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The aim of this work was to study action of batumin on the strains of Candida albicans and
Candida krusei in planktonic and biofilm form and also to obtain more detailed insights into the
influence of batumin on biofilm formation by using atomic-force microscopy. The Minimum
Inhibitory Concentration (MIC) of batumin was studied according to CLSI standards. Formation of
a biofilm was studied by the photometric O’Toole method by means of a plate photometer ELx808
(BioTek, USA) at wavelength of 630 nanometers.

The batumin has a high selective activity against staphylococci (MIC > 0,25 ng/ml), at the same
time, antibiotic, being not active concerning yeast of the genus Candida (MIC > 512 png/ml) showed
the inhibiting action on biofilm formation of these microorganisms. Batumin influence on biofilm
formation was studied in type, collection strains C. albicans, C. krusei and clinical isolates.
Presence 0,125 pg/ml of batumin in the broth (1/2 MIC for staphylococci) reduced the biofilm
formation at 55.6% of the studied strains. Their biofilm formation values varied for C. albicans
from 1.5-3.9 CU (conventional unit: ODg3, in experimental samples/ODg3, in control samples), for
C. krusei of 2.3-3.0. Batumin was more effective against Candida strains with strong biofilm
formation.

Atomic force microscopy revealed qualitative changes in the exopolymeric matrix due to
batumin treatment, as well as a significant reduction in the number of cells adhered to the
coverslip, preventing formation of C. albicans 127 biofilm, However, C. albicans ATCC 24433 a
significant reduction in the number of cells adhered to the coverslip weren’t observed.

The data obtained by an Atomic force microscopy confirm ability of a batumin to prevent
formation of a biofilm at the studied strains that allows to consider it as the preventive agent at
treatment of the infections caused by yeast-like fungi of the genus Candida.

Key words: batumin, Candida, biofilm, atomic force microscopy.

Candida spp. are serious causes of hospital-
acquired blood and urinary tract infections,
and the most of these infections are associated
with implanted medical devices such as central
venous and bladder catheters with biofilm
formation within these devices [1].

A relevant characteristic of Candida
biofilms is resistance to antifungal agents,
which can be intrinsic or acquired by transfer
of genetic material between biofilm cells [2].

It has already been shown that antibacterial
drugs can affect Candida biofilm formation.
Tigecycline, for instance, is highly active
against growing and mature biofilms of

Candida albicans [3], whilst rifampicin can
induce biofilm formation by this Candida
species [4].

The polyketide antibiotic batumin
synthesized by the producer strain
Pseudomonas batumici has a high selective
activity against staphylococci. At the same time
strains of the yeast species C. tropicalis, C. utilis
and C. albicans are resistant to batumin (MIC >
512 ng/ml) [5, 6]. However, our data indicate
that the addition of antibiotic in concentration
of 0.125 pg/ml reduces the formation of
biofilm not only in staphylococci strains, but in
C.albicans as well [7].
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The objective of this work was to study
action of batumin on the strains of C. albicans
and C. krusei in planktonic and biofilm form
and also to obtain more detailed insights into
the influence of batumin on biofilm formation
by using atomic-force microscopy.

Materials and Methods

Batumin, obtained by fermentation of
Pseudomonas batumici, was purified by silica gel
preparative chromatography to 85% of purity.

Batumin is commercially available from
Santa Cruz Biotechnology (Santa Cruz, CA) or
Enzo Life Sciences Antwerp, Belgium).

The object of the study were type and
collection strains of C. albicans (n = 33) and
C. krusei (n = 12) (Table 1), isolated from
patients after examination for intestinal
dysbiosis, from skin microbial dysbiosis
(microbial collection of the Institute of Cellular
and Intracellular Symbiosis, Ural Branch
of Russian Academy of Sciences, Orenburg,
Russia).

Identification of C. albicans and C. krusei
was carried out on the basis of morphological,
cultural and biochemical properties with the
use of the commercial test system API20CAUX
(bioMerieux, France).

