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Candidiasis is a disease that occurs due to excessive growth of the Candida fungus. Several types of this pathogen
are known, each of which can cause damage to various organs and systems. Recently, there have been reports of the
loss of sensitivity of Candida fungi to most of antifungal drugs that have been used for more than 40 years. An
alternative to antifungal drugs for candidiasis can be the use of a vaccine for the prevention and treatment of candidal
infection. In our opinion, it is promising to use a candidal vaccine based on a subunit vaccine that contains fragments of
a microorganism without ballast substances. Cell fragments of Candida fungi that have antigenic properties include
proteins and polysaccharides. To isolate antigenic substances from Candida fungal cells, we chose freezing as the
method of destruction. The aim of this work was to experimentally substantiate the number of freezing stages for the
destruction of C. tropicalis ATCC 20336 fungi cells and the subsequent production of proteins and polysaccharides. To
determine the optimal number of freezing stages in the temperature range from (25 + 2)°C to (-25 + 2)°C, in order to
destroy the cells of C. tropicalis fungi, the studies were conducted with freezing stages 3, 4, 5, and 6. Centrifugation
was used to separate the excess components. Then the preliminary and sterilizing filtration was performed on membrane
filters with pore diameters of 0.45 um and 0.22 um. The content of protein, polysaccharides and monosaccharides were
determined in each case. The protein content was determined according to the State Pharmacopoeia of Ukraine (SPhU).
To determine polysaccharides, a reaction with phenol and sulfuric acid was performed. Chromatographic studies of
monosaccharides were conducted using paper chromatography according to the SPhU. Based on the results of the
research, it was found that solutions obtained at stages 5 and 6 of freezing the biomass of C. tropicalis fungi cells at a
temperature from (25 £ 2) °C to (-25 + 2) °C contained the highest amount of proteins and polysaccharides. It is likely
that with these numbers of stages for freezing the biomass of C. tropicalis fungi cells, active substances are released
from all layers of Candida fungi cells. Thus, it can be concluded that five stages of freezing are the optimal number that
ensures the maximum extraction of polysaccharides and proteins quickly and economically.

Kniouosi cnosa: Candida tropicalis, freezing, candidiasis, proteins, polysaccharides, monosaccharides, antigen,
vaccine.

Introduction. Candidiasis is a disease that around the world (Wang X. at al., Da Silva at al.,

occurs due to excessive growth of the Candida
fungus (Polesello V. at al., 2017). Several types of
this pathogen are known, each of which can cause
damage to various organs and systems. The disease
occurs against the background of the weakened
immunity (Mercer D.K. at al., 2020).

Recently, there have been reports of the loss of
sensitivity of Candida fungi to most antifungal
drugs that have been used for more than 40 years
(Edwards J.E at al., 2018; Howley M.M. at al.,
2016). Instead of antifungal drugs for candidiasis a
vaccine against Candida infection can be used
(Tarang S at al., 2020; Nami S. at al., 2019).
Research on the development of a vaccine against
Candida infection is being conducted by various
biotechnological companies in many countries
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2020). In our opinion, it is promising to use a
candidal vaccine based on a subunit vaccine that
contains fragments of a microorganism without
ballast substances (Piccione D. at al., 2019).
Fragments of Candida fungal cells with antigenic
properties include proteins and polysaccharides (Tso
G.H.W. at al., 2018).

The most affordable, effective, and inexpensive
physical methods were selected for the destruction
of fungal cells of C. albicans and C. tropicalis:
ultrasound, grinding of cells with solid materials,
and freezing - thawing. All these methods have their
advantages and disadvantages, but to finally
determine which one is the most effective, it is
necessary to conduct research with each of these
methods. In this article, to obtain antigenic
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substances, namely proteins and polysaccharides,
from fungal cells of Candida genus, we chose such
method of destruction as freezing - thawing in
several stages. Different numbers of freezing -
hawing stages 3, 4, 5, and 6 were studied at
temperatures from (25 + 2) °C to (-25 + 2) °C.

The aim of this work was to study the method of
disintegration at different numbers of freezing -
thawing stages 3, 4, 5, and 6 at temperatures from
(25 £ 2) °C to (-25 = 2) °C for the destruction of
fungal cells of C.tropicalis in order to obtain
antigens — proteins and polysaccharides.

Materials and methods. Fungal cells of C.
tropicalis ATCC 20336 were cultivated on
Sabouraud agar at a temperature of (25 + 2) °C.
Then cells of C. tropicalis fungi were washed with
saline solution and centrifuged at a rotation speed of
3000 rpm for 10 min. Fungal cells were standardized
to (8.5-9)x10% in 1 mL. To determine the optimal
number of freezing stages in the temperature range
from (25 £ 2)°C to (-25 + 2)°C, in order to destroy
cells of C. tropicalis fungi, the studies were
conducted with freezing stages 3, 4, 5, and 6. A
refrigerating chamber was used for freezing cells of
C. tropicalis fungi, and a water bath was used for
thawing. Centrifugation was used to separate the
excess components. Then the preliminary and
sterilizing filtration was performed on membrane
filters with pore diameters of 0.45 pum and 0.22 um.
In each case, the content of polysaccharides, proteins
and monosaccharides was determined.

