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ABSTRACT 

Two cystatins (cst-I and cst-II) were purified from crucian carp eggs by 

acidification, and chromatography on CM-Sepharose and Sephacryl S-100 HR. 

The molecular masses of cst-I and cst-II analyzed on SDS-PAGE were 11.9 and 

14.4 kDa under reducing condition, while those were 13.5 and 12.7 kDa under 

non-reducing condition. The cst-I and cst-II were stable after 30 min of 

incubation respectively within 60°C and 50°C. No significant loss in the 

inhibitory activity of both cst at pH range of 4-11. They could affect the 

proteolysis of papain, cathepsin L and bromelain, but could not inhibit 

cathepsin B and trypsin. The partial N-terminal amino acid sequences of both 

cst inhibitors were homologous and that of cst-I was recognized as NH2-

AGIPGGLVDADINDADVQ. This fragment shared 88.9% identity to common 

carp cystatin and 44.4-55.6% to cystatins of other aquatic animals. Therefore, 

the two cst inhibitors were members of family 2 cystatin.    

  

 

Keywords: Carassius auratus; crucian carp; cystatin; cysteine proteinase 

inhibitor; eggs.   
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INTRODUCTION    

Cystatin superfamily comprises a number of cysteine proteinase inhibitors 

that are widely distributed in vertebrate and plant tissues. These 

proteinaceous inhibitors have been subdivided into three individual families 

on the basis of their size and structure. Members of families I and II are also 

respectively recognized as stefin and cystatin families. Family III is larger 

glycoproteins (60-120 kDa), previously known as kininogen existing in blood 

plasma [1-4]. Inhibitors of families I and II are structurally related but differ in 

certain aspects. The stefin family has a polypeptide of about 100 residues 

without disulfide bridges, whereas the cystatin family is somewhat longer, 

approximate 120 residues, and has two disulfide bridges [1-3]. Chicken 

cystatin, human cystatin C and rat cystatin S were the well-characterized 

members of family II [5-8]. Moreover, the cysteine proteinase inhibitors 

occurred in rice, corn and potato revealed a higher homology to family II 

cystatin in amino acid sequence [9-11]; however, the lack of intra-disulfide 

bridges among them was somewhat similar to stefin. Therefore, the cystatin 

inhibitors originated from plants should be separately defined as a new 

family, phytocystatin [12].  

These cystatins can inactivate lysosomal cysteine proteinases such as 

cathepsins B, H, and L, as well as several structurally related plant proteinases 

such as papain and actinidin, by forming a tightly equimolar complex. The 

enzyme-inhibitor complex has a very low dissociation constant of 20 nM-10 

fM, which effectively blocked the reactions of target proteinases [5-7, 13-15]. 
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They are thus considered to be the physiological regulators for cysteine 

proteinases [16-17]. Bode et al. [18] and Stubbs et al. [19] proposed the docking 

model interaction between papain and chicken cystatin or recombinant 

human stefin. They further identified the possible binding regions between 

papain and these inhibitors. Cystatin has a central well-conserved motif of 53-

QVVAG-57 (number in chicken cystatin), an N-terminus of 9-GA-10, and a C-

terminus of 103-PW-104, which can provide the substrate-like binding edges 

to papain. Accordingly, these proteins can hinder the active cleft of proteolytic 

area, and consequently inactivates the papain proteolysis with a competition 

manner [18]. Arai et al. [20] further confirm the necessity of the central motif 

of the cystatin superfamily for inhibiting cysteine proteinases.   

The cystatins have become more attractive for utilization on food 

processing and protection of agricultural crops. For instance, the autolysis of 

arrowtooth flounder flesh and gel softening of surimi-based products could 

be prevented by various cystatins [21-22]. On the other hand, the pesticidal 

effect of soybean cystatin on a virulent insect, western corn rootworm; and the 

antifungal activity against Trichoderma reesei by sugarcane cystatin were 

apparently observed [23-24]. These results suggested that the cystatins had 

potential for improving the cysteine proteinase-related issues. Therefore, the 

study aims to purify and characterize the cysteine proteinase inhibitor from 

crucian carp eggs.  

 

MATERIALS AND METHODS 
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Materials.  Papain (2-fold crystallized), trypsin, cathepsin B (from bovine 

spleen), cathepsin L (from human liver), E-64 (1-trans-epoxysuccinyl-

leucylamino-4-guanidinobutane), Nα-benzoyl-DL-arginine-2-naphthylamide 

(BANA), and p-dimethylaminocinnamaldehyde were purchased from Sigma 

Chemical Co. (MO, USA). Bromelain was commercially available from Merck 

(Dermstadt, Germany). Benzyloxycarbonyl-phenylalanylarginine-7-(4-

methyl)coumarylamide (Z-Phe-Arg-MCA) was obtained from Peptide 

Institute (Osaka, Japan). CM-Sepharose FF, Sephacryl S-100 HR, and low 

molecular mass calibration kit were products of Amersham Biosciences 

(Uppsala, Sweden). Live crucian carp (Carassius auratus) was purchased from 

a local fish market in Tainan.  

