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ABSTRACT

Formation of biofilms of microorganisms, including those of Nakaseomyces glabratus, is responsible for the development of local and systemic pathologies in humans
and animals. The system of gene expression coordination (quorum sensing) in the representation of signaling molecules allows regulation of the amount and compo-
sition of biofilm populations thus expanding the adaptive capacity of microorganisms. In the presence of gingivitis and odontolithiasis clinical signsin dogs, excessive
growth of gram-positive yeast microorganisms s a differential sign of the decreased resistance of the digestive system mucous membranes to colonization. Examination
of the densitometric and morphometric parameters revealed general patterns of biofilm formation, regardless of the source of Nakaseomyces glabratus isolates. De-
pending on the time of cultivation of the microorganisms, a gradual increase in the optic density absolute values was established. Intercellular communications were
achieved by coaggregation of the heteromorphic structures, which formed clusters with rounded liquid-containing formations detected among them. The population
immobilization of the architectonics of the mature three-dimensional biofilm, as consistent with cultivation conditions, was accompanied by the differentiation of nu-
merous cells of different sizes and shapes depending on the stage of the cell cycle. Results of the examination of the general patterns of the heterogeneous micromycete
population development are promising for expanding the boundaries of knowledge of the adaptation mechanisms of ubiquitous microorganisms to long-term in vivo
and in vitro persistence. Methods for studying morphometric and densitometric indicators avoiding interfering into the natural biofilm architectonics are recommended
to optimize the long-term and retrospective mycological studies, as well as to develop effective mycosis treatment and prevention regimens.
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[inHamuka pa3sutus 6uonneHok rpudos
Nakaseomyces glabratus
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PE3IOME

(DopmupoBaHue 6ronneHoK MUKpOOpraHu3moB, B Tom uncne n Nakaseomyces glabratus, 06ycnonuBaet pa3guTie NOKaNnbHbIX M CUCTEMHDIX NaTONOrMi YenoBeka
1 KMBOTHBIX. C1CTEMA KOOPAMHALIMM SKCMPecciit reHOB (quorum sensing) Npu penpe3eHTaLmy CUrHanbHbIX MOIeKyN N03BONAET perynupoBaTh KONMYeCTBO U CO-
(TaB nonynAwwii GronneHok, yto paclunpAeT aianTuBHbIi NOTEHLMaN MUKPOOPraHN3MoB. Mpu HaMUYMM KNMHUYECKUX NPU3HAKOB TUHIVBMUTA U OLOHTONUTHA3A
y cobaK U36bITOUHBIA POCT FPAMMONOXKUTENbHBIX APOXKKEBOI GOPMbI MUKPOOPraHU3MOB ABNAETCA AnddepeHLMaNbHBIM NPU3HAKOM CHUKEHIA KONOHN3ALN-
OHHOIA Pe31CTEHTHOCTI CN3NCTON 060NOYKM NULLeBAPUTENbHOI CUCTeMbI. MccnejoBaHIe JeHCUTOMETPUYECKIX U MOPOMETPUYECKINX NoKa3aTeNell BbIABUNO
00LLi1e 3aKOHOMEPHOCTI Pa3BUTIAA GIUONEHOK, HE3aBUCMO OT UCTOUHMKA BblaeneHus uonatos Nakaseomyces glabratus. B 3aBucumoctyn ot BpemeHH KynbTu-
BIPOBAHYA MUKPOOPraHU3MOB YCTaHOBUMM NOCTENEHHOE YBENMYEHMe 3HaUeHUii abCOMIOTHBIX BENIMUYIMH ONTUYECKOIA MNOTHOCTY. Peanu3aLyms MeXKIETOUHbIX
KOMMYHUKaLyil foCTUranach Koarperawyeil retepoMopdHbIX CTPYKTYp, GOPMUPYIOLLMX KNACTepbl, MEXAY KOTOPbIMU BbIABAANMCH OKPYTible 06pa3oBaHus,
CopepKaLLie XuaKocTb. lonynAauMoHHas MMMOOUAM3aLIUA APXUTEKTOHUKI 3pEN0il TPEXMepHOI 61ONNEHK, B COOTBETCTBUM € YCIOBUAMM KYNbTUBIMPOBAHMA, CO-
npoBoXAanack A depeHLnaLeit MHOroUNCIeHHbIX KNETOK pasHbIX pa3mMepoB 1 GopM B 3aBUCUMOCTY OT CTaZMN KNETOUHOTO LuknNa. Pe3ynbTaTbl nccneoBaHmii
061Ly1X 3aKOHOMEpHOCTeI pa3BUTIA FeTeporeHHOi NONYAALMA MUKPOMULETOB NPEACTaBAAIOT NepCeKTUBHOCTD ANA pacllpeHNa rpaHuL No3HaH!A MexaH3MoB
ajanTauuy youKBUTApHbIX MUKPOOPraHU3MOB K ANUTENbHON NepeucTeHLu in vivo 1 in vitro. Cnocobbl n3yueHns MopGoMETPUUECKUX 1 JeHCUTOMETPUYECKIX
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nokasateneii 6uonneHok 6e3 HapyLieHna eCTeCTBEHHOI APXUTEKTOHUKI PEKOMEHAYIOTCA ANA ONTUMU3aLUN MUKOSIOrUYeCKIX CCNe0BaHMIA, ABNAIOLMXCA
ANUTENbHBIMUW U PETPOCNEKTUBHBIMU, A TaKXKe pa3pa60TK|/| 3¢¢EKTVIBHI:IX (XeM neyeHua n HpO¢MﬂaKTI/IKI/I MWKO30B.
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INTRODUCTION

