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ABSTRACT

The growing demand for industrial proteases and enzyme-containing products substantiates the search for cost-
effective sources of enzymes. The aim of current research was to find a one-step approach for the isolation of the 
fraction of serine proteases from the jellyfish of the Antarctic region. Given our data, ion-exchange chromatography 
on diethylaminoethyl-sepharose carboxymethyl-sepharose was ineffective, in contrast to affinity chromatography 
on benzamidine-sepharose. The isolated fraction consists of enzymes with a molecular weight of more than 30 kDa 
and isoelectric points at pH = 3.0; 5.0–6.0 and pH = 9.0, which can break down gelatin, casein, and fibrinogen. The 
maximal proteolytic activity was found at pH = 12.0 and a temperature of +55°C. Serine proteases showed activity 
against the chromogenic substrate for trypsin and had no activity against substrates for chymotrypsin and elastase 
indicating that enzymes are trypsin-like proteases. The presence of enzymes with fibrino(geno)lytic activity and 
the ability of serine proteases from jellyfish to work at high pH and temperatures suggest their potential use as 
thrombolytics, as well as agents in the industries requiring a highly alkaline conditions.

1. INTRODUCTION

At present, proteases constitute a significant class of industrial enzymes 
that are actively used in various industries, as well as in medicine and 
pharmaceutical, and account for about 60% of the total enzyme sales in 
the world [1,2]. Among the proteases, serine enzymes are considered the 
most commercially attractive. These enzymes, due to their stability in 
a wide range of pH, ability to operate at high temperatures, and at high 
salinity conditions, find many applications in detergent, leather, and 
food industries [3]. Moreover, many serine proteases, namely, alkaline 
proteases, are resistant to the presence of detergents and toxic metals, 
which greatly expand the possibilities of their practical application. 
Although serine proteases can be isolated from various species, 
about 40% of industrial enzymes are produced by microorganisms, 
in particular bacteria [4]. However, increasing demand for industrial 
proteases and enzyme-containing products substantiates the search for 
additional cost-effective sources of enzymes. In this context, marine 
species, which make up about half of the world’s biodiversity, can be 
a huge source of enzymes. Industrial enzymes are very often obtained 
from the by-products of the fishing industry [5]. This significantly 
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reduces the final cost of products and allows solving the problem of 
maximum processing and disposal of fish waste. Another source of 
enzymes can be non-commercial hydrobionts, the intensive distribution 
of which may affect human activity in marine areas.

Using non-industrial species of hydrobionts as sources of enzymes 
or proteins, it is possible to simultaneously solve two problems – to 
control their abundance and distribution, and also to obtain molecules 
that can be used in various industries. Over the past decade, there has 
been a sharp increase in the world population of jellyfish. Jellyfish 
blooming has a major impact on ecosystems and causes a range of 
social, economic, and public health problems.

Considering all of the above, the aim of the current research was to 
obtain the fraction of serine proteases from the jellyfish of the antarctic 
region and to characterize the obtained enzymes in the respect of their 
potential use in industry.

2. MATERIALS AND METHODS

2.1. Source of Serine Proteases
The fraction of serine proteases was isolated from jellyfish Diplulmaris 
antarctica. Wild jellyfishes were caught near the island Galindez of 
Argentine Islands archipelago. The material was collected by the 
Ukrainian Antarctic expedition. The hydrobiont was authenticated by 
the Department of Zoology and Ecology (ESC “Institute of Biology 
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and Medicine” of Taras Shevchenko National University of Kyiv, 
Ukraine). The frozen mass of the jellyfish was weighed and powdered 
with in liquid nitrogen. The powder was dissolved in 50 mM Tris-HCl 
buffer pH = 7.4 with 1 mM EDTA, 0.25% sucrose, 0.5% Triton X-100 
in a ratio of 1:2, w/v, and continuously stirred at +4ºC for 30 min. After 
that, the sample was centrifuged at 10,000 g for 30 min at +4ºC and the 
supernatant was lyophilized.