Purification.  The eggs obtained from crucian carp was homogenized with 5 

volume of 20 mM Tris-HCl buffer, pH 7.5 containing 10 mM EDTA. After 20 

min of centrifugation at 15000 xg, the floating lipid was removed. The 

homogenate was acidified to pH 4.0 with 1 N HCl and the acid-precipitated 

proteins were eliminated by 20 min of centrifugation at 40000 xg. The treated 

sample was adjusted to pH 8.8 by using 1 N NaOH and dialyzed against 30 

mM Tris-HCl buffer, pH 8.8 containing 2 mM EDTA and 0.01% NaN3 

overnight. Proteins precipitated during dialysis were discarded by 

centrifugation at 40000 xg. For chromatography, crude cystatin solution was 

loaded onto a CM-Sepharose FF (2.6 x 18 cm), which pre-equilibrated with the 

dialysis buffer. The flow rate and collection were 1.5 ml/min and 10 

ml/fraction. Until the absorbance of column elute determined at 280 nm 
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reached the baseline, a linear gradient of 0-0.5 M NaCl in the same buffer was 

applied. Fractions with papain inhibitory activity were pooled and 

concentrated to a minimal volume using ultrafiltration (cutoff: 10 kDa, 

Millipore, MA, USA). The concentrated sample was chromatographied on a 

Sephacryl S-100 HR (1.6 x 75 cm) which pre-equilibrated with 20 mM Tris-

HCl buffer, pH 8.0 containing 2 mM EDTA and 0.01% NaN3. Flow rate and 

collection were 0.5 ml/min and 1.6 ml/fraction. Two fractions containing the 

papain inhibitory activity were pooled, dialyzed against 10 mM Tris-HCl 

buffer, pH 7.5 and concentrated. Furthermore, the second inhibitor fraction 

eluted from Sephacryl S-100 was chromatographied again on the same 

column as described above. Gel filtration low molecular mass calibration kit 

(conalbumin, 75 kDa; ovalbumin, 43 kDa; carbonic anhydrase, 29 kDa; 

ribonuclease A, 13.7 kDa; and aprotinin, 6.5 kDa) was used as standard.  

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 

Inhibitors in sample buffer (62.5 mM Tris-HCl buffer, pH 6.8, containing 3% 

SDS and 0.002% bromophenol blue) with or without 5% β-mercaptoethanol 

(β-Me) was heated at 95°C for 5 min. SDS-PAGE was performed on a 15% of 

polyacrylamide slab gel according to the method of Laemmli [25]. After 

electrophoresis, the proteins were fixed in gel by using 12% trichloroacetic 

acid and then stained with Coomassie Brilliant Blue G-250 [26]. Low 

molecular mass calibration kit (phosphorylase b, 94 kDa; albumin, 67 kDa; 

ovalbumin, 43 kDa; carbonic anhydrase, 30 kDa; trypsin inhibitor, 20.1 kDa; 

α-lactalbumin, 14.4 kDa) was used as protein marker.   
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Protein concentration.  Protein concentration was determined by dye-binding 

method [27]. Bovine serum albumin was used as a standard protein.   

Assay of inhibitory activity.  Papain was used as proteinase for the assay of 

inhibitory ability of cystatin during purification, which was further purified 

according to the method of Machleidt et al. [28]. The concentration of papain 

was determined by active-site titration with E-64 as described by Barrett and 

Kirschke [29]. The inhibitory activity of cystatin was assayed indirectly by 

measuring the residual papain activity using BANA as substrate [30]. Papain 

(0.43 nmol) in 0.2 M sodium phosphate buffer, pH 6.5, containing 8 mM β-Me 

and 2 mM EDTA, with or without cystatin was pre-incubated at 40°C for 10 

min. The enzyme mixture (0.2 mL) comprised 10 g of papain, 0.1 ml 200 mM 

sodium phosphate buffer (pH 6.5, containing 8 mM β-Me and 2 mM EDTA) 

and 0.05 ml of cystatin. Reaction was initiated by adding 50 μl of 10 mM 

BANA and stopped by adding 0.5 ml mixed reagent (0.1% p-

dimethylaminocinnamaldehyde/2% HCl/methanol). After 30 min of color 

development at room temperature, the absorbance at 540 nm was measured 

by using a spectrophotometer (Hitachi U-2800A, Japan). One unit of 

inhibitory activity was defined as the amount of cystatin that could inhibit 1 

unit of proteolytic activity of papain, whereas 1 unit of proteolytic activity 

was defined as the amount of papain that could hydrolyze BANA and 

increase one absorbance unit at 540 nm within 10 min of reaction at 40°C. 

