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KERATINASE, CASEINOLITIC, CELLULASE,
AND (3-MANANASE ACTIVITIES OF BACTERIA ISOLATED
FROM THE BLACK SEA

For a long time, the main interest in the marine environment, considered extreme, was the isolation and identification of
natural products with biological properties, and for that, numerous organisms and chemical structures have been studied.
Thus, marine bacteria isolated from various substrates, such as sediments, seawater, and mangrove detritus, are produc-
ers of enzymes with different activities, i.e., amylase, cellulase, alginate lyase, chitinase, glucosidase, inulinase, keratinase,
ligninase, xylanase, and others. Nowadays, researchers are also focusing on the enzymes produced in the marine environ-
ment that can present special properties. Therefore, the aim of this study was to investigate the ability of marine strains of
microorganisms to exhibit cellulase, B-mannanase, keratinase, and caseinolytic activities. Methods. Enzymatic activities
were studied in the culture liquid supernatant. To determine -mannanase and cellulase activities, guar gum galactoman-
nan and Na-carboxymethylcellulose respectively were used as substrates. Casein and crushed defatted feathers served as
substrates for the determination of proteolytic activity. Results. Growing 10 cultures of microorganisms on a nutrient
medium containing chicken feathers as the sole source of carbon and nitrogen (nutrient medium 1) did not give positive
results. When using medium 2, active growth was observed in four of the studied strains (51, 52, 54, 247) in the superna-
tant of culture liquid (CLS), the activity of which both to keratin (6.0—16.0 U/mL) and casein (0.025—0.33 U/mL) was
found. In the CLS of only six of the 10 studied cultures (7, 20, 51, 52, 50, 247), cellulase and 3-mannanase activities were
observed. The highest cellulase activity was found in culture 20 (1.8 U/mL). The activity of culture 7 was somewhat lower
(1.0 U/mL). An insignificant activity was noted in cultures 54 (0.06 U/mL), 56, and 50 (0.05 U/mL). Trace levels of activ-
ity were observed in culture 247. Conclusions. Strains 7, 20, 247, and 51, for the first time isolated from the Black Sea, are
promising for further studies as producers of cellulase, f-mannanase, keratinase, and caseinolytic enzymes.
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Marine microorganisms have been variously es-
timated to make up about 70 - 90%, of the bio-
mass in the ocean. Taken together, they form the
marine microbiome. Over billions of years, this
microbiome has evolved through many lifestyles
and adaptations and has come to participate in
the global cycling of almost all chemical ele-
ments. Microorganisms are crucial to nutrient
recycling in ecosystems as they act as decompos-
ers. They are also responsible for nearly all pho-
tosynthesis that occurs in the ocean, as well as
the cycling of carbon, nitrogen, phosphorus and
other nutrients and trace elements. Marine mi-
croorganisms sequester large amounts of carbon
and produce much of the world’s oxygen. For a
long time, the main interest in the marine en-
vironment, considered extreme, was focused on
the isolation and identification of natural prod-
ucts with biological properties, and for that, nu-
merous organisms and chemical structures were
studied [1, 2]. Marine bacteria isolated from var-
ious substrates, such as sediments, seawater, and
mangrove detritus, are producers of enzymes
with different activities, including amylase, cel-
lulase, alginate lyase, chitinase, glucosidase, inu-
linase, keratinase, ligninase, xylanase, and others
[3]. Nowadays, researchers are also focusing on
the enzymes produced in the marine environ-
ment that can present special properties [4].

Therefore, the aim of this study was to investi-
gate the ability of marine strains of microorgan-
isms to exhibit cellulase, B-mannanase, keratin-
ase, and caseinolytic activities.

Table 1. Depth coordinates of sampling points

Coordinates
Strain Station D(ep;h

m Latitude Longitude
7 242 | 1499 [N 41°31.138|E 37°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

51,52,54 | 269 | 2080 |N 44°17.329|E 35°0.081

4

Materials and methods. The objects were
microorganisms obtained from the collection
of cultures of the Department of Microbiology
of L.I. Mechnikov Odessa National University.
In total, 10 strains of bacteria isolated from the
Black Sea were studied (Table 1).

