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Activity and Distribution of Protease in Kiwifruit during Ripening

Fumio HasHiNAGa, Tetsuro Fukunome* and Saburo 1Too

(Postharvest Physiology and Preservation of Fruits and Vegetables)
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Effect of pH on the protease activity in
kiwifruit.

Fig. 1.
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Fig. 2. Effect of temperature on the protease activi-
ties in kiwifruit.
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Fig. 3. Effect of temperature on the stability of

protease activities in kiwifruit.
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Fig. 4. Effect of pH on the stability of protease
activities in kiwifruit.
O——: KFP-1, @—@: KFP-II

SRA A OB, Table L ITRL-L D IZIHEE
FEbAg", Cut " Hegt DL 5 TIHHAE S R,
KFP-11 132 512Zn" ", Cd* Y 12k » THFHEMAHE
LT L.

RECLB2EE: ¥4 70—y - TUTT—E
oty rouw—%a) - ZBER, £/ 3 - MM

Table 1.

Effect of metal salts on the protease
activities in kiwifruit

Relative activities (%)

Metal salts (1 mM)

KFP-1 KFP-I1

100 100
MgSO, 98 108
CuS0Oy, 6 16
Ni (NO3), 88 92
Co (NO3), 94 103
Pb (NO,), 97 86
Mn (NO,), 101 95
AgNO, 0 0
SnCl, 101 99
ZnCl, 99 36
CaCl, 99 80
HgCl, 0 5
Cd (NOy), 88 5
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Table 2. Effect of various compounds on the

protease activities in kiwifruit

Relative activities (%)

Chemicals (1ImM)

KFP-1 KFP~-II

- 100 100
2—Mercaptoethanol 95 158
Potassium cyanide 117 118
EDTA*! 111 99
L.—Cysteine 171 112
Monoiodoacetic acid 5 11
PCMB (0.01 mM)** 30 11
TPCK (0.01 mM)** 103 100
TLCK** 94 83
PMSF*® 103 108
Trypsin inhibitor (0.1%) 104 107

*! Ethylenediaminetetraacetic acid

*? p-Chloromercuribenzoic acid

** N-Tosyl-L-phenylalanine chloromethyl! ketone
** N*Tosyl-L-lysine chloromethyl ketone

** Phenylmethylsulfonyl fluoride

Table 3. Characteristics of kiwifruit at various ripening stages

. Average Refracto- Titratable acidity (%)* Protein (%)
Stage of weight of Flesh meter Ti T Ti

o ani . issue issue

ripening fruit hardness value Core  around the Flesh Core  around the Flesh

(g) (kg/cm®)  (Brix) seeds seeds

Unripe 71.3 2.99 10.3 1.76 2.83 2.89 0.83 1.15 1.15
Ripe 1 65.7 1.45 13.3 0.75 151 1.60 2,07 2.16 2.17
Ripe 11 63.4 1.11 13.9 0.75 1.60 1.54 2.03 2.13 2.38
Overripe 69.9 0.61 13.2 0.74 1.46 141 1.73 1.78 2.11

* Expressed as citric acid percent
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Fig. 5. Protease activities at the different parts of
g I
kiwifruit during ripening.

y——(): Core, @——@: Tissue around the
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Summary

During the fruit-ripening, studies were made on protease-properties and its distribution in kiwifruit
(Actinidia chinensis Planch.).

In the kiwifruit protease the pH optima were fixed to be 3.9 and 6.5 respectively: with the
designations of the former as KFP—I (Kiwifruit protease-1), of the latter as KFP—II. The temperature
optima of these enzymes were ascertained to be 40°C and 45°C, respectively. In the pH range 6 to 7
most stable were both enzymes, below pH 2 inactivated, completely. Up to 60°C was stable KFP-I;
up to 40°C, KFP—II; at 80°C inactivated completely in both. The inhibitors of the activity of KFP-1
were Ag™, Cu™ and Hg* ™, those of the activity of KFP—II being Ag™, Cu™", Hg**, Zn** and
Cd**. Common serine protease inhibitors hardly affected both enzymes, though sulfhydryl reagents
affected both of them. KFP-I activity was enhanced by cysteine, while KFP—II activity by
2-mercaptoethanol.

[t was in the core which was relatively constant during ripening that the low levels in the activities
of proteases were detected. In the unripe fruits, the activities of both proteases in the flesh were noted
to be slightly higher than those in the tissues around the seeds. In the activity of KFP—1, a marked
increase was observed in the flesh during ripening, whereas a decreasing was noted in the flesh around
the seeds.