Furthermore, the actions of purified cst toward bromelain (1.8 nmol), 

cathepsins B (3.2 nmol) and L (2.2 nmol) as well as trypsin (4.2 nmol) were 
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evaluated. In addition to the cathepsin L was determined by using Z-Phe-Arg-

MCA as substrate [4]. The rest of target proteinases were assayed in the 

appropriate buffers by using synthetic substrate of BANA as described above.   

Assessment of stability.  Cystatins in 20 mM Tris-HCl buffer (pH 8.0) were 

incubated at 25, 30, 40, 50, 60, 70, 80 and 90°C for 30 min. After being cooled in 

ice water for 20 min, the remaining inhibitory activity was measured.  For pH 

stability, cystatins in various buffers (50 mM citric acid-Na2HPO4, pH 2.6-7.5; 

50 mM Tris-HCl, pH 7.5-8.5; 50 mM glycine-NaOH, pH 8.5-10.5; 50 mM 

Na2HPO4-NaOH, pH 11.0-11.5) were incubated at 40°C. After 1 h of 

incubation, an equal volume of neutralization buffer (0.2 M sodium 

phosphate, pH 7.0) was added and cooled in ice bath for 20 min. Then, the 

residual activity of the pH-treated cystatins was determined.   

Protein sequencing.  Purified cst-I and cst-II bands were excised from 

polyvinylidene fluoride (PVDF) membrane that had been electroblotted from 

a 15% SDS-PAGE under reducing condition. Their N-terminal amino acid 

sequences were resolved by using an automated Edman degradation 

sequencer (Applied Biosystems Procise 492, Foster City, CA, USA).   

 

RESULTS  

Purification. There was an abundance of soluble proteins occurred in the 

homogenate of crucian carp eggs. Because the cystatin had been examined to 

be a stable inhibitor family at a wide pH range, the acidification was thus 

utilized for denaturing the acid-labile proteins. After acidified to pH 4.0, 
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approximate 81% contaminant proteins were removed from the homogenate. 

Otherwise, there was 92% inhibitory activity left after this treatment (Table 1). 

The crude sample was then alkalized to pH 8.8 by using 1 N NaOH and 

followed by dialysis. The chromatography of crude cystatins in CM-

Sepharose FF was shown in Figure 1, first inhibitor peak was eluted in the 

wash portion and the other one was bound to the column, which could be 

desorbed with 0.16 M NaCl in the equilibrium buffer. Because the first 

inhibitor peak displayed obviously brown color and also had more protein 

constituents than that of the bound fractions when analyzed on SDS-PAGE 

(Table 1; Figure 3, lanes 2 and 3). The inhibitor peak occurred in the bound 

fractions (tube number: 90-105) was therefore used for further isolation. 

Chromatography of the resulting sample in Sephacryl S-100 HR provided an 

efficient separation of contaminant and inhibitor proteins. According to 

Figure 2, one major (tube number: 60-66) and one descending shoulder (tube 

number: 67-70) peaks were observed among the inhibitory fractions, which 

were designated cst-I and cst-II respectively in this study.  The cst-I was 

analyzed to be electrophoretic homogeneity by SDS-PAGE under reducing 

and non-reducing conditions (Figure 3, lanes 4 and 6). However, there was 

still a smear of cst-I band occurred among the cst-II fraction (data not shown). 

Hence, the re-chromatography of cst-II was carried out by using the same 

column and gave a single protein band on SDS-PAGE under both conditions 

(Figure 3, lanes 4 and 7). As shown in Table 1, the cst-I and cst-II were 

purified 312-fold and 273-fold and the yields of them were 28% and 3.6% 
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separately.    

Molecular mass. The molecular masses of cst-I and cst-II were 11.9 and 14.4 

kDa, as determined by SDS-PAGE under reducing (with β-Me) condition 

(Figure 3, lanes 4-5). However, under non-reducing (without β-Me) condition 

they were shown to be 13.5 and 12.7 kDa (Figure 3, lanes 6-7).  When 

chromatographied on Sephacryl S-100 gel filtration column, the elution of 

these two cst protein peaks were observed near that of ribonuclease A, a 

calibration protein with molecular mass of 13.7 kDa (Figure 2). The data 

suggested that the native form of both cst inhibitors was monomer.   

Stability. As shown in Figure 4, the inhibitory activity was almost left within 

30 min of incubation at 60°C for cst-I or at 50°C for cst-II. Although the cst-II 

was somewhat heat-labile than cst-I, it could retain about 65% original activity 

at 60°C. When the incubation at higher than 70°C, both cst inhibitors were 

mostly inactivated.  For pH stability, no significant loss in activities of both cst 

inhibitors were observed within pH range of 4.0-11.0, at 40°C (Figure 5).   

