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INTRODUCTION

At present, more than 1500 yeast species belongint00 genera are described
worldwide. Candida genus includes about 200 species. This genus Iy ve
heterogeneous; it contains species of completdramminplete development. Among the
Candida yeasts the species tolerant to osmosis, growingxtnieme or anaerobic
conditions are encountered. As commengzadida yeasts are found on human and
animal skin, mucus and digestive tract. Occurreric@andida yeasts as causative agents
of diseases is most widely studiedrEZ0 et al., 2000; BAHMANN et al., 2000; BH et
al., 2005; KURTZMAN, PISKUR, 2006; SCHIRMER-MICHEL et al., 2008; ®FALO et al.,
2009; LOPEZMARTINEZ, 2010; M\WVARATHNA, ROBERTS 2010). However, the data on
their abundance and species diversity in natutadtsates, ambient air of residential and
occupational surrounding is sparse.

Yeasts of this genus are used in biotechnologyicagure, food and chemical
industries.Candida yeasts are successfully employed in biocontrgblaht pathogens.
Candida intermedia synthesize substances that inhibit the growthadfiggenic bacteria
(GOTCHEVA et al.,, 2002; ¥HUDA et al., 2003; WCzKOWSKI, PRILLINGER, 2004;
CHENG et al.,, 2005; MSSART et al., 2005; GERGES et al.,, 2006; ACQUES
CASAREGOLA, 2008; KUNZE et al., 2009). Wider knowledge on biochemical and
physiological properties o€andida yeasts is important for new opportunities of new
species application as well as their biocontrol.

Candida yeasts can be the key agents of the skin and ,suo@mbrane infections,
opportunistic and systemic mycoses. Since 18éRdida albicans, C. parapsilosis, C.
tropicalis andC. guilliermondii have been described as medically important woddyvi
and in 1995 this list already included 17 specieghe USA hospital€andida yeasts
are in the fourth place among all agents causingdlinfections (AzEN, 1995; ABIA-
BASSEY, UTSALO, 2006; TORTORANO et al., 2006; RALLER, DIEKEMA, 2007; WEIG,
BROWN, 2007). In Lithuania the number of patients witlrigus diseases caused by
Candida yeasts is also increasing AGKEVICIUS, 2001; REINGARDIENE, 2002;
ADUKAUSKIENE et al., 2009).

Rapid spread o€andida caused diseases promotes the development of neys dr

and pharmaceutical forms and improvement of treatm€urrently many effective



medicinal substances for treatment of mycoseslegady synthesized. But the majority
of the medicines are chemically synthesized. Negatide effects and development of
resistant microorganism strains are the disadvastag chemical products. Therefore,
one of the main modern challenges is to find bimalgsubstitutes for currently used
antifungal medications. Peptides characterizednijumgal activity, substances present
in medicinal and aromatic plants, essential oilsl @heir components, metabolites
produced by mycocinogenic yeast strains, extractdyced from sponges could become
a valuable alternative to chemical productsoGBEv, 1998; $iA0 et al., 2007;
SOBRINO-LOPEZ, MARTIN-BELLOSO, 2008; KOURI-GARGOURI, GARGOURI, 2008;
MATUSEVICIUS et al., 2008; WUDA-MARTOS et al., 2008; E-AMRAOUI et al., 2010). The
data concerning the application of essential oflsplants growing in Lithuania or

antagonistic microorganisms agai@sindida yeasts is not abundant.

Aim of the work was to determine the distribution o€andida yeasts in various
substrates and the surrounding environment, toéeheir biological characteristics and

preventive measures to reduce the pollution.

Main tasks:

1. To ascertain the distribution @andida yeasts in natural substrates, food products
and human surrounding.

2. To isolate and identiffCandida yeasts that are pathogenic and opportunistically
pathogenic to people.

3. To determine morphological, physiological, bieshcal peculiarities of the isolated
yeasts.

4. To investigate pathogenicity of most frequensiglated Candida yeasts to warm-
blooded animals.

5. To conduct the search of chemical and biologitaigicidal materials against

pathogenic and opportunistically pathoge@andida yeasts.

Scientific novelty. The dissertation presents data on the distribudfd@andida yeasts in
natural substrates, food products, human pathabgwaterial and the surrounding
residential and occupational environments. For fttet time in Lithuania a complex

evaluation of morphological, physiological and Wiemical peculiarities ofCandida



yeasts isolated from various substrates was peerifwenty-sixCandida species were
isolated, 4 of them are new to Lithuanian mycobiet@. magnoliae, C. saitoana, C.
oleophila andC. sorboxylosa.

