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Yeasts are known to produce surface-active compounds e.g. biosurfactants including
mannosylerythritol lipids, sophorolipids and other glycolipid compounds. Sugar-rich
niches including nectar and flowering plants have been suggested as potential sources
for biosurfactant-producing yeasts. Previously 160 yeast strains were isolated from
various flowering plants and bees Apis mellifera. Two yeast strains preliminarily identified
belonging to the genus Candida were selected as the most promising biosurfactant
producers. The aim of this work was to characterize biosurfactants produced by the
selected yeast strains, e.g. determine their surface properties, stability and potential
antimicrobial activity against various bacterial and yeast strains. Methods: Yeast strains
were identified according to phenotypic characteristics. Biosurfactants were extracted by
ethyl acetate. Antimicrobial activity was determined by disc diffusion and serial dilution
methods. Stability of biosurfactants was assessed by oil-spreading method under various
pH, temperature, salt concentrations. Results: Two yeast strains 79a and 156a were
identified as Candida gropengiesseri and Candida bombicola. Both yeast strains have
been shown to produce a mixture of several glycolipids with Rf 0.15, 0.21, 0.31-0.35,
0.41-0.44, 0.5 and 0.62. The addition of hydrophobic carbon source (sunflower 0il)
to the medium resulted in 5-fold increase in biosurfactant production by both strains.
The decrease in surface tension of the medium up to 36.0-36.6 mN/m as a result of
6 day cultivation of yeasts in SL medium was detected. Produced biosurfactants retained
stability at elevated temperatures and high salt concentrations although lost their activity
at alkaline pH. Biosurfactant extracts demonstrated weak antibacterial activity against
gram-positive bacteria but lacked inhibitory effect against gram-negative bacteria and
yeasts. Conclusions: Two yeast strains C. gropengiesseri and C. bombicola isolated from
flowering plants produce glycolipid biosurfactants stable at high salinity and temperature
and exhibiting weak antimicrobial activity against gram-positive bacteria. The surface
activity of both strains is indicative of their potential as biosurfactant producers.
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Biosurfactants are surface-active amphiphilic compounds produced by
various groups of microorganisms. Yeasts as biosurfactants producers are
attractive due to their GRAS status, e.g. lack of pathogenicity, low toxicity
and potential application in food, pharmaceutical and cosmetic industries
[1]. Best-known biosurfactants produced by yeasts include glycolipids
mannosylerythritols (by yeasts belonging to the genus Pseudozyma),
sophorolipids (by yeasts belonging to the genera Candida and Starmerella)
and cellobiose lipids (by yeasts belonging to the genera Pseudozyma and
Cryptococcus) [2]. Also complex polymeric biosurfactants of carbohydrate-
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protein-lipid and carbohydrate-protein nature were produced by various yeast
species [1].

Biosurfactants produced by yeasts have been shown to exhibit antibacterial,
immune-modulating and anticancer activities [2]. Biosurfactant produced
by Candida lipolytica strain was found to be effective against a broad
spectrum of gram-positive bacteria and weakly inhibitory against some gram-
negative bacteria and yeasts [3]. Sophorolipids have been shown to possess
antimicrobial activity against gram-positive and gram-negative bacteria [4, 5]
as well as anticancer activity [6], and immune-modulating properties [7]. Other
glycolipid biosurfactants produced by yeasts exhibited antimicrobial activity
against various yeasts as well as bacteria [3, 8].

The search for new biosurfactant producers of yeast origin continues in
various ecological niches. One of the most promising biosurfactant groups
are sophorolipids produced predominantly by yeasts of Starmerella bombicola
clade that are associated with sugar-rich substrates — bees and flowers [9].
Other possible natural sources for biosurfactant-producing yeasts include
hydrocarbon-contaminated soils [10], various fruits and vegetables [11].

Previously 160 yeast strains were isolated from various flowering plants
and bees Apis mellifera and screened for biosurfactant production [12]. A high
proportion of the isolates (45%) have been shown to possess surface activity
by oil-spreading method. Two yeasts strains preliminarily identified belonging
to the genus Candida were selected as the most promising biosurfactant
producers. Here, we provide for the first time the characterization of yeasts —
producers of glycolipid biosurfactants isolated from flowers in the territory of
Ukraine.

The aim of this work was to characterize biosurfactants produced by the
selected yeast strains, e.g. determine their surface properties, stability and
potential antimicrobial activity against various bacterial and yeast strains.

Materials and methods. Yeast strains used in the study. Two yeast strains
Candida spp. 79a and 156a were previously isolated from flowers of Tulipa
gesneriana and Viburnum sp. [12].

