CHEMISTRY/BIOCHEMISTRY
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its Degradation of Myofibrillar Proteins
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ABSTRACT yl-coumaryl-7-amide (Boc-Phe-Ser-Arg-

Proteolysis of a myofibril-bound serine proteinase (MBP) from carp Cyprinus ~ MCA) and bovine serum albumin (BSA)
carpio on myofibrillar proteins and their gel formation ability were investigated. were purchased from Wako Pure Chemical
MBP readily decomposed myosin heavy chain as indicated by SDS-PAGE. In the Co. (Osaka, Japan). Ultrogel AcA 54 and
preparation of kamaboko, the gel formation ability was diminished by addition of Arginine-Sepharose 4B were obtained from
MBP. The optimum degradation temperatures of MBP to myosin heavy chain in Pharmacia (Uppsala, Sweden). Casein and
myofibril and kamaboko gel were 55 °C and 60°C, respectively. The degradation gelatin were obtained from Sigma (St. Lou-
effects of MBP on actin, a-actinin and tropomyosin were studied by the immuno- is, MO). Electrophoresis calibration kits used
blotting method. Because of its myofibril-bound and myofibrillar protein degra- for sodium dodecyl sulfate-polyacrylamide
dation characteristics, MBP was regarded as the proteinase most probably in- gel electrophoresis (SDS-PAGE) and immu-
volved in the modori effect. noblotting were obtained from Bio-Rad

Key Words: antibody, gel formation, immunoblotting, myofibril, serine pro- (Richmond, CA). All other chemicals were
teinase reagent grade.

Enzyme purification, activity assay
and preparation of antibodies

INTRODUCTION tus).Toyohara etal. (1990b) further described The purifica’[ion procedure and activity
WITH THE FAST DEVELOPMENT OF cUL- the existence of a proteinase(s), closely agssay of MBP were carried out as described
ture technology, the harvest of freshwater fisgociated with myofibril in oval-filefish and (Osatomi et al., 1997). In brief, minced carp
is increasing. Kamaboko preparation has alggresumed it to be a serine proteinase. Thergrdinary muscle was washed with 25 mM
been utilized in the processing of freshwatefore, it became evident that both sarcoplagshosphate buffer, pH 7.5 and centrifuged re-
fish. Similar to marine fish, the modori ef-mic serine proteinase (SSP) (Kinoshita et apeatedly four times in order to eliminate fat
fect (thermal gel degradation of fish jelly1990) and myofibrillar serine proteinaseand sarcoplasmic proteins. MBP was sepa-
products) occurred in the production of fresh(MSP) (Toyohara et al., 1990b) were responyated from myofibril at pH 4.0 in the pres-
water fish products (Iwata et al., 1974, 19773ible for the modori effect. The MSP is re-ence of 0.5 M KCI. After dialysis against dis-
Shimizu et al., 1981). Much research has be@@rded as much more important because eyffled water overnight, the crude enzyme so-
conducted to elucidate the cause of the méensive washing is generally performed in théution was lyophilized and consequently dis-
dori effect, and many hypotheses have bedifoduction of fish jelly products, and SSPsolved in a minimum volume of distilled
proposed to explain it. The heat denaturatiowould be mostly eluted out in this process.water. Following Ultrogel AcA54 gel filtra-
of muscle protein (Niwa et al., 1975) and the In order to elucidate the characteristics ofion, MBP was purified by Arginine-
action of a gel degradation-inducing factosuch modori-related serine proteinases in thgepharose 4B affinity chromatography in the
(lwata et al., 1977; Toyohara et al., 1990djydrolysis of myofibrillar proteins, itis nec- presence of 0.5 M KCI. The activity of MBP
were considered. The multicatalytic proteinessary to obtain the enzymes in their homayas determined using Boc-Phe-Ser-Arg-
ase was also assumed as involved (Makifgeneous states. As compared to SSP, the pBUCA as a substrate at 55°C for 10 min. One
odan et al., 1985, 1987). It is now regardedfication of myofibril-bound serine protein- ynit of enzyme activity was defined as the
as the participation of an endogenous serir&ses had not been complete. It may be due #ount of activity that released 1 nmol of 7-
proteinase(s) (Kinoshita et al., 1990; Toyothe scarcity or the difficulty in solubilizing amino-4-methylcoumarin (AMC) per min.
hara et al., 1990b; Osatomi et al., 1997). Theuch enzymes from myofibrils. A myofibril- polyclonal antibodies against red sea bream
responsible serine proteinase(s) was sujppound serine proteinase (MBP) from the orpagrus majoractin and carp tropomyosin
posed to exert its action by degrading thdinary muscle of carp has been purified tquere raised in rats. Polyclonal antibody
myosin heavy chain (MHC), which washomogenity (Osatomi et al., 1997). The obagainst red sea breamactinin was raised
known as the major constituent in myofibriljective of this study was to further elucidaten a rabbit.
and provided gel forming ability in the prep-the actions of MBP on a fish jelly product

