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In recent years researchers have attracted their attention to such glycosidases as o-L-rhamnosidase
(o-L-rhamnoside-rhamnohydrolase — EC 3.2.1.40). The substrates of their action are widespread in the
plant world glycosides such as naringin, quercetrin, hesperidin, neohesperidin, and rutin, from which a-L-
rhamnosidases cleave the terminal unreduced L-rhamnose residues. This specificity of o-L-rhamnosidases
can be used in various industries: food — to improve the quality of drinks (reducing bitterness in citrus
Juices, enhancing the aroma of wines), as well as production of food additives, in the pharmaceutical
industry — to improve the biological properties of bioflavonoids, in particular anti-inflammatory. A number
of them are characterized by cardio- and radioprotective effects, have antioxidant, cytotoxic, antibacterial,
antisclerotic properties, and are used in the complex treatment of coronary heart disease, including
angina pectoris. The use of a-L-rhamnosidases in the chemical industry is associated with a reduction
in the cost of rhamnose production as well as various plant glycosides and rutinosides. In the literature
available to us, no data were found on the producers of a-L-rhamnosidases among the representatives of
actinobacteria, which are known to synthesize a wide range of biologically active compounds, including
antibiotics and enzymes. Purpose. To study the ability of actinobacteria isolated from water and bottom
sediments of the Black Sea, to produce a-L-rhamnosidase, and also to study the properties of the most
active producer. Methods. Glycosidase activity was determined by the Romero and Davis methods, protein
— by the Lowry method. Results. The study of 12 glycosidase activities in 10 strains of actinobacteria
isolated from bottom sediments of the Black Sea indicated that 6 investigated strains showed the ability to
synthesize an enzyme with a-L-rhamnosidase and b-D-glucosidase activity. Studies have shown that the
highest o-L-rhamnosidase activity (0.14 U/mg protein) was manifested by Acty 5 isolate with an optimum
pH of 7.0 and a temperature optimum of 38° C. The enzyme preparation showed substrate specificity both
for natural (rutin, naringin, neohesperidin) and synthetic (p-nitrophenyl derivatives of L-rhamnose and
D-glucose) substrates. Conclusions., Promising Acty 5 isolate with high a-L-rhamnosidase and low b-D-
glucosidase activity was found among marine actinobacteria. Bacteria with two enzymes activity expand
the possibilities of their practical use.

Keywords: actinobacteria, Black Sea, a-L-rhamnosidase.

One of the most actively developing areas of
modern biotechnology is the use of a wide range
of enzymes in technological processes. Among
these enzymes, glycosidases play an important
role, because are used in medical and technological
processes, in food industry, biotechnologies for the
purification and processing of raw materials, as well
as in many other areas of human activity. In recent
years, researchers have attracted their attention
to such representatives of glycosidases as o-L-
rhamnosidase (o-L-rhamnoside-rhamnohydrolase
—EC 3.2.1.40) [1-5]. The substrates of their action
are glycosides widespread in the plant world, such
as naringin, quercetrin, hesperidin, neohesperidin,
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rutin, from which o-L-rhamnosidases cleave
the terminal unreduced L-rhamnose residues.
This specificity of a-L-rhamnosidases can be
used in various industries: food — to improve
the quality of drinks (reduces bitterness in citrus
juices, enhance the aroma of wines), and also in
the production of food additives [1, 3, 4]. a-L-
rhamnosidases are used in the pharmaceutical
industry to improve the biological properties of
bioflavonoids, in particular anti-inflammatory. A
number of them are characterized by cardio- and
radioprotective effects, have antioxidant, cytotoxic,
antibacterial, antisclerotic properties, and are
used in the complex treatment of coronary heart
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disease, including angina pectoris [1, 2]. The use
of a-L-rhamnosidases in the chemical industry is
associated with a reduction in the cost of thamnose
production, as well as various plant glycosides and
rutinosides.

