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Purification and Some Properties of Collagenase in Kiwifruit
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Shie Nakaama and Tetsuko YOsHINAKA
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Proteases in kiwifruit play an important role in the softening of carnivores. In this study, collagenase
in kiwifruit was investigated as a novel softening agent. Collagenase activity in the tissue around the
seed was higher than that in the core, the activity in a crude extract being optimum at pH 5.0 and 60C.
The enzyme was purified by ammonium sulfate precipitation and Q ion-exchange and gel-filtration
chromatography. The molecular mass of the purified enzyme was about 52 kDa by gel filtration and 60
kDa by SDS-PAGE, with a single band. HgCl, inhibited the collagenase activity, indicating that the SH
group at the active site and/or the conformationally important site of the enzyme was critical. A
bivalent metal ion may not be required because no effect of EDTA was apparent. No protease activity
was detected in the purified enzyme. Collagenase activity was higher in pineapple, and lower in fig,
papaya, ginger and mango than that in kiwifruit. These results suggest that collagenase in kiwifruit
contributes to the softening of carnivores together with proteases.
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F 74 7 ) —> (Actinidia chinensis Planch) 1%, =
2T =T FFEOREL LTHLNTWADS, I
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EARME AL CEDPDBENBHEREEZONT VA,

Fw A TN —-yOTOF T —FiEHIEL, Arcus
(1959, 242) 2k 7o F=Vrk L Twmadh, £
D # McDowall (1970, 214) ®fLOBfFE 7V — 7
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BoTAZ Rl BHIRLZ NG, A (BEE
Rt 1982, 126), WO T #F ANy AR (A%
1982, 299) % EOMBOY Y B LHEE L LTHH
HENnTn5,

TP —EEEEET AR E LT, 7O f Y
HFEDHRE SN TV % 9% (Thompson et al. 1973, 652 ;
BARLE 1991, 127), ¥4 TNV —VDATFH5F—¥
IZ2oWTIRHELR TRV, 22T, 4RZEES 13 S
TATN—=YDATFF-EEEICOWTIRETL, &
BERDVPFXTA TN =V IHFET DI E 2R
L, ZOEAZEHEIREBELPIZ LD THRET 5.
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(1) SEBRAE
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rHW, a7 —EEEORBED D7) ¥
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RAF Y TN, 284 %, v T—, Wb UL, &
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iikiiankl e - DA

(3) HEHEDE:

REOHEX, FULDIIHAFTEFIAL 7 V—%I
XD, b, Rebobhrndn, Rbbhrnd
DIZHGELIz. RICENFNORELHEL, Sk
M2 lem QES 2 ), HER (ASKERF &, &5
FEHERH) 2HVTHSERE L. 2O/KE, B
BV D D 91+2, LWL D83+4, Rhbhwn
bD B+ ThHholz, FITHEENIOHEICASLD
DEZNEN, KRAFE, BRE, BREEHEL.
2B, HbETEEIZOWTOHEES (ATC-1, 74
TH) FHWTHE L2 25, FRZFNRHAE 14.8
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+0.4 F, #HE16.010.6 F, BHE 15.8+0.4
THho:.

(@) a7 F—BiEROBEE

Mandle # (Mandle et al. 1953, 1323) *#&%RBE L7
FETHRE Lz, 74 70— VMg 25 41 1058
& (10 mm sodium acetate-acetic acid (pH 5.0),
100 mM NaCl, 5mum CaCly) #h12 0.5ml& L, 5
ng/moE7XF LA IRITS — 42 (Sigma $t)
2 0.5mlMz+5RML, FEET—ERBREX
7%, 10% MY 7 0 ) VEEERA 1 ml 2002 < K
ZEIEEE7, 30 BREIRICTEER, 3,000rpm,
15 MEHEODBEL, BohiEEBic=v e FY
CRELMZTHEBEE, 570nm I BIFARKE S
HE$ 5K (Moore and Stein 1957, 907) 12L& ¥
BRI ERTF FEZEHR L. L-01 2 2 El
WHEELTHY, 277 F—EiFtkiE, 1 4B 1xmol
DAY VBT AEHEL Lunit L EFRL, BE
HEEOBAE L.