Inhibition of proteinases. Proteolytic activity of papain was decreased by 

both cst inhibitors with a dose-dependent manner. The concentrations of cst-I 

and cst-II for inactivating 0.43 nmol of papain were estimated as 0.426 nmol 

and 0.443 nmol separately (Figure 6). The reaction ratios suggested that both 

cst inhibitors might have one papain-like binding domain within each 

molecule, which was in agreement with most cystatins and stefins [2-3, 18-19]. 

Moreover, they could affect the proteolysis of cathepsin L and bromelain, but 

could not inhibit cathepsin B and trypsin (Figure 7). These two cst proteins 
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therefore behaved as natural inhibitors for papain-like cysteine proteinases.   

Protein sequence. To analyze the partial N-terminal amino acid sequences, 

the purified cst bands on SDS-PAGE (Figure 3, lanes 4-5) were blotted onto 

PVDF membrane, and then subjected to protein sequencing. A sequence of 18 

amino acid residues in cst-I was identified as AGIPGGLVDADINDADVQ. 

The decapeptide sequence determined from cst-II was found to agree with 

that of cst-I. A search in Genbank databases revealed that cst-I fragment 

shared highest homology to common carp ovarian cystatin [32].   

 

DISCUSSION 

Two cysteine proteinase inhibitors, cst-I and cst-II, were purified from 

crucian carp eggs by the procedure described in this study.  The molecular 

masses of cst-I and cst-II were shown to be 11.9 and 14.4 kDa on SDS-PAGE 

under reducing condition, whereas they were 13.5 and 12.7 kDa under non-

reducing condition. Both cst had the molecular mass similar to those of family 

2 cystatin originated from other species, such as chicken [5, 31], common carp 

[32-33], chum salmon [34], and rainbow trout [35].   

The little difference of molecular mass occurred in both cst inhibitors 

between under reducing and non-reducing conditions could be due to the 

conformational change arose from the dissociation of native disulfide bonds. 

The β-Me treatment led to the molecular mass was decreased in cst-I, but it 

was increased in cst-II (Figure 3). This phenomenon suggested that part of 

peptide could be liberated from native cst-I after reduced with sulfide 
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reductant. However, the peptide piece was too small to be appeared on SDS-

PAGE pattern, the molecular mass of cst-I was therefore lowered under 

reducing condition. The data speculated that cst-I was a nicked protein which 

had two peptides linking together by intramolecular disulfide bond. On the 

other hand, since the protein structure stabilized by disulfide bonds was 

unfolded while treated with sulfite reductant, the migration of cst-II on gel 

was slightly retarded. Thus, the cst-II could be a single peptide inhibitor 

comprising disulfide bonds. Although the opposite electrophoretic behavior 

of the two cst between under reducing and non-reducing conditions was 

observed, their partial N-terminal amino acid sequences were analyzed to be 

identical. It was possible that both cst inhibitors were derived from a common 

precursor, or the cst-I was proteolytically modified from the cst-II during 

oocyte maturation and/or purification.  As reported by Tsai et al. [32], the 

cystatin obtained from ovarian fluid of common carp was shown to a nicked 

form, which was consisted of two peptides holding together by disulfide 

bond. In the previous study, however, its intact form was isolated directly 

from ovary tissue [33]. Comparison of the data implied that proteinase 

specific for cleaving cystatin could be accumulated within the ovulated fluid 

through the spawning stage of common carp. In spite of the peptide backbone 

was restrictedly cleaved, its inhibitory feature was still maintained by native 

intramolecular disulfide bonds of cystatin [32-33].   

The characterization indicated that both cst had thermal stability similar to 

common carp cystatin [33] and Chinese sturgeon cystatin [36], nevertheless, it 
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was inferior to cystatins obtained from terrestrial organisms, such as chicken 

[22, 31] and tomato leaf [37]. The broad pH stability occurred among pig 

plasma kininogen [4], chicken recombinant cystatin [22, 31], tomato leaf 

cystatin [37], and rabbit muscle cystatin [38], was also observed in the two 

inhibitors.  Comparison of the N-terminal sequences of the two cst with those 

of aquatic cystatins and the well-characterized chicken egg white cystatin was 

showed in Figure 8. The conserved glycine residue, which had been proposed 

to interact with the active cleft of papain-like proteinases [18-19], was 

observed at position 5 of both cst inhibitors. The cst-I fragment shared 88.9% 

amino acid sequence identity to common carp cystatin [32], 55.6% to 

horseshoe crab cystatin [39], 52.9% to Chinese sturgeon cystatin [36], 50.0% to 

rainbow trout [35] and zebra fish cystatins [40], 44.4% to chum salmon 

cystatin [34], and 33.3% to chicken cystatin [41]. This data elucidated the close 

relationship between crucian carp and common carp as well as confirmed that 

both cst inhibitors could be the members of family 2 cystatin.   

