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ABSTRACT 

Considerable research on lysosomal proteolytic enzymes over the past 

few decade:::. have emphasized their wide range participation in vital 

physiological and pathological processes. The wide distlibution of lysosomal 

cathepsins, a group of proteolytic enzymes. throughout most tissues, suggest 

that they play an important role in cellular protein turnover. Mammalian 

tissues are known to contain several proteinases with similar and 

overlapping enzymatic properties. Availability of specific substrates and 

inhibitors has helped in identification of more than a dozen cathepsins 

and related proteinases . Proteinases of lysosomal origin have been 

categorized into four groups, namely, cysteine, aspartic, serine and 

metalloproteinases. The classification is based on the nature of the most 

prominent functional group in the active site of the enzyme, which in 

the case of cysteine proteinases is an essential -cysteine residue. These 

include cathepsins 8, H, L and S. 

One of the most thoroughly studied thiol proteinases. cathepsin 8 

(EC 3.4.22.1) is essentially a carboxypeptidase which releases dipeptides 

sequentially from the carboxyl termini of polypeptides. However, it also 

exhibits endopeptidase activity with a specificity towards an arginyl-arginyi­

x bond. 

Apart from its involvement in vanous vital physiological functions 

such as protein turnover and processing of proteins and hormone precursors. 

it has been implicated in vmious diseases and has been reported to play 

significant role in tumour growth. invasiveness and metastasis. 

The outcome of research on cathepsin 8 particularly of its isozymes. 

have not been unequivocal. While the enzyme was found to be 

homogeneous on polyaciylamide gels from some tissues. multiplicity of 

bands of cathepsin 8 preparations from other tissues have been attributed 

to microheterogeneity representing some related proteins and/or degradntion 

products of the active enzyme. However the earlier reports on isozymes 

of cathepsin B with isoelectric pHs and molecular weights in the range of 
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4.5-5.5 and 24-29 kDa, respectively and our present study from goat spleen 

indicate that this tissue is histologically heterogeneous consisting of many 

different cell types with varying degrees of differentiation which may . 
account for enzyme species with different maturational states. 

In the present study goat spleen was chosen as a source and a 

simple procedure was developed for the isolation and purification of 

cathepsin B. A striking feature of the goat spleen cathepsin B is its 

elution by CM-Sephadex ion exchange chromatography at a relatively lower 

pH and ionic stTength. The enzyme was eluted at pH 5.6 as against pH 

6.0 and 0.1 M NaCl, required for a similar elution of cathepsin B from 

porcine spleen, which may be attributed to differences in the nature 

and extent of glycosylation and/or amino acid composition of the enzymes 

from the two sources. 

The purified cathepsin B from goat spleen yielded two distinct 

protein bands on PAGE. It was therefore subjected to affinity 

chromatography on ConA-Sepharose 4B column. Two distinct and 

enzymatically active protein peaks were obtained which were named goat 

spleen cathepsin B-1 (GSCB-I) and goat spleen cathepsin B-ll (GSCB-ll). 

GSCB-1, which did not bind to ConA-Sepharose colunm possibly due to 

differential gl yeo syl ation of the asparagine residues, constituted 

approximately 84% of the total enzyme activity and had a specific activity 

of 4.16 units/mg protein towards Z-Arg-Arg-MCA, where as GSCB-II, 

which was eluted with 0.5 M a-D-glucopyranoside constituted about 16% 

of the total activity and had a specific activity of 1.06 units/mg protein. 

Molecular weigl1ts of GSCB-I and GSCB-II detennined by gel filtration 

were 28.1 kDa and 31.6 kDa, respectively and by SDS-PAGE, yielded a 

value of 25.7 kDa and 26.6 kDa respectively. Both enzyme fractions lacked 

multiple chain fonns. The Stokes radius calculated for GSCB-I and I1 were 

2.46 A and 2.58 A with a,frictional ratio of 1.22 and 1.28 respectively, 

suggesting globular confom1ati01~s of the enzymes under native conditions. 

The experiments in tins study were performed with GSCB-I (unless 

stated otherwise) since it was present in larger amounts and had a much 

higl1er specific activity compared to GSCB-II. 
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GSCB-1 was found to be a glycoprotein h"aving a carbohydrate 

content of 4.6%. The intrinsic viscosity of the enzyme was determined to 

be 3.30 ml/gm, which was well within the range (3.0-4.0 ml/gm) expected 

for native proteins having compact and globular confonnations. NH2- and 

COOH- terminal amino acid residues were found to be Leu and Thr. 

respectively. A total of 0.9 and 1.6 mols of thiol groups could be titrated 

per mol of protein in absence and presence of 8 M urea respectively. 

clearly showing that the free thiol group(s) in the enzyme is/are not fully 

exposec.J. 

Amino acid composition of GSCB-1 showed close similmities with 

cathepsin B from rat, bovine, human and porcine tissues, except for Ser. 

the amounts of which were relatively lower. Tyr and Lys were also 

significantly lower whereas Leu and Tt]J were present at relatively higher 

amounts. U. V absorption spectra of the enzyme showed a maxima at 

278 nm. The fluorescence emission maxima was near 340 mn which is 

characteristic of proteins containing significant amount of Trp residues. The 

specific extinction coefficient (E1
1:~,) of the enzyme was determined to be 

15.64. GSCB-I had an isoionic pH of 5.12 indicating an acidic nature. 

This value is consistent \\~th the values of pH range 4.8-5.3 for cathepsin 

B from different sources. 

Thiol reducing agents had a strong stimulatmy effect on catheptic 

activity.- AJnong the thiol modulators tested, cysteamine was most effective 

and thioglycerol was least effective. These results indicate differential effect 

of thiol group modulators in altering the activity of this enzyme. 

Influences of vatious inhibitors on GSCB-I show divalent cations such 

as Mn++ and Hg++. alkylating agents like iodoacetic acid and iodoacetamide 

and peptidyl inhibitors such as E-64, antipain and leupeptin inactivated 

the enzyme. Maleic and succinic anhydlide used for modification of a­

amino group of proteins showed vety mild inhibitory effect. Pepstatin, a 

well kno\vn inhibitor of aspartyl proteinases, including cathepsin D, had 

no inhibitmy effect on enzyme activity. Indomethacin, an anti-inflanunatmy 

agent, caused about 38% inhibition of the enzyme activity. Tllis is in 



accordance with 37% inhibition of rat spleen cathepsin 8 activity, which 

has been shown to be due to a confom1ational change brought about by 

indomethacin on the enzyme. This may be a contributmy factor in reducing 
~ 

inflammation by lowering the rate of proteolysis. 

GSCB-I was markedly ·inhibited by Gdn-HCl and urea. 50% 

inactivation of the enzyme was achieved at a urea concentration of about 

0.15 M and vi1tually no activity was found above 1.0 M. The process of 

inactivation became irreversible as the urea concentration was raised beyond 

2.5 M. This also ruled out the possible contamination of the cathepsin B 

preparation with cathepsin L as cathepsin L activity is retained even at a 

urea concentration of 3 M. Gdn-HCl was more effective against the enzyme 

'md 50% inactivation was achieved at 0.12 M. The loss of catheptic activity 

was reversible at and below 1.8 M Gdn-HCl, but above 2.0 M 

concentration the inactivation process became irreversible. Since the 

concentrations of the denaturants are low to cause any significant 

c.onfonnational alterations of the enzyme, the loss of activity may be 

possibly due to perturbations near the environment of the enzyme active 

site. TPCK inhibition of the enzyme at 0.01 mM concentration was about 

53% and the enzyme was fully inactivated at a TPCK concentration of 

0.1 mM and above, indicating that cathepsin B activity may be similar to 

chymotryptic activity in the mechanism of inhibition by TPCK. 

GSCB-I was found to be very sensitive to physical parameters such 

as pH, temperature and ionic strength. The enzyme showed highest activity 

at a pH of 6.8 and was fully stable for at least 20 min upto pH 7.0. 

The enzyme was found to have maximum activity at physiological 

temperature and was fairly stable and retained most of its activity till the 

temperature was raised above. 40°C. Maximum activity of the enzyme 

was observed at an ionic strength of 0.22. However at higher salt 

concentrations, a pronounced decrease in the activity was observed. 

Hence, 20 mM sodium phosphate buffer or other buffers of equivalent 

wruc strength were used for the assay of· the enzyme activity. 

The kinetic parameters K and V of GSCB-I showed that the m m.ax 

enzyme had greater catalytic potential at acidic and/or near neutral pHs, 
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for various natural and synthetic substrates. Among the synthetic substrates 

tested Z-Phe-Arg-MCA with a K of 0.07 mM was found to be most 
Ill 

})referred followed by Z-Arg-Arg-MCA (K =0.22 mM), BAPNA (K =0.70 
Ill Ill 

mM) and SANA (Km=2.64 mM). Hemoglobin, among the natural substrates 

tested f9r GSCB-L proved to be the most preferred \\~th a Km of 1.46 

~1M followed by casein (K =2.18 ••M) and BSA (K =2.67 )lM). The ability m r m 

of cathepsin 8 to inactivate aldolase have been show11 to be a characteristic 

feature of this enzyme and it also differentiates cathepsin 8 from other 

cathepsins. However only about 20% aldolase inactivation was observed 

at aldolase to GSCB-I molar ratio of 50: I, which is significantly lower 

than the values reported for aldolase inactivation by cathepsin 8 from 

other sources. 

A comparative study of GSCB-1 and II showed that inhibitors such 

as leupeptin, antipain, pepstatin, iodoacetic acid and iodoacetamide and 

denaturants such as Gdn-HCI and urea showed close similarities in their 

mode of inhibition of both the enzyme fractions. However kinetic 

parameters of GSCB-II against the substrates Z-Phe-Arg-MCA, Z-Arg­

Arg-MCA and BANA showed that though the enzyme was similar in its 

enzymatic activity agaitist these substrates with that of GSCB-I, it differed 

significantly in its Km and Vmnx as compared to that of GSCB-I. Among 

the substrates tested. Z-Phe-Arg-MCA was most prefetTed for GSCB-II (Km 

== 0.05 mM) followed by Z-Arg-Arg-MCA (K =0.14 mM) and BANA 
t._.. Ill 

(K.m=1.87 mM). No activity against the substrates Leu-NA or Arg-MCA 

were shown either by GSCB-I or II, thus ruling out the possibility of the 

presence of leucine aminopeptidases or cathepsin H in the enzyme 

preparations. 

Immunological studies revealed that polyclonal antibodies raised in 

rabbits against the unresolved purified goat spleen cathepsin B (enzyme 

preparation before the ConA-Sepharose step) reacted only with purified 

goat spleen enzyme (unresolved goat spleen cathepsin B, GSCB-I and 

GSCB-II). However, no antigen-:antibody reaction took place against buffalo 

kidney cathepsin B or ~athepsin H from buffalo kidney or porcine lung. 
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A companson of the results summarized above with that of the 

literature available on cathepsin B from other sources show that GSCB-I 

is similar to cathepsin B reported from other manunalian tissues with 

respect to most of the physicochemical properties. However, it differed 

significantly with regard to the number of some of its amino acid residues 

and catalytic efficiencies against various synthetic and natural protein 

substrates including muscle aldolase. 

The differences, particularly 111 the catalytic efficiency and the 

possible presence of isozymes of goat spleen cathepsin B, reflect a species 

~md/or tissue dependence of the enzyme. 
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INTRODUCTION 

The field of lysosomal proteolysis is currently a subject of intense 

research in most countries. Considerable progress in the isolation and 

charactetization of these lysosomal proteolytic enzymes during the past few 

decades have emphasized their wide range participation in vital physiological 

processes including peptide biosynthesis and protein turnover (Yamamoto & 

Takahashi, 1993; Sohar & Gyorgy, 1992; Tanaka et al., 1984; Kirschke et 

:11., 1983; Barrett & Kirschke, 1981). The wide distribution of lysosomal 

cathepsins, a group of proteolytic enzymes, throughout most tissues suggest 

that they play an important role in protein breakdown by the lysosomal 

pathway, and their cumulative activities account for more than 50% of 

total cellular protein degradation (Bohley & Seglen, 1992). 

Cathepsin, derived from the Greek word "KATHEPSIN" meamng 

"to digest," was first proposed by Willstatter and Bamann (1929) for the 

acid proteinase activity found in the aqueous extracts of vmious mammalian 

tissues. Later, they were visualized as a heterogeneous group of enzymes 

(Bergman & Fmton, 1937; Bergman et al., 1935). Fruton and Bergman 

( 1939) identified three types of cathepsins namely cathepsin I, ll and Ill 

depending on their activity against low molecular weight substrates Z-Glu­

Tyr, Bz-Arg-NH
2 

and Leu-NH
2

, respectively. These were later renamed 

cathepsins A, B and C by Tallen et al. (1952), as their abilities to degrade 

synthetic substrates of pepsin, trypsin and chymotrypsin, respectively 

differed. Another enzyme active against Z-Gly-Phe turned out to be a thiol 

activated carboxypeptidase and was named as cathepsin IV (Greenbaum & 

Shennan, 1962). 

Mammalian tissues are known to contain several proteinases with 

similar and s~m1ewhat overlapping enzymic properties (BmTett et al., 1981; 

Banett, 1977). The availability of specific substrates and inhibitors has 

helped in identification of more than a dozen cathepsins and related 

proteinases. Proteinases of lysosomal origin have been shown to belong 

to one of the four families, namely cysteine, aspartic, serine or 

metalloproteinases. The classification is based on the nature of the most 
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prominent functional group in the active site of the enzyme (Yamamoto & 

Takahashi, 1993). 

Cysteine proteinases are characterized by the presence of an essential 

cysteine- residue in their active site (Barrett et al., 1973). They include 

cathepsins B, H, L and S. The amino acid sequences of rat liver cathepsin 

13 and H (Takio et aL 1983), human liver cathepsin B (Ritonja et al.. 

1985) and bovine spleen cathepsin B (Meloun et al., 1988) have been 

worked out. All of them bear close homology among themselves. The 

three dimensional structure of cathepsin has been shown to have similarity 

with papain (Hasnain et al., 1992), hence they are grouped under the 

"Papain Superfamily" (Mordier et al., 1993~ Dolenc et al., 1992~ Baudys 

et al., 1991; Takahashi et al.. 1984a; Kirschke et al., 1983~ Takio et al., 

1983). 

Cathepsin B exists both in single as well as m double chain fonns 

(Takahashi et al., 1984a). Porcine spleen cathepsin B was found to contain 

two novel carbohydrate structures which were different from those found 

on other lysosomal hydrolases (Takahashi et al., 1984a: Takahashi et aL 
-

1984b ). The amino acid sequences near the glycosylation site though 

homologous were found to be unidentical. Thus structural differences 

suggested the presence of two distinct cathepsin B isozymes (Takahashi et 

nl.. 1986a). 

Several other thiol proteinases have been identified. Owing to their 

low content and overlapping physical and enzymic properties their 

charactetization is still a subject of extensive research (Kirschke et al., 

1989~ Maciewicz & Ethetington et al., 1988), these include cathepsin L J, 

K, M, N, P and T (Baudys et al., 1991; Takio et al., 1983; Bajkowski 

& Frankfater, 1983; Evans & Shaw 1983). The fact that overlapping activity 

is relatively difficult to fully eliminate from a purified cathepsin B 

preparation, might have been the source of endopeptidase activity in most 

of the enzyme preparation of purified cathepsin B (Takahashi et al., 1986b ). 

An example of this diverse specificity of cathepsin B is provided by 

degradation of oxidized insulin B~chain by endopeptidase activity of the 
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enzyme from human liver (McKay et al.. 1983) and total failure of the 

porcine spleen enzyme to show any activity against this substrate (Takahashi 

et al., l986b ). 

One of the most thoroughly studied thiol proteinase, cathepsin B, 

exhibits endopeptidase activity with a specificity towards an arginyl-arginyl­

X bond, such as in the synthetic substrate of benzyloxy carbonyl 

arginylarginine-B-naphthylamide (Barrett et al., 1981; McDonald et al., 

1975). It exhibits a t:Iypsin like preference for dibasic sequences in synthetic 

subsn·ates (BatTett et al., 1981 ). Cathepsin 8 also possesses activity of a 

carboxypeptidase which releases dipeptides sequentially from the carboxyl 

tennini of polypeptides (Baudys et al., 1991; Takio et al., 1983; Bond & 

Banett, 1979; Nakai et al., 1978). Because of these specific proteolytic 

activities, cathepsin 8 is postulated to be involved in the in vivo processing 

of protein precursors such as proinsulin and proalbumin (Dochetty et al., 

1982; Quinn & Judah, 1978; Ansorge et al., 1977). 

