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Abstract

At present time 7 genera of clinically important yeasts are known - Candida, Malassezia, Saccharomyces,
Cryptococcus, Trichosporon, Geotrichum and Rhodotorula. Most of them can cause deep and superficial mycoses,
but some are associated with allergic diseases. Development of diagnostic preparations from yeast Candida was
started many years ago and is constantly improving. Commercial kits with antigens of yeast Malassezia has appeared
recently. The known methods of antigens extraction based on the disruption of yeasts cells (mechanic or ultrasonic).
This approach coupled with the presence of cross reactive determinants exists in many fungi. Aim of this work was to
develop the specific antigenic preparations from all listed yeast genera.

We have used the following yeast strains from our institute collection - Candida albicans Ne 927, Geotrichum
candidum Ne 1206, Malassezia furfur Ne 1451, Rhodotorula mucilaginosa Ne 132, Cryptococcus neoformans Ne 3465,
Trichosporon cutaneum Ne 18; and Saccharomyces cerevisiae Y-375 (Russian Collection, Pushchino). Yeasts were
cultured in liquid defined media up to the end of exponential growth phase; maximal growth rate and doubling time
were calculated. After that cultures were centrifuged, and supernatants were lyophilized, and cells were used for mice
immunization and antigen extraction. White mice were immunized with cell suspension for 5 times with increasing doses
(interval 1 week), after that sera were obtained.

Antigen preparations Ne 1 were obtained from cells by rapid extraction with sodium dodecyl sulfate solution — in
this case cell walls were not disrupted, and extract consisted in general from superficial proteins. Preparations Ne 2 are
lyophilized supernatants (see above). To estimate preparation specificity dot-blot analysis of each preparation with each
mouse serum was carried out.

From this analysis it was demonstrated that all preparations Ne 1 contained the specific antigens, i.e. each
preparation reacted with better extent with corresponded serum. However in some extent all these preparations were
polluted with cross-reactive proteins (spots with other sera). Moreover the preparation from Malassezia furfur reacted
with control sera, maybe because of this yeast is the resident of healthy animal skin.

At the same time preparations Ne 2 were free from cross-reactive proteins, except preparation from Malassezia
furfur — no one sera, included control sera (pure mouse) reacted with this preparation. We can come to conclusion, that
in the case of Malassezia one should carry out special purification of culture liquid, but in the case of other yeasts cells
free culture supernatants are preferable for creating of antigen diagnostic kits.
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Introduction

Yeasts are ascomycetous or basidiomycetous fungi, which in
vegetative stage propagated by gemmation or division that resulted in
single-celled growth; their sexual structures do not put in fruit bodies
[1]. Now it is known more than 200 species of yeasts, and some of them
are clinically important. Number of yeast genera/species is to be found
in clinical practice progressively increase: In 1980 it was 4 genera of 10
species [2], in 1987 - 5 genera of 18 species [3], in 1998 - 9 genera of 36
species [4], and in 2011 - 19 genera of 80 species [5]. Such situation can
be explain on the one hand by increasing (discovering) of new species
partly due to creating new methods of fungal identification, but on the
other hand by extension of individuals with depressed immunity. It is
important however those 19 genera may be reducing to 7 basic genera
of yeasts, because most of them are teleomorphs (sexual stage) of these 7
genera: Candida, Malassezia, Rhodotorula, Cryptococcus, Trichosporon,
Geotrichum and Saccharomyces. Type species of these genera are C.
albicans, M. furfur, R. mucilaginosa (old name - rubra), Cr. neoformans,
T. cutaneum, G. candidum, and S. cerevisiae.

The data concerning of habitats and diseases associated with

clinically important yeasts we summarized on the base of different
publications (Table 1) [4,6-13]. Most of them can cause deep and superficial
mycoses, but some of them are associated with allergic diseases. Therefore
use of diagnostic kits in this case in very actual. Now the three main
methods of microbial diagnostics are known - physiological/biochemical,
concerned with ability of yeasts to grow on different nutritional substrates;
immunological, interrelated with reaction of serum antibodies with
specific yeasts antigens; and molecular, namely method polymerase chain
reaction (PCR), concerning the search of specific sites of yeast DNA. Today
immunological method remains the simpliest for clinical use, however to
get more authentic results all three methods should be use.
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Habitats Diseases (mycoses) Allergic diseases
Genus, species In nature :‘I_::::;:‘Iy human Deep Superficial
Mucous membranes Bronchopulmonary mycoses, Vaginal and Bronchial asthma, allergic
Candida Soil, water, plants, birds . . . ! peritonitis, osteomyelitis, g . . rhinitis, atopic dermatitis,
) intestine, vaginal tract, o h oral candidosis, )
C. albicans faeces X endocarditis, sepsis, . . - allergic broncho-
skin onichomycosis, keratitis .
granuloma pulmonary mycosis
. . Meningitis (usually in patients | Skin mycosis (secondary
g;yz?:fzi;l;s SS!;F ryt:slrgzvae;er:es, Mucous membranes (rare) |with disturbed function of in the case of deep No data
’ P T-cells) mycosis)
Geotrichum Soil, sewage, deteriorate Bronchopulmonary mycoses
G. candidum o ge. Respiratory tract, intestine chop Ty my * | Nodata No data
vine, cheeses sepsis (rare)
Rhodotorula Soil, water (including the Respiratory tract, skin, Eron?r':;l)pqlmgpary mycoses. Keratiti hSummer-}ype
R. rubra (mucilaginosa) sea water) vaginal tract are: eningitis enq_o carditis, eratitis ypersenlS{tlwty
’ sepsis, endophtalmitis pneumonitis”