The protein content was determined according to
the State Pharmacopoeia of Ukraine (SPhU).
To determine polysaccharides, a reaction with
phenol and sulfuric acid was performed. The
reaction proceeds with the formation of red-brown
colored compounds: 1.0 mL of the polysaccharide
solution was transferred to a test tube, and 1.0 mL of
5.0% phenol solution and 50 mL of the
concentrated sulfuric acid were sequentially added.
The reaction solution was heated, and in a few
seconds, a red-brown color appeared.

Chromatographic studies of monosaccharides
were conducted using paper chromatography
according to the SPhU. The experimental data were
processed using mathematical statistics methods in
accordance with the requirements of the SPhU using
the MS Excel application computer program and
chi-square statistics.

Results and discussion. Based on the results of
the research conducted, it was found that solutions
obtained at stages 5 and 6 of freezing - thawing the
biomass of C. tropicalis fungal cells at a temperature
from (25 = 2) °C to (-25 £ 2) °C contained the
highest amount of proteins and polysaccharides
(Table 1).

It is likely that at these number of stages during
freezing thawing of the biomass of C. albicans
fungal cells there is a release of active substances
from the cell membranes and cells of Candida fungi.

Table 1.

The concentration of proteins and polysaccharides depending on the number of freezing-thawing cycles
during the disintegration of C. tropicalis fungi cells
(M+m, n = 10, p < 0.05)

The number of freezing-thawing cycles

Substances 3 ‘ 4 ‘ 5 6
Concentration, mg / mL
Proteins 0.10+0.01 0.11+0.01 0.13£0.01 0.14+0.02
Polysaccharides 0.71£0.06 0.73 £ 0.06 0.74 £ 0.07 0.75+0.08

Solutions obtained at the number of cycles 3 and
4 during freezing - thawing at a temperature of (—25
+ 2) °C to (25 £ 2) °C in the technology of
disintegration of cells of C. tropicalis fungi
contained less polysaccharides and proteins. It
should be noted that the amount of polysaccharides
in Candida fungal cells is significantly higher than
the amount of proteins, but proteins have greater
antigenicity against polysaccharides. Therefore, it is
necessary to take into account all antigenic
components of Candida fungal cells.

In all the samples studied, polysaccharides of C.
tropicalis fungi were represented by several
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monosaccharides. The qualitative determination and
guantitative comparison of monosaccharides were
performed by the color intensity and the spot size
during paper chromatography (Table 2).
Polysaccharides of solutions obtained at stages 5
and 6 of freezing - thawing at a temperature from (-
25 £ 2) °C to (25 + 2) °C in the technology of
disintegration of C. tropicalis fungal cells were
represented by monosaccharides: mannose, glucose,
and two unidentified monosaccharides.
Polysaccharides of solution obtained at stages 3 and
4 during freezing - thawing at a temperature of (-25
+ 2) °C to (25 £ 2) °C in the technology of
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disintegration of C. tropicalis fungal cells were
represented by the same spectrum of detected
monosaccharides, but the spots had a less saturated
color and slightly smaller size, indicating smaller
amount of monosaccharides in these solutions.
According to the research results obtained, it has
been found that all the numbers of freezing -
thawing cycles proposed at temperatures from (-25 +

2) °C to (25 = 2) °C in the technology of
disintegration of C. tropicalis fungal cells provide
the release of polysaccharides with the same
monosaccharide composition. However, the highest
amount of proteins and polysaccharides was
obtained when using freezing - thawing cycles 5 and
6.

Table 2

The monosaccharide composition of polysaccharides depending on the number of freezing thawing cycles
during the disintegration of C. tropicalis fungi cells
(M£m, n =10, p < 0.05)

Monosaccharides The number of freezing-thawing cycles
3 \ 4 \ 5 6
The content monosaccharides, %

Glucose 54+4 56+4 60+5 60+5
Monose 36+3 34+3 30£0.2 30+0.2
Unidentified monosaccharide 1 5+£04 5+04 5+£0.5 5+£04
Unidentified monosaccharide 2 5+£0.5 5+£0.3 5+04 5+£04

To substantiate the optimal number of (25 =+ 2) °C in the technology of disintegration of C.

