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BACTERIA OF THE BLACK SEA ARE PRODUCERS OF PROTEO-
LYTIC ENZYMES

Despite the fact that in recent years there has been a certain enhancing interest in the study of marine microorganisms,
nevertheless, marine bacteria as producers of biologically active substances, in particular enzymes, are still poorly.
studied. The marine biota is significantly different from the terrestrial one; therefore, there is a high probability of de-
tecting in the marine environment different from terrestrial bacteria producers of enzymes with unique specificity and
activity, for the needs of modern biotechnology. Proteolytic enzymes play an important role in these studies. Since the
majority of microbial producers are characterized by a number of serious deficiencies, in particular, most of the elastase
producers described in the literature are pathogenic for humans, the search for new, effective producers continues to
be an urgent problem, given that highly active producers of proteolytic enzymes, in particular elastase, are generally
absent in Ukraine. In this regard, the purpose of this work was to screen microorganisms isolated from the Black Sea
for the presence of effective producers of proteolytic enzymes. Methods. We used methods of determining proteolytic
(caseinilytic, elastolytic, fibrinolytic, fibrinogenolytic) activity. Results. The study of the enzymatic activity of the iso-
lates showed that on the 10th day of cultivation in the supernatant of the culture liquid, caseinolytic activity was not
detected only in one isolate 56, whereas very insignificant activity was observed in isolates 7, 20, and 50. The maxi-
mum activity was detected in isolate 247 (0.2 units/mL), and lower one - in isolates 46 (0.16 U/mL), 52 (0.15 U/mL),
51 (0.135 U/mL), 54 (0.08 U/mL), and 44 (0.05 U/mL). Of the 10 studied isolates, elastase activity was found only in
four of them. The highest activity was found in isolates 51 and 54 (20.83 and 19.96 U/mL, respectively). Lower levels
of activity (15.62 U/mL and 12.15 U/mL, respectively) were shown by isolates 52 and 247. The studied isolates also
differed in their ability to hydrolyze fibrin and fibrinogen. The highest fibrinolytic activity (2.33 U/mL) was found in
isolates 46 and 54, significantly lower in isolate 20 (0.5 U/mL) and isolate 44 (0.33 U/mL). The rest isolates did not
show fibrinolytic activity. As for fibrinogenolytic activity, it was noted in 6 studied cultures. The highest levels of activity
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were observed in isolate 51 (1.16 U/mL). Lower activity was found in isolates 54 (0.66 U/mL), 7 (0.5 U/mL), and 247
(0.33 U/mL). In isolate 50, it was minimal (0.083 U/mL). Conclusions. No correlation was found between elastase,
fibrinolytic and fibrinogenic activity in the studied isolates. Thus, isolates 51, 54 and, to a lesser extent, 52 and 247
synthesize elastase activity. The highest fibrinolytic activity was in isolates 46 and 54, and fibrinogenolytic activity was
in isolate 51. It was shown that the Black Sea is rich in marine bacterial species, which can be effective producers of a
number of practically important enzymes, in particular, proteolytic ones with specificity to elastin, fibrin, and fibrino-
gen, which can be promising for implementation in biotechnological processes.

Keywords: actinobacteria, the Black Sea, proteolytic activity.

Despite the fact that in recent years there has
been a certain enhancing interest in the study of
marine microorganisms, nevertheless, marine
bacteria as producers of biologically active sub-
stances, in particular, enzymes, are still poorly
understood. The marine biota is significantly
different from the terrestrial one; therefore, there
is a high probability of detecting in the marine
environment different from terrestrial bacteria
producers of enzymes with unique specificity
and activity, for the needs of modern biotech-
nology. Proteolytic enzymes play an important
role in these studies. The number of proteolytic
enzymes produced by industry in the world ex-
ceeds the output of all major enzymes that have
applications in biotechnological processes. They
are used in medicine, cosmetology, detergent
industry, food and leather industries, as well as
for the enzymatic synthesis of peptides. Howev-
er, despite the wide variety of natural enzymes,
their properties are often not optimal for techno-
logical processes [1—9]. Two approaches can be
used to solve this problem. The first is the search
for natural enzymes with suitable characteristics,
and the second is the targeted modification of
already-known and well-characterized proteins.
Although the second approach seems to be more
attractive, since it allows designing enzymes that
are optimal for a given biotechnological process,
the first approach makes it possible to find en-
zymes that are unique in their biological proper-
ties and specificity. It is impossible not to take
into account the ecological significance of such
works. The study of links in the fundamental
chain of biodiversity-biotechnology is also of
great importance.
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Since the majority of microbial producers are
characterized by a number of serious deficien-
cies, in particular, most of the elastase produc-
ers described in the literature are pathogenic for
humans, the search for new effective producers
continues to be an urgent problem, given that
highly active producers of proteolytic enzymes,
in particular elastase, are generally absent in
Ukraine.