. Skin, vaginal tract
S. cerevisiae

products

system mycosis in the case of
immuno-deficiency)

Malassezia ) . Skin Sepsis in the case of Pityriasis versicolor, “Head-neck” type atopic
Animal skin ) L SR "
M. furfur immunodeficiency folliculitis ofitis dermatitis
Sepsis (in the case of
Trichosporon . leucaemia and organs White piedra, skin “Summer-type
Sewage, soil, sea and pools . . X . - . . I
T. cutaneum water Hair, skin transplantation), endocarditis, |mycosis, onicho-mycosis, hypersensitivity
meningitis, pneumonia, keratitis pneumonitis”
peritonitis
Saccharomyces Vine, leavened dough Sepsis (at leucaemia),

Skin mycosis

Atopic dermatitis

Table 1: Habitats and diseases associated with clinically important yeasts.

Development of immunological diagnostic preparations from yeast
Candida albicans and Cryptococcus neoformans was started many years
ago and constantly improved [14,15]. Recently the commercial kit
with antigens of yeast Malassezia has appeared. So only for three yeast
genera of 7 the diagnostic Kkits exist.

The known methods of antigens extraction are based on the
mechanic or ultrasonic disruption of yeasts cells. This approach coupled
with the presence of cross reactive determinants exists in many fungi.
Moreover the main method of yeasts cells growing now is the periodic
cultivation on solid media in Petri dishes. It is rather archaic approach,
because in this case it is not known exactly the physiological stage
(growth phase) of resulted culture. Growth phase is very important
because it is known that more specific antigens are characteristic for
exponential growth phase (young culture), but cross-reactive antigens
— for stationary phase (old cells) [16].

Thus the aim of this work was to study of yeasts growth phases
in liquid defined media for further determination of specific antigens
localization.

Materials and Methods

Yeasts strains were obtained from institute collection - Candida
albicans Ne 927, Geotrichum candidum Ne 1206, Malassezia furfur Ne
1451, Rhodotorula mucilaginosa Ne 132, Cryptococcus neoformans Ne
3465, Trichosporon cutaneum Ne 18; and Saccharomyces cerevisiae Y-375
from Russian Collection, Pushchino.

Cultivation of non-lipophilic yeasts was held at 30°C and speed
of rotation 150 per min in 500 ml flasks contained 100 ml of defined
medium (g /1): glucose-20, asparagine- 15, (NH,), SO, - 1.4, Mg SO,
. 7H,0-05, NacCl-0.1, CaCl2 -0.02; 10 ml of 1.2 M phosphate buffer
ph 5.5; trace elements, antibiotic [17]. Lipophilic yeast Malassezia
furfur was cultivated in the same flasks in liquid defined medium,
created earlier and contained (g/1): Tween 40-10, asparagin-1, sodium
taurocholic -10; the same salts, buffer and antibiotic (see above) [18].

Periodically probes were sterile collected and optical density (OD)
was measured at wave-length 530 nm and cuvette thickness 0.5 cm.
Maximal growth rate (y ) and doubling time (T, ) was calculated

using formula [19]:

W, = (dx/dt) x (1/x); 1/h

dx = x, - X,;; OD units

dt=t,-tsh

x = (x,+x,)/2; OD units

T,=0.693/u_ sh

Maximal OD corresponded to OD in stationary phase.