aration of the fish jelly products (Toyoharaand myofibrillar proteins. Protein concentration assay and
et al., 1988; Cheng et al., 1979). myofibril preparation

In the research of such modori-related MATERIALS & METHODS Protein concentration was determined by
serine proteinases, Shimizu et al. (1983, the method of Lowry et al. (1951) with bo-
1986) first reported myosin-associated moMaterials vine serum albumin as a standard. Myofibrils
dori-inducing factors in croakeN{bea mit- Cultured carpCyprinus carpio(=1.0 kg) were prepared from carp dorsal lateral mus-

sukurii) and oval-filefish Navodon modes- was obtained from a commercial suppliercle according to Tsuchiya et al. (1975) with
transported to the laboratory within 1 h, dea slight modification.

Authors Cao, Hara, Osatomi, lzumi, and Ishihara ar ; ; ;
with the Dept. of Marine Biochemistry, Faculty Ofcapltated and eviscerated. Ordinary muscle

Fisheries, Nagasaki University, Bunkyo, NagasakWas collected, stored at35°C and used for Preparation of fish jelly product in
852-8521, Japan. Author Tachibana is with the DeptMBP purification. The carp muscle utilizedthe presence or absence of MBP

of Fishery Nutritional Science, Faculty of Fisheries, ihri i ich i _ ; _ti

Nagasaki Univ., Bunkyo, Nagasaki 852 8521, Japanf'(;r myqflbrll prepaITatlondind flsfh jerl]l)f/' rr;]an Minced and thr_ee time washed carp r_neat
Address inquiries to Dr. M.-J. Cao. ufacturing was collected from fresh fish. (250 g) only was first ground for 10 minin a

Butyloxycarbonyl-Phe-Ser-Arg-4-meth- meat grinder (Ishikawa type 18, Tokyo, Ja-

644 JOURNAL OF FOOD SCIENCE—Volume 64, No. 4, 1999 © 1999 Institute of Food Technologists



pan). NaCl was added to make a final cormM Tris-HCI, pH 8.0, containing 5% SDS, ase when it coexisted with protein(s) at some
centration of 3% and the mixture was fur8 M urea and 5% 2-mercaptoethanol). Theoncentration ranges.

ther ground for 10 min at’@. Crude MBP mixture was homogenized in 30 s period four

solution (extracted from 1.5 kg of ordinarytimes at medium speed using a physcotroEffect of MBP on fish gel strength

carp muscle) was evenly added during theNITI-ON, Chiba, Japan). The homogenate As shown (Fig. 2), although the gel
additional 10 min grind. The final water con-was boiled 5 min and mixed with 3L of  strength of carp meat was lower than that of
tent of the meat paste was adjusted to 81%% bromophenol blue (BPB) followed by most marine fish, the slight modori effect