The Minimal inhibitory concentration
(MIC) of batumin was studied according
to CLSI Standards in Mueller-Hinton agar
[8]. The microbial load of C. albicans was
0.5 x 10" cfu/ml and the Petri dishes were
incubated at 37 °C for 24 hours.

Concentration of batumin (0.125 png/ml)
was used to study its effect upon biofilm
formation in Candida. Biofilm formation was
studied by a photometric method determining
the bacterial capacity to adhere to the 96-
well polystyrole plane-table surface (Thermo
Scientific, USA) with subsequent crystal violet
staining [9]. An antibiotic was added into
culture medium simultaneous with the culture
of fungi and cultivated 24 hours. At the study
of influence of batumin (0.125 pg /ml) on the
different stages of biofilm formation by C.
albicans strains the antibiotic was added into
culture medium simultaneously with yeast-like
fungi in 90 minutes, 24 and 48 hours from the
beginning of incubation.

Optical density measurement was done
using a photometer ELx808 (BioTek, USA)
at a wavelength of 630 nm. Degree of biofilm
formation was presented in conditional units
(CU) which was the optical density of the
broth after growth of the strain relative to the
nutrient broth optical density.
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For the study of batumin effect on biofilm
formation by atomic force microscopy, we used
C. albicans ATCC 24433 as test-culture and
C. albicans 127 (clinical isolate). For testing the
influence of batumin on biofilm production,
glass coverslips were immersed into Luria-
Bertani broth with 0.125 pg/ml of batumin
and incubated for 48 h at 37 °C.

Visualization of the biofilms was done by
atomic force microscopy using the SMM-2000
microscope (Proton-MIET Closed JOINT Stock
Company, Russia), in contact mode in an air
environment [10][11].

Statistic analysis was performed by non-
parametric method using Mann Whitney
U-test [12].

Results and Discussion

All the studied 45 strains of C. albicans and
C. krusei were highly resistant to batumin (MIC
of 512 ng/ml), in correspondence with earlier
data [6]. The resistance of strains to batumin
was studied according to CLSI Standards in
Mueller-Hinton agar [8]. At the same time, our
preliminary research showed effectiveness of the
antibiotic on inhibition of formation of a biofilm
in the cultures of the genus Candida [7, 13].

In experiments on batumin effect on
biofilm formation by strains of Candida we
used concentration 0.125 png/ml, which causes
only modification of biological properties,
including biofilm formation and did not
influence on grows properties of cultures.

The obtained results showed that the
effect of batumin on the formed biofilm in
the representatives of the genus Candida
was variable for different strains and species
(Table 1).

The biofilm formation values varied for
C. albicans from 1.5 to 3.9 CU, for C. krusei
from 2.3 to 3.0. Presence of batumin (0.125 ng/
ml) in the broth reduced the biofilm formation
for 55.6% in the studied strains of fungi,
whereas for staphylococci this was 85% [14].

Of special interest is the fact that the
change in biofilm in the presence of batumin
differs for different strains of Candida,
and that these differences are caused at a
concentration of only 0.125 png/ml, for strains
resistant to the studied antibiotic (Table 1).

Apparently, the changes we have detected
in the biofilms of yeast-like fungi under the
influence of batumin made them unstable,
incapable of persistence and dissemination in
the human body.

It should be noted that batumin is more
effective against C. albicans strains with
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Table 1. Batumin effect against biofilm formation by Candida albicans and Candida krusei