Earlier studies, both made by us [6, 7] and other
authors [3, 8], showed the ability of representatives
of various taxonomic groups of microorganisms
to produce a-L-rhamnosidase. However, despite
the wide variety of natural enzymes, their
properties are often not optimal for technological
processes. Currently, only two preparations of a-L-
rhamnosidases, hesperidinase and naringinase,
obtained from representatives of the Aspergillus
and Penicillium genera, respectively, are produced
by Sigma (USA). Well-known commercial
preparations of a-L-rhamnosidase (hesperidinase
and naringinase, Sigma, USA), in addition to a-L-
rhamnosidase, also contain 3-D-glucosidase, which
expands the possibilities of their practical use. In
Ukraine, the production of o-L-rhamnosidase
preparations is completely absent. In this regard, the
search for new effective producers of highly specific
a-L-rhamnosidases with suitable characteristics
continues to be relevant, both for scientific,
theoretical and practical purposes. No data were
found in the available literature on producers
of a-L-rhamnosidases among representatives of
actinobacteria, which, as it is known [2, 4, 5],
synthesize a wide range of biologically active
compounds, including antibiotics and enzymes.

Therefore the aim of this work was to evaluate
the ability of a number of actinobacteria isolated
from the Black Sea to produce o-L-rhamnosidase.
Since enzymes with both narrow and broad
substrate specificity are used in biotechnological
processes, depending on the tasks, we investigated
not only the a-L-rhamnosidase activity of a number
of isolates, but also evaluated the potential of their
other glycosidase activities.

Materials and methods. Microorganisms
from the culture collection of the Department of
Microbiology, Virology and Biotechnology of
Odessa National University were used in the work.
The object of the study were 10 actinobacteria
isolates: Acty 1, Acty 2, Acty 3, Acty 3-1, Acty 4,
Acty 5, Acty 7, Acty 8, Acty 9, Acty 10, isolated
from samples of bottom sediments of the Black
Sea.

Microorganisms were grown (5—7 days) on
Nutrient Agar medium of the following compo-
sition, g/l: NaCl — 5.0; agar-agar — 5.0; peptone —
5.0; yeast extract — 1.5; meat extract — 1.5.
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To identify glycosidase activities, actinobacteria
were cultured on two media under deep conditions
in test tubes containing 10 ml of culture medium
at a temperature of 27° C, with a rotation speed of
220 rpm for 5-10 days. The medium No. 1 contai-
ned, g/l: NaCl — 5.0; peptone — 5.0; rhamnose — 5.0;
yeast extract — 1.5; meat extract — 1.5. The medium
No. 2 was similar to medium No. 1, but did not
contain NaCl. The most active Acty 5 isolate was
grown at different temperatures: 4, 16, and 28° C
in flasks on medium No. 1. The cultivation at 16
and 28° C was carried out both at orbital shaker
at 220 rpm and without stirring. The cultivation of
this culture at 4° C was carried out without stirring
in the refrigerator.

After fermentation, the biomass was separated
by centrifugation at 5000 g, 30 min. Enzymatic
activities were determined in the supernatant of the
culture liquid.

When determining the activity of glyco-
sidases, the following nitrophenyl carbohy-
drate derivatives (Sigma-Aldrich, USA) were
used as substrates: p-nitrophenyl-b-D-galac-
topyranoside, p-nitrophenyl-b-D-glucuronide,
p-nitrophenyl-a-D-mannopyranoside, p-nitro-
phenyl-a-D-xylopyranoside, p-nitrophenyl-a-D-fu-
copyranoside, p-nitrophenyl-b-D-xylopyranoside,
p-nitrophenyl-b-D-glucopyranoside, p-nitro-
phenyl-N-acetyl- b-D-glucosaminide, p-ni-
trophenyl-N-acetyl-a-D-glucosaminide, p-ni-
trophenyl-N-acetyl-b-D-galactosaminides,
p-nitrophenyl-a-D-glucopyranoside, p-nitrophe-
nyl-a-L-rhamnopyranoside.

To determine the activity of glycosidases,
0.1 ml of 0.1 M phosphate-citrate buffer (PhCB)
pH 5.2 and 0.1 ml of a 0.01 M solution of the
corresponding substrate in PhCB were added
to 0.1 ml of the culture liquid supernatant. The
reaction mixture was incubated for 10 min at a
temperature of 37° C. The reaction was stopped by
adding 2 ml of 1 M sodium bicarbonate solution.
The same components were added to the control
sample, however, in the reverse order. The amount
of p-nitrophenol, which is formed as a result of
hydrolysis, was determined by the absorption
colorimetric method at 400 nm [9]. The unit of
activity of the studied glycosidases (U) was taken
to be such an amount that hydrolyzes 1 pmol of the
corresponding substrate (Sigma-Aldrich, USA) in
1 min under experimental conditions [9].