Assessment of the impact of 11 disinfectants arahtungal preparations on
pathogenicCandida yeasts was conducted. For the first time in Lithaanvestigations
of the impact ofThymus pulegioides, Carum carvi essential oils oCandida yeasts were
performed. The effects ¢fantoea citrea (T1X, ToX, T3x), Streptomyces sp. (Ux, Ux308)
isolated from soil and spontaneous fruit and b&rgnentations ofCandida yeasts were
determined. Acute toxicity/pathogenicity of singleses ofC. albicans (C.A.4) andC.
parapsilosis (C.P.1) administere@er os or intraperitoneally to warm-blooded animals

was ascertained.

Practical significance. The results on the distribution @andida yeasts in different
substrates (soil, water, food products, residendall occupational environment,
pathological material) are important for the asses¥ of the diversity of yeast species
in Lithuania. The accumulated complex data on maolgiical, physiological and
biochemical properties ofCandida yeasts could be used for the production of
biologically active substances and creation of k@pprations. Investigations of the
impact of essential oils of various plants as waslbfPantoea citrea (T1x, T»X, T3x) and
Sreptomyces sp. (Ux, Ux308) onCandida yeasts are important for pharmaceutical
research, creating a new generation of naturalfusugal products or preventive
measures. Results of the investigations on the ¢tnpfadisinfectants oandida yeasts
are employed in dealing with sanitary issues irdfpoocessing and other manufacturing

companies.

The statementsfor defense:
» Candida yeastsare usuallypresent irfood productsthe surroundingnvironment
and among patientsith surface mycosefandida yeasts isolated from different
substrates are characterized by different morphcdbg physiological and

biochemical properties.



» Single doses ofandida albicans (C.A.4) andC. parapsilosis (C.P.1) suspensions
isolated from food products administerpel os and intraperitoneally are non-
toxic and non-pathogenic to mice.

» Antifungal drugs of azole group (ketoconazole aludriecnazole) possess strong
fungicidal activity agains€andida yeasts. Disinfectants containing peracetic acid
as their active substance are most effective ap@arglida yeasts.

» Essential oils oMentha x piperita 'Zgadka',Thymus pulegioides thymol (T) and
geraniol (G/G/N) chemotypes are characterized lpngtfungicidal performance
againstCandida yeasts. BacteriRantoea citrea (T1x, Tx, Tzx), Sreptomyces sp.

(Ux, Ux308) possess fungicidal activity agai@sindida yeasts.

Approbation of the results. Material of the dissertation was presented atermational
conferences and 5 conferences in Lithuania. Thearekl results were published in 11

scientific articles and 9 conference abstracts.

Volume and structure of the dissertation. Dissertation manuscript consists of an
Introduction, Literature Review, Material and Medlsp Results, Summary and
Conclusions, list of 350 references, list of sdfentpublications. Volume of the

dissertation — 178 pages, 37 tables, 55 figures.dissertation is written in Lithuanian,

summary — in English.

2. MATERIAL AND METHODS

During the study 637 samples were examined (séil samples, water — 60, plant
leaves — 84 residential indoor air — 60, industinaloor air — 57, food products — 223,
pathological material of arms, legs and skin — 8&)mber ofCandida yeasts in soil was
tested following B.AJ, (1982); LST ISO 10381-6.1998; in water and phgploere —
according to KASNIKOV, SCELOKOVA, (1991); in the air of residential and occupationa
premises — WL'PE, KUCHERENKQ, (1970); &NSEN et al., (1992); EHVALAINEN et al.,
(1993); ROOK, (1995); in food products according to recommeioaat of LST 1SO
6887-2:2005, LST ISO 6611:2004, LST ISO 8261:20R¥ASNIKOV, SCELOKOVA,
(1991).



Yeasts isolated from various substrates were ifieatfollowing KURTZMAN and
FELL (1998), BARNETT, PAYNE, YARROW (2003). Candida yeasts were identified
employing ,Fungichrom®" (International Microbio, &mce), api® 20 C AUX"
(Biomérieux, France) and ,Auxacolor® 2“ (Bio-RadraRce) diagnostic systems.
Species ofYarrowia, Candida, Debaryomyces, Clavispora and Pichia yeasts isolated
from various substrates were determined by polyseerhain reaction (PCR) using
markers ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3') alis5 (5' GGA AGT AAA
AGT CGT AAC AAG G) (WHITE et al., 1990).

