4kb
G.b kb
4.3 kb
2.3 kb
L 2.0kh

12,12 kb !
4.5 kb

[Fig 15, Electrophoresis of pMT-cpst-CMV-8  and PMT-cpst—poly A alter
restriclion enzyme digestion.

PMT-cpst-CMV- 8 2 12,12kb#E, pMT-cpst-polv AL 470khE A4 o) =1

5 vERdlae Qo] ek g Al e A ARS8 LhER s Qo)

6) pMT-cpst-CMV - g &~z o) vl 319)

DMT-cpst-CMV- 8 & COSAMIF transfection 8+ t}8- X-gal ¢ Mol ©)&}o]
gastdvl, WA, COSHEGXIOCME)E omlo) 10% FCSS 338k DMEM
WA B7°C, 6% COragol A 18A12E wikstdl, vl & 4 A3 smlo] PBS
SOAEE 13 A, 2w pMT-cpst-CMV-8  Feb22n 12 Effectene
transfection kit (QiagenAHZ transfectionsl Ak, DNAEA s)lo] 16A) - uj okdh
U PBSE 13 Al¥ea Al DMEMul A2 igbslelol crefn upeuk
X-gal 44& A2}

X-gal 9142 R4 AIFEE PBSEL 18] Al H§ vhg s el(2vy &by e):
0206 =t ebebdlste) o 5 G 4F g skdvh srelar vhAl pRSE (8] Al ¥ e
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gl SlAlelos 4A7E S1AlS AN S HAE PBSEL 38 AR e A

Axleg8 MAEQAV). CL Ay ])M'l‘*cpst—(.‘.l\/l\f'—ﬁ Eu}22nf 27} (ransfection ¥

Azid eleitel nske] 48w hEhldeh MR Ay Fehaos

YEELG QS0 SkElA) frg] A pMT=cpst-CMV-3 &}

R ICR T o v
2227k transfection¥! AN 4§ X-gal 148 vlekdla glew, Bir dlx

a0 al e qfAle] WA oF SR thEbUlaL Qe

KL

X-gul staining of coscell transtected pMT-cpst-CMV - 4.

IFig 16,

Ll Calpastatin antisense DNA V) A 5=8) 7} vhzbol) A o) k& ske)
[) A= AF 8 Ad R

A F A WYRL Table 210 A AI§- ubo} 2ok AL e 6%

Ko GAaERr QPN) SRS 612 % KWl .

o Q

Table 21, Pronuclear formation of hovine oocyte maturated in TCM=-190 after

m Vlll() (ertilization
: " No(%) of  No(%) of oocytes forming
No(%) of No(% )) of 1 o(?6) of oocytes folmmg
oocytes PN

oocyles oocyles PN R s

examined malturated | 2 32
. formation e

244 220(00.2) 165(75.0) 00036.4) 101(61.2) 424
- 122 -
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2) DNA injection

DNA ,

Microinjection technique, Stem cell insertion

technique, Retroviral insertion technique, sperm-mediated DNA transfer

technique
Micro injection
technique
Microelectrode puller, Microforge (Narishige
Co., Japan) Lin(1966, 1971) Seidel(1982)
16 - 18
DNA
Wagner  (1984) 100- 400
(Narishige) 0.2ml
oil . 5- 10
holding DNA
injection
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Table 22. Development stage of bovine embryos by microinjection

No.(%) of No.(%)of embryo developed to
Medium No. of embryos
embryos cleaved at 48 hr 196 hr
48hr. 2 cell 4 cell 8 cell Mor. Blast.
CRlaa 140 47(33.6) 18(38.2) 22(46.8) 7(14.8) 1(2.1) 0
TCM-199 155 37(23.8) 10(27.0) 15(405) 12(32.4) 0 0
CRlaa TCM-199
Table 22 . 48
CR1laa 33.6%, TCM- 199 23.8% 4
196 CRlaa 2.1%
L- accorbic acid a - tocopherol

(CRlaa, TCM-199)
T able23, 24

Table 23. Effect of L-accorbic acid supplements in culture media on in vitro
development of KNC* oocytes following insemination