2.2. Serine Proteases Purification by Ion-Exchange 
Chromatography
The lyophilized jellyfish material (0.5 mg) was dissolved in 5 mL 
of 10 mM Tris-HCl buffer pH = 7.4 and 5 mL of 10 mM Tris-HCl 
buffer pH = 10.0 for the purification on diethylaminoethyl-sepharose 
(DEAE-sepharose) or in 5 mL of 10 mM glycine buffer pH = 5.0 for 
the purification on carboxymethyl-sepharose (CM-sepharose). After 
incubation (15 min, +4°C), the insoluble material was removed by 
centrifugation (10,000 g, 15 min, +4°C). The clear supernatant was 
applied to a DEAE-sepharose or CM-sepharose column previously 
equilibrated with the appropriate buffers. The bound fractions were 
eluted with the same buffers using step gradient NaCl – 25%, 40%, and 
100% by monitoring the absorbance of protein at 280 nm. The samples 
were loaded and fractions were collected at a flow rate of 2 mL/min.

2.3. Serine Proteases Purification by Affinity Chromatography 
on Benzamidine-Sepharose Column
The lyophilized jellyfish material (0.5 mg) was dissolved in 5 mL of 
10 mM Tris-HCl buffer pH = 8.0 with 0.13 M NaCl and incubated for 
15 min at +4°C. After centrifugation (10,000 g, 15 min, +4°C), the 
supernatant was loaded on benzamidine-sepharose column previously 
equilibrated with the buffer. Elution of the bound material was carried 
out with 50 mM glycine buffer pH = 8.0 with 1 M NaCl. The sample 
was loaded and the fraction was collected at a flow rate of 2 mL/min. 
The materials from affinity and ion-exchange chromatography were 
applied to a size exclusion chromatography on Superdex G 25 column 
to remove of NaCl. The concentration of protein in the fractions was 
evaluated by the method [6].

2.4. Electrophoretic Methods
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was performed in 10% polyacrylamide gel following the 
method of Laemmli [7]. The samples were heated at +95ºC for 1 min 
before electrophoresis. To calculate the molecular weight of proteins, a 
calibration kit (Bio Rad, USA) was used. The total amount of proteins 
loaded per lane was 20 µg.

Enzyme-electrophoresis was carried out as reported by Ostapchenko 
et al. [8]. The separating gel solution (15%) was polymerized in the 
presence of gelatin or fibrinogen (1 mg/mL). After electrophoresis, the 
gels were washed with 2.5% Triton X-100 for 1 h to remove SDS. 
To visualize active enzymes, the gels were kept for 12 h at +37°C 
in 50  mM Tris-HCl buffer pH = 7.5. The next day, the gels were 
stained with Coomassie Brilliant Blue R-250. Light areas on the dark 
background of the gel meant the presence of active enzymes.

2D-electrophoresis was carried out following the method [9]. The 
isoelectric focusing (IEF) was performed on Ettan IPGphor 2 IEF 
System with 7/24 cm Immobiline DryStrip Gels in gradient pH from 
3.0 to 10.0. Before IEF, the IPG dry strip was rehydrated in DeSteak 
Rehydration Solution with IPG Buffer, pH = 3.0–10.0 for 12 h at +20ºС. 
After IEF, the strips were equilibrated in a two steps procedure: first 

in 0.37 M Tris-HCl buffer, pH 8.8 with 6 M urea, 2% sodium dodecyl 
sulfate, 20% glycerol, and 0.13 M dithiothreitol; further – in the same 
buffer, in which dithiothreitol was replaced by 0.13 M iodoacetamide. 
Electrophoresis, in the second dimension, was performed according to 
the method described above.