Tissue Distribution 

Cathepsin B (EC 3.4.22.1) is a ubiquitous lysosomal proteinase 

present in various tissues as demonstrated by its immunohistochemist:Iy 

(Tomomasa et al., 1994; Watanabe et al., 1989: Howie et al., 1985). The 

endogenous levels of cathepsin B are found to vary in different animal 

tissues (Bando et al., 1986; Kominami et al., 1985) in the order of 

kidney>spleen>liver>vagina>adrenal glands (Kominami et al., 1985). Heatt, 

skeletal muscle and testes have been repmted to contain low lev~ls of 

cathepsin B (Kominami et al., 1985). In the soluble extracts of peripheral 

blood cells, the macrophages contain the higest amount of cathepsin 8 

(Kominami et al., 1985). 

Gene Structure : 

Cathepsin B Is encoded by a single copy of gene under the 

cont:I·ol of a "house keeping" type promoter. The primary sequence of rat 
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cathepsin B consists of 330-340 amino acid residues and contains a typical 

signal sequence (17-21 residues), pro-peptide sequence (62-96 residues) and 

mature enzyme region (220-245 residues). Pulse chase experiments showed 

that the earliest fonn of cathepsin B is synthesized as a 39 kDa precursor 

polypeptide that is processed first to a single chain fonn of 29 kDa within 

1 hour and then to a double chain fonn after a period of 21 hours. 

The mouse cathepsin B gene consists of I 0 exons and 9 introns 

spanning about 20 Kb in length. The 5' upstream region and exon 1 are 

GC 1ich. TATA ·and CAAT motifs adjacent to the transcription start site 

are not evident. These properties are characteristic of mammalian 

"housekeeping genes" (Gong et al., 1993; Qian et al., 1990). The 5' 

untranslated region (leader) is intenllpted by a large intron. The second 

exon (exon-2) contains the translation initiation site. Nucleotide sequence 

analysis revealed three different leader regions. Murine cathepsin B has 

been shown to possess multiple promoters which may lead to expression 

of multiple mRNAs, differing in their leader sequences (Rhaissi et al., 

1993). Multiple mRNA species produced by altemative splicing in the 5' 

and 3' untranslated regions suggest that the expression of cathepsin B may 

be regulated, in part at least, at the level of mRNA processing (Gong et 

al., 1993). 

The expression, post-translational processing, and targeting of 

cathepsin B is frequently altered in transfonned and malignant cells (Sloane, 

1990). Cathepsin B lacking exon 2 are predominant in human tumours. In 

addition, human breast and colon carcinomas and a human melanoma 

contain a cathepsin B transcript that is also missing in exon 3, encoding 

the signal peptide and 7 amino acid residues of the activation propeptide. 

An in vitro transcription/translation assay demonstrated that this message 

could be translated from an internal methionine codon (residue 52) 

producing a 32 kDa product lacking the signal peptide and more than 

half the propeptide. It also incli~atecl that the variant messages differ in 

their rate of translation (Gong et al., 1993). Altemative splicing of cathepsin 

B pre-mRNA may account for the diversity of fonn and location of 

cathepsin B in human tumours (Gong et nl., 1993). 
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Biosynthesis :md Proteolytic l)rocessing: 

Cathepsin B is a glycoprotein and is synthesized in the lumen of 

the rough endoplasmic reticulum prior to its glycosylation with mannose 

linked phosphate residue as the N-linked oligosaccharide. In many cells, 

the targeting of soluble lysosomal enzymes depends on synthesis of 

mannose-6-phosphate residues in their oligosaccharide side chains. These 

residues are recognized by specific receptors that deliver the enzymes from 

the trans-golgi apparatus to pre-lysosomal compartments (Kornfeld, 1992; 

von Figura et al., 1986). Signals for the phosphorylation of the lysosomal 

enzymes consist of a surface patch of several amino acid residues. Among 

these, lysine appears to play the most prominent role (Baranski et al., 

1991 and 1990). In cathepsin B the presence of carbohydrate moieties are 

found mostly in the heavy chain, linked with Asn-113 side chain (Musil 

ct al. 1991; Ritonja ct :~I., 1985: Takio ct al., 1983). 

Like other lysosomal cathepsins, cathepsin B too IS synthesized as 

a latent precursor form. Proteolytic maturation of the latent pro-enzyme to 

the active enzyme may occur in endosomes between trans Golgi network 

and lysosomes or in lysosomes after transport (Fox et :1l., 1 992). Moreover, 

procathepsin B is also known to be autoactivated under an acidic milieu 

(Mach et al., 1994), although cathepsin D has also been reported to act 

as a converting enzyme for the proteinase (Nishimura et al., 1990). The 

available infonnation on nucleotide sequences of rat, human, bovine and 

porcine cathepsin B suggest that the enzyme is synthesized as a larger 

molecular mass precursor (Ferrara et al., 1990; F~ng et al., 1986; Chan 

ct 111., 1986). Cathepsin B ·from human, rat and mouse is synthesized as 

a 339 amjno acid polypeptide chain, which is processed to the mature 

single chain molecule of 254 amino acid residues (Kominami et al., 1988; 

Nishimura & Kato, 1987). In mammalian tissues, most of the active form 

of cathepsin B is found as a two-chain molecule consisting of 47 (or 49) 

and 205 (or 204) residue polypeptide chains (light and heavy chain) 

covalently cross-linked by a disulfide b1idge (Musil et al., 1991; Kominami 

ct al., 1988). Cathepsin B from porcine spleen is predominantly a two 

chain protein (Takahaslu, 1984 a) in contrast· to rat liver enzyme which 

contain equal amounts of single and two chain species (Takio et al., 1983). 



6 

Cathepsin B has also been suggested to exist 111 isozyme fonns 

with isoelecttic pHs and molecular weights in the range of 4.5-5.5 and 

24-29 kDa, respectively (Barrett and Kirschkie, 1981 ). Takahashi et al., 

1986a, reported two isozyme forms of cathepsin B from porcine spleen 

which differed in th.eir carbohydrate structure. Differences in the kinetic 

propetties of the enzyme from synovial fluid and bone marrow cells have 

also been atttibuted to the possible existence of isozymes in these tissues 

(Van Noorden et al., 1989). 

Although the physiological significance for occurrence of isozymes 

m cathepsin B is not very" clear since the biological functions of these 

are not known, it is well established that isozyme composition patterns 

change depending on the degree of differentiation of tissues. A number of 

such changes have also been reported for liver enzymes (Weinhouse et 

al., 1976). 

Specificity, Kinetics and Catalytic Mechanism: 

Cathepsin B from different sources is stable within the pH range 

of 4.5-7.5 (Jiang et al., 1994; Baricos et al., 1988). It does not appear to 

be stable in vitro at pH values above 6. 5 and is ineversibly denatured in 

the alkaline pH .zone (Bromme et al., 1993; Khan et al., 1986). Instability 

seems to be mainly due to rapid autolysis of the enzyme at pH values 

above 6.5 (Buck et al., 1992). 

Cathepsin B has been shown to be involved in the maturation of 

secretory proteins in Golgi vesicles and secretory vacuoles, in addition to 

its role in secondary lysosomes (Taugner et al., 1985; Steiner et al., 1983). 

Although it is generally anticipated that extra cellular proteolysis is 

prevented by the instability of lysosomal cysteine proteinases at neutral 

pH, some investigations have sho\Vll that cathepsin B has a potent, but 

short lived, destructive potentia] at pH levels up to 8.0 (Hasnain et al., 

1992; Maciewicz et al., 1990; Sheahan et al., 1989; Keppler et al., 

1988;Mort et al,. 1984). The activity of cathepsin B at alkaline pH in 

malignant tumours or lactating mammary glands may be due to the fact 

that, cathepsin B is unlikely to be inactivated when associated with 
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membranes (Erdel et nl., 1990) or protein substrates (Sloane, 1990; Lah 

ct al., 1989). 

Cathepsin 8 purified from different sources exhibit endo- and exo­

peptidase activities towards natural and synthetic substrates (Takahashi et 

nl., 1986a, b). It is possible that the domain of Gly-Gly-His-Ala contribute 

to the unique specificity of cathepsin B as a peptidyl dipeptidase in contrast 

to cathepsin H having domain of Val-Asn-His-Ala, which acts as an amino 

peptidase (Willenbrock & Brockleharst, 1985). 

Most of the synthetic substrates for cathepsin B have Arg preceding 

the peptide bond to be cleaved, designated as P 1 (nomenclature as per 

Schecter & Berger, 1968) (Fig. 1) as in the case of trypsin (Barrett & 

Kirschke, 1981 ). However, binding of a P 
2 

(i.e. P 
1 

+ 1) residue generally 

increases the Kca/Km value and thus 1\ is perhaps the most important 

residue in the substrate, as in case of papain (Barrett & Kirschke, 1981 ). 

Usually the N-blocked Arg- derivatives such as 2-napthylamine, 4-

nitroanmne, amide ethyl ester and 4-nitrophenyl ester, have been used for 

cathepsin B assay (Ahmad et al., 1989; Khan et al., 1986; Fazili & Qasim, 

1986; Takahashi et al., 1984a; Barrett & Kirschke, 1981; Singh & 

Kalnitzky, 1978). These substrates are however good for other similar 

lysosomal cysteine proteinases too, such as cathepsin H (Takahashi et al., 

1986b, 1984b) and cathepsin S (Takahashi et al., 1986b ). Similar molecules 

with a pair of Arg residues are good substrates for cathepsin B (Knight, 

1980; Davidson & Poole, 1975; McDonald & Ellis, 1975). Cathepsin B is 

also capable of degrading protein substrates like soluble and insoluble 

collagen (Burleigh et al., 1974), oxidized 8-chain of insulin (Ansorge et 

al., 1977), denatured hemoglobin (Agarwal & Khan, 1987b; Fazili & 

Qasim, 1986), casein and BSA (Ahmad & Khan 1990; Agarwal & Khan, 

1987b) and fibronectin (Guinec et al., 1993) under in vitro conditions. 

Model of Active Site : 

Cathepsin 8 is roughly disc shaped with a diameter of 50 A and 

thickness of 30 A. It has two domains namely L and R. Residues 12-

134, 153-158 and 250-252 of the enzyme polypeptide chain fonn the L 



Fig. I Schematic representation of the acive site of cathepsin 

B (Takahashi et al., 1986b ). 

Sulfhydryl group at the catalytic site is indicated by SH. Substrate 

side chain(P 
1
-P) binding sites to the left of SH are designated as 

S
1
-S

4 
and to the right as S

1
' and S

2
'. The COOH- terminal 

carboxyls in the substrates are supposed to bind to the positive 

charge, (+), in the site designated as CT. The preferable amino 

acid residues for each side-chain binding pockets are also depicted. 



Preferable 
residues 
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domain while rest of the residues form the R domain. A cleft present 

between these two domains with Cys 29 residue located inside, forms the 

active site (Sumiya et nl., 1992; Musil ct :1l., 1991 ). 

Cysteine proteinases such as cathepsin B, H, L and S can be 

distinguished from each other depending on their ability to accommodate 

different amino oacid side chains. In these proteinases, substrate specificity 

appears to reside at the P 
2 

rather than the P 1 position (Fig. 1 ). Cathepsin 

B is interesting in- this regard since it accepts an arginine residue in the 

1\ position whereas most other members of the cysteine proteinase family 

do not (Hasnain et al., 1992). 

The mechanism of cathepsin B specificity and catalysis is still not 

fully understood. However, the role of certain charged residues in substrate 

binding have been postulated based on alignment of cathepsin B sequences 

with papain in particular. In cathepsin B, a large number of charged 

residues which could have an influence on enzyme activity, are present in 

the vicinity of the active site cleft. Cys 29 and His 199 are two active 

site residues absolutely required in their deprotonated and protonated forms, 

respectively for catalysis. A glycine residue is present at position 198 in 

cathepsin B for all species where sequence information is available. Greater 

Hexibility of glycine relative to aspartic acid in papain leads to a broader 

S
2 

pocket in cathepsin B (Hasnain et al., 1992) (Fig. 1 ). It has been 

suggested that His 110 and His 111 may play a crucial role in exopeptidase 

activity of cathepsin B since the protonated imidazolium groups could 

interact with the negatively charged substrate C-terminal carboxylate 

(Hasnain et al., 1993; Sumiya et al., 1992; Baudys et al., 1991; Musil et 

:11., 1991). 

The number of disulfide b1idges have been reported to be 7 and 6 

in bovine and human cathepsin B, respectively (Musil et al., 1991; Baudys 

ct al., 1990; Ritonja et al., 1985). Two cysteine residues of cathepsin B 

namely Cys 29 and Cys 240 are unpaired. Cys 29 is topologically 

equivalent to the reactive cysteine in all cysteine proteinases, whereas Cys 

240 is located close to the R-domain and is unique in cathepsin B (Musil 

ct al., 1991). 
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Proteinase Inhibitors : 

By judicious choice of amino acids to occupy the P 1 to Pn position 

of the inhibitors (nomenclature of Schecter and Berger, 1968) (Fig. 1) so 

as to fulfill the prima1y and subsite specificity requirements of individual 

members of serine and cysteine proteinases, it has been possible to obtain 

reagents that exhibit pronounced selectivity of action (Walker, et al., 1993). 

Peptide sequences in which C-terminal amide (-CONH-) or acid (-COOH) 

functional groups have been replaced by electrophilic moieties such as 

aldehyde (-CHO) (Thompson, 1973; Westerik & Wolfenden, 1972), 

trifluoromethyl ketone (~COCF,) (Stein et nl., 1987; Imperiali & 

Abeles, 1986) and a-oxoester (-COCOOR) (Peet et al., 1990; Medhi et al, 

1990), have yielded potent and reversible inhibitors of serine and cysteine 

proteinases. 

Peptidyl aldehyde inhibitors such as lcupeptin, chymostatin, antipain, 

calpeptin etc. bind covalently but reversibly to the active site nucleophile 

of cysteine proteinases as hemithioacetals (Medhi 1990; Giordano et al., 

1990). Recently, it has been demonstrated that homogenates of cells and 

tissues harvested after culture in leupeptin showed an increase in activity 

of cathepsin B. This may be attributed to the fact that lysosomal cysteine 

proteinases are actually involved in their own degradation. However, 

leupeptin decreases the degradation of the lysosomal enzymes including 

cathepsin B by its inhibitory· activity towards lysosomal cysteine proteinases 

(Montenez et al., 1994). 

There are several irreversible inhibitors specific to cysteine 

proteinases which include thiol blocking reagents such as iodoacetic acid, 

iodoacetamide, p-chloromercuric benzoic acid, peptidyl fhuromethyl ketones, 

diazomethyl ketones, epoxysuccinyl peptidcs like E-64 and their derivatives 

(Gour-Salin et al., 1993). Several analogues of E-64 wluch are potential 

candidates for therapeutic applications have been synthesized, of which a 

synthetic analogue L~trans-epoxysuccinyl~leucinamido (3-methyl) butan 4, 

named E-64c or Ep-475 (Barrett et al., 1982; Tamai et al., 1981; Hashida 

ct al., 1980), contaitung a neutral isopentyl group in P proved to be 
• 3 

substantially more efficient than E-64 as an inhibitor of cathepsin B and 



12 

L (Giordino et al., 1993). The in·eversible inactivation of the enzyme 

was shown to proceed with the formation of a covalent bond between the 

nucleophilic thiolate of the catalytic cysteine and C-3 of the epoxysuccinyl 

unit (Giordino et aL 1993). 

Physiological inhibitors particularly cystatins are known to play a 

major role in regulation of cysteine proteinases. Cystatins which belong to 

cysteine proteinase inhibitors (also called thiol proteinase inhibitors) are 

classified into three groups namely, cystatin I (or stefins), cystatin II (or 

cystatins) and cystatin III (or kininogens). This classification is based on 

molecular size, number of disulfide bonds. presence of carbohydrate 

moieties. ptimmy structure and subcellular localization (Banett et al., 1986). 

Cystatin C, a member of cystatin family ll, is expressed in a variety 

of tissues and display a high affinity for cathepsin B (Corticchiato ct nl., 

1992; Barka et nl., 1992). It therefore appears to be a potentially impottant 

physiological inhibitor of cysteine proteinase activity in extracellular fluids 

(Abrahamson ct nl., 1991, I 986). 

