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Abstract

The analytical review showed the promising use of lysozyme as a valuable natural antibacterial drug. The
eperimental monitoring of natural sources of drugs with antibacterial activity showed the feasibility of using
secondary raw materials from water resources of the Black Sea basin, obtained during the mussels processing. The
isolation and chromatographic purification of lysozyme was carried out. Only the samples eluted with 0.6 M NaCl
solution in 0.02 M acetate buffer, pH 5.0, were found out to exhibit lytic activity. The fraction possessinglytic activity
was 54 cm3 and corresponded to the elution with 0.6 M solution of NaCl in 0.02 M acetate buffer, pH 5.0. The
lysozyme under study, according to the results of gel electrophoresis in 15% PAH using the calculated calibration
curve, is characterized by a molecular weight of 18 kDa, which confirms its belonging to low molecular weight
proteins. A preparation of lysozyme with a specific activity of 206 u/mg with a molecular weight of 18 kDa and
purification degree of 946.6 was obtained from the juice of Black Sea mussels. The antibacterial activity of the
obtained lysozyme preparation against pathogens of food poisoning and food spoilage was studied. The data
obtained allow us to predict the prospects of using mussels as a source of highly active lysozyme.

Key words: lysozyme, isolation, Black Sea mussels, secondary raw materials, chromatographic methods, gel electrophoresis,
antibacterial activity.

BUAIJIEHHA JI1301IMUMY YOPHOMOPCHKOI MIJAII MYTILUS GALLOPROVINCIALIS
l'anuna B. Kpycip!, BasentuHa I'. 3axapuyk?, Osiena B. CeBacTbsHoBal, Jlrogmuaa M. [lninrnnenko?,

Kcenis . MasypeHnko?!
10decvka HayioHabHA akademisi xap4o8ux mexHoJo2it, 8ya. Kanamua, 112, Odeca, 65039 Ykpaina,
200ecvkull HayioHabHUll ekoHoMIYHUll yHigepcumem, 8y. [Ipeobpadcercvka 8, Odeca, Ykpaina 65000

AHoTariqa

AHaniTHYHUIT oI/ MNOKasaB MepPCNeKTHBHICTb BHMKOPHMCTAaHHA Ji30IMMy fAK IiHHOro NPHPOJAHOro
aHTuGakTepiaJbHOro mnpemnapary. EkcnepuMeHTa/bHUII MOHITOPMHI NPUPOJHUX /)Kepes MNpemnapartiB 3
AHTUGAKTepia/JIbHOI0 AaKTHUBHICTIO BHSBHUB JOLJIbLHICTH BUKOPUCTAaHHA BTOPUHHOI CMPOBMHHU 3 BOJHHUX pecypciB
YOPHOMOPCHKOro 6aceiiHy, OTPUMaHOro B mpolueci nepepo6ui Migiii. [IpoBegeHo BuAineHHd i XxpomaTorpadiyne
O4YMIleHHA (pepMEeHTHOro0 npenapary Jiisonumy. BusHaueHo, 1m0 TiJibkH 3pa3kH, ewioBaHi 0.6 M po3uunom NaCl B
0.02 M aneraTHoMy Gydepi, pH 5.0, BUABAAOTH JiTUYHY aKTUBHiCcTh. PpaKuia 3 JiTUYHOI aKTHUBHICTIO CKJaJja
54 cm3 npu enwwBaHHi 0.6 M po3uudHom NaCl B 0.02 M aperatHoMmy 6y¢epi, pH 5.0. Jlizonum, gocaigxeHuil 3a
pe3y/bTaTaMH reJib-ejeKkrpodopesy B 15 % IIAAT 3 BUKOPHCTaHHAM KaJliGpyBa/ibHOI KPUBOi, XapaKTepU3y€EThCS
MOJIEKYJIApHOI0 Macoo 18 k/la, o nigTBepAKy€ oro NnpyuHaJIEKHICTh A0 HU3bKOMOJIEKY/IAPHUX 6i/KiB. OTpUMaHO
npenapar Ji3onuMy 3 COKy YOPHOMOPCbKHMX MiJlil 3 MUTOMOI aKTUBHicTIO 206 oA / Mr, MOJIEKy/IsIpHA Maca SIKOTro
craHoBuTh 18 k/la, cTynmiHb ouyMIeHHA - 946.6. Jociig)KeHO aHTHGaKTepiaJbHy aKTHUBHICTb OTPUMaHOro
npenapary Jii3onuMy A0 30yJHUKIB Xap4OBHUX OTPY€EHb i ICyBaHHA Xap4yoOBHUX NPOAYKTiB. OTpuMaHi pe3sy/ibTaTu
A03BOJIAIOTh IPOTrHO3yBaTH NEPCHEeKTHBY BUKOPUCTAHHA Mifiil K J>KepeJjia BUCOKOAKTHBHOIO JIi30LUMYy.

