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In recent years, cold-adapted enzymes are increasingly used in industrial processes such as the food,
textile and beverage industries. Moreover, cold-active enzymes are usually thermolabile and can be
inactivated with little heat. This is especially important in reactions where it is necessary to inactivate
an enzyme after it has completed its function, while maintaining conditions that allow other enzymes
involved in the reaction to function. Among these enzymes, glycosidases play an important role, which
are used in medical technological processes, the food industry, biotechnology for the purification and
processing of raw materials, as well as in many other areas of human activity. Therefore, the aim of this
work was to study the ability of the psychrotolerant bacterium Pseudomonas mandelii Ul to produce
glycosidases, in particular a-L-rhamnosidases, and also to investigate their physicochemical properties
and substrate specificity. Methods. Glycosidase activities were determined by Romero and Davis methods,
protein — by Lowry method. Results. The study of enzymatic activities in the dynamics of growth indicates
that already on the third day of cultivation in the supernatant of the culture liquid of P. mandelii Ul
o-L-rhamnosidase activity (0.09 U/mg protein) was noted. On the fifth day of cultivation, in addition
to a-L-rhamnosidase (0.09 U/mg protein), [-D-glucosidase (0.09 U/mg protein) and o-D-glucosidase
(0.09 U/mg protein) activities were identified. On the seventh and ninth days of cultivation, the spectrum of
glycosidase activities was wider, except for a-L-rhamnosidase (0.2 and 0.16 U/mg protein, respectively),
[-D-glucosidase (0.02 and 0.05 U/mg protein, respectively) and a-D-glucosidase (0.04 and 0.08 U/mg
of protein, respectively), a-D-mannosidase (0.025 and 0.025 U/mg protein, respectively), a-D-fucosidase
(0.025 and 0.05 U/mg protein, respectively), N-acetyl-p-D-glucosaminidase (0.025 and 0.025 U/mg
protein, respectively) and N-acetyl-f-D-galactosaminidase (0.025 and 0.025 U/mg protein, respectively).
Since among the studied glycosidase activities, o-L-rhamnosidase was the highest, subsequent studies
were aimed at investigating its properties. It was shown that P. mandelii Ul a-L-rhamnosidase has the pH
optimum of action at 5.0, and the temperature optimum — at 4 °C. Conclusions. The temperature optimum
of P. mandelii Ul a-L-rhamnosidase preparation isolated from moss in Antarctica, Galindez Island, is
4 °C, the optimum pH is 5.0, the enzyme is able to hydrolyze as synthetic substrates p-nitrophenyl-a-
L-rhamnopyranoside, p-nitrophenyl-p-D-glucopyranoside, p-nitrophenyl-a-D-glucopyranoside, p-nitro-
phenyl-a-D-mannopyranoside, and natural substrates — naringin, neohesperidin and rutin, which
suggests the possibility of its use in the future in food technologies, in particular in food processing and
waste degradation at low temperatures.

Keywords: Pseudomonas mandelii Ul, a-L-rhamnosidase, physicochemical properties, substrate
specificity.

The Antarctic is one of the most extreme
terrestrial environments inhabited by micro-
organisms [1]. This continent is notably marked by
conditions of intense cold, low nutrient availability,
strong winds [2], periods of high solar radiation
and extended total darkness [3, 4], low atmospheric
humidity, little water availability, and high salinity
levels in dry valleys [1, 3]. These physicochemical
conditions impose thermodynamic and kinetic
limits that, together with the oligotrophic character
of the continent, represent real constraints for the
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development of biological communities. Indeed,
optimum growth conditions are restricted for the
majority of microorganisms described to date [3].
Until recently, it was believed that bacteria found
in Antarctic were exclusively psychrophilic, but
more and more psychrotolerant organisms are
being reported from the soils, lakes, sediments,
seawater, etc. of Antarctica, further corroborating
the great diversity of microorganisms that exist
on this continent [5, 6]. This is due to the fact
that psychrotolerant microorganisms use more
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survival strategies in the face of sharp seasonal
changes in Antarctica than psychrophilic analogs
[7]. The survival strategies of psychrotolerant
microorganisms have been evolutionarily selected
and have genetically and physiologically forged
these microorganisms [2, 7]. Ultimately, these
survival strategies are of biotechnological interest,
especially in relation to cold-adapted organisms [8].
Consequently, the Antarctic continent has become
a focal point for obtaining new psychrophilic
and psychrotolerant strains. The bacterial strains
found to date in Antarctica include members of the
Pseudomonas genus, one of the most successful
and ubiquitous bacterial groups worldwide [8].
Recently, a new species of Pseudomonas —
Pseudomonas mandelii Ul, was isolated in
the Antarctic, which is a representative of
psychrotrophic microorganisms [9], the properties
of lipopolysaccharide of which were studied by us
earlier [10].