Pathological and Physiological Significance 

Lysosomal cysteine proteinases have been implicated in intracellular 

protein degradation and are believed to be involved in a variety of 

physiological and pathological processes (Katunuma et aL I 983; Sher et 

aL 1981; Stnlcher ct al., 1978; Huisman et al., 1974). Cathepsin B is 

involved in platelet aggregation (Sloane et al., I 992) and post translational 

processing of proteins (Sohar & Katona. 1992; Mizuno et at., 1982). It 

also takes part in prohormone activation. In fact, cathepsin B and 1-I have 

been demonstrated to be localized in secretory granules of some peptide 

honnone producing cells including those producing active renin (Sano ct 

al., 1993; Uchiyama et al ., 1991, 1989). It is also involved in parathyroid 

honnone (PTH) proteolysis. By in vitro studies, cathepsin B has been 

demonstrated to cleave PTH into various forms of PTH fragments 

(MacGregor ct al., 1986; Anderson ct al., 1986). Storage granules in rat 

parathyroid cells have been found to be fused with small vesicles containing 

cathepsin B and H, which possibly participates in the regulation of PTH 
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level by degrading newly synthesiz~d PT!l in the granules (Uchiyama et 

HI., 1994). Cathepsin B is reported to play an important role in neuronal 

degeneration or the dysfunction of brain r~gions in relation to aging (Brumy­

Schwartz et al., 1992; Kenessey ct aL 1989). 

Pathophysiological changes and cellular transformation have been 

shown to be accompanied by a redisttibution of cathepsin B to secretory 

vesicles ( Achkar et al., 1990), the nucleus (Pietras & Roberts, 1981) and 

the plasma membrane (Rozhin et al., 1989). Secretion of several different 

fonns of cathepsin B including higher molecular weight latent and active 

fonns (Maciewicz et nl., I 989; Docherty & Philips, 1988; Mort et al., 

1983, 1980) which is attribtlted to post-translational processing leading to 

changes in amount and composition of oligosacchalide side chains (Spiess 

ct al., 1994; Nishimura et al., 1988) and extent of proteolytic modifications 

(Hara et al., 1988; Chan et al., 1986), are some of the characteristics of 

transformed cells. In some human tumours a part of this diversity and 

location of cathepsin B may be due to alternative splicing of cathepsin B 

pre-mRNA (Gong et al., 1993). 

Cysteine proteinases like cathepsin B and L can activate latent 

proteinase activity associated with fibronectin in basement membranes 

leading to a metastatic cascade which may be an important factor in the 

m vtvo basement membrane dissolution observed in tumour invasion 

(Guinec et al., 1993). Many tumour cells are glycolytic and secrete large 

amounts of lactic acid into the extracellular medium providing a micro­

acidic environment for optimal activity of lysosomal proteinases as they 

are most active at acidic pH (Young & Spevacek, 1993). Cathepsin B has 

also been implicated in other pathological conditions such as proteinuria 

and renal disorders (Baricos et al., 1900), myocardial infarction (Laszlo 

ct al., 1993~ Bolli et al., 1983) and pulmonary emphesema (Trabandt 

ct al., 1991 ). 

In spite of extensive research, the !llechanism of action of cathepsin 

B and its catalytic specificity are still not well understood. Thus to 

understand the role of this proteinase in ~1 variety of biological processes, 
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detailed information on the physicochemical and catalytic properties is 

required. The possibility of the existence of cathepsin B isozymes and 

their roles also require a systematic investigation. In view of this, we 

have undertaken the present work to isol<1tc and study the properties of 

cathepsin B from a hitherto unstudied source i.e. goat spleen. 
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A. MATERIALS : 

Pmtcins used : 

Cathepsin B was isolated from goat spleens collected from local 

abattoirs. Bovine serum albumin, ovalbumin, a-chymottypsinogen, myoglobin, 

1ibonuclease A, cytochrome C, carboxypeptidase A, and rabbit muscle aldolase 

were purchased from Sigma Chemical Company, U.S.A. Bovine milk casein 

was obtained from Sisco Res. Lab.,lndia. 

Reagents used in end group analysis : 

Dansyl chloride, iodoacetamide and standard ammo acid kit were 

purchased from Sigma Chemical Company, U.S.A. Micro polyamide sheets 

(5.0x5.0 em) were the products of Pierce Chemical Company, U.S.A Organic 

solvents viz., benzene, amyl-alcohol, N-butanol, tertimy butanol, pyridine, 

toluene, acetone, ethanol, methanol, chlorofonn, glacial acetic acid, formic 

acid etc. '.Vere purchased fi:om BDH, India. 

Chromatography media : 

Sephadex (G-25,G-75 and G-100), Blue Dextran 2000, DEAE Celluiose 

52, CM-Sephadex C-50 and ConA-Sepharose 4B were obtained from 

Phannacia Biotek, Uppsala, Sweden. Amberlite MB-3 was obtained from 

Sigma Chemical Company, U.S.A 

Reagents used for polyacrylamide gel electrophm·esis : 

Acrylamide, N-N' methylene bisacrylamide, N,N,N',N'­

tetramethylethylene diamine, 2- mercaptoethanol, Coomassie Brilliant Blue 

R-250, glycine, Ttis (Hydroxymethyl aminomethane), sodium dodecyl sulfate 

purchased from Sigma Chemical Company, U.S.A. were used for 

polyacrylamide gel electrophoresis in the presence and absence of SDS. 

Atmnonium persulfate, sucrose and glycerol were obtained from E. Merck, 
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India and amidoschwarz and bromophenol blue were the products of BDH, 

England 

Other reagents : 

a-methyl-D-glucopyranoside, succinic anhydride, maleic anhydride, urea, 

guanidine hydrochloride, N-acetyl-L-cysteine, BANA, BAPNA, Leu-BNA, .Arg­

BNA, 2-naphthylamine, p-nitroaniline, DTNB, FCA, IJ7A, antipain, E-64~ 

leupeptin, pepstatin A, cysteine base, cysteamine-HCI, DTT, 2-mercaptoethanol, 

glutathione, thioiglycerol, iodoacetic acid, mercuric chloride, manganese 

chlmide, sodium azide and calibration mixture for amino acid analysis were 

obtained from Sigma Chemical Comapny, U.S.A. Coomassie Brilliant Blue 

G-250, Brij 35, o-pthalaldehyde were the products of Serva Biochemicals, 

U.S.A. Z-Arg-MCA, Z-Arg-Arg-MCA, Z-Phe-Arg-MCA amd MCA were the 

·products of Peptide Institute, ·rnc., Japan. TCA, chromic acid, N-1-

naphthylethylene diamine-HCl and standard buffer tablets of different pHs 

were purchased from BDH, England. Agarose, sodium nitrite, ammonium 

sulfamate, EDTA, histidine, papain, methyl cellusolve, ninhydrin were from 

Sisco Res. Lab., India. D-glucose, ascorbic acid, potassium ferricyanide and 

orthophosphoric acid were pruchased from Qualigens, Bombay, India Phenol, 

perchloric acid, sodium hypochlorite, potassium sulfate and ethanol were the 

products of Fluka Chemical AG, Switzerland. All other reagents were of 

analytical grade or the best commercially available. 

Miscellaneous : 

Dialyser tubings of diffferent diameters were purchased from Sigma 

Chemical Company, U.S.A. Millipore filters (pore size 0.22 ~LM, 0.45 1-1M), 

filter papers of different diameters and pH papers were obtained from 

Whatman Co., England. Nitrogen gas was supplied by I.O.L India. Rabbits 

were purchased from I.C.AR fann, Shillong, India. 
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B. 1\tlETHODS : 

1. pH measurements: 

All pH measurements were made at room temperatme (15-27°C) using 

a Control Dynamics digital pH meter, model APX 175 E/C. Routine 

calibration of the pH meter was done using standard buffer tablets (BDH) 

of different pHs. 

2. Optical measurements 

rc) Ausorptiou mectsurements : 

Light absorption measurements in the ultraviolet region as well as the 

visible region were made on Jasco UVIDEC-61 0 double beam, 

spectrophotometer using quartz (in UV region) or glass (in visible region) 

cuvettes of 1 em path length. All measurements were done at room 

temperature, unless stated otherwise. 

b) Fluorescence measurements : 

Fluorometric studies were done in a Shimadzu RF 540 

spectrofluorophotometer fitted with a thermo-regulated sample chamber and 

automatic polarizors. Fused quartz cuvettes of 1 em path lengths were used 

for all the expe1iments. 

3. Centrifugation: 

Centrifugation was canied out (lt 4°C either in a Beckman refiigerated 

centrifuge Model J2-21 or· in a Remi cooling centrifuge Model C-24. 

Microcentrifugation was done in an Eppend01f microcentrifuge. 

4. Determination of protein concentration: 

Protein estimations were done either by the dye binding method of 

Bradford (1976), using BSA as standard, or directly by measuring their 

absorbance at 280 nm using values of their specific extinction coefficients. 
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a) Dye-binding method : 

The method originally developed by Bradford (1976) and modified by 

Bio-Rad Ltd., U.S.A (1979), consists of the following steps : 

1) Preparation of colour reagent : 1 00 mg of Coomassie Brilliant Blue 

G-250 was dissolved completely in 50 ml of ethanol (95%). To it 100 ml 

of 85% (w/v) orthophosphoric acid was added. The contents were thoroughly 

mixed and transferred to a dark bottle with a tight stopper. This was the 

Bradford stock reagent which was kept refigerated for long tenn use. 

The working solution was prepared by diluting 15 ml of the stock 

reagent desc1ibed above to 100 m] with distilled water. This reagent was 

filtered through Whatman filter paper #1 and kept for use at room 

temperatme, with a bench li~ of approximately two weeks. 

ii) Assay of proteins : To 1.0 ml of protein solution 5.0 m1 of Bradford 

working solution was added and mixed thoroughly. Colour was allowed to 

develop for 10-15 min at room temperature and the intensity of the colour 

was determined at 590 nm within 30 min against a reagent blank prepared 

from l. 0 ml of the appropriate buffer and 5. 0 ml of the reagent. Protein 

concentration was detennined with the help of a standard curve prepared as 

stated above with varying concentrations of BSA 

b) Spectropltotometric met/rod : 

The optic~ density of different protein solutions measured at 280 run 

was divided by their respective specific extinction coefficient CF~::n ) at 280 

nm. The value of the quotient gave the amount of protein in grams per 100 

ml of the solution. Correction for possible light scattering were routinely 

made by measuring the absorbance of the protein solution in the wavelength 

range, 3 60-340 nm and extrapolating those values into the absorbing region. 

5. Chromatogt·aJ,hy: 

11) Gel filtration : 

Gels were prepared by swelling d1y powder of Sephadex in excess of 

distilled water for a period recommended by the manufacturers. The fines of 
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the gel slurry were removeq by· decantation after which it was degassed to 

remove the trapped air. Glass columns previously washed with detergent, 

chromic acid and water, were mounted vertically. Well mixed gel suspension 

was then carefully poured into the column with the help of a clean glass 

rod. The gel was allowed to settle under gravity for about an hour and then 

constant hydrostatic pressure was applied through a peristaltic pump to settle 

the gels at a flow rate of 15 em/hr. The column was finally equilibrated by 

passing excess (2-3 times the total bed volume of the column) of 

equilibrating buffer at a constant flow rate of 25 ml/hr with the help of a 

peristaltic pump. Homogeneity of the packed gel bed was checked by 

monitming the progress of a narrow band of 0.2% (w/v) Blue Dextran 2000 

and K3Fe(CN)
6 
~olution (2 mg/n~l). The elution of the former gave the void 

volume (V), while that of the latter gave the total volru11e (V) of the packed 

column. Before application of the sample, the buffer solution from the top 

was removed by suction leaving only about 2 mm of the buffer above the 

gel. 2-5 ml of the sample containing 5-10 mg of the protein was then 

carefully applied on the column with the help of a thin tubing and allowed 

to pass down the column, taking care not to allow the gel sutface to get 

dry. The upper surface of the column was rinsed with 4-5 ml of eluting 

buffer and allowed to run with a constant flow rate of 20-25 ml/hr, after 

connecting the column to a buffer reservoir. Fractions (3-5 ml) were collected 

and monitored for their protein concentration and enzyme activity (if 

applicable) with suitable methods. 

b) Thin layer chromatography: 

Thin layer chromatography was perfom1ed on micropolyamide sheets 

(Pierce Chem Co.) of 5 x 5 em. Samples were spotted repeatedly about 5 

mm above the bottom line with the help of finely drawn tips of capillary 

tubes. Care was taken so that the spots did not exceed 2 mm in diameter. 

Ascending chromatography was then cmTied out in 150 ml chromatographic 

chambers containing the approp1iate solvent systems. After the completion 

of the run the sheets were removed and dried at room temperature. The 

chromatograms were detected as fluorescent spots by placing the plates under 
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uliravioiet iamp and the R
1 

values were computed by dividing the distance 

moved by the samples with that of the solvent front. 

6. Gel electa·o11horesis: 

Electrophoresis on polyactylamide gels were done in the absence and 

presence of SDS according to the procedures described by Davis ( 1964) 

and modified technique of Laemmli ( 1970) respectively. 

a) Polyacrylamide gel electrophoresis (PAGE): 

Clean gel tubes (0.5x 1. 0 em) were mounted vertically in a stand after 

sealing the lower ends. A gel solution was prepared by mixing 2 volumes 

of solution A (containing 14.4 % aciylamicle and 0.6 % N,N' ,bisactylamide), 

1 volume of solution B (1.5 MTris-HCl buffer, pH 8.9, containing 110 ~I 

of TE~vffiD) ami i volume of freshly prepared ammonium persulfate solution 

(2. 7 mg I ml). The resulting solution gave gels with a cross linking of 7.5 

% . 50-100 flg of protein (20-80 ~d) containing 40 % glycerol (or sucrose) 

and a small amount of bromophenol blue was careful1y applied on the top 

layer of the gel. The electrophoresis was carried out with an anodic cmTent 

of 2 mA/tube for 2-3 hrs, using Ttis-glycine buffer, pH, 8. 3 (prepared by 

dissolving 2.88 grams glycine and 0.6 gms Ttis in 1 litre distilled water). 

The gels were stained with 0.01% amido black (or Coomassie B1illiant Blue 

R-250) for about 40 min and finally destained by a destaining solution 

containing 7.0 % acetic acid and 5 % methanol at 37°C repeatedly until the 

background was clear. 

b) SOtlium tfotlecyl sulfate po(J'llcrylamitfe gel electrophoresis (SDS-

PAGE): 

Polyactylamide gel-electrophoresis of the proteins in presence of 1. 5 

% sodium dodecyl sulfate was done both in presence and absence of 0.1 % 

2-mercaptoethanol. A 12.5 % gel was prepared by mixing 10.5 ml water, 

8.25 ml solution A (30 % Actylamide, 0.8 % N, N'-bisac1ylamide.), 1.25 

ml solution B (18.7 gms Iris + 2.0 ml 20 % (w/v) SDS in 100 m1 water 

carefully adjusted to a pH of 8.8 with 6.0 N HCI. 0.38 ml freshly prepared 



ammonium persulfate solution (20 mg/ml) and 0.03 ml TEMED. Protein 

samples were denatured in 1.0 % SDS by heating in a boiling water bath for 

10 min followed by overnight incubation with 0.1 % 2-mercaptoethanol (if 

required). Electrophoresis of the denatured protein samples were perfonned 

either at pH 6.8 using 60 mM sodiwn phosphate buffer or at pH 8.3 using 

60 mM Tris-HCl buffer, containing 1.5 % SDS in the running buffers. Before 

loading the samples in the gels, a pre-nm was done for 30 min at a constant 

current of 2 mA/gel. The protein samples (50-1 00 !lg) mixed with 20 % 

glycerol and 0.1 % bromophenol blue was applied on each gel surface. 

Electrophoresis was perfonned at a constant current of 3 mA/tube. The gels 

were stained with Coomassie Btilliant Blue R-250, and finally destained in a 

solution containing 7 % acetic acid and 5 % methanol. The relative mobilities 

(Rm) of the electrophoresed protein samples were detennined by the standard 

procedure of Laemmli ( 1970) using the expression: 

Rm = 
Distance traversed by the protein band (em) 

Distance traversed by the dye band (em) 

7. Isolation and purification of cathepsin B: 

The isolation and purification of cathepsin B from goat spleen was 

perfom1ed according to the method of Takahashi ct al., (1983) and Ahmad 

ct al., (1989), by incorporating suitable modifications. The procedure 

consisted of the following steps: 

a) Homogenization: 

Goat spleens from freshly slaughtered goats were collected in ice from 

local abattoirs, and kept frozen at -20°C before use. The frozen spleens were 

thawed and washed with excess amount of distilled water followed by lmM 

EDTA solution. The soft mass of the tissue weighing about 350 gms (obtained 

from 500 gms .of spleen after removing fats, peripheral membranes and 

connective tissues) was homogenized with 150 ml of 3% NaCI solution 

containing lmM EDTA and 15 mM HCl (pH 1.8). This was kept suspended 

for 6 hrs at 4 ac with continuous stirring. 