The Davis method was used to determine the
a-L-rhamnosidase activity using natural substrates
of naringin, neohesperidin, and rutin [10]. To
determine the activity, 1 ml of 0.05 % natural
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substrate in 0.1 PhCB, pH 5.2 was added to 1 ml of
enzyme preparation solution. The reaction mixture
was incubated for 60 min at 37° C. 0.2 ml aliquots
were taken and 10 ml of diethylene glycol and
0.2 ml of 4M NaOH were added. The mixture was
kept at room temperature for 10 min, the staining
intensity was measured on a spectrophotometer at
420 nm. The unit of enzyme activity (U) was taken
to be such as amount that hydrolyzes 1 pumol of
substrate in 1 min under experimental conditions.
Specific activity was calculated as the number of
units of activity per 1 mg of protein.

Protein concentration in culture liquid super-
natant was determined by the Lowry method [11].
A calibration curve was constructed using bovine
serum albumin as a standard.

To isolate the enzyme preparation, dry am-
monium sulfate was added to the supernatant of
the culture liquid to obtain concentration of 30 %
saturation under pH control (~ 6.0). The mixture
was kept for 10-12 h at 4° C, centrifuged at
5000 g, 30 min. The precipitate was discarded;
ammonium sulfate was added to the supernatant to
obtain 90 % saturation. The mixture was kept for
6 h at 4° C, centrifuged under the same conditions.
The precipitate obtained by fractionation with
ammonium sulfate was dialyzed. The study of
temperature effect on the enzymatic activity was
carried out in the range from 4 to 60° C and pH
values from 2.0 to 6.0, the latter was created using
0.01 M PhCB.

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 5 %
significance level [12].
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Results. The studies of 12 glycosidase activities
in 10 tested isolates indicated that 6 of them
showed a-L-rhamnosidase activity (Fig. 1). In the
supernatant of the culture liquid, it ranged from
0.045 to 0.14 U/mg of protein. The highest activity
was found in Acty 5 isolate (0.14 U/mg of protein
in nutrient medium No. 1). The activity of Acty 1
was slightly lower (0.10 and 0.11 U/mg of protein
in nutrient media No. 1 and No. 2 respectively);
Acty 9 (0.08 U/mg of protein); Acty 10 (0.08 and
0.06 U/mg of protein in nutrient media No. 1 and
No. 2 respectively), Acty 3—1 (0.065 and 0.05
U/mg of protein in nutrient media No. 1 and No. 2
respectively) and Acty 4 (0.045 and 0.09 U/mg of
protein in nutrient media No. 1 and No. 2 respec-
tively). Thus, it was shown that for some cultures
(Acty 9 and Acty 1), the a-L-rhamnosidase activity
was almost the same when grown in both media,
while the activity of Acty 4 culture in medium
2 was twice higher. The presence of NaCl in the
culture medium stimulated the enzymatic activity
of Acty 3-1, Acty 5, and Acty 9 cultures.

In the culture liquid of the six studied isolates,
which showed a-L-rhamnosidase activity, insig-
nificant B-D-glucosidase activity was also noted
(Fig. 2). The highest activity was revealed in the
Acty 3-1 strain (0.02 U/mg of protein). Unlike
of a-L-rhamnosidase activity, which depended
on the composition of the nutrient medium, -D-
glucosidase activity was the same when grown both
in medium No. 1 and No. 2.

All studied isolates lacked b-D-galactosidase,
b-D-glucuronidase, a-D-mannosidase, a-D-xylo-
sidase, a-D-fucosidase, b-D-xylosidase, N-ace-
tyl-b-D-glucosaminidase, N-acetyl-a-D-glucos-
aminidase, N-acetyl-b-D-galactosaminidase,
a-D-glucosidase activity.
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Fig. 1. a-L-rhamnosidase activity of the studied actinobacteria depending on the culture medium
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Since Acty 5 isolate showed the highest a-L-
rhamnosidase activity, subsequent studies were
performed with this microorganism.

A significant influence on the synthesis of
enzyme is exerted by the temperature of producer
growth [3-5]. So, it was shown (Fig. 3) that the
cultivation at temperature of 4° C is optimal for
the synthesis of a-L-rhamnosidase by Acty 5.
The increase of temperature negatively affects
biosynthesis.

