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Abstract

A protease, actinidin, was isolated from Cheju kiwi fruit Actinidia chinesis. The enzyme was purified
about 8.5 fold with the yield of 25% by column chromatographies of DEAE-Toyopearl and Sephadex
G-100. Purified enzyme gave a single protein band on polyacrylamide gel electrophoresis and its molecu-
lar weight estimated by SDS-PAGE was about 27,000. The optimum pH and temperature were 7.0 and
40°C, respectively. This enzyme was stable at the ranges of pH 5.0~9.0 and below 50°C. It was also foun-

d that Fe™?, Fe™, and Na' ions increased the enzyme activity, whereas Hg

2 and Co™ ions decreas-

ed. The enzyme was inhibited by phenylmercuric acetate and leupeptin, which indicated that ac-
tive center of the enzyme had thiol-group. The enzyme reaction followed the Michaelis-Men-

ten kinetics with the Kn,

value of 0.32 mM for casein.

Key word : kiwi fruit, actinidin, purification

x

R § 0= Chal g é
peptide bond9] 7HR5E
g, 4 2 A0l
213l Thup i
Z219 o] AJIE AL 2 0]
ou}%}s FEBEA NG =

T
A) 3% T2
2 ANEF

719 e]

L=

0\

HH

(J

E=N

S A

Bl

e X)Xk

)t}
Z]\__ —v?é
)

milkweed?,

M EZH Fol] ZAFt
FEAE ZOEY AR

A, A ol del
ot A ofFHe] o
WE5) A
euphorebia®} 7+ 4 719] 4 E 3 pine-

apple®, creal® &

=

= peptided] #Hg3}o]
e Hulsts g4h84 &
, A15-9] s,
v ’\Sihﬂ AgA 54

_Q.
[

% o]

= fig¥, papaya®,

Corresponding author

: Hyung-Joo Suh

THAb}] A Bl A s
B g9 SH 712 71x1] pH 7 o]&}o) Al e
I 8 /84 (milk clotting aCt1V1ty)v§ 7}
% -SH /1 ¥x] 931 pH 7 o] Aol A 2 A gAY
okl FOo 7 L‘}HO]ZIE} 1=
=49 Xﬂ Ao] =3 60~T70C
ez AT,

Agz Aot 25
B}, Figel M 32
collagen% uu}.;?: ES

o
H= g
a2

F’,J 031-{

N

it

.
sy
L
=

=3

Hg

’—L

i

’“{

_O,L
rir

o
o
kel
=3
=]
i)
o

2 ®&fste, papayadlA F

actin®} ¥3j 7} sk, o
7 M gxels FHAA
7R E AR de] ARE ojF, olut

N
it
9,

fol - jm

2 B
Ho e ox o M 2 ¢

=



83 27 Aed - M5 -

ZFgolt wH ZHEe] dAslelw o 8% oA fish

saucedl] H7lsled &4 wE Soll F2 38 B
ATHY 719 Griell A FEEW Tl aad
actinidin® -SH 7]& 7k thiolAle] Gl Es| Eh=

A] papain, bromelain, ficin, chymopapaing¥ %
2 groupdl &3k ohE V]He] GA2Ae= Stre
ptococcal proteasev} cathepsin BEo] Sith. o}
& gA5e 2oty or H5g 548 7k S
om FEHoRE wle FARIRY. ZEAN A
actinidin®] 4L fig, pineappled]A] FEF R
Zgidu ﬁ“*il% ok L‘C’U% papayacﬂl* 2

Z
E
ﬁ
o
e
41
‘H
:L
gi
o
s
o
S
ox

= 3

1.y =

Sephadex G-100% #F& #z}% 32 Phar-
macia LKB Biotechnology(Sweden) &2 R-E] F*
sty oy DEAE-Toyopearl 650Ce Toso Co.
oA FYate] AHgsirt 9] 48 Aok
ko x}e-shsdnt, 7)1 Evll (Actinidia

chinesis) = AT A 19 A&

(Japan)
& 17 o] Alel

2. T AL H|IZE

1 kg9 7191 ¥l 5 mM cystein # 2 mM
EDTAEZ a2 715 20 mM <14k $+5-94 (pH
7.0) 2,500 mig #H7tsted #AE3F AR F 12,000
rpmel| A 3087 QARG E Fedg 2EANS
2 ARE3FATH

3. 42| ™A

l) Acetone 2!
GAacl 250 miol 750 mle] SR ES 7iahe] 1A
_‘

|
WA % R AAY BE AdEe BURE

=

3te] acetone powderZ | Z3s13ich.