Since in cold ecosystems bacteria play a vital
role in biochemical cycles and biodegradation of
waste, in recent years, researchers have paid great
attention to the identification of the enzymes they
synthesize. Since these enzymes exhibit high
catalytic efficiency at low to moderate temperatures
compared to their mesophilic and thermophilic
homologues, they can provide significant economic
benefits as their use leads to energy savings.
Only a small amount of enzyme is required for
effective catalysis at low temperatures. Cold-
adapted enzymes are increasingly used in industrial
processes such as the food, textile and beverage
industries. Moreover, cold-active enzymes are
usually thermolabile and can be inactivated with
little heat. This is especially important in reactions
where it is necessary to inactivate an enzyme after
it has completed its function, while maintaining
conditions that allow other enzymes involved in
the reaction to function.

Among these enzymes, glycosidases play
an important role, which are used in medical
technological processes, the food industry,
biotechnology for the purification and processing
of raw materials, as well as in many other areas of
human activity.

Therefore, the aim of this work was to assess
the ability of the psychrotolerant bacterium Pseu-
domonas mandelii Ul to produce glycosidases,
in particular, a-L-rhamnosidases, as well as to
investigate their physicochemical properties and
substrate specificity.
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Materials and methods. The object of the
study was the culture of Pseudomonas mandelii
Ul [11], isolated from moss on Galindez Island in
Antarctica and kindly provided to us for research
by the staff of the Department of Extremophilic
Microorganisms of the Zabolotny Institute of
Microbiology and Virology, National Academy of
Sciences of Ukraine.

To identify glycosidase activities, the cultivation
of Pseudomonas mandelii was carried out under
submerged conditions in flasks containing 100 mL
of a nutrient medium of the following composition,
g/L: rhamnose — 4; NaNO, — 2.0; KH,PO, - 1.0;
MgSO, - 7TH,0 — 0.5; KCI - 0.5; FeSO, - 7TH,0O —
0.015; pH 5.0, at temperatures of 16 and 28 °C,
with a rotation speed of 220 rpm, cultivation time
is 9 days.

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

When determining the activity of glycosi-
dases, the following nitrophenyl derivatives
of carbohydrates (Sigma-Aldrich, USA) were
used as substrates: p-nitrophenyl-f-D-galac-
topyranoside, p-nitrophenyl-B-D-glucuronide,
p-nitrophenyl-o-D-mannopyranoside, p-nitro-
phenyl-a-D-xylopyranoside, p-nitrophenyl-a-D-fu-
copyranoside, p-nitrophenyl-B-D-xylopyranoside,
p-nitrophenyl-f-D-glucopyranoside, p-nitro-
phenyl-N-acetyl-f-D-glucosaminide, p-nitro-
phenyl-N-acetyl-a-D-glucosaminide, p-nitrophe-
nyl-N-acetyl-B-D-galactosaminide, p-nitrophenyl-
a-D-glucopyranoside, p-nitrophenyl-a-L-rhamno-
pyranoside.

To determine the activity of glycosidases,
0.2 mL of 0.1 M phosphate-citrate buffer (PCB)
pH 5.2 and 0.1 mL of a 0.01 M solution of the
corresponding substrate in PCB were added to
0.1 mL of the culture liquid supernatant. The
reaction mixture was incubated for 10 min at 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
reverse order. The amount of p-nitrophenol, which
is formed as a result of hydrolysis, was determined
by the colorimetric method by the absorption at
400 nm. The unit of activity of the studied
glycosidases was taken to be such an amount that
hydrolyzes 1 pmol of the corresponding substrate
for 1 min under experimental conditions [12].
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The Davis method was used to determine o-L-
rhamnosidase activity using natural substrates na-
ringin, neohesperidin, and rutin [13]. To determine
the activity, 1 ml of 0.05 % natural substrate in 0.1 M
PCB pH 5.2 was added to 1 mL of the enzyme
preparation solution. The reaction mixture was
incubated for 60 min at 37 °C. Aliquots of 0.2 mL
were taken; 10 mL of diethylene glycol, 0.2 mL of
4 M NaOH were added. The mixture was kept at
room temperature for 10 min, and the color intensity
was measured on a spectrophotometer at 420 nm.