To assess the antibacterial activity of biosurfactant extracts produced by
yeasts the following test strains of gram-positive and gram-negative bacteria
were used: Escherichia coli UCM B-906 (ATCC 25922), Pseudomonas
aeruginosa UCM B-907 (ATCC 27853), Proteus vulgaris UCM B-905
(ATCC 6896), Klebsiella pneumoniae UCM B-920 (ATCC 10031), Bordetella
bronchiseptica UCM B-222 (ATCC 4617), Stapylococcus aureus UCM B-4001
(ATCC 6538P), Bacillus subtilis UCM B-901 (ATCC 6633), Bacillus cereus
UCM B-908 (ATCC 11778), Micrococcus luteus UCM Ac-634 (ATCC 10240),
Bacillus pumilus UCM B-913 (NCTC 8241). To assess potential antifungal
activity the following yeast strains were used: Rhodotorula mucilaginosa UCM
Y-1406, Debaryomyces hansenii var. fabryii UCM Y-2531 (ATCC 20278),
Metschnikowia lunata UCM Y-47 (ATCC 22033), Pichia guillermondii
UCM Y-34 (ATCC 46036), Saccharomyces cerevisiae UCM Y-2474 (ATCC
9763), Debaryomyces occidentalis var. occidentalis UCM Y-24 (ATCC 2322),
Candida tropicalis UCM Y-2502 (ATCC 750), Rhodosporidium diobovatum
UCM Y-43 (ATCC 22265), Candida albicans UCM Y-1918 (ATCC 885-653),
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Candida boidinii UCM Y-1572 (ATCC 18810), Lodderomyces elongisporus
UCM Y-2500 (ATCC 11503), Pichia membranifaciens UCM Y-1588 (ATCC
26288). All the test strains were obtained from Ukrainian Collection of Micro-
organisms.

Culture media. Biosurfactant production by yeasts was assessed in the
medium SL containing 100 g/L glucose, 1.5 g/L yeast extract, 4 g/L NH,Cl,
1 ¢/ KH,PO,, 0.1 g/L NaCl, 0.5 g/L MgSO x7H20 in distilled water [10].
Antimicrobial activity was determined in Mueller-Hinton medium (HiMedia)
and Saburaud medium containing 40g/L glucose, 10 g/L peptone, 20 g/l agar,
pHS5.5.

Phenotypic identification of yeast isolates. Identification of yeast strains
was carried out based on the morphological and physiological characteristics
according to the Kurtzman et al [13]. Yeast macromorphological (morphology
of the colonies and growth in broth media) and micromorphological
(size and morphology of yeast vegetative cells, spore formation, mode of
asexual reproduction, filament formation) characteristics were described.
Differentiation between ascomyceteous and basidiomyceteous yeasts was based
on Dizazonium blue reaction. Fermentation of sugars was carried out in Dunbar
tubes containing 2% corresponding carbon source at 26-28°C for 3-4 weeks. The
assimilation of 39 different carbon sources including carbohydrates, polyols,
organic acids was performed in broth YNB medium (Yeast Nitrogen Base)
for 3 weeks at 26-28°C. Assimilation of nitrogen sources (potassium nitrate
and sodium nitrite) was done in broth YCB medium (Yeast Carbon Base) for
3 weeks at 26-28°C. Yeast ability to grow in vitamin-free medium, at 37°C, on
50% glucose agar and medium containing 10 % NaCl and 5 % glucose and
tolerance to antibiotic cyclohexymide at concentrations 0.1% and 0.01% was
assessed.

Biosurfactant production. The incubation of biosurfactant-producing yeasts
was done for 6 days at 25°C on the orbitary shaker at 210 rpm in broth medium
SL. Food grade sunflower oil at concentration 5% (v/v) was added to the
medium as the hydrophobic carbon source. Biosurfactants were extracted from
the culture medium thrice with the equal volume of ethyl acetate, organic layer
was collected and dried using rotor evaporator [14]. The obtained extract was
washed thrice with hexane to remove the remaining hydrophobic substances,
dried and weighted to determine the biosurfactant yield.

Thin layer chromatography. 2 ml of culture medium were extracted with
2 ml ethyl acetate and extracts were applied onto TLC ALUGRAM SIL
G/UV,,, plates (MACHEREY-NAGEL, Germany) The developing system:
chloroform/methanol/water=65/15/2 (v/v/v). The visualizing reagent
a-naphthol/sulfuric acid was applied to TLC plates. Sprayed plates were heated
at 125°C for 5 min. Pink-colored spots (glycolipid-positive) were observed.
Retention factor Rf was determined as a ratio of the distance traveled by the
compound to the distance traveled by the solvent.

Surface tension determination. Yeast cultivation was carried out for 6 days
in SL medium as described previously. The surface tension of the culture
medium was measured using tensiometer Lauda TD 1C (Germany).

