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- INTRODUCTION

Kamaboko is a traditional and special fish jelly-
product of Japan, which was described in a literature in
the Heian period, the 12th century.l) The making'process
0f Kamaboko is as follows; at first fish meat is ground
with 2-3 % table salt to make meat sol, and then the meat
50l is heated up to 80°C of more. The resulting gel is
kémaboko.'lt is very etastic just like rubber and has a
unique texture which is never seen in mammalian meat gel,

Ih the heating process of the fish meat sol, two
chérécteristic'phenomena are observed. The one is so-
called suwari(ge]ation)~phenomenon'observed in the lower
temperature range between 20 and 50°C. Suwari-phenomenan
is considered to occur due to that actomyosin is cross-

2-4) by heat to make three dimensional network in

linked
which water is trapped. The strong elasticity of kamaboko
is attributed to this network structure of actomyesin. The
other one is so-called modori(thermal gel degradation)-
phenomenon which observeéd sometimes in the temperature
range between 50 and170°C. Once this bhenomenon occurs,
such a eLastic kamaboko gel becomes frail just like normal
cooked meat and loses its commercial value significantly.
Therefore, the modori-phenomenon is a troubled‘problem'}of
the fisﬁ—jeI]y'indusfry. ' |
Regarding the characteristics of modori-phenomenon
many things have been revealed, for example, this
phenomenon occurs at 50—70‘@,5'6) and its occurrence
depends on fish species7), season, fishing ground and
physiological condition of the fish.a'g) As to the

mechanism of this phenomenon, roughly four‘hypotheses have
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been built up so far; modori-phenomenon is caused (1) by
the thermal denaturation of proteins and the’subsequent
dehydration from three dimensional protein B . ‘
network,3'5{10"12) (2) by the non-enzymatic modori-
inducing proteins which exist in the‘sarcop]asmip
fraction,13f14) (3) by the modori-inducing protein

which associates with myosin,lB) and 4) by endogenous
proteinase(s).ﬁfls"zz) Among these hypothesee. because of
the facts that modori-phenomenon is repressed by the
20,23 4n4d
23

addition of some Kinds of prOteipase inhibitor
accompanied by the_degradatiqn_o£ myosin heavy chain,
it is most likely that certain.proteinase(s) concerns this
phenomenon. Indeed, a heat-stable alkaline proteinase
(HAP) has been thought to be a most possible candidate
because of its strong casein degrading activity at 65.%C,
an optimum temperature for modori-phenomenon. 6,21,22)
However, there exist some contradictions that the amount

of HAP in muscle of a certain fish species dose not

correlate well with the modori oceurring property of the
24>

inhibited by 2 % sodium chloridé2®:26),

muscle ~and that the proteolytic activity of HAP is

In spite of numbers of studies, an established theory
have not been built up about this subject because of the
lack of direct evidence. In this thesis, the author
attempts to identify the modori-inducing factor and make

clear the mechanism of this-phenomenon.



CHAPTER 1. PURIFICATION AND CHARACTERIZATION OF A HEAT-
STABLE ALKALINE PROTEINASE

Participation of a heat-stable alkaline proteinase
(HAP) in modori-phenomenon has long been suspected because
the optimum temperature of casein-degrading activity of
HAP was well coincident with that of the occurrence of
modori-phenomenon. However, induction of modori-phenomencn
by adding HAP has not yel been clearly demonstrated.
Therefore, the hypothesis that HAP causes modori-
phenomenon has not been completely accepted. In this

chapter, some characteristics of HAP are investigated.

MATERIALS AND METHODS
Materials

Carp (Cyprinus carpio? weighing about 620 g were

killed by decapitation. Only dorsal muscle was collected
and used for the purification. The sources of other
materials used in this work were as follows: DEAE-
cellulose (DE-52) from Whatman;_hydroxylapatite from Bio-
rad; Ultrogel AcA34 from LKB} Hammarsten grade casein_from
Merck. Suc-Leu-Leu-Val-Tyr~methylcoumarinamide (SLLVY),
Boc—Leu—Thf—Arg-methy}coumarinamide (BLTR) and 7-amino-4-
methylcoumarin were,obtained from Protein Research
Foundation, Osaka. Other reagents grade chemical$ were
purchased from Wako Pure Chemicals, Kyoto. _
Measurement of beat~stable'glkaline proteinase acltivity
The hydrolysié of synthetic substrates was measured
in the feaction mixture containing 10 pl of broteinase, 22
mM KHyPO,-7.2 mM NazB4O7 buffer, pH 8.0, 0.5 mM substrate

in a total volume 0.1 m1.27) Trypsin- and chymotrypsin-



like activities were determined using BLTR and SLLVY as.
substrates, respectively. After incubation at\fixed
temperatures (30-65°) for 10 min, the increase of
fluorescence of 7-amino-4-methylcoumarin (excitation at
380 nm; emission at 460 nm) was measured by a HITACHI 204
Fluorescence Spectrophotometer. Sodium dodecyl sulfate
(SDS) was used for the induction of the activities in Lhe
experiments of Figs. 4 and 5 and Table 2. One unit of
synthetic substrate-degrading activity was defined as the
amount that released 1 pmol aminomethylcoumarin for 1 min.
Caseinolytic activity was determined in the reaction
mixture containing 20-200 pl 6f proteinase, 22 mM KH2PO4-
7.2 mM Nap,B,0; buffer, pH 8.0, 1 % casein in a total
volume 1 ml.28) The reaction was stopped by the addition
of 1 ml of 5 % trichlorovacetic acid after the incubation
at fixed températﬁres (30-65°C) for 60 min and acid
soluble products of filtrate were colorimetrically

29) One unit of

determined by the method of Lowry et al..
caseinolytic activity was defined as the amount that
caused an increase in the absorbance at 750 nm of l.b for
60 min. For examining the effect of pH (Fig. 5), 5 mM
citric acid, 5 mM KqPO,, 5 mM boric acid and 5 mM veronal
buffer adjusted to fixed pH by 1 N NaOH was used '

Pur1f1cat1on procedures

Fifty grams of minced muscle was homogenized with 200
ml of 20 mM Tris-HCI buffér, pH 7.5, containing 1 mM EDTA
and 0.1 M NaCl in a non-bubbling homogenizer (Nihon Seiki
Co. Ltd.) for 2 min at top speed. Thé'homngénate was
centrifuged at 10,000 x g for 30 min and the obtained

supernatant was used as crude extract. Carp muscle HAP was
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purified to homogeneity using a combination of DEAE-
cellulose, hydroxylapatite and Ultrogel AcA34 according to
the method of Makinodan et al..28)

Electrophoresis

Polyacrylamide gel electrophoresis under non-
denaturing condition was carried out according taoa the

30)

method of Davis and that with sodium dodecyl sulfate

(SDS-PAGE) was carried out according to the method of
LaemmliSl). respectively. Gel was stained with Coomassie
Brilliant Blue R-250 and scanned by a Shimadzu Chromato

Scanner CS-930 at the absorbance of 550 nm,.

RESULTS

Purjfication

The purification fold of the final preparation
against crude extract was 464, 350 and 186 on the basis of
caseinolytice, SLLVY-degrading and BLTR-degrading
acltivities, respectively (Table 1). This final preparation
was homogeneous judged from polyacrylamide gel
electrophoresis under non-denaturing condition (Fig. 1)
and its relative molecular mass was estimated 570 kDa
by the gel filtration on Ultrogel AcA34 (data not shown).
The proteinase gave ten bands with a relative molecular
mass of 20-40 kDa on a polyacrylamide gel electrophoretic
analysis with SDS (Fig. 2). Such high-molecular-mass and
multiple-subunit-structure showed a close similarity to
those of multicatalytic proteases (MCPs) purified from

various animal cells and tissues,28,32-43)
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Table 1. Purification of carp muscle HAP.

Step Total Total Specific  Purifi- Yield
protein activity activity cation
(mg) (units) (units/mg) (fold) (%)

Crude extract 5250
hydrolysis of

casein 730 0.140 1 100
SLLVY 1370 0.261 1 100
BLTR 1890 0.360 1 100

DEAE-cellulose 52
hydrolysis of

casein 210 4404 29 29
SLLVY 330 6.35 24 24
BLTR 400 7.70 21 21

Hydroxylapatite 6.3
hydrolysis of

casein 130 20.6 147 18
SLLVY 198 31.4 120 15

BLTR 136 21.6 60 7
Ultrogel AcA34 2.0 ;
hydrolysis of

casein 130 65.0 464 18
SLLVY 183 91.5 350 13
BLTR 134 67.0 186 7

Each activity was measured at 65°C in the absence of SDS.
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Fig. 1. Elution profile of carp muscle HAP from a column
(1.5x100 cm) of Ultrogel AcA 34.

Elution was monitored by the absorbance at 280nm(ees).
Caseinolytic (A), BLTR ( O )- and SLLVY ( @ )-degrading
activities were measured at 65°C. Inset; 5 % polyacrylamide
gel electrophoresis of the purified proteinase (fraction
number 45, 30 pg protein) under non-denaturing condition.
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Fig. 2. Densitogram of a 15% SD3-polyacrylamide gel
alectrophoresis pattern of purified carp muscle HAP.
Purified proteinase of 1.5 pg was applied on 15 X
polyascrylamide gel with 3DS. The destained gel was acanned
at 550 nm. Marker proteins: A, rabbit muscle phoaphorylase b
(M. 94,000); B, bovine serum albumin (67,000);

G,rovalbumin (43,000); D, bovine erythrocyts carbonlc
anhydrase {(30,000); E, soybean trypsin inhibitor {20,000).

