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A Caseinolytic Enzyme in Human Follicular Fluid

Myung-Sun Shim and Haekwon Kim ™
Department of Biotechnology, Seoul Women's University, Seoul 139-774, Korea

ABSTRACT : Follicular fluid(FF) of mammalian Graafian follicles contains various kinds of proteins and proteinases that are believed
to play important roles during follicular growth, oocyte maturation and ovulation of mature oocytes. Previous studies of human FF(hFF)
demonstrated the presence of many serine/threonine proteinases and matrix metalloproteinases such as gelatinases, however, little is
known about the caseinases. Present study was aimed to examine the presence and the property of caseinolytic enzyme in hFF. Using
casein zymographic method, it was found that hFF, human adult serum and cord serum exhibited one intense 80 kDa and another weak
78 kDa bands having caseinolytic activity. When inhibitors were added to the zymographic substrate buffer, caseinolytic activity of both
80 kDa and 78 kDa proteins were inhibited by ethylenediamine tetraacetic acid(EDTA) or soybean trypsin inhibitor(SBTI), but not by
E-64, phenylmethylsulfonyl fluoride(PMSF) or 1,10-phenanthroline. Thus both enzymes appear to belong to a family of trypsin-like
enzyme. Addition of EDTA to the zymographic substrate buffer almost abolished the caseinolytic activity of both enzymes. However,
further addition of a divalent metal ion such as CaCl, MgCl,, MnCl; or ZnCl; to the same buffer fully restored the enzyme activity
at 5 mM concentration despite the presence of EDTA. Based upon these observations, 80 kDa and 78 kDa caseinolytic enzymes are
present in human follicular fluid and they appear to be trypsin-like enzymes of which caseinolytic activity needs the presence of Ca™,
Mg™, Mn™ or Zn"",
Key words : hFF, Caseinolytic activity, Zymography.
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caseinolytic enzymee] &= Gt} o] caseinaseE Y] 5448 Yol 7] 3] phenylmethylsulfonyl fluoride(PMSF), soybean trypsin
inhibitor(SBTI), 1,10-phenanthroline, E-64 72] 1L ethylenediamine tetraacetic acid(EDTA)S zymography 2] substrate buffero] 2] 3h
73} EDTA%} SBTIS] 2JsfA] 80 kDa2} 78 kDa caseinase®] EAjo] A H At} o] uv]Fo] 80 kDa} 78 kDa caseinase
trypsin-like enzyme?l A2 2 FE&Hh W AY YN 9 zymography -2 Aol 5 mM2} EDTAZF H 714 substrate buffero)]
CaCly, MgCl, MnCh, ZnChLE Z}z} 0ojA] 10 mM9] =5 E g3t 24 % S mM =5 oA 71 =& caseinase A4S
Btk 34 o9 Ariglel EDTAR Xgh t2F9 74 caseinased] &4 vpelUbA] AT o2 v Fo 80 kDa
2 78 kDa caseinase:= &4 AL af o7t F& Fol2 HRE = HAOT AAZT

°1Njﬂ
2 L

= 3 e
kg Qg

e oM

o
A
e

(¢}

5 2

T

U ofy
oo B2

A

M
_>|4_,
T,
el

o
A 10% 29 dAe 4% F

2
32,

s e [
!

*o] AFE 2003 AEod A 3hae

TRAAR NEA QT FE2E 126, AEARN L A 3 efrh 3
ARFeta () 139774, (W) O
hwkim@swu.ac.kt

fo ¢

Meopoh 2
O

FUEREATH ) A Yo o
o)3te] o] 2ol S z
o
%

=
H
1o
N
1>
=
M
o
=2
1o
2
1w
2
e o
oy &

SV
x

AR e dFAEES
HRT ekt 245k dg 29
o} dx o Hz}o]

s g

s ﬂl-lﬂm?i

2-970-5665, (H) 02-970-5974, E-mail: T

du 3w ffooX L

)

Mo
™

=,

pl

Bloo M 1o o R oop

=

1 5E Gy Wel 3y



114 AuA .

A EZ Atol9] atZFo F7ko] Uehm o AJEolu ¢
AZ7t Bugt B2 AYAA gk o] F7e] ofF FA
A A= G2 2GR Stk GIAE
0] 3Z0 2 TAHH EA AT UX F9¢ dxe}
of FA4xm, o] A EEE