Oil-spreading method. 50 ml of distilled water have been poured to a large
Petri dish (15cm diameter) and 20pul of crude oil have been added to the water
surface. 10ul of cell-free culture medium have been added to the surface of
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oil. The diameter of clear zone formed on the surface was measured [15]. The
experiment was done in triplicate.

Stability study of biosurfactants. The stability of the produced biosurfactants
was assessed in terms of salinity, pH and temperature according to Techaoei et
al. with some modifications [16]. The culture medium after 6 days cultivation
in SL medium was centrifuged at 5000g for 10 min. The cell-free broth was
heated for 1 hour at 50°C, 70°C, 100°C and 120°C and then cooled to room
temperature. pH value of the cell-free broth was adjusted to the following
values: 2.0, 4.0, 6.0, 8.0, 10.0, 12.0 using 1 N NaOH or 1 N HCI. The effect of
salinity on biosurfactant stability was tested by the addition of sodium chloride
at concentrations 2, 4, 6, 8, 10 %. Oil-spreading activity of the cell-free broth
was determined 1 hour following such treatments.

Antimicrobial assays. Biosurfactant extracts were dissolved in 96° ethanol
and paper discs were supplemented with biosurfactant extracts at concentrations
100 and 200 pg per disc. Paper disc supplemented with ethanol were served
as control. Disc diffusion method against bacteria strains was performed on
Muller-Hinton agar plates [17]. Briefly, suspension of bacterial culture grown
overnight were spread on the plates and 30mm paper discs supplemented
with glycolipid extracts were placed above with the sterile tweezers. Plates
were incubated at 37°C for 24-48 h and the diameter of the zone of inhibition
was measured. Disc diffusion method against yeast strains was performed as
described previously with the following modifications: yeast incubation was
performed on Sabouraud agar plates at 28°C for 48-72 h.

Antimicrobial activity of biosurfactant extracts was also determined by
serial dilution method against bacterial tests strains on Mueller-Hinton agar
plates and against yeast test strains in Sabouraud agar plates supplemented with
the studied extracts at concentrations 5-500 mg/L. Additionaly antibacterial
activity of biosurfactant extracts against gram-positive bacterial strains was
assessed in 96-well microplates containing Mueller-Hinton broth supplemented
with the studied extracts at concentrations 100, 200, 400, 600, 800, 1000 mg/L.
Microplates were incubated at 37°C for 24-48 h. The minimum inhibitory
concentration (MIC) was determined as the lowest concentration of the
biosurfactant extract that completely inhibited the visible growth. All the tests
were performed in triplicate.

Data are displayed as means + standard deviations of triplicate experiments.

Results. Two selected yeast strains previously tentatively identified as
Candida sp. were subjected to a number of morphological and physiological
tests. The colonies of the both strains on malt agar after 3 days at 25°C were
white and cream, smooth with entire margin, butyrous. In YPD broth after 3
days at 25° C yeast cells were round, ellipsoidal, elongated, cylindrical, size
(1.3-2.9)x(2.3-5.0) um, occurred mostly single or in small chains (Fig. 1).
Budding was multilateral. Sediment and surface ring were observed in broth
YPD. No spore formation was detected. In Dalmau plates on potatoe and
Gorodkowa agar no filament formation was detected for yeast strain 79a while
short poorly branched filaments were formed by the strain 156a (Fig. 1, B).
Diazonium B reaction was negative for both strains.
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Fermentation of glucose, sucrose and raffinose was observed, maltose,
lactose, tregalose and galactose were not fermented. D-glucose, raffinose,
L-sorbose, sucrose, xylitol, D-sorbitol, D-mannitol, glycerol, ethanol,
succinate, citrate, D-gluconate, D-glucono-1,5-lactone were assimilated, slow
assimilation was observed for maltose, D-galactose, inulin. No assimilation of
melizitose, melibiose, cellobiose, D-xylose, lactose, D-arabinose, L-arabinose,
D-ribose, trehalose, L-rhamnose, erythritol, inozitol, ribitol, galactitol,
N-acetyl-D-glucoseamine, DL-lactate, hexadecane, salicin, soluble starch and
D—glucuronate was detected. Potassium nitrate and sodium nitrite were not
assimilated as nitrogen sources. No growth at 37° C was observed. Both yeast
strains grew on 50% glucose agar and were sensitive to 0.01% cycloheximide.
Starch-like compounds were not produced. Based on their phenotypic
characteristics yeast strain was identified as Candida gropengiesseri, yeast
strain 156a as Candida bombicola.