Antifungal drugs nystatin, fluconazole, flucytosineniconazole, ketokonazole,
econazole, itraconazole and clotrimazole (Liofilchdtaly) were tested. Disinfectants
F261 Kloriitti-forte, Pesetti antibact, Ipa-300 (RMOS, Finland), Topax DD, Topax U
(Ecolab, Germany), Divosan activ, Divosan Fortejddes FG, Suma Bac D10, Oxivir,
Tego 2000 (JohnsonDiversey, USA) were examined.erfsd oils of Thymus
pulegioides linalool (L), geranial/geraniol/neral (G/G/N) artdymol (T) chemotypes,
Juniperus communis, Abies sibirica, Mentha x piperita, Monarda didyma, Carum carvi,
Melaleuca alternifolia, Citrus limonum var. dulcis, Lavandula hybrida, Eucalyptus
globulus, Citrus bergamia were also explored. Fungicidal activity of antifah
medications, disinfectants and essential oils wesessed by disc diffusion method
(KALEMBA, KUNICKA, 2003). Sensitivity ofCandida yeasts to antifungal preparations
was studied employing INTEGRAL SYSTEM LIEVITI (Lis€hem, Italy),
FUNGITEST (BIO-RAD, France), ATBFUNGUS 2 (Biomérieux, France) systems.

The impact of bacteriBantoae citrea (Tx, ToX, Tzx), Sreptomyces sp. (Ux, Ux308)
on Candida yeasts was tested by the method of killer activitgtermination
(GULBINIENE, 2002).

Pathogenicity and toxicity o€andida yeasts isolated from food products to mice
was assessed according to the guidelines of mmlrghbésticide tests: Acute oral
toxicity/pathogenicity (Microbial Pesticide Test @elines OPPTS 885.3050) and acute
injection toxicity/pathogenicity (Acute Injection oXicity/Pathogenicity/ Microbial
Pesticide Test Guidelines OPPTS 885.3200).

The research data was processed 8RS 17 statistical program using analysis of
variance (ANOVA) and least significant differencestt (LSD). Data considered

statistically significant at p <0.05.



3. RESULTS AND DISCUSSION
Distribution of Candida yeastsin various substrates

During the study 498 yeast isolates from variousinah substrates (soil, water and
plant phyllosphere), food products, ambient air mesidential and occupational
environment, human pathological material were tealaldentified yeast isolates were
ascribed to 21 genera and 63 specfeandida yeasts were recorded in all studied

substrates (Fig. 1).
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Fig. 1. Distribution ofCandida yeasts in various substrates.

Majority of yeast species belonged to the ge@Gasdida accounting for 31% of all
yeast species .Twenty-si€andida species were isolated, 4 of them are new to
Lithuanian mycobiota —Candida magnoliae, C. saitoana, C. oleophila and C.
sorboxylosa. Somewhat less frequent were yeasts ofRlohia (12%), Kluyveromyces
(8%), Debaryomyces (6%), Rhodotorula (5%), Trichosporon (6%), Sporobolomyces
(4%), Issatchenkia (4%), Dekkera (3%), Lipomyces (3%) and other genera (18%) (Fig.
2).
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Fig. 2. Diversity of yeast genera.

Six Candida species were isolated from natural substrate§ (gater, plant leaves),
it accounted for 22.7% of all isolated yeast spe¢iBable 1). In natural substrat€s
catenulata, isolated from soil samples, prevailed. Food présluevith 16 detected
Candida species, were characterized by the higl@sstdida species diversityC. sake
and C. zeylanoides dominated.C. albicans, C. parapsilosis, C. rugosa, C. saitoana, C.
magnoliae, C. vini, etc. were also isolated from food products. In the diresidential
and occupational environme@andida yeasts accounted for more than 40% of all
isolated yeastsC. parapsilosis yeasts, which have been detected in the air ofi bot
residential and industrial premises, prevailed. iiddally C. sake andC. oleophila were
isolated from the air of residential premis€sutilis yeasts were isolated only from the

air of industrial premises.