The unit of enzyme activity was taken as such an
amount that hydrolyzes 1 umol of the substrate in
1 min under the experimental conditions. Specific
activity was calculated as the number of activity
units (U) per 1 mg of protein.

Protein concentration was determined by
the Lowry method [14]. A calibration curve was
constructed using bovine serum albumin as a
standard.

To obtain a partially purified enzyme prepa-
ration, dry ammonium sulfate was added to the
culture liquid to a concentration of 90 % saturation
under pH control (~6.0). The mixture was kept for
10-12 h at a temperature of 4 °C, centrifuged at
5000 g for 30 min. The precipitate obtained from
the fractionation with ammonium sulfate was
dialyzed. The study of the effect of temperature on
the enzymatic activity was carried out in the range
from 4 to 60 °C and pH values from 2.0 to 9.0, the
latter was created using 0.01 M PCB.

All experiments were carried out in at least
3-5 replicates. Statistical processing of the results
of the experimental series was carried out by
standard methods using the Student’s t-test at a
5 % significance level [15].

Results. To identify glycosidase activities in
the culture liquid supernatant, the P. mandelii Ul
culture was grown on a synthetic medium in which
rhamnose was used as carbon and sodium nitrate
was used as nitrogen. The study of enzymatic
activities in the dynamics of growth indicates
that already on the third day of cultivation in the
supernatant of the culture liquid of P. mandelii U1,
a-L-rhamnosidase activity (0.09 U/mg protein)
was noted (Fig. 1). On the fifth day of cultivation,
in addition to a-L-rhamnosidase (0.09 U/mg
protein), B-D-glucosidase (0.09 U/mg protein) and
a-D-glucosidase (0.09 U/mg protein) activities
were identified. On the seventh and ninth days of
cultivation, the spectrum of glycosidase activities
was wider, except for a-L-rhamnosidase (0.2 and
0.16 U/mg protein, respectively), f-D-glucosidase
(0.02 and 0.05 U/mg protein, respectively)
and a-D-glucosidase (0.04 and 0.08 U/mg pro-
tein, respectively), a-D-mannosidase (0.025 and
0.025 U/mg protein, respectively), a-D-fucosidase
(0.025 and 0.05 U/mg protein, respectively), B-D-
glucosaminidase (0.025 and 0.025 U/mg protein,
respectively) and B-D-galactosaminidase (0.025
and 0.025 U/mg protein, respectively).
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Fig. 1. Dynamics of enzymatic activities of P. mandelii U1 during cultivation on the following
substrates: p-nitrophenyl-a-L-rhamnopyranoside (1), p-nitrophenyl-p-D-glucopyranoside (2),
p-nitrophenyl-a-D-glucopyranoside (3), p-nitrophenyl-a-D-mannopyranoside (4),
p-nitrophenyl-a-D-fucopyranoside (5), p-nitrophenyl-N-acetyl-p-D-glucosaminide (6),
p-nitrophenyl-N-acetyl-p-D-galactosaminide (7)
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Since among the studied glycosidase acti-
vities, o-L-rhamnosidase was the highest, sub-
sequent studies were aimed at investigating its
properties. Thus, the study of the influence of
the growing temperature showed (Fig. 2) that
the temperature of 16 °C is more optimal for the
synthesis of a-L-rhamnosidase from P. mandelii
U1 than 28 °C, at which the enzyme biosynthesis
decreased. The study of the dynamics of the
synthesis of a-L-rhamnosidase activity by the
P. mandelii Ul culture showed (Fig. 2) that
the maximum enzymatic activity is observed
on the 5" day of cultivation when grown at
16 °C.

Further studies of the properties were carried
out on a partially purified preparation of a-L-
rhamnosidase.

When studying the effect of pH on the rate
of hydrolysis of naringin, it was found that
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the optimum action of P. mandelii Ul a-L-
rhamnosidase is at pH 5.0 (Fig. 3).