Biofilm formation before

Biofilm formation

batumin after 0.125 ng/ml batumin
Strains Source optical density optical density

(ODg30) cu* (ODg30) cur
1 |C.albicans 24433 | Xeferepee ATCC 0.12 2.4 0.13 2.6
2 |C.albicans 3 Vaginal 0.2 4.0 0.105 2.1
3 |C.albicans 4 Vaginal 0.155 3.1 0.135 2.7
4 | C.albicans 8 Vaginal 0.075 1.5 0.085 1.7
5 |C.albicans 13-2 Vaginal 0.195 3.9 0.075 1.5
6 |C.albicans 27 Vaginal 0.136 2.7 0.135 2.7
7 |C.albicans 18s Skin 0.185 3.7 0.13 2.6
8 |C.albicans 118 Colon 0.145 2.9 0.085 1.7
9 |C.albicans 53 Skin 0.115 2.3 0.115 2.3
10 |C. albicans 54b Skin 0.105 2.1 0.11 2.0
11 |C.albicans 1-n Nose 0.075 1.5 0.086 1.7
12 | C. albicans 123 Colon 0.09 1.8 0.1 2.0
13 |C.albicans 127 Colon 0.145 2.9 0.09 1.8
14 |C.albicans 128 ¢ | Colon 0.215 4.3 0.125 2.5
15 | C. albicans 139 Colon 0.256 5.1 0.195 3.9
16 |C.albicans 145-1 | Colon 0.25 5.0 0.135 2.7
17 |C.albicans 146 Colon 0.47 3.4 0.106 2.1
18 |C.albicans 147 Colon 0.16 3.2 0.101 2.0
19 |C.albicans 172 Colon 0.225 4.5 0.14 2.8
20 |C.albicans 173 Colon 0.105 2.1 0.105 2.1
21 | C.albicansl74 Colon 0.09 1.8 0.1 2.1
22 | C.albicans 175-2 | Colon 0.1 2.0 0.105 2.1
23 |C.albicansl76 Colon 0.09 1.8 0.09 1.8
24 | C.albicans 177 Colon 0.11 2.2 0.1 2.0
25 | C.albicans 178c | Colon 0.105 2.1 0.105 2.1
26 |C.albicans 183 Colon 0.075 1.5 0.085 1.7
27 |C.albicans 28 Vaginal 0.115 2.3 0.105 2.1
28 | C.albicans 29 Vaginal 0.096 1.9 0.095 1.9
29 |C.albicans 30 Vaginal 0.125 2.5 0.0125 2.5
30 |C.albicans 23s Skin 0.171 3.4 0.075 1.5
31 | C.albicans 212 Colon 0.145 2.9 0.09 1.8
32 | C.albicans 213 Colon 0.135 2.7 0.105 2.1
33 |C.albicans 215-1 | Colon 0.09 1.8 0.1 2.0
34 |C.krusei9 Colon 0.075 1.5 0.085 1.7
35 |C.krusei 10 Colon 0.16 3.2 0.115 2.3
36 |C.krusei21 Colon 0.1 2.0 0.095 1.9
37 |C. krusei 22 Colon 0.12 24 0.135 2.7
38 | C. krusei 23 Colon 0.24 4.8 0.13 2.6
39 | C. krusei 2-n Nose 0.175 3.5 0.145 2.9
40 |C. krusei 2 Vaginal 0.135 2.7 0.125 2.5
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Table 1. End
Biofilm formation before Biofilm formation
batumin after 0.125 pg/ml batumin
Strains Source
opti(c(§1]1)(:3e$sity CcU* opti(cg]l)c;;:(?)sity cU*
40 |C. krusei?2 Vaginal 0.135 2.7 0.125 2.5
41 |C. kruseib Vaginal 0.19 3.8 0.13 2.6
42 | C. krusei 6 Vaginal 0.215 4.3 0.151 3.0
43 |C.krusei 7 Vaginal 0.075 1.5 0.065 1.3
44 |C. krusei 25 Colon 0.075 1.5 0.09 1.8
45 | C. krusei 26 Colon 0.11 2.2 0.11 2.2

Note: * — CU: conventional unit: ODg3y in experimental samples / ODg3q in control samples. The optic
density of control samples is 0.05, which is the nutrient broth density; ** — the results are representative on
three separate experiments. P < 0.05 (Mann-Whitney U-test).

strong biofilm formation (CU values between
2.6 and 3.1).

The analysis of the experimental data on
batumin at the stage of biofilm formation for
C. albicans showed dependence of batumin
effectiveness at the stage of biofilm formation
(Table 2).