Karwuosi caoea: nisouuM, BUJIJNIEHHS, YOPHOMOPCBKI Mijiii, BTOpUHHA CHpPOBHUHA, XpoMarorpadiuHi MeToAH, rejb-
enekTpodopes, aHTUOaKTepia/bHA aKTUBHICTb.
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BBIJIEJIEHUE JIN30IIUMA YEPHOMOPCKOH MU/JIUU MYTILUS GALLOPROVINCIALIS
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Kcenus 1. MasypeHnko!
100ecckas HAYUOHANbHASL akademusl nuwesbix mexHoiozull, ya. Kanamuas, 112, Odecca, 65039 YkpauHa,
200ecckull HQYUOHAa/bHbLI 3KOHOMUYecKUll yHusepcumem, ya. [Ipeobpasxcerckas 8, Odecca, Ykpauna 65000

AHHoTanuga

AHa/IMTH4YeCKH 0630p MNOKa3aJ INepCHeKTUBHOCTb HCHNOJIb30BaHMA JIM30LMMa KaK I€eHHOro MNPHPOJHOro
aHTM6aKTepHAJIbHOTO NpenapaTa. JKCIepUMeHTa/IbHbIii MOHUTOPHMHI NPHMPOAHBIX HCTOYHUKOB IpenapaToB C
AHTM6aKTepHA/IbHON AKTUBHOCTBIO BBISIBUJI Lie/1eCOO0GPAa3HOCTh MCIOJIb30BaHUS BTOPHUYHOTO ChIPpbSl U3 BOAHBIX
pecypcoB YepHOMOpckoro O6acceilHa, NOJIyY4eHHOro IpH nepepa6oTke Mujuii. IlpoBeseHO BbljesieHHMEe U
xpomarorpadpuyeckasa o4ucTKka pepMeHTHOro mnpemnaparta Ju3onuMma Bplio onpejgesieHo, YTO TOJBKO 06pasibl,
asoupoBaHHbie 0.6 M pactBopoMm NaCl B 0.02 M aneratHoM 6ydepe, pH 5.0, IposBAAIOT IUTHYECKYI0 aKTUBHOCTb.
dpaknus ¢ JUTHUYECKOI aKTMBHOCTBIO COCTaBUJIA 54 cM3 M COOTBETCTBYeET 3oupoBaHuio 0.6 M pacrBopom NaCl B
0.02 M auneraTHOM G6ydepe, pH 5.0. /Inzonum, u3y4eHHbIH N0 pe3yabTaTaM reJib-djieKrpodopesa B 15 % -Hom ITAAT
C CN0JIb30BaHNEeM Ka/IMGPOBOYHOM KPHMBOH, XapaKTepu3yeTcsa MoJIeKyJIApHoi Maccoi 18 k/la, YTo noATBepKJaeT
ero NpHMHaAJIeKHOCTh K HHU3KOMOJIEKY/IAPHBIM GeJsikaM. IlojiydeH mpemapaTr JiM30LMMa M3 COKa YePHOMOPCKHUX
MUJMHA C yAelbHOW aKTHUBHOCTHIO 206 en /Mr, MoJieKyJsApHas Macca KoTtoporo cocraBiser 18 k/la, cTemneHb
OYUCTKHM - 946.6. HccieaoBaHa aHTHGaKTepua/bHasA AKTUBHOCTb MNOJY4YEeHHOro mnpenapara JiM30oLuMa K
BO30yAUTENAM NUINEBbIX OTPAaBJeHUN W NOpPYM NHIEBBIX MNPOAYKTOB. I[losiydeHHble JaHHBIE MO3BOJAIT
NPOTrHO3UPOBaTh NepPCHeKTUBbI UCN0/Ib30BaHUS MUANN KaK MCTOYHUKA BbICOKOAKTHMBHOIO JIN30L{IMa.

Kawuesvle cnoea: nu3onumM, BblJeeHe, YePHOMOPCKHE MUAUY, BTOPUYHOE ChIpbe, XpoMaTorpaduieckre MeTOAbl, Telb-

3JieKTpodopes, aHTUOAKTEPHUATbHAS aKTUBHOCTb.