Comparison of inducing effect by heating and SDS

Figs. 3 and 4 show the induction of the activities by
heating and SDS, respectively. As alread& reported,32) the
proteinase hardly showed any activity below 50°C without
any induction. The optimum temperature of the activities
were observed at 65°C (Fig. 3). On the other hand, SDS
showed the inducing effect only on SLLVY-degrading
activity, while it showed'ljtfle‘orvnﬁ indugtion of
caseinolytic and BLTR-degrading &ctivities at any
concentration tested (Fig. 4). This result is inconsistent
with the fact that azocasein-degrading activitx oﬁ while
croaker muscle proteinase Il, proposed to be the same aé

our proteinase, was stimulated by the addition of 3 mM
spg. 44) |
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Fig. 3. Inducing effect by heating on caﬂéinoiytic (A )y
BLTR ( O )~ and SLLVY { @ )-degrading activities of carp muscle
heat-stable alkaline proteinase. Assay -condition is described

in the text.
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Fig. 4. Effect of SDS concentration on the inducing effect
on caseinolytic (A ), BLTR (O )- and SLLVY { @ )-degrading
activities of carp musacle heat-stable alkaline proteinase.
Each activity was measured at 37°C.

pH dependence of the acltivities

Fig. & shows pH dependence of Lhe aclivities.
Caseinolylic ac{fvity'was”ﬁbhervéd around neulral tlo
slightly alkaline pH range, while BLTR- and SLLVY-

degrading activities were delecled around relatively wide
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pH range from 6 to 10, This result suggests that the
proteinase pfoperly jnduced_can reveal its activities
under physiological conditien. As to SLLVY-degrading
activity, SDS-induced form showed higher activity than

heat-induced one,

20F — T ¥ ¥ T 1 — 1]

BLTR~ ond SLLVY—dsgrading actlvltiss {unlis/mi)

~ Caoselnolytic acllvity (units/mD

o

4

Fig. 5. Effect of pH on carp muscle HAP.
Heat-induced caseinolytic {( A ), BLTR (O )~
and SLLVY ( @ )-degrading activities were
measured at 65° without SDS. 8DS-induced ‘
SLLVY-degrading ( [} ) activity was measured
with 0.03 % SDS at 37°9C. .

Effect of reagents

The effect of reagents on the activities is
summarized in Table 2. Antipain and leupeptin effectively
inhibi'ted BLTR-degrading activity, while chymostatin did’
SDS- and heat-induced forms of SLLVYFdegrading activity.
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Table 2. Effect of reagents on the activitiea of carp muscle HAP. . o

Reagents _ ‘ “Hydrolysis of

Capein  BLTR SLLVY

65°¢' - es5%  65%  37%"

No addition 100 100 100 100
Antipain (100 pg/ml} 59 38 78 - 78
Leupeptin (100 pg/ml) 115 16 83 B4
Chymostatin (100 jg/ml) 67 52 21 15
Adriamycin (100 pg/ml) 73 67 72 5
Pepstatin (20 pg/ml) 100 N.D. N.D. 100G
EDTA {5 mM} 60 B8 77 103
E-64 (100 pg/ml). 119 72 100 92
2-mercaptoethancl{10 mM) 85 i00 96 41
PMSF (1 mM) 90 161 148 112
DFP (1 mM) 106 180 91 96

{25 mM) 10 320 : 86 38
MIA (10 mM) .2 127 104 132
HgCl2 (10 mM) ) o] 0 0
CaCl2 (10 mM).- 103 100 } 111 114
ATP (10 mM)’ < 24 85 : 65 98
TLCK (1 mM) ‘138 71 87 98
TPCK (1 mM) 27 T4 56 2030
ST1 (2 mg/m1) 60 - 109 . 86 43

N.D., not determined; E-64, L-trans-epoxysuccinyl-
leucylamide-(4~guanidinobutane); FMSF, phenylmethanesulfconyl
fluoride; MIA, monolodoacetic acidj TLCK, N-tosyl-L-lysyl
chloromethyl ketone; TPCK,. N-tosyl-L-phenylalanyl
ghloromethyl ketone; STI, soybean frypsin inhibitor.

: activity was measured at 65°C. ¢ mctivity was measured at
37°C in the presence of 0.03 % SDS.

Adriamycin showed a;sélegtive inhibiltion on SDS-induced
form of SLLVY-degrading activity. On the other hand,
monoiodoacetic acid (MIA) and[4N—tosyl—L—phenylalany1
chloromethy! ketoné (TPCK) had markedly inhibitory effects
on caseinolytic activity. E-64 and Ca2+_shuw¢d no
inhibitory effect on any activity.

‘As already reported by Makinodan et al.49?

;. 46)

and Iwata
et al s+ 1 mM DFP did not show significant inhibitory
effect on caseinolytic activity. However, DFP at the
concentration of 25 mM effeclively inhiblted caseinolytic
activity, whereas it activated BLTR-degrading actjivity as

much as 3.2-fold. Such a: equivocal effect was also

10



observed for TPCK. TPCK inhibited caseinolytic activity as
well as DFP, but it activated SDS-induced form of SLLVY-
degrading activity as much as 20.3-fold. Interestingly,
such activating effect by TPCK was mot observed for heat-
induced form of SLLVY-degrading activity. The different
sensitivity to reagents between SDS-induced and heat-
induced forms of SLLVY-degrading activity was also
observed for adriamycin, 2-mercaptoethanol, DFP (25 mM)
and STI.

Effect of NaCl

The effect of NaCl on the activity of this proteinase
was shown in Fig. 6. Only caseinolytic activity was
completely inhibited by 0.5 M NaCl, while both SLLVY- and
BLTR-degrading activity were activated.

g (C)
& i‘ 120
= I
§ o
2 18
i ®
’ a 1 : L 'g- Y N . i P |
o | 0001 0.01 [X] , @ 0o ono 0.0 0.1
NaCi canen. (M} Nagl com:n M)
(b}

SLLVTMCA deprading sciviy(%)

R TR Y 1
NaCl concn. (M)

JFig. 6. Effect of NaGl on carp muscle HAP. .
The caseinolytic (a), SLLVY degrading (b), and BLTR degrading
(c) aotivities were measured at pH 6.8 at 65°C (@), and

at pH 8.0 at 65°% ( Q). ]
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DISCUSSION

The data presented herein show that heat-stable
alkaline proteinase (HAP) purified from carp muscle in the
presént study should be classified as multicatalytic
protease (MCP). However, the degree of endopeptidase
activity was apparently distinguishable between carp
muscle HAP and other mammalian MCPs. The endopeptidase
activity of mammalian MCPs seems not so strong because
14¢. or IH-labeled casein has been usuwally used as
substrates.34’38’47) On the contrary, that of carp muscle
.HAP was so prominent as to be easily detectable by the
conventional Lowry's method,zg) It should be emphasized
that case;nolytic activity of carp muscle HAP was not due
to BLTR- and/or SLLVY-degrading activily for the reasons
described below. (1) It Is improbable that caseinolytic
activity was due to SLLVY-degrading activity, because
addition of SDS was only effective for SLLVY-degrading
activity, but not-fof caseinolytic activity., (2) Effects
of leupeptin, DFP (25 mM), TLCK and TPCK were clearly
distinguishable among these activities. Such difference in
endopeptidase activity may Be attributable to the
difference of iﬁduction method (heating for carp muscle
HAP,6'32’46) addition of 8SDS or poly-L-Lys for mammalian
MCPs35:37-39) 4y difference of animals and tiSsués.
However, the former is improbable from following two
reasons. (1) Casein-degrading aétivity was‘noi detected
for heat- and SDS-induced forms of human erythrocyte
MCPs43) and (2) casein-degtgdipg activity 0f rat skeletal
muscle HAP was rather ‘weak compared with that of carp

muscle HAP.48) Therefore, such strong endopeptidase

12



activity could be characterized peculiar to fish muscle’
HAP. It is generally accepted that fish can stand
starvation much longer than mammals by spending body
protein, especially muscular protein for energy source.49?
In particular, degenerated muscle was observed for salmon
in spawhing stage pfobably due to the higher proteolytic
activities during this stage including MCP?9+31) 1y these
cases, fish muscle HAP is likely to be involved in the
urgent muscle protein degradation.

Comparing the inducing effect between addition of
SDS and heating, the former induced only chymotrypsin-like
activity selectively, while latter was effective for all
catalytic activities. As to chymotrypsin-like activity,
addition of SDS seems to more closely mimic the in vivo-
inducing mechanism, because SDS-induced form showed'higher
activity (Fig. 5) and was more sénsitive to reagents
(Table 2). It was also speculated from the différence of
the degfee of latency thatvéach'catalytic activity is
induced by different mechanism in vivo depending on
necessity. |

Furthermore, it should be remarked that Teupepfin;‘
PMSF, M1A, TLCK, DFP and TPCK showed equivocal effects on
some catalytic activities (Table 2) as already suggested
by Dahlmann et al. for rgt_skeletal‘muscle‘MCP.47) In
particular, DFP and TPCK showed striking aqtivating .
effects on heat-induced trypsin-like activity (3.2-fold)
and SDs—induch‘chymotrypsin-likeVactivity (20.3-fold),
respectively. These results together with the unsuccessful
dissociation of the proteinase molecule to active subunits

(data not show) suggeét that each catalytic activity is

13



depend on different éubun;t and regulated systematically
under unknown mechanism. It should be also emphasized
that DFP or TPCK alone could not turn a latent-form of the
proteinase into induced-form instead of heating or
addition of SDS (data not show).