21 
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b) Acid extraction : 

The pH of the homogenate obtained above was adjusted to 3.8 by 

gradual addition of chilled 2N HCI and left for continuous stirring at 4oc 

for another 8 hrs. The content was then centrifuged at 14,000 rpm for 20 

min and the clear supernatent was collected. 

c) Ammonium sulfate fractionation : 

The clear supernatent obtained after acid extraction was subjected to 

salt fractionation. The protein fraction precipitating between 40-75% 

mnmonilUn sulfate saturation was collected and dissolved in minimum amount 

of chilled distilled water. This was then extensively dialysed against chilled 

distilled water followed by 50 mM sodium acetate buffer, pH 5.0, containg 

1 mM EDTA and 0.02% sodium azide. The protein solution after dialysis 

was again centrifuged at 14bOO rpm for 20 min and the clear supernatant 

thus obat1ned was used for further purification. 

d) Gel chromatography on Sepltadex G-75: 

The protein solution obtained through salt fractionation was 

concentrated and chromatographed on G-75 column (2.6x90 em) pre­

equilibrated with 50 mM sodium acetate buffer, pH 5.0, containing 1 mM 

EDTA and 0.02 % sodium azide. The fractions were monitored 

spectrophotometrically for protein concentration at 280 nm and for enzyme 

activity using BANA as the substrate. The enzymatic active fractions were 

pooled and concentrated . 
• 

e) Iou-exchallge chromatography on DEAE-Cellulose column: 

The enzymatically active fractions collected after gel filtration were 

dialysed against 20 mM Tris-acetate buffer, pH 6.0, containing 1 mM EDTA 

and 0.02% sodium azide, and passed through a DEAE-Cellulose coltunn 

(1.6xl2 em). After washing the column with the above buffer, the bound 

fractions of cathepsin B (and similar proteinases) were eluted step wise with 

the same buffer, containing 0.2, 0.5 and 1.0 M NaCl. The protein fractions 

eluting at about 0.2 M NaCI, were collected. 
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f) /on-exchange chromatography 011 CM-Sephadex column: 

The enzymatically active fractions obtained after DEAE-Cellulose 

chromatography were thoroughly dialysed against 20 mM sodium acetate 

buffer, pH 4.8, containing 1 mM EDTA and 1.4 mM 2-mercaptoethanol and 

applied on to a CM-Sephadex column ( 1.6x I 0 em), equilibrated with the 

above buffer. The column was washed with the same buffer at pH 4.8 

followed by the stepwise elution of bound protein fractions with the above 

buffer, at pHs 5.6, 6.0 and finally using I M NaCl at pH 6.0. Protein 

estimation and enzyme assay of the eluted fractions were measured. The 

protein fraction eluting at pH 5.6 were collected. 

g) Affinity chromatography on ConA-Sepharose 4B column: 

The enzymatically active fractions which eluted at pH 5.6 were dialysed 

again::;t 0.05 M sodium· acetate buffer, pH 6.0, containing 0 2 M NaCl, 1.4 

mM 2-mercaptoethanol and I mM each of CaC1
2 

and MnC1
2 

and was applied 

on a ConA-Sepharose 48 column (1.5x7cm). A fraction of the enzyme 

preparation was not retained in the column and eluted with the above 

mentioned buffer, which was termed as GSCB-I. The bound fraction was 

eluted from the column with 0.5 M methyl-a-D-glucopyranoside and was 

termed as GSCB-II. Both the fractions showed cathepsin B activity and were 

pooled separately. 

Each of the two fractions of cathepsin B thus obtained were 

concentrated and dialysed against 50 mM sodium acetate buffer containing 1 

mM EDTA and 0.02% sodium azide, pH 5.0, and was used for further studies. 

8. Kinetic studies : 

Cathepsin B assays with synthetic substrates: 

a) Fluoromettic assay of cathepsin B with BANA 

Enzymatic assay of cathepsin B using a-N-benzoyl-DL-arginine-2-

naphthalamide (BANA) as the substrate was done according to the method 

described by Khan et al., (1986). Briefly, to O.l ml of enzyme solution 
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containing appropriate amount of enzyme, 1.9 ml of activator buffer (20 

mM sodium phosphate buffer, pH 6.5, containing 2.0 mM EDTA and 2.0 

mM 2-mercaptoethanol) was added and incubated at 37°C for 30 min. The 

reaction was initiated by addition of 1 ml of the substrate solution. (0.1% 

BANA dissolved in 3% DMSO and diluted with the activator buffer to the , 

desired concentration). BANA hydrolase activity was measured 

t1uorometrically by monitoring the release of 2-naphthalamine continuously 

for 30 min at 37"C, using excitation and emission wavelengths of 335 and 

41 0 nm, respectively. The amount of 2-naphthalamine released was calculated 

using the standard curve prepared with 2-naphthalamine in the same manner, 

as desctibed by Banett and Kirschke ( 1981 ). One unit of enzyme activity 

was defined as the amount of enzyme required to release 1 ~mol of 2-

naphthalamine per min at 37°C. 

b) Colorimetric assay of cathepsin B with BANA: 

The colmimetric assay of BANA hydrolase activity was perfonned 

according to the method of Marti neck et :11., (I 964) with modifications. 

Briefly, 1.0 ml of enzyme preparation in activator buffer was incubated for 

30 min at 37°C. 0.5 ml of t~e activated enzyme solution was pipetted out 

in a separate test tube for prep~ring the control. To the remaining 0.5 ml 

enzyme solution, 0.5 ml of substrate solution (0.1% BANA in 3% DMSO, 

prepared as described above) was added, mixed by inversion and incubated 

at 37°C for 30 min or 1 hr. The reaction was then stopped by the addition 

of 0.5 ml of 4.0 N HCl and the amount of 2-naphthalamine thus released 

was detennined by diazotization method as described below: 

The reaction mixture (1.5 ml), mixed with 0.5 ml sodium nitrite (0.2% 

w/v) was ]eft for 3 min. Following this, 1.0 ml of ammonium su]famate 

solution (0.5% w/v) was added and mixed properly. After another 3 min of 

standing at room temperature, 2.0 ml of dye (N-1-napthylethylenediamine­

dihydrochloride, 0'.05% w/v in absolute alcohol) was added to it. The colour 

was allowed to develop for at least 45 min, and the blue colour thus fonned 

was meassured at 540 nm against a suitable enzyme blank. The blank was 
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prepared in the same way except that HCI was added to the enzyme before 

the addition of the substrate. 

The amount of 2-napthylaminc released was calculated from the 

standard curve prepared in a similar manner with vmying concentrations of 

2-napthylamine. 

c) Colorimetric assay of cathepsi11 B with BAPNA: 

To 0.5 ml of preactivated enzyme solution 0.5 ml BAPNA solution 

(0.1% prepared the same way as detailed above for BANA) was added. The 

reaction was allowed to proceed at 37°C for 30 min or I hr and finally 

tenninated by addition of 1.0 ml of 30% acetic acid. The product (4-

nit:roaniline) released was detennined spectrophotometrically at 400 nm using 

a suitable reagent enzyme blank prepared in the same way, except that the 

substrate was added after addition of acetic acid to the enzyme solution. 

The product released was quantitated through a standard curve prepared in 

the same way with varying concentrations of 4- nitroaniline and was read 

against a suitable reagent blank. 

d) Fluorometric assay of 7-amillo-4-metltyl-coumariu releasi11g 

substrates: 

Enzymatic assay against 7-amino-4-methyl-coumarin releasing substrates 

such as Z-Phe-Arg-MCA, Z-Arg-Arg-MCA, Arg-MCA etc. were performed 

according to the procedure described by Barrett and Krischke (1981 ), 

incorporating slight modifications. A spectrofluorophotometer fitted with a 

thermostat regulated water bath was used for this study. The procedure is 

briefly described as follows: 

Reagents: 

i) Activator.Buffer: 340 mM sodium acetate containing 60 mM acetic 

acid and 4 mM disodium EDTA, pH 6.5. Freshly prepared dithiothreitol (8 

mM) was added to the buffer on the day of its use. 
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ii) Substrate: 10 mM of the stock solution of the substrate in DMSO was 

made and stored below 0°C, until use. This stock was diluted to the required 

concentration with activator buffer without OTT. 

iii) Diluent: Brij 35 (0.1 %) in water. 

iv) Aminomethyl coumarin standard: A stock solution of 7-amino- 4-methyl 

coumarin (ltnM) in DMSO was made and stored below ooc. At the time of 

assay, the stock was diluted ~o the required concentrations with the activator 

buffer without DTT. 

Procedure: 

0.5 ml of the enzyme solution in diluent was incubated with 1.0 ml 

of activator buffer with 8.0 mM DTT, at 37°C for 5 min. The reaction was 

initiated by adding 0.5 ml of diluted substrate solution. The increase in 

fluorescence was monitored continously for 30 min by fixing excitation and 

emission wavelengths at 370 nm and 440 nm, respectively, using a suitable 

reagent blank for calibration. The total an10unt of 7 -amino-4-methyl coumarin 

liberated during enzymatic assay was calculated from a standard curve of 7-

mnino-4-methyl coumarin prepared in a similar manner. One unit of enzyme 
."._ 

activity was defined as the amount of enzyme required to release 1 J.tmol of 

7-amino-4-methyl-coumarin per min. 

Colorimetric assay of cathepsin B with protein substrate:;: 

Cathepsin B assay with acid denatmed bovine milk casein, BSA and 

goat hemoglobin were done by the method described by Moore and Stein 

(1954) and Ahmad et al., (1990). 

After preparing a highly concentrated protein solution in the activator 

buffer (20 mM sodium phosphate buffer, pH 6.5, containing 2.0 mM each 

of EDTA and 2-mercaptoethanol), it was exposed to acetic acid at pH 2.8 

and left overnight. The acid denatured protein was then kept in a boiling 

water bath for about 1 hr. Mter cooling to room temperatme, it was 

centrifuged and filtered. The filtrate was taken and dialysed against the 

phosphate buffer till a pH of 6.5 was obtained. The final protein concentration 

of the filtrate was detezmined. 
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To 0.5 ml of the enzyme solution in activator buffer, preactivated at 

37°C for 30 min, 0.5 ml of the substrate solution (as prepared above) was 

added and mixed properly. After 4 hr of incubation at 37°C, the reaction 

was tenninated by adding 1 ml of chilled TCA (30% w/v) and the content 

was centrifuged for 1 0 min at 4 000 rpm at 4 °C. The clear supernatant thus 

obtained was collected. 1.0 ml of this supernatant (containing TCA soluble 

peptides and amino acids) was mixed with equal volume of freshly prepared 

ninhydrin reagen( and heated in a boiling water bath for 20 min. After cooling 

the solution under tap water, 5.0 ml of ethanol was added and the intensity 

of the blue colour fanned was read at 570 nm against a suitable blank, 

prepared in the same way except that the protein-substrate was added after 

the addition of the TCA solution: 

One unit of the enzyme was defined as the amount of enzyme required 

to increase the absorbance at 570 nm by 0.01 O.D. unit per hr under the 

above assay conditions. 

Preparation of ninhydrin reagent: 

5.0 gms of ninhydrin was solubilized in 125 ml of water at 90°C. To 

this solution 25 ml of ascorbic acid solution (20%) was gradually added and 

the reaction was allowed to occur for 30 min, at room temperature. The 

ctystals of hydrindatin thus fanned were excessively washed with chilled water 

and dried at 37°C. 0.3 gm of hydrindantin and 2.0 gms of ninhydrin were 

dissolved in 4 M sodium acetate buffer, pH 5.5, to a final volume of 25 

ml. 75 ml of methyl cellosolve was then added to it, and after shaking the 

mix.'ture thoroughly, the reagent was stored at 4 °C in a brown bottle for futw"e 

use. 

Determination of catalytic Parameters of Cathepsin B: 

The values of Km and Vmax of the purified goat spleen cathepsin B 

tor synthetic as well as protein substrates were calculated from the least 

squares analysis of the data plotted according to the method of Lineweaver 

and Burk (1934) using the general equation: 

IN =·K N . (1/[S]) + IN m max max 
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The substrate concentrations were chosen on the assumption that the 

initial velocity of the enzyme-reaction provided the accurate values for the 

K when the substrate concentration ranges between 20-80% saturation. 
Ill 

9. Chemical analysis : 

a) End group a11alyses of catltepsill B 

lj ldentific ation of NH
2
-terminal residue: Determination of the NH2-

terminal amino acid residue of the pmified cathepsin B from goat spleen 

was done according to the method of Gray (1967). 

To 1 ml of the protein solution (containing 32 ~g of cathepsin B), 

urea and sodium bicarbonate were added to a final concentration of 8 M 

~md 0.5 M. respectively and left at 37°C for 1 hr. 1 ml dansyl chlmide (20 

mglml of acetone) was then added to the above mixture containing the protein, 

and incubated at 37°C overnight. The whole content was then dialysed 

thoroughly against distilled water so as to remove the free dansyl chloride, 

salts and other low molecular weight substances. 

The dansylated protein was taken in a tube with 5.7 N freshly distilled 

HCl. The open end of the tube was sealed and the protein hydrolysis was 

perfonned at 105-11 ooc for 20 hr in a thermo reacti-thenn (Pierce Chern. 

Co.). The content was evaporated to dryness and the residue was dissolved 

in 50% aqueous pyridine solution. Identification of the dansylated amino acid 

was finally done with thin layer clu·omatography (TLC) on polyamide sheets. 

ii) Identification of COOH-terminal residue: The COOH-terminal amino 

acid residue of the purified goat spleen cathepsin B was identified as 

described by Narita (1970). The procedure is briefly described below. 

To 2 ml of cathepsin B (0.36 mg) solution in 60 mM sodium 

phosphate buffer, pH 8.0, 0.72 gm urea, 30 ml 2-mercaptoethanol and 1~ 

mg iodoacetamide were added in such a way that the final concentration of 

urea, 2-mercaptoethenol and iodoacetamide were 6 M, 1% and 0.05 M, 

respectively. The reaction mixture was incubated at 37°C overnight followed 

by extensive dialysis against 60 mM sodium phosphate buffer, pH 8.0, 

containing 6. 0 M Urea. 
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A solution of carboxypeptidase A was prepared by suspending 5.0 mg 

(equivalent to 250 I.U.) of the enzyme in 5.0 ml of water. The suspension 

was centrifuged and the supernatant obtained was discarded. The residue was 

collected and placed in an ice bath for 5-6 min prior to addition of 0.1 m1 

(1 %) sodium bicarbonate. 1 N NaOH was gradually added to it so that all 

the enzyme crystals dissolved. The final pH of this enzyme solution was 

carefully adjusted to pH 8. 0 by titrating against 0. 1 N HCl. The concentration 

of the enzyme solution was determined spectrophotometrically using the 

extinction coefficient of 8.6 x 104 (Neurath, 1955). The molecular weight 

of the enzyme was taken to be 34 kDa (Narita, 1970). The enzyme solution 

was finally diluted to a concentration of 1 mglml with 60 mM sodium 

phosphate buffer of pH 8. 0 containing 6. 0 M urea. 

The enzymatic reaction was petfonned at room temperature by taking 

the solution of cathepsin B and that of carboxypeptidase A in a molar ratio 

of 1 :2. One ml aliquots were taken out of the reaction mixture at various 

time intervals (eg., 0, 5, 10, 20, 30, 60, and 120 min) and the reaction was 

stopped by lowering the pH by addition of 1.0 ml of 1.0 N HCl. Control 

was prepared in the same way except that the HCl was added to the enzyme 

solution before addition of substrate (Cathepsin B). The acid precipitated 

proteins were removed by centifugation and the supematent thus obtained 

was analysed for the liberated amino acid(s) by TLC after dansylation. 

b) Determi11atioll of Free Tltiol group(s) : 

The free sulfhydtyl content of the purified cathepsin B, both under 

native as well as denatured conditions (8.0 M urea) were performed according 

to the procedure .of Ellman (1959). 

Ellman's reagent was prepared by dissolving 10 mM 5,5'-dithiobis (2-

nitrobenzoic acid), (DTNB), in 0.1 M phosphate buffer, pH 7. 9, containing 

0.1 mM EDTA. The solution was flushed with nitrogen before use. 0.2 ml 

of this reagent was added to 3.0 m1 of nitrogen flushed enzyme solution 

(prepared by mixing 0.3 m1 of enzyme solution and 2. 7 m1 of phosphate 

buffer decribed above with or without 8.0 M urea) and the absorbance at 

412 nm was continously monitored for about 30 min till no further increase 
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was observed The sulf11yruYl content of the protein was calculated by using 

the equation. 

co= A X DIE 

Where C
0 

was the concentration of the thiol group(s), A, the 

absorbance at 412 nm, E, the extinction coefficient of the coloured complex 

(13600/cm/M) and D, the dilution factor. 

c) Determination of tryptophan residues : 

Total tryptophan residues of cathepsin B was determined 

colorimetrically9 by the method of Spies and Chambers (1949) usmg p­

dimethyl aminobenzaldehyde (DAB). 

