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Due to intense fishing unobservant of fishing regu�
lations, the numbers of the Far Eastern trepang Apos�
tychopus japonicus (Selenka, 1867) have decreased sig�
nificantly throughout its range. Since the numbers of
these invertebrates cannot be recovered by natural
reproduction, maricultural cultivation is evidently
necessary [1].

In spite of the obvious advantages of marine farms,
decreased immunity of hydrobionts and susceptibility
to diseases are common under such conditions, result�
ing from continuous presence of stress factors (high
biomass load per volume, organic contamination of
the medium, and gradients of oxygen concentration)
[2]. Application of antibiotics is not always efficient
and results in deficiencies of microorganisms, includ�
ing those involved in food digestion. The application
of preparations based on probiotics, i.e., living micro�
organisms and/or compounds of microbial or other
origin that exhibit a favorable effect on the physiolog�
ical functions, biochemical, and behavioral reactions
of the host organisms by optimization of its microbial
status is among the possible approaches to health pres�
ervation and number recovery of the Far Eastern
trepang [3]. Several mechanisms of the favorable effect
of probiotics on the organisms are known, including
the synthesis of digestive enzymes that improve the
activity of the gastrointestinal tract [4]. The organisms
involved in such symbiotic relations with hydrobionts
may facilitate digestion of such difficultly assimilated
natural polymers as chitin, alginates, chondroitin sul�

fate, etc., which arrive at the trepang’s digestive tract
with sediments and debris of marine animals and
algae.

Data on the qualitative composition of the microf�
lora of the Far Eastern trepang are presently scarce [5],
while information concerning the enzymes synthe�
sized by the holothurians' microflora is completely
absent.

The goal of the present work was to isolate the
strains of the trepang microflora that exhibit high
activities of digestive enzymes (amylase, chitinase,
chondroitin sulfatase, and alginate lyase) for subse�
quent application as probiotics for the cultivation of
hydrobionts under industrial conditions.

MATERIALS AND METHODS

Isolation and identification of the microflora of the
Far Eastern trepang. For investigation of the microf�
lora of the Far Eastern trepang (Apostychopus japoni�
cus), in 2004 and 2006 adult specimen were collected
from the coastal zone of the Popov Island (five) and
the Kievka Bay in the Sea of Japan, (Primorskii krai,
Russia) (eight). The intestines of the trepangs were
aseptically removed and placed into individual peni�
cillin vials with liquid CMM medium (medium for
marine microorganisms) [6]. Enrichment cultures
were obtained by 24�h incubation at 30°C; the mate�
rial was then spread�inoculated on CMM agar and
incubated for two days under the same conditions.
Material from morphologically different isolated col�
onies was then transferred to slanted CMM agar with
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a microbiological loop. The enzymatic activity of pure
cultures was determined by inoculation on solid and
liquid media with chitin [7], sodium alginate [8],
starch, and chondroitin sulfate [9]. The strain exhibit�
ing activities on these media were identified using the
API biochemical tests (bioMerieux, France).

Determination of amylase and chondroitin sulfatase
activities. For qualitative assessment of amylolytic and
chondroitin sulfatase activity, the strains were inocu�
lated on plates with mineral–salt agar media with
starch and chondroitin sulfate, respectively. The culti�
vation was carried out for three days at 30°С. Lugol’s
solution was then poured over the plates. On starch
media, transparent zones were visualized around the
colonies; on chondroitin sulfate media, the zones of
substrate hydrolysis around the colonies were revealed.

For qualitative determination of enzyme produc�
tivity, 24�h cultures of the isolates exhibiting activity
on solid media were used to prepare suspensions (2 ×
109 cells/ml), which were resuspended in CMM
medium and incubated on a shaker at 30°С for two
days. The enzymatic activity was determined by the
Somogyi method [10]. An aliquot of the culture liquid
(0.5 ml) obtained by 5�min centrifugation at 10000 g
was supplemented with 4.5 ml of the substrate (1 g
starch or 1 mg chondroitin sulfate per 100 ml buffer for
respective enzymatic activities). In the control, dis�
tilled water was used instead of the culture liquid. After
shaking for 30 min at 37°С, the samples were boiled for
5–10 min. The solution (1 ml) was supplemented with
a 1 ml of solution A (Na2CO3, 24 g; H2O, 200 ml;
NaHCO3, 16 g; H2O, 200 ml; CuSO4, 4 g; H2O, 200 ml;
Na2SO4, 180 g), and the test tubes were boiled in a
water bath for 20 min. After cooling, 1 ml of solution
B ((NH4)6 ⋅Mo7O24 ⋅ 4H2O, 25 g; H2O, 450 ml; Н2SO4,
22 ml; Na2HAsO4, 3 g; H2O, 25 ml) was added. The
stain developed after 1 min; the samples were then
supplemented with 7 ml of distilled water and OD620
was determined. The amount of enzymes forming
1 μmol/ml glucose during 1 min under experimental
conditions was accepted as a respective unit of amylase
and chondroitin sulfatase activity.

