J. Rakuno Gakuen Univ. 18(1/2): 5~12 (1993)

Amy ITmTFT - ¥OHRE L
AW a7 BTk 4 5 4FH

AT E AT R E ST H D Zakeaa™: & & 3 E7

Isolation and Partial Characterization of Protease from Melon Fruit
and Its Proteolytic Action against Myofibrillar Proteins

Makoto IsHIOrROsHI, Hirofumi TAkEDA, Hilary D. Zakpaa
and Kunihiko SAMEjIMA

(June, 1993)

" ]

BADREIIFIFRBERC L > TREI N DD,
BOTLEIXLL » L b EELRFO—DTH D, AD
BRI FCZO0ERIC X - TRESh B, TO—D
IR ORERBORLBECL DL DT, Mihe & biz
MANOEESHMOERTTH D 2 7 —4 » HidEr ¥
L, 37 —% v fo i L CiHn oty ot &
5 TR B BERTIRA Do, BIIHEL 85D, #
WFRHBOUIBEL PEMBEN S B DL, O X5 el
ZXDLDTHD. bH—20EAL, PIFRBHEDORY
T4 72V PEMNNT 4 5 A PEBERLTWS, 32
YVET I F Y DEDETH D, LR LI-FKEDOHA
IIERBEEAR LB b, ChUXIAvy v &T2F
v HVEREICRE & LT, HRAAMRT 5720 TH D, BF
DOFAE Z Dk, FARlE V5B A THIRRHED Z
PWEEHELI=DD 34V v T 7 F v LD E -
), Zbmnlich, BRALLTHBAEhD, LrLEK
DB CRER, FHEOHH, W&, W, €k U
WO, &HBeL ORIk HERE X F X FER
ZX TRt 5,

BORETELALTEIZE, WEORERERD 200
IBEE S RIBGRR (a7 T —¥) THBTD
HiEnd b, RADHILZ IR ENRD 7 FT —+
ELTE, %4 YO DLRBINI Y Y iiH B, /Y

24y IEERREEOE, KO pH PRETEE
75, DB, BT a7 T—¥THD, Ll
A DZOWEIICREE TS, v BADRE
DFBHIEL, BILOBEIEATED 235 5%,
Fhilic, BMEOBERED & v 7 B RN B
THL57, BABLHELTRED T 0T T — €55
REhIUE, EEFRE LS RERHEDE 5 OBRF
i LN e

PR AREEF OB T 2 B PR T, T2
R W FVRBOTaF 7 —EEEANHALI, ~NF
NVABDTAAY) T TR E—EX F 7z Takagi 512
DEENDH Do LK AXZIFLERREEOS 0T T~
EHHN, TOENTHFIATA—VILEENE T 0T
7T —ENEETHDH LELTWH), b icdbimEE
DOREFZEB L TCHELXT MR, Aoyl
BFT—ENEERDENHBILI,

ARETIE, 2o ViZEFEND 7 07T —¥OHiLE
IUGEEHERHL LT, TOWEXBLLCTHE L
Lic, BAKIEHE L COREELYBETLDIT, 4
oy FaFT—wOMEBRES Y VBN THEREY
3 AN A

RMMHEIURE

1. RRHHCEE
Aehir, FETREBRESG,»LREEZIIFEK

* AAEEHIE L TD A ey FaFT —+ EEBFEAY - RGRER JCGETIT SO G RRET
Department of Food Science, Rakuno Gakuen University (Ebetsu, Hokkaido, Japan).

BN —FKE - REREEH

Department of Food Science, University of Ghana (Legon, Accra, Ghana).



