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SUMMARY

1. Genetic resource conservation and management of Midget miniature pigs

Part 1.

To reserve the genetic material of minipigs provided by Medikinetics, the
reproductive organs were surgically removed from a total of 26 females and 4
males. In addition, 7 embryos at approximately 30 days in pregnancy were
extracted. Tissues that would be used for in vitro culture were placed in 37C home
made saline. Tissues for paraffin section were frozen in liquid nitrogen (LN2). To
facilitate immonological analyses and RNA probe hybridization, solutions used for
block fixation were prepared to be free of DNase and RNase. Total of 77 tissues
including 26 ovaries, 20 uterus, 20 oviducts, 4 testis and 7 embryos were Tissue

sections were embedded in paraffin blocks.

Part 2.

In this study, we determined the full-length nucleotide sequence of MAP1LC3A
(LC3A) cDNA from porcine ovary. Mixed—base oligonucleotide primers were
designed based on previously cloned LC3A. The open reading frame of porcine LC3A
cDNA consists of 980 bp (encoding 121 amino acids). Based on homology to the
human gene (98%), this novel cDNA was identified as porcine MAPILC3A and
submitted to GenBank (Accession No. GU272221). The MAP1LC3A gene contains 4
exons and 3 introns. To map the promoter region and to investigate the presence
of cis—regulatory elements, we cloned the 1051—bp fragment upstream to the
transcription start site. We identified 3 TATA box and 4 CAAT box sequences in
this region. There also was 23 CpG dinucleotides as potential methylation sites
within this 1051—bp region. The luciferase reporter assay demonstrated that
transcription factors CRE—BP, HSF, and ADR1 play pivotal roles in the expression of
porcine  MAP1LC3A. Indirect immuno—fluorescence with the MAPILC3A fusion
protein showed that the subcellular localization of porcine MAPI1LC3A and ATG5
exhibit a punctate pattern in the cytoplasm of porcine follicular cells under stress
conditions. These results indicate that MAP1LC3A can be used as an autophagosomal
marker of pig follicular cell. We propose that autophagy plays a role in the

maintenance of follicular development at least partially by regulating the remodeling



system in porcine follicular cells.

Part 3

The objective of this study is to estimate the effect of adding TES to LEY and FGE
freezing extender for the sperm viability, acrosomal morphology and DNA
fragmentation from miniature pig sperm, we evaluated sperm characteristics in TFGE,
TLE and LEY with various thawing condition (37C for 20 sec, 45 sec and 75T for
5 sec, respectively), and in different concentration of glycerol at 1%, 1.5%, 3%. The
sperm viability and normal acrosome intact(NAI) in TFGE (Viability : 60.3%£2.4, NAI :
58.6+2.2%), TLE(61.3£2.4, 62.2+2.2%) extender significantly (p<0.05) increased
than that in LEY(50.2%£2.4, 54.5%£2.2%) extender thawed at 75C for b5sec.
According to the results from glycerol concentration, the wviability and NAI of
miniature pig sperm in 1.5% glycerol TLE(66.1%+3.2, 66.2£1.0%) was highest among
the experimental groups. In accordance with this, DNA fragmentation rates was the
lowest in TLE(43.3%£0.5%) while that in LEY(63.5%2.3%) is the highest. Therefore,
these results suggest that TLE extender method for freezing—thawing of miniature

pig sperm increased the viability after thawing.

Part 4.

The objective of this study is to analyzed the effect of BIVM and PIVM invitro
maturation medium for the oocyte maturation, Cumulus oophorus and extrusion rates
of 1st polar body(pb) from the midget miniature pigs oocytes. And estimation of
effect in the hormones(Adding hormones(FSH, LH and FSH+LH to PIVM) to oocyte
maturation. The oocytes cumulus oophorus and extrusion rates of 1st pb in
PIVM (Cumulus Oophorus : 77.1£1.4% , Extrusion rates of 1st pb : 75.3%£1.6%),
medium highest increased than that in BIVM(75.2%+2.3% , 72.5+1.8%). According to
the results from holmones effect, the oocytes cumulus oophorus and extrusion rates
of 1st pb of Midget miniature pig oocytes in FSH+LH medium(PIVM+FSH+LH) was
highest among the experimental groups. Also we used maturation method for oocytes
invitro maturation in Midget miniature pigs, after stored freezing in LN2 box. and
removed the cumulus cell from maturation oocytes, and freezing was the stored in
LN2 box to the oocytes load in 0.25mm straw. Therefore, these results suggest the
PIVMFL (PIVM+FSH+LH) invitro maturation medium for oocytes maturation of

Midget miniature pig oocytes increased the maturation.

Part 5.

The main purpose of this study is to estimate the effect of adding Tea—N-Tris to
the freezing buffer for minipig sperm. In particular, we attempted to identify the
association between the MMPs expression and the survival and viability of sperms.
Prior to freezing, sperms in LEY without Tea—N—Tris showed 40.3%t 2.8% viability
and 60.3%£1.3% survival rate at 4°C. After freezing, sperms stored in LEY with
Tea—N-Tris (=TLE) showed the highest viability (57.4%x1.8%) and survival rate
(65.6+4.6%). In accordance with this, DNA fragmentation was the highest among
sperms frozen in LEY while the lowest fragmentation was observed among sperms
frozen in TLE. When these sperms were used for in wvitro fertilization (IVF), the
LEY group showed lower rate of blastocyst development, although the difference was
not statistically significant. Meanwhile the rate of blastocyst development appeared
similar when sperms from TLE and TFGE(Tea—N-Tris+Fructose+Glucose+Egg
yolk) group were used for IVF. We observed MMPs expression in all sperm groups,
with pro—MMP showing lower expression than active MMPs. The expression of
MMP—-9 and MMP—2 was the highest in sperms frozen in LEY, Meanwhile, sperms
from the TFGE and TLE group showed lower level of MMP-9 and MMP-2
expression in the order of TLE being the lowest. Together, these results indicate
that adding Tea—N-Tris to the sperm freezing buffer would not only suppress
MMPs expression but also minimize DNA fragmentation, providing a mean to improve

the success rate in the in vitro manipulation of minipig sperms.

Part 6.

Matrix metalloproteinases(MMP) play important roles in extracellular matrix (ECM)
remodeling during ovarian follicular development, oocytes development and ovulation.
In an attempt to investigate the effect of MMP activation in development
cumulus—oocytes complexes, we examined the localization and expression of MMP,
and monitored MMP expression profile. Cumulus—oocytes complexes were collected
and matured in vitro for 24hr, 36hr and 48hr. A mRNA expression of MMP-2,
MMP-9, TIMP—2 and TIMP—-3 was detected in all culture medium regardless of CC,
OC and COCs. Activity of MMP—-2 in the OC progressively was increased from 24hr
to 48hr. But MMP—-9 was not detected in all culture medium. The localization of

MMP—-2 was also measured by immunohistochemistry analysis. The MMP-2 and



TIMP—-2 was detected in cumulus cell and oocyte zona pellucida. Expression of
MMP—-2 protein in the COCs was progressively increased from 24hr to 48hr.
However, MMP—-9 protein was progressively decreased from 24hr to 48hr. And
TIMP—2 protein was most highly expressed in the COCs 36hr. Expression of
TIMP—-3 protein in the COCs was progressively increased from 24hr to 48hr. In
conclusion, these results suggest that MMP—2 plays a role in maintaining normal
maturation and development by controlling the ECM inhibitor concentration on

cumulus cell and oocytes.

2. Development of improved systems of Midget miniature pigs

This study was conducted to estimate the growth curve parameters for the body
weight (BW) and the body length (BL) of miniature pig in Korea.

Growth curve parameters were estimated through anonlinear regression modelusing
Gompertz, Logistic and von Bertalanffy methods. Atotal of 25 piglets were measured
seven times with two months interval to estimate both body weight and length.
Results showed that the estimated average values for the body weight (body length)
were 31.83 kg (58.77) for the mature weight(A), 3.06 (1.74) for the growth ratio
(B8), and 0.28 (0.52) for the maturing rate(«x). Average inflection points showing
maximum growth rate estimated each month for body weight were 3.97 kg and
11.70 cm, while for the body length were 1.06 kg and 21.61 cm. Moreover, the
estimated maturation rates of the body weight and length for the Group of Sire 1
were respectively about 0.22 and 0.40, whereas for the Group of Sire 2 these
values were 0.34 and 0.39. On the other hand, for the Groups of Dam 1, Dam 2, and
Dam 3, maturation rates for their body weights were respectively about 0.26, 0.28
and 0.33, while for their body lengths these values were 0.43, 0.37 and 0.38. The
study also indicated a negative relationship between the values of mature weight and
maturity rate for the body weight will result to a higher inflection point which is in
contrast for the body length where results show that a positive relationship between
the values of mature length and the maturity rate will result to a higher inflection
point.

Furthermore, the growth performance of miniature pig varies across stages but
using these estimated growth curve parameters could improve the genetic traits of

miniature pig.