Fig. 1. Cell morphology of yeast strains C. gropengiesseri 79a (A) and C. bombicola 156a
(B), 3 days cultivation on malt agar

A B

Fig. 2. Characterization of glycolipid biosurfactants produced by yeasts: A — TLC plate
with glycolipid extracts from culture medium of yeast strains C. gropengiesseri 79a (1-2)
and C. bombicola 156a (3-4) after 6 days cultivation in oil-free SL medium SL (1-4) and
SL medium supplemented with 5% sunflower oil (2-3), B — glycolipid extract from the
culture medium of the yeast strain Candida gropengiesseri 79a
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Yeast strains C. gropengiesseri 79a and C. bombicola 156a synthesized
a mixture of at least 6 forms of glycolipid biosurfactants with Rf 0.15, 0.21,
0.31-0.35, 0.41-0.44, 0.5 and 0.62 (Fig. 2, A), glycolipid extract appeared as
yellow-brownish viscous material (Fig. 2, B).

The addition of 5% food-grade sunflower oil to SL medium resulted in the
intensification of visualization of glycolipid fractions on TLC plate (Fig. 2, A)
and increased the concentration of biosurfactants more than 5-fold after 6 days
cultivation in SL medium — from 2.03-2.87 g/L in oil-free medium to 10.65—
16.11 g/L in oil-supplemented medium (Table 1). Surface tension of the SL
medium as a result of 6 days cultivation of both yeast strains was decreased
from 73.65 to 36.0-36.6 mN/m in oil-free medium and from 63,02 to 32,3~
33,5 mN/m in medium supplemented with 5% sunflower oil (Table 1).

Table 1
Biosurfactant production by yeast strains C. gropengiesseri 79a and
C. bombicola 156a

Oil-free SL medium

SL medium supplemented with
5% sunflower oil

Yeast strain Biosurfactant . Biosurfactant .
. Surface tension, . Surface tension,
concentration, concentration,
mN/m mN/m
g/l g/l
C.gropengiesseri 79a 2.03+0.11 36.6+0.82 10.65+1.22 32.3+1.61
C.bombicola 156a 2.87+0.25 36.0 £0.26 16.11+1.98 33.5+1.67

Biosurfactants produced by the selected yeast strains were shown to retain
their full stability at high temperatures up to 100°C and some loss of surface
activity was observed at 120°C (Fig. 3, A). Biosurfactants were also stable at
high sodium chloride concentrations (2—-10%) (Fig. 3, B), however a rapid loss
of stability was detected at pH increase. Only 25% and 43.9% of oil-spreading
activity was retained by yeast strains C. gropengiesseri 79a and C. bombicola
156a correspondingly at pH 12.

Biosurfactants produced by yeasts have been shown to possess antimicrobial
activity against various bacteria, yeasts, molds [2]. However extracts of
glycolipids produced by yeast strains C. gropengiesseri 79a and C. bombicola
156a did not exhibit any inhibitory effect against a number of gram-positive
and gram-negative bacteria as well as yeasts when testing by disc diffusion
method. Weak inhibitory effect was observed only against one gram-positive
strain B.cereus UCM B-908 with diameter of zone 8,33mm (data not shown).
When testing antimicrobial activity by serial dilution method extracts of
biosurfactants produced by both strains did not inhibit the growth of any test
strains of yeasts and gram-negative bacteria at concentrations 5-500 mg/L.

Weak inhibitory effect of biosurfactant extracts was observed on agar medium
against gram-positive bacteria strains S. aureus UCM B-4001, B. subtilis UCM
B-901, M. luteus UCM Ac-634, B. cereus UCM B-908 at concentration 500
mg/L. When assessing antibacterial activity of the biosurfactant extracts in
Mueller-Hilton broth their activity was found to be more pronounced, the most
sensitive bacterial strain being M. luteus UCM Ac-634, MIC of both tested
biosurfactant extracts was 100 mg/L. Biosurfactant produced by yeast strain
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C. bombicola 156a exhibited higher antimicrobial activity against gram-
positive bacterial strains B. pumilus B-913, S. aureus B-4001, B. cereus B-908
(MIC —200-400 mg/L) (Table 3).
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Fig. 3. Effect of temperature (A), sodium chloride (B) and pH (C) on oil-spreading
activity of yeast strains C. gropengiesseri 79a and C. bombicola 156a.
Data are displayed as % of the control oil-spreading activity
(that of the untreated cell-free broth after 6 days cultivation)

Table 3
Antibacterial activity of biosurfactant extracts against gram-positive
bacteria in broth medium

. MIC of biosurfactant extract, mg/L
Yeast strain — producer ; R
of biosurfactant M. luteus | B. pumilus | S. aureus | B.cereus | B.subtilis
Ac-634 B-913 B-4001 B-908 B-901
C. gropengiesseri 79a 100 800 800 400 1000
C. bombicola 156a 100 200 400 200 1000