To 0.5 ml of salt-free enzyme solution (containing known amount of 

protein), 4.0 ml of 23.8 N H
2
S0

4 
was added and mixed thoroughly. 0.5 ml 

of freshly prepared DAB solution (30 mglml in 2.0 N H2S04) was then 

added to it and mixed well. The reaction was carried out for 18 hr at room 

temperature in the dark. Following this, 0.1 ml of freshly prepared aqueous 

solution of 0.045% NaN0
2 

was added to the reaction mixture and mixed 

properly. After incubating further for 60 min in the dark, the absorption of 

the solution was measured at 590 nm against a suitable reagent blank. The 

tryptophan content was calculated from the standard curv.;! prepared in the 

similar way with standard tryptophan. · 

d) Determination of carbohydrate content : 

The total carbohydrate content of the purified . cathepsin B was 

determined by phenol-sulphuric acid reaction using the standrad method of 

DuBois et al., (1956). The total sugar content was expressed in terms of 

D-glucose equivalent detennined with the help of a standrad curve prepared 

with glucose solution. 

To 1. 0 ml of the solution (containing varying amounts of cathepsin 

B) 1.0 ml of 5% (w/v) phenol solution was added and mixed thoroughly. 

Finally 5.0 m1 concentrated sulphuric acid as added carefully and the reaction 

mixture shaken properly. The colour was allowed to develop at room 
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temperature. and the absorbance of the brown colour thus obtained was 

measured at 485 nm against a suitable reagent blank. 

10. Amino acid analysis : 

Amino acid analysis of the purified cathepsin 8 was done by usmg 

high performance liquid chromatography (HPLC) using a single Na+ type 

cation exchange column (ISC-07/S 1504 Na+) form Shimadzu Co. The 

following buffers were used: 

I. Sample buffer : 0.2 M sodium phosphate buffer pH 2.2. containing 

7% v/v ethanol. The pH was adjusted with 80% perchlmic acid. 

II. Solution A : 0.2 M sodium citrate buffer, pH 3.2 containing 7% 

v/v ethanol and 1% (v/v) perchlmic acid. 

Ill. Solution B : 0.6 M sodium citrate buffer, pH 10.6 containing 

1.24% (w/v) bmic acid and 3% 4 M sodium hydroxide solution. 

IV Solution C : 0.2 M sodium hydroxide solution. 

V Reaction reagent : Sodium carbonate (0.348 M), boric acid (0.126 

M) and potassium sulfate (0.1 08 M), dissolved in distilled water. 

VI. OPA Solution : 200 mg o-pthalaldehyde (OPA) was dissolved 

completely in 3.5 m] of ethanol followed by addition of 250 mg N-acetyl­

L-cysteine and 1.0 ml of 10% Brij 35 solution. A final volume of 250 ml 

with distilled water was made. 

VII. Sodium hypochlonte solution 50 ml of sodium hypochlorite/ 

250 ml reaction mixture. 

Preparation of sample for HPLC ana(J'Sis: 

In a hydrolysis tube (Pierce Chem. Co.) 0.3 ml of protein solution 

(containing about 4.0 nmols of pmified cathepsin B) was taken and dtied 

under vacuum. 0.5 m] of freshly distilled 5.7 N HCI was added and sealed 

properly. Hydrolysis was petfonned at I I 0°C for 6, 12, 18 and 24 hrs after 

which HCl was evaporated by passing a str·eam of nitrogen tluough the 

protein-HCI solution. After the HCl had completely evaporated I 00 ~l of 
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HPLC sample buffer. pH 2.2 (stated above) was added to the hydrolysate. 

rD1e content was then centtifuged and finally filtered through a millipore filter 

(0.45 JlM) before it~jecting onto the HPLC column. 

11. Determination of specific extinction coefficient 

The protein solution was extensively dialysed against water and passed 

through a column of mi~ed-bed resin of Ambcrlite MB-3. The pH of the 

eluent containing the protein was then directly measured to get its isoionic 

pH. The absorbance of the protein solution thus obtained was measured at 

280 run. Knovm volumes of this solution were taken in different pre-weighed 

weighing bottles which were then heated to dtyness at 105-11 0°C. The bottles 

were weighed repeatedly (after heating and cooling each time) at fixed 

intervals of time until a constant weight was obtained. The weights of the 

empty bottles were substt·acted fiom that of the respective bottles containing 

protein, to give the actual weight of the protein taken in a given weighing 

bottle. The specific extinction coefficient (E1':~) of the protein was calculated 

by dividing the optical density of the protein solution by its weight (gm/ 

100 ml). 

12. Measurement of intrinsic viscosity : 

The viscosity of the purified goat spleen cathepsin B was measured 

111 a Schott Gerate (Type 513 00) viscometer having a flow time of about 

430 sec for 3 ml water at 25°C. 

After cleaning the viscometer properly, it was dipped in an insulated 

glass water-bath fitted with a thennostat (HAAKE, model D8) in which the 

temperature was maintained within ± 0.05°C. 3.0 ml of protein solution 

(previously dialysed in approptiate buffer and passed througl1 millipore filter 

(pore size 0.45 ~M) of vmying concentrations (0-2 mg/ml) were poured in 

the viscometer and the time of fall of the enzyme solut~on (t), and that of 

the solvent i.e. buffer (t). were recorded with the help of a stop watch 

having a least count of 0.1 sec. The intrinsic viscosity [11] of the protein 

solution was calculated by the method of Tanford (1955) using the following 

expressiOn 



(11] == limit (ll-l\Jirtc 

C-10 

= limit [(t-t)/t"c] + (1-V2 Po) /po 

C-10 
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where, 11
0 

and 11 were the viscosities in poise of the solvent and protein 

solution respectively, c was the -protein concentration in gm/ml, powas the 

density of the solvent in gm/ml and v
2 

the partial specific volume of the 

protein in ml/gm. 

13. Immunological studies : 

Polyclonal antibodies were raised in rabbits of 2-3 kgs body weight. 

The animals were immunized by administering 140 J.lg of cathepsin B with 

Fruend's Complete Adjuent (FCA) subcutaneously followed by a booster dose . 
given at 30 day intervals with 70 11g of the enzyme with Fruend's Incomplete 

Adjuent (IFA). Sera was collected 4 days after giving the booster dose. The 

cross-reactivity of the antisera with cathepsin B was checked by Ouchterlony 

double diffusion (Ouchterlony, 1949). 

Briefly, 1.2% (w/v) agarose solution in water, containing 0.02% sodium 

azide, was prepared by boiling it for 5-l 0 min. The agarose solution was 

unifonnly layered on glass slides and was allowed to cool down to room 

temperature. After gelation of agarose on the slides, wells were made. The 

central well was filled with the antisera. The cross reaction was allowed to 

occur at 3 7°C ovemight and the slides were examined for the formation of 

precipitin arcs, if any. The slides were finally stained with 0.1% amido black 

solution for 10 min at room temperature. Destaining was done by mechanical 

shaking with 7% acetic acid in 5% methanol. 
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RESULTS 

A. Isolation and purific~ation of cathepsin B 

Cathepsin B was isolated from goat spleen by modifying our earlier 

procedure (Ahmad et al.,l989). The modification, which also included an 

additional step involving CM-Sephadex chromatography, significantly 

improved the degree of purity of the enzyme. The protein fraction 

precipitating between 40-75% of ammoniwn sulfate saturation was subjected 

to gel filtration on a Sephadex G-75 column. The elution profile thus 

obtained is shown in Fig. 2. The fractions containing significant an10unt 

of BANA hydrolase activity were combined and subjected to ion-exchange 

chromatography on DEAE-Cellulose column. The unbound protein fractions 

had appreciable activity against the substrate Leu-NA, thus showing the 

presence of cathepsin H. The bound protein fractions which eluted with 

0.2 M sodium chlmide in the equilibrating buffer, showed significant 

amount of BANA hydrolase activity but no activity was obtained against 

Leu-NA (Fig. 3). Thus, these active fractions of the enzyme were pooled 

and subjected to ion-exchange chromatography on a CM-Sephadex cation 

exchanger column. Fractions eluting with 20 mM sodium acetate buffer, 

pH 5.6, showed appreciable BANA and Z-Arg-Arg-MCA hydrolase activity, 

characteristic of cathepsin B (Fig. 4). 

The polyacrylamide gel electrophoresis of the enzyme preparation 

thus obtained, on 7.5% gel at pH 8.3 resulted in two protein bands. This 

was termed as "unresolved goat spleen cathepsin B (CE) (Fig. 6(a)). In an 

attempt to resolve the two bands, the enzyme preparation was further 

subjected to affinity chromatography on a ConA-Sepharose 4B column 

following the procedure described by Takahashi et aJ., 1986a. Two distinct 

enzymatically active protein peaks were obtained which were designated 

as goat spleen cathepsin B-I (GSCB-I) and goat spleen cathepsin B-IT 

(GSCB-II) (Fig. 5 & Fig. 6(b)&(c)). GSCB-I did not bind to the ConA­

Sepharose column. The bound GSCB-11 was eluted with 0.5 M methyl-a­

D-gl ucopyranosi de. 



F1g.2 Elution profile of goat spleen cathepsin B through Sephadex G-75 

column. About 120 mg of protein was applied on the column 

(2.6x90cm) equilibrated with 50 mM sodium acetate buffer, pH 

5.0, containing 1 mM EDTA and 0.02%. sodium azide. 5.0 m1 

fractions were collected and monitored for proteins at 280 nm 

( .._.) and for cathepsin B activity using BANA as substrate, at 

540 nm ~*~ ). Horizontal bar indicates the active fractions pooled 

for further purification. 
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Fig.3 Elution profile of cathepsin B active fractions through DEAE­

Cellulose chromatography. 

About 50 mg of protein was applied onto the column (1.6x14 

em) equilibrated with 0.02 M tris-acetate buffer, pH 6.0, containing 

1 mM EDTA and 0.02% sodium azide. 10 ml fractions at a flow 

rate of 40ml/hr were collected and were monitored for proteins at 

280 nm~(._. ). Cathepsin B activity was determined using BANA 

(tr~-~ ) and Leu-NA (o-o) as substrates. Horizontal bar indicates 

the pooled cathepsin B active fractions which were subjected to 

further purification. 
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Fig.4 Elution profile of cathepsin B (obtained through DEAE-Cellulose 

chromatography) from CM-Sephadex cation exchange column. 

About 40 mg of protein was applied onto the column (1.6x12 

em) pre-equilibrated with 20 mM sodium acetate buffer, pH 4.8, 

containing I mM EDTA and 1.4 mM 2-mercaptoethanol. The 

column was washed with the same buffer at pH 4.8, followed by 

step wise elution at pH 5.6, 6.0 and finally using 1.0 M NaCl in 

the buffer at pH 6.0. Activity was determined using BANA (x-·-K) 

as substrate. Horizontal bar shows the active cathepsin B fractions 

pooled. 
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Fig.5 Separation of cathepsin B on a ConA-Sephasose 4B column. 

Purified cathepsin B preparation was applied on a ConA-Sepharose 

4B column (2.5x6.0 em) equilibrated in 0.05 M sodium acetate 

buffer, pH 6.0, containing 0.2 M NaCl , 1.43 mM 2-

mercaptoethanol and 1 mM each of CaC1
2 

and MnC12. A major 

peak of cathepsin ·B (GSCB-I) appeared in the washing fractions. 

However, when the column was extensively washed with the same 

buffer and then with 0.5 M methyl glucose (indicated by the 

arrow) the retained peak of cathepsin B (GSCB-ll) was eluted. 

The enzyme activities were assayed with Z-Arg-Arg-MCA and the 

active fractions (shown by bars) were pooled . 
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TABLE I : Purification of cathepsin B from goat spleen 

Total Total Specific Pmification Yield 
Steps Protein activity activity fold (%) 

(mg) (U) (U/mg protein) 

Crude extract 28085 612 0.0218 1 100 

Acid extraction 1530 282 0 184 8.44 46 

40-75% (NH
4

)
2
SO.j 

precipitate 168 141 0.84 38.53 23 

Sephadex G-75 34.6 57.5 1.66 76.15 9.4 

DEAE-Cellulose 11.8 29.4 2.49 114.22 4.8 

CM-Sephadex * 3.6 13.9 3.86 177.06 2.3 

Con-A Sepharose 48 

GSCB-1 2.6 I 0.8 4.] 6 190.82 1.76 

GSCB-11 I. 98 2.] 1.06 48.62 0.34 

Cathepsin B was .Purified as described in materials and methods 
section. Determination of enzyme activity and unit expression is as mentioned 
in methods section. GSCB-I, goat spleen cathepsin B-I; GSCB-ll, goat spleen 
cathepsin B-II 

• Cathepsin B preparation after CM-Sephadex step ts tenned as pruified 
unresolved cathepsin B. 
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Fig.6 Polyacrylamide gel electrophoretic pattern of the purified unresolved 
~ 

goat spleen cathepsin B(a), goat spleen cathepsin B-I(b) and goat 

spleen cathepsin B-II (c). 

Approxmately 4-6 ~g of protein was applied on the 7. 5% gel and 

electrophoresced for about 1 hr with a current of 2 rnA per tube. 

The gels were stained in Coomassie Brilliant Blue and destained 

with a mixture of 7% acetic acid and 5% methonal. 
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GSCB-1 constituted approximately 84% of the total enzyme activity 

and had a specific activity of 4.16 unitslmg of protein towards the substrate 

Z-Arg-Ai·g-MCA. whereas GSCB-II which constituted about 16% of the 

total acti,~ty had a specific activity of 1.06 unitslmg of protein. 

Most of the studies were performed using GSCB-I (unless stated 

othetwise) as its yield as well as specific activity was higher compared 

to GSCB-II. However. comparative studies of both GSCB-I & Il were 

done in order to show that these were two probable isozymes. 

The methodology for the purification developed here is simple and 

provided enzyme with high specific activity and relatively high yield. 

B. Ch:u·actcdzation of c:tthcpsin B : 

a) Molecular H'eight determination: 

i) Gel filtration: 

The molecular weightsof cathepsin B (GSCB-I & ll) were detennined 

by gel chromatography on a Sephadex G-1 00 column (1.6x65cm) calibrated 

with five standard molecular weight marker proteins (Fig. 7). The elution 

profile of GSCB-I & II are shown in Fig. 8. 

The void volume. V
0

, of the column was 44 ml as determined by 

passing Blue Dextran 2000 through the column. The elution volume of 

Kle(CN\, VP, was 128 mi. 

The total volume, V
1 

of the column, computed using the relation Y
1 

= n:r21, where r, is the radius and 1, the length of the column, was 131 

mi. The elution volume, Vc, of the different marker proteins as well as 

GSCB-1 & II were detennined from their elution profiles. The disttibution 

coefficient, Kd and the available disttibution coefficient, Knv were calculated 

with th~ help of the following equations : 

Kd = (Vc - V) I Vi 

K,\\" = (Ve - V
0 

I Y
1 

- Y) 



Fig. 7 Gel filtration chromatography of vanous marker proteins on a 

calibrated Sephadex G-75 column. 

About 5-l 0 mg of each standard marker protein was applied to 

the column equilibrated with 60 mM sodi urn phosphate buffer, pH 

6. 0. The markers applied were (1) BSA ( 67 k.Da),(2) ovalbumin 

(43 k.Da), (3) a-chymotrypsinogen (25.7 kDa), (4) myoglobin (17.8 

k.Da) and (5) cytochrome c (12.4 k.Da). 
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Fig.8 Gel filtration chromatography of Blue Dextran 2000, goat spleen 

cathepsin B-I & II and postasium ferricyanide (K3Fe(CN)6) through 

a calibrated Sephadex G-75 column. 
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where V
1 

and V
1 

are the total and the mner volumes of the column, 

respectively. 

The values of K and K obtained by theoretical treatment of data 
0 

d nv' 

by Andrews (1970) and Porath (1963): for GSCB-1 were found to be 

0.5952 and 0.5517 respectively and for GSCB-ll the values were 0.5714 

and 0.5747 respectively, table II. The average molecular weights of GSCB-

1 & rr was thus found to be approximately 28.1 kDa & 31.6 kDa 

respectively (table III~ Fig. 9 & 1 0). 

ii) Sodium Dodecyl Sulfate-PolyacJylamide Gel Electrophoresis: 

Molecular weights of GSCB-1 & II were also determined by sodium 

dodecyl sulfate-polyaciylamide gel electrophoresis on 12.5% polyacrylamide 

gels containing 1.5% SDS (Fig. 12). Using the relative mobilities, Rm, of 

the different standard marker proteins, a plot of Rm against their 

corresponding log of molecular weights gave a straight line, yeilding 

molecular weight of about 2~. 7 kDa and 26.6 kDa for GSCB-I & Il, 

respectively (Fig. 12; table IV). Both of them showed single band on 

SDS-PAGE, in the presence and absence of 2-mercaptoethanol indicating 

single chain forms. 