(5) BT vE=w A (B%) 4 HE

U4 7NV —HHE®E% 8, 000rpm, 20 9%
HBLAHE L TTARAZR 2., B5h7 L
20%EIRNNC 2 B L AT T = A 22 Ckoked
T 1 EERIEEMT L, 15,000 rpm, 20 438 % H5 0 5
ZITV 0~20% BRI E S 21572, 512, Bonik
BHWRIZERROHEEL < DR L 20~40%, 40~60%%4
MET 2B, ZhSDES % FNEFNDEOBER
(10 mm sodium acetate-acetic acid (pH 5.0), 100 mu
NaCl, 5mm CaCly) IZ{E#EtR, —BER EORER$
T4CITERL, ThoBEROIT 7+ — g%
BE Lz, b, BFEBAERTRTLTCUTORET
o7,

(6) 7uF7—EiEHOREE

Ta77 —EiEEOBEIEIE R ESE (1994, 609) O
FECH LTI o7z, A8 4 v (ki) 1g %
0.1m V) YEEEW (PH7.0) 100ml 28BS, 15
SEBEKPTHIICOT b0 AV 1% 0¥
A VW) . BEBEE 20041121 %7 ¥4 VB 200
pl ZAINE, 72725 1B L 30 oIS & &5,
5% MY 7 T )VERERETE 600 11 %R0 L BUG 2 2 1k
SH72. 30 pEEIRICTEER, 10,000 rpm, 34
Rl ODBEL, BoN/ EEO 280 nm 1281 5058
BrlElLz., RYF47arba—k LTI %
AR (FHIAT A7) RV CRBORME
7o 7.
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HoH U OBEE R (10 mM Tris-HCl (pH 7.4), 100
mm NaCl, 5mm CaCly) TF#1L L 7z Econo-Pac Q
Ion Exchange Cartridge (1.2X 4 cm, FciE#| Macro
Prep Q Support, BIO-RAD %) (225 4+ —¥iEH
D20~ 40% AL E S 2R, HE S e,
7T b DOFEAI AR E R T RE R, 100 M 2
5 300 mm NaCl O BRI BEAEIC L 5 4 4 K
o202 757 4 —%#E0.5ml/min, $FRIE 1ml
TiTo 7, BHNI-EES O 280 nm (2B LG E
Lags - EEEriE L.

®) rur@rawbrI 74—

FRETHEON Iy — PR FEET A ES %
BASET4NVT— (INVEFTT71)—=20, TIVIT
7 1) — CL Plus 10,000, Millipore #t) % B\ T #
L7z, >kiZ 10 mum Tris-HCl (pH 7.4), 100 mM NaCl,
5mum CaCly % & 7 5§ 1& i T (L L 7= Sephacryl S-
300 77 9 & (1.5%X50 cm, Pharmacia #) 127N,
[FlRE DR %\ CHt® 0.5 ml/min THEE L, R
HEIm CHXrVArB70% 0574 —%F7- 7.
SFE~—H— (BIO-RAD #) 12i3¥ % 2~ By (&
F&1,350), 3470y (5F=17,000), ART
VT 3Iry (GFEA44,000), y-raT7)r (5F&E
158,000), Fuz a7 » (45F= 670,000 % HwW
72, BoNKHESO 280 nm DI L 25 4 F —
Vgt rEE L. 257 F—BiEkE R L EHS %
T, ThEFTA47V—VkEEEL L.
(9) EBRIKE

SDS-H1) 77 U7 I F7rIVESKIKE) (PAGE) i3
Laemmli (1970, 680) O HiEI# L TIro7z. 758
VL, T.5% T 7 VT IR, ERESVIE2.5% 7
JUNT I FERAW:, BRIKENIZEE L - BB
LUBIEREORB 2B TTo 72, BB L7238
RV HER, REZ05MD2-A VTS
J =V aEEL, 100C TS50 MMM A&ty
frotz. ZORB 10l % EEHEBOZ VIZTML 7.
9 ANHTNLY J—E, ¥ VNI ESTFHOS-
SHEEXUIWIL, SDSE & v s BhiES LT LT
HHBCHERLZ. EBHE7IVTIE 10mA, SEES L
T S50mA ODEEBRT, 1.5EH, SRTEELL
(denatured SDS-PAGE). BEXIkEIf%, 7V id0.25%,
7= =717 T —R250 * VT —BK
getn |, EEERZ AV TG L 7.
BIELMOBE, 2-ANH T LY =V aRRInE