2) DEAE-Toyopearl 650C column chromato-
graphy

800 mg@] acetone powderE 20 mM 13+ 25
Lol (pH 7.0)°l = DEAE-Toyopearl 650C col-
umn(2.5x28cm) ol 743 T £A &5 gHoz *1]
2 ste] v] 52 285 2283 0~500 mM Nall =
st 1 ml /min 52 %319 {z}
A w92 selad 3 Amicon Co. PM-10)& ©]&-3}
o F&3A

HEEaE ol§

3) Sephadex G- 100 chromatography

20 MM <Ixtyg &89 (pH 7.0)02 HIsid
Sephadex G-100 column(1.8 X 60cm) o 5‘7%1 &
B R —’F"‘ & Ed gFdoz gml /he] HEZ &

z ¥83)

i&m
£

4. HEFEE A0 BMET

s 48 Minami®Hhgol o) S

Caseing 14443 ¢h3=gl(pH 7.0)l 1.2% =7}

3ted 712 3 ml, 0.15 M cystein 0.2 ml
°|& 1083 WA £ 0.1 ml

7¥ste] 35cell Al 10831 vh-g-A17]
44 M TCAgN o = ukg-8 A3l 2087 WA &
2,800 rpm(2,000X g)oll %] 108 Y2 st 275

nmell A F2EE skt of Wl 1 units tyro-

sineg EFEE=Z 1mi¥ 6;510“ o] 183 Airale
product® g = gt

5. CHEIof X2k

a4 A Y Fof vhwF A3 280 nmell M F
PBe g 23 FAS o vgAd L 93 9
o] Auke Lowrysol] ]3] bovine serum albu-
ming FEER 2 sk 24t

6. M7 H&

719 SR} g0 A 75 ER1s5t7] A7 A

7.5% polyacry-
-glycine €58 (pH 6.
AEs ‘3]'91‘4. E215Ee Weber' ¢



Vol. 7, No. 2(1994) A FEAF 719 M Eel g

Hhlof ]3] SDS-polyacrylamide gels o]-&3t] 3
F el albumin(68000 Da), egg albumin
(42000 Da), pepsin(35000 Da), trypsinogen(24000
Da), @-lactoglobulin(18500 Da), lysozyme (14500
Da) 7} v)aste] &3 sHAct,

axn 3 oF

1. Z4e MA|

EE"Q‘!:—% OP*ﬂE sl d& dites =t 2
Hj %O}Z i 2 71%9] AxE Jeplen oA
DEAE- Toyopearl 650C columnell <}aj
A3} Fig. 13 zo] olg3 &84 200 mM
NaCloll g8 &% a4 4o e 85 durh
gAo] Ue peak - Sephadex G-100 column
chromatography & H13 A% Fig. 20419} 2]
protein ¥ &4 gAdo] AX &tz shite] peakE U
o AAw7}t 8.5 S 3¢S 25%0]th

FAM=A 719l & {2k 38, Sephadex G-100
=2 DEAE-Sephadex A-50° <ls # x| daxct

Ml
for
@
iy mlo

Tha =2 10.980] AALZ9} i F 7% s
o Hasl o,

A QEE #1s}7] 98l polyacrylamide disc
gel electrophoresis® #3F A3} (Fig. 3), A719%
— 4 700 T - 560
s] .'

. J600c = -
E E Jwe |
ST ds00 2 2'
oY1)
E ERN

. “©0 o, g
g e E
3 o 5 e O
£ ° )
9 200 % <Z‘S
S 2 de
. 00§

g
)0 A Jo

] 50 100 150 200 250 300

Fraction no,

Fig. 1. Chromatography of actinidin on DE-
AE-Toyopearl 650C.
The column(2.5x28 cm) was eluted with a linear
gradient from 0 mM to 500 mM NaCl in 20 mM
phosphate buffer(pH 7.0) at a flow rate of 1
ml /min : 5 ml fractions were collected.
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Fig. 2. Chromatiography of actinidin on Seph-
adex G-100.
The colum (1.8x60 cm) was eluted with 20 mM
phosphate buffer(pH 7.0) at a flow rate of 9 ml /h
: 3 ml frations were collected.