3. Standardize the production of Midget miniature pigs

This study was conducted to develop the midget minipig from the Micropig herds
for pharmacological studies and nonclinicla trials. To downsize minipig, we selected
tiny minipigs and mated them. After births, the body weight and body length of
offspring were measured periodically and estimated. The midget minipig herds were
composed of 5 strains that were two sire's lines and three dam's lines, To improve
the downsing rate, some lines were mated among the midget minipig herds and
produced genetically normal offsprings. From 2011, Medikinetics has customized the
midget minipigs as laboratory animals for biomedical researches. By genetic analysis
of hair coat color and size, some data for the status and breeding plan of micropig

herds were acquired and the customized production system was developed.
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A3 g AFErY g 2 A

gl

A1 A AdFEES Midget PIUH A 9] 44 BE 9 vy

1. Midget "|Y=h=12] FHA HE

w9 FRALS BEST] el T HAClA AT wysA Y A7) HS 9
F% S o] gdte] F A 2679 WA, £ 479 2 9 YAl 309 A YA oA
7ule] o] ejolE AF R om, AEMFE 24 AP A Az 37T A

&3
ol @gtom | paraffin blocks 913 %22 A AL (LN2) o] Hol AFAZ o]F F H4

’l_

71 $18tod without DNAase and RNAase® 3 7}8t fix solution®] % WS o] 173
F paraffin blocks AlZ}F &4l (Fig. 1-1), W& 2671 zba 2070 @3k 2071 #lolz4 77

T

A ANE Z 7708 %A paraffin blocks A& TH(Table 1-1).

ol

2 BE AFE skt WA 9 RNA probe® ©]€-38t hybridizationo] £-o]3}A

Fig. 1—1. Paraffin block®. & #|Ztalo] B A5l Midget "]Y s %] 2] %2 sample AFAL.

Table 1-1. 2230 ®#=91 Midget v|UHHA %2 typed HAHZ}

Paraffin product

Ovary Uterus Owiduct Fetus Testis Total Paraffin Block

Tissues type 26 20 20 7 4 7}

o] % A #¥ paraffin blocks ©]43t] W &4 2 in—situ hybridization

o

>,

>

o
Rulin)
o

ul

Fig. 1-2, 1-39} #9t}. H&E staining ¥4 S nAxZ9 Ags 9 %
gt A G Bk dxxF o] meFo] FEEiglon, Axo meoF 4 BX
£0]3t9th(Fig. 1-3). H&E staining A¥S %3¢ IHC(Immunohistochemistry) (Fig.
1-2B), in—situ hybridization(Fig. 1—-2A)%2] XA} % Tﬂ]’é" A shA 4sre
v, 24 o "eEA 43 3l RNA probe?] X

=
3

Fig. 1-2. ?|U =R W49] paraffin blocke]A] @A whgd ot A A3,
A: tJUs|x] @ RNA probeE ©]€3 In—situ Hybridization.
B: vy GEo|A Anti bodyE ©]€3 Immunohistochemistry.



Fig. 1-3. v|y=ix] dao] ¥ @AM H&E steining 4.
A: mly=x] A2 H&E steining®4].

B: ¥4& &3 slide.

FAAe] HAAS Fasty] Yste] AR E P A3 paraffin blockC. 2 A ZE F2 oA
total RNAE F%3l9] <% % ¥5Z nano—spectrometero] ¥243 A3} protein
contamination (260/280 ratio)d TEZAFA sHAZZA A RNA 271 1.8°]30eH,
paraffin 222 RNA %+ 1.78% purity’} £t $5+ F2%4L2 1120ug/uleld L
paraffin 22> 101lug/ul® zlo]7b §ATH(Table 1-3). ©]%¥ paraffin =& A9
RIN(RNA Integrity Number) 45 3}7] $l8to] RNA AHE ABdo= fwd & 5 QA
2859} 18s, FWE peakgte AAtete] 1- 107kA FX8F A7 Aow 100 7MHess
RNA 87} £ Zo=z g9l = Q&0 paraffin &4 RINgLe] 7.3014 02 e
ot (Fig. 1-4).

i)

Table 1—2. A2} #2418 93 Protein, DNA, RNASH A X9 ®d s

Genetic Resources
Cell type
Total sample Protein RNA DNA
Cell  Spemm
Micro Pigs 23 20 1 20

Midget miniature pig

Table 1-3. ZAH % Aeo] & RNA F& A7

Wavelength Absorbance
A260/A280 Conc
260nm 280nm 320nm
2 24 0.058 0.032 0.001 1.81 1120ug/ul
Block 7| & RNA 0.252 0.150 0.018 1.78 1011ugful
RNAZZ F&=E 0.439 0.243 0.007 1.80 900ug/ul
B
1 2 3
M i N ¢ M J
q i w
D —

Fig. 1—4. A|5% RNAQ] AHEAS 93 #A7]9% 2 RNA Integrity Number¥®4],
A: Total RNA H7]95 A}
B: RNA Integrity Number %
M: 100bp marker , 1: LN2 B3 A %ZA | 2: Paraffin block® R¥¥ %3, 3: 7|& F&
ste] &2 EIS RNAE 3 & o]F dlsste] 4.

1
i
K%



2. ALY S o] &3 A Autophagy marker & F2Y
vy A FARS S o]gate] AE Ay FaeAol gFHIL e AEAEZAL

1 GITACCTCCC CGAGCOGCOG CCGCTGGGCT CAGOGCTAGC COCAGAGCOC TTGAGOGGGA GACGCGGAGC COOCGGAGCC B0
‘ - _ . . §1 OOCAMCCAC AGCCACCTOC COGOCTOGCG CGACCGGAG COCCGECCTG CGCCCTOCCE CGOGOCTETG COATGOCCIC 160
3lel autophagy S 748 317] 913 marker?1x¢1 MAP1LC3A (Mizushima, 5. 2001) & & M Lp z
Y st WA v)Ee ukE = o] AU Jzo = 17y 5 161 ACACCGOCCT TTCAAGCACC GOOGCAGCTT CCCOGACOSC COTAAGGAGS TOCAGCAGAT COGOCACCAG CACCCTACCA 240
29 sF3ivh WA 71Ee] welx MAPILC3AY ARE 7|22 % 980bp 4714147 18874 DRP FEGQ RRSF ADR RKE YQQ1I1 RDQ KPS
o ofm|yAlo e o) 4 MAPILC3A® subunit® =Aatdon, = 241 ACATOCOGCT GATCATCCAG CGCTACANGG GTCAGAMGCA GCTGOCAGTC CTGGACAAGA CCAAGTTOCT COTCCCAGAC 320
o eble el Al A 4l = HAsaeH, A KIPY IIERYEK GEK@Q@ LPYL DET KFL VPOD
MAPILC3A9 ¢Ax7} 2 TGEE9 MAPILC3AQAED 98%0]Are] AFEAS ER 321 CATGTCAACA TGAGCCAGTT GGTCAAGATC ATCOGGCGCC GOCTGCAGCT GAACCOCACG CAGGCCTTCT TOCTGLTGOT 400
HYX MSEL YEI I RR RLGQL XFT QAF FLLY
I UYes Fg 5 ot =3 B 542 ORF(open reading frame) & Gly—120 3¢ 401 GAACCAGCAC AGCATGCTGA GOGTGTOCAC GOCCATOGCG GACATCTATG AGCAGGAGAA GGATGAGGAT GGCTTCCICT 480
¥QH SV SVST PIATDIY EQEERKDED GLY
o] C—4¢dt BE (Seidenbecher, 5. 2004)& A9t L 7] LS LERH o7 Ho} 481 ACATGCTCTA COCCTOCCAC GAAACCTTOC GCTTCTGACC CAGCACTAGG CCCTCTIGOC TGCCACTOGG CCLCOCTGTC 560
B L ) L~ o M VYA SQE TFG F ==
EFFAA 715t MAPILC3ASE FY3 7S 7M. USS Zelste] =AY 561 AGGCTCTGEC CAGGGAGCTC CTGGCACTGG AACTAAGCTG TCTCTGOCEC TGCOCCTGOT GGGTTGGACA GGEATGCTEC 640
§41 CACOCAGOCA GAGGGCACCT ATCACCCCTA CTCTGCCCCT GGATGGATIC TGGCCCAGTC ATATTAGGGT TGOCCCTOG 720
=] 235k s = ey ) = o xd
MAPILC3AE ™7 étil GenBank (NO. GU272221) ¢l %383t 721 GOTGCTOOCT GOGAGHGLEA AGAGTGRGAY GCAGOCONCA GCAQCCOCTGE CCTGTGIGGT TIGTCTITIT TTTAGACCCC 500
801 TGCCTGTCTC COCACCTGIC CCTOCCCAAC CTGAGGCGCT GOCCATGOCT GGATCTGCCC ACCOCTGAAG GACTGGGTCC 8RO
881 TGGCTCACCT GGICTIGACA TGGIGTATOG CTCTGTGGTC ATTGTCCCTT TGCAGAATAA AGATIGCTCA GGCCTGCCTG 960
961 4444 A AAAAAARARA
1 =0 R Rl R E VOO CHP R PVIER TR GEROLPVLD TIIEH Fig. 1—6. Porcine MAPILC3A A9 7|48,
8 [ U R el O RCHE VOO SR OH PR PVIER YK GEROLPVLD K THES
AP_534300.2 B - Ol B R RE VOO FROHE R IFVIIER Y GE ROLPVLDE TS
RERUGLEEEETR I L C Rl R UL R OH PR EVITERTRGERCLPVLDE TR
NP_OE0011.1 J P -l WO FC KE Vo0 FRIOH FRKIFVITE R YE GEROLPVLDF TSI
1 FO (- - R L HE VOO RROH Pl FVITE R GEHOLPVLDE TN
| BN D SN MO ST O P i e T
3 P VIERY KGEK GLFVLDK TR
1 _ - . _ - 50 ¥ CHaH AP MLPAA_HURAH Microtubule-assoclated proteins 1418 light chain 34 MAPILCIA
5 1 iMscrotubule-assocated pooben 1 Ight chain 3 alpha)
B F L VFDH VNMSELVEITRRRLOLNF TOAFFLLVN CHSMVEVS TR & RN (MAP1A/TE hght chain 3 A) (IMAPTAMAR 1B LG A) (MAPT
R LVEDH VEMSELVEITHARLUOLNF TOAFFLLVN UHSMVSVE THI 1 E R gt chaun 3-bke protesn 1) (Autophagy. related proter LE3 A)
5 ARG E N IS T 00 V4 ophegy et sictin Whe Ipode LI N
B FLVPOH VHMSELVRIRRRLOLHP TOAFFLLVN OHSMVSVE TR E IS W GIVRT  MUPIA_MOUSE  Microtubule-associated proteins 1A/1B light chain 34 Magfic3a
. NNV A R W DA TAVTE bepe chai 3 A) PUARTMAPTE LCS A
el H (MAP1ATE bght chain 2 A) (MAPIAMARTE LCIA) (MAP1
B F L FUH UNMSELVRIRERLOLNP TOAFFLLVN GHSMVEVS TR v E RS gt chain 3-ike protein 1) (Autophagy.related protem L3 A)
| G ENEEECN G ENIEE TS {Aukophacy wlated ubesstn s o LC3 A}
ERFLVEDH VNMSELVIITHRRLOLNFTOAFFLLVN UHSMVEVS TR E S -
AR 0 [GFL MV ASGE 1T G 121 & Q2HIZY MLP3A_BOVIN Microtubule-associated proteine 1A/ B light chain 34 MAPILCIA
el F: Protein Ace, Orpasizm (Mecrotubue-associted geobein 1 Sgh chain 3 alpha)
AN DEDGPL LT ASOE T GRS {MAP1A/TB bight chain 3 A) (MAPTARAP 1B LT3 AJ (MAP T
OB = 000 LRV ASOE T IR I S Homo saplam bt chain 3-bke pogtenn 1) (Autaphagy-redated protea LG A)
107 FANEINDTREEREIEE 100 xp 001199601 Pantuogodvie FYAEAy. Mo Ui o LTI A
E = 1) XeSHILY  Cusilupusfemsiliass
0 SENERCENITERNREE 2 701001 Borens
10 FEEEGEDTIEREEE o) VP800 Mus muoseulus
NE_955741  Ratwsnorvegiom
XP 4173272 Gallus pallus
NP 8599041 Dianio rerio
Fig. 1-5. 2FF1A8 MAPILC3A F48#ke] ofn|ial 71449 354 4.