3, F7-, #FHIIEMEL T Shimizu ef al. (1989, 489)
D FFEICHE L CTikE L 72 (none-denatured SDS-
PAGE). ¥4 bbikEckrs, R ) o —
V& SDS #BRHMIBENFNEFNI0%E 1 %IZ% 5L
IR, ’ED LAHS 24 BB, 4 CTRIBEW
72, Z OB 10 p] BB SOVISEME, 10mA OF
BRTIHE4CTEEL. BEXKEE, YVo—
HiZ Lo FETRERE, HEaLs, Bhorvidg
BLEWTS5mmIEIZYD, #nEhor VE 0.5%
YTV R E R ECEEES (10 mm Tris-HCl
(pH7.4), 100 mm NaCl, 5mm CaCly,) T, 57C, 48
BEERE D TAZLICLD Z Uy e L7,
M % 12,000 rpm, 3 5[ O ELE OO BER, EiE
moaZrF—CiEEr e L F, REE L
%D SDSE a7 7 — BiEHHERICHES RITX
HWZ & HERRL .

BRIKEN D55 FE&~— 5 — (BIO-RAD #) 211,
FRTVT IV (5F&E43,000), 7 MiET7TILT3
Y (BFE66,0000 74 R 7+ T—¥b (HT8
79,000), 3-AF 7 b ¥ —¥ (5F& 116,000),
AT (5FE 200,000 F A7

10 7-AECEDERE

TAECEDERIE, TUMET VT I L R iEREY
HELT, AXCHBZES v+ (BIO-RAD #) #
BHWTiTo 7.

3. ERER

(1) FU9A4T7NV—UHDIT575F—Vigk

1) a7+ —EEROFE
FIATIN—VRIFFICATITF—EOFEEDOHE
EHABTLOIFETHFLABIMaS—7F U 28REEL
T, F74 70— VML 5 5 EER L ER
FEMBERD T T — 7V REORB 1T 7. %D
R, FMBERTIIT S — 7 0 MREEIBIE S
A, MR ISFEEIRRO S o (BT —
YEM)., ZOTEnLFT A TN — AR
EINLATSF—CEREIBRELLILLDEERZD
ni:.

2) A5 F—-EDORENG L RE
FIALTIN=2 T8 F - EBDORENTOEIELN
EFHOPICTHDIL, 9L TN—YBRELRLE
ERAEIZO, HHED a5 F - BiE o
BATo7c. FOMER, RAIZI T 75— CEELITE
L, BLOMICEEEL TR o7 (ERF—54
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Fig. 1. Effect of pH on the collagenase activity of a

crude extract of kiwifruit

A reaction mixture consisting of 5 mM CaCly, 100 mm NaCl,
5 mg of bovine achilles tendon collagen (Type I ), and the
crude extract was incubated at 60 C for 40 min in
different pH-range buffers (10 mm): glycine-HCl (pH 3.0),
sodium acetate (pH 4.0, 4.5, 5.0 and 5.5), sodium hydrogen
malate-NaOH (pH 6.0), PIPES (pH 7.0), Tris-HCl (pH 74,
8.0), and glycine-NaOH (pH 9.0).

W), 512, EILX a7 5 —EiEEoElL:
WL/ h, @REOIT S —EiFHEEE 100%
ET D LRI 68.0%, BIER 82.6% THITTHE
I3 o 7.

3) a5 F—EEEOEENESEORE

PH OB H L7012, pH3.0 55 9.0 DEHT
¥4 70—y HHEO D77 —EEEE RN
LA, pH5.0 TRAEM AR LA (Fig. 1). ¥
A7V =Y RTDOpHIE3.3~3.5DHIZH B DT,
35— BIEEILREDIREE L ) 2R pH OF VIR
BECIRIEE AR T EA S IRk o 7.
KIZAIEW DO RELRFHIZOWT 25T 5 80TH
HETHET L. 297 F—EiEHIE 40T 5 60C
WMTTABMICER L, 7T0CTRRETL, 80CTTIZ
LA EEbNRT: (Fig. 2).
FEERBRLVELNE Lo BH LT (PH5.08
XU60C) T, a5 F—EEEORENELLE
B L. ZORE, KIoBthE#% 40 5 F TRICER

8

: Vol.49 No. 1 (1998)

l

N
¥

Activity (released leucine, pmole/40 min)
T

10 20 30 40 50 60 70 80

Temperature (‘C)

Fig. 2. Effect of incubation temperature on the
collagenase activity in the crude extract of
kiwifruit

The reaction mixture containing the 10 mm sodium

acetate buffer (pH 5.0) was incubated for 40 min at
various temperatures.