Typically, the rate of reaction that enzymes
catalyze increases to an optimal value as the
temperature rises to the point at which the enzyme
is inactivated. The study of the optimal temperature
in the temperature range from 4 to 60 °C showed
that at 4 °C the o-L-rhamnosidase activity of
P. mandelii Ul was the highest (Fig. 4). With an
increase in temperature, the a-L-rhamnosidase
activity of P. mandelii U1 decreased: by 25 % at
15 °C, by 70 % at 50 °C. Complete inactivation of
the enzyme was observed at 60 °C.

Studies of the substrate specificity of P. man-
delii Ul enzyme preparation were carried out
both on synthetic p-nitrophenyl derivatives of
monosaccharides and on natural flavonoids such
as naringin, neohesperidin, and rutin. P. mandelii
enzyme preparation exhibited higher activity on
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Fig. 2. Dynamics of the synthesis of . mandelii Ul a-L-rhamnosidase at different temperatures
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Fi g. 3. Effects of pH on a-L-rhamnosidase activity of P. mandelii U1 (37 °C)
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natural substrates rutin (0.26 U/mg protein), naringin
(0.18 U/mg protein), and neohesperidin (0.14 U/mg
protein) than on synthetic. So, on p-nitrophenyl-a-
L-rhamnopyranoside it was 0.11 U/mg protein, on
p-nitrophenyl-B-D-glucopyranoside — 0.075 U/mg
protein, on p-nitrophenyl-oa-D-glucopyranoside —
0, 08 U/mg protein, on p-nitrophenyl-a-D-manno-
pyranoside — 0.075 U/mg protein (Fig. 5).

Thus, it was shown that the temperature opti-
mum of a-L-rhamnosidase preparation from
P. mandelii, isolated from moss in Antarctica,
Galindez Island, is 4 °C, the optimum pH is 5.0,
the enzyme is able to hydrolyze as synthetic sub-
strates p-nitrophenyl-a-L-rhamnopyranoside,
p-nitrophenyl-p-D-glucopyranoside, p-nitrophenyl-
a-D-glucopyranoside, p-nitrophenyl-a-D-man-
nopyranoside, and natural substrates — naringin,
neohesperidin, and rutin, which suggests the pos-
sibility of its use in the future in food technologies.
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Discussion. Psychrophilic organisms that
constantly live in cold environments have deve-
loped many adaptations that have allowed them
to thrive in cold environments. A key feature of
these devices is the ability to synthesize enzymes,
which at low and moderate temperatures are
much more active than their mesophilic and
thermophilic analogies. Their high specific activity
is undoubtedly associated with structural modi-
fications that can be located at a great distance
from the active site and which usually lead to
higher thermal instability of these enzymes, often
associated with even faster thermal inactivation.
The unique properties of these enzymes are
also due to the fact that their structure contains
fewer disulfide bridges and proline residues, but
higher contents of glycine residues, as well as an
increased formation of loop structures [16].
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Fi g. 4. Effects of temperature on the P. mandelii U1l o-L-rhamnosidase activity (pH 5.0)
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F i g. 5. Substrate specificity of . mandelii U1 enzyme preparation
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Bacterial a-L-rhamnosidases are poorly cha-
racterized, but their biochemical properties can
be of great importance for processes in which
fungal a-L-rhamnosidases cannot be used. One of
the factors that increase the rate of the enzymatic
reaction is temperature. Unfortunately, in the
scientific literature there are practically no data
on a-L-rhamnosidase activities at temperatures
below 20 °C, since the temperature optimum
for the action of most a-L-rhamnosidases is 40—
60 °C. Thus, the temperature optimum of 005NJ
isolate with a-L-rhamnosidase activity was 40 °C
[17]. Similar values were recorded for a-L-rham-
nosidases from Pichia angusta and Absidia sp.
39 [18.19]. Researchers have shown that the a-L-
rhamnosidase from Absidia sp. showed only 40 %
activity at 20 °C [19]. At the same time, the authors
[18] indicated that Pseudoalteromonas sp. 005NJ
exhibited a-L-rhamnosidase activity at 4 °C. It
showed a specific growth rate of 0.12-0.19 h'!' in
the temperature range from — 1 to 8 °C. Optimum
pH and temperature values were 6 and 40 °C,
respectively. At 7 °C, 005N]J isolate retained only
19 % of a-L-rhamnosidase activity, and at 4 °C, the
activity of 005N isolate decreased to 6 %. Similar
data are shown for the Pseudoalteromonas sp. [18].
In our study, it was shown that a temperature of
4 °C is optimal for the action of P. mandelii enzyme
preparation. It was also shown that when grown
at 16 °C, a higher o-L-rhamnosidase activity was
observed than at 28 °C. Perhaps this is due to the
fact that P mandelii strain was isolated at 5 °C;
therefore, lower temperatures increase the activity
of the studied culture. We found that the o-L-
rhamnosidase activity of the studied P. mandelii
strain at 4 °C was the highest.