.
12 MLPIA_HUMAN
12 MLP3A_MOUSE
21
.

121 MLFPIA_BOVIN

Fig. 1-7. ¥4 9 porcine MAPILC3A oAt A @3t 1z, ] 28|31 4948 9471494
J



#4 MAPILC3A®] W3l& Zdshs ZaRE 998 #4387 $ste] chromosome re
working@H & o]-gste] & 1,000bpe] F3+& Zgton, I 7oA ZERREE #A4%
Ay z2RE 47144 el 3719 TATA box9 4709 CAAT box7} A8t J&&
Ql & 4 glgloem, 23709 CpG dinucleotides?} EZ&Eo] 9SS el 3 & ot =&
MAPILC3A2 & 714 W9 Intron?} exonTiHeE 4% Ay 47019 exons? 3719
introns® 2 TFAEH s FJ o ¥ AIE EgE Z2HRYH &S A%
promotor—binding factorE ¥4l A3 CRE—BP(Fernandes, 5. 1994), HSF (Benbrook,
5. 1994) 19931 ADR1(Cheng, 5. 1994) 9 binding factor’} HA}F F&Ixtz 283k 7
olgt 4 + Asith

S

ot

N

Promoter

ggatgaag
ggezacag 2agg
g8cct g

7] Intron 2

teaggagy

Exons s Intron3

RE2Eeg & gt ¢ eogtigt ¢ tgEact

Fig. 1-8. Porcine MAPILC3A 39 ZTZRE 474493 exon ¥ intron F7|ALE
Al ¢F 1051bpe] Z=HEE ZE5-919 HA9 37019 intron 123 4719 exons & T 9
s

Autophagy?] A2

X
5=}
oX

2
-9
ol
to
o
18
s

lo
o
k=
30

= Aoz deA h(Tanida,

=
5. 2004). B3] AE2 W3t w2 AA7IHel Wl WEO] remodeling¥ WEAIE 9

Fu

2ol T2 ol ARE] 2 ATl =

Jh
ot
1,

141 MAP1LC3A$} 7]l #8111 ATG5

] autophagy marker QIAFS o] &3Fo] GFAZoA 2 WHE dolry] $5Fe] DMEMH] %
iAol A 48A17HEQ COZ2RIF Mol E oA kst WFAMEe] autophagy?] HAE FE3dhe=

m

o,

el
O

32 S SAstol

i)

I o AL AHPehA] & GTAES AxEAe] autophagyd] HEE 1 T 5
rapamycin 2] oAl autophagy markerQ 52 W&o] ¢ & o 2
gttt ol st A= LC3AZF #A XA XA autophagy?] Zrgo] Yeh}s Ro=w 3t

o7 4#HA Q& rapamycing F7Fsho] weFsk WA Lol A MAPILCSAQI— ATG59]
A

immunofluorescence £} western blotting WS o] &ato] A4S

A& odglen, A FEAEY D Bl A ALFHe] Tad 8L & F s A

olet AbRE ST Wby B

ATE Fakol A dERDel i AETARALY 1AL MY

& 3 Tas dae Aradnh

A

MAPILC3A

Rapamycin

. - -

Q.-
— —
ATGS Merge MAPILC3A . p—

P

ATGS -

-
.

= Control rumnr-.m

MAPILC3A

v

=
vy

Expre s ion MAPILCEA, ATGS in
FolbicLir o Bl : vbars )
:

-
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U A FFAEANA Y autophagy marker 891 MAPILC3AS9 ATG59 in—situ

hybridization.
Y= 2] A e A
Ct Y= A] A A

ZFE3 Ao MAP1ILC3ASH ATG59 western blotting.
%3 RNAo|A S MAPILC3A% ATG59] Real—Time PCR.



3. Midget v]Y=i=]o] 2|22 wE

7k Midget PIYE]x] o] A2 BE W] mE =& L HA F44

my A Gate] B2 A A NS AR AL BEGS A7) f8ke] Strzezek 19999
7} Fraser$} Strzezek 20049d¢ W& &&3to] AFek A9 3|49l K-3 (69.3 mM
fructose, 64.6 mM sodium citrate, 8.0 mM Na,—EDTA, 14.2 mM potassium acetate,
pH 6.8) 2} ={A] 3oz Wo] A5 = Seminark (NoahBio, Kor) 2 AFE3}3 T Midget
SIS A A G ol §AFINOE Aol AAY Aok A
1:1(semen:dialysate) 2 41& ¥ 16TCeolA 1~5% &<t AAe] AE& L AWAES 48

St

(1) wlysiA e} drke Ao geizk 9 Gabs e vl

vy A 2] 73 Ak sl vl N 9 PR Fvh w2 Zlo] dnbAQl Aol
ool AnkENA] (Duroc) ¥ wU el o] s FAe 25 wlast A3} Table 1-43 2
ok musA e A AAE Zols Reli oy B AL myHA 40+20me, Lt
X 130+£30m g == vebgteh. Ak FRe A9 5x10°+£1.8, IukElx] 6x10°+20 %
YERs T

Table 1-4. WshAsh AnrshAzbe] YA 2 YA B 24,

A4

Semen Volume. ( ml ) Sperm concentrations (cells/ml)
Midget Mini—Pig(n=3) 40£10 5x10%°+1.8
Duroc(n=4) 130*=15 6x10°%2

@) FAAL o g AL NEF vIUHAA P4 YEE L WA P9

WusA gl A3 A (negative) A1 myt M H7(positive) T AH ol F
g9, 19, 399 79 A% A AERES Leeuw 1991499 WHE n$ FAstol
Hoechst33258 2 A2 AMF F 49 Fr7t FEMoz gy £ 4, d45A
oo AAE Aokl FAZ westel #4 sgith AA AW BAL Larsond) Miller

(1999) o] S vt FPapgion, dd 7ES FHAAd F2A4 4449 AAe HA

A AAZ ADea, T FH o9 AdAEX ok YapE oY AR ety AE
S HA AE 242 A4 A 4007 E FAYR Aol HESER A s9leH, 4
3] Wk A3ste] P LS DE BT 2 AT Aol A2 SAS pakage (version

