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Cathepsins in the muscle of three species of Pacific sole,   i.e. , 

rex,   English and petrale,  were investigated as to further assist in 

determining their esoteric properties and function. 

A buffered hemoglobin solution (pH 3. 0) which served QS sub- 

strate for the enzyme assay showed a linear increase in autolysis with 

refrigerated storage (40C) and also showed a linear increase in the 

rate of autolysis during equivalent assay incubation periods (350C) 

with refrigerated storage (40C). 

No apparent change in catheptic activity of the  1% saline muscle 

extracts from the various species was observed during 25 days of 

frozen storage (-260C). 

Partial characterization of the cathepsins indicated a pH optimum 

of 3. 0^3. 5 for rex and petrale sole but a slightly higher pH optimum 



of 3. 2-3. 8 for English sole.     The three species displayed a tempera- 

ture optimum of 450C for hemoglobin splitting ability. 

Using 23 individuals of each species which were obtained from 

the  same tow from a commercial fishing boat,   a wide variation in 

catheptic activity within the specie was observed for rex sole with a 

range of 17. 21 and a standard deviation from the mean (4. 15) of 4. 7. 

English and petrale sole showed amore uniform activity pattern 

between the individuals of each specie with ranges of 4. 7 and 1. 55 and 

standard deviations from the mean  (3. 45;  1. 74) of 1. 24 and 0. 49, 

respectively.    Analysis of variance revealed a significant difference 

(   a  = 0. 05) between the mean values for the three species.    Duncan's 

multiple range test showed a significant difference between the mean 

value for rex and petrale sole.    However,   the mean value for English 

sole was not significantly different than that for rex or petrale sole. 

Sensory evaluation,  using a triangle difference test with a panel 

of 30 judges,   indicated a significant difference (    a   = 0. 05) in the 

muscle of petrale sole which contained high and low levels of catheptic 

activity.    No significant difference was found in the muscle of either 

rex or English sole under similar conditions.    Since the muscle from 

rex and English sole contained a higher degree of catheptic activity 

difference within the respective specie than petrale sole,   it is rea- 

sonable to assume that some factor other than catheptic activity was 

responsible for the observed significant organoleptic difference.     The 



sensory evaluation results,   although a novel approach to the study of 

muscle cathepsins,  tends to question the validity of the assumption 

that cathepsins have a substantial,  pragmatic,   influence upon the 

quality of marine food fish. 
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COMPARATIVE ACTIVITY AND PARTIAL 
CHARACTERIZATION OF CATHEPSINS IN THREE 

SPECIES OF PACIFIC SOLE 

INTRODUCTION 

English (Parophrys vetulus),   petrale (Eopsetta jordani) and rex 

(Glyptocephalus zachirus) sole are classified in the family (Pleuronec- 

tidae) of flounder (flatfish).    Flounder,   along with other major species 

such as cod,   ocean perch,   haddock and pollock,   are grouped under 

the broad heading of groundfish.     The total mean value for domestic 

Oregon trawl landings of rex,   English and petrale sole from 1961- 

1970 amounted to some  5. 19 million pounds.    English sole,  with Z. 1 

million pounds,   contributed the highest weight percentage of the total 

landings for the individual species during this period.    Petrale sole 

with  1. 97 million pounds and rex sole with 1. 12 million pounds were 

second and third,   respectively (Meehan,   1971). 

The post-mortem biochemical changes with the simultaneous 

formation of low molecular weight compounds are important in fish 

spoilage and preservation.    Past research (Liston,   1965) has indi- 

cated that microbial contamination during storage is an important 

factor in fish spoilage.     Fresh fish exposed to normal storage con- 

ditions (0-4oC) are predominantly attacked by psychrophilic bacteria 

of the genus Pseudomonas.     The production of spoilage bacteria flora 

initiates tissue degradation with the formation of low molecular 



weight end products.     These enzyme catalyzed reactions are 

responsible for protein deamination with subsequent formation of 

putrid amine volatiles such as ammonia and trimethylamine (Listen, 

1965).     Nucleotides such as adenosine triphosphate (ATP) are de- 

phosphorylated to adenosine monophosphate (AMP) with subsequent 

deamination to inosine monophosphate (IMP).    Inosine monophosphate 

(IMP) is dephosphorylated to inosine with subsequent formation of the 

bitter compound hypoxanthine (Buttkus and Tomlinson,   1966).     With 

the application of analytical chemistry,  the production of these 

chemical end components in round fish upon storage,  i.e. ,  formalde- 

hyde,   trimethylamine,   hypoxanthine have been used as indices of 

freshness in quality assessment. 

Although microbial contamination is considered a very impor- 

tant factor in fish spoilage,   several investigators  suggest that 

endogenous proteases,   e. g. ,   cathepsins,   have a profound secondary 

influence upon the rate of spoilage (Siebert and Schmitt,   1965; Dollar 

and Blackwood,   1962).     The possible effect that proteolytic enzymes 

may have on post-mortem autolysis -of fish presents itself not only as 

a physiological or pathological concern,   but also a means for the 

improvement in the utilization and preservation of fish muscle 

(Makinodan and Ikeda,   1969a). 

Since there has been increased speculation as to the spoilage 

effect that cathepsins may exert upon the post-mortem quality of 



fish muscle,   an investigation was undertaken to further explore and if 

feasible,   corroborate the validity of this assumption. 

Partial characterization of the muscle cathepsins in three spe- 

cies of Pacific sole provided information for assay conditions for 

subsequent analysis of their comparative catheptic activity.    Sensory 

evaluations were conducted to determine if judges could distinguish 

a difference in quality between fish muscle of the same species 

containing different levels of catheptic activity.     The above informa- 

tion assisted in arriving at some definitive evidence as to the role of 

cathepsins in post-mortem fish muscle in relation to their effect upon 

organoleptic quality. 