2.5. Proteolytic Activity Determination
The proteolytic activity was measured in the reaction with casein as 
described in the method [10]. Casein (2%) in 50 mM Tris-HCl buffer, 
pH = 7.4 with 0.13 M NaCl, was incubated with the fraction (50 µg 
of total protein) at +37°C for 30 min. The reaction was terminated by 
addition of 7% trichloroacetic acid. After 15 min, the samples were 
centrifuged (15,000, 30 min). The optical density was measured at 
280 nm against the blank, in which the sample was replaced with the 
buffer. In each experiment (n = 6), all samples were tested in triplicate.

2.6. Chromogenic Assay
Activity against N-α-benzoyl-DL-Arg-p-nitroanilide (BApNA), Suc-
(Ala)2-Pro-Phe-pNA, and Suc-Ala-Ala-Ala-pNA were measured 
according to the method [11]. Reaction mixture consisted of 50 mM 
Tris–HCl (pH = 9.0) and the sample (20 µg of total protein). The 
reaction was initiated by the addition of correspondent substrate 
(0.3  mM). Production of p-nitroanilide (pNA) was measured by 
monitoring the increment in at 405 nm every 60 s for 60 min. The 
amount of released pNA was calculated using molar extinction 
coefficient for pNA (8800 M-1∙cm-1). In each experiment (n = 6), all 
samples were tested in triplicate.

2.7. Determination of Class Specificity of the Obtained Enzymes
Effect of soybean trypsin inhibitor (SBTI) on the enzyme activity in 
the obtained fraction was determined. The fractions were preincubated 
with SBTI (1 mg/mL) for 15 min at +4°C. After incubation, 2% casein 
was added to the reaction mixture, and residual enzyme activity was 
determined. Appropriate control (without the addition of inhibitor) 
was done in parallel. The percentage of inhibition was calculated as 
(1-[Vi/V0]) × 100, where Vi - the enzyme activity in the presence of 
SBTI and V0 – the enzyme activity without the addition of SBTI.

2.8. Determination of pH and Temperature Optimum
To determine the temperature optimum, the fraction of serine proteases 
was incubated at pH = 7.4 in 50 mM Tris-HCl buffer with 0.13 M NaCl 
at various temperatures (+4–80 °C) and the proteolytic activity was 
determined afterward using 2% casein as a substrate. The optimum pH 
was determined by monitoring enzyme activity at various pHs (from 
2.0 to 13.0). The following buffer systems were used: 50 mM citric 
acid/sodium citrate (pH = 2.0–5.0); 50 mM Tris-HCl (pH = 6.0–8.0); 
and 50 mM glycine (pH = 9.0–13.0).

2.9. Statistical Analysis
The statistical analysis was performed using the Statistical Package 
for the Social Sciences (SPSS 11.0, 2001) software. The data were 
expressed as mean ± SD.

3. RESULTS AND DISCUSSION

Although serine proteases could be isolated from various sources, 
there are few reports on the purification of serine enzymes from 
marine organisms, in particular the hydrobionts of the Antarctic 
region. In general, the procedure of the isolation of enzymes consists 
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of several steps that combine different approaches. However, in the 
present study, we sought to find an effective and time-saving one-step 
method for the isolation of the fraction enriched in serine proteases. 
Ion exchange and affinity chromatography were compared to find a 
more appropriate way to isolate serine proteases from jellyfish.

The first approach to isolate the fraction of serine protease included 
DEAE-sepharose ion-exchange chromatography. To find out the 
optimal parameters, the samples were loaded on a DEAE-sepharose 
column at pH 7.4 and 10.0. Elution was performed with step gradient 
at 25%, 40%, and 100% NaCl and three fractions were isolated. The 
presence of active enzymes was checked by enzyme-electrophoresis 
using gelatin as substrate. According to our results, the enzymatic 
activity against gelatin was found only in the fractions eluted with 
25% NaCl [Figure 1a]. However, in the case of chromatography on 
DEAE-sepharose at pH = 7.4, the areas of hydrolysis were more 
pronounced and were located along the entire length of the track. 
The chromatography on DEAE-sepharose at pH = 10.0 has revealed 
the presence of active enzymes with a molecular weight of more than 
45 kDa. Given our previous results on the presence in the tissues of 
hydrobionts of enzymes capable of cleaving fibrinogen [12], as well 
as the result of Bae et al. [13], which revealed a chymotrypsin-like 
serine protease with fibrinolytic activity in the venom of jellyfish, 
all obtained fractions were tested by enzyme-electrophoresis with 
fibrinogen. To date, the search for available sources of fibrino(geno)