Figure 3 shows the data where the culture was
grown at 16 and 28° C on an orbital shaker with
stirring (since there was no parallel activity in
flasks without stirring) and at 4° C without stirring.
A study of the dynamics of a-L-rhamnosidase
synthesis by Acty 5 culture showed (Fig. 3) that
the maximum enzymatic activity was observed on
the 10—12" day of cultivation at 4° C.

H4°C m16°C m28°C

0,45 -
0,4 -
0,35 -
0,3 -
0,25 -
0,2 -
0,15 -
0,1 -
0,05 -

a-L-rhamnosidase activity,U/mg

3 5 7

10 12 14 17

The cultivation time, day

Fig. 3. The dynamics of a-L-rhamnosidase synthesis by Acty S isolate at different temperatures

It was established that the pH optimum for a-L-
rhamnosidase synthesis by Acty 5 was 7.0, and up
to 80-90 % of the maximum activity remained in
the pH range from 6.0 to 8.0 (Fig. 4).

Typically, the reaction rate catalyzed by the
enzymes increases to the optimum value with

increasing temperature to the point at which the
enzyme is inactivated. It was determined that the
thermal optimum of Acty 5 a-L-rhamnosidase
activity is 38° C (Fig. 5). It is known [1-5] that
the temperature optimum of the action of most
bacterial a-L-rhamnosidases is 40-45° C.
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Fig. 5. Effects of temperature on the Acty 5 a-L-rhamnosidase activity (pH 7.0)

The substrate specificity of Acty 5 a-L-
rhamnosidase was studied both on synthetic
p-nitrophenyl derivatives of monosaccharides
and on natural flavonoids such as naringin,
neohesperidin and rutin. Acty 5 a-L-rhamnosidase
showed higher activity to rutin (0.21 U/mg of
protein), naringin (0.2 U/mg of protein) and
neohesperidin (0.12 U/mg of protein) than to
synthetic substrates. Similar specificity is found
in other bacterial a-L-rhamnosidases [1-5]. As
for synthetic derivatives of monosaccharides,
it should be noted the narrow specificity for
glycon: so, it is shown the ability of Acty 5 a-L-
rhamnosidase to hydrolyze only p-nitrophenyl-a-
L-rhamnopyranoside (0.07 U/mg of protein) and
p-nitrophenyl-B-D-glucopyranoside (0.065 U/mg
of protein) (Fig. 6).

The detected ability of the Acty 5 enzyme to
hydrolyze the synthetic substrates of p-nitrophenyl-
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a-L-rhamnopyranoside and p-nitrophenyl-f-D-
glucopyranoside, as well as natural substrates —
naringin, neohesperidin and rutin, suggest the
possibility of its use in food technology and
obtaining biologically active flavonoids.

Discussion. The level of enzyme biosynthesis
by microorganisms depends not only on the
genetic characteristics of the producers, but to
a large extent on the conditions in which they
are cultivated, primarily the composition of the
nutrient medium. Culture media should ensure
the viability, growth and development of the
respective producers, as well as the synthesis of the
target product with maximum efficiency. Since the
studied actinobacteria were isolated from samples
of bottom sediments of the Black Sea, they were
grown on media containing or not containing
NaCl.
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F i g. 6. Substrate specificity of Acty 5 a-L-rhamnosidase

Screening for glycosidase activities indicates
that the biosynthesis of a-L-rhamnosidase in most
cultures did not depend on the presence of NaCl
in the culture medium. The exceptions were Acty
4 and Acty 5 cultures. For Acty 4 isolate, higher
activity was observed on NaCl-free medium, while
Acty 5 culture was most active on NaCl-containing
medium. Since this isolate turned out to be more
active (0.14 U/mg of protein) compared with other
studied cultures, it was taken for further studies.

The most important characteristics of
enzyme preparations include the optimal pH and
temperature at which they exhibit enzymatic
activity, as well as their substrate specificity. a-L-
rhamnosidases are known to have pH optimum
from 2.0 to 11.0. The main differences between
fungal and bacterial enzymes are a significant
difference in the pH action: for fungal enzymes, the
optimum pH is in the acidic region from 4.0 to 6.0,
while for bacterial enzymes it is close to neutral
or alkaline. These properties determine the use of
fungal and bacterial a-L-rhamnosidases in different
areas. So, fungal a-L-rhamnosidases are more used
in such processes as production of wines [1, 2] and
juices [3, 8], while bacterial enzymes are mainly
used in the production of L-rhamnose by hydrolysis
of hesperidin and various flavonoid glycosides
(4, 5].