Fig. 3. Polyacrylamide disc gel electrophoresis
on the purified actinidin.
Purified enzyme were subjected to electrophoresis
with 1% polyacrylamide gel in Tris-glycine buffer
(pH 6.8) system, After running at current 5 mA,
the gel was stained with Comassie Breilliant Blue,
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Fig. 4. Determination of the molecular weight
of actinidin by SDS-polyacrylamide gel electrop-
horesis.
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Fig. 5. Effect of temperature on the activity of actinidin,
a) The enzyme solutions were treated at various temperature for 15 min. After heat treatment, the en-

zyme solution was immediately cooled in ice-water. The remaining activity was measured with casein

as substrate after incubation at 35 for 10 min.

b) The assay was done under the standard conditions at various temperature.
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Fig. 6. Effect of pH on the activity of actinidin.
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a) The enzyme solution was incubated at various pH for 24 hr. The remaining activity was measured on

casein.

b) The assay was done under the standard condition at various pH with hemoglobin pH 3~7, casein pH

7.0~11.0

O— O : Citrate buffer (pH 3~6), v — < : Phosphate buffer (pH 6~9), [J—J : Carbonate-bicarbonate

buffer (pH 9~11)
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Table 1. Summary of purification step on actinidin

Step Total protein Total activity Specific activity Purify Yield
(mg) (unit) (unit /mg) fold (%)
Crude 3402 16274 4.7 1 100
Aceton
fractionation 917 11592 12.6 2.6 71
DEAE-
Toyopearl 188 6506 34.5 7.2 39
Sephadex
G-100 98 3994 40.6 8.5 25
Table 2. Effect of substrates on the activity 3}etEo) thak J3ke HES A5 Table 4), phen-
of actinidin ylmercuric acetate} leupeptinel 2}3) Eﬁ:@’“o]
Substrate Relative activity (%) 3] A= AoZ wol 7]9] chlEs]gAh
Casein 100.0 35-9ell thiolZl1& 7H= 498 ¢+ ‘El‘iiﬁ‘r
Hemoglobin 21.0
Elastin 35.6 5) KnZt
Collagen 20 7149 caseine] FEE Bzl RANSEE
ISP! 31.3 = - ) e "
= —‘— __1: & A o)
Wheat gluten 63.4 S5t 71d el i B £ Asks o
o2 FAIE Fi Kngka mMOoZ
' ISP : Isolated soybean protein. 1% dFig. 7), >
a7 e 714 Solde uAlrh Au4 vz
Table 3. Effect of meatal ions on the activity of actinidin
Relative activity (%)
Metal ion Compound
10~*mM 107'mM 1mM 5mM
NONE 100 100 100 100
Cu?t CuSO0; - 5H0 100 15 13 N.D
Co?t CoCl, - 6H:0 120 75 N.D N.D
Fe?* FeSO, - 7TH0O 172 73
Fet FeCl; - 6H-0 166 126
Na™* NaCl 117 97
Ca?t CaCl, 93 85
K* KCl1 132 112
Hg?t HgCl, 55 N.D N.D N.D

N.D : Not detected
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Table 4. Effect of inhibitors on the activity of actinidin

Concentration

Relative activity (%)

(mM) EDTA! PMA? PMSF? Leupeptin Pepstatin
Control 100 100 100 100 100
1073 102 50 125 68 105
1074 95 50 119 26 104
107° 95 N.D 114 N.D 96
1072 94 N.D 90 N.D 92
107! 93 N.D 85 N.D 87

U EDTA : Ethylendiaminetetraacetic acid
3 PMSF : Phenylmethylsulfonyl fluoride

4.0 ¢

Fig. 7. Lineweaver-Burk plot for hydrolysis of
cassin catalyzed by actinidin.
K., value : 0.32mM,

Az 7} wol ARR-E| 1L 9lE bromelain® 9] casein
o 3t A3 (K,=0.57 mM) Ht} %& 7138 238}
E:l_O_E E}

2 o

AF 719olA] FE A I Ea 54
S Al B a4 5 DEAE-Toyopear!l 650C,
Sephadex G-100 chromatographyell <&l 45+
o gAde 858 Fleta 482 25%01rt. o]

fisE 40T, pH 7904 HolEHe Jehhsle

2 PMA : Phenylmercuic acetate
N.D : Not detected

30~50C, pH 5.0~9.04tololl A by 8lil Kngta
32 mM, A& 27,0002 F3 o) T3 Hg™,
Coro) ol o8 &#4do] M= phenylmercuric
acetate, leupeptind <]sll AHsYEEZ FHA]E9 o)
thiol7]1& 2ty Aoz F4 = oixr},
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