According to the investigation of the underused fishes including mackerel 

[42-43], Pacific whiting [44], and chum salmon [45], it was indicated that 

catheptic cysteine proteinases resident in the lysosome of flesh could play the 

critical role not only in disintegration of myofibrillar proteins during 

postmortem also in softening of surimi gels. In order to make such fish 

proteins a valuable ingredient or basal component for a wide range of 

reconstituted food products, the action of endogenous proteinases that 

impaired the functionalities of muscle proteins should be prevented. Hence, 
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the cystatin was a preferable alternative for improving the protein 

degradation and the textural properties owing to its inhibition against 

autolytic proteinases [21-22]. Otherwise, the defensibility against digestive 

proteinases of coleopteran larvae [23, 46] and growth of fungi [24, 46] 

speculated that cystatin family inhibitors could protect crops from injuries 

caused by pest insects and pathogens during the cultivation or storage.   

  

ACKNOWLEDGMENT     

This study was supported by the National Science Council, ROC, under 

Grant No. NSC 94-2313-B-041-009.   

 

REFERENCES   

1. Barrett AJ, Fritz H, Grubb A, Isemura S, Jarvinen M, Katunuma N, 

Machleidt W, Muller-Esterl W, Sasaki M, Turk V (1986) Nomenclature 

and classification of the proteins homologous with the cysteine-

proteinase inhibitor chicken cystatin. Biochem J. 236:312  

2. Barrett AJ (1987) The cystatins: a new class of peptidase inhibitors. 

Trends Biochem Sci. 12:193-196     

3. Turk V, Bode W (1991) The cystatins: protein inhibitors of cysteine 

proteinases. FEBS Lett. 285:213-219    

4. Lee JJ, Tzeng SS, Jiang ST (2000) Purification and characterization of low 

molecular weight kininogen from pig plasma. J Food Sci. 65:81-86    

5. Anastasi A, Brown MA, Kembhavi AA, Nicklin MJ, Sayers CA, Sunter 

DC, Barrett AJ (1983) Cystatin, a protein inhibitor of cysteine proteinases. 



 
 
 
 
 
 
 
 
 
 
 
 

     

 15 

Improved purification from egg white, characterization, and detection in 

chicken serum. Biochem J. 211:129-138   

6. Abrahamson M, Ritonja A, Brown MA, Grubb A, Machleidt W, Barrett AJ 

(1987) Identification of the probable inhibitory reactive sites of the 

cysteine proteinase inhibitors human cystatin C and chicken cystatin. J 

Biol Chem. 262:9688-9694    

7. Lindahl P, Abrahamson M, Bjork I (1992) Interaction of recombinant 

human cystatin C with the cysteine proteinases papain and actinidin. 

Biochem J. 281:49-55  

8. Bedi GS, Zhou T, Bedi SK (1998) Production of rat salivary cystatin S 

variant polypeptides in Escherichia coli.  Arch Oral Biol. 43:173-182   

9. Abe K, Emori Y, Kondo H, Suzuki K, Arai S (1987) Molecular cloning of a 

cysteine proteinase inhibitor of rice (oryzacystatin). Homology with 

animal cystatins and transient expression in the ripening process of rice 

seeds. J Biol Chem. 262:16793-16797    

10. Abe M, Abe K, Kuroda M, Arai S (1992) Corn kernel cysteine proteinase 

inhibitor as a novel cystatin superfamily member of plant origin. 

Molecular cloning and expression studies. Eur J Biochem. 209:933-937   

11. Walsh TA, Strickland JA (1993) Proteolysis of the 85-kilodalton crystalline 

cysteine proteinase inhibitor from potato releases functional cystatin 

domains. Plant Physiol. 103:1227-1234   

12. Abe K, Kondo H, Watanabe H, Emori Y, Arai S (1991) Oryzacystatins as 

the first well-defined cystatins of plant origin and their target proteinases 



 
 
 
 
 
 
 
 
 
 
 
 

     

 16 

in rice seeds. Biomed Biochim Acta 50:637-641    

13. Bjork I, Ylinenjarvi K (1990) Interaction between chicken cystatin and the 

cysteine proteinases actinidin, chymopapain A, and ficin. Biochemistry 

29:1770-1776     

14. Lindahl P, Alriksson E, Jornvall H, Bjork I (1988) Interaction of the 

cysteine proteinase inhibitor chicken cystatin with papain. Biochemistry 

27:5074-5082    

15. Lindahl P, Nycander M, Ylinenjarvi K, Pol E, Bjork I (1992) 

Characterization by rapid-kinetic and equilibrium methods of the 

interaction between N-terminally truncated forms of chicken cystatin and 

the cysteine proteinases papain and actinidin. Biochem J. 286:165-171   

16. Nicklin MJH, Barrett AJ (1984) Inhibition of cysteine proteinases and 

dipeptidyl peptidase I by egg-white cystatin. Biochem J. 223:245-253   

17. Machleidt W, Thiele U, Laber B, Assfalg-Machleidt I, Esterl A, Wiegand 

G, Kos J, Turk V, Bode W (1989) Mechanism of inhibition of papain by 

chicken egg white cystatin. Inhibition constants of N-terminally truncated 

forms and cyanogen bromide fragments of the inhibitor. FEBS Lett. 