) No.(%)of No.(%) of embryos developed to
concentration
Culture . | . No. of embryos
media © Sl:pp e;nen embryos cleaved 48 h 168 h
UM
at 48 hr 2 Cell 4 Cell 8 Cell M or Blast
0 66  19(288) 7(368)  8(421)  4(82)
CR1aa 50 55  20(364) 4(200) 11(500) 5(250) 3(150)  1(5.0)
100 55 18(327) 5(27.7)  8(444)  5(27.8)  1(56) 1(5.6)
0 78 18(231)  6(333)  8(444)  4(222)
TCM- 199 50 50  15(300) 3(230)  7(467) 5(333) 2(133)  1(6.7)
100 49 14(286)  4(286)  6(429) 4(286)  1(7.1)
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Table 24. Effect of a -tocopherol supplements in culture media on in vitro

development of KNC* oocytes following insemination

. No.(%)of No.(%) of embryos developed to
Culture COTCEMtTAIION s
metia PN s ceaves ®h 168 b
at 48 hr  2Cell 4Cell 8Cell Mor  Blast

0 50  16(320) 5(313)  6(37.5)  5(313)
CRlaa 50 50  19(380)  4(211)  8(421) 7(368)  2(105)  2(105)

100 44 15(341) 5(333)  6(400) 4(267)  1(6.7) 1(6.7)

0 47 11(234)  4(364)  5(455) 2(182)  1(9.1)
TCM- 19 5.0 50  16(320)  3(188)  8(50.0) 5(3L3)  2(125)  1(6.39)

100 45  13(289) 3(231)  6(46.2) 4(308)  2(154)

CRlaa L-ascorbic acid 50p M 100u M
36.4 % 32.7 % 28.8 %
48 8
, 196
50u M
15.0 %, 50 %
TCM- 199
a -tocopherol CR1laa
TCM-199
(Grupen , 1995)

Murray  (1990)

) a -tocopherol(Vit.

E), ascorbic acid(Vit. C), superoxide dismutase, catalase

(antioxidants) ,
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cell block
(Matsuuyama Fukuo, 1994)

(1999) a - tocopherol cystea- mine

Parbon  (1989) free oxygen radical
) free radical

Li(1993 a)

(in vitro cell block)

conditoned medium)

Table 25. Development stage of hanwoo embryos with different culture
condition after calpastatin antisense DNA injection

culture No of No of ( % ) of embryos developed to
. embryos
condition h
examined 1 cell 2 cell 4 cell 8 cell morula blasto
control 317 120 95 32 48 20a 2a
(37.85)  (29.96)  (10.09)  (15.14) (6.30) (0.63)
cumulus 236 86 65 27 25 19 14b
cell (364)  (2754)  (1144) (1059  (8.05) (5.93)
58 94 20 60 32b 25b
GSH 289 (2006)  (3252) (692  (20.76)  (11.07) (8.65)
cumulus 245 52 79 39 41 21b 13b
cell + GSH (2122)  (3224) (1591)  (16.73) (857) (5.31)

*Different superscripts within columns denote significant different ( p<0.05 ).
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Calpain antisense DNA
Table 25 . , GSH (0.1 M)
GSH ,
( p<0.05 ).

Table 26. The expression of calpastatin antisense DNA after 7 days of

culture following microinjection

No. (%) of
Stage of embryos No. of embryos embryos No . (%)of
examined examined expressed mosaicism
Calpastatin gene
Morula 92 23(25.0) 20(87.0)
Blastocy st 54 10(18.5) 9(90)
calpastatin antisense DNA 7
X-gal staining gene expression
T able 26
gene expression rate 250 % 185 %
90 % 87.0 % mosaicism
5. Calpain DNA
. Calpain cDNA
Calpain cDNA
TRIzol regeant(Gibuco BRL )
total RNA . total RNA RT - PCR
calpain cDNA . , GeneBank
calpain cDNA primer . S1 primer
GAATTCAGCTGAATCTTGCTGTC , Al primer
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CCCGGGTGAANTTGAAATCCTGAE o)-&2kitl, Total RNA Hugdt random
primerst o] -&s}o] A HAFR AL Ist slrand cDNAS A &loIv), ol & A4
it flete] Qrell Al 913§t primeril PCRY #3820l DNAS] WA & 04T 30