- Thus, it is proposed that the activities of the
proteinase seem to be controlled by at least two different
steps in vivo. Initially, the proteinase is turned into an
induced-form from a latent-form by some unknown factor
mimicked as the addition of SDS or heating in our in vitro
'assay.‘Then, the once inducedfMpP is fqrther regulated by
another mechanism which was observed as the equivocal
effect of DFP or TPCK in our experiments in order to
precede protein degradation continuously and effectively.

Although the participation HAP in modori-phenomenon

q,14,18,21,22,52-84) 4 54411 remained

has been suggeste
doubtful because of the following reasons. (1) The .
proteclytic activity of HAP at 65°C was inhibited by the .
addition of NaCl. (2) HAP alsc exists in mammalian muscle,
which dose not show podori-phenomenon at a11.7)_1nkthe
next chapter, the possibility that HAP is a candidate for

modori-phenomenon will be examined.

SUMMARY
Heat-stable alkaline proteinase (HAP) was purified
from carp muscle by chromatography on DEAE-cellulose,
hydroxylapatite, and AcA 34 to homogeneous. This HAP had
three distinct catalytic activities, endopeptidase,
trypsin-like and chymotrypsin-1ike activitiés.and all

‘activities were latent. The optimum temperaturé of the

14
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CHAPTER 2. INVESTIGATION OF A HEAT-STABLE ALKALINE
PROTEINASE AS A CANDIDATE FOR A MODORI-
INDUCING FACTOR -

The participalion of HAP in mddori—phenomenon is
doubtful because of the inhibition of its endopeptidase
activity by NaCl added in kamaboko processing. In this
chapter, it is elucidated whether HAP is a true candidate

for modori-phenomenon or not.

MATERIALS AND METHODS
Materials

Threadfin bream (Nemipterus bathybius, 250 g in body

weight) was purchased in Kyoto wholesale market in a fresh
state.

Preparation of the sarcoplasmic fraction and myofibrils

White dorsal muscle was collected and minced by 5 mm
mesh meat chopper (Meiko, type no. 10). The minced meat
was homogenized with 5 velumes of 50 mM NaCl with
nonbubling homogenizer (Nihon Seiki. Co., Ltd.) for 1 min.
Adequate volume of 1 N NaOH was added to the homogenate
(pH 6.2-6.3) so as to adjust pH to 6.8. Then the.
homogenate was centrifuged at 10,000 x g for 15 min. The
supernatant was used as the sarcoplasmic fraction. The
precipitate was washed similarly two more times. The final
precipitate was tentatively referred to as thrice-washed
myofibrils and used for further experiments. Gel made from
the thrice-washed myofibrils did not show modori-
pPhenomenon at all (data not shoﬁn).

Separation of sarcoplasmic fraction by Ultrogel AcA 34

column chromatography

16



The sarcoplasmic fraction extracted from 50 g muscle
was concentrated to 5 ml by dialysis against polyethylene
glycol #6000 and applied on a column of Ultrogel AcA 34
equilibrated with 20 mM Tris-HCl buffer, pH 7.5,
containing 50 mM NaCl. The elution was performed with the
same buffer.

Preparation of fish meat gel

A part of fraction I (fraction numbers 46-49 in
Fig., 7, Il (fraction numbers 53-60), 11l (fraction
numbers 82-89) and IV (fraction numbers 107-114), eluted
from a column of Ultrogel AcA 34 equivalent to the amount
extracted from 5 g musclie, was concentrated to 0.5 ml by
dialysis polyethylene glycol #6000, added to 5 g of the
thrice-washed myofibrils which were free of gel
degradation material, ground with 2.5 % NaCl for 3 min and
lhen heated at 65° for 120 min in a small glass tube
(diameter, 15 mm; height, 15 mm}.

Evaluation of fish meat gel

Sensory evaluation of gel was carried out by an
experienced panelist with teeth-cutting and folding tests
according to the method of‘Shimizu et gl..55) Mean score
for two test pieces was determined with the teeth-cutting
test. The teeth-cutting test was done by cutting off the
test pieces in 15 mm diameter and in 3 mm thickness by the
fore-teeth and scoring toughness according to 10 point
scale (10, extremely tough; 8, tough; 6, moderately tough;
4, fragile; 2; very fragile; 0, like mud). The folding
test was done by folding the test pieces having in the
same diameter and thickness as those for teeth-cutting

test neatly in half and evaluating the toughness into four

17



grades (A, nothing occurred; B, cracked; C, cracked and
separated into two pieces; D, easy to break like mud). The
folding test was also examined for two test pieces, and
the same grade was obtained as ‘to each test in the
experiment shown in Fig. 7.

fistimation of the breakdown of mvosin heavy chain bf fish

meat gels

The muscle protein gel was homogenized with 10
volumes of distilled water, and 0.1 ml of the homogenate
was heated in boiling water for 5 min with 0.4 ml of 100
mM Tris-HCl buffer, pH 6.8, confaining 1 % SDS and 50 mM
-2-mercaptoethanol. Breakdown of myosin heavy chain (MHC)
was estimated with SDS-polyacrylamide gel electrophoresis
(§DS-PAGE) in the 10 % gel. '
Estimation of the proteolylic activity

MHC breakdown activity was determined with SDS-PAGE

in 10 % gel. The reaction mixture contained 0.15 ml of
fraction I1 (HAP fraction) or 111. After dialysis against
distilled water, 0.15 ml of the thrice-washed myofibrils
were suspended in 6 volume of distilled water and 0.7 ml
of 20 mM Tris-HCl buffer, pH 7.0 or 8.0 and heated at 65°C
for 60 min. The réaction was stopped by the addition of
0.1 ml of 10 % SDS containing 50 mM 2-mercaptoethanol and
the subsequent heating at 95°C for 3 min. For the
examination of the effect of NaCl was directly added to
the reaction mixture to give the final concentration of
2.5 %, HAP activity shown in Fig.7 was determined as
caseinolytic activity according to the method of Makinodan

and Ikeda.SG)
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Immunological methods

Rabbit polyclonal antisera directed against carp
muscle HAP were raised using. Freund's complete
adjuvant.57) The antisera were applied on a column of
DEAE-cellulose equilibrated with 20 mM Tris-HCl, pH 7.5.
The unadsaorbed fractions were collected as 1gG fraction
and used for the experiments. Dot blotting was carried out
with vitro-cellulose membrane and the membrane was stained

in peroxidase anti-peroxidase methodBS).

RESULTS AND DISCUSSION
The sarcoplasmic fraction was chromatographed in a
column of Ultrogel AcA 34 (Fig. 7). As shown in Fig, 7,

strong gel degradation activity was eluted in fraction III,

Absorbance af 280nm

HAP activity(8A,ap/mL proieinase soln,)

) 50 >100
Fraction number{(7mL/ fraction):

Fig. 7. The elution profile of the sarcoplasmic fraction from
a column .(2,5x100 om) of Ultrogel AcA 34,

The number and alphabet mre the score of teeth-cutting test “and
the grade in folding test, respectively. y protein
concentration monitored at 280nm; (O , caseinolytic sctivity of
HAP.
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which showed typical modori-phenomenon in reducing the
toughness score to 2C, while fraction I1 (HAP fraction) as
well as fractions I and IV did not show modori-phenomenon
at all. Fraction III was estimated to consist of 40-70 kDa
proteins by the calibration of the column. This result
suggested that modori-phenomenon was caused by a certain
modori-inducing factor, which was clearly distinguished

from HAP in malecular weight.

— G Sw W W e W e

e -ewww

a b c def gh

Fig. 8. Effect of NaCl on myosin heavy chain (MHC)

degrading activities of fraction II (HAP fraction) and III.
Arrow indicates the MHC band. (a), myofibrils and fraction II
before heating; (b), myofibrils heated with fraction II at

pH 7.0 in the absence of NaCl; (c), myofibrils heated with
fraction II at pH 7.0 in the presence of NaCl; (d), myofibrils
and fraction II before heating; (e), myofibrils heated with
fraction II at pH 7.0 in the absence of NaCl; (f), myofibrils
heated with fraction II at pH 7.0 in the presence of NaCl;
(g), myofibrils heated with fraction II at pH 8.0 in the
absence of NaCl; (h), myofibrils heated with fraction II

at pH 8.0 in the presence of NaCl. \

The effects of NaCl on MHC breakdown activity by
fraction Il (HAP fraction) and fraction III are shown in
Fig. 8. Fraction II showed strong MHC breakdown activity
at pH 7.0 in the presence of NaCl (Fig. 8c), while this

activity was hardly detected in the absence of the NaCl
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(Fig. 8b). In the contrast, HAP fraction hardly showed any
MHC breakdown activity at pH 7.0 and 8.0 (optimum pH for
the caseinolytic activity for HAPSG) in the presence or
absence of NaCl (Fig. 8 e-h). ‘

As described in chapter 1, HAP consists of many
subunit and different substrate specificity of HAP seems
to be attributed to distinct active site. Then, it might
be probable that fraction II, which induced modori-
phenomenon, consists of same subunits derived from HAP. In
order to clarify this probability, immunological
investigation was carried out. As shown in Fig. 9,
fraction III did not cross with anti HAP antibody, while
fraction II1 (HAP fraction) did. This means that the
modori-inducing factor contained in fraction III is

immunological different from HAP.

Fraction

Fig. 9. Dot blotting of sarcoplasmic fractions of
threadfin bream against anti-HAP antibody from carp
muscle.

These results clearly show that modori-phenomenon is
caused not by HAP but by other modori-inducing factor.
Then, Llhe factor was tentatively called sarcoplasmic-60 °C-
modori-inducing proteinase, Sp-60-MIP, because it existed

in sarcoplasmic fraction and active around 60°. In the
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next chapter, the purification of Sp~60~MIP will be

carried out.