9.1)E o]&3sted ANOVASt GLM(Generalized linear model) & 243k Duncan® mul—

tiple range testoll 23t FAA FAA (p<0.05)S EAAh vjyex] Axo] =g 2L
A 438 B4 Ade Table 1-5¢F o) vy s#9] Hi& X Aoz Bt A3
Fdol= 80.2+£25%9 BEES YEHL, 85.2+51.5%9 HA AYAE B 19 A3
Aol AEgol 30.311.2%, HA Aol 325%.13%, 3% A Ad AEF
10.2+11.4%, HA 32340 20.1+51.4% ©llom, 79 A Al HEES 5.311.5%, IA
48 6.611.5%% YESTE Seminark 34 NS AMEE] vyE|A ] FAE AL B
3 A el 85.4+11.8%9 AEEE BAon, 87.1£1.56%9 HA YYAHE Bx
A AH Alels AEFO] 75.01.5%, BA F49L 80.2£.15%, 3¢ A Al AEE]
0.311.4%, A F4/d0] 71.571.4%, 78 A} A WEE0] 58.211.3%, HA Fd4

60.5+1.7% 2 EbuTE K-3 34 HS Algsto] BAS A7 Fdols 87.311.8%9] AE
S B3, HA AYAEES 87.2£1.6% oo, 19 A Al AEEC] 80.2£1.4%, HA
4449L 83.111.5%, 39 A A AEELS 76.311.2%, FA AP 80.2+11.4%, 7Y
A3 A BEEL 64.351.5%, A AL 61.242.0%0Ih vUEA] Fdo A 7}
o 9loJA K—3 Al o] YA Molit Seminark A o] 438 A& HE BT} AEA oY
ARk A Gdo]l §94 (p<0.05) & =2 AWE eI wEbd Zo H vt iy E

A AR B dTE T Ao ARHT

oo

N =

Table 1-5. K=3 A<} s} Anjd Tea RS 79 gt AL Bar] FA9 A=

S HA A3

Survival ability

Type of 0 1 3 7
extender

Viability Viability Viability Viability
NAI (% NAI NAI NAT (%
(%) (%) (%) (%) (%) (%) %) (%)

Negative 80.2+25 85.2*1.5 30.3*1.2 325%*.13 10.2*f1.4 20.1*14 53%*15 6.6*1.5

Seminark 85.4*1.8" 87.1£1.5° 75.0%f1.5 80.2%*.15 70.3*1.4 71.5%*14 58.2*1.3 60.5£1.7

K-3 87.3£1.8" 87.2%t1.6" 80.2%t1.4" 83.1*1.5 76.3=1.2" 80.2+t1.4" 64.3£1.5" 61.2£2.0"

NAI : Normal Acrosome Intact.
“7 Different letters within the same column represent a significant difference (p<0.05).



th Midget ¥UsAA 9] golo) 54 A% SARED A D uH Table 1-6. 2 REsh 5ol B naa 4o Aes W A4 244 B4
Midget VUS4 3Ae] AEY B3} S5 FH G4 HES A5l B IR M=
W

Survival ability

>
A3 A A AEE AR A9 dns BFshke Jlo® 28A TES(Garde

Type of . . e «
- e ‘ extender 37T for 20sec 37T for 45sec 75T for 5sec
<, 2003)7} #H7F¥ TLE (TES+LEY), TFGE (TES+Fructose+Glucose+Egg Yolk) 9}
_ _ Viability (%) NAI (%) Viability (%) NAI (%) Viability (%) NAI (%)

LEY (Westendorf 5, 1973; Roca %, 2004; Fraser 5, 2007; Sancho 5 2007)E& A}&-3}
o] AR AWEA W DNA £ALEZ BEAgle] njUsxlo] HA3e EARTZAS sjuksio] TFGE 42.4%1.8 50.5+1.6" 43.2%2.1° 48.3*1.47 60.3+2.4" 58.6*2.2
ANAEZE HEstuA dAlsho TLE 57.4+1.8  585+1.8" PEBE2LT iy g fl.3=2.47 6225227

LEY 38.6+1.8 44.2+2.6 38.4+2.1 41.5+1.4 50.2+2.4 54.5+2.2

(1) TARENY F3 o] w2 &= P44
nuUsx 9] NS TFGE, TLE, LEY 2 HENoR A% T 37TCoA 20%, 45%9} NAI : Normal Acrosome Intact.

75°C°ﬂ/\‘] 5% %?} %3]]6]—%—% EH ’*g—f—*é ‘§~l ij]—?,] 7‘,§iﬂ ;ﬁ’g’\ € Table 1— 644— 7]_‘:]_ 3 “® Different letters within the same column represent a significant difference(p<0.05).
7ColA 20%3F 4 &9 % W TLE TARENS T4 F3 F Fx9 YE&o)

57.4F1.8%°10 3 A2 HAQ AHAHL 58.5+1.8%0I30tk TFGE RENS HA19 QES
o] 42.4% 1.8%, A BAL 50.5+1.6%01%1 LEY HEAL Ao P&go] 38.6+1.8%,
HA AL 44.2E12.6%0190). 37TCAA 45%3F 4 §3) 89S W TLE SARENL
4 g3 F AR AEHo] 58.3E2.1%010ar AL HA AL 57.311.4%0]0T
TFGE HEHe gApo] AEE0]43.2+2.1%, HA| F42 48.311.4%°]103L LEY HENL
A AEEo] 38.412.1%, FA AP 41.511.4%0]10 k. 75TolA 523 T4 &3
S Wl TLE SHARENS 54 & & FA9 AESo] 61.3E2.4%01%3 4Ae] A2
9L 62.212.2%01% k. TFGE HENE Azte] AEFo] 60.3+12.4%, HA e
58.6+2.2%°1%12 LEY BENL FA9 AEL0] 50.2+ 2.4%, FA YL 54.552.2%
olth. wEtA £ Avdst wd HEGol &3l Wl zbel 9leiA 37TCE 20%, 45% F<
g3l Ayr} 75CE 5% F<F gl A27F Almlide} Johnson(1988) ¥ # 5 (2007)
o] Azkg} o] e 4l HA A

o] thE FAREN Hlste] FA Fa F ASAHolt AR HA FAAHol fAHew

ol o]
(p<0.05) & E2 d3ts Yehslh

(2) Glycerol sx°] wWE A&7 A4

Glycerol &%7F vy #ixgxte] FA-g8 & A vAs dFS dolnr] £135+4]
7}zyo] FAREN glycerol 55 1%, 1.5%, 3%3F] 543 & 75T 5% %<t g3l st
S BA% A= Table 1-79F 2t} 1.5% glycerol 3719 TLE HENA 4
F 66.113.2%° =& 66.211%°] HA FAAES detdlth. TFGE HEH oA
FA-g8 F 63.2£3.2%2 WEEY 61.251%9 FA FAAAE YERASITE LEYRE
A FA-F8 F 60£3.2%2 AEEY 58.611% HA FAAHE JErddTh FHRE
of wtE AFoA TLE TAREN ] tpE FARENRT Yxpo] A= A 3ol %
94 (p<0.05) E=3koH glycerol F7F FroldEs BE @47} oAl zo)E HolAE &
O, Wilmut®} Polge(1977) oA 8131 A x}o] AEE2 glycerol?] Fxo wel FAH3 xﬂ%
of &L vAths RuoAAE B AN AHEHE 15%%H7t F=7F 1% 9 3% A7t F
Lo ®lgto] £tH(Table 1-7).

1_,

mlo

F3el FRE= AL FA E  9d9len, TLE $duEd



Table 1-7. $AREN ¥ 2PAE FEo] B $2-§3 olF vysx g1 &g 2 4. Midget "lY=jA] whape] A= 8l gdRE
ERCCICI 7} Midget vlUsiA) whate] A9 & A W WA =
Viability NAI Midget vIUsiA2] Whake] A9) A% &S wol7] Slske] 7ol AHgsl A7} ok o)