Discussion. Based on the phenotypic tests two selected yeasts producing
biosurfactants were identified as C. gropengiesseri 79a and C. bombicola
156a. Both these species belong to the so called S. bombicola clade which
members are associated with flowers and insects and many are known to
produce glycolipid biosurphactants sophorolipids [9]. It is suggested that
produced biosurfactants serve as carbon storage and help to cope with excess
carbon in the medium [18]. New species belonging to S. bombicola clade are
being constantly discovered and their isolation source is usually flowers or
flower-associated insects [19, 20]. Biosurfactant-producing yeasts were also
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isolated from tiger lily wild flowers [21], fleabane flowers [22]. Previously
160 yeast strains were isolated by us from flowering plants and bees with high
proportion of those demonstrating surface activity [12]. Based on such data
we hypothesize that the surfaces of and the insides of flowers can serve as the
specific niche for biosurfactant-producing yeasts.

The studied yeast strains produced a mixture of at least 6 forms of glycolipids
with Rf0.15, 0.21, 0.31-0.35, 0.41-0.44, 0.5 and 0.62. Yeasts usually produce
glycolipid biosurfactants as a mixture of several compounds, as could be seen
for sophorolipids with Rf 0.13, 0.18 and 0.56 synthesized by Rhodotorula
babjevae [23], with Rf 0.3, 0.34, 0.56 and 0.6 by C. bombicola [24], with
Rf 0.08, 0.43, 0.47, 0.53, 0.57 and 0.61 by Lachancea thermotolerans [25]
and Rf 0.08, 0.13, 0.18, 0.27, 0.33, 0.39, 0.43, 0.47, 0.57, 0.60 by Torulopsis
bombicola [26]. Mannosylerythrytol lipids are produced by yeasts of genera
Pseudozyma and Candida usually as one or several known forms MEL-A,
MEL-B, MEL-C and Me¢l-D with Rf 0.52-0.77 [27]. The Rf values of
glycolipid extracts produced by C. gropengiesseri 79a and C. bombicola 156a
are indicative of their belonging to sophorolipids.

The efficient biosurfactants possess the ability to decrease the surface
tension between phases, usually between water and air, from 72 to 35 mN/m
[28]. 6 days cultivation of yeast C. gropengiesseri 79a and C. bombicola 156a
resulted in the decrease of surface tension of SL medium from 73.65 to 36.0—
36.6 mN/m which is indicative of promising biosurfactant producers on par
with biosurfactants produced by R. babjevae [23], Wickerhahomyces anomalus
[29], S. bombicola [30]. Biosurfactant concentration after 6 day cultivation
in SL medium without hydrophobic carbon source was 2.03-2.87 g/L and
the addition of sunflower oil to the medium resulted in the more than 5-fold
increase in the yield. It is a well-known fact that the addition of hydrophobic
carbon source to the medium results in the increase of biosurfactant production
by yeasts as yeasts do not need to synthesize de novo lipid moiety of
biosurfactant [1, 30]. There is a great variation in the reported production of
glycolipid biosurfactants by various yeast strains: from less than 0.5 g/L of
sophorolipids by various strains of S. bombicola clade [9] and cellobiose lipids
by various Pseudozyma strains [31] to 19 g/L sophorolipid by R. babjevae [23].
The optimization of cultivation conditions and processing could result in the
stark increase of biosurfactant yields — up to 129 g/L of manossylerythritol
lipids by Pseudozyma hubeiensis [32] or up to 623 g/l of sophorolipids by
C.bombicola [33].

The cell-free culture medium of both yeast strains C. gropengiesseri 79a
and C. bombicola 156a retained surface activity at up to 120°C and in the
presence of 2-10% NaCl. Yeast glycolipid biosurfactants are known to be stable
at high salinity and temperature [1]. Interestingly the loss in oil-spreading
activity of both studied strains was detected with the increase in pH. Mostly
glycolipid biosurfactants produced by yeasts are stable at wide range of pH
[23, 34]. As a matter of fact only few biosurfactants produced by yeasts lose
their activity at alkaline pH which include sophorolipids [35, 36].