Table 1. Distribution o€Candida yeasts in various substrates

Species Soil Water Phyllosphere Food Air of Air of Pathological
residential | industrial material
premises | premises

C. albicans - - - + - - +

C. boidinii - + - - - - -

C. catenulata + - - - - _

C. glabrata - - - - - +

+ |+

C. guilliermondii - - -

C. inconspicua - - - + R N
+

C. intermedia - - -

C. krusei - - - - - _

+|+ |+

C. lusitaniae - - - - - _

C. magnoliae - - - + - - -

C. maltosa + - - + - - -
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C. oleophila - - +

C. parapsilosis - - -

C. pararugosa - + -

C. pseudotropicalis - - -

C. pelliculosa - - -

C. rhagii - - -

C. rugosa - - -

C. saitoana - - -

C. sake - - +

C. sorboxylosa - -

]|
1
1
1

C. tropicalis - - -

C. utilis - - -

C. versatilis - - -

C. vini - - R

C. zeylanoides - - -

B4+ ]+
1
1
+

Total 2 2 2 6 3 3 10

In cooperation with the staff of Vilnius Universityospital “SantariSki klinikos”
Dermatovenerology clinic in 2005-20@&ndida yeasts were isolated from pathological
material of 92 patients with surface mycoses. Amthregpatients with surface mycoses
C. albicans (43%) andC. tropicalis (21%) yeasts were most common, less often
pseudotropicalis (5%), C. krusei (5%), C. parapsilosis (6%), C. lusitaniae (6%) were
diagnosed as major agents.

Identity of species composition determined usiragdostic systems Fungichrom®*
(International Microbio, France), api® 20 C AUX" (Biomeérieux, France) and
»<Auxacolor® 2“ (Bio-Rad, France) compared with pb&pic and polymerase chain
reaction methods reaches 70% to 85%. It was asuedtéhat diagnostic systems used
for yeast identification do not reflect the truessgmatic position of yeasts because it
constantly changes, and manufacturers fail to imately introduce systematic

innovations into programs or sets of diagnostitesys.
Biological peculiarities of Candida yeasts
Macro- and micro- morphological peculiarities Gandida yeasts isolated from

various substrates were studi€tandida yeasts were grown on yeast morphological

agar; colony edge shape, color, texture and sudiuaeture were described (Fig. 3).
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Fig. 3. Macro- and micro- morphological imagesQaindida yeasts new to Lithuanian
mycobiota A —Candida magnoliae, B — C. oleophila, C — C. saitoana, D — C.
sor boxyl osa.

While yeasts were cultivated in a liquid glucosetpae medium, formation of a
film, ring or sediments were observed. The shapedi¥idual yeast cells, their size and
type of vegetative mycelium were determined.

Candida yeasts isolated from food products and ambient amrenvironment
exhibited a broader spectrum of carbohydrate fetatem than the yeasts isolated from
natural substrates (Table 2). They fermented maubsaides (D-glucose and D-
galactose), disaccharides (sucrose and maltosejrigadcharides (raffinose). None of

the studied yeasts fermented lactose.

Table 2. Carbohydrate fermentationgGaindida spp. detected in various substrates, %

Carbohydrate Yeasts (N=22) Yeasts (N=36) Yeasts (N=24) from
from natural substrates from food human and surrounding
environment
Fermenting strains, %
D-glucose 100 61,1 100
D-galactose 72,7 38,8 66,6
Sucrose 59 36,1 58,3
Maltose 45,4 30,6 50
Lactose 0 0 0
Raffinose 0 55 12,5
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Candida yeasts isolated from food products assimilated rtfagor portion of the
tested carbon sources (84.4%), whigandida isolated from natural substrates
assimilated the lowest portion of the tested carbources (65.6%). Methanol myo-
inositol, galactitol and D-gluconic acid as solebma sources were not assimilated by
Candida yeasts isolated from various substrates. D-gadactd-xylose, D-ribose,
maltose,a-a-trehalose, melezitose, ribitol, D-mannitol, D-stwh succinic, citric acid
and D-gluconate were best assimilated Ggndida yeasts isolated from natural
substrates. Hexadecane was not assimilatedCdiyida yeasts isolated from food
products. D-glucosamine and N-acetyl-D-glucosamivees assimilated byCandida
yeasts detected in various substrates.

Candida yeasts isolated from natural substrates, huméamlogfical material and the
surrounding environment do not assimilate nitraied nitrites. 33.3% ofandida yeasts
detected in food products assimilate nitrites. Aakramount ofCandida yeasts (8.3%)
isolated from food products assimilate nitrat€andida yeasts isolated from various
substrates do not release organic acids and domotstarch-like compounds. Only 2.7%

of Candida yeasts isolated from food products exhibited migtee activity (Fig. 4).