3 Hunter, 1988).
= 9o A sl 223 34

< iAo A A o
So)7}Al H o (Hunter, 1988; Hansen et al.,
1991) BN E Solzk G2 £HA B2 75E &
A3t Yao et al., 1998). /\]- o YN o] A 5EHE
—(Langlais et al., 1998), A A2 (Tesarik, 1985; Fetterolf et
1994) I3 7 JA-A Z}.J & 3H(Siegel et al., 1990yl 43k
e Aoz daEA 9grt 3 AP GE AL ARl
ijia]a}?ﬂ A YFAEE Z7MA 7)™ (Giorgetti et al, 1992;
Hourani et al.,, 1995) Ab@e] A& A el Fooll 22 std
Z7] WA A FH Qe FINA FE AR LEA
A THFakih & Vijayakumar, 1990).

ERERE 45T BT YT o
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g AR Wl M gz o] PAJ3 Egl 2 g st
59 gokst Wl S2¢ 43S e AR F59
A JtrEdas F udd 712
= ogulA Q] §AF = serine proteinase(Murata et
I, 1999)7} <214 o9 cysteine-, aspartyl-, -2 casei-
nolytic protease 5ol talA = &&7 Zlo] §itt. o|gel| Al
3 7}7) A(extracellular matrix, ECM)2] o8] ©id AR &
B33l matrix metalloproteinase(MMP)E°] dEayd &
$50o] l=d 3] type [ 2 type IV collagen} gelatino]] o
A4 4T 71851 E UEE MVP2SE MVP9o &zﬂ
s} 448 QY MUYl $28 T BE
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ARt GEAE AAFA AL F
zuston, 44 WAE AT 9

of Sle FAZRY 7
T dEoAM AF s

9= 3}
A

. Folzl FE A S 2,000 rpmol A 30%@ € ‘Eﬂﬂi}fﬁ
Z29$ AL F -20 Coll BAAFDTE A H A0l 4

Al =91 % millipore membrane(pore size 0.8 um, M1111p0re
USA)Z cizfele] Agol ASaath £d Mg 2
A7RF QAL 2REH A glol BA= AT F, EA
o] FXHEE AelA 20~30% WAF H ATk
Zolg o g et Agel AUES AL EE
AL Al ﬂlo}i—rﬂ AUE ¢ F, euete] A ¥
2374 ¢l Citrate Phosphate Dextrose Adenine-1(CPDA-1)°] &
oflE FAANHE wo] RAE vhsg AHESte] A
Q2 RE AHAGh AREY AHE FEE olgUL
o ARHA A AR AR 36/ A Bk
o.
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2. Zymography

Ar Uxal )9 caseinaser ¢-caseing 7|EE &=
zymography WH o 2 ¥A15 9tk Standard Laemmli acryl-
amide polymerization mixture(8%)°] 1.2 mg/ml9] a-caseinS
A7}8 gel& TE F non-reducing 2HSE A/NFFS Al
8 8} 4 thLaemmli, 1970). A]& v 2L sample buffer(0.125
M Tris-HCI, pH 6.8, 4% SDS, 20% glycerol, 0.004% bromo-
phenol blue)9}t 1:12 42 % 10 ylo] AFE loading3 T}
A 719 5L stacking gelo| A+ 15 mA/gel, resolving gel &<t
= 200 VO £5 2 runningA| At A7]YFo] £ gel&
detergent solution(50 mM Tris-HC, pH 8.0, 2.5% Triton X-100)
o S} 158 5 B0} F30H o] 29 w2 Ay
t}, 28 th& substrate buffer(50 mM Tris-HCl, pH 8.0, 5 mM
CaCly, 5 mM MgCly, 0.02% NaN3)oll &7} 37Tl A 24417 5
ob AN ATY. A3} BY gel? 03% coomassie
brilliant blue R-250 solution(acetic acid : isopropyl alcohol :
water = 1:5: 4)9 158 59t &7} 948 § 2552 24
A FTh o] B VERE clear zoneS caseinase &4 T F o]
Y Ao BFAUT BAY 542 A¢ B Az
+ high range markerE AHE31 T} zymography A8 A=
33) o4 whE-ste mpd 2 At dofAE e st
Atk