To study the proteolytic activity, microorgan-
ism cultures were grown in 50 mL test tubes on
a shaker with a rotation speed of 232 rpm at a
temperature of 28 °C for 10 days. For this pur-
pose, two basic nutrient media of the following
composition (g/L) were used: 1) K, HPO, — 0.3;
KH,PO, — 0.4; MgSO,-7H,0 — 0.1; NaCl —
0.5; defatted chicken feathers — 5; H,O — up
to 1 L; pH 6.8—7.0 (specialized medium for the
synthesis of keratinases); 2) maltose — 1.0; food
gelatin — 10.0; KH,PO,— 1.6; MgSO, - 7H,0 —
0.75; ZnSO,-7H,0 — 0.25; (NH,),50, — 0.5;
yeast autolysate — 0.15; distilled water — up to
1 L; pH 7.0—7.2 (medium for the synthesis of the
rest investigated enzymes). Chicken feathers were
defatted with a 1:1 mixture of chloroform and
methanol, washed three times with distilled wa-
ter, and dried. The culture liquid was centrifuged
at 7000 g for 10 min; the resulting supernatant
(culture liquid, CLS) was used for further studies.

A daily culture of microorganisms was used as
an inoculum.

The caseinolytic activity was determined by
the Anson method modified by Petrova [5].

The keratinase activity (KerA) was determined
by UV absorption at 280 nm of hydrolysis prod-
ucts of keratin-containing raw materials. The re-
action mixture consisting of 10 mg of cut small
defatted chicken feathers, 2.5 mL of 0.05 M bo-
ron-borate buffer (pH 9.0), and 1 mL of CLS was
kept in a thermostat at 37 °C for 3 hr and then
filtered. To determine KerA, two controls were
used: 10 mg of the feathers, 2.5 mL of 0.05 M
boron-borate buffer (pH 9.2), and 1 mL of dis-
tilled water (1); 2.5 mL of 0.05 M boron-borate
buffer (pH 9.2) and 1 mL of CLS (2). The sum
of the two controls was subtracted from the A,
values obtained by measuring the optical density
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of filtrates. The absorbance increase at 280 nm of
the test sample filtrate relative to the controls was
taken as the degree of protein release [6]. A unit
of keratinase activity (1 U/mL = 0.01) was taken
as the amount of enzyme that causes an increase
in absorption by 0.01 after 3 hr of incubation.

Protein was determined by the Lowry method [7].

The B-mannanase activity was estimated using
a 1% solution of guar gum galactomannan («Sig-
ma-Aldrich») as a substrate in the 0.1 M phos-
phate citrate buffer, pH 5.0. The reaction mixture
contained 0.25 mL of supernatant and 0.25 mL of
substrate solution. It was incubated at 40 °C for
30 min. 2.5 mL of a dinitrosalicylic acid reagent
solution was added to the reaction mixture after
the incubation. then the reaction mixtures were
boiled at 100 °C for 5 min. Absorbance was mea-
sured at 540 nm [8]. The carboxymethylcellulase
(CM-cellulase) activity of the CLS cultures was
determined as described above, but a 1% Na-car-
boxymethylcellulose 25—75 mPas («Millipore»)
solution was used as a substrate, and glucose was
used as a standard [8]. The unit (U) of the CM-
cellulase or f-mannanase activity is the amount
of enzyme required to liberate, under the assay
conditions, 1 pmol/min reducing sugar expressed
as a glucose (mannose) equivalent.

All experiments were replicated 3—5 times.
Statistical analysis of the results of the experimen-
tal series was carried out by standard methods
using Student’s t-criterion. The results presented
graphically were obtained using Microsoft Office
Excel 2007.

Results. Growing 10 cultures of microorgan-
isms on a nutrient medium containing chicken
feathers as the sole source of carbon and nitro-
gen (nutrient medium 1) did not give positive
results: no keratinase activity was detected in the
CLS of any of the strains studied (Fig. 1).

When using medium 2, active growth was
observed in four of the studied cultures (51, 52,
54, 247), in the culture liquid of which activity
both to keratin (12.0—16.0 U/mL) and casein
(0.025—0.33 U/mL) was found (Fig. 1, 2). The
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Fig. 1. Keratinase activity of the studied cultures on two
types of nutrient medium
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Fig. 2. Caseinolytic activity of the studied cultures

highest keratinase and caseinolytic activities
have been shown for culture 247.

In the CLS of only six of the 10 studied cultures
(7, 20, 51, 52, 50, 247), the cellulase and B-man-
nanase activities were observed (Figs. 3, 4). The
highest cellulase activity was found in culture
20 (1.8 U/mL) (Fig. 3). The activity of culture 7
was somewhat lower (1.0 U/mL). Insignificant
activity was noted in 54 (0.06 U/mL), 56, and
50 (0.05 U/mL) cultures. Trace levels of activity
were observed in culture 247 (Fig. 3).

