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Abstract - Marine organisms have been recognized as rich sources of bioactive compounds with valuable biotechnology po-
tential. Enzymes extracted from marine hydrobionts have gained much attention because of their unique quite specific proper-
ties that determined their profound applications in chemical, medical, food industries and molecular biology experiments. In 
this regard, our work focused on investigation of proteolytic potential of marine hydrobionts. At first, tissue extract of Antarc-
tic hydrobiont Parborlasia corrugatus was separated by gel filtration chromatography on a Superdex-75 PG. Further zymography 
with using gelatin as substrate revealed the presence of clear band that can indicate about active enzymes. It had been shown 
the presence of collagenolytic activity in all eight fractions obtained after chromatographic separation of tissue extract. Tryp-
sin-like (L-BApNA hydrolyzing) was found only in first fraction. Our results let us assume that P. corrugatus can be regarded as 
potential source of enzymes for practical use. 
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INTRODUCTION

Increasing the demand for and use of the products the 

active component of which is represented by hydrolytic 

enzymes determines the relevance of finding new alter-

native sources of hydrolytic enzymes. Unfortunately, 

the industrial application for food, cosmetic and phar-

maceutical of mammalian proteases has recently been 

limited by the outbreak of some animals’ diseases 

or/and religious tradition. For this reasons many inves-

tigators have focused their attention on marine organ-

isms importance of which as a source of new substances 

is growing. It should be noted that their survival in a 

very exigent, competitive and aggressive surrounding 

causes not only considerable structural and functional 

diversity of marine biologically active compounds but 

also the presence of enzymes that may be used in both 

basic research and industrial applications (Fuchise et al., 

2011; Songklanakarin, 2008). So, as evolutionary precur-

sors of proteases of warm-blooded animals, hydrolases 

of cold-water marine invertebrates are characterized a 

number of unique quite specific properties. Thus they 

have significantly higher total proteolytic activity to-

wards native protein substrates, broader substrate spe-

cificity and lower activation energy for catalysis com-

pared with proteases from mammalian or microbial 

sources. In addition enzymes from cold-water hydro-

bionts are more active at low temperatures than those 

from mammals, thermophylic organisms and plants 

(Peck et al., 2004). All this makes the prospect of their 

use in several industrial applications, such as in certain 

food processing operations that require low processing 

temperatures. In terms of practical application enzymes 

posses collagenolytic activity are very perspective - 

these protease can be applied in chemical, medical, food 

industries, biotechnology and as well as for molecular 

biology experiments. 
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Taking into account given above, the aim of present 

study was to investigate the proteolytic activity in tissue 

extract of P. corrugatusfrom Antarctic region for its po-

tential biomedical and industrial applications. 

 

 

MATERIAL AND METHODS  

In our study we used a frozen mass of marine hydro-

bionts of Antarctic region - Antarctic nemertean P. cor-

rugatus. The samples were collected in terms of the ex-

pedition and were brought to the laboratory in iced 

condition. Frozen mass of hydrobiont was weighed and 

homogenized with sequential addition of liquid nitro-

gen and extraction buffer – 0.1 M Na-phosphate buffer 

containing 0.15 M NaCl, 0.15 mM EDTA, 2 мМ PMSF 

and 0.1% triton X-100, pH 7.4. After homogenization (60 

sec) the homogenate was centrifuged 60 min, 10000 g at 

4ºC. Supernatant was selected and lyophilized. Thus 

obtained primary material can be stored for a long time 

at a temperature of 20°C without losing the functional 

properties of proteins and peptides.  

The protein concentration was determined according to 

the method of Bradford (Bradford, 1976)with bovine 

serum albumin as standard. Zymography was done 

according to the method (Ostapchenko et al., 2011). Se-

parating gel was polymerized in the presence of gelatin 

(1 mg/ml). Zymography was performed on native-

PAGE. Represented zymogram is typical for the series 

of repeated experiments. Collagenolytic activity was 

measured with help of native collagen type I. The extent 

of collagen digestion was determined using the Moore 

and Stein colorimetric ninhydrin process (Moore, 1954). 

Trypsin-like activity was measured using N-α-benzoyl-

L-Arg-p-nitroanilide (L-BApNA) as substrate(Xavier et 

al., 2005).The amount of p-nitroaniline liberated from 

BApNA was assessedby the increase in absorbance at 

405 nm. Three replicates were always used to quantify 

enzyme activity. 

The statistical analysis of the obtained results was per-

formed using the methods of variation statistics. Whe-

reby differences P < 0.05 were deemed reliable. 

 

 

 

RESULTS AND DISCUSSION  

Some features of living conditions of marine organisms 

that are strongly affected by number of factors, in par-

ticular, the salinity of ocean waters, low light or its ab-

sence, hydrostatic pressure, temperature fluctuations 

provide unique physicochemical, toxicological and bio-

logical characteristics of metabolites from marine organ-

isms and their difference from natural compounds from 

warm-blooded animals. 