O_L,

Type of extender Glycerol concentration

(%) (%) 2 (500 TCM 199(5%BSA)l 10ng/ml EGF, 0.5mM cysteine, 0.91mM Na pyruvate,
3% 58+4.5 57.5*1.8 F . =
75ug/ml penicillin, 50¢g/ml streptomycin 0.5¢g/ml FSH, 0.91xg/ml LH) 9} & A3 AoA
TFGE 1.5% 63.2+3.2° 61.2+1.0°
A Z3F porcine New—IVM #jeF ¥j#] (New IVM Buffer (500 TCM 199, 3M NaHCO3,
1% 43.2*+2.1 47.1*+2.1
" " 1mM Citrate, 1.3mM Cysteamine, 40mM Taurine, 1% Anti—bio&myco)°l] 0.02ug/ml
3% 61.3+4.5 61.3F1.8
i E=PN 2] o
TLE 5% 661432 6624107 Estradiol, 10ng/ml EGF, 0.5¢g/ml FSH) & AF&3led Midget wlY=A] wake] 12 29 A
1% 533491 549+91 <& 38T, CO2 Hik7]oflA 22A17F St F 53t & QY 28] AAH 23 s s
3% 56.2%4.5 52.2%1.8 iAol g 38T, CO2 wid7leld 22413t Stk wjekstol Aed%e 4w shglh ¢hud
LEY 1.5% 60+3.2" 58.6+1.0" A= 0.5% Hyaluronidase?} 37He TCM—199 ujekoo] @2 & 20% &<t wikst
1% 51.2+2.1 50.1+2.1.0 T GpAEE AA st 1 F Hoechst33342 1uel T—washing 2004 42 ths
; HAal= 5 2 eA=gr 3 no ¥E oo ol o
NAI : Normal Acrosome Intact. hyaluronldase X]E]E ?l— ‘r_]'?(}—, = ‘/]— HHO 7] O“H ZOLL HHOO?} L}U Sllde‘)“ u
“*ab Different letters within same treaments represent significantly difference (p<0.05). 63%%“]73 (AX*70) é HH 4OOHH °]’°ﬂ/ﬂ 34 ‘3 9\)\\:]— /\é{% %17]_ Ho]—lﬂ% 1?-]_7\1 j_"ﬂ/\é{%o]
B F BT 488 AU s geow BASYL, A 1349 $EE P9
(3) TAREN & DNA =4% Astell A dete] MEER 3k SQlth AL s vk A wE my=A] dxbe] A 8]
FARSATE A TR vX = JFE Lobrr] $15H¢] DNA fragmentations w43 27} &g A AT Table oF 2l Fu|Fd o= 75.212.3%°] GFHE B3&S B
+ Fig 1-10%} #oh sAREN o we} vy s 429 chromosome DNA%S &4-5 4] ow, 725%1.8%° Al 1A WES A T 4 9tk MEA AFE  Porcine
g A3 TLEQ 3% 43.310.5%2 #94 (p<0.05) 22 7} @& &8 293, LEYIA IVM-mediumel A o] HFAE &L 77.1£1.4%% 3, A 134 WES 75.3L1.6%=
ok 63.512.3%9 F2 &S Bttt TFGES A% °F 51.571.3%9 &4& Hola 9o, F ok miR e 594 Aol 9oy Porcine IVM—mediumo] E3 371 wjkui#] B}
LEYRD A& &S vebinh webx 2 A543 TLE FARENS A Ja 528 Rt =2 %5&S et (Table 1-8).
<= o] nysA] Gz FA] Hrh &74Ql AR Alsd
Table 1-8. W2 A<= wixle] w& nU==] F2o] dAx Bk 2 A 1549 B&
A M TFGE TLE LEY B
L a IVM medium Expansion of Porcine Cumulus Oophorus (%) Extrusion Rates of 1st pb(%)
% 60 b
| 3 ~ be BSA medium 75.2+2.3 72.5+1.8
1R I I Porcine 77.1+1.4 75.3+1.6
f.béwi IVM—medium I e
;i‘ 10 +—
<
0
TFGE TLE LEY

Fig. 1-10. Zt 528342 T4-83] 3 vly=dx] F=x}2] DNA fragmentation 4],
A: DNA #7]%9% AR, B: DNA 24 HAE 54 ZA3}

“7¢ Different letters within the same column represent a significant difference(p<0.05).



1}, A 23 porcine IVM—mediumel] 2% 7o whE Midget vIU=EIX 9] @A) <&

Porcine IVM—mediume] FSH, LH Z8 1

FSH+LH 32%2& #H7}sto] Midget wU =X

s AsAA AE5ES B8 A7 Table 1-9, Fig. 1-119 2}l 32828 Ag3HA
%e Fold AL WSS 60.211.3%%°H, A 1A FIAELS 61.551.8%%AT)

FSH 3z=2&&

75.3+1.6%2] A
73.5+1.2%2 A
81.2+1.3%9 WTAE B3&3} 805+

TEES A Agste] AHES FET AeLol F94

Table 1-9. 3=

At AdEE R T2

771+1.4%9 FTAE Bs&3%

1Z49 284 Yebda, LHAZES 77.1£1.4%9 JdT7AE B3&3
194 23d4S yehith FSHE LH 28-S ZAo Agd +2

7 7o) e wUsEA Aol A9

%8 ¥

1.3%° Al 154 £d4&5 yehllo] FSHILHS

1 Aol ARAT £ A

S|
X

With hormones

Expansion of Porcine Cumulus Oophorus(%)

Extrusion Rates of 1st pb(%)

Control

FSH

LH

FSH+LH

60.2+1.3

771+1.4

74.2+2.5

81.2+£1.3

61.5+1.8

75.3+£1.6

73.5%£1.2

80.5%£1.3

S drAE gsE 24,

, OCL : LH 32#& #7k , OCF+L

IVMe] #4 2= DPBSel 0.1%hyaluronidase® 7bet #jAe] ¥u 30~40% 3+
Vortexing®€ o] WTAIEE YA F 20% FBSE 7k D-PBS  (with out
Ca?") (HM) el ¥o] 5% F<¢t B3t dAS A3t 1 F VM wixe] 7.5 g/mL
cytochalasin BE #7138t vlx|o] 158 F<t #2135 A7 f28 A7 vk HM HiA|
o] 1.2M ethylene glycol(EG)¥} 0.89M dimethyl sulfoxide (DMSO)E #7}3F solution®l
o] 187 =& Al7|x, B HM #lxel 1.6M EGSF 1.18M DMSOE
T &% =Fgtt o] % vitrification solution (HM wjx]el] 2.4M EG+1.77M DMSO=0.5M
sucrose) ol 40~60%7F ZA % & 0.25cm strawell loaddt & 18CT=E #A HU& &4
FA ] g & 258 B -7CUF HEF 3 5 o 5 Fo| WES 01%3]'04 strow®ll
seedingdte] 103+ F A st} o] & 1’\]7]' 30 B -35CT7HA 255 AsHAZl & 1083

A2 & LN2¢| strowE Axsk] LN2 &4 BAEo| Bt}

748t solution®l 3



5. Midget wY=i=] Ao FA-F3 & 7|42l s
7. Midget vlUsA $4-ga 2o AGQu 4y
FAREAL A4 TR vAL GFL BRI detel P4 AFAY FE B4R 574

s
S #7138 Ans Fig. 1-12, Table 1-10¢F o) vjysix| o] SAREN wE HOST
q

£
ok Hb-$-& ®A A= Fig. 1-123% 2t} glycerol 1.5%7F A 719 TFGE, TLES} LEY
o] FHRENES 75T 5% I F3s 3 TFGES LEY+ viﬂﬁ atol= UEREA] SRSt

2 ZAREN HEte] 594 (p<0.05) 07 ¥ HOST A wke&o] Y
$ @& HOST 94 Whs-&o] Jelth (Fig. 1-12).
3

e FAEE B ekel AwHAY WAE olg® £AE PE BAT A3

TFGEQ] A% A4 F 2UxboA 2cell o]AF 43.2%2 FAES How, 42 & 2cell
olo] FAHANAM deell o)A LAEL 83.5% UL 4dcell ©]iFoq wjubEo] wugS
42%°) AvE Holi Utk TLES] A% 74 §F 2datelA 46%°] F4ES Hola U

o, 2cell o]AollA 4cello]d7tA] 9] TEEL 74.8%5 YERNIL AL, deell o)A oA Y
WE7MA] 40%9) HAES FA & $ Ak LEYS 3% ALFd F 293l 34.2%2
FRAES A F F Ao, 2cell o]FelA 4cello]d7A o] BEEL 67%E VERUAL 9l
Q3L 4dcell ool A HIWEEAA] 36%2] TAES ¢ T 5= AT (Table 3).

Aol A wintE waix el ARE ﬂo]oﬂi A% LEYS 2% wintx S go] 7bg
S el e, TLESH TRGEeIA 9] B E2 vszshA velbr)

iy
=]

[}
(=

=
(=]

Analysis of HOST in frozen sperm(“o)
(3]
=

=]

TFGE TLE LEY

Fig. 1-12. 2} $dRENO0R FA-F3 F viys#] FA2 HOSTEA At

“Different letters within the same column represent a significant difference (p<0.05).

Table 1-10. 74 2R EQo g FA-FaT vy F=e] A+ A3t

No. of oocyte

Type of No. of
extender oocytes
2 cell 4 cell Blastocyst
TFGE 238 103(43.2%) 86(83.5%) 36(42%)
TLE 250 115(46%) 86(74.8%) 34(40%)
LEY 266 91(34.2%) 61(67%) 22(36%)

. Midget B|UEIA] F#12] AR TA | W2 AE7AA Faaie] D) 2 234
UEA Aol AlEel 71Ad REHELQ MMP-2,9% TIMP- 2,39 TGS
ELISA$} zymography® 48t A¥ Fig. 1-13 , Fig. 1-14%F 2ok #3a4<Q MMPse]
WSS B A AEe] 71AHeA AEste MMP-29 A9 TFGEelAM <%
(P<0.05) o2 w7/ 2dAHE Ao glFglon, TLES LEY: & Aol& HolA| kA
Tk LEYOlA oFzF =& @dS Rolx Qloleh AEe] 7AwelA 283t MMP-99] A9
LEYellA fo)Aox 7bd &8 wds Roly glglon, TLECA we wds ey gl
k. MMPs9 oA 4¢1 TIMPs® 7% TIMP-2¢ 3 &% TFGE$ TLEoIA ¥& 2
S Yehdal 313, LEYOlME fdes vre s §olil glo], MMPs9 '2d et
e o] veha 9SS Bl # 5 Slslh

MMPs® 245 £413817] 918kl zymographys &lst A3 RE T4 MMPse 24
S BAE = 9glon (Fig. 1-14), pro-MMP7} active MMPsell H]8to] whe& WS o]
I AT, MMP-9¢] ¢ LEYelA 7HE %2 &4E& vehdiz stk MMP-29] A3 %
MMP-99] A#gl v on, Tea—N-—tris 7} REAA TFGES TLEIAM+& LEYRTH
o F4 MMPsE ## 3 £ Q931 1% TLEZ 73 w2 MMPse @45 Uehdz 9l
ok (Fig. 1-13).

oz
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Fig. 1-13. &t 341 3AZ F4-F8 vy==x g=e MMP-2, 9 183 TIMP-2 ,

o] ELISA #4.

a,b,c Different letters within the same column represent a significant difference (p<0.05)

TEGE TLE LEY

«— pro- MMP-9_ 92kDa
<*— active MMP-9, 87kDa

+— pro- MMP-2, 72kDa
*+— active MMP-2_62kDa

Fig. 1—-14. ny=x] ZzeA] FE3F Gl doA 2] MMP-2 , 99 &A% 45 9|3t
zymography £4.