Addition of batumin to the cultivation
medium simultaneously with C. albicans did
not influence biofilm formation of fungi in
40% of cases, and promoted reduction of
biofilm formation values in 60% of cases for
63.1 = 3.4% of the initial level (P < 0.05).

Addition of batumin in 90 min after
incubation of C. albicans (an initial stage of
biofilm formation) reduced values of biofilm
formation in 70% of cases on average by 48.8 =
4.4% versus control (P < 0.05). Addition after
24 hours of growth, the antibiotic reduced
formation of biofilm in culture in 50% of
cases versus 24.8% of control (P < 0.05), and
in 50% of cases — stimulated this parameter
by 32.4%.

After incubation of C. albicans with the
antibiotic during the 48 hours in 70% of cases
the lack of the preparation influence was noted
and only in 30% of strains decrease in biofilm
formation was noted only by 5.6%.

Thus, the biofilm of the studied strains
of C. albicans is sensitive to batumin at early
stages of its formation whereas the well-
established biofilm was more resistant to
studied preparation.

On the contrary, batumin in 22.2% of cases
stimulated low level of biofilm formation in
yeast-like fungi. Possibly, the obtained data
reflect the developed relationship between
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species of microorganisms in a microbiocenosis,
as it is known that in interaction of bacteria
of the genus Pseudomonas and fungi of the
genus Candida there is a mutual depression
of biofilm formation of microorganisms at all
stages of development [15, 16].

By its action on biofilms of cultures of
Candida batumin is similar to action on
biofilms of Staphylococci [13]. Sidrim et al.
(2015) reported a similar effect when studying
B-lactam antibiotics and vancomycin effects on
formation of biofilms of Candida spp.

A more detailed study of batumin action
upon C. albicans biofilm formation was
carried out using atomic force microscopy for
C. albicans ATCC 24433" and C. albicans 127
(clinical isolate).

On the coverslip incubated with the cells
C. albicans ATCC 24433" without batumin the
set of cells adhered to its surface (Figure, A).
The glass coverslips were immersed into
Luria-Bertani broth with 0.125 pg/ml
of batumin and incubated for 48 h at
37 °C. At visualization of the surface of
microorganisms, the spherical formations
which are presumably gemmating daughter
cells (Figure, B) are clearly visible. However,
a significant decrease of the number of
adherent cells in the presence of the antibiotic
was not observed (Figure, C, D).

A detailed study of the surface of bacterial
cells treated with batumin allows establishing
significant reduction of their roughness values
(Table 3).

The cells of C. albicans 127 were observed
in the form of a monolayer of separate islets
(Figure, F). This strain formed biofilm on the
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Atomic force microscopy — topography images of C. albicans ATCC 244337 ((A) (B)) without batumin;
((C) (D)) — in the presence of 0.125 ng/ml of batumin and C. albicans 127 without batumin (F, G), with
antibiotic (H, I)

Scale bars: 1 pm.

surface of the glass, as can be seen. Surface
biofilm was formed by an exopolymeric
matrix with cells of round shape immersed
in it (Figure, G). The addition in the medium
of batumin caused, on the one hand, the lack
of signs of an exopolymeric matrix (Figure,
H, I), and on the other hand, the change of
cell morphology. So the mean diameter of
cells was equal to 1.88 = 0.43 yum, which was
significantly less than control values 2.29 =
0.20 (Table 3).

Atomic force microscopy revealed
qualitative changes in the exopolymeric
matrix due to batumin treatment, as well as
a significant reduction in the number of cells
adhered to the coverslip, preventing formation
of C. albicans 127 biofilm. In C. albicans ATCC
244337, a significant reduction in the number
of cells adhered to the coverslip was not
observed. In this case a nonspecific interaction
of batumin and a surface ligand of C. albicans
ATCC 24433" is probable.

w7



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

Table 2. Influence of batumin (0.125 ug /ml), expressed as CU%*,
after addition at different stages of biofilm formation by Candida albicans strains