Z, anncaling £ 68 30%, A ANEE-L2 7270 33k} £710i 33 cveleit 528}

vk, AWk oF 2.2kbe] DNA Wi 1S 4 Qe 1 DNAS pGEM-T

easy Mujeoll AFQ1slat 178 A4skedct. (Fig, 17)

Calpain ¢cDNA —»

Ifig 17, R1-PCR of hanwoo calpuin ¢DNA
1. A/Hind III marker 2. S1, Al primer
3. 51, A2 primer 4, S2

Al primer, negalive control(b, G, 7)

/ISl Agatat o) BoLw 9l 913 A2 calpain cDNASE ¥ ul&k]
Do oL ARG AY ok 00% R vl 3 A9k vk S 28 RT-PCRO ) 3o

VY] g4 dh ¢DNAST culpain ¢cDNASHS $FQ1slolt), o]id 8l cDNAE 7}< 51 v

& Mg ie Alesk vk (g, 18)
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GAATTCAGC TGAATC TT GCT GTC TT TAAAAA CCTTTTCTTT CCAMAT TT GCC TG CATGC
CGAC CGTCATTAGCGCCTCTCTRGC CLCACL GACAGGLGCT GAGCCCAT GTC CCCAG GLT
M 3 P G P

CCATCGL CCAGGCAGCL CAGGACAAGGG CAC CRACG CACGL LCT CLAAACCCAAGTE GLA
I & ¢ A &4 ¢ D X & TE A UG C & B P 3 [ I

TCTACTCAGCCATCATCAGUCGCAATTTTCL CATTATTG GG TG ARS 0A GAA GACATTLE
¥ 3§ A I I 3 R R F P I I F ¥ X E X T F E

AGCAGCTTCACAARA GATET CTLGAAAR GRA GETIC TTTTT ¢TE GAT CCTWA GTT CC CAC
Q L H X R ¢ L E X K V¥ L F ¥ D P EF P P

CCLACGAGACCTCCC T TTTTACAL CCA GRA GTTCC CLATE CAGTTE CT CTE GAA Ga GAC
D ET 8 L ¥ ¥ 3 ¢Q K r P 1 Q@ TF W W KR P

CTCC GGAAATIT GTCALAAT CCC CGATT TAT CGTTG 6T 6& GCCAATAGAAC TGACATCT
P E I T £ M P R F I ¥ & & & B R TUDTI C

GCLAAGGAGATC TAG GG CAUTGC TG CTTTUT TG CAG CCATE GCTTGL CTGAC CTTGAACA
Q & DL F D C B F L & &1 A CILTTUELHR KX

AGCGTCTLCTTTTCL GG CTCATALC CCATCATC AGAGCTTTCACE GAARACTACLL GG GGA
B L L ¥ R ¥ I P HD QQ §8 @ T EHR VY A& G I

TTITTCACTTCCACTTE TEG CGCTATCCARA CTCLL TG AL (TG CTTATTCATEACT GLC
F HF Q F B R Y ¢ D W Y D Vv VI DDTCTL

TLCCAAC CTACAAUAAT CAACTGECTTTY CAC CAAATCCAAL CATCGC AL THA GTTCTLGA
P T ¥ R ¥ @9 L ¥ T T X § ¥ H R R ETF W 8

FTGCTCT GC TR AGAAG GCTTATGC TAR GUTCCATG CTT CUCTAC GAR GC CCT GAAAG LTG
4 L L E X A ¥ A X L H G 3 ¥ &£ &4 L K & G

GGAACACTACAGACE CCATE GAGGACTT CAC GG LAG GAGTCACA GACTT TTT TCAAATEA
H T T E A M EDF T & ® TETVFT FE I X

AGGATLCTCCCAGAGACATE TAC AA GAT CAT GAATAAAGL CCATC GALGAL GCETTC CC'TCA
D &4 P RD M ¥ X I M X X & I ER & 3 L M