P LRRRREOICIE I L, FO%FEIEL. £ T
BoasrF—EiEEoEEE, pH5.0, 60T, 40
SEORGEETIT) 2 i L.

4) FUALTN— 355 F—-VPIIRIETIRIESMS

)7

FoA4 70— R ORERBEICLE TS
—BEROEII OV THRET L7, RABEZOHEME
"o a7+ —EiEEE 100% 58, 5C, 248
BIT#95%, 48 BRRICTHI75%, F7-—20C, 7 HM

THOT%, 1 HWPBETHIINDIEENAL T
(Table 1),

5) FEEEIEINLITFF—EEHEOLE
¥4 70— vHEREO 2T - YiEkE, fb
DREDOIT 7 —ViFke F BRFT L. FiE
EH700IT5F—EEEE, FVA TNV DF
HWE100%ETHE, N4 Fy TN 18B% EF L,
WE L CH66.1%, 75854 Y#736.6%, HE48.9
%, ¥ IT—%5.0%THo7.

(2 FUATNV—aFTHFF—PDOIEH

1) AFyfra~<bsrs 74—

55— CEEOFLE L7z 20~40% BaFN A 4 1
GEREN LR, BAF ORI Oa<w T T 412

(8)
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L7z, Z2OE, 3557 F—EiEME NaCl B
175 mm THH S /- (Fig. 3).

2) TNABIATNTTT 4 —

AFrxpruv b rs 74 =k Eoniagsy
+ — Y&V E 4 (Fraction No.74~100) % i&#if4,
Sephacryl S-300 7 7 L2t L7z, ZO#E, 7-AEE
CEOBHESEERANBIZITYF—EBEEE D
DO TER L7 (Fig. 4). COBBNEL» ST T&E
F 52kDa EHEE SN/, Z DJE 4 (Fraction No.
70~89) 2% A7) —VIEHEEEL L TUTOEER

Table 1. Stability of collagenase activity in a crude
extract of kiwifruit stored under different

conditions

Storage conditions

WAL 7z

3) SDS-RYTZ LTI FFLVERIKE (PAGE)
FEBIRE R & BB IHEV SDS-PAGE Tk L 7=, ¢
ht, RBE2-AVH Ty -1k SDSDFF
T, S5oMEEkEI L7, #0OE, #60kDan
EICHE—/N MR &7 (Fig. 5).
RIZHN#ZE M 4§12 none-denatured SDS-PAGE ¢
®ET L7 & 22, denatured SDS-PAGE & 412, &
60 kDa D BICE—/NY FHEDH SN/ (Fig. 6).
72, YV 5mmERTHOHL, EEERSL
ZAK60kDa DE— N FEESGESIEESELE
L7z (Fig. 6). TNOBRIKBOERELS, ¥V 47
V= a5 75 —CIIHEEERTERLRIAT LI LA
O oT:.

(3) FUATN—YIAFHFF—VOEMYE

1) 297 F—EEHickiz+ EDTA 0%

Temperature . Relative activity (%) EDTA °2 5 77— EDORER THH Z LT &L {4
() Period LRTVB78 (Gallop ef al 1957, 891), %% 47
20 (Fresh) 100 W= 7}%%@% %ﬂib\f%ﬂ)%ﬁ%ﬁ%%ﬁ&t, %@?{ﬁ;%,
5 2% h 95.0 EDTA BRI 2 7 7+ — EiEEE 100% & §5 &,
5 48 h 75.2 EDTA 10 mM O TH 87%, 100 mm ORINT d
~20 7 days 97.0 84% DIEMEATFRAF L 72,
—20 1 month 89.3
05"] [—7
¢ *
oo
-5 =
g £
g 0.3 , " 3
5 lm S
8 | ’ s
- | 38
g 102
< | % Lo E
| 3 8
014 - 0.1 <
-1
[0] ,Ql- . *—e h T >~ 0
0 50 100 150 200

Fraction number

Fig. 3. @ ion-exchange column chromatography of kiwifruit collagenase

A dialyzed solution of the ammonium sulfate-precipitated preparation (20-40% )
was applied to an Econo-Pac Q ion-exchange cartridge (1.2 ¢ X4 cm), and eluted
with a linear gradient of 0.1 to 0.3 M NaCl. Fractions were collected in 1-ml

batches.