Determination of chitinolytic activity. Chitinolytic
activity was assayed in dynamics (after 2, 4, 7, and
9 days) as zones of hydrolysis on agar medium with
chitin as the only source of carbon and nitrogen.

For further investigation of bacteria exhibiting
activity on solid media, bacterial suspensions (2 ×
109 cells/ml) of 24�h cultures were inoculated to liquid
medium with native chitin (10 g/l) and incubated on a
shaker for 9 days [7]. Chitinolytic activity was deter�
mined in dynamics after 2, 4, 7, and 9 days by the
modified colorimetric method of N�acetylaminosugar
determination [11]. The optical density of the media
was determined spectrophotometrically at 582 nm.
The content of reducing sugars was calculated from
the calibration curve obtained with N�acetyl�D�glu�
cosamine as a standard. Chitinase activity was
expressed in 1�mg reducing sugars formed by hydroly�

sis of colloidal chitin with 1 ml of the culture liquid
during 1 h at 37°С (mg/(ml h)).

Determination of alginate lyase activity. For quali�
tative assessment of alginate lyase activity, agarized
medium with sodium alginate was used and substrate
hydrolysis around the colonies was determined 2, 3,
and 4 days after inoculation. Bacterial suspensions
(2 × 109 cells/ml) prepared from 24�h cultures exhib�
iting activity on solid media were used to inoculate liq�
uid medium with sodium alginate (10 g/l); the cultures
were then incubated on a shaker for 4 days at 30°С [8].
The culture liquid was obtained after centrifugation,
and the enzymatic activity was determined by the vis�
cosimetric method, as changes in viscosity of a 0.3%
sodium alginate solution in Tris⎯HCl buffer with 1.9%
NaCl. The reaction mixture contained 10 ml of
sodium alginate solution and 1 ml of the culture liquid.
The mixture containing 1 ml of the buffer instead of
the culture liquid was used as the control. The mea�
surements were carried out with an Ostwald viscosim�
eter. Changes in viscosity were determined after
20 min of enzymatic action at 37°С. The decrease in
relative viscosity was calculated from the equation:

η = (tk – t0)/tk × 100%,

where tk is the flow time for the control solution (10�ml
sodium alginate and 1�ml buffer solution) and t0 is the
flow time for the experimental solution.

RESULTS AND DISCUSSION

Isolation and identification of the trepang microf�
lora. From the intestines of Far Eastern trepangs col�
lected at the coastal zone of the Popov Island and the
Kievka Bay, a total of 67 strains were isolated (26 and
41, respectively) and used to determine their capacity
for decomposition of starch, chondroitin sulfate,
chitin, and sodium alginate. The strains able to syn�
thesize the relevant enzymes were identified by bio�
chemical methods.

Amylase activity. Numerous species of marine bac�
teria are able to degrade starch; their activity is usually
within the range of 0.001–1.343 U (μmol/(ml min))
[12]. Among our 67 isolates, only 8 (about 12%)
exhibited a degree of enzymatic activity (Table 1).
Among the strains from the intestines of the Popov
Island trepangs, the strains of Aeromonas hydrophila
and Pseudomonas stutzeri had the highest capacity for
starch hydrolysis, exhibiting both good growth on
solid media (8� and 10�mm hydrolysis zones) and high
amylase activities (0.382 and 0.337 U, respectively).
The strain of Enterobacter intermedius hydrolyzed the
substrate relatively weakly (4 mm) and had low
enzyme activity (0.046 U).

Among the strains from the intestines of the Kievka
Bay trepangs, the strains of Bacillus coagulans and
B. megaterium K13 exhibited the most active starch
hydrolysis, with amylase activity of 0.587 and 0.593 U,
respectively. High levels of starch decomposition were
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also found in three other strains with amylase activities
of 0.327–0.455 U, in accordance with the results
obtained on solid media (7� to 9�mm hydrolysis
zones). These higher levels of enzyme activity are
probably not accidental and result rather from the
higher carbohydrate content in the silt–sandy sedi�
ments of Kievka Bay compared to the stone–sandy
sediments of Popov Island [13]. These characteristics
of the environment result in intense development of
specific microflora capable of active starch decompo�

sition on the surface of silt–sandy sediments and,
therefore, in the intestines of detritus consumers.

Chondroitin sulfatase activity. Only four strains of
our collection (about 6%) isolated from the Popov
Island trepangs were able to grow on the medium with
chondroitin sulfate: P. stutzeri, P. putida, P. fluore�
scens, and B. pumilus (Table 2).