243:234-238   

18. Bode W, Engh RA, Musil D, Thiele U, Huber R, Karshikov A, Brzin J, Kos 

J, Turk V (1988) The 2.0 Å X-ray crystal structure of chicken egg white 

cystatin and its possible mode of interaction with cysteine proteinases. 

EMBO J. 7:2593-2599  

19. Stubbs MT, Laber B, Bode W, Huber R, Jerala R, Lenarcic B, Turk V (1990) 



 
 
 
 
 
 
 
 
 
 
 
 

     

 17 

The refined 2.4 Å X-ray crystal structure of recombinant human stefin B 

in complex with the cysteine proteinase papain: a novel type of 

proteinase inhibitor interaction. EMBO J. 9:1939-1947    

20. Arai S, Watanabe H, Kondo H, Emori Y, Abe K (1991) Papain-inhibitory 

activity of oryzacystatin, a rice seed cysteine proteinase inhibitor, 

depends on the central Gln-Val-Val-Ala-Gly region conserved among 

cystatin superfamily members. J Biochem. 109:294-298    

21. Kang I, Lanier TC (2005) Inhibition of protease in intact fish fillets by 

soaking in or injection of recombinant soy cystatin or bovine plasma. J 

Agric Food Chem. 53:9795-9799    

22. Tzeng SS, Jiang ST (2004) Glycosylation modification improved the 

characteristics of recombinant chicken cystatin and its application on 

mackerel surimi. J Agric Food Chem. 52:3612-3616    

23. Koiwa H, Shade RE, Zhu-Salzman K, D’Urzo MP, Murdock LL, Bressan 

RA, Hasegawa PM (2000) A plant defensive cystatin (soyacystatin) 

targets cathepsin L-like digestive cysteine proteinases (DvCALs) in the 

larval midgut of western corn rootworm (Diabrotica virgifera virgifera). 

FEBS Lett. 471:67-70    

24. Soares-Costa A, Beltramini LM, Thiemann OH, Henrique-Silvaa F (2002) 

A sugarcane cystatin: recombinant expression, purification, and 

antifungal activity. Biochem Biophys Res Commun. 296:1194-1199    

25. Laemmli UK (1970) Cleavage of structural proteins during the assembly 

of the head bacteriophage T4. Nature 277:680-685    



 
 
 
 
 
 
 
 
 
 
 
 

     

 18 

26. Neuhoff V, Arold N, Taube D, Ehrhardt W (1988) Improved staining of 

proteins in polyacrylamide gel including isoelectric focusing gels with 

clear background at nanogram sensitivity using coomassie brilliant blue 

G-250 and R-250. Electrophoresis 9:255-262     

27. Bradford MM (1976) A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principal of protein-dye 

binding.  Anal Biochem. 72:248-254   

28. Machleidt W, Nagler DK, Assfalg-Machleidt I, Stubbs MT, Fritz H, 

Auerswald EA (1995) Distorted binding of the loops results in cleavage of 

the Gly9-Ala10 bond.  FEBS Lett. 361:185-190    

29. Barrett AJ, Kirschke H (1981) Cathepsin B, cathepsin H, and cathepsin L. 

Methods Enzymol. 80:535-561   

30. Barrett AJ (1972) A new assay for cathepsin B1 and other thiol proteinases. 

Anal Biochem. 47:280-293   

31. Chen GH, Tang SJ, Chen CS, Jiang ST (2000) Overexpression of the 

soluble form of chicken cystatin in Escherichia coli and its purification. J 

Agric Food Chem. 48:2602-2607   

32. Tsai YJ, Chang GD, Huang CJ, Chang YS, Huang FL (1996) Purification 

and molecular cloning of carp ovarian cystatin. Comp Biochem Physiol 

Part B 113:573-580  

33. Tzeng SS, Chen GH, Chung YC, Jiang ST (2001) Expression of soluble 

form carp (Cyprinus carpio) ovarian cystatin in Escherichia coli and its 

purification. J Agric Food Chem. 49:4224-4230  



 
 
 
 
 
 
 
 
 
 
 
 

     

 19 

34. Koide Y, Noso T (1994) The complete amino acid sequence of pituitary 

cystatin from chum salmon. Biosci Biotechnol Biochem. 58:164-169    

35. Li F, An H, Seymour TA, Bradford CS, Morrissey MT, Bailey GS, 

Helmrich A, Barnes DW (1998) Molecular cloning, sequence analysis and 

expression distribution of rainbow trout (Oncorhynchus mykiss) cystatin C. 