3. Proteinase inhibitor X2|

AHg gzl A g8 3l casein-SDS-polyacrylamide &
NAZ s A719ES AAG T 22 caseinase B4E
AN sAY, 228 7% serine/threonine proteinaseo] o g+ <
A A2 phenylmethylsulfonyl fluoride(PMSF, 2 mM), trypsin-
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like proteinaseel] o g+ A A<l soybean trypsin inhibitor(SBTI,
1 ug/ml), metalloproteinaseol] 3k JA|A|Ql 1,10-phenanth-
roline(5 mM) - cysteine proteased]] THgk HA| A ¢l trans-
epoxysuccinyl-L-leucylamide(4-guanidinio)-butane(E-64, 10 M)
S Z}7Z} casein zymography-2 substrate buffero] *2j¢ =
caseinase B2 A3 CE 3 metal chelator?] ethylene-
diaminetetraacetic acid(EDTA, 5 mM)E 7+ WS 2 gub-
strate bufferol] #] 2] st4ith

4. 0|7} 2& 0|2 Azl
Zymography S FHE W A719%Fol B gel& 5 mMo]
EDTAS 4%§9] o]7} F49ko]&(CaCl, MgCh, MnCl,

ZnCl) 29 shub7h EE™ 205, 1, 2, 5, 10 mM) So] 9=
substrate bufferol] g ¢] caseinolytic activity7} A7) H == 319
o x4 ol&§lol EDTARE £0] 3+ substrate
buffers A}M-&-319it}

2 AL bovine serum albumin(BSA, Pierce, USA)S

EF oA Z 3o bicinchoninic acid protein assay reagent
p 2

(BCA, Pierce, USA)Z A 23| AL] AL&A W Aol wlet =43

st

AT

6. =%

& A0l AH4E Aok Su Aol
Sigma A E(USA)S AH&3} T} T3 &
Hate] AREatsith
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1. MR ot EH W2l caseinolytic enzyme

A dEAF 8F T3 AR AEE AER 3
o g-caseing 7|2 E 3= zymography WS Al sdch
3 Az AFg dEAE o 738 caseinolytic activityS
UeR & 80 kDa caseinase$} o ¢ ofdt 84S el = 78
kDa caseinase 5 F71 9 caseinase7} V}EFSE O W(Fig. 1, lane
hFF) A NME 7+ el 9] caseinaseS o] F2E ¢ thlane
serum). o] 9= G AR A HM = v A okt &4
S 7+= 80 kDa caseinase 3}1+Ho] WEbsttH(lane cord serum).

3 gelating 7122 &= zymogramE A3 S 7|E9 A
T AFEANA FdE A g3 TA o] o]7} o] chelator
?l EDTAE WA AHelstd Aejstr] A3 vlus)s M2 o
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Fig. 1. Caseinolytic activity of human follicular fluid(hFF), cord
blood and serum. Lane 1, HM; high range molecular weight
marker; lane 2, hFF; lane 3, ehFF; hFF treated with 5 mM
EDTA for 3 hr; lane 4, cord serum; lane 5, c.stE 3hr; cord
serum treated with 5 mM EDTA for 3 hr; lane 6, c.stE 24hr,
cord serum treated with 5 mM EDTA for 24 hr; lane 7, serum;

human adult serum.

2 &) 9 gelatinase 50| VER= 5 07} 0] chelatordl] ]3]
Gl 1) 9] gelatinased] +27H FES e ALz LA
9J THKim et al., 2003). ZZ&{1} caseinase®] 749 GE A, A
J32 Ahge] WA EDTAZ A7} £ zymography S Al
&gt A3} caseinase B A Y] B4 Aol o} F-E W}
$AATHFig. 1). =g ANE Y 7§ EDTAE A 3A] 244
7ol 3¢t T = oY WSyt veyR] ekokthFig. 1).