In the control sample, water was added iISDS-PAGE analyses. around 60°C in the control test was observed.
place of crude MBP. The ground meat paste This suggested the existence of a modori-re-
(30 g each) was stuffed into stainless stedlydrolysis of myofibrillar proteins lated proteinase. In the presence of crude
tubes (dia, 32 mm; ht, 30 mm; thickness, by MBP at various temperatures MBP, the gel strength further decreased as

mm). The tubes were wrapped with Saran Myofibril solution was prepared by dis- compared with the control, especially around
film, then immersed in water baths of differ-solving carp myofibril in 0.1 M phosphate 60°C, relatively corresponding to the opti-
ent temperatures (40, 50C, 55C, 60C, buffer (pH 7.0) containing 0.5 M NaCl. Re-mum temperature of MBP (36). When the
70°C, and 86C) for 1 h. After incubation, action mixtures consisting of 150L myo- incubation temperature was70°C, no dif-

the tubes were further heated at®®@or 20 fibril solution (2 mg protein) and 5QL of ference between gel strengths in the presence
min to inactivate the enzyme and immedipurified MBP (0.1 unit) were incubated ator absence of MBP could be detected, which
ately cooled in ice-water for 30 min. Gelthe following temperatures for 1 h: 4T}  could be ascribed to the heat inactivation of
strength was estimated following storage ib0°C, 55C, 60C, 70C and 80C. Control MBP.

a cold room of 4C for 12 h. test was performed by incubating the myo- In the practical manufacture of kamabo-
fibril solution at 58C for 1 h using water in ko, modori-related proteinase acted in the
Assessment of gel strength place of MBP. Reactions were terminated bpresence of other proteins. In our study, in-

The gel strength was estimated by meaadding 1.0 mL of SDS buffer [0.1M Tris- stead of purified MBP, lyophilized crude en-
suring breaking strength (g) and deformatiohCI, pH 6.8, containing 3% SDS, and 50%zyme dissolved in a minimum of water was
(cm). Each sample was evaluated with an SO§v/v) glycerol], the mixtures were then boiledadded to 250 g minced meat for investiga-
305 type rheometer (SunScience, Tokyo, Jder 5 min in the presence of 5% 2-mercaptotion of gel degradation. Considering the ac-
pan) equipped with a spherical plunger (diagthanol. SDS-PAGEs were all carried out otivity loss and the incomplete extraction of

5 mm) at a table speed of 0.6 mm/s. Meai.5-15% gradient gels. MBP from myofibril, 1.5 kg ordinary mus-
scores of 6 points in each test gel were ob- cle was used for enzyme isolation. The
tained. Jelly strength was expressed as the RESULTS & DISCUSSION strength of the gel only decreased 13% and
multiplication of breaking strength by defor- 16.7% with the addition of crude MBP even
mation (gx cm). Thermal stabilities of MBP at 37°C 5t 55C and 60C, respectively (Fig. 2). Two
and 55°C possibilities may be hypothesized. One was
SDS-Polyacrylamide Gel The thermal stabilities of the purified en-that MBP could not act as actively in jelly
Electrophoresis (SDS-PAGE) and zyme at 37C and 53C were compared (Fig. state as in the solvent state, so its gel degra-
immunoblotting 1). MBP was stable at 3¢, the remaining dation exertion was suppressed. The other