SUMMARY

From the results of reconstituted experiment of
mddori“phenomenon by adding sarcoplasmic fraction to
myofibrils which was free of modari-property, it was
elucidated that HAP could not induce modori-phenomenon.
Additionally, the existence of other modori-inducing
factor was recognized. The factor was distinguishable from
HAP by its molecular weight and by immunological crouss-
reactivity, The factor was tentatively designated as
sarcoplasmic-60°C modori-inducing proteinase, Sp-60-MIP,
because it was likely to exist in sarcoplasm and showed

modori-inducing activity around 60°C.
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CHAPTER 3. PURIFICATION AND PROPERTIES OF A SARCOPLASMIC-
60 °C MODORI-INDUCING PROTEINASE
In the former chapter, the existence of true modori-
inducing factor, designated as sarcoplasmic-60°C modori-
inducing proieinase (Sp-60-MIP) was confirmed. Then, in
this chapter Sp-60-MIP was purified and its some

properties were investigated.

MATERTALS AND METHODS

Materials

Threadfin bream {(Nemipterus bathybius, 405 g in body
weight and 28 em in body length) was purchased in Kyoto
wholesale market in a fresh state. The source of other
materials used in this work was as follows: DEAE~cellulose
(DE-52) from Whatman, Con A-Sepharose and Arginine-
Sepharose from Pharmacia LKB Biolechnology, Shimpack-HAC
from Shimadzu. Other reagent grade chemicals were
purchased from Wako Pure Chemicals.

Purification procedures

All procedures were carried out at 4°C, except for
Shimpack-HAC column chromatography which was carried out
at room temperature.

Step 1. Dorsal whité,muscle (120 g) was collected
and homogenized with 480 ml of 20 mM Tris-HCl buffer, pH
7.8, containing 1 mM EDTA in a non-bubbling homogenizer
(Nihon Seiki Co. Ltd.) for 3 min at top speed. The
homogenate was centrifuged at 12,000 x g for 15 min and
the supernatant obtained was used as crude extract for the
further purification. On the other hand, the precipitate

was further washed three more times with 4 volumes of
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39 mM borate buffer, pH 7.0, containing 5 mM EDTA and
90 mM KC! to obtain myofibrils free from MHC-degrading
activity and usgd as the substrate.

Step 2. Crude extract was applied on a DEAE-
cellulose column (2 x 10 cm) equilibrated with 20 mM Tris-
HC1, pH 7.5, and washed thoroughly with the same buffer.
Elution was performed wiih NaCl stepwise in 20 mM Tris-
HCl, pH 7.5 (Fig. 10).

Step 3. Active fraclions from DEAE-cellulose column
(fraction number 57-66 in Fig. 10) were concentrated by
dialvsis against polvethylene glycol #6000 and then
dialyzed against 20 mM Tris-HL), pH 7.5, including 0.5 M
NaCl, 1 mM Call, and MnCl,. The dialysate was applied on a
calumn (1 x 5 cm) of Con A-Sepharose equilibrated with the
same buffer. Elution was performed with a 0-0.5 M methyl-4&
~D-pyranoside gradient in a total volume of 100 ml
(Fig. 11).

Step 4. Active fractions from Con A-Sepharose
(fraction number 22-37 in Fig. 11) were pooled and
concentrated by dialysis against polyethylene glycol #6000
and then dialyzed against 20 mM Tris-HCl, pH 7.5. The
dialysate was applied on a column (1 x 3 cm) of Arg-
Sepharose eguilibrated with the same buffer. Elution was
performed with a 0-0.5 M NaCl gradient in a total volume
of 60 ml (Fig. 12).

Step 5. Active fractions from Arg-Sepharose
{(fraction number 25-29 in Fig. 12) were pooled and
concentrated by dialysis against polyethylene glycol #6000
and then dialyzed against 1 mM phosphate buffer (pH 7.5)
containing 0.1 M NaCl. The dialysate was applied on high
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performance liquid chromatography with Shim-pack HAC (Fig.
13). Fractioen {(retention itime around 17 min) was used far
the experiment. The homogeneity of purified proteinase was
examined in 7.5 % PAGE under non-denaturing condition and
in 10 % SDS-PAGE. The standard of molecular mass were
rabbit myosin heavy chain (205 kDa), B-galactosidase (116
kDa), phosphorylase B (97.4 kDa), albumin bovine plasma
(66 kDa), albumin egg (45 kDa) and carbonic anhydrase (29
kxDa). Both gels were stained by silver.

Assay of MHC-degrading activity

The Sp-60-MIP activity was measured as MHC-degrading
activity. The standard reaction mixture contained 50 mM
phosphate buffer (pH 7.0), 3 % NaCl, 20 mg threadfin bream
myofibrils and purified proteinase in a total volume of 1
ml. TReaction was performed at 60 °C for 60 min and stopped
by the additltion of 0.5 ml of 10 % SDS in Tris-HCl, pH 6.8
and subsequent heating at 100°C for 3min. The degree of
the degradation of MHC was delermined by 7.5 or 10 % SDS-
PAGE analysis. Gels were stained with Coomassie Brilliant
Blue R-250.

Substrate specificity

Substrate specificily was investigated with éynthetic
filuorogenic peptides as substrates. The reaction mixture
was compased of 50 mM phosphate buffer (pH 7.0), 3 % NaCl,
0.5 mM substrate (previously dissolved in
dimethylsulfoxide to obtain 10 mM stock solution) and the
proteinase in a total volume of 0.1 ml. Reaction was
performed at 60°C for 20 min and stopped by the addition
of 2,6 ml of 1 % SDS Tris-HCl (pH 9.0). The increase of

fluorescence (excitation at 380 nm; emission at 460 nm) of
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AMC was measured by a HITACHI 204 Fluorescence {

Spectrophotometer. C

Effect of heating on the proteinase molecule with or 1

without substrate 1

The proteinase was incubated at 60°C for 20 min with I
or without BLTR in the reaction mixture described above. 1
Reaction was stopped by the addition of 0.05 ml of 10 % \

SDS in Tris-HCl, pH 6.8, and subsequent heating at 100 °c
for 3 min. SDS-PAGE in 10 % gel was performed and the gel

was stained by silver.

RESULTS

Purification

Elution profile from DEAE-cellulose was shown in Fig.
10 (A). Strong MHC-degrading activity was eluted around
fraction number 59 (Fig. 10 B). Several bands observed
below MHC band in fraction number 6 (Fig. 10 B) were not

degraded products of MHC but proteins contained in this
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Fraclion number (5ml/fube) Fractlion number

Fig. 10. (A) Elution profile of the Sp-60-MIP from a
column (2x10 cm) of DEAE-cellulose. (B) MHC-degrading
activity of each fraction determined on SDS-PAGE.
Activity was measured

at 60°C in the presence of 3 Z NaCl. Arrow indicates MHC.
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fraction. From Con A-Sepharose column (Fig. 11), MHC-
degrading activities were eluted in both the non-adsorbed
fractions (fraction number 5 and 9) and the adsorbed
fractions (fraction number 24 and 33). The latter showed
much stronger MHC-degrading activity despite of lower
protein concentration. Therefore, the latter fractions

were used for further purification.
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Fraclion number

Fig. 11. (A) Elution profile of the Sp-60-MIP from a column
(1x5 cm) of Con A-Sepharose. (B) MHC-degrading activity of
each fraction determined on SDS-PAGE.

Activity was measured at 60°C in the presence of 3 % NaCl.
Arrow indicates MHC.

As shown in Fig. 12, the latent proteinase was bound to
Arg-Sepharose and eluted around fraction number 26.

From Shim-pack HAC, Sp-60-MIP was eluted as a sharp single
peak and judged as homogeneous by the electrophoretic
analysis under non-denaturing condition (Fig. 13).
Purified proteinase was migrated as a single band in SDS-
PAGE (Fig. 13) corresponding to the molecular weight of
77,000, while the value of 70,000 was obtained based on
the elution position from TSK gel G3000SWXL calibrated
(data not show). This proteinase was a glycoprotein based
on the adsorption to Con A-Sepharose (Fig. 11) and being

positive to periodic acid-Schiff staining (data not shown).
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Fig. 12. (A) Elution profile of the Sp-60-MIP from a column
( 1x3 cm) of Arg-Sepharose. (B) MHC-degrading activity of each

fraction determined on SDS-PAGE.
Activity was measured at 60°C in the presence of 3 % NaCl.

Arrow indicates MHC.
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Fig. 13. (A) Elution profile of the Sp-60-MIP from a
column (0.4x5 cm) of Shim-pack HAC. Inset: a and b show
PAGE analysis without and with SDS of purified proteinase
(retention time 17 min), respectively. (B) MHC-degrading
activity of each fraction determined on SDS-PAGE.

Activity was measured at 60°C in the presence of 3 7 NaCl.
Arrow indicates MHC.
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Substrate specificity

‘Activities on synthetic fluorogenic peptide
substrates were shown in Table 3. Sp-60-MIP hydrolyzed -
Boc-Leu-Thr-Arg~MCA (BLTR) most sufficiently amoﬁg'
peptides tested. This proteinase hydrolyzed some peptidy]
Arg-MCA derivatives such as Boc-Leu-Gly-Arg-MCA, Z-Phe-
Arg-MCA to some degree, while peptidyl Pro-MCA derivatives
(substrate of collagenase), peptidyl Phe- or Tyr-
derivatives (substrate for chymotrypsin) and peptidyl Ala-
derivative (substrate for elastase) were not hydrolyzed at
all. These results clearly demonstrated that this
proteinase had a trypsin-like substrate specificity. In
addition, this proteinase showed little activity on casein
in the presence or absence of NaCl despite of its strong

MHC-degrading activity.

