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ABSTRACT

The main purpose of this study is to estimate the effect of adding Tea-N-Tris (TES) to the freezing

buffer for

miniature pig sperm. In particular, we attempted to identify the association between the MMPs expression and the
fertility and viability of frozen sperm from each extender (LEY (Lactose Egg-Yolk), TLE (TES + LEY), TFGE (TES
+ Fructose + Glucose Egg-Yolk)). In accordance with this, Hypoosmotic Swelling Test (HOST) respond test was the
lowest among sperms frozen in LEY while the highest HOST respond was observed among sperms frozen in TLE.
Furthermore, 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. LEY group showed lower rate of blastocyst development than the TES supplement group, although the

difference was not statistically significant. Meanwhile the rate of blastocyst development appeared similar when sperms

from TLE and TFGE group were used for IVF. Together, these results indicate that adding Tea-N-Tris to

the sperm

freezing buffer only suppresses MMPs protein activation but also maximize in-vitro fertility, providing a means to

improve the success rate in the in vitro manipulation of miniature pig sperm.

(Key words : miniature pigs, extender, TES, MMPs, in-vitro fertility)
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SDS-PAGE geloll 4 150 V2 1A} 30% =<t A7) 9319
o A71953 % gel2 renaturation buffer(2.5% Triton X-
100, 1 x PBS)E 207k 23] @ d APYstE F=¢ 7,
Gyt FE 2087 Al s

A& A3} o] F zymography reaction buffer(IM Tris-HC1 pH
7.5, 5 M NaCl, 1 M CaCl,, 0.2 mM ZnCl,, 0.2% Triton X-100,
0.02% NaN;)oll o], 37CollA 18417 &<t &4 5 wkSA)H
t}. Wkg-o] £ zymography gel> Coomassie blue R250(Bio-
rad, USA)E Tl A& [A7F 5 FE3tlon, ofF

gaste] gaE PES BAEAT.
7. MMP-2, MMP-9 2! Inhibitor®| THHZA H2b QA

1) ELISA

wi ok wi A oF A Tl oA B T o] wrE s 2
A317] 918+ 96 well ELISA plate®l| primary antibodyZ =
E3le] 4TAA &F F9t coating®t 5, washing buffer(l x
PBS with 2.5% Triton X-100)Z 23] A% &}9]th

BlockingS 913 1% SKmilk blocking solution®Z 4T
A} 247+ =<t blocking3t$iTh. Washing buffer® A %3 &
secondary antibodyZ 2A]7F <t detection}2, substrate solu-
tion(R&D Systems, USA)2. 2 WFS-A]Zl & | M NH,SO4%

WSS Z=XA)7) 2, 450 nmE S EE AT

2) Immunofluorescence

7t A2 E AA slideE 0.2% Triton X-10022 4204 5
2y 28] A4 PSS 397, ©|F TTBS(I x Tris, 1
x NaCl, 0.02% Tween 20)% 33] A& 3+ 3 5% normal horse
serum®ll 1% goat serum& 1 x PBSol| 4o A 2o)x 147
&<t blockingdF$Th. Primary antibody(MMP-2, 93} TIMP-2,
3)E blocking solution 2.2 1:200°.2 3|4 3}e], 4 Cell 24A]17F
Tt A FA WSS FEEATh ¥ = ¥ 1 x PBSE
43] AA3F92™, Secondary Antibody Alexa-594(red), 488
(green)2 37CNA] 304 5 ¥FS-3l3, 1 x PBSE 584 3
3] A3 - Hoechst33342F A ALe] &3} Al Z& S counting
staining3ld H-10002.2 mounting3}$3 3L, 333 7] 7 (400%)
o7 At

8. A2 +d s It et Mol 3

1) At Jzk ALl g5

L
EEgolN £EH A Gas A ekl A (Peni-

cillin G 100 TU/ml, Streptomycin 100 pg/ml)7} 4718 37T 2
Aol wol, 2417k ool APAR uketsieh 2wt
H dae AR 33 AlFH6a, 18gauge FARI 0] H-&
10 ml FA]Z 3~5 mme] HFEAA HEH} HAE F
4, AF3FA T 15 ml round bottom tube(Falcon, USA)o &
of 1027 BAANA FFHE AASIAL, a5 FH oA
PAE AR dabe G A Ee B2 AdEvE AA Ao
B Agea gdsA FAE dAnke spete] Ao AL
S350, 3% WA= Hepes-buffered tissue culture me-
dium 199(TCM 199; Gibco, USA)°ll 10 ul/ml antibiotic anti-
miotic(Gibco, USA), 0.3%(w:v) bovine serum albumin(BSA;
Sigam, USA)©] 3 7}¥ T-washing® 2 33] A& & 2.5 pg/
ml gonadotrophic hormone(GTH; Sigma, USA), 15 ng/ml
epidermal growth factor(EGF; Sigma, USA) % 30 ug/ml kana-
mycin(Sigma, USA)°ll 10% fetal bovine serum(FBS; Sigma,
USA)$} 10% porcine follicle fluid(pFF)S zHz} 3713 TCM-
199 A< wfFtoll 18] Al =3 & 232 wj FHE& 4-well dish
(Nunc Co., Denmark)ell Z} well & 1 ml} 20071 9] HAE ¥
3, 38.5C, 5% CO, Wi 7] WollA 22417F 5t 121 Al 2] 4
Fredtinh 1 F T4 A s wiAA GTHS