Introduction

It is known that during the storage of ready-
to-eat foods various physical, chemical and
microbiological changes occur, affecting their
quality indicators and shelf life. Food products
are often exposed to surface contamination,
leading to a reduction in shelf life [1-3]. The main
cause of food spoilage is the microbial
contamination of their surface. The antibacterial
film acts as a protective barrier that prevents
microbial spoilage [4-5]. If an antibacterial agent
is included in the film, the shelf life of the food
product is increased by creating a
microenvironment in the film that delays or
prevents the growth of microorganisms on the
surface of the product. The antibacterial agents
are incorporated into the edible films and are
deposited onto the surface of the food product.
The protective film serves as a barrier to
hydrolytic deterioration of the product by
reducing the access of water to the product, as
well as oxidative damage due to reduced oxygen
exposure. These coatings are effective,
inexpensive and protect the product even if the
seal of the package is broken. The application of
antibacterial preparations is carried out either by
introducing into the packaging material, or
directly on the surface of the food product [1; 2;
4; 5].

The use of edible packaging leads to the
suppression of the growth of pathogenic
microflora, the ability to control gas exchange,
which helps to prevent oxidative damage to food
sensitive components, improve the structural and
mechanical properties of food products, preserve

the sensory properties of products (color, flavor,
etc.) [2; 4; 6; 7].

The use of lysozyme as an antibacterial agent
in active (edible) packaging is extremely relevant
[1; 5]. Lysozymes (mucopeptide N-
acetylmuramyl hydrolase (EC 3.2.1.17)) are
antibacterial enzymes that catalyze the breaking
of the [-1-4-glycosidic bond between N -
acetylmuramic acid and N - acetylglucosamine
peptidoglycan, the components that form the
bacterial cell walls.

The use of microbial, plant material, insects,
and animal tissues is known as sources of
lysozyme [5; 8-12]. Native g-, c-, and i-type
lysozymes were identified in the different tissues
of worm-like-marine animal-providing
amphioxus [10]. The classification features of
lysozymes are the sources of their production,
amino acid sequence and the resulting three-
dimensional structures of protein molecules. The
main types of lysozymes are presented in table 1.

Table 1
Types of lysozyme

A type Source Literary sources
c-type (chicken) Chicken  Egg [8; 11]

Protein
g-type (goose) Birds [11;13]
h-type (hevea type) | Plants [14]
b-type (barley type) | Plants [14]
i-type  (type  of | Mollusks, [12; 15]
invertebrate insects
animals)
g-type, c-type, and i- | Amphioxus [10]
type (type of | Branchiostoma
invertebrate japonicum
animals)
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In recent years, significant interest has been
formed and is expanding towards a new type of
lysozyme belonging to the invertebrate type (i-
type) [12;16]. One of the first studies of
invertebrate lysozyme, which proved the
existence of highly active lysozyme in the oyster
lymph of Crassostrea virginica, is the work of
McDade and Trip [16]. Later, Jols and Jols [15; 17]
isolated, purified, and partially determined the
lysozyme structure from the mollusk Asterias
rubens.

The biochemical properties of bivalve
mollusks purified lysozymes are diverse and
differ from those of chicken egg white lysozyme
[18]. The enzymatic properties of lysozyme are
confirmed if the enzyme has the ability to:

1) reduce the density of isolated structures of
the cell walls;

2) catalyze the hydrolysis of intact bacterial
cells;

3) release complex groups and the
acetylaminosaccharide complex of glucosamine
and hexosamine and muramic acids [19; 20].

It is known that the lytic activity of bivalve
mollusks lysozyme is comparable to that of the
most studied chicken egg lysozyme, and,
according to some literature, exceeds the activity
of the latter. Therefore, it was of interest to
develop a method for isolating lysozyme from
mussel juice, a waste product of Black Sea
mussels processing, a liquid that remains after
the separation of mussel carcasses from the cusps
and is a mixture of liquid and plasma, in order to

use it later as an antibacterial agent of active
coatings. The aim of the study was the isolation
and purification of the lysozyme of Black Sea
mussels Mytilus galloprovincialis and estimation
of the antibacterial activity of the obtained
lysozyme preparation against causative agents of
food poisoning and food spoilage.

Experimental

The mussel juice was obtained by manual
cleaning the shells of mussels. The initial volume
of mussel juice, comprising 100 cm3, was
centrifuged at 4000 rpm for 30 minutes in order
to remove fragments of shells, tissue parts and
mussel meat. Lysozyme activity was determined
spectrophotometrically [21;22], the Lowry
protein was modified by Hartree [23]. The
supernatant was chromatographed on a KM -
Sepharose column (2.6 x 35 cm) at a rate of 6 cm3
/ min, previously equilibrated with 0.02 M
acetate buffer, pH 5.0. The column was washed
sequentially with water, 0.1, 0.3 and 0.6 M NaCl
solution in 0.02 M acetate buffer, pH 5.0 at a rate
of 6 cm3 / min. The elution was controlled by
determining the optical density at 280 nm.