Table 2 demonstrates that the strains of B. pumilus
and P. stutzeri exhibited high enzymatic activity (0.412
and 0.387 U, respectively) and were able to efficiently
decompose the substrate, in accordance with the
results obtained on solid media. Production of extra�
cellular chondroitin sulfatase by the strains of P. putida
and P. fluorescens was relatively weak (activity of 0.146
and 0.124 U, respectively); this result explains the low
degrees of chondroitin sulfate hydrolysis on solid
media.

According to the literature, chondroitin sulfatase
activity in the range from 0.001 to 0.643 U is usually
found in bacteria associated with benthic vertebrates
and invertebrates [12]. In our study, the enzymatic
activity of bacteria isolated from the holothurians was
0.124–0.412 U, i.e., these microorganisms exhibited
relatively high capacity for hydrolysis and assimilation
of chondroitin sulfates, a component of vertebrate
connective tissue.

None of the strains isolated from the Kievka Bay
holothurians possessed chondroitin sulfatase activity.
This may be explained by the presence of endogenous
enzymes in the animals. While detritus of animal ori�
gin is known to be efficiently utilized by the trepang
[14], the nature of the enzymes involved in this process
remains unknown. The intestinal cells of the trepangs
from both sites are probably able to produce chon�
droitin sulfatase; in the Popov Island holothurians,
however, enzymes of bacterial origin contribute signif�
icantly to assimilation of detritus of animal origin.

Chitinase activity. Chitinase activity was assayed in
dynamics (after 2, 4, 7, and 9 days) as hydrolysis zones
around the colonies on agar media with colloidal
chitin as the only source of carbon and nitrogen
(Table 3).

Only four strains (about 6% of the collection) from
the Popov Island trepangs exhibited some degree of
chitin hydrolysis around the colonies. Similarly to

 
Table 1.  Quantitative assessment of amylolytic activity of the
trepang microflora from the coastal waters of Popov Island
and Kievka Bay

Bacterial species
Zone of substrate 
hydrolysis around 
the colonies, mm

Amylase
activity, U

(µmol/(ml min))

Popov Island

Aeromonas hydrophila 10 0.382 ± 0.021

Enterobacter intermedius 4 0.046 ± 0.009

Pseudomonas stutzeri 8 0.337 ± 0.011 

Kievka Bay

Bacillus coagulans 10 0.587 ± 0.016

B. megaterium K13 12 0.593 ± 0.024

B. subtilis 7 0.327 ± 0.031

B. megaterium K20 9 0.455 ± 0.027

B. circulans 8 0.441 ± 0.021

Table 2.  Quantitative assessment of chondroitin sulfatase activity
of bacteria isolated from the Far Eastern trepang (Popov Island)

Bacterial species
Zone of substrate 
hydrolysis around 
the colonies, mm

Chondroitin sulfa�
tase activity, U 

(mmol/(µl min))

Pseudomonas stutzeri 6 0.387 ± 0.012

P. putida 4 0.146 ± 0.016

P. fluorescens 4 0.124 ± 0.026

Bacillus pumilus 8 0.412 ± 0.032

Table 3.  Quantitative assessment of chitinolytic activity of bacteria isolated from intestines of the trepang Apostychopus japonicus (Popov
Island)

Bacterial species

Zone of substrate hydrolysis around 
the colonies, mm Chitinolytic activity, U (mg/(ml min))

day 2 day 4 day 7 day 9 day 2 day 4 day 7 day 9

Enterobacter hormaechei 1 3 3 3 0.15 ± 0.02 0.27 ± 0.07 0.29 ± 0.01 0.12 ± 0.02

Pseudomonas stutzeri 4 6 8 8 1.13 ± 0.06 1.78 ± 0.02 2.09 ± 0.05 1.71 ± 0.05

Bacillus pumilus 1 3 3 3 0.02 ± 0.01 0.56 ± 0.02 0.87 ± 0.03 0.61 ± 0.01

P. fluorescens 1 3 3 3 0.51 ± 0.04 0.64 ± 0.01 0.55 ± 0.05 0.38 ± 0.02
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chondroitin sulfatase activity, the absence of chitinases
in bacteria from the Kievka Bay holothurians may
result from the presence of endogenous enzymes in the
trepangs from this site.

Although the mentioned bacterial strains exhibited
activity on the second day of cultivation, the highest
chitinase synthesis was observed on the fourth and sev�
enth days, similarly to the results of other authors
[15, 16]. The most pronounced hydrolysis zones
were observed around P. stutzeri colonies (4–8 mm);
in the case of other strains, activity was relatively low
(1–3 mm) and decreased after 4 days.

For quantitative determination of chitinase activity
in dynamics (2, 4, 7, and 9 days), 24�h cultures grown
on solid medium were inoculated into the medium
with ground native chitin. Activity was determined as
the amount of reducing sugars resulting from hydroly�
sis of colloidal chitin using the colorimetric reaction
with 3,5�dinitrosalycilic acid. The results are pre�
sented in Table 3.