25+
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15+
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0 ‘ ‘ \
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Fig. 4. Proteolytic and lipolytic activity o€andida spp. yeasts isolated from various
substrates, %.

14



Lipolytic activity was characteristic of 11.1% @&fandida yeasts detected in food
products. 20.8% ofCandida yeasts isolated from human pathological materrad a
ambient air exhibited proteolytic activity.

Certain Candida strains detected among yeasts from various suéstigrew on
vitamin-free medium: 41.6% of the test€dndida yeasts isolated from food products,
22.7% of yeasts isolated from natural substratels27% of yeasts isolated from the
surrounding environment.

All Candida yeasts isolated from natural substrates and niamre 70% of the tested
yeasts from food products, human pathological nateand the surrounding
environment were growing in media of high osmotiegsure.

All tested Candida yeasts from natural substrates grew at 23 °C ahd°G
temperatures, but did not grow at 42 @andida yeasts isolated from food products and
the human surrounding grew within 23-42 °C tempeeatange.

Tests on acute oral and injection toxicity/pathogigyiof C. albicans (C.A.4) andC.
parapsilosis (C.P.1) isolated from food products showed thagraddministration of one
dose per os or injection into the abdominal cavity no symptomf toxicity and

pathogenic were noted. Body weight gain was no(figl 5).

3 7 15 21 3 7 15 21
Days

@ C. albicans m C. parapsilosis O Control o C. albicans m C. parapsilosis O Control Days

A B

Fig. 5. BALB/c mice weight changes during acute|lofA) and injection (B)
toxicity/pathogenicity studies @andida yeasts.

During the test, none of the tested animal di&hdida yeast colonies were detected
in 10% of the samples of test animal organs, baoaitsed no noticeable changes in the

organs.
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Assessment of the impact of substances characterized by fungicidal properties
of chemical origin on Candida yeasts

The performed tests showed that for the te§laatlida yeasts minimum inhibiting
concentrations of 5-flucytosine, amphotericin B dlndonazole were 0.5 mg/l, while of
itraconazole — 0.25 mg/l (Fig. 6).
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Fig. 6. Minimum inhibiting concentration of antifungal dsifor Candida yeasts causing
surface mycose@\N=50) (FLU —fluconazole ITR —itraconazole AMF — amphotericinB,
5FC —flucytosineg.

The tests orCandida yeast susceptibility to antifungal preparationsfqgrened with
Integral Yeast Lieviti (Liofilchem, Italy) showedhdt all tested yeast strains were
susceptible to fluconazole and ketoconazole aristaes to econazole.

The employment of FUNGITES{Bio-Rad, France) system demonstrated that the
tested yeast strains were most sensitive to 32 luggntentration of 5-fluorocytosine.
The tested yeasts were most resistant to 0.5 pgdmtentration of miconazole and
itraconazole.C. krusel PCKrl yeasts were most resistant to all testedfuaggl
preparations at various concentrations.

Disk diffusion testing showed that the tested ys#asiins were resistant to the impact
of 1 pg/disk flucytosine. First-generation azoles (clogizole and ketoconazole)
exhibited the strongest fungicidal activity agai@sindida yeast strains (Fig. 7). Other

azole agents (miconazole and econazole) were fiextiee againsCandida yeasts.
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Fig. 7. Impact of antifungal drugs @andida albicans (N=3), C. tropicalis (N=3) and
C. parapsilosis (N=3) yeasts, which are most frequently causingesicial mycoses:
ECN — econazole 1fig/disc, Ni — nystatin 100 1U/disc, CLO — clotrimde&0ug/disc,
KCA — ketoconazole 1fg/disc, ITC — itraconazole 5@y/disc, MCL — miconazole 10
ug/disc, FLU — fluconazole 10@g/disc.