Many glycolipid biosurfactants produced by yeasts are reported to
inhibit various bacteria and fungi. We did not observe any inhibitory effect
of biosurfactant extracts against a wide range of yeasts and some gram-
negative bacteria although some degree of antibacterial activity against gram-
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positive test bacterial strains was observed (MIC 100-1000 mg/L). Glycolipid
biosurfactant produced by strain Wickerhamomyces anomalus was highly
effective against gram-positive bacteria at concentration 2.6 g/L, being less
effective against gram-negative bacteria E.coli and P. aeruginosa and also
S. aureus [29]. Candida sphaerica produced biosurfactant that inhibited
up to 57% growth of gram-positive bacteria and C. albicans at 10 g/L [34].
Mannosylerythritol lipids and cellobiose lipids produced by yeasts were shown
to inhibit a number of yeasts and molds [2, 8]. Conflicting reports exist regarding
antimicrobial activity of sophorolipids produced by yeasts of S. bombicola
clade. Kim et al demonstrated antibacterial effect of sophorolipids produced
by C. bombicola strain against gram-positive bacteria at concentrations
0.5-4 mg/L but not against E.coli [37]. High antimicrobial activity of
sophorolipids at MIC 4.88—19.5 mg/L was demonstrated against a wide range
of gram-positive and gram-negative bacteria isolated from salted hides [38].
However there are also reports about relatively high MICs of sophorolipids
against various bacteria. Sleimann et al described antibacterial activity of
sophorolipids against E.coli and S.aureus at doses much higher than clinically
relevant (higher than 128-512 mg/L) [39], Lydon et al reported acidic
sophorolipids being effective against E. faecalis and P. aeruginosa at 5 g/l
[5]. Inhibition of various E.coli strains by sophorolipids was reported at rather
high concentrations of 1-10 g/L, the antimicrobial activity of biosurfactants
being dependent among other factors on the structural form of sophorolipid
[4]. Antifungal activity of sophorolipids against various pathogenic fungi
was reported by Yoo et al at concentrations 0.1-2 g/L [40], Sen et al at
concentrations 62—1000 mg/L [23]. Several authors reported the difference
in antimicrobial activity of different structural forms of sophorolipids [4, 37].

As it was shown that the studied yeast strains synthesize several forms
of glycolipids it could be presumed that some forms of these biosurfactants
could possess the more pronounced antibacterial activity. The optimization of
cultivation conditions would increase biosurfactant synthesis by the studied
strains and further research of antimicrobial activity of different forms of
the produced biosurfactants could demonstrate the higher efficiency against
various gram-positive bacteria.

Conclusion. This work aims to contribute to the description of new
yeast strains as promising biosurfactant producers. Mostly biosurfactants
of microbial origin can’t compete with synthetic ones due to the production
costs however in food, pharmaceutical and cosmetic industries biosurfactants
produced by non-pathogenic yeasts would provide a safe and green alternative
to synthetic compounds. Two yeast strains C. gropengiesseri and C. bombicola
isolated from flowering plants produce glycolipid biosurfactants stable at high
salinity and temperature and exhibiting weak antimicrobial activity against
gram-positive bacteria. The surface activity of both strains is indicative of their
potential as biosurfactant producers.
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XAPAKTEPUCTHUKA, CTABIUIBHICTbD TA AHTUMIKPOBHA
AKTUBHICTb BIOCYP®AKTAHTIB, IO TPOAYKYIOTbBCAA
APIKIKAMMU CANDIDA, 130/1IbOBAHUMU
3 KBITKOBUX POCJIMH

O./1. Auesa

Incmumym mixpobionoaii i gipyconoeii imeni J[.K. 3abonomnoco HAH Yxpainu,
8yn. Akademika 3abonommnoeo, 154, Kuis, 03143, Yxpaina