2. PMSF, SBTI, 1,10-phenanthroline, E-64 3! EDTAZL Al
20| LIEM caseinase®| EA0| O|X|= W&t

YEXAE A EE 3o WA casein-SDS-acrylamide gelS-
o] §35He A/GEULE ¥ F FAD 6719 gel 2
Zto 2 Wit olF gel 7 ZHZ zymographic subst-
rate buffero] o] AJ3IE 2 48z o8 712 gH 2
EHEAEY AdAAE ¥E F olE dAA dXZAUY
caseinase B¢ &4 B wAE G ZARY B3t
22

1 A3} Fig, 29 Jebd vte} 7o) serine/threonine protease
A&l ) PMSF, trypsin ®41#]l SBTI, MMP A4 Y 1
10-phenanthroline, cysteine protease HA|A)¢l E-64 F2
divalent cation-dependent protienase A Aj¢l EDTAE Zzt
A e & zymographyE Al st 23, th2F(A), PMSF(B),
phenanthroline(D) &2 E-64E)E A2l ZollA& Al W3l
7F YRR &Sttt ofel| H|s SBTI(C)u+ EDTA(F)E A2
3 A 7ol & 80 kDag} 78 kDa caseinase 2] 84 0] &4 8}
A qAHS AY BT FasA
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Fig, 2. Effect of various proteinase inhibitors on the caseinolytic
activity of hFF during zymography. Inhibitors known to be
specific to the different classes of protease were used to
determine the nature of caseinase. Inhibitors were added to the
substrate buffer during gel incubation. Inhibition of caseinolytic
activity was assessed qualitatively after Coomassie blue staining
by comparing with control group in the absence of inhibitors.
The same samples were loaded on all lanes. A, control; B,
PMSF; C, SBTI; D, 1,10-phenanthroline; E, E-64; F, EDTA.
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Fig. 29] Ag A9 v7IXE FEAE casein-SDS-
acrylamide gelS /\}%’6}0% A7195e AWE F6 249
o2 Uryth I & 747h9] gelg 5 mM EDTA9Jr 47
0|7} F& ko] £ CaCly, MgCh, MnCl, -2 ZnCl, & &
U7t 001 A 10 mMe] =52 A7 o] 9+ substrate bufferol]
Ho] caseinase &4 A w9 ANE FY5A

2 0| 20| Al LIZOH caseinasel| B0

“te— 80kDa

~—80kDa
T 18kDa

+«— 80kDa

78 kDa T 78kDa

Fig. 3. Effect of divalent metal ions on the caseinolytic activity of
hFF during zymography. Metal ions were added to the
substrate buffer during gel incubation. Effect of metal ions
were assessed qualitatively/ after Coomassie blue staining by
comparing with control group in the absence of metal ions. The
same samples were loaded on all lanes. A, control, no additive;
B, 5 mM EDTA; C, 5 mM EDTA and 5 mM CaCl; D, 5 mM
EDTA and 5 mM MgCh; E, 5 mM EDTA and 5 mM MnCl;
F., 5 mM EDTA and 5 mM ZnCl,.

1 AT} 47}R] F4& 0] £& 77} substrate bufferol] A 2] 3}
9L A9 metal chelatorg] EDTAS] Q3| Bty BT
SmM sEolA t2FRY A3 Folxl caseinase 4
HATHFig 3). Whol F& o] 29 7} glo] EDTAT A
8 279 A$ caseinase?] 4do] AtztATh

b

Kl

=
2 A7 A Alge dxd g ANE 13 dHele
Z+z} 80 kDas}t 78 kDa®] Ea}#& Zb= caseinolytic enzyme
o] 35X R EAghe Ao HEEHAT A "}i"“oﬂ
A

Eo] 9= cascinaseSE& WALC B ZAle A3 o) A4 E

PMSF, 1,10-phenanthroline, E-64 52 vz 7}TE6HE.&\_
AA A N E FaFs A &kt SBTI 5o HAA
o ¢# A& caseinolytic activity7} BA3F] AAHE AR
u) o] trypsin-like enzyme$l Ao 2 FAo| ¥ &3] EDTA
o] ol B4je] AAH 3, Ca”, Mg", M, Zn" F9] ©]
7} B4 o) 2o dsiA BAlo] HEHE Ao Hol E &
metal-dependent trypsin-like eznzyme¢l A0 2 &A=
ok B8 &4 AAA oig dFE A8 AdelA 80
kDad} 78 kDad] T & ZF7} A9 22 vk S Y