SDS-PAGE was performed under reducactivity of over 89% was retained even whefvas that compared with endogeneous myo-
ing conditions according to the method oft was preincubated in 50 mM borate buffefibril-bound enzyme, extraneously added
Laemmli (1970) and stained for protein with(pH 8.0) at that temperature for 3 h. MBPMBP was in a non-binding state. Its binding
Coomassie Brilliant Blue R-250. Immunob-lost 40% of its initial activity in 10 min dur- ability with myofibrillar proteins was con-
lotting was carried out as described (Towbirng preincubation in 50 mM borate buffer (pHsequently weaker, and eventually affected its
et al., 1979). Briefly, myofibrillar proteins 8.0) at its optimum temperature "85How-  hydrolytic ability. SDS-PAGE analysis of the
were subjected to SDS-PAGE and transferreglver, in the presence of 2% casein (pH 8.0jlegradation of MHC also revealed that MHC
electrophoretically to clear blot membranethe thermal stability increased markedlywas not so obviously degraded atG%nd
p (ATTO, Tokyo, Japan). Nonspecific sitesMBP retained 56% of its initial activity even 60°C compared with the control (Fig. 3), con-
were blocked with 3% (w/v) gelatin (Sigma)preincubated at S& for 3 h. This indicated firming the alteration of gel strengths.
in Tris-HCI buffered saline (TBS20 mM that MBP was a thermostable serine protein-

Tris-HCI, pH 7.5, 0.5M NaCl). The mem-
brane was incubated overnight atG7us-
ing a 1:150 (v/v) dilution of primary antiser-

um. Bound antiserum was washed with 100 250

TTBS (TBS, 0.1% Tween-20). After incuba-| g

tion for 1 h with goat anti-rabbit IgG cou-|=., 80 E

pled to horseradish peroxidase (Amershamgs v ;5

Pharmacia Biotech, Uppsala, Sweden), the-§s 60 59 00

membrane was further washed extensive Veo 44 5

with TTBS. Immunodetection was carried £ %‘*

out following the detection procedure of Am- E 20 & 10p

ersham and stained with Konica immuny 2 e

ostaining HRP-1000 kit (Konica, Tokyo, Ja- 0 1 1 L L =

pan). 0 30 60 90 120 150 180 100 . . ;

Incubation time {min} 40 50 60 70 80

Protein extraction from fish jelly - —

for SDS-PAGE Fig. 1—Thermal stability of MBP at two tem- Temperature (°C)
peratures. Purified MBP was preincubated

After the evaluation of jelly strength, aat37°c(m) or 55°C(®) in 50 mM borate buffer  Fig. 2—Changes of gel strength at different
small portion of fish gel was obtained andpH 8.0) and at 55°C in the presence of 2%  temperatures in the pr or ab of

. . : casein (pH 8.0)(A) for different time inter- crude MBP. With MBP (®); without MBP (O).
minced. To a preC|se|y Welghed 0.2 g Samv::lls, and the remaining activity was deter-

ple was added 4.0 mL sample solution (2¢hined.
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Fig. 3—SDS-PAGE analysis of myofibrillar proteins in fish gels in the pr or ab
of MBP at different temperatures. Fish gels were incubated with crude MBP (+E) or without
MBP (-E) at different temperatures. Samples (15 pg proteins/lane) were applied to a 7.5-

sin was incubated at the same temperature
even for 4 h (Osatomi et al., 1997), suggest-
ing the scarce existence of a myofibril-bound
serine proteinase (MBP) in myofibril.

Actin. Actin was regarded as a proteolyt-
ically resistant protein compared with MHC
andp-tropomyosin/troponin-T (Cheng et al.,
1979; An et al., 1994). In the hydrolysis of
myofibril by MBP (Fig. 4), actin was also
found to be degraded to some degree. After
1 h incubation at 5% and 60C, the origi-
nal actin band became thinner, and several
new protein bands appeared below that of
actin. As myosin heavy chain was hydrolyzed
and more large molecular weight proteins,
such as neblin (Labeit et al., 1991) and con-
nectin (Maruyama et al., 1987), were also
probably degraded at the same time, it was
difficult to ascertain whether these new bands
were degraded from actin. To clarify the po-
sitions of the degraded actin products, im-

15% gradient gel. MHC, myosin heavy chain.