The tested disinfectants produced unequal effecipatimogenicCandida yeasts.
According to the susceptibility to disinfectantSandida yeasts were grouped into
susceptible, resistant and moderately susceptbileet impact of the tested disinfectants
(Fig. 8). Candida yeasts were most susceptible to the impact of $2imoForte
disinfectant, the resulting fungicidal zones ran@eun 17.7 to 52.2 mm (p<0.05.
parapsilosis PTCP1.2 was characterized by the strongest suisitiéypto Divosan Forte,
inhibitory zone size was more than 50 mm (p <0.@6Yyather high proportion of the
testedCandida yeasts (62.5-81.2%) remained unaffected by F2@tiiKi forte, Topax
U and Divodes FG disinfectants. These disinfectaxiibited a weaker effect on
Candida yeasts than antifungal preparation nystatin used aontrol.Candida yeasts
were moderately susceptible to Pesetti antibactp$2in activ, Suma Bac D10, Tego
2000, Oxivir and IPA-300 disinfectants.
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Fig. 8. Susceptibility ofCandida yeasts to disinfectants: 1 — Divodes FG; 2 — Davos
activ (4%); 3 — Divosan Forte (2%); 4 — Ipa-300+- %261 Kloriitti forte (2,5%), 6 —
Oxivir (2,5%); 7 — Pesetti antibact (1%), 8 — Sua D10 (2%), 9 — Tego 2000 (1%),
10 — Topax DD (5%), 11 — Topax U (5%), 12 — nystais a control (100 IU).

Disinfectant Divosan Forte strongly inhibited theogth of Candida yeasts, its
active ingredient is 15% peracetic acid. This desitent is suitable in order to reduce the
contamination withCandida yeasts. The impact of disinfectants Divodes FG &ind
Topax againsCandida yeasts was very weak; therefore they should natdeel against
the yeasts of this genus.

Sear ch for substances characterized by fungicidal properties of biological origin
against Candida yeasts

Tests of the impact of essential oils of 11 plamis pathogenicCandida yeasts
revealed that yeasts were susceptible, resistambderately susceptible to the effects of
tested essential oil€andida yeasts were most susceptible to the impact ohéaseils
of Mentha x piperita 'Zgadka', Citrus limonum var. dulcis, Thymus pulegioides
geranial/geraniol/neral (G/G/N) and thymol (T) cleggpes (Fig. 9). These essential oils
were characterized by a broader spectrum of agt@ntl a stronger effect on yeasts than
antifungal preparation nystatin used as a contio® results showed th&@andida yeasts
were resistant to the impact of essential oiluriperus communis needles and berries.

Candida yeasts resistant to the impactlaivandula hybrida, Eucalyptus globulus and
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Citrus bergamia, Monarda didyma essential oils made 31.2-37.5% of the tested yeast
Candida yeasts were moderately susceptible to the effdotssential oils oMelaleuca

alternifolia, Carum carvi, Abies sibirica, Thymus pulegioides linalool (L) chemotype.

100% H
90% 1
80% 1
70% -
60% -
50% - = 1
40% - = 1
30% H = 1
20%
10% A

0%

%

Strains,
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Fig. 9. Susceptibility ofCandida yeasts to various essential oils: 1 — nystatin 100
(control), 2 —Thymus pulegioides linalool (L) chemotype, 3 . pulegioides thymol (T)
chemotype, 4 . pulegioides geraniol G/G/N chemotype, 5-9 Garum carvi, 10 —
Melaleuca alternifolia, 11 — Citrus limonum var. dulcis, 12 —Lavandula hybrida, 13 —
Abies sibirica, 14 —Eucalyptus globulus, 15 —Citrus bergamia, 16 —Mentha x piperita
'Zgadka', 17 -Monarda didyma, 18 — Juniperus communis needles, 19 Juniperus
communis berries.

Essential oils ofCitrus limonum var. dulcis, Thymus pulegioides thymol (T) and
geraniol (G/G/N) chemotypes arMentha x piperita 'Zgadka' exhibited the strongest
inhibitory effects on pathogeniCandida yeasts. These essential oils could be used for
creation of natural and effective antifungal praduar preventive measures.

Tests of bacteridPantoea citrea (T1x, ToX, Tsx), Streptomyces sp. (Ux, Ux308)
activity revealed that substances released by thasteria have inhibitory effects on
pathogenicCandida yeasts and those isolated from food produBtseptomyces sp.
(Ux308) were characterized by strong inhibitoryeetf on Candida yeasts; zone size
ranged from 4 to 21.3 mm (Fig. 10). Control stadd&acharomyces cerevisiae
mycocinogenic strains K7, M437, MS300, Rom-K100,YDB28 produced no effect on
these yeasts.
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Table 2. Killer effect of bacterial strains on paglenicCandida yeasts

Pantoea citrea Sreptomyces sp.