Optimal pH values are among the important
characteristics of enzyme preparations. It is known
that a-L-rhamnosidases have a pH optimum of
2.0 to 11.0. The main differences between fungal
and bacterial enzymes are significant differences
in the pH of the action. Fungal enzymes exhibit
a pH optimum in the acidic range of 4.0 to 6.0,
while bacterial ones are close to neutral or alkaline.
These properties predetermine the use of fungal
and bacterial enzymes in different areas. Thus,
fungal a-L-rhamnosidases are more used in such
processes as the production of wines [18] and
juices [19]. Bacterial enzymes are mainly used
in the production of L-rhamnose by hydrolysis of
hesperidin and various flavonoid glycosides [18].

The results obtained when studying the opti-
mal pH values on a partially purified enzyme
preparation of P. mandelii indicate that the optimum
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pH of its action is 5.0, i. e. it is in the range of
action of the pH of fungal a-L-rhamnosidases.
The a-L-rhamnosidase activity of isolate 005NJ
was optimal at pH 6, but was inactive at acidic
pH values. Sensitivity to low pH values can be a
limiting factor in the industrial use of enzymes in
food processing.

Studies of the substrate specificity showed that
P. mandelii enzyme preparation displayed higher
activity on natural than on synthetic substrates.
This specificity is found in many bacterial a-L-
rhamnosidases [18, 19].

Microbial cold-active enzymes from various
sources can be used in a wide variety of processes
where low temperatures are required [19]. Thus,
they can find application as additives in detergents
used for cold washing, and as additives in the food
industry during fermentation, cheese production,
baked goods and meat softening, in the manufacture
of food products, reagents for molecular biology,
antibiotics, in cosmetics and some other types
of products. Another advantage of cold-active
enzymes, especially from a food industry point of
view, is the prevention of bacterial contamination
that can occur when used at high temperatures in
production [20].

The importance of finding new producers of
cold-active enzymes is confirmed by the fact that
currently the annual market for thermotolerant
enzymes is already 520 million dollars. As for
fundamental research, the study of the properties
of enzymes of psychrophilic microorganisms will
provide information on the mechanisms of their
adaptation to functioning at low temperatures.

Conclusions. The temperature optimum of
P. mandelii Ul o-L-rhamnosidase preparation
isolated from moss in Antarctica, Galindez
Island, is 4 °C, the optimum pH is 5.0, the enzy-
me is able to hydrolyze as synthetic substrates
p-nitrophenyl-a-L-rhamnopyranoside, p-nitro-
phenyl-B-D-glucopyranoside, p-nitrophenyl-a-
D-glucopyranoside, p-nitrophenyl-o-D-manno-
pyranoside, and natural substrates — naringin,
neohesperidin and rutin, which suggests the
possibility of its use in the future in food techno-
logies, in particular in food processing and waste
degradation at low temperatures.
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o-L-PAMHO3UJA3HA AKTUB-
HICTb AHTAPKTHYHOI'O LITAMY
PSEUDOMONAS MANDELII U1

O.B. I'yozenxo, H.B. bop3oea, J1./l. Bapoaneus

Inemumym mixpobionoeii i gipyconoeii
im. JI.K. 3abonomnoco HAH Yxpainu,
eyn. Akademixa 3abonomnoeo, 154,
Kuis, 03143, Vkpaina