The results obtained by studying the optimal pH
values on a partially purified enzyme preparation
obtained by 90 % saturation with ammonium
sulfate of the supernatant of the culture liquid
of Acty 5 isolate indicate that its optimum pH is
7.0, as well as other enzymes of bacterial origin.
As for the temperature optimum, its value for
Acty 5 a-L-rhamnosidase preparation differs from
other a-L-rhamnosidase preparations studied and
is 38° C. Temperature optimum action of most

a-L-rhamnosidases are 40-80° C. An exception
is the enzyme isolated from Pseudoalteromonas
sp., which was active at 4° C [2] and Aspergillus
kawachii o-L-rhamnosidase, which at 60° C
retained up to 80 % of its maximum activity for
1 h[8].

Since rhamnose in both natural glycoconjugants
and synthetic glycosides is linked by different
types of bonds (a-1,2, a-1,4, a-1,6), an important
characteristic of a-L-rhamnosidases is their
substrate specificity. The specificity of enzymes
is explained primarily coincidence of the spatial
configuration of their substrate center with the
substrate. Only if this coincidence is sufficiently
complete and an enzyme — substrate complex can
form, the process of enzymatic catalysis begins.
Studying this question can give an answer whether
the enzyme has absolute specificity (that is, it
stimulate the rate of a single reaction) or catalyzes
reactions, the main feature of which is the type of
bond. They are characterized by group specificity
or differ in stereochemical specificity, that is, they
act on one of the spatial isomers.

In the study of substrate specificity, both
synthetic (p-nitrophenyl derivatives of o-L-
rhamnose and B-D-glucose) and natural derivatives
of flavonoids (naringin, neohesperidin and rutin)
were taken. The latter are plant flavonoids in
which the L-rhamnose residue is attached to the
B-D-glucoside a-1,6 (in rutin and hesperidin) or
a-1,2 bond (in naringin). It was established that the
enzyme preparation exhibits a greater affinity for
natural substrates (rutin> naringin>neohesperidin)
than for synthetic derivatives, as was noted by other
researchers [1-5].

Since the Acty 5 enzyme preparation exhibits
both a-L-rhamnosidase and B-D-glucosidase
activity, as well as cleaves naringin well, it is
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likely that naringinase is present. Naringin is a
natural substrate containing L-rhamnose as well
as D-glucose. a-L-Rhamnosidase breaks down
naringin to L-rhamnose and prunin, and B-D-
glucosidase, which often, as in our producer, is
found together with a-L-rhamnosidase, breaks
down prunin to naringenin and rhamnose. Therefore
producers exhibiting the activity of two enzymes
expand the possibilities of their practical use.

MOPCBKI AKTUHOBAKTEPII -
MPOJAYIEHTUA ®EPMEHTIB
3 A-L-PAMHO3H1JIA3HOIO
AKTUBHICTIO

JLJI. Bapéaneus’, O.B. I'yozenko’,
B. A. Heanuys?

Inemumym mikpobionoeii i eipyconoii
im. [ K.3abonomnozo HAH Yxpainu,
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Kuis, 03143, YVkpaina
200ecokuil nayionanbHuil yuigepcumen
im. I.I. Meunukosa, eyn. [leopsanceka, 2,
Ooeca, 65029, Yxpaina