The modori effect in fresh water fish washeavy chain and actin with tropomyosia,
different among species, carp was relativelgctinin, troponin T and myosin light chain
1981)s minor constituents. The degradation ohyofibril, the degradation o&-actinin

resistant to modori (Shimizu et al.,

munoblotting was performed. Actin was par-
tially hydrolyzed into three main protein
bands (Fig. 5) with molecular masses of 41
kDa, 38 kDa, and 34 kDa, respectively. Fur-
ther degradation progressed very slowly (data
not shown)

a-actinin. As a minor constituent in

(Fig. 2). We presumed that it should be asmyofibril by MBP was investigated by SDS-whether in autolysis or in the modori effect
cribed to the scarcity of such modori-relatedAGE (Fig. 4). Myosin heavy chain, the mairhas been rarely studied-Actinin of white
proteinase (MBP) in carp muscle. Actually,constituent contributing to gel strength ofcroaker was not degraded at all by an endo-
only 75 pg of purified MBP was obtainedkamaboko was most rapidly hydrolyzed. Itgeneous trypsin-like serine protease (Busconi

starting from 3 kg of ordinary muscle (Os-original band completely disappeared in 1 let al.,
at 55C. This implied that MBP was most result (Fig. 6) in our study showed that the

atomi et al., 1997).

1989). However, the immunoblotting

probably the serine protease contributing toriginal a-actinin band was degraded to a

Degradation of myofibrillar
proteins by purified MBP at
different temperatures

the modori effect. In the control, myofibril trace amount after incubation with purified
was heated at 56 for 1 h and a slight deg- MBP at 55C for 1 h. This indicated that-
radation of MHC was identified. No degra-actinin could also be cleaved by MBP at its

Myosin heavy chain.Myofibril prepared dation, however, was found when the diisooptimum temperature. The degraded products
from carp muscle mainly contained myosirpropyl fluorophosphate (DFP)-treated myofrom a-actinin were not detected.
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Fig. 4—Degradation of myofibrillar proteins at different temperatures.
Myofibril dissolved in 0.1 M phosphate buffer (pH 7.0) containing
0.5 M NaCl was incubated with purified MBP at different tempera-
tures for 1 h. After incubation, SDS buffer was added into the reac-
tion mixtures and boiled for 5 min, samples (17ug proteins/lane) were
applied to a 7.5-15% gradient gel. Lane a, 0 h; b, 40°C; ¢, 50°C; d,
55°C; e, 60°C; f, 70°C; g, 80°C; h, 55°C control (without MBP).
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Fig. 5—Immunoblotting of the degradation of actin. Myofibril was
first incubated with purified MBP for 1 h as described in Fig. 4, and
then applied (lane b to h, 17 pg proteins/lane) to a 7.5-15% gradi-
ent gel. After electrophoresis, the gel was transferred to a clear
blot membrane-p and immunoblotted with anti-red sea bream actin
antibody. Lane a, prestained marker; b, 0 h; ¢, 40°C; d, 50°C; e,
55°C; f, 60°C; g, 70°C; h, 55°C control (without MBP).
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Fig. 6 —Immunoblotting of the degradation of a-actinin. Myofibril Fig. 7—Immunoblotting of the degradation of tropomyosin. Myo-
was first incubated with purified MBP for 1 h as described in Fig. 4, fibril was first incubated with purified MBP for 1 h as described in
and then applied (lane b to h, 17 pg proteins/lane) to a 7.5-15% Fig. 4, and then applied (lane b to h, 17 pg proteins/lane) to a 7.5-
gradient gel. After electrophoresis, the gel was transferred to a 15% gradient gel. After electrophoresis, the gel was transferred to
clear blot membrane-p and immunoblotted with anti-red sea bream a clear blot membrane-p and immunoblotted with anti-carp tro-
a-actinin antibody. Lane a, prestained marker; b, 0 h; ¢, 40°C; d, pomyosin antibody. Lane a, prestained marker; b, 0 h; ¢, 40°C; d,
50°C; e, 55°C; f, 60°C; g, 70°C; h, 55°C control (without MBP). 50°C; e, 55°C; f, 60°C; g, 70°C; h, 55°C control (without MBP).
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