WA S ARREF] 22417b2 FUEE 22 A9 A

Atk

4~

l..

o
=
71
=

o 2 4y

o o

2) A2l 8 ¥ Ml B

A2l Ao o] & Hj%dHE mTBM(NaCl 113.1 mM, KCI
3 mM, CaCl, - 2H,O 7.5 mM, Glucose 11 mM, pyruvic acid
5 mM, L-cysteine 0.57 mM, Tris 20 mM, Penicillin G 20 mM,
streptomycin sulfate 3.4 mM)S AMESISTH A9 Asd @
A= modified Tris buffer medium(mTBM)2.2 13] MZ &
4-well disholl Z} well & mTBM 500 ul$} A& W=t 200715
FATh olF T4 AAE 37T, 45% 5 FEl S F Pecoll
A2 W (Lee 5, 2011)= &3t 3R, FAke] HA
WSS F23817] 918}+e] bovine serum albumin(BSA; Sigma,
USA)$} 1 mM caffeine(Sigma, USA)©] 3 7Fe mTBM Hl| &F
Ao HF TE=E 1 x 10° vEl/m=Z 845t dA7t Eo19)
= wellol]l A9 FA% F 38.5C, 5% CO, ¥l 71l A] ujj F3t
Ak Wi E 6417 = A dape] F9ol] Bo Q= W Al
Z 9} JAE A A3F & NCSU-23(North Carolina State Univer-
sity-23)ell 0.03% BSAE H7Fgk A9 wjFd o)A 39T, 5%

CO, M F71olA wiFatm Fzatqict.
sAH =4
E=FoA dojzl Ho]EE2 SPSS Statistics 20(SPSS,
Korea)& ©]&3}] T-test?t GLM(Generalized linear model)

e ©



86 43874

okt
i
|o
fitl
offl
X
)
Jo
lo
oX,
tlo
S
2
ol
38
v

N
H

1. 52 TUS| HOST ¥y HSE

vUE A9 54 HEN wpE HOST ¥4 vhe& 4
A= Fig. 13+ 2 Glycerol 1.5%7F 3d7+8 TFGE, TLES}
LEY? S2HENE 75CE 5% =9 §al3t 23, TFGES
LEYT 93 ztol& YEhA &ttt 8y TLE= o
4 BEJ HlFle] ¥ HOST YA W&o YElu T,
LEYY 7%, @& HOST %A WhE&o] yehytoh

M

2. 571 EZF_OHQ" [L|. MMPSO| _9_I-A-IE _E_/L‘

=)z Gzl A AlEe] 71-F E3 £420 MMP-2, 93
TIMP-2, 3] & S 2 845 #4913 234 Fig 29 2tk
MMPs9] W g B435 A3}, A Ee] 714" A 283}
= MMP-29] 7%, TFGESIA 93(P<0.05)°.2 =4 &d
He ALE EEom, TLES LEY+ & XFol& HolA
AN LEYONA <F7F =2 HdS HolX YAt Axe]
71A et A 2H4-5l= MMP-9¢] ¢, LEYl A fFel&oz 7}
T e REs _H_ou Ao, TLEANA e wral S et
Wi ek =g MMPse oAl QIxRQl TIMPs®| 749,
TIMP-29} 3 =5 TFGE$} TLEo|A =& w3l ubd LEY
M FoH R W2 IS HolX 3lo], MMPse| Hd
g gurEl ddEol e S-S 1 & AT
2435 23 MMP-29} 99 7, LEY A
= W2 o™, TFGES TLEMA =
LEYET ¥ &4 MMPsE #a8 4 itk 53] TLE ¥
A BENgA FoH o7 714 2 MMPse| &5 BTt
(Fig. 2B).

-
m

-
=]

"%}
=1

—
<

Analysis of HOST in frozen sperm(%o)
L
o

=1
L

TFGE TLE LEY

Fig. 1. Effect of freezing extender on the percentage of the
hypoosmotic swelling test(HOST).