TeEGGCTECTCCATTGAT bAT ¢GCAL AAA CAT GACCTATE GAACCTCTOC TTC TGG GC THA
¢ C 8 I D D - T MW M T ¥ &€& T § P 3 G L X

AAAT Gl CLACTTEATT WAG CGLAT GUT GAG GAATATEGATAACTCG (G GCT CAG GGALT
M & T L I ER M ¥ B " M D ® 8§ R L R D 3§

CAGACCTCATCC CTGALG GEATGE TCAGATGA CARLL CABR LT CGGATCAT TGTTCC AFTTC
D L I PX & L 3 DD RP T RMTI VP v Q

AGCTTTGAGACARGARTE GCCTCT GG GCT GGT CAAAL GLLAT GCCTACTC AUT CAL TG GLC
P ET R M & ¢ ¢ L ¥ X GG H 2 ¥ 838 ¥ T & L

TERAGGAGFCCTTCT AL ALG GLT MAMARAGT GAAGCTCL T CGGCTG LG GAR CCC CTGRG
EE &L ¥ X & E X ¥ X L ¥ RL R XA P W G

GCCAGLT GGALCT GLAAT GGCTCC TG GAGTGA CAGET GLAAG GAC TGLAGR CTATGT GLACA
Q ¥ E W ¥ ¢ 3 W ¥ D §$ W X D W 3 ¥ W D X

AGGACGAGAACGCCC CTTTG CAGLACCAGLT CALTCAGCGAT GGAGALTT CTE GAT GT CCT
D E X &R L Q HQ¥YTZEDGGET WO M 3 ¥

ACGATGATTTTATCTAC CATTTCAC AAA GCT GRAGATCT GUAAL CTCACAGC TGATG LCT
D D Fr I ¥ HYPY T X L EI ® R L T ATUD a4 L

TGRAGTC CLACAAGL TT CAGACTTG GACAGT GT CCGTHAAT GAG GGC C - CTG GGT GA GGG
E 3 D X L Q@ T ®® T ¥ 8 ¥ ¥ E R W ¥ B G

GCTGCTC TG CUG GAG G TEC CGL AR CTTCCL AGACACTTTC TCGACCAACCC ACAGTACT
£ § & ¢ & C R T PDTTUJIX W THXN P Q ¥ R

GTCTGAAGCTCC TAGAL GAL AL GACGACCE CGATGATTCC GAG GTCAT CTG TAGTTTCL
L XL LEZ EDDD P DD I E ¥ I C 5 F L

TEGTGLC TCTEATEL AGAAGAAL CG GAG GAA GCALC GLAAGCTG GLL GC TAACCT CTTLA
¥ 4 LB ¢ X R R R X DR XK L & & ¥ L TT

CCATCLGTTTCG CCATC TAC GAGGTCLC CAAAGAGATEC AL GGL AACARGOAGLACCE TR
I & r & I ¥ £E ¥ P XK E M H R X Q@ H L Q

AGAAGGATTTCTTLCTCTACAATGE CTC CAA GG CTAGGAGCAGRACE TACAT CAA CATET
K D P I L 2 B &4 3 XK &R 3I RT Y I B M R

GGLAGGT CTCTFACC GCTTE CECCTGCCTCL CAGE GAGTAL GTCATTCTGCC CTC CACTT
E Vv 3§ ER F R L P P 33 E Y Vv I Vv P 3 T ¢

ACGAGCCCCALCALGAL GGC GAGTTCATCCTCC GLETCTTE TCC GAAAA GAL GAA UCTLT
E P H Q@ ¥ G ETF I L R VY F 38 EXZ BN L 3

CTGA CLAAGTTCACGAAT ACAATCTC TCT GLATC GGU CACTGAARALGAAARA AR CAAGT
E E ¥ E XN T 1 8 ¥ D BR P WY X XK X XK B X P
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CCATCATCTTTGTTT CA GAC CGA GC AAA CAGCAACAAGGAG UTG PGT (T ¢hd CCAGLAAS
I I F ¥ 3 DR AXZI NXELTEG®WDQQET
CAGAGGA GG GAAAACAL AACACAAG CCC TCATAAGL ARG CAAAATCL CCACA GETAGAGE