The molecular weights detennined both by gel filtration and SDS­

PAGE, was thus comparable to the values (23-29 kDa) obtained for 

cathepsin B as reported earlier from other sources. 

The fact that the values of molecular weights obtained by SDS-PAGE 

is lower than the values obtained by gel-filtration for GSCB-I & IT, indicate 

that they are hydrated under native conditions. 

b) Hydrodynamic Properties : 

i) Determination of Stokes radius and frictional ratio : 

Stokes radii of GSCB-I & II were dete1mined from the data obtained 

by analytical gel filtration, according to the method of Laurent and 

Killander (1964). The results sho\vn in table ill, Fig. 14, yielded a value 

of 24.4 and 25.8 1m1 for GSCB-I & II respectively. 
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TABLE - 11 : Hydrodynamic parameters determined from analytical gel 
filtration of standard marker proteins and goat spleen 
cathepsin B (GSCB-l & II). 

Protein Y/V K,, K ltJ K (-log KaJ'12 
c 0 d :J\' 

Bovine serum 
albumin (BSA) 1.750 0.393 . 0.732 0.379 0.649 

Ovalbumin 1.955 0.500 0.794 0.483 0.562 

CY-Chymottypsinogen 2.227 0.643 0.863 0.621 0.455 

Cytochrome C 2.432 0.750 0.909 0.724 0.374 

Myoglobin 2.341 0.702 0.889 0.678 0.411 

Cathepsin B 

(GSCB-I) 2.136 0.595 0.841 0.552 0.491 

(GSCB-ll) 2.091 0.571 0.830 0.575 0.508 
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TABLE- fii Molecular weight and Stokes radii of marker proteins and goat 
spleen cathepsin B (GSCB-1 & II). 

Protein 

Bovine serum 
albumin (BSA) 

Ovalbumin 

a..-Chymottypsi nogen 

1vlyoglobin 

Cytochrome C 

Cathepsin B 

(GSCB-I) 

(GSCB-II) 

a: Tanford et al., (1968) 
b : Castellino and Barker (1968) 
c : Eck and Dayoff (1966) 

Molecular 
Weight 
(kDa) 

67.0·' 

43.6" 

25.73 

17.83 

l2.4c 

28.1d 

31.6" 

d : Detennined in the present study. 

Stokes 
radius 
(A) 

35 

30 

22 

19 

17 

24.6 

25.8 
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Fig.9 Plot of elution volume/void volume (V/V
0

) versus logmithm of 

molecular weight (log M). 

The marker proteins are same as given in the legend to Fig. 7. 

_The straight line was drawn by the method of least squares which 

fits the equation VJV
0 

= 6.4 7 - 0. 98 log M. 
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Fig.lO Porath plot for detennination of molecular weight of goat spleen 

cathepsin B. 

The maker proteins from 1-5 are same as described in the legend 

to Fig. 7 .. The linear plot obtained by the method of least squares, 

fits the equation. M113 = 110.62 - 95.22 Kd113
• 



40 

36 

32 £CGSCB- II 

28 

24 

20 0~·7~0-------------0~·8~0----------~0.~9--0~ 

K 1 d . 



58 

Fig.ll SDS-PAGE (12.5%) of unresolved goat spleen cathepsin B. 

The standard molecular weight marker proteins are (1) BSA ( 67 

kDa), (2) ovalbumin (43 kDa), (3) a-chymotrypsinogen (25. 7 kDa), 

(4) myo~obin (17.8 kDa) and (5) cytochrome c (12.4 kDa). 8-

10 f.lg of purified protein was electrophoresed at pH 8.3, 1=0.02 

with a current of 3 rnA per tube. 
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Fig.12 SDS-PAGE pattern of GSCB-ll(a) and GSCB-I(b) on 12.5% gels. 

8-10 )lg of both the protein fractions were electrophoresed at pH 

8.3, 1=0.02 with a current of 3mA per tube. Arrow indicates the 

position of tracking dye. 
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Fig. 13 Determination of molecular weights of goat spleen cathepsin B-I 

& II using relative mobilities (R
1
) on SDS-PAGE. 

The marker protiens from 1-5 were the same as described in the 

legend to Fig.ll. The straight line was plotted according to least 

squares method which follows the equation log M = 5.058 -

1.153 R . 
Ill 
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Fig.14 Determination of Stokes radius of goat spleen cathepsin B-I & II. 

The marker proteins from 1-5 were the same as described in the 

legend to Fig.7. The straight line was drawn by the method of 

least squares which fits the equation, (-log Ka)112 = 0.015r + 0.125 

where K represents available distribution coefficient and r the 
av 

relative mobility. Details of the procedure is described in the 

experimental section. 
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TABLE- IV: Molecular weight (M) and relative mobility (R
11
,) values of 

marker proteins and goat spleen cathepsin B (GSCB-I and IJ) 
on SDS-PAGE. 

Proteins· 

Bovine serum 
albumin (BSA) 

Ovalbutnin 

u.-Chymohypsinogen 

Myoglobin 

Cytochrome C 

GSCB-I 

GSCB-ll 

M (kDa) log M 

67.0n 4.826 

43.0h 4.634 

25.7n 4.410 

17.8n 4.250 

12.4c 4.093 

25.7d 

26.6d 

a: Values taken from Tanford et al., (1968) 
b: Value taken from Castellino and Barker (1968) 
d: Value taken from Eck and Dayoff (1966) 
d : Determined in this study. 

R 
Ill 

0.215 

0.350 

0.552 

0.741 

0.813 

0.541 

0.561 
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The frictional ratio, f/f
0 

of both GSCB-1 & II obtained from the 

expression, fff
0 

= af(3v2M/4~)1'~\ were 1.22 and 1.28 respectively, where 

the tem1s a, v
2

, M and N represent the Stokes radius, partial specific 

volume, molecular weight of the protein and Avogadro's number 

respectively. The value of partial specific volume, determined from the 

ammo acid composition of human cathepsin B (Ritonja et al., 1985) was 

0.742. 

ii) Determination of intrinsic viscosity: 

The intrinsic viscosity of GSCB-I was determined at 25oC in 60 

mM sodium phophate buffer, pH 6.5. The results obtained are shown in 

Fig 15. The value of inttinsic viscosity, [ n]. as calculated from the data 

given in Fig 15, was 3.3 ml/gm. 

c) Optical properties : 

U. V absorption and fluoroscence spectra of GSCB-I was measured 

m 60 mM phosphate buffer, pH 6.0, containing 1 m.M EDTA and 0.02% 

sodium azide. The enzyme had a U.Y. absorption maxima at 278 nm . . 
The fluoroscence spectra had an excitation near 280 nm and emission 

maximum near 340 nm. The extinction coefficient (E::;;J determined for 

the enzyme was 15.64. 

d) Eud group analyses : 

The NH
2
-tenninal amino acid residue of GSCB-I was identified using 

dansylation method. Table V shows the Rr values of standrad amino acids 

in vatious solvent systems. The Rc values for the dansyl derivative of the 

NH2-tenninal a~no acid residue of the enzyme was found to correspond 

with the values detennined for the standard dansylated derivative of Leu 

in the same solvent systems (table VI). These results, therefore, showed 

that the NH2 terminal amino acid residue of the enzyme was Leu. 

The COOH-tenninal mnino acid residue of GSCB-I was identified 

usmg carboxypeptidase method. The TLC analysis of cathepsin B on 
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Fig. IS Reduced viscosity of goat spleen cathepsin B-I as a function of protein 

concentration. 

The viscosity was measured in 0.02 M sodium phosphate buffer, pH 

6.5 containing 1 mM EDTA at 25°C. 
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enzymatic digestion with carboxypeptidase showed only one released amino 

acid. A comparison of the observed Rr values with those obtained for 

the standard dansylated amino acids showed that the COOH-terminal ammo 

acid residue of the enzyme was Thr (table VI). 

The identified end group amino acids are m accordance with the 

results reported for cathepsin B from other sources, such as human and 

rat liver and bovine and buffalo spleen. 

e) Determination of free sulfl•ydryl groups : 

The free sulfl1ydryl contents of GSCB-1 under native and denaturing 

conditions were detennined essentially by the method of Ellman. Under 

native conditions the enzyme was found to contain nearly 0. 9 mol of 

thiol group per mol of protein. In presence of 8 M urea however, the 

content of thiol group increased to about 1. 6 mol per mol of protein. 

The results thus suggest partial burial of SH-group(s) under native 

conditions of the enzyme. 

f) Determination of total Ctlfhollydrate content 

The total carbohydrate content was determined for GSCB-1. The 

enzyme was found to contain 4.8% carbohydrate as expressed in terms of 

D-glucose equivalent values obtained from the standard glucose curve. The 

carbohydrate content reported here though slightly lower, lies within the 

range of earlier reports on bovine and porcine, liver and spleen sources. 

g) Amino acid analysis : 

Amino acid composition of GSCB-I was determined usmg high 

performance liquid chromatography (HPLC) on a Na+ column. The results 

are summa~ized in table VII. Total tryptophan content of the enzyme was 

estimated separately using the colorimetric method. 
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TABLE - V : Relative front (Rr) of dansylated amino acids in thin layer 
chromatography (TLC) on polymamide sheets. 

Solvent systems 

Dansylated Fannie acid Benzene: Ethyl acetate: 
Amino acids (1.5%) Acetic acid Acetic acid:Methanol 

(9: 1 v/v) (20: I: I v/v) 

Alanine 0.574 0.667 0.957 

Arginine 0.578 0.468 

Asparagine 0.596 0.767 0.658 

Aspartic acid 0.312 0 '),...,,...,. __ .).) 0.786 

Glutamic acid 0.532 0.333 0.689 

Glutamine 0.830 0.519 

Glycine 0.560 0.467 0.956 

Isoleucine 0.257 0.953 0.977 

Leucine 0.234 0.689 0.844 

Lysine 0.816 0.733 0.455 

Methionine 0.245 0.756 0.933 

Phenylalanine 0.206 0.800 0.933 

Proline 0.415 0.933 0.544 

Serine 0.768 0 256 0.041 

Threonine 0.766 0.222 0.796 

Tryptophan 0.128 0.422 0.889 

Tyrosine 0.532 0.200 0.828 

Valine 0.389 0. 711 0.936 
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TABLE- VI : Identified NH
2

- and COOH- terminal amino acid residues of goat 
spleen cathepsin B · (GSCB-I) from their corresponding Rr values 
on TLC. 

Dansylated 
I'> 

Amino acid 

COOH- terminal 

Formic 
acid 
(1.5%) 

0.228 

0.752 

Solvent systems 

Benzene: 
Acetic acid 
(9: 1 v/v) 

0.688 

0.222 

Ethyl acetate: 
Acetic acid: 
Methanol 
(20: 1: 1 v/v) 

0.854 

0.792 

Result 

Leu 

Thr 
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TABLE- VII: Amino acid composition of cathepsin B (GSCB-1) by HPLC. 

Amino acid 11: Bovine 
(mol/mol) (spleen)" 

Asx 25 

Thr 8 

Ser 21 

Glx 24 

Pro 13 

Gly 33 

Ala 11 

Cys 16 

Val 14 

Met 
..., 
.) 

lie 14 

Leu 7 

Tyr 10 

Phe 5 

His 8 

Lys II 

Arg 8 

Trp 8 

a : Baudys et al., ( 1 991) 
b : Takahashi et al., (1986) 
c : Determined in this study 
NO : Not determined ¢ 

Human 
(liver)" 

23 

13 

20 

22 

15 

30 

11 

14 

16 

4 

14 

9 

11 

8 

8 

10 

9 

8 

Porcine Rat Goat 
(liver)h (liver)" (spleen)c 

25 26 25 

11 12 9 

21 21 16 

24 22 21 

14 12 15 
,.,..., 

33 33 .).) 

14 14 14 

14 14 NO 

14 14 15 

3 3 5 

13 15 16 

II 9 13 

1I II 5 

9 8 9 

6 8 6 

13 8 3 

10 9 9 

NO 7 11 
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As show11 in table Yll, the ammo acid composition of the enzyme 

showed close similarities with cathepsin B from other sources such as rat, 

bovine, human and porcine tissues except for Ser, which was relatively 

less. Tyr and Lys were significantly lower whereas the amount of Leu 

and Trp were relatively higher. 

C. Effect of physical parameters on the activity and stability of 

cathepsin B : 

cr) Effect of pH·on activity and stability: 

The influence of pH on the activity and stability of GSCB-1 was 

investigated fluorimetrically. The enzyme samples were first exposed to 

various pHs for 20 min. The cathepsin 8 activity was then assayed using 

BANA as substrate at the same pH at 3 7"C by the standard procedure 

described in the methods section. The results thus obtained are shown in 

Fig. 16, curve(a). The maximum activity was found at pH 6.8. The activity 

declined gradually below 6. 8 and sharply above pH 7. 0. 

The stability of the enzyme at different pH values was checked by 

incubating the enzyme at different pHs for 20 ·min at 37"C followed by 

measurement of the residual activity at pH 6.5 in the usual manner. The 

result is depicted in Fig. 16, curve(b). The enzyme was found to be 

stable between pH 4.0-7.0, but was highly unstable above pH 7.0. 

b) Effect of temperature : 

GSCB-1 was incubated at varying temperatures ranging from soc to 

70"C for 20 min, at pH 6.5. The activity was assayed fluorometrically 

using BANA as substrate at the conesponding temperatures. The maximal 

activity of the enzyme was observed at 37"C and decreased rapidly on 

either side of it (Fig. 17, curve(a)). 

Thermal stability of the enzyme was studied by incubating 

appropriate amount of enzyme at varying temperatures and at pH 6.5 for 

20 min followed by measurement of residual activity at 37oC. The results 

showed that the enzyme is fairly stable upto a temperature of 40"C (for 
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Fig.16 Effect of pH on the activity and stability of the goat spleen cathepsin 

B-I. 

The enzyme (0.186 mg) was assayed at 37°C in 20 mM tris-acetate 

buffer of different pHs (a) or at pH 6.5 folowing exposure of the 

enzyme to various pHs for 20 min (b). 
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Fig.l7 Effect of temperature on the activity and stability of goat spleen 

cathepsin B-I. The curves show temperature dependence of the 

activity (a) and the1mal stability (b) of the enzyme. The enzyme ( 

0.096 mg) was assayed in 20 mM tris-acetate buffer, pH 6.5, at 

different temperatures (a) or at 37°C prior to which the enzyme 

preparation was exposed to various temperatures for 20 min (b). 
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at least 20 min) but looses its activity rapidly bc::yond 40"C (Fig. 17, 

curve( b)). 

Our data corroborate that cathepsin B can act as an ideal proteinase 

m regulating protein turnover at physiological temperature (37.,C) and that 

the catheptic activity can persist for a reasonable time. 

c) Effect of io11ic streugtlt : 

GSCB-I was exposed to sodium phosphate buffer (pH 6.5) of 

different ionic strengths for an hour prior to enzyme assay at 37.,C at the 

respective ionic strengths. As showi1 in fig. 18, a sharp increase in the 

enzyme activity was observed upto an ionic strength of about 0.022, at 

which the enzyme activity was maximal. A gradual decrease in activity 

was seen as the ionic strength was increased above 0. 022. 

D. Effect of tbiol reducing agents: 

The effect of various thiol reducing compounds namely L-cysteine, 

2 mercaptoethanol, dithiothreitol (DTT), cysteamine, glutathione-SH and 

thioglycerol on the cathepsin B activity was studied by incubating GSCB-

1 with varying concentrations of these compounds. The results obtained 

are shown in Fig. 19. As evident from the results the reducing agents 

had a very strong stimulatory effect on the enzyme with cysteamine 

showing highest activation. This verifies that the enzyme from goat spleen 

is a cysteine proteinase which requires thiol reducing agents for expression 

of its optimal activity. 2-mercaptoethanol was used in most enzymatic 

assays because of its higher half-life as compared to others. 

E. Effect of thiol blocking agents: 

The effects of heavy metal compounds such as HgCI
2

, MnCI
2

, thiol 

blocking agents such as iodoacetic acid and iodoacetamide and E-amino 

group modifiers such as maleic anhydride and succinic anhydride have 

been studied on the activity of GSCB-I, at varying concentrations. The 

results are summarized in table Vill. As evident from the results, GSCB-I 
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Fig. IS Effect of ionic strength on goat spleen cathepsin B-I activity. 

The enzyme (0. 056 mg) was assayed at 3 7°C in sodium phosphate 

buffer (pH 6.5) of different ionic strengths. 
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Fig.19 Effect of various reducing agents on the activity of goat spleen 

cathepsin B-1. 