In this regard, the purpose of this work was to
screen microorganisms isolated from the Black
Sea for the presence of effective producers of pro-
teolytic enzymes and to show that marine acti-
nobacteria may be promising enzyme producers.

Materials and methods. The objects were mi-
croorganisms obtained from the collection of
cultures of the Department of Microbiology of
L.I. Mechnikov Odesa National University. In to-
tal, 10 strains of bacteria isolated from the Black
Sea were studied.

For submerged fermentation, strains were cul-
tivated in Erlenmeyer flasks containing 100 mL
of a medium of the following composition
(g/L): KH,PO, — 1.0; MgSO,-7H,0 — 0.75;
ZnSO,-7H,0 — 0.25; (NH,),SO, — 0.5; malt-
ose — 1.0; gelatin — 10.0; yeast autolysate — 0.15,
pH 7.0. Cultures were grown at a temperature of
27 °C, under the conditions of rocking chairs
(210 rpm) for 10 days. At the end of fermenta-
tion, the biomass was separated by centrifugation
at 5000 g for 30 min. Enzymatic activities were
determined in the culture liquid supernatant.

The caseinolytic (total proteolytic) activity
was determined by the Anson method modi-
fied by Petrova [10]. Elastase activity was deter-
mined colorimetrically by the color intensity of
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the solution during the enzymatic hydrolysis of

elastin stained with Congo red using the Trom-
bridg G.O. et al. method [11] in Bondarchuk’s
modification [12]. The incubation mixture con-
tained 5 mg of elastin, 2.0 mL of 0.01 M Tris-
HCl bufter (pH 7.5) supplemented with 0.005 M
CaCl,, and 1 mL of the test drug solution. The
mixture was incubated for 5 hr at 37 °C. Non-
hydrolyzed elastin was separated by centrifu-
gation at 8000g for 10 min. The color intensity
was measured on an SF-26 spectrophotometer
at 515 nm. The activity was calculated from a
standard curve, which was obtained by measur-
ing the color of the supernatant from complete
enzymatic hydrolysis of known amounts of elas-
tin stained with Congo red. An activity unit was
taken as the amount of enzyme that catalyzes
the hydrolysis of 1 mg of the substrate for 1 min
under standard conditions.

Fibrinolytic and fibrinogenolytic activities
were determined by the recommended methods
[13] with fibrin and fibrinogen as substrates.

Protein concentration was determined by
the Lowry method [14]. The standard curve of
bovine serum albumin (BSA) (1 mg/mL) was
constructed.

All experiments were performed in no less
than 3—5 replications. Statistical processing of
the results of the experimental series was carried
out by standard methods using Student’s t-test at
the 5% significance level [15].

Results. The study of the enzymatic activ-
ity of the isolates showed that on the 10" day
of cultivation in the supernatant of the culture

Table 1. Depth coordinates of sampling points
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Fig. 1. Caseinolytic (total proteolytic) activity of bacte-
ria isolated

liquid, caseinolytic activity (Fig. 1) was not de-
tected only in one isolate 56, very insignificant
activity was observed in isolates 7, 20, and 50.
The maximum activity was detected in isolate
247 (0.2 U /mL) and lower one — in isolates 46
(0.16 U/mL), 52 (0.15 U/mL), 51 (0.135 U/mL),
54 (0.08 U/mL), and 44 (0.05 U/mL).