6 FTEA « REWEAS - Ho D. ZAKPAA « BB I

ER X O E N #THEEIRIERD » a v &)
Lice £ ¥ ¥ HBERMNET DD T aT4 Ty
A4 @@L, NAF Ty FEMLEA LI, TOMDOR
EIEHEFRMYFEA L, '
2. ERBREF &K
2.1 7e77—-€OMHEHORE & 5E

oy T T T — £ ORI o g R et
S8, EAOBHETHMEEZT, TOLERELED
EUEEXE LI, * ey ORAERECLTL288D
BHLCHBE R Y M, I+%—ThevFr 4L
720 4°C T 3 R, #98,000X g T 15 5 fHhE L
LT LEELBOBEELXMEL, EOT 8O LF ke
HTHENRTROEREOEEXET LIc, WROEHER
ETE, RO RELSEEOBEBANE YL, tEY
FA4 XL TER LI, EHREDIDDRIGE, &Bg
ZERED 04% h+ 4 v, 40mM 3(N-Morpholino)
propanesulfonic acid {MOPS, pH 7.0) #E&L T,
35°C CfTotze FEERD10% TCA OEHITRIGEE
IEL, @D 280nm OB KELPIE LI DL SIT
LG, ERERCR b @\ G 8 b h e i i & (6 4
LT Amryhb7rarT —Eihil L. e
LTS5 fafie i X 5 EHEET v ==y 2%z
THBEL, UL #8,000xg, 155/ il 5
Bz X DT, RV REOKBKCEEL, 0.3M
NaCl EE L CHEET ¥ & =9 akfRicik, LLTFD
FERRITH -,
2.2 Fu77—E0OiENNE

2 aynbiil, FELCY a7 T —E¥0WEXHL
METHIDE, HE4 v R HEEL UTE 4 DRE, pH,
NaCl BECEAEXHIEL, ZEHE&MLO NCREREY
Pt RIGE O MR 0.2% A ¥ 4 v, 20mM &
W, BEHRE v HCKTAEEO]E 1:50 & Lic,
RICFRE&ED10% TCADHEMTEILL, BE®
280 nm DEIE AR BE Lz, EHX 154, HEEK
2V 2B 1mg ¥ ORFKED LRKTE L,
2.3 1AV Yy RIVHEGHEOTR

1A v v EHIEBHEIRREENND Perry? b T
iZ Knight and Trinick® OFETFhFRBERL-,
2.4z BBEONE

SELIz vy FraFT—€DZy 2 BEEL o
FAVT v 24 ®FAVT, 4y v PR HED 4
vt BOBEIIE . — Ly MED THIE LTz, 82
BHEMBET VT I Yy AV,
2.5 SDS-®YT 7 YAT I FAFALERKE
AavhbyBLl o T T—ILXbHIZdv b

VN THIR B & >~ ¢ 2 B0 #EA R X Laemmli 0
WD P> TSDS-£Y) 72 Y 0T 3 F¥ VEKHKET
ANtz TRTFT —REHTB LA v b URHRR
HeD 5 v ) BOHE 1:100 k LT, NaCl 2 (0.6 M,
0.15 M), JiEE (35, 0°C), pH (6.0, 7.0) #Z % TRIEx
fivs, & v e VB ORRHO A (LR 756~25% 75 Y
TV VT LT,

2R B R

1. 7aF7-Eomt

EMNDHERAEVS AWEDBMND, Yo7 T~
DB EDOERITIE, REEPHRER, Mikics s
ERTHUEND D, F 4Bk AECBER OB b
BT ZZTETKTOMBERAARIA, s uySa
7T —EEKTHE LSS, LECHEIhZE R
LG RO 215D T 40% THotz, X F X F
TeiBE ARG LSS, NaCl@EEo R E & 4z
Lo a7 7 —wiERNE D, 0OMU ETH
907 MMM I D Z LW L (Fig. 1), $7cbb,
AnyORKDLY2ED0IM NaCl %z T2 D
T, DT 0 FT —HiiELF 03M L ED NaCl ¢

100

o——0
g —, /
E S~
S 50
5 o
2 |o—
. *—o
0 1 1 1 1 1
0 0.3 0.6 0.9 1.2

NaC! CONCENTRATION (M)

Fig. 1. Effect of NaCl concentration on the
extractability of protease from melon
fruits.

The melon pulp was homogenized with a half
volume of various concentrations of NaCl and
centrifuged. The activities of supernatants and
precipitates were expressed as relative values of
the total activity before centrifugation.