LITERATURE REVIEW 

Definition and Role of Proteolytic Enzymes 

Recently,   considerable attention has been given to the autolytic 

deterioration of fish tissue.    Although a major source of fish spoilage 

is microbial (Liston,   1964),   it is well known that proteolytic enzymes 

occupy an obscure role in the degradative process (Siebert,   1962; 

Siebert and Schmitt,   1965; and Dollar and Blackwood,   1962). 

Willstatter and Bomann (Fruton,   I960) were pioneers in intra- 

cellular proteinase nomenclature with the designation of cathepsins to 

the distinct class of animal proteinases.     Cathepsins are a hetero- 

geneous class of proteolytic enzymes found intracellularly in animal 

tissue and are distinct from other proteinases found in the gastro- 

intestinal tract,   i.e.,   trypsin,  pepsin,   chymotrypsin,   etc.   (Fruton, 

I960). 

The cathepsins appear to be indigenous and ubiquitous in tissue 

but are concentrated in an imbalanced proportion between the various 

tissues with the organs (spleen,  kidney,   lung,  liver,   etc. ) having a 

significantly higher percentage than that found in the muscle (Fruton, 

I960).     The findings of different enzyme activities in various tissue 

by Wojtowicz and Odense (1972) corroborate the above conclusion. 

Cathepsins have their highest activity when exposed to low 

acidic conditions (ca.   pH 4. 0) (Fruton,   I960) but their fundamental 



role remains a phenomenon still waiting to be explained as the pH in 

most fish muscle seldom decrease lower than a range of 6. 2 to 6. 6 

(Buttkus and Tomlinson,   1966). 

Parrish and Bailey (1967) further substantiated that high 

catheptic activity is favored at low pH with bovine muscle tissue.     The 

pH optimum for catheptic activity in an extract from albacore muscle 

was  reported by Groninger (1964) to be 2. 4-2. 5.    Siebert (1962) found 

autolytic activity in fish muscle which was capable of hydrolyzing up 

to 1 0 mg of protein per hour per gram of fresh muscle tissue. 

In preliminary investigation.   Dollar and Blackwood (1962) 

suggested that perhaps bacteria and proteolytic enzymes exert syner- 

gistic roles in fish spoilage by the promotion of bacteria protein 

denaturation followed by an increase in enzyme activity.    Recent 

revolutionary investigation by Riemann et al.   (1971)  with liver lyso- 

somal enzymes implicated their function to be a concerted one with 

digestion,   i. e. ,   enzymes active at low pH prepare the protein sub- 

strate so as to facilitate an increase in the activity of the enzymes 

active at a higher pH.    Bodwell and Pearson (1964) in experimentation 

with cathepsins in bovine muscle and synthetic substrates tentatively 

suggested that a conceivable function of cathepsins is one of peptide 

synthesis or transpeptidation. 



While in vitro characterization of the esoteric proteinases is 

appreciably advancing,   in vivo elucidation of their profound indigenous 

biochemistry still remains in the infant stage. 

Source of Cathepsins 

Siebert (1958) and Siebert and Schmitt (1965) reported not only 

catheptic activity variation in the tissue of animals but that fish 

contained higher proteolytic activity (ca.   ten times) than that of 

mammals.    In later studies Wojtowicz and Odense (1972) reported 

comparable catheptic activity in chicken muscle to that in cod muscle. 

This investigation was in close agreement with the prior results 

reported by Berman (1967) for the hemoglobin splitting activity in 

chicken muscle using a modification of the classical technique pro- 

posed by Anson (1938).    Berman's results  showed a 34-fold increase 

in catheptic activity over that previously reported by Bandock-Yuri 

and Rose (1961). 

Mammalian Cathepsins 

Catheptic activity has been investigated extensively for numer- 

ous mammalian tissue in an effort to determine optimum proteolytic 

conditions with natural and synthetic substrates.     While low pH con- 

ditions were accepted as common knowledge for optimum catheptic 

activity,   several investigators reported similar results but in addition 



found a second activity optimum in the alkaline pH range which dictated 

a further need for cathepsin characterisation. 

Sliwinski et al.   (1959)   suggested that several proteolytic 

enzymes were involved in the hydrolysis of beef muscle when a par- 

tially purified extract was assayed with urea denatured hemoglobin. 

Lysosomal cathepsins that were lysed from bovine muscle,  which 

exhibited characteristics similar to cathepsin D from spleen,  were 

reported by Parrish and Bailey (1967) to have two activity optima 

(pH 4. 0 and 9. 0) with the higher activity at pH 4. 0. 

Cathepsin C was found by Tallan et al.   (1952) in beef spleen by 

a fractionation technique involving ammonium sulfate,   ethanol,   zinc 

ions and low temperature.     The isolated and crystallized enzyme had 

properties characteristic of pancreatic chymotrypsin with the excep- 

tion of a different pH optimum.    Snoke and Neurathe (1950) reported 

a cathepsin in striated rabbit muscle similar to that of crystalline 

chymotrypsin when the assay was conducted with hemoglobin,   casein 

and serum albumin substrates.    The rabbit tissue cathepsin had a pH 

optimum at 4. 0 with optimum stability at pH 6. 0. 

In preliminary investigation with rat skeletal muscle,   Koszalka 

and Miller (I960) reported contradictory results to those found earlier 

by Smith (1948) with the former (Koszalka and Miller) finding highest 

proteolytic activity on endogenous muscle proteins at pH 8. 5 to 9. 0 

and minimal activity at pH 3. 5 to 4. 0.    Depending upon the enzyme 
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investigated,   proteolytic enzymes (cathepsins B,   C and D) in bovine 

muscle and rat liver were reported by Lutalo-Bosa and Macrae (1969) 

to have optimum proteinase activity at either pH 3. 8 or 4. 8.     Chicken 

breast muscle was observed by Bandack-Yuri and Rose (1961) to 

exhibit two pH optima,   4. 0 and 7. 0,  with hemoglobin and casein 

employed as substrates,   respectively. 