3 BROIA MES 7K
A%l 24

1a]
HI
=O£
ol
>
2
12
P
e
Ral
10
mﬂ:
ol

HZ MMP-2, 92 HEL %k*c} 24 A3}, MMP-

[ (&)
o L =

T, T T
o] FHo| F2 THo] EUSS AT § IYSH, MMP-9
9] A, TR FAFe} AR w|RoA g2 o] S
S HHE S QAT 2 B4 HE WE iy ats B
St A3}, ELISAS] ¥4 Aol 22 YFO 2 LEYlA E2
w3 kS Ho|W lom, TLEAIA 7P @e w3 S u

i~ 3 T AA T
A& LEYlA &= TIM P2, % meksHA J&%_'ﬂeiz TFGE

o}
7 =& TIMPsA

4 2o mE A +ZFE FIt
< Hrhslr] flste], dwtER ] dxbE o
2712 2248 23} Table 1 183 Fig. 49 7+
FGE2] 7%, A9 44 F 2dAolA 2 cell ©14 43.2%
s 1 5 2 cell o] A TN 4 cell
%A, 4 cell o]FollA] vtz o] uF
£ Holy 912;1@ TLE®] 7%, &4 £ 2
Foll A 46%9] FHES Ho 11 AN H, 2 cell o]AtollA
4 cell o]g7HA 2] BLHEL 74.8% 5 YERI AU, 4 cell
o] kel A Wk Z7}A] 40%2] £§ 0% + UM LEY
, A A F 2R 342%2 FHES FAT
T AR, 2 cell o]l 4 cell o] 7HA 2] FFEL 67%
E YEM A AU, 4 cell o) Gl mivEZ71A] 36%2] LAY
ES 82U & AUTKTable 1).

lo,
3% o
—o

iniiE S

$HA A= AR BExst AW F3H o
FHikstE Hupe] Eo] 23 FHRIA A
(Maxwell3} Johnsom, 1997; Salisbury &, 1978). 53] 1]

A1) 735 GuteR o YA A&GHe vEA TE2EE] 7
2 Aol FAgel o] T A Fa) g4 ZHgol X}OV} A
ol A §k ol g2y, 54 HEA UF
ol wjg- vt 2 484 dtk(Haley 5, 1993; Carreau,
2001; Jin 5, 2001) TS Y2 AP Ao FEHE X

A zpol7t Aol FAMEES] E37F =& ACE AEH
TH(Cerolini 5, 2001). 53] A3 A+E Fato] dut=iA A
2pe] EAMH A= A A zpo]7p =L Aolg} AR E o]

[e]

rl-N fru
i3
rlo
N

ﬂﬁoﬁ
N T ONE
[N AN

RECEE

o oo

l‘l



TES &2 EEdo] musiA] Aztel A= & 87

TFGE TLE LEY

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

«— pro- MMP-2, 72kDa
<— active MMP-2, 62kDa

(A)

254 240
T 200 p L230
k3 &=
= o220
e Z
- i 230
- =
;fg F R e 0 oooeeeweee 0 Toeweeeeeesess 0 S "';
& o 200
P &
%’ G50 % 1m0
i

gea i E'EG 8 ——

EEY TEGE e 1FY

_zoe 2
7 T
% 7
A 150 & 180
= Z
- &
2 1m — 2 180 —
3 £
] oy
RSN SEA. e e Foew . o0 B
Ll i

00 S— QO e

LEY TEGE THE 18y
(B)

Fig. 2. Expression of MMPs and TIMPs protein in the sperm of miniature pigs. Zymography analysis of the MMP activity in the sperm
protein (A). MMPs and TIMPs protein expression by ELISA (B). “" Different letters within the same column represent a significant

difference(p<0.05).
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Fig. 3. Localization of MMPs and TIMPs protein in the sperm of miniature pigs. White arrows indicate MMPs and TIMPs expressing cells.
Original magnification x 400.
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Blastocyst

Fig. 4. Morphological differences of in vitro fertilized eggs after being treated with various types of extenders. A red arrow is assumed
to be cell degradation.

Table 1. Effect of the freezing extender on the IVF rate of spermatozoa

No. of oocyte developed to (After in-vitro fertilization)

Type of extender No. of oocytes 2 cell 4 cell Blastocyst
(1 day) (%) (2 day) (%) (6~7 day) (%)
TFGE 238 103(43.2)° 86(83.5)" 36(42)"
TLE 250 115(46.0)” 86(74.8)" 34(40)
LEY 266 91(34.2) 61(67.0) 22(36)

LEY(Lactose Egg-Yolk), TLE(TES + LEY), TFGE(TES + Fructose + Glucose Egg-Yolk).
™ Different letters within the same column represent a significant difference(p<0.05).
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