O, supernatant; @, precipitate.
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Fig. 2. Effect of temperature on the proteolytic
activity of melon protease.

Reaction mixtures containing 80 pg/ml crude
melon protease, 4 mg/ml casein, 0.15M NaCl and
20 mM MOPS (pH 7.0) were incubated at various
temperatures.
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Fig. 3. Effect of pH on the proteolytic. activity
of melon protease.

Reaction mixtures containing 80 p#g/ml crude
melon protease, 4 mg/ml casein, 0.15M NaCl and
various pH of 20mM buffers were incubated at
35°C. The buffers used were citrate (pH 4.0 and
5.0), phosphate (pH 6.0 and 7.0), MOPS (pH 7.0),
Tris-HCI (pH 8.0 and 9.0), carbonate (pH 10.0 and
10.5) and NaHPO,~NaOH (pH 11.0 and 12.0).
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Fig. 4. Effect of temperature on the stability of

melon protease.

Crude melon protease (3 mg/ml) in 20 mM MOPS
(pH 7.0, O) or carbonate (pH 10.5, ®) was prein-
cubated at various temperatures for 30 min, and
the remaining activity was then measured at pH
7.0 and 35°C. The other conditions were the same
as in Fig. 2.
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Fig. 5. Effect of pH on the stability of melon

protease.

Crude melon protease (3mg/ml) in various pH
of buffers was preincubated at 35°C for 20 hr, and
the remaining activity was then measured at pH
7.0 and 35°C. The other conditions were the same
as in Fig. 3.

6 -
€ o} 0O 0
£ /
r)
£ O
<4k /
[}
< O
g
>-
E
> 2,
-
Q
<
0 1 L ] 1
0 0.2 0.4 0.6 0.8

NaCl CONCENTRATION (M)

Eig. 6. Effect of NaCl concentration on the
proteolytic activity of melon protease.

Reaction mixtures containing 80 ¢g/ml crude
melon protease, 4mg/ml casein, 20mM MOPS
(pH 7.0) and various concentrations of NaCl were
incubated at 35°C.
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Time course of hydrolysis of myosin by melon protease.

Fig. 7.
Myosin (5 mg/ml) was incubated with crude melon protease (50 /zg/ml) in 0.6 M
or 015M NaCl at pH 7.0 or 6.0 and 35°C. After an appropriate interval, an
aliquot was withdrawn and the reaction was stopped by the addition of 10%

SDS and heating at 100°C for 5min. Arrows indicate two main digestion
products of myosin heavy chain. MHC, myosin heavy chain; LC1, LC 2 and
LC 3, myosin light chain 1, 2 and 3, respectively.
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Fig. 8. Time course of hydrolysis of myofibrillar
proteins by melon protease.

Myofibril (5mg/ml) was incubated with crude
melon protease (50 zg/ml) in 0.15M NaCl at pH
6.0 and 4°C (upper gel) or 35°C (lower gel). After
an appropriate interval, an aliquot was withdrawn
and the reaction was stopped by the addition of
10% SDS and heating at 100°C for 5min. MHC,
myosin heavy chain; A, actin; LC1, LC 2 and LC 3,
myosin light chain 1, 2 and 3, respectively.
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Crude protease was extracted at a final concentration of about 0.3 M NaCl from melon

fruits harvested in Hokkaido and isolated by 55% saturation of ammonium sulfate.

The

proteolytic activity of the melon protease had an optimum temperature of 75°C and pH

of 10.5, and was stable at a wide range of temperatures and pH levels.

Under conditions

similar to meat (0.15M NaCl and pH 6.0), myosin heavy chain (MW =200,000) was split by

melon protease into fragments of molecular weight 100,000 and smaller.

The MW 100,000

fragment was not hydrolyzed with a prolonged digestion period. The digestion rate of

action was slower than that of myosin under the same conditions.

Melon protease
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hydrolyzed myosin and actin, myofibrillar proteins which are significant factors of meat
toughness, without causing extensive degradation of myosin. These findings suggest that
melon protease is promising as a meat tenderizer.
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