EEG XKD NHNT S PDX QA& X 3P QLETP
CTGGCAACACCGACC AG GAAAGT GA GFAACA GC GGLAATTE CGGAATATTTT CAG GC AGA
¢ ¥ T D Q E S EE QRQF RNITFR RUQI
TAGCAGL CGATGACATE GAGATL TG CGC AGATGAGE TCAAGAAL GTC CTTAA CACAGTTG
4 G DDMETITLC ADE ETLIX KDH®RZLDHRERUVVY
T CAACAAACATAAGGAC CTCAAGACALAAGG CTTCACGC TG GALTCU TG CLUTAG CATGA
" X HXDLIXTOQEG®FTULTET 3T CHDBRBZ3IMI
TTGETCT CATGEGACA CAGAT GGCTC TG WAGAC TCAACT TG CAA WAL TT TCATCACCTCT
4L MDTUD®PUG 3 ¢ RLNL QETHHIL®D
G GAA GAA GATTAAGALGTGG CAGAAAATTTT CAAAL ACTAT GAC ACAGACCAATT TG GCA
XK X1 X T W QX I F X HY¥Y DTDUOQS3TZGET
CCATCAACAGCTACGAGATGCGC AATLC AGT CAAAGATYS CAGGC TTC CACCT CAACAACT
I1 ¥ 3 ¥ EMH R N A @ KD A TF HLDHBDRQ
AGCTCTACCATATCATTACCATECGCTATGL GEACAACTAC ATCAATATTGA CTT CGACA
L ¥DII TMRYADI XKUY ®W B IDTFTUDS?
GTTTCATCTGCT GCTTT GTCAGE CT GGA GGG CATGTTCA GAGCTTIC AATCU ATTTACA
F I £ ¢FfF ¥ RLEV GMTUDRATDNATEFTDIK
AGGATGG GLACG FTATCATC AAA CT CAATGTTC TCLAGT GG CTGCAG CTCAL CATGTATE
D ¢ D I I XL ®» v LEUW UL QQULTMMUVY A
CCTGAAL CAAGUTGG CCACATIG AR GGL ATE i GWATCA CTCAGGATTT CAATIT CACCC

GEWAATCACTAGTHAATTC

Fig 18. Nucleotide and deduced amino acid sequence of hanwoo calpain gene
1}, @9 calpain cDNAS A o] @ A7]7] 91 28 He A
PGEM-T easy #Eol 9+ calpain cDNAE  pMT-cpst-CMV-poly A

plasmidE EcoR 128 A#3tn 1 ¢Ad ligation AIFPLEA HAFY-E&

calpain - A& Al E AT
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pMT—calpain—-CMV-poly

MT promoter  Calpaln cDNA Poly A CMVpromoter B-galactosldase Polv A

Fig 19, Diagram of pMT-calpain-CMV-poly A vector for microinjection.
cl, ) AlEQ] & calpastatin - A %12) 4 <)

VIALES]E DNAT: wilg- vk omopop o w vf& 3 3P Wl o3
AMADNASEH  wHE BeES Ak dA, oiFdiie] dEad
(transformation) ¥ pMT-calpain-CMV-poly A &el2au)1243 o} s} o) =0
A&skar T ke vklol AR SOmle) LB(+Ampicillin,d 50e/mD i <] o)) A
Ll 37 ¢ ks, ol Al ket Al RFUluI oL ¥l 2an|
L AzxSNen],  Alxf Zupanris CsCHOYTg/ mDSF ethidium
bromide(10mg/mhy& 3313+ &elol] QR marded4s 23 =yl
JLxk vkg ethidium bromide(10mg/mDi: %3 vl 4430 TE &9
(IM Tris + Cl pH 7.5, 100mM EDTA) A 810} B8 40 oA a3},

