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Fig. 1 Inhibition spectra of squid liver protease.

The inhibitory effects of various inhibitors on the digestion of
myofibrils by squid liver protease were examined. The
concentrations of the inhibitors used were listed in the figure.
The digestion was performed at 20°C for 20 min. The added
inhibitors were shown by the mark of (+) on the top of SDS
PAGE patterns.
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Fig. 2 Comparison of the digestion pattern by three types
of proteases in squid liver.

Carp myofibrils were incubated in the medium of 0.5 M NacCl at
20°C with squid liver protease together with none (A), EDTA
and PMSF (B), E-64 and EDTA (C), and E-64 and PMSF (D).
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Fig. 3 Separation of the fragments by salting-out with
ammonium sulfate.

Carp myofibrils in 0.5 M NaCl were incubated with squid liver
protease together with combination of inhibitors at 20°C for 20
min. (B), (C), (D) are the incubation systems corresponding to
(B), (C), and (D) in Fig. 2, respectively. The digest was
separated by 40% saturated (NH4),SO4. S, S+ATP denote the
fractionation without ATP or with Mg-ATP, respectively. D
through @ are the bands detected. S-1, rod in (CT) are
Chymotrytic S-1 and rod, respectively. (Mf) is the fractionation
for the undigested myofibrils.
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Fig. 4 Ildentification of fragments in the digests by western
blotting.

The same samples in Fig. 3 were used. (B), (C), and (D) are also
the same as in Fig. 3. (CT) is the cymotryptic digest of
myofibrils. (S), (S+ATP) are also the same as in Fig. 3. Bands
@D through @ are the same as in Fig. 3, and @ to @’ are
new bands detected here. (i) and (ii) are bands visualized by
staining with Coomassie Brilliant Blue and immno-staining,
respectively.
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Fig. 5 Inhibition spectra of the squid liver protease at 37°C

The same sets of experiment as in Fig. 1 were conducted by
elevating the reaction temperature to 37°C. The inhibitors used
were on the gel patterns.
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FIXFEF /N Sh o7, F7o, PMSF IZH EDTA LD5@
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Fig. 6 Comparison of the digestion pattern by various
types of squid liver protease at 37°C

Digestion patterns at 37°C was compared. (a), (b), (c), and (d)
are the patterns without inhibitor, with E-64 and EDTA, and
with E-64 and PMSF, with EDTA and PMSF, respectively.
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Fig. 7 Effect of NaCl and KCI concentration on the three types of protease activities.
(closed circles), (squares), (open circles), and (triangles) are the activities without inhibitor, with E-64 and EDTA, and with E-64 and

PMSF, with EDTA and PMSF, respectively.
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Fig. 8 Lipid binding abilities of the hydrolyzed product of myofibrils.

Myofibrils were digested with crude enzyme at different extent. SDS-PAGE for the products were shown on the left side of the figure.
Mf, LMP and HMP are the myofibrils used, hydrolyzed products with high and molecular weight, respectively. BPP and EW are
bovine plasma protein and egg white, respectively.

-202 -



0545

Regulation of squid liver protease by the combination of salt and minerals

Kunihiko Konno (Faculty of Fisheries Sciences, Hokkaido University)

Summary

We utilize only edible muscle part of squid as food. Viscera are discarded as an industrial waste.
It is well known that squid liver contains various types of protease activity. The purpose of the research
is to characterize the degrading ability of the protease in squid liver aiming to utilize them as useful
bioactive enzymes. Muscle protein of fish (myosin) was used as a substrate for the enzymes.
Cleavage pattern of myosin by the enzymes were studied by changing the digestion conditions. Lipid
binding ability of the digestion products was measured to test the possibility as the food functional
additives.

Squid liver contains three types of protease, cystein- (CP), metallo- (MP), and serine-protease
(SP) as revealed by the inhibition test. A mixture of three inhibitors for the respective enzymes
completely inhibited the digestion by the crude enzyme. Digestion pattern for each enzyme was studied
by eliminating one out of the three inhibitors. MP showed the highest activity cleaving myosin at near
center. CP was less active than MP.  Digestion patter for CP was less specific producing enormous
numbers of short peptides. Activity of SP was the lowest among three enzymes. Cleavage site by
these three enzymes were studied by using ammonium fractionation and Western-blotting method of the
products. All of enzymes preferentially cleaved roughly at the center of myosin molecule in an early
phase. Elevation of the digestion temperature to 37°C promoted the digestion by CP. Contribution of
MP became less at high temperature. Consequently, major products at high temperature were short
peptides mainly produced by CP.

Effect of salts (KCI, NaCl) on the activity for the three enzymes was further studied. Activity at
0.1 M was low, while increased with increasing salt concentration to 0.3 M-0.5 M when crude enzyme
was used. The concentration was one for dissolving myosin by salts. A further increment of salt
concentration rather inhibited the activity. CP and MP both showed a high activity in the presence of
NaCl. KCl inhibited the activity of CP, while the activity of MP was not. Increase in neither NaCl nor
KCI concentration increased the activity of SP. These results suggested that the size of the products
would be regulated by controlling the type of salts and their concentrations considering the properties of
three enzymes.

Lipid binding abilities of degraded myofibril proteins with different sizes were studied to
examine the possibility to use as functional food additives. Irrespective of the sizes of the products,
both hydrolyzed products bind soybean oil. The product with long peptides was superior to one with
short peptides. The ability was much better than that of egg white.
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