The enzyme was incubated with (a) Cysteamine; (b) Cysteine; (c) 

2-mercaptoethanol; (d) DTT; (e) Glutathione and (f) Thioglyecrol 

for 30 min and the activity was measured at 37°C in 20 mM 

sodium phosphate buffer, pH 6.5, using BANA as substrate. 
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was found to be very senstttve to heavy metal compounds and thiol 

blocking agents. However. c-amino group modifiers had lesser inhibitory 

effect. Tlus suggests the presence of a thiol group(s) at the active site of 

the enzyme. 

F. Effect of Jleptidyl inhibitoa·s : 

Effect of peptidyl inhibitors, E-64. leupeptin, antipain and pepstatin 

A on the activity of GSCB-I was studied after exposing the enzyme for 

10 min at different inhibitor concentrations. The residual enzyme activity 

was checked in the usual manner using BANA as the substrate. As shown 

in table VITI, E-64 proved to be the most potent inhibitor followed by 

1eupeptin and antipain. Pepstatin showed no inhibitory effect The results 

thus proved that the enzyme preparation was free from probable 

contamination with cathepsin D and H since pepstatin inhibits cathepsin 

D and cathepsin H is less sensitive towards leupeptin. 

G. Effect of denaturants : 

a) Effect of urea 011 catllepsi11 B actil'i(J! : 

Results on inactivation studies of GSCB-1 show that the enzyme is 

very sensitive towards urea (Fig. 20). The enzyme was inhibited by about 

50% at a urea concentration of 0.1 Ivl. The reversibility of inactivation of 

the enzyme was also studied by exposing it at vmious higher concentrations 

of urea followed by dilution to 1ower co~1centrations of the denaturant. 

Reversibility ef the loss of enzyme activity was possible upto a 

concentration of 2 M urea. However, exposure of the enzyme to 2.5 M 

and/or above of the denaturant caused an irreversible loss of enzyme 

activity. 

b) Effect of guanidine llydroc!Jioride (Gdn-HCI) 011 tile activity of 

cathepsin B : 

The effect of Gdn-HCJ on the activity of GSCB~I was studied and 

the results are shoVv'U in Fig. 21. Like urea, Gdn-HCl ~:lso inactivated the 



TABLE- VIII Effect of various proteinase inhibitors on cathepsin 13 
(GSCB-f) activity* 

Additive 

Leupeptin 

Anti pain 

E-64 

Pepstatin A 

HgC1
2 

MnC1
2 

TPCK 

Maleic anhydride 

Succinic anhydride 

Indomethacin 

Iodoacetic acid 

Iodoacetamide 

Gdn-HCI 

Urea 
~ 

Final concentration 
(mM) 

1.2x I 0-3 

1.5x 1 o-) 

6.0x]0-5 

0.10 

0.10 

0.10 

0.01 
0.10 

0.10 
0.40 

0.10 
0.40 

0.10 

0.01 

0.10 

O.Ixl03 

l.Ox I 03 

O.lx I 03 

l.Ox 101 

Inhibition 
(%) 

100.0 

100.0 

100.0 

1.9 

81.3 

51.2 

53.1 
100.0 

9.4 
25.1 

7.3 
17.9 

37.7 

98.2 

95.3 

50.0 
100.0 

41.3 
95.7 
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*Enzyme (30 mglm.l) was incubated with the desired compounds at 37°C for 
30 min prior to assay of its activity. Values are means of three separate 
experiments. 
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Fig.20 Effect of urea on the activity of goat spleen cathepsin B-I. 

Activity of the enzyme was measured in the presence of varying 

concentrations of ur~a (0-0) at 37°C using BANA as substrate, in 20 

mM sodium phosphate buffer, pH 6.5, containing 2 mM each of 

EDTA and 2-mercaptoethanol. ( • ) symbols represent regaining of 

activity after exposure of the enzyme to 1.2 M urea( .... ), 1.5 M urea 

( •--• ), 2. 0 M urea ( •·-·•) and at or above 2. 5 M urea ( •····• ) 

overnight . The activity was regained by diluting the denaturant to 

lower concentrations. Enzyme activity in the absence of urea was 

taken as 1 00%. The concentration of enzyme in each case was 4 11g/ 

ml. 
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Fig.21 Effect of Gdn-HCI on the activity of goat spleen cathepsin B-I. 

The activity of the enzyme was measured at varying Gdn-HCI 

concentration ( o ) at 37°C in 20 mM sodium phosphate buffer, pH 

6.5, containing 2 mM each of EDTA and 2-mercaptoethanol. For 

reactivation studies the enzyme was exposed to 1 M Gdn-HCJ ( • ), 

- 1.2 l\1 Gdn-HCl ( • ), 1.4 M Gdn-I-ICl ( • ), 1.8 M Gdn-HCI (lei ) and 

2.0 M Gdn-HCI ( Ia ) ovemight. The residual enzyme activity was 

measured after diluting the denaturant to lower concentrations. Enzyme 

activity in absence of Gdn-HCI was taken as 100%. The concentration 

of enzyme in each case was 4 11g/mL 



0 0 

0 
0 - 0 

CD 
0 

"' 
0 
.:t 

0 
N 

0 

tO 

0 

0 

-L -



90 

enzyme. However, the magnitude of inactivation by Gdn-Hcl was higher 

than urea. The reversibility of the inactivated enzyme was also measured 

after exposing the enzyme at vmious Gdn-HCl concentrations and then 

loweting the denaturant concentrations by dilution. Reversibility of loss of 

catheptic activity was possible upto to an initial concentration of 1 M 

Gdn-HCI. However, when the enzyme was exposed to Gdn-HCl 

concentrations of 2 M and/or above, no activity co!.!ld be recovered back 

suggesting an itTeversible loss of enzyme activity. 

H. Aldolase inactivation by cathepsin B : 

Rabbit muscle aldolase was incubated at 37°C with GSCB-I in 0.1 

M sodium phosphate buffer, pH 6.5, containing 2 mM 2-mercaptoethanol. 

Aliquotes of the mixture was taken at various intervals of time during the 

incubatio-n and the residual aldolase activity was measured according to 

the method desctibed in the Sigma procedure No. 752. The enzyme showed 

less affinity for aldolase. About 23% inactivation of aldolase was obtained 

(Fig. 22) which is much lower than its inhibition by cathepsin B from 

porcine and bovine sources. Aldolase inactivation by cathepsin B thus 

shows species and/or tissue specificity. 

I. Catalytic properties of cathepsin B : 

The values for K and V for different substrates which included 
m mnx 

synthetic peptides as well as natural protein substrates were computed from 

the Lineweaver-Burk plot. The results on the kinetic studies of GSCB-I 

are summmized in table IX. The Km of the enzyme for the substrates . 

studied followed the order Z-Phe-Arg-MCA < Z-Arg-Arg-MCA < BAPNA 

< BANA, witl~ the values of 0.07 mM, 0.22 mM, 0.70 mM and 2.64 

mM, respectively. The K values of GSCB-I fall well within the rm1ge 
m 

1or cathepsins from other sources, however the enzyme varies drastically 

in tenns of V . 
ntn~ 

Cathepsin B has been shown to be capable of degrading soluble 

and insoluble coHagen, oxidised B-chain of insulin, denatured hemoglobin 
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Fig.22 Aldolase inactivation by goat spleen cathepsin B-1. 

Aldolase was incubated without (A) and with (B) goat spleen 

cathepsin 8-I in a molar ratio of 50:1, in 0.1 M sodium phosphate 

buffer, pH 6.5, containing 2 mM 2-mercaptoethanol. Residual aldolase 

activity was measured by taking aliquots at different time intervals. 
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Fig.23. Lineweaver-Burk plot of GSCB-I with BAPNA as substrate. 

All the enzymatic actiyity measurements were performed at 37°C 

in 20 mM sodium phosphate buffer, pH 6.5, containing 2 mM 

each of EDTA and 2-mercaptoethanol. The bar represents the 

standard deviation (SD), values of three independent experiments. 
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Fig.24 Lineweaver-Burk plots of GSCB-1 with Z-Arg-Arg-MCA (a) and 

Z-Phe-Arg-MCA (b), as substrates. 

All the enzymatic activity measurements were performed at 37°C 

in 340 mM sodium acetate buffer, pH 6.5. containing 4mM EDTA 

and 8mM DTT. The bar represents the SD of values of three 

independent expetiments. 
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Fig.25 Lineweaver-Burk plots of GSCB-I using BSA (a) imd bovine milk 

casein (b), as substrates. 

The experimental conditions were similar to those described in 

legend to Fig.23. 
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Fig.26 Lineweaver-B urk plot of GSCB-1 usmg goat hemoglobin as 

substrate. 

The experimental conditions were similar to those described m 
legend to Fig.23. 
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TABLE -IX: Kinetic parameters of cathepsin B (GSCB-I) from goat spleen. 

Subsh·ate. K v 
m max 

BANA 2.64 mM 0.51 units" 

BAPNA 0.70 mM 0.03 " 

Z-Phe-Arg-MCA 0.07 mM 0.81 " 

Z-Arg-Arg-MCA 0.22 mM 0.67 " 

BSA 2.67 11M 0.20xl03 unitsh 

Casein 2.18 11M . 0.38xl 03 " 

Hemoglobin I .46 11M 0.67x103 " 

"One unit represents the amount of enzyme required to release 1 J . .unol of product 
per mm. 

h One unit corresponds to the amount of enzyme required to increase the colour 
produced by 0.01 O.D. unit per hour under our assay conditions. 



102 

and human fibrinogen at acidic pH. GSCB-1 has been found to be very 

effective against denatured hemoglobin, casein and BSA. Goat hemoglobin 

proved to be the most effective substrate having a Km value of 1.46 J..l.M 

followed by casein with a Km value of 2.18 f1M and BSA with a Km 

value of 2.67 J..l.M . 

. .J. Immunological studies 

Polyclonal antibodies against unresolved goat spleen cathepsin B were 

raised in rabbits. These antibodies cross-reacted specifically with the purified 

goat spleen cathepsin B ( unresolved or GSCB-I and II) and not with 

cathepsin H, a homologous cysteine proteinase from either buffalo kidney 

or porcine lung (Fig. 29 & 30). Similarly, no precipitin line was detected 

even when buffalo kidney cathepsin B was used as an antigen (Fig. 29). 

K. Comparative study of GSCB-1 & II : 

In addition to detennination of molecular weights of GSCB-I & II 

by gel filtration and SDS-PAGE, effects of various inhibitors on them 

were also studied. Both the ~nzyme fractions had similar sensitivity towards 

urea, iodoacetamide, antipain and leupeptin inactivation. However, slight 

differences in their inhibition with iodoacetic acid could be seen (table 

X). Kinetic studies of both the enzyme preparations were petfonned using 

substrates such as BANA, Z-Arg-Arg-MCA and Z-Phe-Arg-MCA. The 

results summarized in table XI, clearly indicate that both of them catalyze 

similar substrates but differ in their kinetic properties. 

Thus from the results obtained, GSCB-I & II are probably 1sozymes 

of cathepsin B from goat spleen. 
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Fig.27 Lineweaver-Burk plots of GSCB-I (a) and GSCB-II (b) with 

BANA as substrate. 

The experimental conditions were similar to those described in 

legend to Fig. 23. 
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Fig.28 Lineweaver-Burk ·plots of GSCB-Il with Z-Arg-Arg-MCA (a) and 

Z-Phe-Arg-MCA (b), as substrates. 

The experimental conditions were similar to those described in 

legend to Fig.24 
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TABLE- X: Comparison of molecular properties of goat spleen cathepsin B 
isozymes (GSCB-I and GSCB-11). 

Molecular weight (kDa) 
SDS-PAGE 
Gel filtration ~ 

Binding to ConA­
Sepharose 4B 

Specific activity 
(units/mg protein) 
for Z-Arg-Arg-MCA 

Pepstatin inhibition 

Leupeptin inhibition 

Antipain inhibition 

lnhibition with 
thiol blocking 
reagents 

i) Iodoacetic acid 
(0.54 JlM) 

ii) Iodoacetamide 
(0.54 MM) 

GSCB -I 

25.7 
28.1 

No 

4.16 

No 

Yes 

Yes 

30% 

03% 

GSCB-11 

26.6 
31.6 

Yes 

1.06 

No 

Yes 

Yes 

40% 

04% 
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TABLE- XI : Kinetic properties of goat spleen cathepsin B isozymes. 

GSCB-I GSCB-II 

Substrate K (mM) V (units)* K (mM) vlllll'< (units)* 
Ul mn.\. m 

BANA 2.64 0.51 1.87 0.32 

Z-Arg-Arg-MCA 0.22 0.67 0.14 0.58 

Z-Phe-Arg-MCA 0.07 0.81 0.05 I. ll 

• One unit of enzyme i~ defined as the amount of enzyme required to 
release 1 !!mol of product per min. 
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Fig.29 Ouchterlony double immunodiffusion of anti-goat spleen cathepsin 

B antiserum against cathepsins B and H. 

About 150 f.tl of antiserum was taken in the central well and 60 

fll of purified (a) cathepsin B from goat spleen~ (b) cathepsin B 

from buffalo kidney; (c) cathepsin H from buffalo kidney and (d) 

cathepsin H from porcine lung was applied in the specified wells 

and incubated ovemight at 37°C in phosphate buffered saline, at 

pH 7.2. 
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Fig.30 Ouchterlony double immunodiffusion of goat spleen anti-cathepsin 

B antibody with unresolved goat spleen cathepsin B,goat spleen 

cathepsin B-I and 11. 

About 150 ~1 of antiserum was loaded in the central well and 60 

~1 of GSCB-1 (b), GSCB-II (c) and unresolved goat spleen 

cathepsin B (a) were applied in the specified wells and incubated 

ovemight at 37°C in phosphate buffered saline, at pH 7.2. 



c 

b a 



113 

DlSCllSSION 

Cathepsins have drmvn considerable interest due to their possible 

involvement in various physiological and pathological processes (Sano et 

~tl., 1993; Laszlo et ~•L 1993; Trabandt et aL 1991; Kenessey et :tL 
1989; Mizuno et al., 1982). The outcome of research on cathepsin B. 

particularly on its isozymes from different laboratories, have not been 

unequivocal. While the enzyme from some tissues was found to be 

homogeneous on polyacrylamide gels. multiplicity observed in protein 

bands of cathep~in B preparations fl·om other sources have been attiibutcd 

to microheterogeneity representing some related proteins and/or degradation 

products of the active enzyme (Muno et aL !990; Ahmad et al., 1989; 

Agarwal & Khan. 1987b: Fazili & Qasim. 1986: Takahashi et aL I 984 

a; Barrett & Kirschke. 1981 ). 

The purification procedure described herein included some changes 

as against the earlier method of pmification of cathepsin B (Ahmad et 

al., 1989). Cathepsin H could be easily separated from the enzyme 

preparation by the use of DEAE-Cellulose (Fig. 3). The use of CM­

Sephadex chromatography gave a single peak at pH 5.6 which showed 

high BANA-lyase activity characteristic of cathepsin B (Fig. 4). No activity 

against substrates for cathepsin H could be observed by the enzyme 

fi'actions eluting at this peak. Thus use of DEAE-Cellulose before CM­

Sephaclex c-hrmnatography helped in a clear separation of cathepsin B from 

H. A striking feature of the goat spleen cathepsin B is its elution from 

the CM-Sephadex ion exchange column at a relatively lower pH and ionic 

sti·ength. The enzyme was eluted at pH 5.6 as against pH 6.0 and 0.1 M 

NaCI, required for a similar elution of cathepsin B from porcine spleen 

(Takahashi et ~11., 1984a & Fig. 4). This may be attributed to the 

differences in the nature and extent of glycosylation (Takahashi et al., 

1984a, 1986a) and/or amino acid composition of the enzyme from the 

two sources. 

Cathepsin B from goat spleen after CM-Sephadex chromatography 

step, yielded a major and a minor protein band on PAGE. which could 
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however be resolved by affinity chromatography on a ConA-Sepharose 4B 

column. The fraction which did not bind to ConA-Sepharose was designated 

as goat spleen cathepsin B-1 (GSCB-I) and the fraction which eluted with 

methylglucose was designated as goat spleen cathepsin B-II (GSCB-II) (Fig. 

5). The differential binding of cathepsin B to ConA-Sepharose indicated 

that cathepsin B from goat spleen is heterogeneous in carbohydrate 

structures and GSCB-1 contained carbohydrates differing from the high 

mannose-type oligosaccharides usually found in lysosomal hydrolases 

(Takahashi et al., 1983; Natowicz et aL 1982). !he molecular weights 

determined by SDS-PAGE for GBSC-I & II were found to be 25.7 kDa 

and 26.6 k.Da, respectively. The molecular weight of GSCB-1 & II 

detem1ined by analytical gel filtration yielded a value of 28.1 kDa and 

31.6 kDa respectively. The molecular weights detennined both by analytical 

gel filtration and SDS-PAGE are in agreement with the earlier reported 

values of 23-29 kDa for cathepsin B from other sources (Ahmad et al., 

1989; Agarwal & Khan.,· 1987b; Takahashi et al., 1986a). The molecular 

weight as determined by gel filtration was found to be comparatively higher 

than that detem1ined by SDS-PAGE. Since the enzymes are glycoproteins 

and therefore have an enhanced tendency for hydration (Tanford, 1961 ), 

molecular weight could be over estimated by gel filtration. 