Comp Biochem Physiol Part B 121:135-143  

36. Bai J, Ma D, Lao H, Jian Q, Ye X, Luo J, Xong X, Li Y, Liang X (2006) 

Molecular cloning, sequencing, expression of Chinese sturgeon cystatin 

in yeast Pichia pastoris and its proteinase inhibitory activity. J Biotechnol. 

125:231-241    

37. Wu J, Haard NF (2000) Purification and characterization of a cystatin 

from the leaves of methyl jasmonate treated tomato plants. Comp 

Biochem Physiol Part C 127:209-220   

38. Matsuishi M, Okitani A (2003) Purification and properties of cysteine 

proteinase inhibitors from rabbit skeletal muscle. Comp Biochem Physiol 

Part B 136:309-316     

39. Agarwala KL, Kawabata S, Hirata M, Miyagi M, Tsunasawa S, Iwanaga S 

(1996) A cysteine protease inhibitor stored in the large granules of 

horseshoe crab hemocytes: purification, characterization, cDNA cloning 

and tissue localization. J Biochem. 119:85-94   

40. Vihtelic TS, Fadool JM, Gao J, Thornton KA, Hyde DR, Wistow G (2005) 

Expressed sequence tag analysis of zebrafish eye tissues for NEIBank. 

Mol Vis. 11:1083-1100   



 
 
 
 
 
 
 
 
 
 
 
 

     

 20 

41. Colella R, Sakaguchi Y, Nagase H, Bird JW (1989) Chicken egg white 

cystatin. Molecular cloning, nucleotide sequence, and tissue distribution. 

J Biol Chem. 264:17164-17169   

42. Jiang ST, Lee BL, Tsao CY, Lee JJ (1997) Mackerel cathepsins B and L 

effects on thermal degradation of surimi.  J Food Sci. 62:310-315    

43. Ho ML, Chen GH, Jiang ST (2000) Effects of mackerel cathepsins L, L-like 

and calpain on the degradation of mackerel surimi. Fish Sci. 66:558-568    

44. An H, Weerasinghe V, Seymour TA, Morrissey MT (1994) Cathepsin 

degradation of Pacific whiting surimi proteins. J Food Sci. 59:1013-1017 

and 1033   

45. Yamashita M, Henmi H, Ueda T, Obara M, Taro T, Nishioka F, Konagaya 

S (1996) Marked proteolysis occurring during thermal gel formation of 

the minced meat from matured chum salmon and restraining effect of 

protease inhibitor on gel-degradation. Nippon Suisan Gakkaishi 62:934-

938    

46. Siqueira-Júnior CL, Fernandes KVS, Machado OLT, da Cunha M, Gomes 

VM, Moura D, Jacinto T (2002) 87 kDa tomato cystatin exhibits properties 

of a defense protein and forms protein crystals in prosystemin 

overexpressing transgenic plants. Plant Physiol Biochem. 40:247-254     

 



 
 
 
 
 
 
 
 
 
 
 
 

     

 21 

 

 

 

 

Table 1. Purification of cst inhibitors from crucian carp eggs.   

Procedure 

Total 

protein 

(mg) 

Inhibitory 

activity 

(units)* 

Specific 

activity 

(unit/mg) 

Yield 

(%) 

Purification 

fold 

Homogenate 8156.1 1320 0.16 100 1 

Acidification       

(pH 4.0) 
1517.7 1214 0.80 92 5 

CM-Sepharose FF 81.3 473 5.82 36 36 

Sephacryl S-100 HR      

cst-I 7.3 364 49.86 28 312 

cst-II 1.3 56 43.08 4.2 269 

2nd Sephacryl S-100 

HR of cst-II 
1.1 48 43.64 3.6 273 

* One unit of inhibitory activity was defined as the amount of cystatin that 

could inhibit 1 unit of proteolytic activity of papain, whereas 1 unit of 

proteolytic activity was defined as the amount of papain that could 

hydrolyze BANA and increase one unit of absorbance at 540 nm within 10 

min of reaction at 40°C.    
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Figure Captions   

Fig. 1 Chromatography of cst inhibitors on CM-Sepharose FF. The column (2.6 

x 18 cm) was equilibrated with dialysis buffer. The flow rate and collection 

were 1.5 ml/min and 10 ml/fraction. A linear gradient of 0-0.5 M NaCl in 

same buffer was developed. The fractions with papain inhibitory activity 

(indicated by bar) were pooled and concentrated   

Fig. 2 Chromatography of cst inhibitors on Sephacryl S-100 HR (1.6 x 75 cm). 