Therefore, improvement and development of new me-

thodological approaches for isolation of marine hydro-

bionts metabolites, study their structure and spectrum 

of biological activity, without any exaggeration, can be 

considered as one of the priority direction of scientific 

and technological progress development. 

Given the above the primary objective of our work was 

to optimize the conditions for the fractionation of tis-

sues extracts of aquatic organisms, as well as to identify 

and characterize the individual protein fractions asso-

ciated with the manifestation of a certain type of en-

zyme activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 1.Chromatographic separation of tissue extract of A. col-
becki at different flow rate: 1 – 1 ml/min; 2 – 0.75 ml/min; 3 – 0.5 
ml/min. 
 
 

Since the molecular weights of proteins and peptides 

representing a specific biotechnological interest, usually, 

are in the range from 5 to 120 kDa for the fractionation 

of tested extract, we applied the method of gel filtration 

chromatography with using as a chromatographic ma-

trix Superdex-75 PG. Taking into account the depen-

dence of the efficiency of protein and peptide fractions 

separation on a number of factors such asa chromato-

graphic matrix Superdex-75 PG. Taking into account the 

dependence of the efficiency of protein and peptide 

fractions separation on a number of factors such as vo-

lume flow rate, gel filtration buffer, 
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Figure 2.Chromatographic separation of tissue extract of A. col-
becki using different gel filtration buffer: 1 - 0.05 Мtris-HCl, рН 
7.4 with 0.15 М NaCl; 2 – 0.05 Мtris-HCl, рН 7.4.  

 

appropriate protein concentration in the sample, etc. it 

is important to correctly choose the conditions for prop-

er chromatographic separation. Selection of optimal 

conditions for fractionation was conducted on example 

of Antarctic scallop Adamussium colbecki. According to 

our results, the optimal separation of protein-peptide 

composition of analyzed extract was observed under 

the following conditions - flow rate is 1 ml/min (Fig. 1), 

gel filtration buffer is 50 mM tris-HCl, pH 7.4 with 0.15 

M NaCl (Fig. 2). Using of this buffer or buffers with 

equivalent ionic strength allows to reduce nonspecific 

interactions between the proteins being separated and 

the chromatographic matrix, that is important for effi-

cient and standardized separation of protein samples. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 3. Chromatographic separation of tissue extract of A. col-
becki using for sample dissolvation: 1 – 0.05 Мtris-HCl, рН 7.4 
with 0.5 М NaCl; 2 - 0.05 Мtris-HCl, рН 7.4.  

 

 

It should be noted that the dissolution of the samples in 

buffers with different ionic strength had no effect on the 

character of protein fractions separation (Fig. 3). 

Separation of tissue extract of P. corrugatus conducted in 

compliance with all of the above parameters yielded 

eight peaks (Fig. 4), that correspond to protein and pep-

tide fractions in the molecular weight range 3 to 70 kDa 

and performs best between 8 and 50 kDa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 4.Chromatographic separation of tissue extract of P. corru-
gatus: 1-8 –fraction number.  

 

The presence in studied samples the proteins with dif-

ferent molecular weight may indicate the existence of 

functionally active molecules with different enzymatic 

activities. Therefore, it is appropriate to test the ob-

tained fractions for the presence of active enzymes. 

Zymographic technique was used to detect proteolytic 

enzymes following electrophoretic separation in gels. 

This method is based on a SDS-polyacrylamide gel, 

which co-polymerized with the protein substrate that is 

degraded by the proteases restored during the incuba-

tion period in the enzyme reaction buffer after the elec-

trophoretic separation.  

The results of identification of proteolytic activity in 

eight protein fraction obtained after chromatographic 

separation of P. corrugatus tissue extract is shown at Fig. 

5. It should be emphasized that preparation of separat-

ing gel solution in the presence of gelatin allows to 

identify enzymes belong to family of proteases. 

The appearance at gelatin zymogram expressed clear 

bands in 2, 3 and 4 peaks confirms the presence in ana-

lyzed fractions functionally active proteolytic enzymes. 

Using of gelatin as a substrate allows us to assume that 

these proteolytic activities can be associated with gela-

tinases or/and collagenases (Wilkesman and Kurz, 

2009), that are structurally and functionally very similar 
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to the vertebrate enzymes and can belong to the group 

of serine proteases as well as to the group of metallo-

proteases. 

According to the literature in tissues of marine inverte-

brates was found a number of hydrolytic enzymes 

which take part in several fundamental processes, such 

as extracellular matrix remodeling, embryonic devel-

opment, cell growth and differentiation and also in de-

fense mechanisms thus highlightening their intriguing 

and unexpected functional importance in invertebrate 

life (Flood et al., 2000; Ghamari et al., 2014; Salamonea, 

2012; Songklanakarin, 2008). 

Taking into account the feeding habits of representa-

tives of Nemertea we can suppose that studied hydro-

biont may containdigestive enzymes capable to hydro-

lyze native collagen. 