Of the 10 studied isolates, elastase activity was
found only in four of them (Fig. 2). The highest
activity was found in isolates 51 and 54 (20.83
and 19.96 U/mL, respectively). Lower levels of
activity (15.62 U/mL and 12.15 U/mL, respec-
tively) were shown by isolates 52 and 247.

The studied isolates also differed in their abil-
ity to hydrolyze fibrin and fibrinogen (Fig. 3).
The highest fibrinolytic activity (2.33 U/mL) was
found in isolates 46 and 54, significantly lower in
isolate 20 (0.5 U/mL) and isolate 44 (0.33 U/mL).
The rest isolates did not show fibrinolytic activ-
ity. As for fibrinogenolytic activity, it was noted

Coordinates
Strain Station Depth (m)
Latitude Longitude
7 242 1499 N 41°31.138 E 370 37.347
44, 50, 56 233 1537 N 41°32.670 E 37°37.460
20, 46, 247 258 1888 N 44° 37. 243 E 35°42.286
51, 052, 54 269 2080 N 44°17.329 E 35°0.081
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Fig. 2. Elastase activity of bacteria isolated
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Fig. 3. Fibrinolytic and fibrinogenolytic activity of bac-
teria isolated

in 6 studied cultures. The highest levels of activity
were observed in isolate 51 (1.16 U/mL). Lower
activity was found in isolates 54 (0.66 U/mL),
7 (0.5 U/mL), and 247 (0.33 U/mL). In isolate
50, it was minimal (0.083 U/mL). There was no
correlation between the levels of fibrinolytic and
fibrinogenolytic activities.

No correlation was found between elastase, fi-
brinolytic, and fibrinogenolytic activities in the
studied isolates. Thus, isolates 51, 54, and, to a
lesser extent, 52 and 247 synthesize elastase ac-
tivity. The highest fibrinolytic activity was in iso-
lates 46 and 54, and fibrinogenolytic activity was
in isolate 51.

Discussion. The task set in this work to screen
among microorganisms isolated from the Black
Sea for the presence of effective producers of
proteolytic enzymes is relevant both from funda-
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mental and practical aspects. Since the microor-
ganisms of the marine environment and bottom
sediments are poorly understood, the study of
their ability to synthesize physiologically active
substances can provide new knowledge about
the role of microflora in the life of organisms
inhabiting the Ocean and, ultimately, the func-
tioning of marine ecosystems. Moreover, the
identification of the features of the distribution
of bacterial protease producers can contribute
to a more successful search for these enzymes,
which in the future can serve as the basis for the
biotechnological production of enzymes with
given substrate specificity.

Earlier [16] in our study of the proteolytic
activity of 64 bacterial strains, both typical and
isolated from the water and invertebrates of the
Black Sea, it was shown that out of 9 studied
strains that showed significant general (casei-
nolytic) activity, 8 showed fibrinolytic activity
from 0.15 to 2.175 U/mL. The highest fibrino-
Iytic activity was found in Pseudoalteromonas
flavipulchra 11129 (2.175 U/mL) and Alteromo-
nas macleodii 11107 (2.1 U/mL). That is, we can
say that in terms of the fibrinolytic activity, the
studied isolates do not differ from the activ-
ity that we previously established for Pseudoal-
teromonas flavipulchra 11129 (2.175 U/mL) and
Alteromonas macleodii 11107 (2.1 U/mL). How-
ever, if none of the previously studied strains
had elastase activity, then out of 10 isolates
studied in this work, elastase activity was found
in four of them. The absence of elastase activity
in the strains we studied earlier was somewhat
unexpected since elastase hydrolyzes the insol-
uble fibrillar protein elastin, which is found in
the tissues of most vertebrates, including those
living in marine environments, which could be
due to the absence of any enzyme inducer in the
growth medium. This assumption is supported
by the data of the authors [9] that Bacillus pumi-
lis KMM 521 isolated from the water of the Pa-
cific Ocean synthesizes secreted elastase with
high specific activity and, unlike other elastases,
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the enzyme is not completely (but only by 25%)
inactivated by NaCl solution.