All cultures that exhibited the cellulase activ-
ity were also characterized by the f-mannanase
activity. The highest f-mannanase activity was
detected for culture 20 (3.6 U/mL). The activ-
ity of culture 7 was two times lower (1.8 U/mL).
Much lower activity was detected in cultures 56,
50 (0.75 U/mL) and insignificant one - in culture
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Fig. 4. p-Mannanase activity of marine bacteria

54 (0.08 U/mL). There was disclosed practically
no activity in culture 247 (Fig. 4).

Thus, we revealed that cultures 7 and 20
showed the highest cellulase and f-mannanase
activity among the studied strains. It should be
noted that both cultures were isolated from the
water of the Black Sea at a depth of 5—10 m. The
highest levels of both keratinase and caseinolytic
activities were shown in cultures 247 and 51.

Discussion. The marine environment repre-
sents a great opportunity for the exploration of
new enzymes and molecules. However, these
ecosystems are already threatened by the pollu-
tion that might cause the extinction of many spe-
cies of this poorly studied universe [9]. Marine
enzymes are capable of being active in high-salt
concentrations, large ranges of temperature, pH,
organic solvents, surfactants, metal ions, and

6

high incidence of light and pressure. Addition-
ally, enzymes obtained from cold places such as
the Antarctic pole can also present activity at ex-
treme low temperatures [10]. Therefore, these en-
zymes might remain active under varied opera-
tional conditions, providing competitiveness and
efficiency to different industrial processes [11].
Very few studies have characterized the en-
zyme systems of marine bacteria degrading sub-
strates that are relevant in marine systems. In this
regard, our studies of the proteolytic and glyco-
lytic activity of bacterial cultures isolated from
different depths of the Black Sea water are rel-
evant. In particular, we established that two cul-
tures 20 and 247 show the highest B-mannanase
and keratinase activity respectively. Both cultures
were isolated from samples taken at the same sta-
tion 258 and isolated from the same depth 1888
m, with the same latitude and longitude param-
eters. These results may be promising for fur-
ther studies to increase the activity of the tested
cultures. There are no effective producers with
B-mannanase and keratinase activity in Ukraine.
However, these enzymes are of great practi-
cal importance. So, f-mannanase (EC 3.2.1.78)
is an enzyme that catalyze the hydrolysis of the
f-mannosidic bond in the main chain of hemi-
cellulose, as well as gluco- and galactomannans
with the formation of mannooligosaccharides,
mannose, glucose, and galactose. Cellulose and
hemicellulose, due to their chemical properties,
are substrates of great biotechnological impor-
tance. On the one hand, wastes from the wood-
working, paper, and agricultural industries can
be environmental pollution factors, and, on the
other hand, they have a great technological po-
tential as a source of poly- and oligosaccharides.
Due to the ability to hydrolyze hemicelluloses,
f-mannanase has found application in various
industries: pharmaceutical, pulp and paper, in
the production of gas, biofuels and cheap en-
ergy, food and feed, as well as prebiotic manno-
oligosaccharides [12]. Therefore, the search for
producers of enzymes of the mannan-degrading
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complex of a certain specificity remains today an
urgent problem with broad prospects.

As for microbial keratinases, interest in the
study is due to the fact that they are able to
cleave insoluble keratin-containing substrates,
as well as to hydrolyze a number of other protein
substrates such as collagen, elastin, and fibrin.
The possibility of using keratinases in dehairing
processes in the leather industry and in the pro-
cessing of feather keratin, which is the most sig-
nificant waste in poultry farms, is being studied
[13, 14]. Now there is only one way to dispose
of feathers - thermal sintering them and grind-
ing into flour. Moreover, most of this product is
peptides and ash. The use of enzymes for such
processing will allow the use of low tempera-
tures and obtain a better finished product, with
a high content of amino acids [12—14]. Today,
interest in microbial keratinases has grown due
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KEPATMHA3HA, KA3ETHOJIITUYHA, LIE/TIOJTASHA
TA B -MAHAHA3HA AKTVBHOCTI BAKTEPIN, BUIUTEHNMX 13 YOPHOTO MOPS