Immunization of mice

Yeasts cells from the end of exponential phase were harvested by

centrifugation, suspended in 0.02 % sodium mertiolate at different
concentrations, exposed 2 hours at room temperature for killing cells
and frozen at -25°C untill immunized. For one experiment for each
yeast strain 10 white outbred mice were used (in sum - 70 mice),
and 10 such mice were used as a control. As a whole 3 immunization
experiments were held. Altogether 5 immunization cycles were carried
out within each experiment: at first step each mouse was intraperitonealy
introduced by 0.5 ml of yeast suspension with concentration 250 pg
protein /ml; at second step — a 1 week later - 500 pg protein /ml; at third
step — 1 week later — 1000 pg protein/ml; at forth step — 1 week later —
2000 ug protein/ml; at fifth step — 1 week later — again 2000 pg protein/
ml; 1 week after total mice antisera were collected and pooled according
to yeasts strains and controls.

Dot-blot analysis

Antigen preparations Ne 1 were obtained from cells of the late
exponential growth phase by rapid extraction with 1 % sodium dodecyl
sulfate (SDS) solution during 10 min at 40°C - in this case cell walls were
not disrupted, and extract consisted in general from superficial proteins.
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Antigen preparations Ne 2 are lyophilized supernatants (culture
liquids) obtained from the same cultures. All preparations were
dissolved in buffered physiological solution (BPS) up to protein
concentration 10 mg/ml. As negative control the solution contained 2
mg/ml bovine serum albumin (BSA) was used; as positive control -
mouse serum, dissolved with BPS at the ratio 1:3.

1 ul of preparation was applied on the nitrocellulose membrane
(pore diameter 22 p, “Advanced Microdevices PVT. LTD’, India) and
dried. After that method Towbin H. was used [20]. Membrane was
washed during 30 min with 0,1 % Tween 20, dissolved in physiological
solution, after that - 3 times during 1 min with distilled water. Blocking
of nonspecific binding: 30 min in BPS with 10 % of fetal bovine serum
- 1000 pl per one strip.

First incubation of strips with mice antisera was carried out during
night at room temperature and agitation (50 pl of serum in 1000 ul BPS
with 10 % of fetal bovine serum). Washing was made during 10 min
with 0,1 % Tween 20, dissolved in PS, after that — 3 times with distilled
water during 1 min.

Second incubation: 1 h at room temperature and agitation with
conjugate of monoclonal antibodies to mouse IgG with peroxidase
dissolved in BPS with 10 % of fetal bovine serum in ratio 1: 1000.
Washing method sees above. Development: exposition of strips during
15 min in solution of precipitating monocomponent tetramethyl
benzidine with hydrogen peroxide (NPO “BioTest Systems”, Moscow,
Russia). Horizontal lines (Figure 2) show the results of interaction
of given yeast antigen with different mice antisera; vertical lines —
interaction of given mice antisera with different yeasts antigens.

Results

The relationship of growth phase with specific antigens [16] makes
us to study the physiological parameters of yeasts cultures. Figure 1A
demonstrates the growth curves of two ascomycetous fungi — Candida
albicans Ne 927 and Saccharomyces cerevisiae Y-375. Exponent of C.
albicans last from 4™ to 10™ hour of cultivation, whereas growth of S.
cerevisiae realized by two exponents (diauxic growth) - from 4% to 6%
hour and from 6" to 10" hour. Most likely the first fungus consumed
two substrates — glucose and asparagine - simultaneously, but the
other fungus used asparagine after glucose. Furthermore the p_ of S.
cerevisiae (Table 2) was 1.4 times over than y_of C. albicans. However,
S. cerevisiae made less biomass (OD), than C. albicans, probably due to
more intensive catabolism of glucose with ethanol formation.

Figure 1B shows the cultivation of Trichosporon cutaneum Ne 18 and
Geotrichum candidum Ne 1206. These two fungi belong to the different
groups — T. cutaneum is basidiomycete, but G. candidum is ascomycete,
however their metabolism and outward are very similar. Under the
simple microscopy one can mix up these two fungi, only the urease test
may differentiate them: T. cutaneum is urease positive, but G. candidum
- urease negative. As one can see from the Figure 1B both yeasts had
diauxic growth, T. cutaneum - from 6" hour to 12* hour and from 12*
hour to 30" hour, but G. candidum - from 14" hour to 27" hour and
from 27" hour to 50" hour. The y__and biomass of T. cutaneum was 2.3
and 1.5 times over than y_ and biomass of G. candidum.

Figure 1C demonstrates the growth of three basidiomycetes -
Rhodotorula mucilaginosa Ne 132, Cryptococcus neoformans Ne 3465
and Malassezia furfur Ne 1451. The first two fungi showed very similar
diauxic growth curves:R. mucilaginosa had first exponent from 4%
to 26™ hour, and the second one from 26-th to 49-th hour; and Cr.
neoformans — from 4™ to 26™ hour, and from 30" to 49" hour. These
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Figure 1: Growth of different clinical yeast species in liquid defined media:

A — Candida albicans and Saccharomyces serevisiae;
B - Trichosporon cutaneum and Geotrichum candidum;
C - Rhodotorula mucilaginosa, Cryptococcus neoformans and Malassezia furfur

fungi had almost the equal M. furfur as obligate lipophilic yeast
was cultivated in Tween 40 contained medium and had relatively slow
growth with long exponent from 10* to 53* hour and low .

max .