Nakaseomyces glabratus microfungi (formerly Candi-
da glabrata) are recognized as one of the priority patho-
gens for research that cause development of nosocomial
infections with high epidemiological mortality rates [1].
With the development of septicemia, endocarditis, pyelo-
nephritis, bronchopneumonia, catheter-, prosthesis-asso-
ciated pathologies, N. glabratus isolates are significantly
often characterized by multidrug resistance [2, 3, 4].

The tendency of a statistically significant increase in
the etiological significance of N. glabratus has been es-
tablished with the development of opportunistic endoge-
nous infection of animals against the antibiotic thera-
py[5,6,7,8,9, 10].

With the development of micromycete overgrowth syn-
drome, the pathogenic potential is realized by increasing
the biofilm biomass, which are a heterogeneous associ-
ation of microorganisms aggregated by the extracellular
matrix [11,12, 13].

Gene expression coordination system (quorum sens-
ing), when representing signaling molecules, allows
regulation of the number and composition of biofilm
populations thus expanding adaptive potential of the mi-
croorganisms [12, 14, 15].

Transcriptional control of adhesion, invasion, and syn-
thesis of polymeric substances allows the multicellular
population to realize virulent properties in interaction
with immunocompetent cells, provides protection against
phagocytosis and effects of chemotherapeutic drugs
and disinfectants [16, 17, 18].

Initiation, development and outcome of superficial,
deep and systemic mycoses with excessive growth and
increase in pathogenic potential of ubiquitous microor-
ganisms are attributed to hyperaggregation, presence
of dissociative variants and dispersion of heterogeneous
biofilms. The investigation of the ways to indicate bio-
films, including when exposed to chemotherapeutic
drugs and disinfectants, in the future will allow the deve-
lopment of fungicidal medicinal products aimed to block
the synthesis or destruction of the biofilm extracellular
matrix.

To improve the procedures of mycological research
and development of preventive antiepidemic measures,
the priority area of scientific investigations is to ex-
pand the boundaries of knowledge of the mechanisms
of the multi-stage biofilm formation process.

The aim of the work was to study the morphometric
and densitometric parameters of N. glabratus isolates re-
covered and identified during the progress of gingivitis
and odontolithiasis in dogs.

MATERIALS AND METHODS

Strains. N. glabratus isolates were used in the experi-
ments, which were recovered from the swabs and scrap-
ings of the oral mucosa of dogs demonstrating gingi-
vitis and odontolithiasis clinical signs. Reference strain
ATCC 66032 was tested as control [19].

Nutrient media. Meat-extract broth (HiMedia Laborato-
ries Pvt.Ltd., India), bovine blood serum (Microgen, Russia);
rice extract agar (API-System R.A.T., France); Sabouraud
glucose agar with penicillin and streptomycin (100 [U/L);
Columbia agar; chromogenic agar (BioMedia, Russia).

Test-kits. HiCandida™ Identification Kit (HiMedia Lab-
oratories Pvt. Ltd., India) was used to identify the micro-
organisms.

Indication and identification of microorganisms. For mi-
croscopy, fingerprints were prepared from the swabs and
scrapings and Gram-stained.

Medium quality control - sterility test at (36 + 1) °C for
48 hours.

To indicate hyphal germ tubes, the day-old cultures of
the microorganisms were cultured in meat-extract broth
supplemented with 1.0 mL of blood serum at (35 + 2) °C
for 5 hours and microscopic examination of the methylene
blue-stained specimens was performed.

Chlamydospore presence was tested on native micro-
organism culture specimens grown on rice agar at
(25 + 2) °C for 24 hours.

When adding cycloheximide (0.5 g/L of the medium)
to Sabouraud agar, the growth of microorganisms at
(25 £ 2) °C during 72 hours was recorded.

The microorganisms were indicated and identified
with due consideration of the typical growth properties
of the microorganisms and using generally accepted me-
thods [20, 21].