W Z02 nfo] & 4 ME isoformd 7heAdol %

R=Nge]
—}J\—E'L_:

a2 FZEE AA ) Fo A9

5 ,E—i} ol A= 1046M<Mau~isian 1992). WalA @
Fo AR Bz 2 vjH(Ny et al, 1993), wjo}e] A
(Strickland & Richards, 1992), & FAI A 24, A 2] %] & (Ro-
mer et al., 1996; Singer & Clark, 1999), &4 2] A +A4, GA =X
o] A=A (Price et al, 1997yl &= A EZH71E 129 23
AEAde) Hostm Bs AEAde 57 o ARoZ
A8 ZAAFANE 717 42 714 Bol4 S 2t toka
£79 1ag0 Bej@th AEIAY 2ATR #
oale gl JprRf| 8 AEEE collagenase, gelatinase,
membrane type MMP Fo] 1o 18} tissue type(tPA)s}
urokinase type(uPA) plasminogen activator7} ¥eA Utk
(Smith et al, 2002)
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nase(Murata et al., 1999)9} Al 274712 9] of 7 vz "‘é—‘?—‘é
& Fste MMPEo] &eiA gled 53] type T 2 type
IV collagen} gelatinol] 3} A 7°P€fl 7| E0lA L Y=
MMP-28} MMP-90] At} 4-9] o) 1fol] EAjslw A<
X WiERFAN T8 982 ke A

v QJthHKim et al, 2001; 2003). GE o} AA o] °]
A= AdAES} A EY HAAE o F
Stakl 9ol 30 22 DA 24 24 4200
dojutok st=dl, 53] FFFY A 4R 929 AV)e
A Wo] wlaf ok 4008 Aw} %E}{Smlth et al., 1999).
we}bA] type IV collagen, laminin, heparan sulfate proteoglycan,
fibronectin & thokst AR 0 2 A H FF=HRodgers et al,
2003 7 EHEES GE} A, WS, BA, H5) 5
o WHE 908 WAL AE G /18 FoHE 2 o
g 7HA AaFo] BT A0E AAAY. B A1 A
A2 & Atgrel A Ed3) A EFste dxy
Yol casein 59 g A S Hafals 84S 2H= caseinaser}
EASHE Ro] WA BT A4 £8 Ao S
S48+ WsE I3d 2 9 cacinase= ©] AA A £
98 QYL B AR 22y T H dFL goT A
Foolel & Al BF B Q79 A3t G v
caseinase 78 kDa &3} 30 kDa 8o = 7127} EAet= A
o] HAHAH TE Fol Aot A YA
T Uehte A0 R nFo] UX A9 caseinasers FHEA L
YA AEHAN | Bke 4o 2R J|deds 7Hs
ol & AR AR,

oo} dxd o9 Alge] F(Sakata et al., 1998;
Sathe et al., 1998), 3-4+8)-2}2] wound fluid(He et al., 1998), A}
H(Wilson et al., 1993a) &2 1% (Wilson et al., 1993b)¢] A
A Eolo YollA caseinolytic activityE HolE whfA 7}
T aad A By E v Aok AR 8H Y AgA
EH|H ] caseinolytic protease™™ 9 A] metal chelator¢]l EGTA
1} EDTAC &) &4 o] 7H4sh) 78 kDa 3£ 80 kDad] &
e Zte A2 AR obs Z(Wilson et al., 1993,
b)o & Hol & Ao Az W7 caseinase o= A E THE
A2 ALE AAAY. £ AAY wleAd Pk casei-
nolytic enzymeo| FZEF | o] &AL SBTIO o) &Alo]
Aeh 5 UK Alliegro & Schuel, 1985) Ezpere] zjo]@ m]2o)
2 A5 A caseinasedt= @A 3] ThE DA AR
B, At ARAA £ 54
cellular caseinolytic enzymeo] E-¥]H 1 o5 HA] Ca”™, Co™,
Mn", S, Fe'™ o] & Tl daily & BAo] 7 E7)e}

3 DA EEA T extra-
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Z(Prasad et al., 1986)2. 2 H 75+ 5 th5-E 9] caseinase
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