The ability to produce chitinases is known to occur
primarily in members of the genera Aeromonas, Bacil�
lus, Pseudomonas, Vibrio, Clostridium, Serratia, etc.
Microbial chitinase activity, depending on the source
of isolation and individual characteristics of microor�
ganisms, may vary from 0.015 to 2.4 U [7, 17–20]. The
highest enzyme activity (1.72–2.4 U) was observed in
bacteria isolated from the gastrointestinal tract of
marine fish and invertebrates.

Our investigation demonstrated that, in the case of
P. fluorescens, activity peaked on the fourth day
(0.64 U) and was significantly lower on the seventh day
(0.55 U). For other strains, the content of reducing
sugars peaked on the seventh day and decreased on the
ninth day of the experiment. The P. stutzeri strain pro�
duced the highest amount of reducing sugars (1.13–
2.09 U); this is in accordance with the results obtained
on agar medium with chitin (hydrolysis zones up to
8 mm). The Enterobacter hormaechei strain exhibited
low activity both on solid (1–3 mm) and in liquid
medium (0.12–0.29 U).

Alginate lyase activity. Qualitative assessment of
alginate lyase activity was carried out on agar medium

with sodium alginate by monitoring substrate hydroly�
sis around the colonies after 2, 3, and 4 days. The
results are presented in Table 4.

Out of 67 strains, only 7% exhibited alginate lyase
activity, two from the Popov Island trepangs (P. stutzeri
and P. fluorescens) and three from the Kievka Bay
(B. coagulans, B. megaterium K13, and B. subtilis). In
all those strains, the enzymatic activity was highest on
the third day (hydrolysis zones of 3–8 mm). No qual�
itative changes in activity were observed on plates on
the fourth and subsequent days of incubation.

Quantitative assessment of alginate lyase activity
was carried out by the viscosimetric method by a
decrease in the viscosity of 0.3% sodium alginate solu�
tion. Bacteria carried out the most efficient decrease
in the viscosity of the test solution on the third day, in
accordance with the results obtained on solid medium
(Table 4).

Of five strains, P. stutzeri, B. coagulans, and
B. megaterium K13 exhibited the highest levels of algi�
nate lyase activity (75.4, 78.1, and 73.6%, respec�
tively). The other two strains (P. fluorescens and
B. subtilis) were significantly less efficient (29.7 and
31.2%).

It is known from the literature that alginate lyase
activity occurs mostly in bacterial commensals, rather
than in free�living microorganisms. According to
Vydryakova et al. [18], the Vibrio harvei strains isolated
from fish intestines and algal surface exhibited the
highest efficiency (viscosity decrease by over 70%),
while the strains from seawater were the least efficient
(viscosity decrease by less than 5%). This was an indi�
cation of involvement of luminous bacteria V. fisheri in
the transformation of plant biomass in deep seas, espe�
cially of their participation in plant biomass processing
in the gastrointestinal tract of marine organisms [18].

Comparison of our results with the published data
suggested that the isolated strains play an important
part in processing and assimilation of vegetable food in
the trepang organism. We believe that the strains of
P. stutzeri, B. coagulans, and B. megaterium K13,
which exhibited the highest values of enzymatic activ�
ity, are the most promising as potential probiotics.

Table 4.  Quantitative assessment of alginate lyase activity of the trepang microflora

Bacterial species
Zone of substrate hydrolysis around the colonies, mm Viscosity decrease, %

day 2 day 3 day 4 day 2 day 3 day 4

Pseudomonas stutzeri 
Popov Island

3 6 6 55.3 ± 0.3 75.4 ± 0.7 75.1 ± 0.7

P. fluorescens
Popov Island

2 4 4 24.1 ± 0.2 29.7 ± 0.2 29.4 ± 0.2

Bacillus coagulans 
Kievka Bay

4 8 8 45.2 ± 0.8 78.1 ± 0.5 78.3 ± 0.5

B. megaterium K13
Kievka Bay

2 7 7 31.4 ± 0.3 73.6 ± 0.4 73.4 ± 0.2

B. subtilis
Kievka Bay

0 3 3 16.7 ± 0.6 31.2 ± 0.4 30.1 ± 0.4
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Thus, for the first time, the present work provided
information on the characteristics of the hydrolytic
enzymes of bacteria isolated from the Far Eastern
trepang Apostychopus japonicus. Of 67 strains, only
P. stutzeri exhibited activity of all the four investigated
enzymes. High activity of B. pumilus in hydrolysis of
chondroitin sulfate and chitin should be mentioned, as
well as of B. coagulans and B. megaterium K13 in
respect to starch and sodium alginate.

The materials presented in this work may be useful
both for further basic research in this field and for
practical applications in the mariculture of hydro�
bionts.
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