lytic enzymes is quite relevant. The literature review shows that 
enzymes with fibrino(geno)lytic activity may be promising agents 
for the treatment of pathologies associated with excessive thrombus 
formation. Our findings indicated the presence of fibrino(geno)
lytic enzymes in the tissue of jellyfish, as evidenced by the clear 
area on the electropherogram of the lyophilized sample [Figure 1b]. 
According to the data of enzyme-electrophoresis, both fractions 
eluted with 25% NaCl contained proteins which possessed 
fibrino(geno)lytic activity. In addition, in the fraction eluted with 
100% NaCl (chromatography on DEAE-sepharose at pH = 7.4), 
trace fibrino(geno)lytic activity was detected. Comparing the 
results of enzyme-electrophoresis using gelatin and fibrinogen as 
substrates, it can be concluded that not all enzymes presented in 
the fractions possess fibrino(geno)lytic activity. Only those whose 
molecular weight is about 60–70 kDa.

Then, the effectiveness of CM-sepharose ion-exchange chromatography 
for the isolation of serine proteases was also tested. The purified 
homogenate was loaded onto a column of CM-sepharose column in 
10 mM glycine, pH = 5.0. Under these conditions, all proteins with 
isoelectric points below pH = 5.0 adsorbed to the functional groups of 
the carrier. At the stage of protein elution, a step gradient with the same 
buffer was applied. As a result, three protein fractions were separated. 
Following the established algorithm, all fractions were checked for the 
presence of active enzymes. As in the previous results, the enzyme-
electrophoresis using gelatin as a substrate revealed the presence of 
active enzymes in the fraction eluted with 25% NaCl [Figure 2a]. 
Slight activity was also found in the fraction eluted with 100% NaCl. 
The applied method was not suitable to isolate enzymes capable of 
cleaving fibrinogen since no activity was detected when fibrinogen 
was used as a substrate in enzyme-electrophoresis.

The effectiveness of the applied chromatographic approaches was 
also monitored by determining the proteolytic activity against casein 
for each fraction. As shown in Table 1, proteolytic activity was 
predominantly associated with fractions eluted with 25% NaCl. The 
highest activity of 22.34 ± 1.10 rel.units∙(mg of protein)-1 was found 
in the fraction eluted from the CM-cellulose column with 25% NaCl. 
Comparing the results of determination of the proteolytic activity using 
casein with the results of enzyme-electrophoresis, some inconsistencies 
were revealed. Thus, in some fractions, despite the absence of areas 
of hydrolysis on electropherograms, the activity against casein was 
detected. This can be explained by the different substrate specificity 

Figure 1: Enzyme-electrophoregrams of the fractions isolated by ion-exchange chromatography on diethylaminoethyl -sepharose at pH = 7.4 and pH = 10.0: 
(a)  Gelatin as a substrate, (b) Fibrinogen as a substrate; М1 and М2 – Molecular weight markers; 1 – Primary sample; 2 – Unbound fraction; 3 – Fraction eluted 

with 25% NaCl; and 4 – Fraction eluted with 40% NaCl; 5 – Fraction eluted with 100% NaCl. The total amount of protein per well was 20 µg.

ba

Figure 2: Enzyme-electrophoregrams of the fractions isolated by ion-
exchange chromatography on carboxymethyl-sepharose at pH = 5.0 using 

gelatin (a) and fibrinogen (b) as a substrate: М1 and М2 – Molecular weight 
markers; 1 – Primary sample; 2 – Unbound fraction; 3 – Fraction eluted with 
25% NaCl; 4 – Fraction eluted with 40% NaCl; and 5 – Fraction eluted with 

100% NaCl. The total amount of protein per well was 20 µg.

ba
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of the enzymes – some of them can cleave casein, which, however, do 
not have activity against gelatin.