C. albi_cans Before AtOh After 90 min After24 h After 48 h
strains
ATCC 24433" 2.4 2.6 1.7 1.7 2.4
118 2.9 1.7 1.8 2.9 2.8
123 1.8 2.0 1.8 2.3 2.0
173 2.1 2.1 2.0 2.8 2.1
174 1.8 2.1 1.8 2.6 1.8
127 2.9 1.8 1.8 2.6 2.9
128c¢ 4.3 2.5 3.0 3.5 4.0
146 3.4 2.1 2.2 2.4 3.4
147 3.2 2.1 2.5 3.0 3.2
112 2.9 1.8 1.9 3.6 2.9

Note: * — CU: conventional unit: OD630 in experimental samples / ODgsq in control samples; ** — the results
are representative on three separate experiments. P < 0.05 (Mann-Whitney U-test).

Table 3. Morphological characteristics of C. albicans ATCC 24433" and C. albicans 127
in the presence of batumin 0.125 ng/ml

C. albicans Batumiq Adherent L h Width Height Roughness
strain concentration cells,% ength (pm) values (nm)
(ng/ml) (pm) (nm)
i 0 100.0=11.0 | 3.50+1.17 | 2.09=0.50 | 1.86=0.53 | 49.4+12.3
0.125 47.0 =4.0% 3.80+1.38 | 1.91+0.61 | 1.09+0.35% | 41.0=*16.0
127 0 100.0 +=11.0 2.66+0.45 | 2.29+0.20 | 1.85+0.25 45.6 = 6.5
0.125 15.0*+5.5 2.77+0.42 [ 1.88+0.43*| 1.62=0.15 44.2 +14.4
Note: * — P <0.05 (Mann-Whitney U-test).
The results presented in this work showed
that all studied C. albicans and C. krusei strains Acknowledgement

were highly resistant against batumin (MIC >
512 ng/ml). However, the antibiotic showed
inhibition of biofilm formation of these
microorganisms.

The biofilm of the studied strains of
C. albicans and C. krusei was sensitive to
batumin at early stages of its formation,
whereas the well-established biofilm was more
resistant to studied preparation.

The data obtained by an atomic-force
microscopy confirm the ability of batumin to
prevent formation of biofilm in the studied
strains that allows to consider it as the
preventive agent for treatment of yeast-like
fungi of the genus Candida.
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AKTHUBHICTD in vitro AHTUBIOTUKA
BATYMIHY 1IO/10 BIOIIJIIBOK
Candida albicans

JI. M.‘Iypm‘ual, H.B. Hepynoeaz,
O. B. Byxapiuz, O. B. Isanosa?, JI. B.Apowenko®
1IHCTI/ITYT MiKkpo06ioJorii i Bipycosorii
im. II. K. 3abomxoraoro HAH Vkpaiuum,
Kuis
2IHCTI/ITYT KJIITUHHOTO 1 BHYTPiNTHBOKJIITUHHOTO
cumbiosy ¥YpB PAH, Openoypr, Pociiicbka
depeparrisa

E-mail: LNKogut@hotmail.com

MeTor0 poboTu 0yJI0 BUBUMTH Aif0 OaTyMiHy Ha
mramu Candida albicans i Candida krusei B niiaHK-
TOHHIiI Ta 6i0ILTiBKOBil (hopMi, a TAKOXK oJep:KaTu
OiIBII JeTaabHi BiJOMOCTI I110/[0 BIJIMBY OaTyMiHY
Ha (hopMyBaHHS OiOMIiBKY 3 BUKOPHUCTAHHAM aTOM-
HO-CUJI0BOI MiKkpockomii. MinimanbsHy iHTiOyBaIh-
"y Kounenrparito (MIK) 6aTyminy mociimxyBaau
BigmosigHo mo craggaprtiB CLSI. ®opmyBaHHs 6io-
IIiBKY BUBUYAIU (poromerpuuHuM metogom O’ Toole
3a JoroMoroio iaaHieTHoro goromerpa ELx808
(BioTek, USA) 3a noB:xxuau xBuii 630 HM.