JIOBruit Yac OCHOBHMM [PKEPEIOM iHTepecy 40 MOPCHKOTO CEpPEOBUILIA, sIKe BBAKAIOCS eKCTPEMaIbHIM, 6y/I0 BI-
IineHHs Ta ifeHTU}IKALIA IPUPOFHNX IPOAYKTIB 3 6I0/MOTIYHNMIY BIACTUBOCTSIMI, AJIs YOIO BXKe BIUBUYEHO Oes/tiu
opraHisMiB i XimiuHux cTpykryp. TakuM 4rHOM, MOPCBKi 6akTepil, BUAiNeHi 3 pisHUX CyOCTpariB, TaKUX 5K Bifj-
K/IaJieHHsI, MOPCbKa BOJja, MAHTPOBMII IETPUT € TPOAyLieHTaM (pepMeHTiB pi3HOI aKTMBHOCTI, a caMe aMinasn,
L[e/II07Ia3!, aAbriHaT/Iiasy, XiTMHA3MY, III0KO3Ua3H, iHyTiHasyu, KepaTHHAa3MY, NirHiHasy, KcuaaHasu Ta in. Huni go-
CITiIXKEHH: TaKOX 30Cepe/pKeHi Ha pepMeHTaX, 1[0 BUPOO/IAITHCA B MOPCBKOMY CePeOBUII i MOXKYTb MPOABIATH
oco6mBi BracTuBOCTi. ToMy MeTOI0 JaHOI po6oTH 0Y/I0 HOCIIANTY 30aTHICTb MOPCHKUX IITaMiB MiKpOOpraHis-
MiB IIpOABNIATY IIeMI0NIa3HY, f-MaHaHa3y, KepaTMHA3HY Ta Ka3eHOMITMIHY aKTMBHOCTI. MeTopu. EHsuMariraHi ak-
TUBHOCTI JJOC/TI/PKYBa/M y CylIePHATaHTi Ky/IbTyPanbHOI pigyHu. [ BUSHAYeHHA aKTMBHOCTI BUKOPUCTOBYBA/IN
1A f-MaHaHa3HOI — ra/JIAKTOMaHaH Iyapy, WA LiemonasHoi — Na-KapOOKCHMeTHILenono3y. [ Bi3HaYeHHA
HIPOTEOMTITUYHUX aKTUBHOCTEI! SIK CyOCTpaT BUKOPUCTOBYBAIN KaselH Ta obesKupeHe Kypsde 1epo. Pesymbrari.
BupomiyBanus 10 KynpTyp MiKpOOpraHi3MiB Ha XXMBWIbHOMY CepeOBUII, 10 MICTUTD Kypside Mip’sl 5K €nyHe
IKeperio BYIJIEII0 Ta a30Ty ( cepefjoBuiLie 1) He Ha/lo MO3UTUBHUX pe3y/nbTaTiB. IIpy BUKopucTaHHi ceperopmIna 2
aKTVMBHUII PIiCT CIIOCTepiraBcs y YOTUPbOX HOCIiKeHNx mrtamiB (51, 52, 54, 247), B kynsrypanpiit piguni (KJIC)
aKTMBHICTD AK 1o Kepatuny (12,0—16,0 Op/mi), Tak i fo kaseiny (0,025—0,33 Oxn/m). Y KJIC nuue y mectu 3 10
TOCTiIKyBaHuX KynsTyp (7, 20, 51, 52, 50, 247) criocTepiranm LeonasHy Ta f-MaHaHasHy akTuBHOCTI. HaiiBumny
L[e/II0IA3HY aKTUBHICTH BUABIEHO B KynbTypi 20 (1,8 On/mir). AKTuBHICTD KynbTypu 7 Oyia femo Hypkwomwo (1,0 On/
mi1). HesHauHa akTUBHICTD Bifi3HadeHa B KynbTypax 54 (0,06 OJ1/mi), 56, 50 (0,05 Op/mim). Crigosi piBHi akTMBHOC-
Ti ciocTepiranu B KynbTypi 247. Bucnosku. llltamu 7, 20, 247 i 51, Buepiue Bupineni 3 YopHoro Mops, mepcrnex-
TUBHI JyI11 IOfja/IbLIIOTO BYBYEHH K IIPOJYLIEHTH IIe/Ti0as, P-MaHaHas, KepaTiHas i KadeiHomTHIHNX epMeHTiB.

Kntouosi cnosa: 6axmepii 3 600u YopHozo mops; uentonasHa, f-maHanasHa, KepamuHasHa ma KaseiHomimuuna
aKmueHoCMmi.
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