(9) 9
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52 kDa
670kDa 158 kDa 44kDa 17 kDa 1.35 kDa

A )

Absorbance at 280 nm —e—

Activity (pmole of leucine) ——

0 S0 100 150

Fraction number
Fig. 4. Gel-filtration chromatography of kiwifruit collagenase
Concentrated fractions from Q ion-exchange column chromatography were

applied to a column of Sephacryl S-300 (1.5 X50 cm). Fractions were
collected in 1-ml batches.

kDa
-1 0
~ 10
200— i )
g
16— - 20 g
79— 4 =
430 &
66— . | &
60 — g
- 40
[~
43— ~
~ 50
1 - ©0
1.0
A B
Fig. 5. SDS-PAGE analysis of the purified kiwifruit Activity (pmole of leucine)
collagenase Fig. 6. Native SDS-PAGE analysis of the purified
A sample was boiled with 0.5 M 2-mercaptoethanol and 1 kiwifruit collagenase
mM SDS for 5 min. Lane A, molecular weight marker; lane A sample was applied to SDS-PAGE without 2-mer-
B, purified kiwifruit collagenase (10 x g of protein). captoethanol. Lane A, molecular weight marker; lane B,

none-denatured purified kiwifruit collagenase (10 xg of

) FHWATN—VATHE F—BERIZRITT protein). The right-side box in the figure is from part of
HgCl, & the gel cut into a 5-mm length; collagenase was eluted and
2 DR

the activity was determined.
SHEEETH B8 X, KR LD 2MMDER
A4 > ORMTEOBREHEIIMPH S NDL Z L35

10 (10)
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Table 2. Protease and collagenase activities of the purified collagenase preparation

Activity
Origin of Temperature
Substrate pH o Protease Collagenase
enzyme (C)
(AZSO nm) <A570 nm)
Papain Casein 7.0 30 0.69 —
Kiwifruit Casein 7.0 30 <0.01 —
Kiwifruit Casein 5.0 60 <0.01 —
Kiwifruit Collagen 7.0 30 — 0.05
Kiwifruit Collagen 5.0 60 — 0.77

The protease and collagenase activities were assayed at 30 and 60°C for 30 min in a 100 mum
phosphate buffer (pH 7.0) or 10 mm sodium acetate-acetic acid buffer (pH 5.0) containing 5
mM CaCl, and 100 mm NaCl. The substrate for protease activity was a 1% casein solution. A
crude extract of papain was used for the positive control of protease activity. The substrate
for collagenase activity was 5 mg/ml of a bovine achilles tendon collagen (Type I ) solution.
Asgo nm, absorbance at 280 nm; As7o nm, absorbance at 570 nm.

nTw3 (Kimmel and Smith 1954, 515). #Z T,
FEEEE (20ug) *HVWTHgCL, ORBELBIEL 7.
FORER, 277 VFEEERCHEIC0. 1mm D
HgCl, # i 5 L ERMOBHE DK 10% 12 iFE M X
fKF L7z, RI230 4, 4°CIi2TO0.1mum @ HgCl,
ERIEEE2%IC, SHILEWTHAL I XTA4 % 1
mM BB Z 72 & 2 A, HgCly IZ X BiEHOMEE
IR SN, EMEE HClL iR AT O 84 % (ZEE L
720 F 7, lmM VAT A YOARDOMBIZE Y, HE
LEHOELRBE S o 7.

3) FUATIN=yTOUTT—¥ (FTIrF=2VV)

& DI

ERBEINTLEFIAL TNV —yTaFT7—F
(TorF=vy) LORAEHMAI-OIC, BEBED
TuF 7 —-YighE, hEA EEREE LT, hE
(1994,609) OHETHE L. FORE, BEEE
WHEA v EREBEE LT ur 7 —PHlEEHET TS
057 —-BERERSY, T/, 255 —EETH
EDOEMEMTH S pHE.0, 60CTHIFML RS %
Motz (Table 2), a5 =47 L2 FE L LBHEITE,
MMBR T L ERSBONT. ThbH0H
Bl AREBBEEICEISOT T - BEESRO LN
BRWZEFHEL LR 5T

4) FI A TN—-Y T —EFOREBREOER

FIALTN—=VHRDOIT ST —EOREEREL T L
7 (Table 3). REI10M (#1.2kg) £ v, 20~
L0%TREDHET2. 115, A Ff|ra< 7574
—T5.41%%, FVvAH@E70< ST 74 —-T11.614%

EREEINEENIZIEZL8mg DT X —EE
bz, BEICEIET 2EX YA 70— 1D
REE18ug DI T X F—EREINTHEI LI
%%, BRI 11.4%THo 7.