In general, ion exchange chromatography is not a specific tool for the 
isolation of serine proteases since purification is based on the difference 
in the isoelectric points of the separated proteins, and not on the 
structural features of the active site of enzymes or specific interactions 
with ligands. Therefore, to check whether purified fractions include 
serine proteases, an analysis with SBTI, which is an inhibitor of serine 

Table 3: Proteolytic activity and activity against chromogenic substrates for serine proteases in the fraction purified from the jellyfish of the Antarctic region by 
affinity chromatography (M±m, n=6).

Obtained 
fraction

Proteolytic activity,
rel.units∙(mg of protein)-1

Activity against chromogenic substrates,
µmol pNA∙(min∙mg protein)-1

BApNA Suc-(Ala) 2-Pro-Phe-pNA Suc-Ala-Ala-Ala-pNA

Purified fraction 25.45±1.25 126.0±5.5 - -

Table 1: Proteolytic activity in the fractions purified from the jellyfish of the Antarctic region by ion-exchange chromatography (M±m, n=6).

Obtained fraction CМ‑sepharose,
рН=5.0

DEAE-sepharose,
рН=7.4

DEAE-sepharose,
рН=10.0

rel.units∙(mg of protein)-1

Fraction eluted with 25% NaCl 22.34±1.10 13.27±0.51 13.79±0.73

Fraction eluted with 40% NaCl 19.82±0.92 0.27±0.01 0

Fraction eluted with 100% NaCl 0 0 7.51±0.25
DEAE-sepharose: Diethylaminoethyl-sepharose, CM-sepharose: Carboxymethyl-sepharose.

Table 2: Effect of inhibitor SBTI on the enzymatic activity in the fractions purified from jellyfish of the Antarctic region by ion-exchange chromatography 
(M±m, n=6).

Obtained fraction CМ‑sepharose,
рН=5.0

DEAE-sepharose,
рН=7.4

DEAE-sepharose,
рН=10.0

Residual activity, %

Fraction eluted with 25% NaCl 60±3.0 75±3.5 55±2.5

Fraction eluted with 40% NaCl 85±3.0 95±4.5 100±4.5

Fraction eluted with 100% NaCl 100±4.5 100±4.5 85±2.5
DEAE-sepharose: Diethylaminoethyl-sepharose, CM-sepharose: Carboxymethyl-sepharose, SBTI: Soybean trypsin inhibitor

Figure 3: Isolation of serine proteases from the jellyfish of the Antarctic region: (a) Chromatogram of the purification of serine proteases by affinity 
chromatography on benzamidine-sepharose column and (b) electropherogram of the isolated fraction: М – Molecular weight markers; 1 – Unbound fraction and 

2 – the fraction of serine proteases.