 

 
 
Figure 5. Proteolytic enzymes detection by gelatin zymography: 
М1 – plasmin (85 кДа); 1-8 – fraction number  

 

It should be noted that collagenolytic enzymes of ma-

rine hydrobionts have the ability to cleave the triple-

helix of collagen under conditions which do not dena-

ture the protein. In this respect, they are similar to col-

lagenases of higher animals which play a role in the 

physiological remodeling of connective tissues. There is, 

however, a definite difference in the catalytic mechan-

ism between the above digestive collagenolytic erzymes 

and vertebrate collagenases - the latter enzymes cata-

lyze the cleavage of the substrate predominantly in one 

particular point and substantially incapable to hydro-

lyze large soluble fragments (Mott and Werb, 

2004)whereas collagenolytic proteases of hydrobionts 

can cleave native collagen in many points (Rudenskaya 

et al., 2004). 

On this basis, the next stage of our work was devoted to 

analyze the protein fractions obtained after gel filtration 

chromatography of tissue extract of P. corrugatus on the 

presence of collagenolytic activity. According to ob-

tained results summarized in Table 1 this type of pro-

teolytic activity was found to be present in seven ex-

amined peaks. We revealed maximum collagenolytic 

activity in the peak, which correspond to third fraction 

that, in general, is entirely consistent with the data of 

zymography about the presence of the most expressed 

clear band at third trek of zymogram. 

Based on literature data (Park et al., 2002; Ramundo and 

Gray, 2009) and our own results we can conclude that 

collagenolytic activity in 1-3 peaks may indicate the 

presence in tissue extracts of P. corrugatus collagenases, 

the molecular weights of which are in the average range 

of 30 to 70 kDa, whereas activity in 4-7 peaks may be 

associated with low molecular weight collagenolytic 

serine proteases. So, a number of author note that in 

contrast to high-molecular bacterial and tissue collage-

nases of higher animals which  molecular weights are 

found to vary from 30 to 150 kDa collagenolytic en-

zymes of marine invertebrates, are complex of isoen-

zymes with molecular weights up to 36 kDa (Kim et al., 

2002; Salamonea, 2012). 

 
Table 1. Proteolytic activity in protein fractions of Parborlasia 

corrugatus 

 
Type of 

proteolytic 

activity 

Fraction number

1 2 3 4 5 6 7 8

Collageno-

lytic activi-

ty,  

units/mg 

protein  

29.2±

0.55 

26.4±

0.45 

32.7±

0.63 

17.3±

0.35 

20.1

±0.5 

25±

0.56 

17.8±

0.28 

– 

Trypsin-

like activi-

ty,  

μmol p–

nitroani-

line/min х 

mg protein  

2.4±0

.04 

 

– – – – – – – 

 
 

Thus, our findings may indirectly indicate the presence 

in tissues extract of investigated hydrobiont enzymes 

belonging to the serine collagenolytic proteases as well 

as to metallocollagenases, that, of course, require more 

detailed studies using appropriate inhibitors. 

As trypsins are principal digestive proteinases in most 

hydrobionts (Fuchise et al., 2011), in addition to colla-

genolytic activity we studied trypsin-like activity. The 

hydrolytic activity was assessed using the synthetic 

substrates L-BApNA. Taking into account that L-

BApNA is also suitable substrate for cysteine proteinase 

we used E-64 - aninhibitor of this family of enzymes 

that has enabled us to estimate serine protease activity, 

particularly, activity of trypsin-like enzymes. Results of 
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measurement of proteolytic activity in tissue extract of 

P. corrugatusare summarized in Table 1. According to 

obtained data trypsin-like activity towards amidolytic 

substrate was poorly expressed. So, proteolytic en-

zymes having trypsin-like activity were found only in 

first peak and no detectable activity was observed in 2-8 

peaks. Such low value of enzymatic activity providing 

support for the presence in tissue extracts of P. corruga-

tus trypsin-like enzymes with other substrate specificity, 

e.g. esterase.  

Summarizing obtained results it should be noted that 

collagenolytic activity in investigated extract is more 

expressed in compared to trypsin-like activity. Estab-

lished differences can be caused by both physiological 

characteristics of this hydrobiont and its taxonomic af-

filiation. 

It is important to emphasize that our study is only at 

preliminary stage - further identification of enzymes 

with use of different substrates and specific inhibitors 

should provide more detail information about structure 

functional and catalytic characteristics of investigated 

proteases. 

 

 

CONCLUSION 
In summary, obtained results indicate the presence of 

collagenolytic and trypsin-like activities in tissue extract 

of Antarctic hydrobiont P. corrugatus. Further researches 

in direction of purification and characterization of indi-

vidual proteases from marine hydrobionts should pro-

vide more detail information about its function, catalyt-

ic mechanism and will contribute to successful industri-

al application of investigated enzymes according to its 

properties. 
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