To record the biochemical properties, the day-old cul-
tures of the microorganisms (optical density OD = 0.5;
wavelength 620 nm) were added into the wells of HiCandi-
da™ Identification Kit panel and cultivated at (22.5 + 2) °C
for 48 hours. The microorganisms were identified in accor-
dance with the identification tables and codes of the spe-
cified test-kit.
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Investigation of the biofilm formation dynamics. To re-
cord the biofilm formation dynamics, the microorganisms
were cultivated under static conditions at (35 + 2) °C for
18, 24 and 48 hours.

To assess the densitometric parameters, upon the spe-
cified cultivation period completion, the fluid was re-
moved and the sediment was washed three times with
200.0 L of the phosphate buffer solution (pH 7.2). The
specimens were fixed with 150.0 pL of 96° ethanol for
15 minutes. The specimens were further dried at (35 + 2) °C
for 20 minutes, 0.5% crystalline violet solution was added
and transferred to the thermostat at (35 + 2) °C for 5 min-
utes. The contents of the wells were removed, the wells
were washed three times with 200.0 L of the phosphate
buffer solution (pH 7.2) and dried. The stain was eluted
with 200.0 pL of 96° ethanol for 30 min [13].

The OD of the tested specimens was determined by
the degree of crystalline violet binding (HiMedia Laborato-
ries Pvt. Ltd., India) using a photometric analyzer Immuno-
Chem-2100 (High Technology Inc., USA) at wavelength
580 nm (OD,,).

For morphometric tests, the slides were placed in
Petri dishes and 100.0 mL of 18-hour cultured micro-
organism suspension were added at 10° CFU/mL. After
a predetermined time of the microorganisms’ cultivation,
the specimens were fixed three times, sequentially im-
mersed in 96° ethanol for 10 minutes and air-dried for
10 minutes. Then the specimens were stained with gen-
tian violet solution supplied with the Gram staining kit
(BioVitrum, Russia).

During representative sampling of significant frequen-
cy of occurrence (= 90.0% of the field of Carl ZEISS Axio
Lab.A1 optical microscope, Germany) microphotography
was made using ADF PRO 08 digital camera (China) with
matrix resolution of 8 megapixels (4K).

The resulted data were processed by statistical analysis
method using the Student’s criterion, the results were con-
sidered reliable at p < 0.05 [18].

RESULTS AND DISCUSSION

Indication and identification of microorganisms. With
gingivitis and odontolithiasis clinical signs in dogs, intense
yellow-gray deposits tightly attached to the mucous mem-
brane were observed. Bright red ulcers were generally de-
tected when these deposits were removed.

Optical microscopy of fingerprints of oral mucosa
scrapings revealed a large number of gram-positive yeast-
shaped microorganisms of (1.1-2.1 x 3.1-4.0) um in size.

After 48 hours at (35 + 2) °C, the microorganisms formed
shiny white colonies on Sabouraud agar.

Table
Differential features of N. glabratus

Fig. 1. Features of N. glabratus growth on chromogenic agar
at (35 +2) °Cfor 48 hours

Presence of chromogenic substrates in the indicator
medium allowed differentiation of N. glabratus colonies
of pink color with a slightly purple hue (Fig. 1).

Nakaseomyces glabratus microfungi fermented maltose,
trehalose; they did not ferment urease, melibiose, lactose,
sucrose, galactose and xylose. The microorganisms did not
have any urease activity.

Microscopic examination of the specimens of the mi-
croorganisms cultured in 1 mL serum supplemented-
meat-extract broth at (35 + 2) °C for 5 hours did not reveal
formation of hyphal germ tubes; therefore, the test result
was negative.

In microorganism cultures grown on rice agar at
(25 + 2) °C for 24 hours, chlamydospores were not detec-
ted; therefore, the test result was negative.

When incubating the culture on cycloheximide-con-
taining Sabouraud agar (0.5 g/L) at (25 + 2) °C for 72 hours,
no microorganisms’ growth was observed; therefore,
the test result was negative.

When recording the microorganisms’ tolerance to tem-
perature (35 + 2), (42 £ 2), (45 + 2) °C for 24 hours, typical tur-
bidity of the liquid Sabouraud medium, presence of a slight
sediment and gray thin film on the surface of the medium
were detected; therefore, the test result was positive.

The reference strain and isolates, regardless of
the source of isolation, demonstrated properties typical
of yeast-like fungi of N. glabratus species (Table).