Pesome

OcTaHHIMM pOKaMH yBary JOCIIiJHHUKIB TpPH-
BEPTAIOTh TaKi MPEICTAaBHUKH IJIIKO3HIA3, K o-L-
pamHo3ugasu (o-L-paMHO3HA-paMHOrigpoiasa
— K.®. 3.2.1.40). Cy6erparamu ix Aii € MUPOKO MHO-
IIMPEHi B POCIUHHOMY CBiTi INIIKO3UAW: HAPHHTHH,
KBEPIUTPHUH, TeCIICPUINH, HEOTCCIICPUINH, PYTHH,
BIJI SIKMX O-L-pamMHO3Wa3M BINICTUIIOIOTL TEPMi-
HaJbHI 3QJIUIIKHA L-paMHO3M, SIKi HE BiTHOBIIOIOTH-
cs. Taka cnerudiuHicTs 0-L-paMHo3una3 Moxe OyTn
BUKOPHUCTAHA B PI3HUX TaJy3sIX MPOMHUCIIOBOCTI: Xap-
YOBIil — JJIs TIOJIMIICHHS SKOCTI HAMMOTB (3MEHIICHHS
TIpKOTH B IIUTPYCOBHX COKAaX, MOCHJICHHS apoOMary
BHH), @ TAKOXX y BUPOOHHUIITBI Xap4OBUX JI0OABOK; Y
(bapManeBTHYHIH TPOMHUCIOBOCTI — JUIsI OJITIIICHHS
OionoriyHMX BIacTUBOCTEH 610()I1aBOHOINIB, 30KpeMa
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3 IPOTU3ANANbHOIO Ai€t0. Jleski 3 HUX XapaKTepu3sy-
FOTHCS KapJlio- Ta paionpoTeKTOPHOIO Ji€l0, MalOTh
AHTHOKCHUJIAHTHI, IIATOTOKCUYHI, aHTHOAKTepialbHi,
AQHTUCKJICPOTHYHI BJIACTUBOCTI, BUKOPHCTOBYIOTh-
Csl B KOMITJICKCHIH Teparrii inmeMigHoT XBopoOu cep-
s, B TOMY YHCJIi cTeHOKapii. Bukopucranus o-L-
paMHO3Ua3 y XiMIYHI TPOMHUCIOBOCTI TOB’SI3aHO
31 37€1IeBIEHHSAM BUPOOHUIITBA PAMHO3H, & TaKOXK
PI3HHUX DIIKO3UIIB 1 PyTUHO3UAIB POCIMHHOTO TTOXO-
JOKGHHS. Y JTIOCTYIHIM HaM JiTeparypi He BUSBICHO
TaHUX MO0 MPOXYLEHTIB a-L-pamMHo3mmas3 y mpex-
CTaBHMKIB aKTHHOOAKTEPIH, sIKi, SIK BIZIOMO, CHHTE3Y-
I0Th IIUPOKUH CIIEKTP 010JIOTYHO aKTUBHUX CIONYK,
BKJIIOYAlOUN aHTHOIOTHKH, (pepmeHTH. MeTa. Bu-
BYMTH 3/IaTHICTh AKTHHOOAKTEPil, BUAIICHUX 3 BOIU
1 ToHHKX ocaxaiB YopHOTo MOps MpoxyKyBaTH a-L-
paMHO3H/Ia3M, a TAKOXK JIOCHITUTH BIACTHBOCTI Haki-
O1TBIII aKTUBHOTO MpoaylieHTa. Metomu. [iko3umas-
Hi aKTUBHOCTI BU3HAYaJIM MeTonamMu Romero 1 Davis,
6110k — MmetogoM Lowry. Pesynsratu. Buuenns 12
[JTIKO3KUIa3HUX aKTUBHOCTEW y 10 mTaMiB akTHHOOAK-
Tepid, BUAUICHHUX 3 JIOHHUX 0caiiB HopHOTO MOpS TIO-
Ka3alio, mo 6 JIOCIIPKEHUX MTaMiB MPOSBUIN 3/1aT-
HICTh CHHTE3yBaTH (hepMeHT 3 a-L-paMHO3KUIa3HOO 1
b-D-Tr0K0311a3H010 aKTUBHICTIO. JloCiIiKeHHS T10-
Ka3aly, 1110 HallBUINy o-L-paMHO3M1a3Hy aKTHBHICTh
(0.14 on/mr Ginka) BUSBHB 130T Acty 5 3 onTHMY-
MoM pH 7.0 i Temmneparypuum ontumymom 38° C.
depMeHTHUH TIpenapaT BUSIBIISB CyOCTpaTHY CIICIH-
(IYHICTB SIK 10 TIPUPOIHUX (PYTHH, HAPUHTHH, HEO-
recrepuInH), Tak 1 CHHTETUYHUX (p-HITpO(pEeHUIBHUX
noxigHux L-pamHo3u 1 D-riroko3u) cyOctparis.
BucnoBku. Cepen MOPCBKHX aKTMHOOAKTEpil BH-
SIBJICHUH TIEPCTIEKTUBHUH 130514T Acty 5 3 BHCOKOIO
a-L-paMHO311a3HO0 1 HU3BKOKO b-D-TH0K0311a3HO0
aKTHUBHICTIO. bakTepii, 110 MarOTh aKTHBHICTh JBOX
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