Table 3. Substrate specificity of the Sp-=60-MIP:
on synthetle fluorogenic substrates.

Activities were measured at 60°C in the presence
of 3 % NaCl.

substrates Activity
(pmol AMC/min)

Boe~Leu~Thr-Arg-MCA
Boc—Leu-Gly-Arg-MCA
Z-FPhe-Arg-MCA

Bz-Arg-MCA

: Arg-MCA
Suc-Gly-Pro-Leu—Gly—Pro—MGA
Sua-Gly-Pro-MCA
Suc~Ala-Ala-Pro-FPhe~-MCA
Suc-Leu-Leu-Val-Tyr~MCA
Suc-Ala-Pro-Ala-MCA

.
DN
o
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Effect of temperature

Effect of temperature is shown in Fig. 14. At

physiological temperature around 30-40°C, no MHC- and
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BLTR-degrading activity was detected, but strong
activities towards them were observed at 60 °C. However,
these activities were remarkably reduced above 70°C. This
result can be explained by assuming that this proteinase

existed as a latent-form and turned into active-form by

heating.

(A) (B)

S
T
1

Activily (pmol AMC/min)
)

o & 1 1 1 i
i 13 £ 565 (30 7T 20 30 40 50 60 70
POR2I0000 Temperature (°C)

Temperature (°C)

Fig. 14. Effect of temperature on MHC-degrading activity
(A) and BLTR-degrading activity (B) of the Sp-60-MIP.
Activities were measured in the presence of 3 %Z NaCl.
Arrow indicates MHC.

Effect of pH
Effect of pH on MHC- and BLTR-degrading activities

are shown in Fig. 15. Sp-60-MIP showed these activities
around pH 6-8. Therefore, this proteinase is considered as
a neutral proteinase.

Effect of NaCl

Sp-60-MIP revealed the optimum activities on MHC and
BLTR in the presence of 2-4 % NaCl (Fig. 16). Both
activities were markedly decreased in the presence of

lower concentration of NaCl.
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Fig. 15. Effect of pH on MHC-degrading activity (A) and
BLTR-degrading ectivity (B) of the Sp-60-MIP.

Arrow indicates MHC. Activities were measured at 60°C in
the presence of 3 % NaCl.
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Fig. 16. Effect of NaCl on MHC-degrading activity (A) and
BLTR-degrading activity (B) of the Sp-60-MIP.
Arrow indicates MHC. Activities were measured at 60°C.

Effect of reagents

Results are shown in Fig. 17 and Table 4. Soybean
trypsin inhibitor and leupeptin effectively inhibited both
activities, whi]é E-64 (inhibitor for cysteine proteinase)
showed no effect. These facts clearly suggested that this
proteinase should be classified as serine protelnasesg)
EDTA inhibited only MHC-degrading activity. This was
Probably due to the stabilizing effect of EDTA on MHC,

because no inhibiting effect was observed for BLTR-

31



degrading activity.

o WY o W W e

Fig. 17. Effect of inhibitors on MHC-degrading activity of

the Sp-60-MIP.

Activities were measured at 60°C in the presence of 3 Z NaCl.

A, MHC+purified proteinase at O hour incubation; B, MHC+purified
proteinase; C, MHC+purified proteinasetsoybean trypsin inhibitor
(1 mg/ml); D, MHC+purified proteinasetleupeptin (10 pg/ml);

E, MHCtpurified proteinasetantipain (10 pg/ml); F, MHC+purified
proteinase+E-64 (100 pg/ml); G, MHCtpurified proteinase+EDTA

(10 mM).

Table 4. Effect of inhibitors on BLTR-degrading activity
of the Sp-60-MIP.
Activities were measured at 60°C in the presence of 3 % NaCl.

Inhibitors Final Relative
concentration activity (%)
non 100
Soybean trypsin inhibitor (1 mg/ml) 15
Leupeptin (10 pg/ml) 3
Antipain (10 pg/ml) 16
EDTA (10 mM) 85
Diisopropyl fluorophosphate (10 mM) 115
E-64 (100 pg/ml) 101
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Effect of heating on the proteinase molecule

As shown in Fig. 18, the mobility of the proteinase
molecule was not changed by heating, regardless of the

presence of the substrate.

koo abcd
205—

16—
97.4—

ce—MMA N
45==

29—

Fig. 18. SDS-PAGE analysis of the heating effect on
proteinase molecule.

a, before incubation without BLTR;b, before incubated
with BLTR; c, incubated at 60°C for 20 min without BLTR;
d, incubated at 60°C for 20 min with BLTR.

DISCUSSION

in chapter 2, it was clarified that the modori-
phenomenon accompdnied by the degradation of MHC is not
caused by HAP, but by Sp-60-MIP. Enzymatic properties of
Sp-60-MIP presented herein support the participation of
this proteinase to modori phenomenon, specifically
occurred around 50-70°C in the manufacturing process of
fish jelly products, from the reasons described below. (1)
Sp-60-MIP revealed MHC-degrading activity at
unphysiologically higher temperature around 60°C (Fig.
14), (2) this proteinase degraded MHC at neutral pH r&nge
(Fig. 15). (8) this proteinase revealed MHC-degrading
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activity optimally only in the presence of 2—4'% NaCl
(Fig. 16), around which concentration fish gel products
were made | o | _  _

Sp- 60~ ~MIP was classlfled as a serlne protelnase from
the inhibition spectra (Fig. 17 and Table 4) and proved to
have a trypsin-like substrate specificity {(Table 3). The
absorption to Arg-Sepharose (Fig. 12) also supports the
affinity of this proteinase to basic amino acid residue. A
proteinase repoerted by Busconi et al.GO) and Folco et
QL;SI) in white croaker (Micropogon opercularis) muscle
seemed to be similar to this latent proteinase in respects
of enzymatic properties as serine proteinase, induction of
the activity by heating and strong MHC-degrading activity,
but was distinguishable from this proteinase in the points
of inhibition by NaCl, fairly higher molecular weight and
alkaline pH dependency around 8.5. The molecular weight of
Sp-GO-MlP was estimaled 77,000 in 3DS-PAGE or 70,000 in
the gel filtration. This could be ascribed to its
glycoprotein nature.

It is noteworthy that MHC— and BLTR-degrading
actlvities'of tnis‘proteinase were latent and only induced
by heating in the presence of NaCl Because l1ttle MHC— |
degradlng act1V1ty was observed below 0.1 % NaCl, it was
proposed that NaCl may act to solub1l1ze 1ntact myof1brlls
and 1ncrease the dlgestxbllity to this protelnase. _
However, BLTR degradlng actlvlty was also increased in the
presence of h:gher concentration of NaCl, it ls also
probable that NaCl may act dlrectly to a protelnase
molecule. HAP act1V1ty was also latent and 1nduced by

heatlng, but reduced 1n the presence of NaCl 26) It is
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also interesting that SDS was ineffective for the
induction of this latent proteinase activity {(data not
~shown), although it effectively induced chymotrypsin-like
activity of HAP.40:84) No change was observed in the
mobility on a SDS-PAGE analysis in the presence of absence
of the substrate (Fig. 18). From this result, .the
antolytic activation did hot seem to be improbable.
Induction of this latent pfoteinase was probably due to
only slight conformational change caused by heating, which
was not detected as the change in migration on SDS-PAGE.
Because thelproteinase whiph once heated at 60° without
substralte and then cooled to 4°C did not show the activity
around physiological lemperature range and again required
heating for the induction of the activity (data not show),
the inducing process by heating is supposed to be
reversible.

It is generally accepted that neutral proteinase
activity is strictly regulated in the cells by the
presence of endogenous inhibitor or by the requirement
some olher factors to avoid unwanted proteolysis. For

2+—dependent neutral

example, calpain, cytosolic Ca
proteinase, is known to co-exist with endogenous
inHibitor, calpastatin, and show the absolute requirement
of Ca®* for the activity.®3:64) aAg to Sp-60-MIP, its
activity seems to be retained as latent-form under
physiological condition and induced according to necessity
by some unknown mechanism. The existence of endogenous
inhibiter is also probable, because stirong trypsin
inhibitory activity was detected in fish

musclé.60’61'64'65) On the other hand, biological function
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of Sp-60-MIP still remains obscure.

'SUMMARY'

Sarcopldsmic-60°C-modori-inducing proteinase (Sp-60-
MIP) was pUrfETEﬂ to homogeneity from fhfeadfiﬁ‘bréam'f
muscle byja‘Cbmbihafion‘df DEAE-ceéllulose, Con A— L
Sepharose, Arg-Sepharose and Shim-pack HAC
chromatographies. This MIP was“h’glycoprbtein“having;ahj
monomelic subunlt structure whose molecular weight wasa""
estimated to 'be 77,000 on a SDS-PAGE analysis. The
activity of Sp-60-MIP éxisted in a latent form and
‘apﬁeafed'b?ﬁhéatiﬁg(‘sphsd%MIP:Hiﬂrolyzed'h?bSin'heaty 1'
chain ‘as well as Boc-Leu-Thr-Arg-MCA 'in the presence of 2-
4.% ‘Nacl at pH 7.0 and at 60°C, optimally. 'Sp-60-MIP was
clasSified as serine proteinase based on the effects of

soybean trypsin inhibitor, leupeptin and antipain.
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_CHAPTER 4. INDUCTION OF MODORI BY A SARCOPLASMIC-60 °C
MODORI-INDUCING PROTEINASE
To confirm that Sp-60-MIP actually induces podori, a
reconstituteﬁ experiment of modori-phenomenon was

attempted using purified Sp-60-MIP.