A comparative study of GSCB-I & 11 showed that both the enzyme 

fractions had similar sensitivities towards mea, antipain, leupeptin, iodoacetic 

acid and iodoacetamide inhibition (table X). The inactivation of GSCB-I 

& I1 by more than 50% at a urea concentration of about 1.0 M and 

absence of inhibition by pepstatin ruled out the possible contamination by 

cathepsin L (Barrett et al., 1981) and cathepsin D (Nishimura et al., 1988) 

respectively, as cathepsin L activity is retained even above 3.0 M urea 

and pepstatin is a very potent inhibitor of cathepsin D. Also absence of 

activity against Leu-NA, Arg-NA and Arg-MCA ruled out the presence of 

leucine aminopeptidase and/or cathepsin H from our enzyme preparations 

(Bromme et al., 1993; Baudys et al., 1991; Kirschke et al., 1983). 

Antibodies raised against unresolved goat spleen cathepsin B cross-reacted 

distinctly with both the enzyme fractions (GSCB-I & IT) in Ouchterlony 

double immunotliffusion (Fig. 30), which indicated that the native 
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unresolved cathepsin B from goat spleen shares the antigenic detenninants 

present in both the fractions. It nlso entails that antibodies can be wised 

against the native goat spleen cathepsin B and that it does not undergo 

rapid denaturation following immunization as against earlier reports on 

cathepsin B from other sources (Barrett 1973; Mort et al., 1980). 

Differences in the kinetic parameters of GSCB-I & II showed that 

they have the same substrate requirements but differed considerably in 

their kinetic properties (tnble XI). It was thus assumed thnt these two 

fractions could represent two isozymes and their presence in the goat spleen 

can be accounted for. since spleen is histologically a complex organ having 

different cell types with varyin.g degrees of differentiation. \\~th enzyme 

species having different maturational states. 

However, as already stated in the results section. most of the 

expe1iments in this study were done with GSCB-I because of its higher 

specific activity and yield compared to GSCB-Il. 

The hydrodynamic properties studied on a calibrated Sephadex G-

75 column showed a close resemblance of the properties of GSCB-I such 

as molecular weight (28.1 kDa), Stokes radius (2.46) and frictional ratio 

( 1.22) with that of the rep011ed values of buffalo liver cathepsin B (Fazili 

& Qasim. 1986) suggesting that the goat enzyme is similar to the buffalo 

liver enzyme. However. it differed in the values of molecular weight, Stokes 

radius and frictional ratio from buffalo spleen cathepsin B (Ahmad et al., 

1989) clearly suggesting a tissue/species dependence of the enzyme. 

The results on intiinsic viscosity of GSCB-I (Fig. 15) was found 
·-

to be 3.30 ml/gm, which Is well within the range (3.0-4.0 ml/gm) 

expected for native proteins having compact and globular conformations 

(Tanford, 1968). 

The results on end group analysis showed Leu to be the NH
2
- and 

Tlu·, the COOH- tenninal amino acid residues, which were found to be 

the same as in cathepsin B from other sources (Ahmad & Khan. 1990; 

Meloun et al., 1988; Takahashi· et al., 1986a, 1984a; Takio et al., 1983 ). 
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A total of 0. 9 and 1.6 moles of thiol groups could be titrated per 

mole of the protein in the absence and presence of 8 M urea, respectively. 

These results are in agreement with the values detennined for cathepsin 

B from other sources (Sumiya et al., 1 992; Musil et al., 1991; Baudys 

et al., 1990; Otto, 1971 ). The results clearly showed that the thiol group(s) 

in the enzyme is/are not fully exposed. 

The amino acid composition of the enzyme showed close similmities 

with cathepsin B from rat, bovine, human and porcine sources, except for 

Ser, Tyr_ !!nd r Jys which were significantly lower in goat spleen cathepsin 

B. In contrast Leu and Trp were present in relatively higher amounts 

(table VII). 

U.V. absoqJtion spectra of the enzyme had a maxima at 278 nm. 

The specific extinction coefficient, El:~, of the enzyme was determined to 

be 15.64. This agrees with the value (15.50) for bovine spleen cathepsin 

B (Bajkowski & Frankfater, 1983). However, it is certainly higher (15%) 

from the value (13.2) obtained for buffalo spleen cathepsin B (Ahmad & 

Khan, 1990), suggesting an increased number of aromatic chromophores 

patiicularly Trp in goat or bovine cathepsin B than the buffalo enzyme. 

The fluorescence spectra (excitation near 280 nm and emission maximum 

near 340 nm) were again the characteristic of proteins containing Trp 

residue (Teale, 1960). 

~he isoionic pH of GSCB-1 was found to be 5.12 which is 

consistent with the values of 4.8-5.3 for the enzyme from different sources 

(Tanaka et al., 1984; Banett et al., I 981) indicating an acidic nature of 

the enzyme. 

In addition to the reducing agent, 2-mercaptoethanol, which serves 

as an activator for cathepsin B in the usual assay because of its higher 

half-life as compared to others (Agarwal & Khan., 1987a; Evans et al., 

1983), the activation of GSCB-I was also studied by the other thiol 

reducing compounds. The results thus obtained are depicted in Fig. 19. 

All the reducing agents showed very strong stimulatmy effect on enzyme 

activity. Among the thiol modulators tested. cysteamine was most effective 
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and thioglycerof was least effective. These results indicate that the goat 

spleen enzyme is a cysteine proteinase requiring reduced thiol groups for 

its activity. 

Influence of different proteinase inhibitors on GSCB-1 activity 

summarized in table Vlfl, shows divalent cations such as Mn++ and Hg++, 

alkylating agents like iodoacetic acid and iodoacetamide and peptidyl 

inhibitors, E-64, antipain and leupeptin inactivated the enzyme. These 

results suggested the involvement of cysteine group(s)in the expression of 

catalytic activity of the enzyme. Maleic and succinic anhydride used for 

the modification of a amino acid residue of the proteins, showed very 

mild inhibitmy effect on the activity of cathepsin B, suggesting that, 

probably such modifications of lysyl £-amino groups of the enzyme do 

not have much effect on the active site confom1ation. 

An integral part of inflammatory response in tissue destruction is 

by lysosomal proteolytic enzymes and therefore, inhibitors of these could 

be used as therapeutic agents. As pathways of tissue breakdown by 

proteolytic attack and prostaglandin biosynthesis represent the major 

inflammatOiy responses, dual inhibitors of these pathways may have an 

advantage in treatment of intlammatmy diseases. Indomethacin, a non 

steroidal drug, is known to inhibit prostaglandin biosynthesis. In tllis 

study, indomethacin (0.1 mM) caused about 38% inhibition of the enzyme 

activity. This agrees well with the data of 37% inhibition of rat spleen 

cathepsin B. Inhibition of cathespin B activity by indomethacin has been 

atttibuted to a change brought about in the confonnation of the enzyme 

(Yamamoto et nl., 1984). This drug might help reduce inflammation by 

inhibiting cathepsin B activih' and lowering the rate of proteolysis. 

The activity of GSCB-I was markedly inhibited by urea and Gdn­

HCl (Fig. 20 & 21). About 50% inactivation of the enzyme was achieved 

at a urea concentration of 0.15 M and virtually no activity could be 

observed above 1.0 M. The enzyme got iiTeversibly inactivated as the 

urea concentration was raised beyond 2.5 M. Gdn-HCl was found to be 

more efTective and 50% inactivation was achieved at 0.12 M. The loss 

of enzyme activity was reversible at and below 1.8 M Gdn-HCI, but above 
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2.0 M concentration of the denaturant the enzyme i!Teversibly lost its 

acllVtty. The irreversible loss of cathcptic act-ivity at 2.5 M and 2.0 M 

concentrations of urea and Gdn-HCl respectively is possibly because of 

some perturbations near the active site of the enzyme and probably not 

because of loss of three dimensional structure, as low concentrations of 

den'aturants may not be enough to bring about a conformational change 

(Khan et al., 1992; Agarwal & . Khan., 1988). TPCK showed a moderate 

inhibitory effect on GSCB-l. At I 0 11M TPCK, the inhibition of the goat 

enzyme was about 53% and it showed complete inactivation at a TPCK 

concentration of 100 11M and above. This indicates that cathepsin B activity 

may be similar to chymotryptic activity in the mode of inhibition by 

TPCK. Iodoacetic acid was found to be I 0 times more effective than 

iodoacetamide in inhibiting GSCB-1 activity (table Vfll). The degree of 

inhibition corresponds with the earlier findings of porcine parathyroid 

cathepsin B (MacGregor et al., 1979). The reason for the effectiveness of 
0 

iodoacetic acid may be due to a strong binding between the -ve charge 

of the COOH- group of iodoacetic acid and the +ve charge at Arg 200 

located close to the active site His 199 as found in porcine (Takahashi et 

~•1., 1986b), rat (Takio et ~11., 1983) and human (Ritonja et al., 1985) 

cathepsin B. 

Cathepsin B is generally believed to be active only at acidic pH 

(Kirschke et al .. I 980; McDonald & Ellis, 1975) and therefore unlikely 

to play a role in protein breakdown under physiological conditions where 

the pH is maintained between 7.0-7.5 (Mort et al., 1984). GSCB-1 was 

found to have. a pH optimum at pH 6.8 which is comparable to the value 

reported by FoR and Paeste, 1982 but is significantly higher than the 

values reported by others (Zvonar-Popovic et al., 1980; Barrett, 1972) for 

cathepsin B from different sources. pH stability experiments showed that 

the enzyme remains fully stable for at least 20 min upto pH 7.0 (Fig. 

16 ). The enzyme was also found to have a maximum activity at 

physiological temperature and was fairly stable and retained most of its 

activity till the temperature was raised above 40°C (Fig. 17). 
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The actwtty of the enzyme seemed to be highly dependent on the 

ionic stTength of the ussay mixture (Fig. 1 S ). The ionic strength (0.022) at 

which maximal activity is shown by the enzyme happens to be the 

physiological ionic strength . for many systems. It can thus be suggested 

that cathepsin B activity can persist for a limited period which could 

cause proteolysis even under physiological conditions before the enzyme 

is inactivated. The enzyme was found to be irreversibly inactivated at 

temperature and pH levels above physiological values. This may be due 

to the involvement of histidine imidazole group(s) in the catalytic process 

(Sumner et al., 1993; Hasnain et al., 1992). The irreversible inactivation 

of the enzyme at alkaline pH is probably because of deprotonation of 

active site His 199, which is brought about by OH- ions, resulting in the 

breaking of the thiolate-imidazolium ion pair which further influences 

ionization and solvent exposure of some charged residues. This then 

critically destab~izes the enzyme and leads to unfolcling of the enzyme 

(Turk et al., 1994). The irreversible inactivation of the enzyme preparation 

at an alkaline pH also ruled out the possibility of cathepsin S 

contamination, since cathepsin S shows appreciable stability at alkaline pH 

(McDonald et aL 1 993; Kirschke et al., 1989). 

A characteristic feature of cathepsin B is its ability to inactivate 

aldolase, which also differentiated it from other cathepsins such as cathepsin 

H, L, S etc. However, only about 20% inhibition of aldolase activity 

was observed at aldolase/cathepsin B molar ratio of 50: I. 65% aldolase 

inactivation was reported when the molar ratio of aldolase to porcine liver 

cathepsin B was 1 00: 1 (Takahashi et al., 1986a). The results thus show 

that the goat enzyme is less effective towards aldolase inactivation than 

porcine cathepsin B and indicate a species difference in the choice of 

endogenous substrates. 

Polyclonal antibodies raised against unresolved goat spleen cathepsin 

B cross-reacted distinctly with purified goat spleen enzyme preparations 

(i.e. unresolved goat spleen cathepsin B, GSCB-I & II) ( Fig. 29 & 30). 

However, no prec1p1tln line could be observed against buffalo kidney 

cathepsin B. Similarly when cathepsin H, a homologous enzyme of 
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lysosomal cysteine proteinases, either from buffalo kidney or from porcine 

lung was allowed to cross react with anti-goat spleen cathepsin B 

antibody, no precipitin line could be detected (Fig. 29). These observations 

pointed out that not only antigenic determinants are dissimilar between 
"" 

cathepsins B and H but also in cathepsin B from different species/tissues. 

Cathepsin B from other sources have been shown to be capable of 

degrading soluble and insoluble collagen (Burleigh et al., 1974), oxidized 

B-chain of insulin (Ansorge et nl., 1977), denatured hemoglobin (Agarwal 

& Khan. 1987b) and human fibtinogen (Guinec et nl., 1993) at acidic 

pHs. As evident from table IX, GSCB-1 was found to be higl1ly active 

against protein substrates tested. Out of BSA, hemoglobin and casein, 

hemoglobin (K
111 

== 1.46 l.lM) was found to be the most preferred substrate 

whereas BSA (K = 2.67 ••M) was the least favoured one. The results 
111 r' 

thus suggest that the goat enzyme has a great potential to degrade proteins 

111 VlVO. 

Among the N-blocked arguune derivatives, 2-napthylamide 

(BANA) and para-nitroanilide (BAPNA). the enzyme cleaved BAPNA most 

effectively. The Km and V
111

,", obtained from double reciprocal plots were 

0.07 mM and 0.03 units/mg protein for BAPNA and 2.64 mM and 0.51 

units/mg protein for BANA, respectively. These values lie in the range of 

the values reported for the cathepsin 8 from other sources (Ahmad & 

Khan, 1990; Takahashi et al., I 986: Fazili & Qasim, 1986; Barrett & 

Kirschke, 1981 ). A lower K
111 

for BAPNA compared to BANA may be 

explained possibly due to a better fit of nitroanilide of BAPNA in the S
1
' 

pocket of catalytic site of the enzyme. Both the enzyme fractions (GSCB­

I&fl) showed markedly higher specificity towards fluorogenic substrates, 

Z-Arg-Arg-MCA and Z-Phe-Arg-MCA: the latter was found to be much 

more sensitive than the fom1er (table XI). More sensitivity towards Z­

Phe-Arg-MCA than Z-Arg-Arg-MCA is explained by the fact that 

specificity of papain like proteinases, in which cathepsin B falls, is largely 

detennined by S2-P2 
site interaction and such differences in the kinetic 

parameters suggest a probable difference in the topography corresponding 

to the positions S
1 

and S
2 

of the enzyme active site (Hasnain et al., 
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1992: Baudys et al., 1991 ~ Musil et al.. 1991 ~ Takahashi et al., 1986b ). 

It has been assumed that Arg is one of the best P 1 residue for cathepsin 

13 because of the efficient hydrolysis of BANA and other arginine peptide 

am ides (Takahashi et al.. 1986b ). The specificity of S2 pocket seems to 

favour large hydrophobic side chains such as phenylalanine since Cbz­

Phe-A1a-CNH2 is a potent inhibitor of cathepsin B (Green & Shaw, 1981; 

Watanabe et al., 1979). Peptide amides with Arg at P2 however seems to 

be less favoured compared to Phe (Takahashi et al., 1986b). A similar 

order of substrate specificity was reported for mammalian, avian and piscean 

cathepsin B (Yamashita & Konagaya. 1990; Wada & Tanabe, 1988). 

However, larger Km values of avian and piscean enzymes for Z-Arg-Arg­

MCA and Z-Phe-Arg-MCA hy,h-olysis emphasize that goat spleen cathepsin 

B is more efficient towards fluorogenic substrates compared to avian/piscean 

enzymes an~ also reflect species difference between avian/piscean and 

mammalian enzymes. 

A comparison of the results summarized above with that of the 

literature available on cathepsin B from other sources show that GSCB-

1 is similar with respect to most of its physicochemical properties with 

cathepsin B from other mammalian tissues. However, significant differences 

were seen in the amino acid composition and in its catalytic efficiencies 

towards various natural proteins and synthetic substrates where the 

Ym,., values were found to be higher. The Km values for the various 

substrates were however, found to be well within the range reported earlier. 

The goat spleen cathepsin B showed much lower affinity for muscle 

aldolase compared to cathepsin B from other sources. This is a striking 

feature of this enzyme as aldolase is considered to be a good substrate 

for cathepsin B in general. 

The differences. particularly 111 catalytic efficiency and the possible 

existence of isozymcs of goat spleen cathepsin B clearly reflect a species 

and/or tissue dependence of the enzyme. 
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