The elution buffer was 20 mM Tris-HCl buffer, pH 8.0, containing 2 mM 

EDTA and 0.01% NaN3. Flow rate and collection were 0.5 ml/min and 1.6 

ml/fraction. Gel filtration low molecular mass calibration kit (conalbumin, 

75 kDa; ovalbumin, 43 kDa; carbonic anhydrase, 29 kDa; ribonuclease A, 

13.7 kDa; and aprotinin, 6.5 kDa) was used as standard   

Fig. 3 SDS-PAGE analysis of cst inhibitors from crucian carp eggs. The 

acrylamide concentrations of stacking and resolving gels were 3.75 and 

15% separately. Lane M, low molecular mass protein marker; lane 1, 

homogenate of eggs; lane 2, homogenate after acidified to pH 4.0; lane 3, 

cst inhibitors eluted in the bound portion of CM-Sepharose FF; lane 4, cst-I 

eluted from Sephacryl S-100 HR; lane 5, cst-II eluted from the second 

chromatography of Sephacryl S-100 HR; lane 6, cst-I without β-Me; lane 7, 

cst-II without β-Me  

Fig. 4 Thermal stability of cst-I ( ) and cst-II ( ).  Purified cst-I and cst-II in 

20 mM Tris-HCl buffer, pH 7.5 containing 4 mM EDTA, were incubated at 

25-90°C for 30 min. After being cooled in ice bath for 20 min, the residual 
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inhibitory activity was assayed  

Fig. 5 pH stability of cst-I (hollow symbols) and cst-II (solid symbols). Purified 

cst-I and cst-II in pH buffers (50 mM citric acid-Na2HPO4, pH 2.6-7.5; 50 

mM Tris-HCl, pH 7.5-8.5; 50 mM glycine-NaOH, pH 8.5-10.5; 50 mM 

Na2HPO4-NaOH, pH 11.0-11.5) were incubated at 40°C. After 1 h of 

incubation, an equal volume of 0.2 M sodium phosphate (pH 7.0) was 

added and cooled in ice bath for 20 min. The residual activity of the pH-

treated cst inhibitors was determined   

Fig. 6 Inhibition of papain by cst-I ( ) and cst-II ( ). Papain (0.43 nmol) was 

pre-incubated with cst inhibitors at room temperature for 10 min and the 

remaining proteolytic activities of papain were assayed by using BANA as 

substrate   

Fig. 7 Effect of cst-I (hollow symbols) and cst-II (solid symbols) on bromelain, 

cathepsin B, cathepsin L and trypsin. Proteinases were pre-incubated with 

cst inhibitors at room temperature for 30 min respectively and the 

remaining proteolytic activities were assayed    

Fig. 8 Comparison of the partial N-terminal amino acid sequences of cst 

inhibitors with those of common carp [32], horseshoe crab [39], Chinese 

sturgeon [36], rainbow trout [35], zebra fish [40], chum salmon [34], and 

chicken egg white [41] cystatins. Amino acids identical to those of cst-I 

were shadowed, and the boldface indicated the conserved residue among 

cystatin family. The sequences were numbered according to the original 

references, and the alignment gaps were represented by dashes   
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Fig. 2 

 

 

Fraction number

20 40 60 80

A
bs

or
ba

nc
e 

at
 2

80
 n

m

0.0

0.1

0.2

0.3

0.4

In
hi

bi
tio

n 
(%

)

0

20

40

60

80

100

cst-I

cst-II

75 k 43 k 29 k 13.7 k 6.5 k



 
 
 
 
 
 
 
 
 
 
 
 

     

 26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 

     

 27 

 

 

 

 

 

 

 

 

 

Fig. 4 

 

 

 

Treatment temperature (oC)

20 30 40 50 60 70 80 90

Re
si

du
al

 in
hi

bi
to

ry
 a

ct
iv

ity
 (%

)

0

20

40

60

80

100

cst-I
cst-II



 
 
 
 
 
 
 
 
 
 
 
 

     

 28 

 

 

 

 

 

 

 

 

Fig. 5 
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Fig. 6 
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Fig. 7 
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Cystatins Start 
site Amino Acid Sequences Identity (%) 

Crucian carp cst-I  1 AG-IPGGLVDADINDADVQ  

Crucian carp cst-II  1 AG-IPGGLVDA    

Common carp   1 TG-IPGGLVDADINDKDVQ 88.9 (16/18) 

Horseshoe crab -1  GQIPGGWIDANVGDTDVK 55.6 (10/18) 

Chinese sturgeon  1  GL-VGGPMDADIGEEGVQ 52.9 (9/17) 

Rainbow trout -1 AGLI-GGPMDANMNDQGTR 50.0 (9/18) 

Zebra fish 19 AGL-VGGPTDADM-DKDSES 50.0 (9/18) 

Chum salmon  -1 AGL-VGGPMDANMNDQGTR  44.4 (8/18) 

Chicken egg white  5 SRL-LGAPVPVDENDEGLQ  33.3 (6/18) 

 

 

 

 

 

Fig. 8 

 

 

 