MATERIALS AND METHODS
Materials

Threadfin bream (Nemipterus virgatus, 420 g in weight

and 29 cm in body length on the average) was obtained from
Whole Sale Market, Kyoto, in a fresh state.

Preparation of Sp-60G-MIP

Sp-60-MIP was purlfled from dorsal white muscle
(500g> of threadfin bream using partially modlfled method
described in chapter 3. After purified as described in
chapter 3, the proteinase fraction was concentrated by TGC
,Millipore, and then applied on TSK gel G3000SWXL (gel
filtration column high performance liquid chromatography).
Elutiqn was perfoarmed with 2mM Na-phosphate buffer, pH6.8,
containing 0.1 M NaCl, Purified MIP was concentrated by
TGC ,Mil]ipdre. and used for further experjment.

Preparation of myvofibrils

Myofibrils (Mf) were prepared according to the method
of Perry and Grey86?, Briefly, minced muscle was ‘
homogenized with 4 volumes of 39 mM borate buffer, pH 7.Q.
containing 5 mM EDTA and 90 mM KC]l and then sieved through
a net of 2 mm mesh to remove myocommata. The filtrate was
centrifuged at 12,000 x g for 15 min., The precipitate was
homogenized and centrifuged two more times as described

above. The final centrifugation was carried out at
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14,000 x g for 15 min to remove eXcess vwater and Lhen. the
final precipitale was cul]ec}ed as the Mf, This M{
prepared from threadfin bream was ascertained. to be, .
campletely free of modgli-inducing activity.ﬁ7)

Preparatiogn of fish meal gel

Fish meat gel was prepared as follows: Twenty grams of
myofibrils, brepared aé[déscribéd abové, was ground wilh
2.8 % NaCl and 2 ml of the MIP solution (0.5 mg
protein/ml) or 2 mM Na-phosphalte buffer, pH 6.8,
containing 0.1 M NaCl (control gel). Resulting salt-ground
snl.was packed in a small glass cylinder (15 mm in inside
diameler, 15_mm in height, 10 mm in thickness), wrapped -
with polyﬁinylidéne chloride Eiim and then heated al 60
for 2 hours. o o S

The final NaCl concentration in gel was 3 %. .pH and
water 6bhtent of gel were adjusted teo 7.0 and 86 %,'
respect}veiy. - |

Evaluation of fish meat gel

Gel stfength:bf‘fiSh meat was evaluated by punclure
test and sensory lests including teeth-culting and folding
tests. Sensdf?lies{s wéfé éérried'out'as describéd in |
chapter 2. The puncture test was perfbfméd penetféting‘thé
;é6lumh E?pé bldhgeff(diémeter, 3 mm) at a speed of
1 mm/sec into‘tﬁét”pieces (diameter, 15 mm; Lhickness,

15 mm) using a Yamaden RE-3305 rheometer. |
RESULTS & DISCUSSION
The elution profile of the Sp~-60-MIP from TSK gel

G3000SWXL was shown in Fig., 19. The proteinagse was eluted:

as a single peak at a retention time around 16.5 min and
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Table 5. Evaluation of fish meat gels
prepared by heating at 60°C for 2 hours.

Fish meat gel with

phosphate Sp-60-MIP

buffer
Teeth-cutting test 7 1
Folding test A C
Gel strength (g.cm) 4440 198

Additionally, as to the gel added Sp-60-MIP, the densily
of MHC band fainted and many bands of degraded products
could be observed between MHC band and actin band (Fig.
20). Therefore, it is obvious that Sp-60-MIP caused

typical modori-phenomenon.

I

Fig. 20. Estimation of degradation of myosin heavy chain of
fish meat gel.

Fish meat gels were prepared by heating at 60°C for 2 hours.
SDS-PAGE was performed with 7.5% gel. Details were described
in "Materials and Method". MHC, myosin heavy chain; A, actin.
a, fish meat gel prepared with 2mM phosphatebuffer, pH 6.8,
containing 0.1M NaCl; b, with the Sp-60-MIP without incubation;
c, with the Sp-60-MIP.
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Some attempts to induce modori-phenomenon
artificially by adding endogenous factor had been

nade.18:14,22,88) yuay. oy o) 13,14

reported the
existence of modori-inducing proteins which did not show:
any proteolytic activity and suggested the possibility of
these proteins to induce modori-phenomenon. However, it .
seems unlikely that these proteins would loose gel

55}

structure specifically around 60°. Shimizu et al. and

Makinodan et 31_22)

performed the reconstituted
experiments but the added fractions .were not homogeneously
purified. This is, therfore, the first report that
demonstrated the direct induction of modori by adding the

homogeneously purified proteinase.

SUMMARY
It was confirmed that purified Sp-60-MIP caused
modori-phenomenon by the reconstituted experiment.
Therefore, it was substantiated that modori-phenomenon was

caused by the protease.
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CHAPTER 5. DETECTION OF MYOFIBRIL-ASSQCIATED MODORI-
INDUCING PROTEINASE -

It has been clarified that Sp-60-MIP purified'from
threadfin breami3’ causes modori-phenomenon. On the other:
hand, it seems that the characteristics of modori- -
phenomenon are different among fish species.7) There are
some papers that myofibrils prepared from oval

h69'70) or myosin from nibe croaker,55'71) which

filefis
were free of sarcoplasmic component, showed modori-
phenomenon. In this chapter, the existence of myofibril-

associated MIP will be described.

MATERIALS AND METHODS
Materials
Threadfin bream was purchased from Kyotoc Whole Sale

Market in a fresh state. Crucian carp (Carassius auraatus

cuvieri) was used for the experiments within 24 hours
after death.

Preparation of the sarcoplasmic and myofibrillar fractions

The sarcoplasmic fraction (Sp) and the myofibrils
(Mf) were prepared from the dorsal white muscle. Mf were
prepared as described in chapter 3. The first supernatant
resulting in the preparation of Mf was obtained as Sp. The
Mf prepared from threadfin bream was used as standard
substrates for determining the activity of sarcoplasmic
modori-inducing proteinase (MIP) of each species, because
threadfin bream Mf was ascertained to be completely free
of modo;i-inducing'activity.57)
Preparation of fish meat gel

Three types of fish meat gel were prepared from each
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given fish species; One is the gel of minced meat
(designated as minced meat gel). Another one is the gel of
the Mf from given fish species (Mf gel) and the other is
the gel 0of threadfin bream Mf added with the Sp from given
fish species (Sp-added gel). Mf gel was uéed to assess the
MIP activity associated with Mf, and Sp-added gel was used
to assess the extractable MIP activity. Minced meat gels
or Mf gels were prepared by grinding the minced meat or
the Mf of each species, respectively, with 3 % NacCl,
packed in a small glass cylinder (15 mm in inside
diameter, 15 mm in height, 10 mm in thickness), wrapped in
polyvinylidene chloride film and then heated at 50 °C and
at 60°C for 120 min, respectively. Sp-added gels were
prepared as follows; The Sp prepared from 20 g muscle of
each species was concentrated to 2 m! by dialysis against
polyethylene glycol #6000, added to 20 g of Mf prepared
from threadfin bream, and ground'wifh 3 % NaCl. Resulting
meat sol was packed, wrapped, and then heated in the same
manner as in the Mf.gel; |

pil of each muscle protein gel was adjusted to 7.0,
Water content of each muscle proiein gel was not made
equal among the fish species.
Estimation of the muscle protein gel

Sensory evaluation of the gel and estimation of

breakdown of MHC was carried out as described fn:chapter 2.

. RESULTS AND DISCUSSION
Fig. 21 shows the cla551f1cat10n of modori- 1ndu01ng
broteinase (MIP) according to the exiractability from

muscle. No MHC breakdown was observed before heating in
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the meat sols from efther threadfin bream or crucian carp

(data not shown).

Fish species Threadfin bream Crucian carp
Gel type M gel®! Mf gel®® Sp- added M gel” M{ gel*® Sp- qdded
gel*? gel
Sensory score 3C 4A B (0]p] oD 6A
MHC = ey 1 -y
SDS-PAGE
e
P -

Fig. 21. Classification of modori-inducing proteinases

based on extractability from muscle.

Minced meat gels, myofibrillar gels and sarcoplasmic fraction
added gels were heated at 60°C for 120 min and was evaluated
as described in "Materials and Methods". Degradation of
myosin heavy chain (MHC) was determined by SDS-PAGE.
*'minced meat gel; *2myofibrillar gel; *3 sarcoplasmic
fraction added gel.

In the case of threadfin bream, the Sp-added gel
showed the gel degradation (sensory score, 3C) and the
breakdown of MHC, while Mf gel did not show the gel
degradation (sensory score, 4A) and the breakdown of MHC
at all. Judging from these results, it is evident that MIP
existed only in sarcoplasmic fraction and was caompletely
separated from myofibrils as to threadfin bream.

On the contrary, in the case of crucian carp, the Mf
gel showed the gel degradation (sensory score, 0D) and the

complete breakdown of MHC while the Sp-added gel showed no
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gel degradation (sensory score, 6A) and little MHC
breakdown. The gel degradation property (sensory score,
0D) and the MHC breakdown activity in Mf gel 'were siill
observed ‘to be associated wilh Mf even after elaborate
washings. Therefore, MIP activity was considered to be
tightly associated with Mf.

Tentatively, the former ‘type of MIP, easily"
extractable one, designated as the sarcoplasmic MIP and:
the latter type of MIP, which is tightly associated with
Mf, as the myofibril-associated MIP.