3

kA AES] 714 EeEs F AR B X T

nUyslx] Gziell A AEe 71AFD BEAA MMP-2, 93 TIMP- 2, 39 & 2 9%
S & A% Fig. 1-15, Fig. 1-16$ 2tk WA MMP-2, 99 Zdgd #4 A3 4=
o FHelA AL ASE A T F AT MMP-29] A5 TR Fel] T2 Uy
ERES BEDL F Slgor], MMP-99 A TR FAFel FHF, vFelr g2 Y
o] Y& AR T 5 AT A A BIA EMR DAL BAF A ELISAY #4
Ao}l e o R LEYlM &2 @ddds woli lslen, TLEOA 7HE vhe Id
& ®olx ATk (Fig. 1-15). TIMPs® W@FgS w43 A3 TIMP-2, 3 &5 JA F

o AAelA TEE g & 5 gk WHAFEE LEYelAE TIMP-2, 325 v]oksA
wEEglon], TFGESH TLEOIA @2 2d& 2 & 4 gl9lev, 1§ TLEYA 7 =
& TIMPs9 @S &l 3 5 Qth(Fig. 1-16). @b £ A7 A bAoA
FZ AHEHL e FARIAD LEYel Tea—N-trisg 7ste] 2@ mvsA P27t

MMPs®] 28 49 DNA 45 29FE 9228 dtf A4Hd 4 £2 ads £ 5 3
=]

[o
pol)
9
Ak
>
l:ﬂl

MMP-2 MMP-9

o

k1
O
S
2

Fig. 1-15. Y= ®] AR}t A 2] Immuno—fluorescence 45 MMP-2, 99
33 ud 20088kl A F4



TIMP-2 TIMP-3

Fig. 1-16. YU =# A=} A1¢] Immuno—fluorescence ¥41& TIMP-2, 39
FFdAv A 2005kl A FA.

6. X WAt 4ol mE JI AT ELMMPs) B 3 FHE
7w A A e s I A RNA"JO] MMPs, TIMPs®] @& of

24717, 36A17F B 48413 Fol AL E ol A dARe d A mRNACAM BE Y
H28 A3 (Fig. 1-17) tAIF S 2 cumulus cellol] A 2] W& okAto] F=2 XA Yehar
= sl oy, Wt E mRNAS HEs &g 4 Utk MMP-29] 7% 364
TAEZANA o] YEgk e, e whet inhibitor] TIMP-2% HA 2t
Bollis 48213kl MMP-2¢] o] 7b¢ who] yepstor, "y Ao e vhg2 v
uEkitt 3 o)A 7]el TIMP-29] WA YA vekstth. MMP-99 79 24A13kell 4] 48
AZW7EA] Al e A & wigl glo] WA E QLA inhibitor?l TIMP-3¢] 2% 48A1ZHA ol &
ASA S71EATE G Aol 24417410l MMP-9¢] rge] 7h o] uEhstont
TIMP-39] Z-¢ & F glo] ZAE 7} 48417 o] MMP—-99] &3} vSeahAl -3 =t

30 o
dle

N
1o
av

td

N

}o

T
100 S —
= MMP-2 = MMP-9
i 53 .
oo N I | .,-,, L o M| ,.,, L

w24 cc36  ccd48  oc24  oc36  ocdg

cc2d  ce36  ccd8 024 0c36  ocdS

w24  cc36 ccd48  oc24  0c36 ocdg

b
I I i] I .
0.00 I

cc2d  cc36  cc48 024 0c36  ocA8

Fig. 1-17. 24, 36, 48A1zF &t Asx¥ dFAxEe =HA S FAae] mRNA 4 MMP-2,

MMP-9, TIMP-2, TIMP—3 %7,



L}, ZymographyE 3% MMP-2 % MMP-99 &A% A 9 dxoxe] MMP-2, 99
IR
Wb 9 g e A B8t EE MMP-29F MMP-9& #41317] flato] Asuek wj=] el
A zymographyS 4% A3 (Fig. 1-3) MMP—-29] 243t B8 5= i3l oy MMP-9
9 BALEE EAE F AT WA IS wjFE A A= 24X 48211744 A
A SV Ao E Rl £ o, WAERES e miF| oA s 481Xl A T
ol A HIT dAet G AT 7 dEA BEHO e el = vetA &4 5
Ha o), 48A12F wlo] MMP-2 A E7t S7kske A& gad 4= Qi)
Zymography®] 235 Ed& W9} WM x| A MMP-2% TIMP-29] @& %] &
Ask7) §1ske] Wde] 7bg ol vhebd 364179 S ARV Qi BAket G A 2T el E
Al = Aol A A d s AAETHFig. 1-18). WAbelA el MMP-29 A FHu+
|

o
- hl
A A% gl B Ut A BAT 5 Ygon, TIMP-29] B3

M

ol ) thoflA] gk

Ag 5 Aoy 1 FHLE nw|d Holduk(Fig. 1-19, A, Al). W FAZA 9 H$ g3
o Q= FFAE Ao AA LS 3 d5S AT 5 9llen, TIMP-29 #E-g-2
]_

=] 4
wapel A of o] vivlshAl @ E I Yt (Fig. 1-19, B, B1).

MMP-9

Fig. 1-18. ZymographyE %3 MMP-2 % MMP-99 &4 %= &4,

Sample list @ culture medium of the oocytes(CMOC) , culture medium of the cumulus
cell(CMCC) , culture medium of the cumulus—oocyte complexes(CMCOCs). 1) CMOC
24A17F o s &, 2) CMOC 36417 F3F A5 f5, 3) CMOC 48X &< A=
%, 4) CMCC 24717t 53 A5 +%, 5) CMCC 36217 53¢t A5 %, 6) CMCC 4843
T S X, 7) CMCOCs 24413 &k 4<% frX, 8) CMCOCs 36413 &k 45 X,

9) CMCOCs 48A17F &3k A% Fik=.
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Membrane v

Fig. 1-19. WS 53 B9l Wt A Zels MMP-2, TIMP-29] 2§ 9% +4

A, Al: Oocytes at 36hr.

B, B1l: Cumulus—oocyte complexes at 36hr.
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o W9 EFAAS 3 MMPse TIMPsS @&k 249

MMP-2¢} MMP—-9 % inhibitor?l TIMP-2, TIMP-3¢] 2& g B uAHsto)s &
A8 A3} (Fig. 1-5, Fig. 1-6), MMP—2% 24A1Z-5E 4817744 A} Wy okato] o}
A YEE g A=, 2487 A= A dlelA okgte] s geld 4 9l
om, 36AINAE FFAE TR BEST 2y 4843 G A= SAE T4
22 94 o dAFez wdo] vEhda &S 1 4 AT (Fig. 1-5, A, B, O).
TIMP—29] 7% 3641t vk datel A 7h o] ddsta Q1olom, 24413k 484 el
o] WS g F e, 7] 24A7 el WA el s BEe
QAT o] F 36A1ZF 4841zl = WAl BEE BT S oglolon, GFAE A5
A QA F itk MMP-99 7% MMP-2¢} g2 dAzdoz wdats Az
AR, 24417 W9 A} el A ofzke] WS Fel 3 = Qllow, 36Xt ok
Al wdsta, 48417 = wERYSs AR 4 lodth(Fig. 1-6, A, B, C). MMP-99|
inhibitorQ! TIMP—32] A% 24AZHFE 48A7hA] kst kg ##3 + dglen,
MMP-99] L& ¥ dntE e ddds vebilz dSdck(Fig. 1-6, D, E, F). ¥ z
3l MMPs¢} TIMPse @& dpAZoMut BdE= Ro] ofyal wxl yelA
o) s BE g AT Ao A MMP-29 L& AJ5A]ko]
s Gz dxk A ddow HA 1 ool vpH ozt ISS el
Aolom, TIMP-29] @2 247kl A] 36412714 At Hadsta Ao, 48417
MMP-29] 2&o] nla] I3 4 LHL Holx 9lo] Aoz MMP-2+ Wxte A
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rlr

Zo] AYPFI5=2 wyo] FrfjsletE A0 R Mol Fiona 5 (2000)04 HiEo] glE W)
FEE B 5 e uAR AMSE S Qo Ayl pREIAE 9l ASEE gl §
Q= Aygtn 2 4 gtk g Hol Qdvhd Ao wiAZ AR 4§ ‘ﬂt}ﬂ AAFE