Differential signs

Microorganism cultures

Hyphal tubes

Chlamydo-

(yclo- Temperature tolerance

spores heximide

N. glabratus, ATCC 66032 - - - + + +
N. glabratus, swabs from the dorsal surface of the tongue - - - + + +
N. glabratus, swab from the gums - - - + + +

“+"— presence of microbial growth; “~" — absence of microbial growth.
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Fig. 2. Stages of N. glabratus biofilm formation at (35 + 2) °C in beef-extract broth (yeast-like cells of species-typical
shape and size aggregated by the extracellular matrix): a — in 18 hours; b — in 24 hours. Methylene blue staining,

ocular lens 10x, objective lens 100%, immersion

Biofilm formation dynamics. The study of densito-
metric and morphometric parameters revealed common
patterns of biofilm formation of N. glabratus isolates, re-
gardless of the source of isolation.

Depending on the time of cultivation of the microor-
ganisms, a gradual increase in the OD absolute values of
the tested specimens was established: after 18 hours —
from 0.218 + 0.05 to 0.221 + 0.08, the intensity of bio-
film formation - > 0.1; after 24 hours — from 0.289 + 0.04
to 0.297 + 0.09, the intensity of biofilm formation - > 0.2;
after 48 hours — from 0.331 + 0.10 to 0.350 + 0.08, the in-
tensity of biofilm formation - > 0.3.

During representative sampling according to the mor-
phometric parameters of the significant frequency of occur-
rence (= 90.0% in the field of view of an optical microscope -
yeast cells of shape and size typical for N. glabratus species
were found aggregated by the extracellular matrix (Fig. 2).

Depending on the time of cultivation, such stages
as adhesion, fixation, coagulation, microcolonies, and dis-
persion were revealed during the biofilm formation.

At the early stages of the formation, primary attach-
ment due to planktonic forms sorption, i.e. adhesion of
the microorganisms to the test substrate, was reported
(in our studies - to the slide surface). This stage is consi-
dered reversible, that is, the attached cells can detach from
the substrate and return to the planktonic form.

During the adhesion, the cell walls of the micro-
organisms produced exocellular molecules that ensured
the cell fixation to the slide surface. The cells tightly fixed
to the substrate contributed to the adhesion of the sub-
sequent cells.

The population immobilization of the architectonics
of the mature three-dimensional biofilm dependent on
the cultivation conditions is mediated by the quorum

Fig. 3. Stages of N. glabratus biofilm formation at (35 + 2) °C in beef-extract broth in 48 hours: intense cell proliferation
is accompanied by the formation of net-like structures and extracellular matrix thickening. Gentian violet staining:
a-ocular lens 10x, objective lens 5%; b — ocular lens 10X, objective lens 10x
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sensing phenomenon. This is a special form of extracel-
lular communication of the microorganisms due to the
synthesis of numerous exocellular molecules, whose con-
centration is proportional to the cell density.

When increasing the cultivation time, intensive prolife-
ration was accompanied by differentiation of yeast forms
and formation of an extracellular matrix (Fig. 3).

The number of the attached dividing cells significantly
increased and, accordingly, the growth of microcolonies
was observed, which resemble colonies formed on dense
nutrient media. With an increase in the number of micro-
organisms due to an increase in the synthesis of exocel-
lular molecules, extracellular bonds were formed, and
the population, called a mature biofilm, was immobilized.

When certain sizes of microcolonies were reached, dis-
persion of individual cells periodically occurred, which
were after a while able to attach to the surface and form
a new microcolony.

The general pattern of the regularity and compact-
ness of the multicellular heteromorphic biofilm popula-
tion was determined by the cell cycle stages and degree
of development of the extracellular matrix. The cellu-
lar composition of the mature biofilm was represen-
ted by ovoid- or ellipsoid-shaped cells of typical size of
(1.1-1.9) x (3.1-3.4) microns (Fig. 4).

The population immobilization of the architectonics
of the mature three-dimensional N. glabratus biofilm, as
consistent with cultivation conditions, was accompanied
by the differentiation of numerous cells of different sizes
and shapes depending on the cell cycle stage [12, 15, 18].

Results of the examination of the general patterns
of the heterogeneous microorganism population deve-
lopment are promising for expanding the boundaries
of knowledge of the adaptation mechanisms of ubiqui-
tous microorganisms to long-term in vivo and in vitro per-
sistence.

Methods for studying morphometric and densitometric
indicators avoiding interfering into the natural biofilm ar-
chitectonics are recommended to optimize the long-term
and retrospective mycological studies, as well as to deve-
lop effective mycosis treatment and prevention regimens.

CONCLUSION

Microscopy of the fingerprints of the scrapings of
the oral mucosa of dogs demonstrating gingivitis and
odontolithiasis clinical signs revealed excessive growth
of gram-positive yeast microorganisms. Depending on
the time of cultivation of the microorganisms, a gradual
increase in the OD absolute values was established. Extra-
cellular communications were achieved by coaggregation
of the heteromorphic structures forming clusters, among
which rounded liquid-containing formations were detec-
ted. Regularity and compactness of the multicellular hete-
romorphic population of mature biofilm is determined by
the cell cycle stages and degree of the extracellular matrix
development.
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