SUMMARY
The eX1stence of two distinct types of MIP was
nntlced They could be distinguished from each other by
extractability from myofibrils. The easily extractable MIP
was designated as sarcoplasmic MIP and the MIP, which ‘is
Lightly associated to myofibrils, was designated as-

myofibril-associated MIP, lentatively.
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CHAPTER 6. CLASSIFICATION OF MODORI-INDUCING PROTEINASE
ACCORDING TO THE OPTIMUM TEMPERATURE AND
SENSITIVITY TO n-BUTANOL

On the study of modori-phencomenon,. the author used
the gel heated at 6060 to observe modori-phenomenon .and
used the gel heated at 50°C as control gel, which did not
show moedori-phenomenon., However, occasionally typical
modori-phenomenon. was observed in the gel heated at 50°C.

In this chapter, it will be investigated whether the

modori-phenomenon observed .in the gel heated at 50°C s

caused by the same MIP that induces modori-phenomenon at

60°C. The classification of MIPs was also carried out

according:to the results in chapter 5 and this chapter.

MATERIALS AND METHODS
Materials .
Materials were same as described in chapter 5.
Prepararion of fish meat gel
Minced meat gels‘were prepared as described in
chapter 5. When the effect of n-butanol was tested,

n-butanol (2%) was added to minced meat before grinding.

RESULTS AND DISCUSSION

Toyohara g;_gl.70) demonstrated that ihe gel
degradation of file fish observed at 50°C and that
observed at 60°C were caused by different proteinases
which were distinguishable from each other by the aptimum
temperature (at 50°C and 60°C) and the sensitivity to n-
butanol, a potent inhibitor for modori-phenomenon.72) To
confirm this, minced meat gels from threadfin bream and

crucian carp were made at 50°C and at 60°C in the absence
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or

presence of n-butanol (2

%)

(Fig.

220

n-Butanol did

not show the inhibitory effect on the gel degradation and

the breakdown of MHC of both species at 50°, while it

showed a remarkable

species at 60°C.

inhibitory effect on those of both

Fish species

Threadfin bream

Crucian carp

Healing
femperature (°C) 50 60 50 60
n-bufanol = = Tr = ar = ar
Sensory score 3BC 2C 2 CENTA Oob OD OD 3AB
MHC »— ) = /
R g f?

SDS-PAGE

Fig. 22.

Classification of modori-inducing proteinases

based on optimum temperature and sensitivity to n-butanol.

Minced meat gels were heated at 50°C or 60°C for 120 min and

was evaluated as described in "Materials and Methods". The
concentration of n-butanol is 2% (v/w). Degradation of
myosin heavy chain (MHC) was determined by SDS-PAGE.

[t seems unlikely that this difference would be

ascribed to the difference of the volatility of n-butanol

at these temperatures from the following reasons.

(1) The

boiling point of n-butanol is much higher (117.3°C) than

these temperatures, and (2) even if the effective

concentration of n-butanol

was

lower

in the gel

heated at

60°C due to vaporization, reverse result would be
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demonstrated. Therefore, it seems probable that the
modori-phenomena occurred at 50°C and 60°C in these
species were caused each other by the distinct MIPs having
different sensitivity to n-butanol. Moreover, in the other
fish species tested, §~butanol showed inhibitory effect on
the gel degradation and the breakdown of MHC of bolh M{
gels and Sp-added gels heated at 60° (date not shown).
Based on the results shown in chapter 5 and this
chapter, it seems appropriate to classify MIPs into
following four types according to the extractability, the
~optimum temperature and the sensitivity lo n-butanol

(Fig. 237.

50°C modori-inducing proteinase
Sarcoplasmic < (Sp-50-MF)
60°C modori-inducing proleinase

{Sp-60-MiP)

50°C modori-inducing proteinaze
Myofibri-associated < (Mi-50-44P)

60°C modori-inducing proleinage
{MI-60-MIP)

'Fig‘. 23. Four lypes’-‘c‘)l moddrl-lnducing proteinases.

(1) Sarcoplasmic-50°C-modori-inducing proteinase
(abbreviated as Sp-50-MIP), which is easily extractable,
acts around 50°C and is not sensitive to n~butanol, (2)
sgpcopLasm;p-ﬁO’C—modoriﬁinducjng proteinase (abbreviated
as Sp~60-MIP), which is also easily extractable, but acts
around 60°C and is sensitive to n-butanol, (3) myofibril-
associated-50°C~modori-inducing proteinase (abbreviated as

Mf-50-MIP), which is tightly ‘associated with Mf, acts
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around 50° and is not sensitive to n-butanol, and (4)
mfdfibri1¥aséociated—60°c—modor‘-induéing proteinase
(abbreviated as Mf-60-MIP), which is also tightly
associated with Mf, but acts around 60°C and is sensitive
to n—butanoll '

It still remains unknown whetherASp—SO—MIP and Mf-50-
MIP as well as Sp-60-MIP and Mf-60-MIP are fntrinsically‘
different or not. In other words, it is obscure whether
the difference in the extractability of these MIPs
reflects the actual difference in their localization in
muscle cells of these MIPs. Mf-MIPs of crucian carp could
not be separated from myofibrils at all, even in the
presence of several detergents73). This suggested the
possibility that the Mf-MIPs are intrihsically integrated

in Mf for the catabolism of myofibrillar proteins,

SUMMARY

h-Butanol repressed the modori-phenomenon occurred at
60°C while it did not effective on that occurred at 50°C.
Therefore, it was suggested that modori-phenomena observed
at 50° and 60° were produced each other by the different
modori-inducing proteinases (MIPs) which could be
distinguished from the other by the effect of n-butanol.

The existence of some other MIPS was demonstrated and
thus all MIPs were classified into following four types on
the basis of the extractability from muscle, the optimum
temperature for the myosin heavy chain breakdown activity
and the sensitivity to n-butanol. 1; Sarcoplasmic—SO“C-MIP
(Sp—SO—MIP), which is easily extractable from muscle

tissue, acts optimally at 50°, and is not sensitive to
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n-butanol, 2; sar_coplasm_ic—GO"’,[C‘-_-.MV_I’P (Sp~60-MIP) which is

also ea511y extractable, but acts optimally at Goqc,fand

RTINS

is sens:tlve to ﬂ butanol, 3; myofibr11 assocxated 50 C‘v

MIP (Mf 50 MIP) whlch is tlghtly a35001ated with o
_. i Lot
myof1br1ls, acts optlmally at 50.°C, and is not sen51t1ve

[ FEEEN

to n- butanol. andQﬂ; myoiibril—assgcagteﬂ,ﬁo C MIPs
’ T AT T B R SR A O L T
(Mf GQ;MIP);wh1ch is also tightly,associated wijpi.

1

myof:brlls, but acts opt1ma11y a} 60‘@ and is sensitive

: i,e‘i i R | [ }‘ £ b
to n= hutanol. L . ;o L
P v HEE I f; SR [T L ¥ S BRI S
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CHAPTER 7. DISTRIBUTION OF MQDORI-INDUCING
PROTEINASES AMONG SEVERAL FISH SPECIES
The attempts were made to clarify the distribution
pattern of four Lypes of MIPs among several modori-

accurring fish species.

MATERIALS AND METHODS

Materials |

~ Bady weight, body length and the date of catch of the
fishes used for the experiment are summarized in Table 6.
These fishes were used within 24 hours after death except
for threadfin bream, which was ocbtained from the Kyoto
Whole Sale Market and used within approximately 48 hours
after death.
Methods

Methods used in this chapter is same as described in

chapters 5.

P

RESULTS AND DISCUSSION ;

As shown in Fig. 24, Mf gels of threadfin brEam_Made
at 50°% and at 60°C do not show the modor'-phenomenoh
judging from the results of the folding tests A and the
SDS-PAGE analysis. However, Sp caused gel degradationsl“
when added to threadfin bream Mf and heated at bath 50 °C
and at 60°C (sensory score at 50°C, 3BC; that at 60°C,
2CD) accompanying the breakdown of MHC, respectively. It
was, therefore, suggested that threadfin bream contained
Sp-50-MIP and Sp-60-MIP. In addition, the result supported
the validity to use threadfin bream Mf as a substrate for

the examination of the extracted MIP of each species.
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Table 6. Fish used in the experiment.

Fish species ‘ Body Body Date of
length - weight catch |
 fem)” 7 (g) (month/day/year)
Threadfin bream S 26,0 4107 Oct 20, '88
. (Nemipterus virgatus) .. - ‘ C
Mud dab 25.5 350 Apr 14, '89
{Limanda yokohamae). @ - : I Sl
Walleye pollack 58.0 1700 Jul 2, '89
(Theragra chalcogramma) B o : o
Red sea bream 36.2 1200 Jan 24, '89
(Pagrus major) ' '
Rainbow trout 7.5 230 May 30, '89
(Salmo gairdneni) ‘ ' '
Brown croaker - 31,7 440 - - Dec 14; '88
(Argyrosomus miiuy) . ;
Shortfin lizard fish 31.3 310 Sep 13, '89
(Saurida elongate) ~
Nibe croaker . .30.5 .. 520 Feb 7, '89
(Nibe mitsukurii) ‘ '
Tilapia, .- . 22.2 400"  Jan 11, '90
(Sarotherodon niloticus) .
File:fish. v 1646 : 110 - Nov 8; '88
(Navodon modestua) , . { L
Pacific mackerel ' "'~ 33.0 - 680  Jan.23, '89
(Scomber japonicus) . ‘ : ‘ C L
Crucian carp 23.5 520 Dec 9, '88

,{Carassius auratus. cuvieri)

g : L [
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Gel fype Mf gel* Sp- added gel*?
Heating temperafure (°C) non 50 60 non 50 60
Sensory score -  T7A 4A - 3BC 2CD

MHC > = = ow = 9 1

SDS-PAGE

esr o — L Lo

Fig. 24. Classification of modori-inducing proteinases

of threadfin bream.