MMPi= MMP-9o]ghi= Zojxut & A5 Aztel njust Ay d%o] == g or] dap 2

YA Fe A A EE MMP-27F Yol pro-MMP-92 #33ko] MMP-92

3+ 3l (Birkedal-Hansen 5 1993)olg} %% 4 gtk wahA ol Ans T3

kel AQAs 27 ARE 5ol gdRHE AH7A MMP-29 oge wd
7

i
o,
o
i
L

A9 golo® Al FE 5 vk Aol wpAEelAw #ulEE o] of

A 2ol FAE] A%e SR+ 9t 2ol ArHr,

Fig. 1-20. “50463%*?3&‘% %3 MMP-2, 93 TIMP-2, 39 23k} &
& TIMPs®] W@ ol

1: Yol A ] MMP-29 TIMP—2¢] W& ok

2: Wzl A 8] MMP—-93} TIMP-39] W& o7

A, D) A8 24A17F A=k, B, E) A9 36A17F A5, C, F) dake] 48217 4
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Table 2—1. MKellA] Kf-3k

77.1 £ 8.13

72.2 £ 6.29

AL wa e o

A& EHH ato] 2Abaksl

Table 2—2. wjy=]x]e] 2

WA (7)) X W (3

Absl7] $16ko] Table 2—29} o] Az}
g AN Ao,
Jol dist F44 #44

Ne = s,

24 obx nAHA e

Jo
)

o
i
&
FN
8

o,
M
=]
AN
<)
N
24

WA BE EEAL %

e
AN
a)
N
8
R

WA PR EEFRR e A B

25 2.5 1.78 424 34 3.4 1.89 57.6 59 5.9 1.91 100

AR BE EEFRA 9 AT BE EFEA % AWAS @@ EFEd %

2 0.2 0.63 4.1 47 4.7 1.89 95.9 49 4.9 1.45 100

o

B AR BE A A
25 QASHE AEL AFE AAA AE PN

_?_
fozt 99 JFer AL AU AnwAe

it
offl
N
Ml
1o
ol
H
o
o
()]
S
ol
9,
o
o
o
i
>
ol
32
|o
g
o
w M

A4 A F 3099 vk AF R AP 2APE ol Fol
shgon B7E 29 getel 19 130 2 Aol ue 53¢ A4 sk Ee
A g8 Q) o B NSIFCIE A4 AF da) ) 44 ol= eheld AF
wet 44 shlet,

A Mg A=

Jo

2}, Computer simulations %3+

(@)

Computer simulations ¢l %7] Als + 1.0 kg, #%2 0.3, breeding male 2%,
breeding female 105, ©]4& 95%, VLS 95%2 =EH 3 & 24, FHA T8 d & 44,
A e @ 7AS 2 27107 simulationS AAEH T

2579 FEIA 9} 1079 dHAE ol gste] Jds RS AF, 49 walg AAske A

AEE 6.2% 45 202 AFHU ol Fx AFS 10% oU2 CueRRIe®E 2sith

i

7% Exe F3ste Ao® vebdth(Fig. 2-1). sHARE §F 7kl gt s & A9 10d F
TRES 129 AEE 4T AR dehtom @yl o Auno A gt F Ao
vebstth. ey 10693 2kg At WskE AoR o FHo] {17 AFHES o7l 2% Al

b K

7} "Bed Aoz o=}
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Fig 2—1. Computer simulatione £3F %

w44 47
B ANAEE 500g USZ QukslAe] vs] wskov] wa] FRE FuE tisjel A
o] ehiglth(Table 2-3).

Table 2—3. 84t A=9] BFa YA AT 2 B A A%

Sire Dam A= Bt AAAF (9 Hat AA A% (em)
A 10 5 481.0 26
B 6 5 489.2 26.4
B 9 7 542.6 27.4
Lt 5.7 508.8 26.7

2. vYsA Ase] =
7k mysiA As 31374

3

ul A% 3

= ©

N1z Fool el F=dh EiEe]

A& =439 tH(Table 2—4, 2-5).

22} 2213} 3eelow B

ato] 570 AFE sk 4 AlFel s o 2/1E® wiek 127199744 AF 2 Al

TI’

o og 2@

Table 2—4. 7} A% 99¥ AT H L TFAX
s 23 2 4 6 8 10 12
Bt 6.4 11.2 16.6 19.5 26.2 30.5
AG1
wFEat 1.15 2.41 3.55 5.54 6.66 7.16
Bt 8.2 15.0 21.9 24.5 26.3 27.8
BG1
®EExat 1.70 1.63 1.89 1.91 2.50 2.50
Bt 4.8 12.2 18.7 24.2 28.0 31.7
BG2
EFHEat 1.00 2.17 2.11 2.05 3.00 4.16
Bt 5.6 9.5 17.3 21.2 24.2 28.8
AG2
EFA3t 1.39 1.52 2.25 2.93 4.66 4.85
B 4.8 12.6 16.6 20.0 22.4 25.6
BG3
EFA3t 0.84 2.41 2.07 2.65 2.61 3.65
Table 2-5. Z} Ax¥ €34 g F+F 2 BFAX
s 23 2 4 6 8 10 12
3 35.7 42.2 52.0 53.2 55.2 57.2
AG1
®F=HAF 3.13 1.64 1.64 3.03 4.97 7.16
3t 42.5 49.8 57.8 59.3 50.0 50.6
BG1
EF=HA 4.43 3.95 4.43 3.86 3.86 3.70
ot 35.6 43.6 54.0 55.4 57.4 58.6
BG2
EF=HA 2.19 3.78 3.39 3.29 3.79 3.16
3 38.3 45.3 51.7 53.8 56.0 57.3
AG2
EF=HA 1.63 2.07 1.21 1.33 2.74 2.30
B 37.4 45.2 48.4 51.4 54.8 56.4
BG3
EF=HA 1.82 4.76 4.83 5.18 3.77 3.51
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Fig. 2—2. A% 49l ©& A2 wigh
2HE NS Het
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Fig. 2-3. A%

7t A AL 9 AE
A7h FJAN EFo] A

BG119 4

CERIERS

o]
<.
=)
=

agel e AT

°] w3}

Agks dotwdd AGe A5 BGlwol A% 9 AF9

F5 AGITY AR £5 Y AT AR 12 As

Z7] W53 712717 & QSR Kol §47]9] Ak we &

At (Fig. 2-2 , 2-3).

oA 9 Al g Ad=d 4

(D) FAB oh AF] g4 3

o ulysxe] gt g Ay el
HPao the) ﬂu}(Table 2-6).

Table 2-6. 4454 F4& 9% 594 9 v

Equation Mature Rate of Value at
Madel
W, = valug maturing inflection
Gomperlz Aet™ A k SBEA
. 1(1— b= ") A k ZO6 A
Bertalanffy : '

Logistic A1+ e )M A k A (ﬂr—{:—"
o714 Wi t25eA ] A FHX ol Ax dsAlE, be AFE 183 ke A5E0] B5E
oJu]gict,

Table 2—7. 23] m& AFe] 434 43
W A& A B k wadgs  ddAs
AG 37.70 3.01 0.22 4.98 13.87
Gomperz
BG 28.87 3.22 0.34 3.45 10.62
AG 32.88 10.70 0.40 5.94 16.44
Logistic
BG 27.24 11.45 0.55 4.45 13.62
v AG 42.00 0.68 0.16 4.44 12.43
on
vertalanffy 30.07 0.73 0.27 2.89 8.90
7k 28] st A 4 A3E Von vertalanffy 532 BGTol 2.89% AJ%o] Hu7} 5
T AI7IQl WEgEo] 2,892 7P wWsrom™ Logisticd] AGTo] 7 =2 HAFd9HES el
ko F AEAQl A At HolHE F4& o] &3te] A F49 Afst RS AT

9lth(Table 2-7).
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Fig. 2—4. FA%] W& A% 2] Gomperz 23.
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Fig. 2—-5. FA%] W& A% 2] Logistic =&.

Von vertalanffy
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Fig. 2—6. FA% W& A% Von vertalanffy =8

A RS BY A9 /0EE ASelA dolkor WAlFS 13kg Wel®E UER:
th B8 AGAIES AE Adse RS Bol1 9oy BGAlES 127H%JE:‘ olF Aol 1A

39 A 94 AvkFig 2-4, 5, 6). Wb BG ABol B Agw Aow Urhin 4%
Aol ofek Ajkeie) ARe) o] Baa.

oy BAE] w2 Ao A 24

Aol gk AAarAe] 459 29 von vertalanffy E&o] whAS

s YERE 21 9 B3O B FEEIF wlg w] wigel Zle s Algdnh Wy 99
ANAZ Bol wUxe] g AF Y AFE /P & AES HAH(Table 2-8). & &
(2001) )l oshd AHA 2 A= olA7} 0.33, 0.35% YA Q] v @ AHEL B 5}
Stk

Table 2—8. B&e] wh& AGe] Ad=d F34A

iy A A B k Haady W3 A
AG 60.87 1.07 0.41 0.16 292.39
Gomperz
BG 58.45 1.04 0.39 0.09 21.50
AG 60.14 1.78 0.53 1.09 30.07
Logistic
BG 57.71 1.71 0.51 1.04 28.86
Von AG 61.22 0.30 0.37 -0.25 18.12
vertalanffy BG 58.80 0.30 0.36 -0.34 17.41
Gomperz
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Fig. 2—7. #7415 W& A% Gomperz 5.