Candida strains Tix | Tx | T Ux | Ux308
Lysis zone, mm

C. albicans
PTCA3 7.040.1 5.040.1 5.040.1 10.0+0.2 6.0+0.4
C. famata PCF1 6.0+0.3 7.0£0.2 4.0+0.1 8.0+0.4 4.0+0
C. glabrata
PTCG? 8.0+0.1 6.0£0.3 6.0£0.1 6.0£0 8.0+0.2
C. kefyr PCK1 5.0+0.1 6.0+0.1 5.040.1 7.0£0.1 10.0+0.5
C. lusitaniae
PCLUL 8.0+0.2 7.040.3 7.040.1 0 0
C. tropicalis
PTCT3 6.0£0 5.0+0.1 5.0£0.1 0 10.0+0.5
C. parapsilosis
PTCP1.2 7.0£0.2 5.0£0.1 6.0£0.2 10.0+0.5 8.0+0.4

Only C. lusitaniae PCLul were resistant to the impactSufeptomyces sp. (Ux308).
Pathogenic yeasts were more susceptible to sulestaateased blpantoea citrea (T1X,

T,x, T3X) compared to those isolated from food products.

Fig. 10. Killer effect of bacterid: — P. citrea T.x; |1 — P. citrea Tox; |11 — P. citrea Tsx;
IV — Sreptomyces sp. Ux; V — Streptomyces sp. Ux308 and standard cerevisiae
mycocinogenic strainsA-MS300;B-DBY; C—K7; D—K28; E-Rom-K100;F-M437) on
Candida rhagii C.Rh.1 andCandida zeylanoides C.Z.4.

The studiedP. citrea (T1x, TyX, TsX), Sreptomyces sp. (Ux, Ux308) exhibited
inhibitory effect upon the tested pathoge@endida yeasts and those isolated from food
products. These bacterial strains may be used reEating new generation of natural

antifungal preparations, preventive measures anfdistant tools.
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CONCLUSIONS

. During the study 498 yeast isolates from soil, wapdyllosphere, food products,
human body and the surrounding residential and gateanal environment were
isolated and identified. It was revealed that thelong to 21 genera and 63 species.
Candida yeasts comprised 31% of all isolated yeasts; mewithuanian mycobiota
species were recorde@: magnoliae, C. saitoana, C. oleophila andC. sorboxylosa.
. In natural substrateSandida yeasts comprised 22.7% of all recorded yeast®ad
products — 27.9%, while in residential and occugeti environment — over 40%.
catenulata dominated in soilC. zeylanoides and C. sake — in food productsC.
parapsilosis — in residential and occupational environmentLithuaniaC. albicans
(43%) andC. tropicalis (21%) prevailed among patients with surface mysose
. It was revealed thafandida yeasts isolated from food products assimilated%@dof
the tested carbon sources, while those isolated feman body and the surrounding
environment — 73.8%, yeasts from natural substrateS.6%.Candida yeasts from
natural substrates possess no lipolytic and prgieaictivity.

Single doses o€andida albicans (C.A.4) andC. parapsilosis (C.P.1) suspensions
isolated from food products administenget os and intraperitoneally are non-toxic
and non-pathogenic to mice.

It was found that antifungal preparations clotrimiazand ketoconazole possessed
strong fungicidic activity against agents of suefacycoses, while flucytosine had no
effect on their growth. For the teste@andida yeasts minimum inhibiting
concentration of 5-flucytosine, amphotericin B dhatonazole was 0.5 mg/l, while
of itraconazole — 0.25 mg/l. Disinfectants Divosantiv and Divosan forte, with 5—
15% of peracetic acid as active substance, effdgtiinhibited the growth of
pathogenicCandida yeasts.

Essential oils oMentha x piperita 'Zgadka', Thymus pulegioides thymol (T) and
geraniol (G/G/N) chemotypeCitrus limonum exhibited strong fungicidal activity
against pathogeniCandida yeasts. Essential oils dfiniperus communis needles and
berries did not inhibit the growth @fandida yeasts.

It was revealed that pathoger@andida yeasts were more susceptible to substances

released by bacteri@antoea citrea (T1x, T2x, T3x) than those isolated from food
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products.Sreptomyces sp. (Ux, Ux308) were characterized by fungicidedivaty

against both pathogen@andida yeasts and those isolated from food products.