Equally important are our data on the pres-
ence of producers with fibrinogenolytic and fi-
brinolytic activity. Proteolytic enzymes with fi-
brinogenolytic activity can be considered as the
basis for the creation of drugs aimed at reducing
the threat of intravascular thrombosis by limited
proteolysis of fibrinogen, which circulates in the
patient’s bloodstream. In the case of targeted de-
livery, fibrinogenolytic enzymes can be used to
break down intravascular thrombi, which pre-
vent blood supply to organs in such patholo-
gies as myocardial infarction, ischemic stroke,
pulmonary embolism, etc. [1—9]. The unique
specificity of fibrinogenolytic enzymes makes

it possible to obtain, with their help, non-phys-
iological fragments of the fibrinogen molecule,
which, due to their power, are classified as physi-
ological products of plasmin hydrolysis. The ac-
tive functioning of the individual fragments of
the molecule can generate buds along with the
significance of marine isolates cells in protein-
protein and protein-cell interactions [3, 4].

Thus, as a result of the work carried out, it was
shown that the Black Sea, like the Pacific Ocean,
is rich in marine bacterial species, which can be
effective producers of a number of practically
important enzymes, in particular, proteolytic
ones with specificity to elastin, fibrin, and fibrin-
ogen. This can be promising for implementation
in biotechnological processes.
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BAKTEPII YOPHOT'O MOPS — IMPOJIYIEHTY [TPOTEO/IITUYIHNX ®EPMEHTIB