4. % £
ETALTN—YDY N ENEBELEL LT, T
T 7 —YICET 5FEIE L WA (Arcus 1959, 242 ;
McDowall 1970, 214 ; Boland and Hardman 1972,
282 ; Carne and Moore 1978, 73), ThITIza 5
TFF—FiIZonTidHmbn T Wiz,
FIATIN=Y AT - EORKEHUBERL, 7
077 — Lt b7 vaF8 52kDa v Lid 60
kDa DfFO 7T a5 7~ C LI BLABETHLI L
FHOLMIILZ., E512, ZOBEIER RGBT
WML IFREURETITo 2L 2TAHTRBIZENR
bhiehroi-2 & (Fig.5, 6), BXUO4VA87 0
X MNSTT 4 —D#R (Fig.4) 256, BEKRTHENE
rREBIAHEEZONT.
FIATN—vDOTaTFTT LI NFT TIZSDS-
PAGE |2 & 1) 31 kDa (HFFE% 1994, 609), Sephadex
GH0 " T a2V XY IVABEIZLE D 12.8 kDa
(McDowall 1970, 214), 7 3 / EE44FI2 X D 23.5kDa
(Carne and Moore 1978,73) OHEEDO BT EDEER
PHRESNTWE, Zhoso 757 —EOE#E pH
E5.0~7.0 O#EFHIZH D, FA%E (1986, 65) (&
pPH3.9 £ 6.57%, BHHFE (1987, 36) i pH4.2 fiik
BEHETHoLHELTAE, T/, EFHEEIR

(11) 11
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Table 3. Summary of purification stages for collagenase activity from kiwifruit

o Total Total Specific L )
Purification . . o Purification Yield
tage protein activity activity (fold) (%)
s
(mg) (unit*) (unit/mg) 0
Crude extract 140.00 197.4 1.41 1.0 100
20-40% saturated ammoni-
25.66 77.5 3.02 2.1 39.3
um sulfate
Econo-pac @ ion-exchange
4.08 31.0 7.59 5.4 15.7
chromatography
éephacryl S-300 gel filtration 1.38 22.6 16. 40 11.6 11.4

*One unit of enzyme activity is that required to catalyze the release of 1 mol of leucine/min.

40~50C (#E7k% 1986, 65), HHWid20C (BH
& 1987, 36) THHEMEL TS,
RECLLFYSI T V—yD TR T —Ekass
F—ViERERET AL, TOFT7 —BIERIED
IZREWEMEDS N L7 (8K 1986, 65). —5, =
T = BILEADEC IR VEEMET L2 &
LR IR RIEEOBIPER L IBRTHL Z
EARENT.
UEOHEBI VRN, FUAT7NV—VDIT
Fr—BeTus 7 —EBii—PELOEEELObD
D, Ka55F—BEEIIETOF 7 —BiEHEIR0
5hd (Table2), 7, FFELEHEpH, REL
EDEALFEER LY B FEREIRVBE R o 72720,
BHorizInFcicHmEshizTur7—ECEER%
LUDEBEZETHALLEZ LN,
FuALTIN—vDOTOTFT—Y (K% 1986, 65)
ERAG S F-FPRERL D IEVRETHESEZRL
-z S (Fig. 2), MEBERIZEROFEICE L TM
BULE O MBI OBER A W - { 0BT 5 RERESE
BEBHIEIZLY, FUNRIEONEEBITAZ N
N R=F (A

Thompson &, 7 VMETNTI V2 EEE LT
WL EE0SOF 7 ¥z, a5 5 —BiEk
DEEZHE L7 (Thompson et al. 1973, 652). =
DasrF—EiERIZpHS.0, 50COELET TRA
WEERLA, £FOF 75 F—ED5FEIZHEL 2
WENTWRWY, 777 —EEEOBEELRE,
FUALTN—=DATTF—E L ILBEROBEE
ThhrLEDLNS,

—F, SRt vxyoTary—Ehasyr—EiEk
FHELTWS (A% 1991, 127). Z 0,984 ¥

12

DAFTHFF—EOFFEDHLDIZEIN TRV,
pH7.4, 50COEBFETTHNA Y FD TS~
WFEZL DIHTWIEBRERLZ. ¥4 7NV —, EZE,
2L T IEFICHBRER (50C) THHEEERT S
ED, INLDOBRIREZEROBVBEETHS L
Hbhs.