Peszwwme

B ocranHi pokn aganToBaHi 10 X004y GepMeHTH
BCE YACTIIIe BUKOPUCTOBYIOTHCS B TAKUX ITPOMHUCIIO-
BUX TIpoIlecax, sIK XapuoBa, TEKCTHIbHA POMHUCIIO-
BOCTIi, BAPOOHUIITBO HAIOiB. BTkl TOro, X0I010aK-
THUBHI ()epMEHTH 3a3BUYal TepMOIaOiabHI 1 MOXKYTb
OyTH iHaKTUBOBAHI MpPHU HE3HAUYHOMY HarpiBaHHI.
Lle 0coOnMBO BaXKITMBO B PEAKILisiX, KOIU HEOOXiTHO
1HAKTUBYBaTH (DEpPMEHT MiCIIsI TOTO, SIK BiH BUKOHAB
cBor0 (byHKIIIIO, ITpH 30epiraHHi YMOB, SIKi JIO3BOJISI-
10Th (DYHKIIOHYBaHHS 1HITUX (hEPMEHTIB, IO OEPYTh
y4acTb y peakuii. Cepen Takux €H3UMIiB BaXKIUBY
POIb BiZIrpatoTh TIMIKO3UJIA3H, SIKi 3aCTOCOBYIOTHCSA
B MEIIMKO-TEXHOJOTIYHHX MPOIIEcax, XapuoBiil mpo-
MHCJIOBOCTI, O10TEXHOJIOTISIX OYMCTKH Ta MEePepOOKH
CHUPOBHUHH, a TAKOXK y 0araTbox HIINX chepax JTisib-
HOCTI JitouHU. ToMy MeTo10 poGoTH OYJI0 TOCTIUTH
3[aTHICTh ICUXPOTOJIepaHTHOI OakTepil Pseudomonas
mandelii Ul npoayKyBaTH TIIIKO3U/a3H, 30Kpema o-L-
paMHO3M1a3y, & TAKOXK TOCTIINTH 1XH1 (pi3HKO-XiMivHI
BIIACTHBOCTI Ta cyOcTparHy crienndivHicTs. MeTo-
au. [1Ko3uma3Hi akTUBHOCTI BU3HAYAIM METONAMU
Romero i Davis, 6110k — metonom Lowry. Pe3yib-
TaTu. BuBueHHs pepMeHTaTHBHOI aKTUBHOCTI B ITU-
HaMilli CBITYUTH PO T€, L0 BXKE Ha TPETIO 100y KyIb-
THUBYBAHHS B CyNEpPHATAHTI KyJIbTYPaJbHOT PiIUHH
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P. mandelii Ul BigMiuanu akTUBHICTH O-L-pamHo-
3ugasu (0.09 Ox/mr 6inka). Ha n’saty 100y KynbTH-
ByBaHHSI, KpiM o-L-pamuosungaszu (0.09 On/mr Oinka),
Oyna ineHTudikoBaHa aKTUBHICTH B-D-Tirroko3naasu
(0.09 Ox/mr 6inka) 1 a-D-mirroxo3umasu (0.09 On/
Mr 0inka). Ha cbomy 1 1eB’sATy 100y KyJbTHBYBaHHS
CHEKTp aKTUBHOCTI IIiKO3K/1a3 OyB OIbII IIUPOKUM:
okpim a-L-pamuosunazu (0.2 1 0.16 On/mr Oinka Bia-
noBiiHO), B-D-rmoko3unaszu (0.02 1 0.05 On/mr Ginka
BiamoBiHO) 1 a-D-rmoko3umazu (0.04 1 0.08 Ox/mr
O1JIKa BIMOBIIHO), OyJIn BUsIBIIECH] 0-D-MaHHO3M1a3a
(0.025 On/mr 1 0.025 On/mr Oinka BiAMOBIAHO), a-D-
¢dyko3umaza (0.025 i 0.05 Oxn/mr Ginka BiAMOBII-
HO), N-anerun-B-D-rmrokozaminigaza (0.025 Oxn/mr
1 0.025 On/mr Ginka BignoBigHO) Ta N-aneTui-f-
D-ranakro3zaminigasa (0.025 Oxa/mr 1 0.025 On/
MI OijKa BiAMOBIAHO). OCKIIBKHA aKTUBHICTH 0-L-
paMHO3H1a3u Oyina HaWOIIbII BHCOKOI, HACTYITHI
JOCIiKEHHS OyJIM CIIPSMOBaHI Ha BUBYEHHS 11 Bjac-
TuBocTed. byno nokasano, mo a-L-pamHo3uaaza
P. mandelii U1 mae pH-ontumym nii npu 5.0, a Tep-
moontumyM — 1ipu 4 °C. BucnoBku. [Ipenapar a-L-
pamuosunasu P. mandelii U1, sikuii OyB 13071b0BaHUM
13 MOXy B AHTapkrtuili (0. [aniHaes), nposBisie Tep-
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