Fish Cathepsins 

Early investigation on fish proteinases was limited to the influ- 

ence of pH upon proteolytic activity with little emphasis toward their 

total characterization.    In 1964,   Siebert and Schmitt (1965),  pioneers 

in fish cathepsin characterization,   reported the reaction rates, 

specificity and co-factor requirements for substrate affinity of puri- 

fied cathepsins from cod muscle.     With the B-chain of insulin serving 

as substrate,   they found that pronounced differences existed in 

cathepsins between mammalian and fish muscle.    In additional 

supporting evidence,   Siebert and Schmitt (1965) also observed that 

fish cathepsins,  unlike mammalian cathepsins,   are unable to hydro- 

lyze synthetic substrates. 

In a recent report,  Musch et al.   (1971)  were successful in 

isolating two catheptic components from cod muscle using an ion 

exchange technique.    A proteinase from albacore muscle with optimum 

pH activity at 2. 4-2. 5 was isolated by partial extract purification 
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(Groninger,   1964).    When employing denatured hemoglobin as sub- 

strate.   Ting et al.   (1968) noted a major catheptic activity optimum in 

salmon muscle at pH 3. 7 with two minor proteinase hydrolytic activi- 

ties at pH 7. 0 and 8. 5. 

In the individual muscle of 12 species of fish,  Makinodan and 

Ikeda  (1969) found two distinct types of catheptic activity which were 

defined as the acidic and alkaline optimum activity ranges.     The 

acidic pH cathepsin is generally referred to as cathepsin A and the 

"alkalophile" cathepsin as alkaline cathepsin.     While all fish composed 

of predominantly white muscle tissue exhibited both acidic and alkaline 

proteinase activity,  the red or pink muscle fish,   e.g. ,   albacore, 

common mackerel,   sardine,   appeared to have low or nonmeasurable 

alkaline catheptic activity.    In subsequent work,  Makinodan and Ikeda 

(1969a,   1969b) isolated these two cathepsins and later verified the 

presence of cathepsin A,   B and C in carp muscle (Makinodan and 

Ikeda,   1969c). 

Cathepsin D with optimum proteolytic activity at pH 4. 0 for both 

hemoglobin hydrolysis and autolysis of endogenous proteins and a 

molecular weight of approximately 32,000 using sucrose gradient 

centrifugation was found in the lysosomal fraction of the skeletal 

muscle of winter flounder (Reddi et al. ,   1972). 
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Effect of Assay Parameters on Proteolytic Activity 

Natural proteins such as hemoglobin,   casein,   egg or serum 

albumin are generally considered as appropriate substrates for assay- 

ing proteolytic activity.    Synthetic substrates have also been exten- 

sively used to further characterize and define the cathepsins,   e. g. , 

carbobenzoxy-L-glutamyl-L-tyrosine is substituted for a natural 

substrate in determining the presence of the specific hydrolytic 

proteinase,   cathepsin A (formerly cathepsin I) (Fruton,   I960). 

The most commonly used assay technique for determining 

catheptic activity is a modification of the classical technique proposed 

by Anson (1938).    Essentially,  Anson's (1938) method involves the 

hydrolysis of a natural substrate,   such as urea denatured hemoglobin 

by an aqueous tissue extract with subsequent colorimetric measure- 

ment at 660 nm of a reaction product bet-ween released "tyrosine-like 

products" and Folin Denis reagent. 

Since the acceptance of Anson's (1938) classical assay proce- 

dure,  investigators have studied the possible effect that several 

extrinsic or intrinsic parameters may have upon the apparent activity 

of the cathepsins.    Many reports are found in the literature where the 

investigator has incubated the catheptic enzymes with a urea de- 

natured hemoglobin substrate on the assumption that denatured pro- 

teins are more susceptible to proteolytic hydrolysis than are native 
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proteins (Wojtowicz and Odense, 197.0). Sliwinski et al. (1959) 

reported in an experiment conducted on beef muscle that optimum 

catheptic activity was achieved when the hemoglobin substrate was 

denatured with 3 M urea. In an experiment designed to determine 

the optimum conditions for hemoglobin-splitting activity, Berman 

(1967) pointed out that incubation of chicken muscle with 1 M urea 

denatured hemoglobin yielded the best results. 

Sliwinski et al.   (1959)    reported that beef muscle contained two 

factors that had a pronounced effect upon the catheptic activity but 

which could easily be removed by dialysis.     However,   Berman (1967), 

in experiments with chicken muscle extracts,   stated that dialysis had 

no influence upon the apparent activity.     The conclusion by Berman 

(1967) was that chicken muscle did not contain the intrinsic chromo- 

genic material absorbing in the tyrosine region and the inhibitor 

compounds in beef muscle as suggested by Sliwinski et al.   (1959). 

Further substantial evidence is needed-before a consensus can be 

formed concerning the effect of tissue extract dialysis in relation to 

the apparent catheptic activity. 

In a recent report regarding the effect of urea on catheptic 

activity measurements of cod muscle,   Wojtowicz and Odense (1970) 

noted a few precautions that should be considered in designing a 

procedure for assaying catheptic activity.    A consistent shift was 

noticed in the optimum pH for catheptic activity when urea was 
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incorporated into the reaction mixture at the beginning of the incu- 

bation period.     However,   the addition of urea to the denaturing pro- 

tein solution (trichloroacetic acid) did not appear to give this pH shift 

in the optimum activity but rather an increase in the apparent total 

activity was observed.     The explanation that was offered for this 

phenomenon was that urea increased the solubility of measurable 

"tyrosine-like products" which lends itself to an increase in apparent 

activity rather than an increase in real activity.    Wojtowicz and 

Odense (1972) in a subsequent investigation involving 13 species of 

marine fish showed the optimum pH of the apparent catheptic activity 

increased by 0. 4 units when 2. 4 M urea was present in the incubation 

mixture.    They also showed the presence of urea during incubation at 

higher temperatures (ca.   45-50oC) appeared to contribute a denatur- 

ing or inhibitory effect on the catheptic enzymes.     Kakade et al. 