70

Logistic

60

50

40

30

20

10

(o] 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15

—— A\ G
=il BG

Fig. 2—-8. FA1%E] W& A2 Logistic 58

Von vertalanffy

70

60

50

40

30

20

10

o 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15

—— A G
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Fig. 2—9. FA1% w2 A2 Von vertalanffy 53

v A, B AlEel vlsl] CAlE2 Ad7do] iY==
gt BAS w2 AFY AT 4
BAGANA M = d5ES

S HolXgt A&AFe A

Logistic AT2 4% 44%&

Atk (Table 2-9).

Logistic®] CT2o & 0.84 €% 714 & A%
W As AT HolAE AoFE UET
= 5y 9 oA M 2 AvE B

td
n

(o]
A5

e el wet ozl Apol= 9ot oF 97 dR el 30~35kgs FAEE RO Uehte
A, 2%k Aow Almdoh(Fig. 2-7, 8, 9).

Table 2-9. EA%Eol W A5 Agad F9

] Al A B k Haddy 20

A 63.73 111 0.44 0.25 23.44

Gomperz B 58.07 1.04 0.38 0.10 21.36
C 55.24 0.97 0.39 -0.09 20.32

A 64.79 1.90 0.57 1.13 32.40

Logistic B 57.28 1.71 0.49 1.09 28.64
C 54.51 1.53 0.50 0.84 27.25

A 64.07 0.31 0.39 -0.15 18.97

Xgﬁalanﬁy B 58.45 0.30 0.34 ~0.35 17.30
C 58.54 0.30 0.31 -0.35 17.33

S Hol: HATS Logisticd CFOZ 0.84 98 714 & A4S
HolAut A5AIFTY Af A5EEr mE UF As Alse wolkds Ao ® Uehth Logistic
AT A% A EE Fom AGATY A% BE 2y W Tl 7P 1 AnE Btk
gk Aol el AAlEol B Algel s o 11 e yehgton of 7L A 1HE A
o2 yepgth(Fig. 2-10, 11, 12).
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Fig. 2—10. BAG W& A5 Gomperz 3.
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Fig. 2—11. BAS W2 A59] Logistic 3.

Von vertalanffy
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Fig. 2—12. EA%| W& AF2 von Vertalanffy 23.

oh A ARl A 8 A PR Y

AALe] i 2y 5l FAE Ao FA4L Logistic BEe] AT B Agelr =2 Ak

= E?iﬁ“i AF dd FEANE i =2 32 veldlth Von vertalanffy 282 39 2xf
ol AA 2F A 9 ol BAo] e or AlgEm YA FAlo] obd ALHAQl FA L

2 A BFS 3o} o] g, wAgtolof & Flojt}, Bpghd it vlsed oo w ygiAnt
=9 Logistic 39| 8% A5 10.680% =2 A¥gS vepdth F 5(2008)°] Ri3
5o ok AFe A3 =929 vlws] 2okS Wl DurocE: A5E Gompertz Logistic
Von Bertalanffy+ 0.015, 0.036 22|31 0.007% vly=ix]7} 453 % S Bou AFE9
7ol 204.0, 137.2 18]aL 32742 IHbEA7F AFES o =7 L}E}kkt‘r(Table 2-10).

L
_¥_,

_u rlo

Table 2—10. A5 2 Ao A=A =4

EE Eine A B k WY =gk
Gomperz 31.83 3.06 0.28 3.97 11.71

Az Logistic 29.25 10.68 0.47 5.02 14.62
Von vertalanffy 33.87 0.69 0.22 3.38 10.02
Gomperz 58.78 1.74 0.52 1.06 21.62

A Logistic 59.51 1.05 0.40 0.13 29.76
Von vertalanffy 59.87 0.30 0.36 -0.30 17.72

AA el A Aol vhdt N FHA 7 el wE FIAE AFAAE FAsH
FRER0m A UL Gompertz WHle] 271 AFE ok A FAHY oL 4748 o]
Folliz 7he WS woleh AZel dolAt 2 ABE S vl urk 3 wFE wylo
" 107093 ol 30kg FEAN A fAHE Ao viebgeh Agl tsAE o 879

Goll 60cmz DAHE AL zaoﬂu} AL BGASH wALE CAFol vus o] gt
Rom o] FAEE o] & RIS AEsto] AF S sk ol 5 ACE ARY
9ich,
body weight
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Fig. 2—13. Al 2o st A5 =4,
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Fig. 2—-14.

AA

2o g A YA

Aol wigk
oo x> Jow uehton 12708 #HAVIERE ¢ 2~3em AR w2 AEE

(Table 2—11).

o

Table 2—11. g8l w& A AA vl 7|2 EAF
4% Rk FFAAt FH gk ik
0 20 0 20 20
2 40.18 3.12 36 45
4 47.36 2.94 42 52
AG
8 56 5.15 50 63
10 57.63 4.86 52 66
12 59.72 5.58 53 71
0 20 0 20 20
2 38.21 3.94 33 47
4 45.92 4.66 39 53
BG
8 53.07 5.53 42 62
10 55.07 5.06 45 63

12 57.57 4.27 49 65




A% B AR o

B 4~107014% Atolell= BGIol AG

AME Tl AGe] BGrETH & AlSS YERETh

o Wk gg3ie] W

St (Table 2—-12).

Table 2—12. 93 W&

3Lz
A=

Aol AA w7 2T A

o] % Ane

49 kT EFEHE2 HAan FHoh gk
0 0.2 0 0.2 0.2
2 6.34 1.50 4 8.8
4 10.90 2.46 8 16
AG
8 17.96 2.84 14.8 23.8
10 21.45 4.08 17 30
12 26.54 5.82 21 38
0 0.2 0 0.2 0.2
2 5.78 1.93 3.5 10.6
4 13.14 2.31 10 17
BG
8 18.85 2.87 15 24.4
10 22.78 2.99 17 26
12 25.50 3.36 19 31

AolM AR A A FAe FFE AT wilE, 4E @ 2AdRd o

y (o]
+¥ (Hartley, 1967) 0.2 #2139t} (Table 2—13).

=
rTr
fol
i
i
o
o
p'g
N
o
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2
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o
2

ki3

©

ORAel et SRy - AAFAE + wol + A + SAES + Ay

o
=

Table 2—13. Al tigh a2 HAA3H 4
4% A i
AG_1 AG_2 BG_1 BG_2 BG_3
0 20 20 20 20 20
2 42.4° 38.33" 42.5 35.6" 37.4
4 49.8% 45.33% 49.75% 43.6° 45.2%
8 61.2° 51.66% 57.75% 54b 48.49
10 62.2° 53.83¢ 59.25% 55.4% 51.4¢
12 64.2° 56° 61.25% 57.4% 54.8°
Wil HAASEAEE Y BRoE W o]fAlel AGITI BGLS HIEE A S B
o} 7 o]%F A dAlAE BE wulie] B g Helow, 9 wE wulte AF
of tiet A% e B 2~4/ Lol w5 29X 5 YERth(Table 2-14).

4% i
AG_1 AG_2 BG_1 BG_2 BG_3
0 0.2 0.2 0.2 0.2 0.2
2 7.26° 5.58° 8.22° 4.82° 4.8°
4 12.6% 9.5° 152 12.2% 12.6%
8 18.72% 17.33° 21.85° 18.7% 16.6°
10 21.8 21.16 24.5 24.2 20
12 29.4° 24.16% 26.25% 28% 22.4°




th AA e A1) b FAZE §AY T BT Table 2—-15. 7} FA¥ F49
Usfr o] 48 F4S &l /WA RS (Henderson, 1976)S o]&33oH CEY|
T B N D A A7 % A 2L
NI 0.15 0.46 0.45 0.66
y o2 FA-e tid #5% HE
X 24 "l dist A P4
B R mIel st AR yH FAo FHH As AFTs At 129 FAHe] FAHUE ]*’ Z (201D)o] B
u o Alo Fyol] fjst W I3 2IaMFY Az P A FHEA 0.39, 0437 FIEHE S dERT vy =A
e o #7 Fol g e 59 A A Aldsrh A AAFE fob A 4 FA FEErE oA At
FTA] A7 AFHe ved FdS Bt (Table 2-16).
o] D9 WA e st % g (likelihood function) @] A loge ©53 Zo)
Table 2-16. 7 @A7te 2dF 4+
log A = —05[(h—plog(27r) + logl K'V'K| —y'K(K'VK) 'K'y] )
g4 AE A% F5 Al 3L
0 AN AERFE(X)E  ZE F5 (Absorbing) 33l Harville(1977) ¥} A 1
Searle(1979) ol &3 Al<te S7HA oz tha] 29 &3t At B 0.86 1
% 0.85 0.82 1
log A = —0.5[constant + log|R| + log|GI| + log|C| + y'Py
A 0.81 0.86 0.77 1
o]714, C : MME®] thdt Full-rank Al s§dola, P&
Z AL FBBAY A BRE AR B AHE VERew AdaAsr 2F 05014
2 L] AR BAsGlth ol FAT w8 AHAARE A& mUAA ASA AGE A
o T ANFES segE umA 4FE A AN §oldE vEhdY

VI=VIX(X'VTIX) XV

R =1In
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