ba

proteases, particularly trypsin and other trypsin-like proteases, was 
done. The data obtained indicated that the fractions eluted with 25% 
NaCl consisted mainly of serine proteases since the degree of inhibition 
of proteolytic activity was the most pronounced. Thus, a serine-specific 
inhibitor of SBTI caused inhibition of enzyme activity by 40%, 25%, 
and 45% in fractions purified by CM-sepharose, pH = 5.0, DEAE-
sepharose, pH = 7.4 and DEAE-sepharose, and pH  =  10.0, respectively 
[Table 2]. It should be noted that the absence of complete inhibition 
of proteolytic activity means the presence in the fractions of enzymes 
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Taking into account the results of this stage, it was reasonable to 
apply a more specific method for purification of the serine protease 
fraction from tissue of jellyfish. For this, affinity chromatography 
was chosen. Due to the high selectivity for trypsin and trypsin-like 
enzymes, the affinity sorbent benzamidine sepharose is widely used 
for the purification of serine proteases. The elution profile of the serine 
proteases from benzamidine-sepharose column is shown in Figure 3a. 
On the SDS-PAGE electropherogram [Figure 3b], the isolated fraction 
consisted of several protein bands with molecular weights in the region 
of 14–90 kDa; the most pronounced bands had a molecular weight 
of 45 and 30 kDa. Enzyme-electrophoresis assay using gelatin as 
substrate revealed a complex profile of serine proteases. Considering 
the distribution of the areas of hydrolysis over the entire track, active 
enzymes of different molecular weight can be present in the isolated 
fraction [Figure 4a]. In the case of fibrinogen as a substrate, enzymatic 
activity was observed at region that correspond to high molecular 
weight proteins [Figure 4b]. It should be noted that most serine 
proteases have a molecular weight in the region of 30 kDa. However, 
the presence of enzymes with a molecular weight of 68 kDa and higher 
has also been reported [14,15].

The proteolytic activity using casein as substrate was also estimated. 
According to the data [Table 3], the proteolytic activity in the fraction 
purified by affinity chromatography was twice higher than that in 
the fractions obtained by ion-exchange chromatography on DEAE-
sepharose and was the same as the activity in the fraction obtained 
by chromatography on CM-sepharose. In addition, chromogenic 
substrates specific for different types of serine proteases have been 
used to determine which type of proteases isolated from jellyfish 
are. The activity against BApNA, which is a substrate for trypsin or 
trypsine-like enzymes, was 126.0 ± 5.5 µmol pNA∙(min∙mg protein)-1. 
The enzymes have no specificity for Suc-(Ala)2-Pro-Phe-pNA and 
Suc-Ala-Ala-Ala-pNA that are substrates for chymotrypsin and 
elastase, respectively. Thus, the isolated fraction consists of trypsin-
like serine proteases.

To further characterize the serine proteases from the jellyfish of the 
Antarctic region, 2D-electrophoresis was performed. As shown in 
Figure 5, the fraction eluted from benzamidine sepharose includes 
proteins with pI at pH = 3.0 (116 kDa and 66 kDa) and 5.0–6.0 (66 kDa 
and 50 kDa); however, most proteins have pI at 9.0 (116–14 kDa). 
This clearly indicates that proteins in the fraction of serine proteases 
presented by anionic, neutral, as well as alkali forms. At the same 
time, these data can explain an inefficiency of using ion-exchange 
chromatography as the main approach to obtain a fraction of serine 

Figure 4: Enzyme-electrophoregrams of the fraction isolated by affinity 
chromatography on benzamidine-sepharose using: (a) Gelatin as a substrate; 
(b) Fibrinogen as a substrate; М1 and М2 – Molecular weight markers; 1 – 
The fraction of serine proteases. The total amount of protein per well was 

20 µg.

Figure 5: 2D-electropherogram of the fraction of serine proteases purified 
from the jellyfish of the Antarctic region: М – Molecular weight markers 

(200; 116; 97; 66; 55; 45; 36; 29; 24; 20; 14 and 6 kDa).