(1970) and Hagihara et al.   (1958) found it necessary to use a buffered 

trichloroacetic acid solution to obtain a linear catheptic response. 
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EXPERIMENTAL 

Assay Technique 

Preparation of Enzyme Extract 

The assay technique used was a modification of Wojtowicz and 

Odense (1972).    English (Parophrys vetulus),   rex (Glyptocephalus) 

zachirus) and petrale (Eopsetta jordani)   sole were obtained in the 

round from commercial fishermen or fish processors located at 

Winchester Bay or Astoria,   Oregon.    The fish were filleted in such 

a manner to allow the removal of the lateral line which contained 

small amounts of dark muscle and to separate the top fillet (dark side 

of whole sole) from the bottom fillet.     The top fillet was used for 

preparation of the enzyme extract.     Fifty gm of white muscle tissue 

from the top fillet of the sole was homogenized (1:5) with 250 ml of 

1% NaCl (w:v) at high speed for two minutes in an Osterizer blender. 

The homogenate was frozen in an appropriate container and held at 

-260C.    Prior to assay,  the frozen homogenate was slowly thawed by 

placing the container in a cold water bath.    The thawed homogenate 

was  centrifuged at 10, 000 x g for 20 minutes under refrigerated 

conditions (4  C).    The supernatant or extract was decanted into an 

appropriate container that was supported in crushed ice and used for 

the enzyme  source for the succeeding experiments.     The particulate 

was discarded. 
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Preparation of Hemoglobin Substrate 

A 2. 5% buffered hemoglobin solution (w:v) which served as a 

substrate for the enzyme kinetic experiments was prepared by the 

addition of approximately 250 ml of 0. 2 M glycine - HCl buffer (pH3. 0) 

to 12. 5 gm of hemoglobin and 12. 5 mg of Thimerosal (sodium ethyl- 

mercurithiosalicylate) preservative.     The mixture was dissolved or 

suspended by stirring at room temperature.     The pH of the resulting 

hemoglobin mixture was readjusted to pH 3. 0 with the addition of 6N 

HCl and diluted to 500 ml with 0. 2 M glycine - HCl buffer (pH 3. 0). 

The hemoglobin mixture was centrifuged at 10, 000 x g for ten minutes 

to remove any undissolved hemoglobin and the resulting hemoglobin 

solution stored at 40C until needed. 

General Incubation Procedure 

Two ml of saline enzyme extract (supernatant) was added to a 

test tube (18 x 150 mm) containing three ml of 2. 5% buffered hemo- 

globin solution  (pH 3. 0) that was preincubated in a water bath at 350C 

for five minutes.    The reaction was terminated after one hour incuba- 

tion at 350C by the addition of 5 ml of 10% trichloroacetic acid (TCA). 

After standing for at least 30 minutes,   the reaction mixture was 

filtered through Whatman's No.   3 filter paper.    Released "tyrosine- 

like compounds" in the filtrate were determined spectrophometrically 
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at 660 nm against a distilled water blank according to the method of 

Lowry et al.   (1951).      Assays were incubated in duplicate or triplicate. 

Controls containing only hemoglobin were incubated in a similar man- 

ner as the samples with addition of trichloroacetic acid and enzyme 

extract,   respectively,   at the termination of the incubation period. 

Activity was expressed as the   A A      ,    nm /gm muscle/hr according 

to the  conditions specified.     The reagents,  hemoglobin and enzyme 

extract,  were held in crushed ice prior to their incubation to minimize 

autolysis and protein denaturatibn.   .All assay glassware was rinsed 

with glass distilled,  deionized water. 

Autolysis of Substrate 

A  16-day investigation was carried out on the autolysis of the 

previously described 2. 5% buffered hemoglobin soluticn  (pH 3. 0) as a 

function of refrigerated storage and the effect this storage time had 

on the autolytic rate during one,   two and three hour incubation periods 

at 3 50C.    In this experiment,   1% NaCl served as a substitute for the 

enzyme extract.     The controls were prepared by immediate addition 

of trichloroacetic acid to the chilled hemoglobin solution with subse- 

quent addition of 1% NaCl.     The controls were not incubated in this 

particular assay since the rate of substrate autolysis during incubation 

was the factor being investigated.     The effect of refrigerated storage 

on the autolytic rate was determined every four days according to the 
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method previously described for the assay procedure. 

Effect of Frozen Storage on the Catheptic Activity of 
Saline Muscle Extracts 

A 25-day frozen storage trial at -260C was carried out on a 

duplicate extract of English sole to determine the physical influence 

of freezing on the catheptic activity.     Two (1:5) saline homogenates 

i.e. ,   100 gm muscle:500 ml 1: NaCl,   of two different English sole 

were each divided into six equal aliquots with appropriate labeling 

to distinguish the extracts of the two fish.     Five aliquots from each 

sole were immediately stored in the freezer for future analysis and 

hemoglobin-splitting activity was determined on the extracts from the 

two remaining aliquots (one from each sole) which served as zero 

time  samples.     Every five days for a total of 25 days,   an aliquot 

of the homogenate of each fish was removed,  thawed,   centrifuged and 

the extract (supernatant) assayed for hemoglobin-splitting activity. 

Enzyme Kinetics 

Activity as a Function of Time 

The catheptic activity of muscle extracts from rex,   English and 

petrale sole was determined as a function of incubation time using 

hemoglobin and endogenous muscle proteins as substrate.    Assay 

activity was determined at an incubation temperature of 350C and at a 
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pH of 3.2-3.3.     Three ml of 0. 2 M glycine-HCl buffer (pH 3. 0) 

containing the appropriate amount (12. 5 mg/500 ml solution) of Thi- 

merosal preservative served as a substitute for hemoglobin in assays 

for extract autolytic activity.    Measurement of hydrolysis was deter- 

mined at half hour intervals for a period of three hours. 