REZIUME

Tyrimy metu iS dirvozemio, vandens, filosferos, maistodpki;, gyvenamosios ir
darbo aplinkos oro, Zzmogaus patol@égimedziagos buvo iSskirti ir identifikuoti 498 nnigl
izoliatai. Candida gertiai priklausaios mieks sudat¢ 31% vig; mieliy raSiy. 1Sskirtos
26 Candida rasys, iS § 4 naujos Lietuvos mikobiotai €. magnoliae, C. saitoana, C.
oleophila ir C. sorboxylosa.

IS gamtini; substrai (dirvozemio, vandens, augalapy) buvo iSskirtos 8Candida
raSys. Maisto produktai iSsiskydidziausiaCandida raSiy jvairove, juose buvo aptikta
16 Candida riSiy. Gyvenamosios ir darbo aplinkos dandida mielks suda¢ daugiau
negu 40% vig iSskirty mieliy. Tarp sergafiyju pavirSiremis mikozmis labiausiai
paplitusios buvdC. albicans (43%) ir C. tropicalis (21%).

IStirti iS jvairiy substrai iSskirty Candida mieliy makro- ir mikro- morfologiniai
savitumai. Auginan€Candida mieles ant agarizuotos morfologinio agaro ésr@prasyta
kolonijos krasto forma, spalva, konsistencija ivipsiaus struldra. Kultivuojant mieles
skystoje gliukozs — peptono tefe steletas pévelés, ziedo ar nudsly susidarymas.
Nustatyta atskiy mieliy lasteliy forma, dydis, bei vegetatyvinio micelio tipas.

Daugiausiai (84,4%) tiit anglies Saltinj isisavina iS maisto produktisskirtos
Candida mielés, maziausiai (65,6%) gamtiniuose substratuosenlepnos Candida
mielés. Candida mieles iSskirtos iS gamtinisubstrai ir Zmogaus patologés medziagos
bei ji supagios aplinkos nitrat ir nitrity neasimiliuoja. Nitratus ir nitratus asimiliuoj ti
nedidet dalis iS5 maisto produlgt iSskirty Candida mieliy. Ivairiuose substratuose
aptinkamy Candida mieliy tarpe esama padenmiaugaciuy terpje be vitamim,
osmotiremis bei 42°C temper@aje. IS jvairiy substrai iSskirtos Candida mielés
organini; rag&iy neiSskiria ir nesudaro junginipanadi i krakmoh. Nedidelis kiekis
Candida mieliy iSskirty iS maisto produki pasizyngjo proteolitiniu ir lipolitiniu
aktyvumais.

IS maisto produki iSskirty Candida raSiy tmaus oralinio ir injekcinio
toksiSkumo/patogeniSkumo tyrimmetu nustatyta, jog p&. albicans (C.A.4) ir C.

parapsilosis (C.P.1) suspensijvienkartires dozs jvedimoj skrand ar suleidimag pilvo
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ertme ir visa bandymo laikotarp Siltakraujams gywnams amaus toksiSkumo ir
patogeniSkumo pozymiai nepasireisk

Antigrybiniai preparatai klotrimazolas ir ketokomdas pasizymi stipriu fungicidiniu
poveikiu pavirSiny mikoziy sukeléjams, o flucitozinasCandida mieliy augimuiitakos
neturi. Patogenims Candida mielems antigrybini preparai 5-flucitozino,
amfotericino B ir flukonazolo minimali inhibuojantkoncentracija yra 0,5 mg/l, o
itrakonazolo — 0,25 mg/I

Dezinfekcires priemoiés Divosan forte (2%) ir Divosan activ (4%), kuweiklioji
medziaga 5-15% peractaigstis, efektyviai slopinaCandida mieliy augina. Labai
silpnas fungicidiniu poveikilCandida mieléems pasizymi priemais Topax DD (5%),
Topax U (5%) ir Divodes FG, kuriveiklioji medziaga amfoteriniai junginiai arba
alkoholiai.

Stipriu fungicidiniu veikimu patogenéms Candida mielkms pasizymiMentha x
piperita 'Zgadka', Thymus pulegioides timolio (T) ir geraniolio (G/G/N) chemotipo,
Citrus limonum eteriniai aliejai.Candida mieliy augimo neslopinduniperus communis
spygliy ir uogy eteriniai aliejai.Pantoea citrea (Tix, TX, Tsx), Sreptomyces sp. (Ux

Ux308) pasizymi fungicidiniu poveikiCandida mielems.
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