£BE* L — M4l (EDTA) 12X, #EkBoas s
F-EOoEBEBEESNLIZ LM ON TV S
(Gallop et al. 1957,891). A&A%E (1991, 127) (4
#3544+ —+¥I210mu @ EDTA &L T AHF
FOMERLER, EHICEER o EHEL T
H, COIERLFIAL TN -V AT F— B LEE
A F—BRERBMO a5 S F— P L3RR, 2
MEBERES LW EHE SN

¥/, SHEHETH L/ VIZKBERED 2 D
SRBATVARNT L EBEEEFNE SN L
(Kimmel and Smith 1954,515). FEfOHEEL, 42
D77 F-BIlonTHEEI N (BA%E 1991,
127). 9 A7 NVv—2a55F—EBbE&/AF » TiF
HHE SN, HEOEEIC SHIALAM A LAEL T2
ENS SHEZETH L Z L2 RIBENT.
KIFEDREENS, F 747N —212iFINETIC
FEINTWETOF T —EDMiz, a547F—¥iF
BOFEETAZEDHCHL Ik o7, U7
W=2Easr+—E¥DFEEICLY), BORFLEES
WKLTWADTEZWhrLBba, $hbb, 25
—T U ERERETAIEYEENT A HELOES WA
THFIATN—=V BT LI LIZLD, EFIERB
HMETILTFEEVIEREDOLDIZHFETLHO2S L
iz,

ARFFE I WA, B BRI L

(12)
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FUALTN—=V DT F—BORE L WY

THHEBNLETHY) (Fig. 2, Table 1), FHEE
H120 DWEWD, WHELL, 284, £F <o
—HRTE» o722 805, BEORBIZBVTE
WEm, FRICER, B0, ARAZ ZSRmL %
i, ThOoDTEFOBELHERL THWIEELA
EKCETHATT T VIERL, S6IZfEkn 7o
TT—EELHAMMICER LT, BN ES AT
b, 77 AF v —IIRBEERIITIEMHERESN
7o F7, FEEEBEEE BV CHERRES AT R
TLHERSOETEFHO M IZTLAZEICEY, &
sl LR OS2, HILFISEEE DS EFE~DOTBH O
HREMEIC DV T A HIRET L T & 20,

5. 82

FoATNV=YRAhOI5 S - BIEROEEE
FZICHS L, E5ICF0RBMEITV, FOHAL
BB IIOWTHRE L, LFo L) iR 2E.

(1) HAMEEOEHITRAEIZH Y, T pH L
5.0, EHEEEIZ0CTHo7z. 2O s, ik
FHOMHMOER CABRIIBEHTLIOOLED
7.

(2) MHHHEE —-20CT1 7 ABHEEEL THEE
THY, AREZDOLODH 9% DIHEMESREFEI N
Tz,

(3) HMHEOaI 75— BIERITHEESH -,
WE L, 2%y, BFE wra-XoEl, 54
T TN E YT

) Fus#Era< b5 7 1 —OBEBMEDS,
AEZEOSFRIIF52kDa EHEE SN, iR
® SDS-PAGE T3y 60 kDa OB i2 254 F — BiE
WAk HTLHE—NY FHEBRHE SR,

(5) HBEEEO 277+ —EBiHEHIE, 100mm O
EDTA ORI & o TEB LB IERDO SN o7z

(6) FEMBEEO T+ — i, HgClyiz kb
BHEIN, PATAVICEDZOREFEELL. 2
DZEMNLSHBETHAZENEZ LN,

(7) BEBFEITOTFT7 - YiEREY RS o,

8) FATINV—y 1B EEE 138ug o
S —ERE IR TV

Mbyiz, AMIRICELARZZBE, JREE2W
7:72& T LICHRARFEER T TEYFHREDRR
B IR L ET.
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