Activity as a Function of Temperature 

The catheptic activity of muscle extracts from rex,   English 

and petrale sole was determined at pH 3. 2-3. 3 as a function of 

temperature.     Hemoglobin served as substrate and activity measure- 

ments were taken for a period of one hour at temperature increments 

of 10° from 150C to 650C. 

Activity as a Function of pH 

The catheptic activity as a function of pH was determined for 

muscle extracts of rex,  English and petrale sole toward hemoglobin 

at 350C for a period of one hour.     The desired substrate pH for deter- 

mining the optimum pH activity of the three species was achieved by 

adjusting the pH of aliquots from 2. 5% buffered hemoglobin solution 

(0. 2 M glycine-HCl; pH 2. 8 or 3. 6) with 6 N HC1 or NaOH. 
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Activity as a Function of Enzyme Concentration 

The  catheptic activity as a function of enzyme concentration was 

determined for muscle extracts of rex,  English and petrale sole 

toward equal amounts of 2. 5% buffered hemoglobin (pH 3. 0) at 3 50C 

for one hour.     The objective of this experiment was to verify that the 

enzyme concentration employed in the assay procedure was not an 

activity limiting factor.     The total volume of reagents in the experi- 

ment was modified somewhat from the previous prescribed standard 

procedure so as to obtain an acceptable relative curve.     The standard 

procedure of 2 ml of-enzyme extract and 3 ml of substrate per test 

tube did not lend itself to an experiment of this nature.    In this assay, 

the total volume of reactants was changed to 10 ml.     The volume of 

extract varied from 0. 5 ml to 5 ml while the hemoglobin substrate 

remained constant at 5 ml.     With the exception of the sample contain- 

ing 5 ml of enzyme extract,   1% NaCl served to bring the final reaction 

volume to 10 ml.    The volume of 10% trichloroacetic acid used to 

terminate the reaction was increased proportionally. 

Activity as a Function of Substrate Concentration 

The catheptic activity as a function of hemoglobin concentration 

was determined for muscle extracts of rex and English sole for one 

hour at 35   C and at pH 3.3.    A 5% buffered hemoglobin solution 
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(pH 3. 0) was prepared according to the method previously described 

and serial dilutions of 0. 1,   0. 5,   1. 0,   1. 5,   2. 0,   2. 5 and 4. 0 (%) were 

prepared by the addition of buffer.     The buffer (0. 2 M glycine-HCl; 

pH 3. 0) served as a hemoglobin substitute for catheptic activity at 

zero percent substrate concentration. 

Comparative Catheptic Activity Between and Within Species 

Samples of rex,   English and petrale sole (25 individuals of each 

species) were obtained from a commercial fishing boat off the north 

coast of Oregon.     The Pacific sole were all taken from the same tow 

and immediately separated by species at sea,   stored in crushed ice 

and marked as zero days storage.    In port on the succeeding day,   the 

samples were given additional crushed ice and stored under refrigera- 

tion (40C) for an additional three days.    After four days of total 

storage,  the fish were removed,  filleted and homogenates prepared 

according to the previous prescribed method.    After removing the 

appropriate section and quantity for homogenate preparation,   the 

remaining muscle tissue from both top and bottom fillets of the sole 

were individually vacuum sealed in an impermeable moisture-vapor 

proof film.     The excess muscle tissue was marked in such a manner 

as to be identified with its respective homogenate.     The homogenate 

and excess muscle tissue was then frozen and held at -260C.     The 

packaged frozen muscle tissue served as a sample source for the 
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subsequent sensory evaluation. 

The catheptic activity -was determined on the individual homo- 

genates according to the assay procedure previously described with a 

slight modification.     The results of the enzyme kinetic experiments 

provided the necessary information for optimum assay conditions. 

The concentration of the hemoglobin substrate was decreased from a' 

2. 5% to a 1. 5% solution and the incubation temperature was increased 

from 350C to 450C.    Because of extrinsic accidental factors,   23 fish 

from each of the three species were compiled and used for calculating! 

the mean,  median,   range and standard deviation of the specie cathep- 

tic activity. 

Sensory Evaluation 

From a survey of the data on the comparative catheptic activity 

in rex,  English and petrale sole muscle extracts,   arbitrarily selected 

values were chosen for each individual species to represent a high 

and low activity range.    Upon completion of establishing a difference 

range in catheptic activity,   several packages (depending upon their 

weight) of the premarked and frozen muscle tissue of each species 

were  selected for a sensory evaluation, difference test. 

The fish muscle samples were prepared by placing them in 

boiling water in their respective moisture-vapor proof film package. 

After limited cooking to preserve firm muscle texture,   the samples 
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which represented the appropriate catheptic activity range groups of 

the three species were flaked into composite samples and served in 

coded cups to flavor panel judges seated in individual booths. 

The organoleptic evaluation involved the application of the 

classical triangle test with the faculty and graduate students of the 

Department of Food Science and Technology at Oregon State University, 

Corvallis,   Oregon serving as judges. 
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RESULTS AND DISCUSSION 

Autolysis of Substrate 

The absorbance of the hemoglobin blank progressively increased 

with storage time as previously reported by Anson (1938).    A linear 

regression analysis provided a correlation coefficient of 0. 9915 

between absorbance (y) and days of storage (x) and a regression 

equation expressed as:   y = 0. 009 (x) + 0. 1567 (Figure  1).    Autolysis 

of the hemoglobin solution contributed approximately a twofold 

absorbance (0. 16 to 0. 30) increase in the hemoglobin blank during 

16 days of refrigerated storage (40C).    Since spectrophotometric 

sensitivity decreases with increased absorbancy,   it would be advisable 

to use the substrate within a few d^tys. 