Aol vt l)l\/l'l‘—calpain—(,‘-MV-poly Fepaav) iy AldE s Sul [o.iL
asheke] #dsh sfivh Ll o) EE 8% obkm AN WMAY s 7
[2.12kb 9} 4.75kbo] TS geneclean Kkit(BIO 101, USA)EL 3]4=a81-¢lv), 3] 4=¥
DNA<= ELUTIP-d(Schleicher & Schuell GmbH, Germany)® 2558 47 3}
a HFHo Ry vAFEYE buffer(10mM Tris - Cl pll 7.5, 0.0mM EDTA) G

bng/pe7h HM e} ARG E kA 200 B9l vhFig. 19),
2l Calpastatin antisense DNA VA FJ 2) §hgvi=lol) M o] w3 she)

D &5 s4gke] A9 sjgfdae] mlFEd v wjA @) Fedvkate) Wy
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$% WAl DNA 3¢ ¥dels Beld, 393 2 4884 9y 5 ge

Fere] AFHYoM, olF Wl F E4ol B ¢§ sbsAol 3o W
A AMEHE A WYL Microinjection technique, Stem cell insertion
technique, Retroviral insertion technique, sperm-mediated DNA transfer
technique o] U FAE FAAL] FojoA 2] GHgo] o} A& 33
2 olgfol At dAolrh wety FHAE AF7I7 Fol= Micro injection

techniqued &% A2 FRTo] Ls%c).

Table 27. Development of Hanwoo embryos after calpain DNA microinjection

o No. of No. of(%) embryos developed to
Treatment embry 08 4cell Beell morula blasto
_ examined
control 50 4(8) 20(40) 23(46) 3(6)
injected 90 14(15.6) 24(26.7) 50(55.6) 2(2.2)

39 A2l el Calpain cDNAE FU33 Aouiwtet 3-8 Table 2740
AAISEAE) . mAFEYI AT A4 ow wdIdPon o]EZ AAujr) o
¥ ™S A 5L X-gal G948 HAEAT

2) DMT-calpain-CMV- 8 Ee}2=n] =9 @& <)

pMT-calapin-CMV-£8 & -3 1A X7] $3F nlA A obg 69 u)
F3 EX-gal AN 98t FelEtgch WA AT PBSE 23] MHIm,
2 N2% EFLEINE, 02% SFEIGYIz)oz 1087 2R84, 281
ClAl PBSE 28] Al Y3t x-gal AN Ao 1A G4 AR g%
PBS 3% Al¥d vhg AKNEYS AASAY. 1 A calpain HHA7F 2y
v TN A Ul vete 3 2248 JEFREl 21822 calpain
TR AR d¥eT ASS AR Y. (Table 28, Fig. 20, 21)
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Table 28. The expression of calpain DNA after 6 days of culture following

microinjection
No. of No. of embryos expressed calpain gene(¥s)
Treatment embryos 100 >80 550 510
examined . o e
control 26 0 0 0 0
injected 52 2(3.8) 10(19.2) 2(3.8) 20(38.5)

calpain #AAE A FY & ok 100%, 80% ©14, 50% ol 4, 10% o4& 7t
b ZASE S 38, 19.2, 3.8, 385% Stk diftEe] AR ¥HL mosaic 9|
RO 80% oldo] RHIE FHVE 23%4 SUch olvd A= o &
AHE o)HFHY calpain KWL LS YHAL S5 wojd HEo] w
&8 AAElR A& Rolt)

Ol

Fig 20. X-gal staining of bovine embryo injected calpain gene.

AT gEToE AE YMol ¢ HAL B calpain F42Z w)a)FEek
Ao &AM wAdo] el AT (80%) Y WHE Hol: 4AW
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Fig 21. Mosaic cxpression of calpaingene in the bovine embryo

e A7, BE calpain RS mAF
SN

Asr OjEqto it ul A F#43}%
I3 RO 100% 08t
W] F51 QQe},

L

T REI 80% o4, §0% °l%, 10% °l

EbUb s 424 910
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