IMonikeTuagHMi aHTUOIOTUK OATyMiH Mae BU-
COKY CeJIEKTMBHY aKTHUBHICTH CTOCOBHO cTadimo-
KOKiB. BogHouac auTHO0iOTHUK, 10 € HEaKTUBHUNI
crocoBHO apikmKiB pony Candida (MIK 512 mir/
MJI), TOKas3aB iHribyBaJybHy Aifo Ha (popMyBaHHSA
OiomIiBOK y X MiKkpoopranismis. Boius 6aTymi-
HY Ha YTBOPEHHS 0iOMIiBKY BUBYAJIY HA TUTIOBUX
i Kosmekniriaux mramax C. albicans, C. krusei Ta
KJIiHiuHUX i3oaarax. [IpucyTHiCTE y cepeaoBHUIIi
0,125 mrr/ma 6aryminy (1/2 MIK nna cradiso-
KOKiB) BHUIKYBaJIO YTBOPEHHA OiomIiBKu y 55,6%
JIOCJIi I3KyBaHUX IIITAMIiB. IxHui sHaueHHA BapiroBa-
an g C. albicans Bix 1,5 5o 3,9 YO, nusa C. krusei
Bix 2,3 mo 3,0. Barymin 0yB e(pekTUBHIIIII 11010
mramiB Candida 3 BUCOKMMU 3HAUEHHAMU 0io-
IJIIBKOYTBOPEHHS.

AToMHO-CHJIOBA MiKPOCKOIIisfA BUABUJIA AKic-
Hi 3MiHU B €K30M0JiMepHOMY MaTpuKci 3a mii 6a-
TYMiHYy, a TaKOX 3HAUHe 3MEHIIIeHHSA KiJIbKOCTi
aAre30BaHUX KJITHH, 3amobirarouym yTBOPEHHIO
b6iomaiBku C. albicans 127. Oguax y C. albicans
ATCC 24433 cyTTeBOro 3MeHIIIEHHS YKCJa ajare-
30BaHMUX KJIITHUH y IPUCYTHOCTI aHTHOIiOTUKA He
cmocTepiraugocs.

OrpumaHi 3a HOIOMOTOI0 aTOMHO-CHJI0BOI
MiKpocKotii gaHi migTBepAKyIOTh 3MaTHICTH Oa-
TyMiHY 3amobiraTu yTBOpPeHHIO OiOIIiBKH y JO-
CHIiIKyBaHUX IIITAMIB, IO A€ 3MOTY PO3TJIAIA-
T HOT0 IK INPEeBeHTUBHUN 3acid mpu JiKyBaHHI
iH(pexiil, AKi cipuunHeH] APiMKIKOTONIOHNMU
rpubamu poxny Candida.

Knawmouwosi cnosa: 6arymin, Candida, 6iomriBka,
aTOMHO-CHJIOBA MiKPOCKOIIid.
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AKTHUBHOCTD in vitro AHTUBUOTHUKA
BATYMHUHA B OTHOIIIEHUN
BHUOIIJIEHOK Candida albicans

J.HY prcuHal, H.B. Hepyﬂoeaz,
O. B. Byxapun®, E. B. Heanoea?, JI. B.'HpOLue;Luco2

"M HcTrTyT MEKPOGHOIOTUY 1 BUPYCOIOIAN
uMm. I1. K. 3a6omornoro HAH Vkpaunsl, Kues
2YIHCTUTYT KIIETOYHOTO U BHYTPUKJIETOUHOTO