In the second part of this experiment,   it was found that the rate 

of hemoglobin autolysis during incubation at 3 50C for one,   two and 

three hours was arithmetically linear with respect to days of storage 

(40C) (Figure 2).    The change in absorbance for hemoglobin autolysis 

during a one hour incubation period at 350C increased from 0. 0073 

to 0. 0553 (a 7. 5 fold increase) during 16 days of storage (40C).     There 

was   a slight paralleled increase in the rate of hemoglobin autolysis 

for the two and three hour incubation periods in relation to the one 

hour  sample.    A regression analysis provided the following correla- 

tion coefficients and regression equations for the three incubation 
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Figure  1.      Autolysis of a buffered (0. 2 M glycine-HCl; pH 3. 0) 
2. 5% hemoglobin solution during refrigerated storage (40C). 
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Figure 2. Autolysis of a buffered (0. 2 M glycine-HCl; pH 3. 0) 
2. 5% hemoglobin solution during various incubation periods 
(3 50C) as a function of storage time (40C). 
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periods: 

Incubation Time (hr)        Correlation Coefficient      Regression Equation 

1 0. 9940 y = 0. 003 (x) + 0. 0073 
2 0.9986 y = 0. 0029 (x)+0..0123 
3 0.9894 y = 0. 0031  (x) + 0. 0179 

From this data,   one can readily see that it is imperative to incubate 

the controls at the assay temperature when using hemoglobin as a 

substrate and that the hemoglobiii should be incubated in its soluble 

state as to allow for this autolysis.     Otherwise,   one would need a 

working control curve of absorbance versus days of hemoglobin 

storage to serve as a correction factor. 

Effect of Frozen Storage on the Catheptic Activity 
of Saline Muscle Extracts 

The catheptic activity  of two muscle extracts (x and y) from 

English sole during a 25 day frozen storage period at -260C remained 

relatively constant as shown by their respective standard deviation of 

0.311  and 0. 132 (Table  1).    This investigation corroborates the results 

that Groninger   (1964) obtained with a purified albacore extract,  but 

does not agree with the results of Parrish and Bailey (1967) who found 

increased catheptic activity in granules of bovine muscle after freez- 

ing and thawing three times.    However,   the English sole muscle 

extracts were frozen and thawed only once during the entire study. 
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Table  1.    Effect of frozen storage (-260C) on the catheptic activity in 
saline extracts of English sole muscle. 

Activity (AA bby nm/gm 

Days in 
frozen stor age 

muscle /hr) 
Extract 

Statistics X y 

0 8. 59 2. 30 
5  . 8. 59 2. 38 

10 9. 04 2.65 
15 8. 84 2. 57 
20 8. 86 2. 54 
25 8. 15 2. 41 

Mean (x) 8.68 2. 48 
Standard Deviation ( or ) 0. 31 0. 13 
Standard Error 0. 13 0. 05 

Enzyme Kinetics 

The catheptic activity pattern of muscle extracts from rex and 

English sole toward hemoglobin and endogenous muscle proteins as a 

function of incubation time closely paralleled each other (Figures 3 

and 4).     The hemoglobin splitting ability appeared to be linear during 

the three hour incubation period with, regression analyses providing 

correlation coefficients of 0. 9982 for rex and 0. 9915 for English sole. 

Their respective regression equation was expressed as:   y = 0.9982 

(x) + 0. 1170 and y = 0. 7087 (x) + 0..2028.    The autolytic rate for both 

species (rex and English) of sole was linear during the first 2. 5 hours 

of incubation with a slight decline in activity observed for the remain- 

ing  0. 5 hours of the three hour incubation period.    This autolytic 

activity digression from linearity after 2. 5 hours of incubation and 
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Figure 3.      Catheptic activity of a muscle extract from rex sole toward 
hemoglobin and endogenous muscle proteins as a function 
of incubation time (3 50C; pH 3. 2). 
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Figure 4. Catheptic activity of a muscle extract from English sole 
toward hemoglobin and endogenous muscle proteins as a 
function of incubation time (350C; pH 3. 2). 
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the apparent decrease in overall activity of autolysis in relation to 

hemoglobin splitting suggests that substrate concentration was a rate 

limiting factor. 

The hemoglobin splitting activity of the muscle extract from 

petrale sole was linear in relation to time during the three hour incu- 

bation period.    Regression analysis provided a correlation coefficient 

of 0. 9976 and a regression equation expressed as:   y = 0. 855 (x) + 

0. 061  (Figure 5).    It is interesting to note that the autolytic rate was 

virtually linear during the three hour incubation period.    However,   the 

rate was slightly less during approximately the first hour of incubation 

but increased rapidly to a higher activity than that for hemoglobin 

splitting during the remaining incubation period. 

Using a bovine albumin standard colorimetric curve (Lowry 

et al. ,   1951),   the petrale sole muscle extracts were shown to contain 

a significantly higher quantity of extractable protein than the muscle 

extracts of either rex or English sole.    In view of this observation, 

it is reasonable to assume that the factor responsible for the higher 

autolytic   activity observed in petrale sole compared to either rex or 

English sole was substrate concentration.     That is,   the petrale sole 

muscle extract contained an adequate quantity of soluble protein as to 

eliminate this rate limiting factor; although this assumption does not 

account for the lower initial autolytic activity.     However,   one explana- 

tion that can be offered for the lower autolytic velocity observed in the 
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Figure  5. Catheptic activity of a muscle extract from petrale sole 
toward hemoglobin and endogenous muscle proteins as a 
function of incubation time (3 50C; pH 3.3). 
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initial phase of the assay is that the extractible protein is initially in 

its native form but progressively becomes denatured, with..prolonged 

incubation....  Increased susceptibility to enzymatic hydrolysis, is a 

conceivable consequence of this pyrogenic induced structural change 

(Coffeyand.de Duve,   1968). 

It should be pointed out that the 0. 2 M glycine-HCl buffer which 

was  employed in the preparation of the hemoglobin solution (pH 3. 0) 

was not sufficient to resist a change in pH with the addition of the 

enzyme extract.    The soluble protein in the extract usually produced 

an increase in pH of 0. 2-0. 3 units.    In this investigation the change in 

pH in the various experiments has been taken into consideration and 

the pH is expressed as the final pH of the reaction mixture. 