Figure 6: Temperature (a) and pH (b) optimum of serine proteases from the jellyfish of the Antarctic region. Each symbol represents the mean of three replicates 
(n = 6). Vertical bars indicate standard errors of the means.

other than serine proteases. The % of inhibition in the fractions eluted 
with 40% NaCl (for CM-sepharose, pH = 5.0 and DEAE-sepharose, 
pH = 7.4) and 100% NaCl (for DEAE-sepharose, pH = 10.0) was not 
sufficient to consider these fractions enriched in serine proteases.

ba

ba
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proteases from the jellyfish of the Antarctic region. According to the 
literature data, the isoelectric points of the most common hydrolytic 
enzymes of hydrobionts, namely, trypsin-like enzymes, are in the 
range of acidic pH values [16,17]. In amphibians and birds, trypsins 
are represented by both acidic and alkaline proteins, but anionic 
trypsins predominate quantitatively. In contrast, mammalian trypsins 
and chymotrypsins, as well as microbial serine proteases, typically 
have isoelectric points at pH = 9.0–11.0.

The influence of temperature on the activity of enzymes was 
investigated. The enzymes were found to remain activity from +5°C 
to +80°C [Figure 6a]. However, the highest activity was detected at 
+55ºC. This value was higher than that reported for canonical trypsin 
(+40°–45°С) or for enzymes of many psychrophilic organisms (+20–
45°С). At the same time, temperature optimum for serine proteases 
isolated from the jellyfish of the Antarctic region coincided with the 
temperature optimum for other hydrobionts of this region, namely, 
the red king crab Paralithodes camtschatica and the Antarctic krill 
Euphausia superba [18,19]. The serine proteases isolated from the 
jellyfish of the Antarctic region were found to be active at pH = 5–13; 
however, the maximum enzymatic activity was detected at pH = 12.0. 
At this pH value, enzymes activity was two times higher than at pH = 
5.0–11.0. It has been established that serine proteases isolated from the 
jellyfish of the Antarctic region were active in the pH range from 5 to 
13; however, maximum enzymatic activity was detected at pH = 12.0. 
At this pH value, the enzyme activity was two times higher than at pH 
= 5.0–11.0. The data on the highest enzymatic activity at extremely 
alkaline pH values allow us to consider jellyfish serine proteases as 
alkaline proteases. In general, the main source of alkaline enzymes 
are microorganisms, especially bacteria and fungi. According to the 
literature data, the optimal pH for alkaline proteases of various species 
of Bacillus sp. is within pH = 10.0–11.0; however, for some organisms, 
this value is even in around 12.0–13.0 [20].

Taking into account obtained results, the effectiveness of serine 
proteases isolated from jellyfish was studied under the condition of 
their long-term incubation at acidic, neutral, and strongly alkaline 
pHs. The enzyme-electrophoretic analysis using gelatin as a substrate 
revealed that serine proteases from jellyfish maintain their activity at 
all pH values; however, the highest degree of hydrolysis was observed 
at pH = 12.0 [Figure 7].

Figure 7: The proteolytic activities of serine proteases from the jellyfish 
of the Antarctic region after long-term incubation at different pH. The total 

amount of protein per well was 5 µg.

4. CONCLUSION

In this work, several chromatographic approaches were tested to find 
the effective and time-saving method for the purification of serine 
proteases from the jellyfish of the Antarctic region. Taking into 
account obtained results on the distribution of trypsin-like activity 
among all isolated fractions, both anionic- and cationic ion-exchange 
chromatography cannot be recommended as an excellent tool for the 
isolation of serine proteases. The serine enzymes from the jellyfish 
of the Antarctic region was isolated by affinity chromatography on 
benzamidine-sepharose. The fraction consists of enzymes with a 
molecular weight of more than 30 kDa and isoelectric points at pH = 3.0; 
5.0–6.0, and pH = 9.0. The jellyfish serine proteases likely belong to 
the trypsin family; among them, some high-molecular weight enzymes 
exhibit fibrino(geno)lytic activity. This opens up prospects for the use 
of jellyfish serine proteases to create pharmaceuticals for the diagnosis 
and prevention of thrombotic complications. In addition, the enzymes 
showed the highest proteolytic activity at +55°C and pH = 12.0, which 
indicates the possibility of commercial use of jellyfish serine proteases 
in the industries requiring a highly alkaline conditions.
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