Myofibrillar gels and sarcoplasmic fraction added gels were
prepared and evaluated as described in "Materials and Methods".
Degradation of myosin heavy chain (MHC) was determined by
SDS-PAGE. *' myofibrillar gel; *2sarcoplasmic fraction added gel.

Gel type Mf gel Sp- added ge|*?
Heating temperature (°C) non 50 60 non 50 60
I'D

Sensory score S AR A o

1°

SDS-PAGE

®o eow e

1
!

- -

Fig. 25. Classification of modori-inducing proteinases

of walleye pollack.

Myofibrillar gels and sarcoplasmic fraction added gels were
prepared and evaluated as described in "Materials and Methods".
Degradation of myosin heavy chain (MHC) was determined by
SDS-PAGE. *' myofibrillar gel; *2sarcoplasmic fraction added gel.
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As shown in Fig. 25, in the case of walleye pollack
typical gel degradation énd the breakdown of MHC are
observed only in the Sp-added gel made at 60°C (sensory
score was 1D), while Mf gels made at 50 °C and at 60°C and
Sp-added gel made at 50° did not show modori-phenomenon.
This result suggested that walleye pollack contained only
Sp-60-MIP and supported the advantage of leaching process
applied for the preparation of surimi of this species in
eliminating MIP. The same results were obtained for red
sea .bream, rainbow trout, brown croaker and mud dab (data

not shown).

Gel {ype Mf gel® Sp- added gel*?
Heating temperafure (°C) non 50 60 non 50 60
Sensory score - 0D 0D - 8A 4A
MHC = wa -y
o |
SDS-PAGE
- w e e

—_— — — — — - —

Fig. 26. Classification of modori-inducing proteinases

of crucian carp.

Myofibrillar gels and sarcoplasmic fraction added gels were
prepared and evaluated as described in "Materials and Methods".
Degradation of myosin heavy chain (MHC) was determined by
SDS-PAGE. *' myofibrillar gel; *2sarcoplasmic fraction added gel.
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Mf gels of crucian carp made at 50°C and at 60°C show
intensive gel degradation as shown in Fig. 26 (sensory
score was OD at 50°C and at 60°) and the breakdown of
MHC, but Sp-added gels do not show the gel degradation
(sensory score was 8A at 50°C and 4A at 60°C). Similar
results were obtained for file fish and Pacific mackerel
(data not shown). It was, therefore, suggested that these
species contained Mf-50-MIP and Mf-60-MIP.

For nibe croaker, both Mf gel and Sp-added gel show
degradation only at 60°C (sensory score of both gels was
ID) as shown in Fig. 27. A similar result was obtained for
tilapia. From this result, these species contained Mf-60-

MIP and Sp-60-MIP.

'

Gel type M{i gel* Sp- added ge|*?
Heating temperature (°C) non 50 60 non 50 60
5A 1D = G D

MHC»{?‘ -
4 | Babd

Sensory score

SDS-PAGE
- W w w w
—_ - -8 =

Fig. 27. Classification of modori-inducing proteinases

of nibe croaker.

Myofibrillar gels and sarcoplasmic fraction added gels were
prepared and evaluated as described in "Materials and Methods".
Degradation of myosin heavy chain (MHC) was determined by
SDS-PAGE. *1 myofibrillar gel; *2 sarcoplasmic fraction added gel.
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For shortfin lizard fish, gel degradations are
observed in Sp-added gel heated at 60° (sensory score,
1D) as shown in Fig. 28. In the case of Mf gels made at
50°C and 60°C, though both of sensory scores were 3A,

a partial modori-phenomenon was observed because MHC was
degraded to some degree and the scores of teeth-cutting
test of them were relatively lower than those of the gels
heated for 10 min (data not shown). This result suggested
that shortfin lizard fish contained Sp-60-MIP, Mf-50-MIP
and Mf-60-MIP.

Gel fype Mf gel* Sp- added gel*?
Healing temperaiure (°C) non 50 60 non 50 60
Sensory score - 3A 3A = 4A |ID
SDS-PAGE

Fig. 28. Classification of modori-inducing proteinases

of shortfin lizard fish.

Myofibrillar gels and sarcoplasmic fraction added gels were
prepared and evaluated as described in "Materials and Methods".
Degradation of myosin heavy chain (MHC) was determined by
SDS-PAGE. *! myofibrillar gel; ¥2sarcoplasmic fraction added gel.

The distribution pattern of MIPs is summarized in
Table 7. Though only a limited number of species were
examined in the present study, the diversity of the
distribution pattern of MIPs was clearly demonstrated.

This may be partly responsible for the remarkable species-
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specificity of the modori-phenomenon, !

It must be stressed, however, that lack of some type
of MIP activity in some fish species does not necessarily
mean lack of this type of proteinase in the corresponded
fish species. MIP is supposed to exist as a latent form in
vivo and required some activation for the revelation of
its activity.lB) Presumably, the assay conditions for the
activation of MIP, such as temperature or ionic strength,

are not suitable.

Table 7. Distribution of four types of MIP among fish species.

Fish species MIP

Sp-50-MIP  Sp-60-MIP  Mf-50-MIP  Mf-60-MIP

Threadfin bream 'F'
Mud dab

Walleye pollack

Red sea bhream
Rainbow trout

Brown croaker
Shortfin lizard fish
Nibe croaker

Tilapia

File fish

Pacific mackerel
Crucian carp

A+
£
>

+++
H++++

(+) shpwed modori-phenomenon partially.
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. SUMMARY = . : ‘ L

. Twelve fish species were classified into following
five groups according to the distribution pattern of four.
types. of MIP. 1; The species having only Sp-60-MIP, such
as Alaska pollack, marbled sole, rainbow trout, brown .
croaker and red searbream, 2; the species having both Sp-.
50-MIP and Sp-60-MIP, such . as threadfin-bream,. 3; Lthe
species. retaining both Mf-B0-MIP and Mf-60-MIP, such as
crucian carp, Pacific mackerel and oval filefish, 4; the
species: having beth Sp-60~MIP. and M{-60-MIP, such as nibe
croaker and tilapia and 5; Lhe species possessing Sp-60-

MiP, Mf-50-MIP and MI~-60-MIP, such as slender lizard fish.



SUMMARY AND CONCLUSION
(1) It was demonstrated that modbr'-phenomenon is caused
by a heat stable proteinase which exist in sarcopldsm of
fish muscle. This proteinase was designated as
sarcoplasmic-60°C-modori-inducing proteinase (Sp-60-MIP),
The mechanism of modori-phenomenon was assumed that the
degradation of myoasin heavy chain by Sp-60-MIP results in
destroying three-dimensional network of actomyosin.'
It was also confirmed that HAP bear no relation td
modori-phenomenon because modori-phenomenon was not
induced by the addition of HAP.
(2) 8p-60-MIP purified from threadfin bream was a
glycoprotein having a monomelic¢ subunit structure of which
molecular weight was estimated to be 77,000 on a SDS-PAGE
analysis. This proteinase was classified as a serine
proteagse and its activity seemed to exist in a latent form
in vivo and was induced by heating. This proteinase
degraded myosin heavy chain in the presence of NaCl. This
proteinase was distinguished from so-called HAP (heat-
stable alkaline proteinase) which had long been supposed
to be a modori-inducing factor, by its molecular weight
and by the non-immunological cross-reactivity with anti
heat-stable alkaline proteinase antibody.’ '
(3) It is reasonable to assume that Sp»ﬁOmMIP plays a
significant role in kamaboko processing on commercial base
from following reason. Sp-60-MIPs were widely distributed
among various fish species, especially among major species
for kamaboko production (threadfin bream, walleye pollack,
nibe croaker, shortfin lizard fish). ' -

{(4) The existence of other types of modori-inducing
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proteinases (MIPs) was demonstrated and then those MIPs
were classified into four sub-types as follows on the
basis of the'extractability from muscle, the optimum
temperature for the myosin heavy chain breakdown activity,
and the sensitivity to n-butanol. 1; Sarcoplasmic-50°C-
modori-inducing proteinase (Sp-50-MIP) which is easily
extractable, acts optimally at 50°C and is not sensitive
to n-butanol, 2; sarcoplasmic-60°C-modori-inducing
proteinase (Sp-60-MIP) which is also easily extractable,
but acts optimally at GO‘C, and is sensitive to pn-butanol,
3; myofibril-associated-50°C-modori-inducing proteinase
(Mf-50-MIP) which is tightly associated with myofibrils,
acts optimally at 50°C, and is not sensitive to n-butanol,
and 4; myofibril-associated-60 °C-modori-inducing "
proteinase (Mf-60-MIP) which is also tightly assoc1ated _
with myofibrils, but acts optimally at 60°C, and is
sensitive to n-butanol. » -

(5) Twelve fish species were examined and classified into
following five‘groupsraccorﬂing to thg distribution
pattern“oi above four types of MIP. 1; The species having
only Sp-60-MIP, such as Alaska pollack, marbled sole,
rainbow trout, brown croaker and red sea bream, 2; the
species having both Sp-50-MIP and Sp-60-MIP, such as
threadfin bream,.a; the species having both M{-50-MIP and
Mf-60-MIP, such as crucian carp, Pacific mackerel and oval
filefish, 4; the species having both Sp-60-MIP and Mf-60-
MIF, such as nibe croaker and tilapia and 5; the species
haang_Sp-BOfMIP. Mf—5QfMlRﬂand Mf-60-MIP, such as
shortfin lizard fish, |
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