Hespakarouy Ha Te 11J0 B OCTaHHI POKM CIIOCTepira€TbcA IeBHE MOCUIEHHA iHTepecy 0 BUBYEHHSA MOPCHKUX Mi-
KpPOOpraHi3MiB, TMM He MEHII, MOPCbKi 6aKTepil AK IpORyLeHT! 6i0TOTiYHO aKTMBHUX PEYOBUH, 30KpeMa dep-
MEHTIB, Jjoci Masio BuBYeHi. Mopchka 6ioTa icTOTHO BifjpisHAETHCA Biff Ha3eMHOI, TOMY iCHY€ BennKa JIMOBipHICTD
BISIBJICHHSI B MOPCbKOMY CepeffOBUII BifMiHHIX Bif HaseMHUX GaKTepiil IPOAYLEHTIB (pepMeHTIB 3 YHIKaTbHOIO
crieruivHICTIO Ta aKTUBHICTIO, /s TOTPeb CydacHUX 6i0TeXHONIOril. BakuBy ponb y UMX FOCTIIKEHHAX Bifii-
rparoTh IpoTeonmiTnuHi pepmenT. OCKiNMbKM GiMbIIICTD MIKPOOHUX MPOAYIIEHTIB XapaKTePU3YIOTHCS PALOM Cep-
JI03HUX HEJOMIKIB, 30KpeMa O1/IbIIICTb ONMMCAHNX Y TiTepaTypi IPOAYLIEHTIB eIacTa3! € IaTOTeHHIMI J/Is JIIO[VHIA,
HONIYK HOBMX e(eKTVMBHUX MPOAYLEHTIB IIPOJOBXKYE 3aMMIIATUCA aKTYalbHOKI MPo6/IeMOI0, BPaXOBYIOUN BICO-
Ky aKTUBHICTb IIPOAYLEHTIB IPOTEOMTUYHNX (PepMeHTIB, 30KpeMa enactasy, sAKi B YKpaiHi B3arami BigcyTHi. ¥
3B’A3KY 3 IIMM MeTOI0 BaHOI po6oTy OyB CKpMHIHT BuAieHuX i3 YOpHOro MOpsA MiKpOOpraHisMiB Ha HasABHICTb
e(eKTUBHMX IPOAYLEHTIB NpoTeomiTnYHNX GepMeHTiB. MeTomm. BUKOprcTOByBaMM MeTOAM BU3HAYEHHA IPO-
TEOMITUYHOI (Ka3elHOMITUYHOI, enacTomTidHoi, PibpuHOTiTIUIHOI, Ta (Hi6PMHOreHOMITIYHOI) aKTUBHOCTI. Pe-
synbraTi. JoCmimKeHHs (hepMeHTaTMBHOI aKTUBHOCTI i30/ATiB MOKa3aso, mo Ha 10-Ty 7006y Ky/IbTUBYBaHHs B
CYII€PHATAHTI KY/IbTYPa/IbHOI PiJMHM Ka3eIHO/MITMYHA aKTUBHICTDh He BUABJIEHA JIMILIE B OGHOMY i30/1A4Ti 56, 1 jy>Ke
He3HayHa aKTUBHICTb cllocTepiranacs B isomsarax 7, 20 i 50. MakcumasbHa ak TUBHICTD BUsIB/IeHa B i307s1Ti 247 (0,2
oj1/Mi1), HibK4a — B isonsaTax 46 (0,16 on/mn), 52 (0,15 on/min), 51 (0,135 ox/min), 54 (0,08 om/mi) i 44 (0,05 ox /m).
3 10 mocmii>KeHNX i30/1ATiB aKTUBHICTD el1acTa3) BUABJIEHA JIMIIE Y YOTUPbOX 3 HuX. HaliBuiy akTMBHICTb BUABU-
v B i3omsATax 51 Ta 54 (BignosigHo 20,83 Ta 19,96 ox /m). Hiokui piBHi aktuBHOCTI (15,62 of /M i 12,15 of /mn
BifilOBiIHO) mOKasanu i3onatu 52 ta 247. JJocmimkeHi i30T TaKoX BiIpi3HAMNCA 3a 3[JAaTHICTIO TifipOIisyBaT
¢i6puH Ta GpibprHoren. Haitsuimy ¢ibpunonitnany aktuBHIcTS (2,33 of /M) BusABMIN B i30/sTax 46 Ta 54, 3Ha-
YHO HIDKYY — B isomsaTax 20 (0,5 ox /M) ta 44 (0,33 op /mi). Penrra i3omstiB He BUAB/sUIN (HiOPMHOMITUYHOI aK-
tusHOCTI. IIlo cTocyerhes GibpMHOTeHOMITUYHOI aKTUBHOCTI, TO BOHA Bifj3HadYeHa y 6 JOCI/PKYBaHUX KYIbTYpPax.
HariBuini piBHI aKTMBHOCTI crocTepiranucs B i3omati 51 (1,16 op/mn). Hukuy akTuBHICTS BUABMIN B i3071sTaX 54
(0,66 ox /mm), 7 (0,5 op/mi) Ta 247 (0,33 on/mi). B i3omati 50 Bona 6yna minimansroo (0,083 on/mi). He BusiBeHo
KopeAnii MK piBHAMM (ibprHOMiTIYHOI Ta PiOPMHOreHOMITUYHOI aKTUBHOCTI. BucHoBKM. He BusBIeHO KOpe-
ALl MbK efacTasHo, GpiOpMHOMITIYHOI Ta GiOpMHOreHOMITUYHOI aKTUBHICTAMY B JOCIIKYBaHUX 30/IATaX.
Tak, isomatu 51, 54 i, MeHmIOW0 Mipoo, 52 i 247 CMHTe3yIOThb elacTasHy akTuBHicTh. HaitBuimra ¢ibpuHOmiTIMHA
aKTUBHICTD Oy/1a B i30/msTax 46 i 54, a pibpuHoreHomiTHYHA — B i30/msTi 51. [TokasaHo, o Yopue Mope barare Ha
BIUJIY MOPCBKIMX GaKTepiil, IKi MOXYTb 6YTI eheKTUBHUMM IPOAYLIEHTAaMHU Py IPAKTUIHO BOKINBUX (epMeH-
TiB, 30KpeMa IIPOTEOMTUYHNX, crienndiyHNX K0 enacTuHy, pibpuny Ta GibprHOreHy, IKi MOXXYTb Oy TH IepCIIeK-
TUBHUMI [/ BIIPOBa>KeHHs B 610TEXHO/IOTI4HI IIpoIjecn.

Kntouoei cnosa: akmunobaxmepii, Yopre mope, npomeonimuuni gepmenmu.
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