cumbuosa YpO PAH,
OpenoOypr, Poccuiickasa ®@egepanus

E-mail: LNKogut@hotmail.com

ITennio paboThHI OBIIO M3yUeHMe AelicTBUA Oa-
TymuHa Ha mrammbl Candida albicans u Candida
krusei B MJIaHKTOHHON U OMOILJIEHOUHOII (hopMe, a
TaKsKe ImoJiyueHue 6oJjee MOAPOOHBIX CBeIeHUN O
BINSAHUY OaTyMuHA Ha (hopMUPOBaHUE OUOILIEH-
KU C HUCIOJIb30BaHUEM aTOMHO-CUJIOBOM MUKPO-
ckonuu. MUHUMAJIbHYIO MHTUOUPYIOITYI0 KOHIIeH-
tpanuo (MUK) 6arymuHa mcciegoBaam B COOT-
BercTBUU co craumapramu CLSI. @opmuposanue
OUOILIEHKU U3yUaIu (POTOMETPUUECKUM METOL0M
O’Toole ¢ momomb0 IIaHIIETHOTO (oTOMETpA
ELx808 (BioTek, USA) npu giuse BoaHBI 630 HM.

ITomuKeTuAHBIN aHTUOMOTUK 6aTyMUH 06.J1a1a-
€T BBICOKOM CeJIEKTUBHOU aKTUBHOCTHIO B OTHOIIIE-
HUM cTa()UIOKOKKOB, B TO K€ BpeMs aHTUONOTHUK,
Oyayuu HeaKTHUBHBIM B OTHOIIIEHUH APOKIKeH poaa
Candida (MUK 512 MKr/Mi1), IOKasaJa HHTUOUPY-
[olfee AelicTBUe Ha ()OPMUPOBAHE OMOMIJIEHOK Yy
9TUX MUKPOOPTaHM3MOB. Biusuue 6aTymMuHa Ha
oOpasoBanue OMOIIIEHKY M3yYasy Ha TUIOBBIX U
KoJLIeKIIMOHHEBIX ImtamMMmax C. albicans, C. krusei,
a TaK/Ke KJIMHUYEeCKUX M30JsTax. IIpucyrcreue B
cpene 0,125 mxr/ma 6arymuna (1/2 MUK nis cra-
(hUITOKOKKOB) CHIKAJIO 00pa3oBaHme OMOILIEHKHT Y
55,6% wucciegyemMbIx MITaMMOB. VX 3HAUeHU Ba-
pruposanu aisa C. albicans ot 1,5 go 3,9 VE, musa
C. krusei ot 2,3 no 3,0. Barymun 6511 60J1ee addex-
TUBeH B oTHoILIeHnY mrtaMmMmoB Candida ¢ BBICOKU-
MU 3HAUEHUAMY OMOILIEHKOOOPa30BaHU .

AToMHO-cHIOBasi MUKPOCKOIIMS BBIABIIIA Kaue-
CTBEHHbBIE U3MEHEHUs B 9K30IOJIUMEPHOM MaTPUK-
ce mpu AedicTBUM 6aTyMMHA, a TaKiKe 3HAUUTEb-
HO€ YMEHbIIIeHNe YKCJIA aAre3nPOBAHHBIX KJIETOK,
mpenoTBpaiiias oopasosaune ouoreHky C. albicans
127. Oguaxo y C. albicans ATCC 24433 cy1iecTBeH-
HOTO YMEHBIIIeHNU Ycja aAre3uPOBAHHBIX KJIETOK
B IPUCYTCTBUU AHTUOMOTUKA He HaOII0aI0Ch.

ITonydyeHHBIE C TTOMOIIBI0 ATOMHO-CUJIOBOM
MUKPOCKOIINY JaHHBIE ITOATBEPKIAIOT CIIOCO0-
HOCTh 6aTyMHHAa IpegoTBpallaTh 0o0pasoBaHUe
OMOIIJIEHKU y MCCJEeNYEeMbIX IIITaMMOB, UYTO IIO-
3BOJIIET PacCMATPUBATH €r0 KaK IIPEeBeHTUBHOE
CPEeICTBO IIPU JIeUeHUN NH(PEKIUil, BEI3BAHHBIX
Iposk:kenonobubIMu rpubamu poaa Candida.

Knwouesnvte cnosa: 6arymun, Candida, 6uomieH-
Ka, aTOMHO-CUJI0BAsA MUKPOCKOIIMS.