Pesome

Bimomo, 1o api ki 37aTHI MPOAYKYBATH CIIOTYKH 3 TIOBEPXHEBOIO aKTUBHICTIO, TOO-
TO OlocypdaKkTaHTH, SIKi BKIIOYAIOTh MAaHO3WJICPUTPUTOI-TINIAN, CO(YOPOITIMIAN Ta IHIII
CHOJYKH TIiKoTimiaHOoi mpuponu. Micms, 6arari Ha IyKpH, MOXKYTh CIIyTyBaTH OTHHUM 3
MTOTEHIIHAX KEPeN IS 130111 APIKIDKIB, 10 POXYKYIOTh OiocypdakTanTu. B morre-
PEIHIX JOCITIKEHHIX 3 KBITKOBUX POCIHUH Ta O/Kin Apis mellifera Gyno izonmpoBano 160
mTaMiB ApDKDKIB. [[Ba mTamu apimKiB, monepenuso BinHeceHi 1o Candida spp., 6ynao
BiiOpaHo Ik HAaHOLIBII IEPCIIEKTUBHI MpoAyIieHTH OiocypdakranTiB. MeTolo miei pobo-
TH OyJI0 OXapakTepu3yBatu 0iocyphakTaHTH, IO IPOAYKYIOThCS BiliOpaHHUMU IIITAMAMH
JIpDKIKIB, a caMe: BU3HAYUTH X MMOBEPXHEBI BIACTHBOCTI, CTA0IBHICTh Ta MOTEHINIHY
AHTUMIKPOOHY aKTHBHICTH MIOIO ITaMiB OakTepiit Ta npixmkiB. Mertonu. [neHTH}IKALIIIO
JPDKJDKIB IPOBOIMIIH 32 ()EHOTHITIOBUMH O3HaKaMu. biocypdakTanTi BUIUISIIN NIISIXOM
eKCTPAaKIIii eTHIaneTaroM. AHTUMIKpPOOHY aKTHBHICTh BU3HAYAIN 3 BHKOPHUCTAHHSIM JTUC-
KO- (y31HHOTO METOly Ta METO/y CepiiiHNX po3BeneHb. CTalbnbHICTh OiocypdaKkTaHTiB
JIOCIIJDKYBaJIM 32 METOAOM «PO3TiKaHHS Ha(TH» 3a pi3HMX 3Ha4eHb pH, Temneparypw,
KoHIeHTpamii comi. PesyabraTu. /[Ba mramu apixmkis 79a ta 156a Oynu imenTudikoBa-
Hi ax Candida gropengiesseri Ta Candida bombicola Binnosinno. O6uBa mTaMu mpo-
JIYKyBaJli CyMIIll PUHAMMHI AeKiIbKOX Gopm rmikomimiais 3 Rf 0,15, 0,21, 0,31-0,35,
0,41-0,44, 0,5 Ta 0,62. lomaBaHHA 1O CeperoBHUINA TiApopoOHOTO TKEepena ByTICIIo
(COHAIIHUKOBOT 0JiT) TPU3BOAMIIO A0 MiABHICHHS CHHTE3y OiocypdakTaHTiB OLTBII HiXK
B 5 pa3. lltamu C. gropengiesseri 79a ta C. bombicola 156a 3HMKYBaIH TOBEPXHEBUI
Hatar cepepoBumma SL 1o 36.0-36.6 MmH/M 3a 6 110 xyneruByBanHs. biocypdaxrantu 36e-
piranu cTabiTBHICTH 32 YMOB IiJBUIICHOT TEMIIEPaTypH Ta BUCOKOTO BMICTY COIIi, aJie
YaCTKOBO BTpavajy aKTHBHICTH 32 yMOB JyxHoro pH. Excrpaktu 6iocypdaxraHTi mpo-
SBJISUTM CJTA0Ky aHTUMIKpOOHY aKTHBHICTH BITHOCHO IpaM-TIO3UTHBHUX OaKTepii, aye He
MaJId IPUTHIYYIOYOi Jii MO0 TpaM-HeTaTHBHUX OakTepiil Ta qpixmKiB. BucHoBkn. /IBa
mrramu apikkiB C. gropengiesseri Ta C. bombicola, 13051b0BaHi 3 KBITKOBUX POCIIHH,
MPOIYKYIOTh TIIKOMiMiAHI 6iocypdakTaHTH, CTa0lIbHI 32 BUCOKOi COJIOHOCTI Ta TEMIIe-
parypu Ta 3i c1abKOI0 aHTUMIKPOOHOIO aKTUBHICTIO MPOTH IPaM-TIO3UTUBHUX OaKTepiil.
[ToBepXHEBO-aKTUBHI BJIACTHBOCTI JOCIIPKEHUX IITaMiB BKa3ylOTh Ha iX ITOTEHINaN sIK
poxyneHTiB OiocypdakTaHTiB.

Kurwouosi crosa: npixmki, 6iocyppakTaHTH TIIKOIIITHOT IPUPOIH, CTaOIIBHICTH,
AQHTUMIKpOOHA aKTUBHICTb.
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XAPAKTEPUCTHUKA, CTABUJIBHOCTb U AHTUMUKPOBHASA
AKTHUBHOCTDb BUOCYP®PAKTAHTOB, CUHTE3UPYEMbIX
APOXKKAMU CANDIDA, BBIAEJEHHBIMH
M3 IIBETKOBBIX PACTEHUM

O./1. Anesa

Hncmumym muxpoobuonozuu u gupyconocuuum um. /K. 3abonomnoco HAH Yrpaunet,
yi. Akademuxa 3abonommuoeo, 154, Kues, 03143, Ykpauna