The main stages of the lysozyme isolation
from the mussel juice are given in table 2, from
which it follows that the juice with a protein
concentration of 0.66 mg/cm3 and a specific
activity of 206 u / mg was purified to a protein
concentration of 0.17 mg/cm3 with a specific
concentration of 195.000 u / mg.

Table 2

Isolation of lysozyme from mussel juice
(100 cm3 of juice (0.5 kg of mussels))

Stage selection Volume, LA, Protein, Total Total LA, units Specific LA, |Degree of Output, %
cm3 u/cm3 |mg / cm3protein, mg units / mg purifica-
tion

Juice 100 136 0.66 66 13596 206 1.0 100
Ion-exchange
chromatography on 90 2666 0.18 16 240000 15000 72.8 1765.2
KM - Sepharose |
Ion-exchange
chromatography on 54 34306 0.17 9.5 1852500 195000 946.6 13625
KM - Sepharose Il

The results of determining the optical
density of the collected eluate samples at 280 nm
during chromatography using KM - Sepharose as
a carrier are shown in Fig. 1.

From the results of chromatography on the
KM-Sepharose column shown in Fig. 1, we can
see that the elution curve is accompanied by four
peaks: the first peak corresponds to the elution

with water, the second with 0.1 M NacCl solution
in 0.02 M acetate buffer, pH 5.0, the third with 0.3
M NaCl solution in 0.02 M acetate buffer, pH 5.0
and the fourth with 0.6 M NaCl solution in 0.02 M
acetate buffer, pH 5.0. It was determined that
only the samples eluted with a 0.6 M NaCl
solution in 0.02 M acetate buffer, pH 5.0, showed
lytic activity.
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Fig. 1. The outgoing chromatographic curve of the lysozyme from mussel juice on KM-sepharose

These eluted samples were collected (total conditions. The results of the fraction IV
fraction volume was 90 cm3) and subjected to secondary chromatography are presented in
secondary chromatography on a KM - Sepharose  Fig. 2.
column under the identical chromatographic

Azgo
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0,05 _/
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Fig. 2. The yield curve of the lysozyme fraction IV on KM-sepharose

From the results shown in Fig. 2, we can The lysozyme under study, in accordance with
conclude that the fraction with lytic activity was the results of gel electrophoresis in 15% PAGE
54 cm3 and corresponds to the elution with a 0.6  using the calculated calibration curve (Fig. 3, 4) is
M solution of NaCl in 0.02 M acetate buffer, pH characterized by a molecular weight of 18 kDa,

5.0 (peak II)

which confirms its belonging to low molecular
weight proteins.
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Fig. 3. The electrophoregram of the Black Sea mussel lysozyme (determination of molecular weight): 1 - markers; 2 -
sample of lysozyme
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Fig. 4. The calibration curve for calculating the molecular weight of the Black Sea mussel lysozyme.

The results of the study of the antimicrobial Paenibacillus s s
activity of the lysozyme preparation obtained macerans B-58037 :
. Paenibacillus S i
from the juice of the Black Sea mussels are shown
. . . s . polymyxa B-57607
in Table 3 (s - microorganisms sensitive; i - Bacillus thuringiensis N ;
microorganisms with intermediate sensitivity; r - IMV 7173
microorganisms stable). Bacillus cereus P90-9 s s
(from eggplant)
Table 3 Bacillus cereus P90-1 i r
Sensitivity of microorganisms to lysozyme of various (from carrots)
origins E.coli ONU 90 (UCM s S
Type of | Lysozyme Lysozyme B-906)
microorganism isolated from | isolated from Staphylococcus § §
mussel juice chicken egg aureus ONU 443
protein (ATCC 6538)
Bacillus cereus ATCC s s Pseudomonas ! r
11778 aeruginosa ONU 441
Bacillus cereus ATCC s - Ecoli  ONU 447 s S
14579 (ATCC 25922)
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The isolated and identified types of
microorganisms that make up the epiphytic
microflora of food raw materials, as well as
collection strains of microorganisms that are
causative agents of food spoilage and food
poisoning in humans were used as test cultures
[3; 24; 25]. The lysozyme isolated from the juice
of mussels exhibits a pronounced antimicrobial
effect against both bacillary microorganisms and
non-spore-bearing microorganisms.

Conclusions

Thus, the lysozyme preparation was obtained
from the Black Sea mussel juice with a specific
activity of 206 u / mg, the molecular weight of
which is 18 kDa, and the purification degree is
946.6. A higher antimicrobial activity of the
mussel juice lysozyme was found compared to
the lysozyme isolated from chicken egg protein
against Pseudomonas aeruginosa, Bacillus cereus
P90-1 isolated from carrots, Paenibacillus
polymyxa B-5760T. The data obtained make it
possible to predict the prospects of using mussels
as a source of highly active lysozyme.
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