It is clear that for technological purposes it is convenient the fast
growth, short exponent, and large biomass at the end of first exponent.
The first two indexes related with the rate of process, and biomass will
direct correlate with antigen yield. The comparison of these parameters
among studied yeasts showed that the most “rapid” was S. cerevisiae, but
its biomass was very low. However, R. mucilaginosa, in spite of relatively
long exponent, demonstrated largest harvest of cells. Most “low” and
not very fruitful was M. furfur.

We subscribe to an opinion that specific antigens are located
predominantly on the surface of yeast cell [21]. Hence the first method
of antigens obtaining was based on the careful extraction of surface
proteins with SDS (see above — preparation Ne 1). For such extraction
were used yeasts cultures at the end of exponential phase, because
exactly this phase should provide us the most specific antigen complex
and enough biomass [16]. The results of interaction of preparations Ne
1 with mice antisera shown on Figure 2A. Apparently that each yeast
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Maximal Doubling End of Optical
Yeast genus/ time, the first density at the
N growth rate, N
species 1/h T, h exponent, h | end of first
M exponent,
oD 530
Candida
albicans 0,341 2,03 10 3,36
Malassezia
furfur 0,038 18,24 53 235
Rhodotorula 474 9,76 26 8,36
mucilaginosa
Cryptococeus | g7 10,34 26 7,03
neoformans
Geotrichum () 144 15,67 27 4,0
candidum
Trichosporon 4 403 6.73 12 2,65
cutaneum
Saccharomyces 57 1,48 6 1,65
cerevisiae

Table 2: Physiological parameters of clinical yeasts growth in liquid defined media.
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Figure 2: Dot-blot analysis of yeast preparations:

A — SDS extracts of whole exponential cells (preparations Ne 1) were applied on
nitrocellulose membrane and covered with mice antisera, which were obtained
by immunization of mice with whole exponential cells;

B — cultural liquids from exponential cultures of yeasts (preparations Ne 2) were
applied on nitrocellulose membrane and covered similarly (see above).
Horizontal lines:

1 — antigen preparation (AP) of Candida albicans;
2 — AP of Malassezia furfur;

3 — AP of Rhodotorula mucilaginosa;

4 — AP of Cryptococcus neoformans;

5 — AP of Geotrichum candidum;

6 — AP of Trichosporon cutaneum;

7 — AP of Saccharomyces cerevisiae;

Vertical lines

1/- serum from mice immunized by exponential cells (S) of yeast Candida
albicans;

2/- S of Malassezia furfur;

3'- S of Rhodotorula mucilaginosa;
4/- S of Cryptococcus neoformans;
5'- S of Geotrichum candidum;

6'- S of Trichosporon cutaneum;
7'- 'S of Saccharomyces cerevisiae.

K - control serum — pooled serum from non immunized mice;

+K - positive control — pure mouse serum, dissolved with BPS at the ratio 1:3;

- K - negative control - the solution contained 2 mg/ml bovine serum albumin
(BSA).

extract reacted better with corresponding antiserum, however it is clear
that some preparations reacted with other antisera too. This may be
explained in the following way: such treatment with SDS leads to partial
extraction of some cross-reactive (may be internal) proteins. Moreover
the preparation from M. furfur reacted with control sera, maybe
because of this yeast is the resident of healthy animal skin.

We expected that specific proteins secreted to the extracellular
medium during the yeast growth, therefore decided to collect
exponential cultures, eliminate cells and carry out the dot blot analysis
with cell-free cultural liquids and mice antisera (see above — preparation
Ne 2). The appropriate results demonstrated on Figure 2B. Within
the limits of sensitivity of present method we can establish that each
antigen preparation Ne 2 reacted only with corresponded mice antisera,
except the M. furfur. Most likely Tween 40, which was the constituent
of defined medium for this fungus, prevented the interaction between
yeast proteins and nitrocellulose. In this case one should carry out
special purification of the preparation Ne 2, or use the preparation of late
stationary phase then all Tween 40 will be consumed by cells (although
in this case the cross-reacted proteins may be secreted to the medium).

Summarize the results we conclude that clinical yeast growth was
studied and comparative estimation of growth phases, growth rates
and biomass accumulation was done. Moreover the most convenient
approach for subsequent development of specific yeasts diagnostic
preparations was selected — it is the use of cell-free cultural liquids
derivable after cultivation of yeasts in defined liquid media.
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