Pesome

W3BecTHO, 9TO APONKOKH MOTYT CHHTE3HPOBATH BEIIECTBA C MMOBEPXHOCTHOM aKTHB-
HOCTBIO, TO €CTh OMOCYp(aKTaHThI, K KOTOPBIM OTHOCSITCS MaHHO3ZWJIIPUTPUT-THITUIbI,
cO(QOPOTUTIHABI M IPYTHe COCAMHEHHS TIUKOIUIUAHON mpupoasl. MecTa ¢ BBICOKUM
cofiep )KaHUEeM CaXapoB MOTYT OBITH OJHUM U3 TOTCHIUAIBHBIX UCTOYHUKOB BBIICIICHHUS
JPOXOKEH, MpoAynHpyroIuX OnocypdakranTsl. PaHee U3 BETKOBBIX pacTEHHN M ITYel
Apis mellifera 6p110 BBIIENCHO 160 IITAMMOB IPOXKIKEH, U3 KOTOPBIX /IBa IITaMMa, TIPEa-
BapUTEJIbHO MIeHTH(GUIpoBaHHBIX Kak Candida spp., OblIM 0TOOpaHBI Kak Hanboiee
MIePCIIeKTUBHBIE TIPOAYLEHTHI OnocypdakranToB. Lleabio nanHol paboTh! OBLIO H3YyYUTH
O6mocypdakTaHThI, TPOAYIIUPYyEMbIe OTOOPAHHBIMHU IITaMMaMHU IPOXIKeH, a IMEHHO:
OTIPEICTUTh WX MOBEPXHOCTHYIO aKTHBHOCTB, CTAOMIBHOCTh M MOTCHIUATHHYIO aHTH-
MHUKPOOHYIO aKTUBHOCTh B OTHOLICHUU OakTepuii U apoxokeid. Mertoasl. Unentuduka-
LU0 IPONOKEH MPOBOAMIN HAa OCHOBaHHMH (DEHOTHITHYECKUX TeCTOB. brocypdakranTer
BBIJICIISUTH ITyTEM 3KCTPAKIIAU ITIIIANCTaTOM. AHTHMUAKPOOHYIO aKTHBHOCTD OTIPEISITSIITH
JUCKO-TU((y3HOHHBIM METOJIOM U METOZIOM CEPUIHBIX pa3BeneHnil. CTabniIbHOCT OHO-
Cyp(aKTaHTOB U3y4Yalld METOJIOM «pacTeKaHUs HE(QTH» MPHU Pa3HBIX 3HaYCHUAX pH, Tem-
TepaTypbl, KOHIEHTpauu cond. Pe3yasrarhl. [IBa mrtamma npoxokerd 79a u 156a Opimm
uneatudumpoBansl kak Candida gropengiesseri u Candida bombicola cOOTBETCTBCHHO.
Ob6a mTamMma IpOAYIHPOBAIN CMECh HECKOIBKUX (GopM rmmkoumuaoB ¢ Rf 0,15, 0,21,
0,31-0,35, 0,41-0,44, 0,5 u 0,62. BHecenne B cpeny ruapo(oOHOT0 HCTOYHUKA YTIEPO-
Ja (TI0JICOJTHEYHOTO Maciia) MPUBOAMIIO K MOBBIIICHHUIO CUHTE3a OnocypdakTaHToB Oojee
yeM B 5 pa3. llItrammer C. gropengiesseri 79a u C. bombicola 156a cHmkanu moBepx-
HOcTHOE HaTspkeHue cpeabl SL 10 36.0-36.6 MH/M 3a 6 nHell KynsTuBupoBaHus. buocyp-
(baKTaHTBI COXPAHSUIN CTAOMIBLHOCTD B YCIIOBHSIX TIOBBIIICHHS TEMIIEPATYPhl U BHICOKHX
KOHIICHTPAIHU COJTM, HO YaCTUYHO yTPAaYNBAIHA aKTUBHOCTD IPH IeiodHoM pH. Dkcrpak-
THI OMOCYp(aKTaHTOB MPOSBILUIN CIIA0yI0 aHTUMUKPOOHYIO aKTUBHOCTH B OTHOIIICHUH
rpaM-TIOJIOKUTEIBHBIX OaKTepHii, HO HE 00Jamaiu aHTUMUKPOOHBIM APPEKTOM B OTHO-
IIEHUHU TPaM-OTPHUIATEIBHBIX OakTepuil U apoxokeid. BoiBoabl. J[Ba mramma apoxokei
C. gropengiesseri u C. bombicola, BeIIcTICHHBIC U3 IBETKOBBIX PACTCHHUN, CHHTEC3HPYIOT
DIMKOJUIHIHbIE OMOCYp(aKTaHThl, CTAOMIIbHBIC IPU BBICOKOW COJICEHOCTH M TEMIIEpaTy-
pe u co caboil aHTUMUKPOOHON aKTHBHOCTBIO TIPOTHB TPaAM-TIOJIOKUTEITHHBIX OaKTEePHA.
[ToBepXHOCTHO-aKTUBHBIC CBOMCTBA UCCIICIOBAHHBIX IITAMMOB CBUICTEIECTBYIOT 00 UX
MOTEHIMAJIe KaK MPOIYLIEHTOB OHMOCYyp(haKTaHTOB.

Knouesgvie crnosa: npoxxu, 6mocyphaKkTaHTHl TIHKOJIAIUIHON MPUPOJIBI, CTAONIh-
HOCTbH, aHTUMUKPOOHAsI aKTHBHOCTb.
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