All three species of sole displayed a catheptic activity tempera- 

ture  optimum at 450C (Figure 6).    Groninger (1964) reported a 

temperature optimum of 420C for a purified aqueous extract of alba- 

core muscle and Makinodan and Ikeda   (1969) reported similar findings 

in several species of fish.     However,   it should be noted that a tem- 

perature optimum of 350C was reported by Saito and Sameshima (1958) 

for extracts of carp,   mackerel and shark, 

A pH of 3. 0-3. 5 was found to be an optimum for catheptic 

activity in the muscle extracts from rex and petrale sole,   but a 

slightly higher pH optimum range of 3. 2-3, 8 was observed in English 

sole (Figure 7).     This pH optimum is in agreement with several other 

investigators who are involved in the characterization of the acidic 
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proteinases found in various fish specimens (Saito and Sameshima, 

1958; Makinodan and Ikeda,   1969; Dollar and Blackwood,   1962; 

Wojtowicz and Odense,   1972; Ting et aL ,   1968).     Groninger (1969) 

found a slightly more acidic pH optimum (2. 4-2. 5) for a proteinase 

from the muscle of albacore tuna.    Purified cathepsin from cod muscle 

was  reported by Siebert (1961) to have a pH optimum near 4. 3.     Reddi 

(1972),   in an investigation of muscle cathepsins in winter flounder, 

a member of the flatfish family,   found a pH optimum of 4. 0. 

A linear relationship was shown to exist between activity and 

enzyme concentration in the muscle extracts of all three species of 

sole  (Figure 8) as indicated by the following regression analyses 

results: 

Specie Correlation Coefficient Regression Equation 

rex 0.9965 y = 0. 7578 (x) + 0. 141 1 
English 0.9911 y = 0. 3132 (x)+0. 00954 
petrale 0.9952 y = 0. 3114 (x) + (-0. 0529) 

The  ratio of reagents containing 3 ml. of enzyme muscle extract in 

this experiment was virtually equivalent to the ratio used in the 

original assay procedure.     From the graph (Figure 8) it can be 

assumed that the enzyme concentration was not a limiting factor in the 

assay. 

Investigation of catheptic activity versus  substrate concentration 

using muscle extracts of rex and English sole showed the system to be 

saturated near a hemoglobin concentration of 1. 0% (Figure 9).    A 
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Catheptic activity of a sole muscle extract toward 
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progressive inhibitory effect was observed at concentrations greater 

than 2. 0%.    An insufficient hydratedmedium for protein-water inter- 

action offers a possible explanation for this reduction in hemoglobin 

splitting ability.     From this observation,   it appears that only relatively 

small quantities of exogenous protein are necessary to saturate the 

assay system. 

From evaluation of the enzyme kinetic data,   the original assay 

procedure was somewhat modified as to comply with optimal assay 

conditions for the subsequent comparative activity investigation.     The 

incubation temperature was increased from 350C to 450C and the con- 

centration of hemoglobin was decreased from 2. 5% to 1. 5%. 

Comparative Catheptic Activity Between and Within Species 

A considerable variation within individuals was observed for rex 

sole as is statistically revealed by a range of 17. 21 and a standard 

deviation (or) of 4. 70 from a mean (x) of 4. 15 (Table 2).    English and 

petrale sole showed a relatively more uniform activity pattern with 

ranges of 4. 7 and 1. 55,   respectively.     The statistical results of the 

individuals within the specie showed that English sole had a standard 

deviation ((r) of 1. 24 from a mean (x) of 3. 45 and petrale sole a stan- 

dard deviation (cr) of 0. 49 from a mean (x) of 1. 74.     However,   it can 

be seen that English sole deviated from the mean slightly more than 

petrale sole.    An analysis of variance of the catheptic activity bet-ween 
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Table 2.     Catheptic activity of 23 muscle extracts from three species 
of Pacific sole toward 1. 5% hemoglobin (450C; pH 3. 2-3. 3). 

Statistics 

Activity ( A A 66? nm/gm muscle/hr) 1 1 cm   6 ' 

rex English petrale 

7. 58 
2. 79 

14. 74 
17. 73 
4.36 
1. 98 
1. 12 
0. 52 
7. 97 
1. 60 
1. 82 
0. 59 
4.25 
0. 97 
3. 20 
8. 06 
1. 04 
0. 97 
0.92 
0.99 
9.34 
0. 72 
2. 30 

Mean (x) 4. 1 5a 

Standard Deviation (<r) 4. 70 
Range 17.21 
Median 2. 14 

2. 16 
1. 80 
3. 13 
2. 25 
3. 06 
5. 00 
6.41 
5. 06 
2. 72 
2. 65 
3.80 
3. 73 
2. 47 
4. 88 
3. 26 
3. 35 
1. 71 
3. 02 
2. 29 
3. 47 
4. 59 
3. 17 
5. 42 

3.45ab 

1. 24 
4. 70 
3.22 

1. 60 
2. 65 
1T 35 
1. 30 
2. 43 
2. 43 
1. 71 
1. 55 
2. 11 
2. 25 
1. 15 
1. 51 
2. 29 
1. 46 
1. 30 
1. 17 
1. 44 
2. 25 
1. 10 
2. 09 
1. 57 
1. 13 
2. 11 

1. 74b 

0. 49 
1. 55 
1. 59 

Species with mean values with like exponent letter did not vary 
significantly from each other at the 5% level. 
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the three species provided an F-value of 4.48 which verifies a signifi- 

cant difference ( a= 0. 05) between their mean values.     In further 

statistical analysis,   the Duncan's multiple range test revealed that 

the mean value for rex and petrale sole varied significantly ( a= 0. 05), 

but the mean value for English sole did not vary significantly ( a = 0. 05) 

from the mean value of either rex. or petrale sole. 

It should be pointed out that the conclusions drawn from the 

above results were restricted to the  specified conditions,   i.e. ,   assay 

of 23 individuals of each specie which were taken from the same tow. 

Invalid relationships may be implicated if one were to circumvent this, 

limitation as other influencing factors,   such as seasonal,   locational, 

feeding and spawning,  possibly could change these results. 

Sensory Evaluation 

Using a triangle difference test with a flavor panel of 30 judges, 

there was a significant difference at the 5% level,  with 15 correct 

judgements (Table 3),   in the muscle of petrale sole containing high 

and low levels of catheptic activity.    No significant difference (a = 

0. 05) was observed in the muscle of either rex or English sole in 

relation to catheptic activity differences with 13 and 10 correct judge- 

ments,   respectively. 

This result is rather surprising since the muscle of rex sole 

had the highest degree of mean catheptic activity difference (11 fold) 
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Table 3.     Triangle difference tests on muscle from same specie 
which contained different levels of catheptic activity. 

Statistics rex 
Specie 

English       petrale 

No.   of individual samples 
at each activity level3- 

Activity difference: 
High: range 13.48 1. 82 0.22 

mean 9.25 5. 19 2. 50 
standard deviation 4.73 0. 71 0. 13 

Low: range 0. 52 0. 58 0. 04 
mean 0.84 2. 04 1. 15 
standard deviation 0. 20 0. 27 0. 02 

Total no.   of judgements 30 30 30 
No.   of correct judgements" 13 10 15 
Difference ( a   = 0.05) :NS NS S 

a Weight of fillet with correspondent catheptic activity dictated the 
needed sample number. 

" Number of correct judgements needed to be significant: 
15 (   a = 0. 05) or 17 ( a   =0. 01). 
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of the three species.    English (2. 5 fold) and petrale (2. 2 fold) sole 

were substantially lower in their degree of activity difference,   respec- 

tively.    In view of this finding,  it would seem reasonable to assume 

that some factor other than catheptic activity was responsible for the 

sensory evaluation difference in the muscle of petrale sole,   since no 

difference was found in the muscle of either rex or English sole which 

contained a higher degree of difference in catheptic activity. 

It should be pointed out that this assumption was formed from 

evaluating muscle in which the catheptLc activity difference levels 

were determined from the activity of the saline extracts.     However, 

the post-mortem,  in vivo stability of the muscle lysosomes of the 

three  species could have differed.    It is conceivable that cathepsins 

in the muscle of petrale sole were released from the lysosomes at a 

faster rate than for either rex or English sole during the four days 

of pre-extracted storage.    Although-the muscle of petrale sole con- 

tained a smaller range of catheptic activity difference than either the 

muscle of rex or English sole,   the ramification of the above hypo- 

thesis would suggest that the significant organoleptic difference 

found for the muscle of petrale sole -was possibly contributed by an 

increase in catheptic autolysis.    As_to the   author's knowledge,  no 

information on the stability of lysosomes has been reported which 

would support this hypothesis.     The  stability of lysosomes between 

species .irivivo lends itself, to: further research. 
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SUMMARY AND CONCLUSION 

The cathepsins in saline muscle extracts of three species of 

Pacific sole -were investigated.     The evaluation involved the compara- 

tive activity and partial characterization of the cathepsins in rex, 

English and petrale sole.    A final effort was undertaken to observe if 

there was a correlation between catheptic activity and organoleptic 

quality. 

Since hemoglobin served as the primary substrate,   a prelimin- 

ary investigation was undertaken to determine the effect of storage 

(40C) on its autolysis.    Autolysis of the hemoglobin solution during 

16 days storage (40C) was found to be linear with time and exhibited 

a twofold increase in absorbance.    Also,  the rate of hemoglobin 

autolysis appeared to increase linearly with storage time (40C) during 

equivalent incubation time (3 50C). 

The catheptic activity of saline muscle extracts from English 

sole did not change significantly during 25 days of frozen storage at 

-260C': 

Initial investigation on the enzyme kinetics of the cathepsins in 

each   species of sole provided invaluable information for appropriate 

assay conditions in the subsequent comparative activity study.    A 

temperature of 450C was found to be the optimum for hemoglobin 

splitting for all three species.    Rex and petrale sole had a similar 
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pH optimum of 3. 0-3. 5 while English, sole had a slightly higher pH 

optimum of 3. 2-3. 8.     These results are in close agreement with 

several other investigators who were involved in catheptic research 

on various species of fish. 

In a comparative study of catheptic activity,   rex sole displayed 

a high degree of variation within the specie with a standard deviation 

of 4. 70 from a mean of 4. 15 while English and petrale sole were 

shov/n to be more uniform in activity with a standard deviation of 1. 24 

from a mean of 3. 45 and a standard deviation of 0. 49 from a mean of 

1.74,   respectively.    Since one must consider extrinsic factors such 

as seasonal,  locational,   feeding,   spawning,   etc. ,   only speculation 

can be offered for this esoteric variation.    Analysis of variance 

yielded an F-value of 4.48 which indicated a significant difference 

between the means for the three species.    In further statistical 

analysis,   Duncan! s multiple range test showed a significant difference 

( a = 0. 05) between the mean value for rex and petrale sole but no 

significant difference (a  = 0. 05) between the mean value for English 

and either rex or petrale sole.    It should be recalled that these statis- 

tics were applied to a limited population from which variation rela- 

tionships may prove to be invalid. 

Using the triangle difference test with the subjective evaluation 

of a flavor panel consisting of 30 judges,   a significant difference at the 

5% level was observed for muscle of petrale sole containing different 
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levels of catheptic activity.    No difference was found for muscle of 

either rex or English sole under similar conditions.     In view of this 

data,   it appeared that some parameter other than catheptic activity 

was  responsible for the significant difference found in the muscle from 

petrale sole since the muscle of rex. and English sole containing a 

higher degree of difference in catheptic activity was shown not to be 

significantly different. 

The results from the sensory evaluation,   although a novel 

approach in the study of cathepsins,   suggest that cathepsins did not 

have a subjective effect on the quality of fish muscle which projects 

doubt upon the popular,   intuitive belief that cathepsins have a prag- 

matic,   substantial influence on the preservation and utilization of fish. 
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