disintegration cycles during freezing - thawing of C.
tropicalis fungal cells, in addition to comparing the
yield of proteins and polysaccharides in each case, it
is necessary to take into account the energy costs for
each freezing and thawing cycle. Disintegration of
C. tropicalis fungal cells at freezing - thawing cycles
6 at temperatures from (-25 + 2) °C to (25 £ 2) °C is
characterized by a higher energy consumption.
Regarding the disintegration of C. tropicalis fungal
cells with freezing - thawing cycles 5 at
temperatures from (-25 + 2) °C to (25 £ 2) °C, it can
be concluded that this number of cycles is more
rational and economical as it requires less resources.
Since in both cases the amount of proteins and
polysaccharides is approximately the same, it is
rational to choose a more economical option for
further research, that is, the disintegration of C.
tropicalis fungal cells at freezing - thawing cycles 5
at temperatures from (-25 = 2) °C to (25 = 2) °C,
while an increase of the number of freezing -
thawing stages is impractical. Based on the studies
conducted to substantiate the number of freezing -
thawing cycles at temperatures from (-25 + 2) °C to
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EKCIIEPUMEHTAJIBHE BUBHAYEHHS KIVIBKOCTI ETAIIIB 3AMOPO’KYBAHHS KJIITHH
I'PUBIB CANDIDA TROPICALIS /UIA IX PYUHYBAHHSA TA OTPUMAHHS
BUIKIB I ITOJIICAXAPUIB

M. B. Pubankin, O. I1.Ctpineus, JI. C. CTpeibHNKOB

Kanouoos — 3axeoprosanusi, sike GUHUKAE NPU HAOMIPHOMY 3DOCMANHI 2pubKa Kanouou. Bioomo Kinbka 6udié ybo2o
30YOHUKA, KOJHCEH 3 AKUX MOJCE BUKTUKAMU YPAICEHHS PI3HUX Op2aHie ma cucmem. B ocmanni vacu cmanu 3'aeramucs
nosioomiennss npo empamy uymaueocmi 2pubie Candida 0o Oinbwiocmi npomucpubKo8ux npenapamie, sKi
suUKopuUcmosyemucs 8dce nonad 40 poxie. AnbmepHamugoio NPOMuepuUOKOGUM AIKAPCLKUM 3ac00aM 8i0 KAHOUOO3Y
Modice Oymu BUKOPUCMAHHA 8AKYUHU OJil NPO@IAaKmuxy ma JHiKyeaHHs Kanouoosnoi ingexyii. Ha nauty oymxy,
nepcnekmueHo 8UKOPUCOBYBAMU KAHOUOO3HY 8AKYUHY HA OCHOGI CYOOOUHUUHOT 8aKYUHU, AKA MiCmums @pazmenmu
MIKpoopeanizmy, be3 baracmuux peuosun. Jlo ¢ppaemenmis knimun epubie pody Candida, sixi éonoditoms anmueennumu
61ACMUBOCMAMU, GIOHOCAMb OLIKU Ma NOLYYKpU. [l 6uOiNeHHs. aHmu2eHHUX peuosun 3 kiimun 2pubie pody Candida
Hamu 6yn0 00paHO Memoo pPYUHYBAHHA — 3AMOpPOdXCY8aHHA. Memoro Oanoro pobomu 6y10 excnepumenmaibHe
OOIPYHMYBAHHSL KiIIbKOCHI emanie 3amopodicyeanns oas pyunysanns kuimun 2pubig C. tropicalis ATCC 20336 ma
nooanbUo20 OMpPUMAHHa OIIKi6 I noaiyykpis. /i eusHaueHHs ONMUMALbHOI KITbKOCMI emanie 3amMopoXiCy8aHHs npu
oianazoni memnepamypu 6io (25 = 2)°C 0o (-25 + 2) °C, wo6 spyunysamu xaimunu cpubie C. tropicalis 6yau nposedeni
docnioxncenns 3 3, 4, 5, ma 6 emanamu samopodicyéanns. Buxopucmosysanu yenmpudyeyeanns 0ns 6i00KpemieHHS
3aueux komnonenmis. Jani nposoounu nonepeone ma cmepunizyloue QinbmpysaHHs HA MeMOPAHHUX @inbmpax 3
diamempom nop 0,45 mxm ma 0,22 mxm. ¥V xooicnomy eunaoxy 6yno nposedene GUHAYeHHA OLIKY, NONIYYKPI6 ma
MoHOYYKpie. Busnauenns oinka nposodunu 32iono JADY. J[na eusnauenns noaiyykpie npogoounu peaxyiio 3 genoiom
ma cipuanoro kuciomow. Xpomamoepagiuni O00CHIONCEHHsT MOHOYYKPI6 NPOGOOUAU 3d MEmoOOM Naneposoi
xpomamoepadhii 32iono @Y. 3a pezynomamamu npogedeHux 00CniodiceHb 6CMAHOBIEHO, W0 POYUHU, AKI 00EPHCAHO
npu 5 ma 6 emanax 3amopooicysants 6iomacu xkrimun 2pubie C. tropicalis npu memnepamypi 6io (25 + 2) °C do (-25 +
2) °C micmunu wuaibitouy KiteKicmo 6inkie ma noniyykpis. Mmosipno, wo npu yux Kitekocmax emanie
samopoaicyseanns biomacu xrimun 2pubie C. tropicalis 6io6ysacmbcst eudinenms Oiiouux peuosun 3 KIIMUHHUX CMIHOK
ma knimun epubie Candida. Taxum uuHom MOdICHA 3pOOUMU BUCHOBOK, WO 5 emanie 3aMopOACYBAHHSL € ONTMUMATLHOIO
KinbKicmio, sIKa 3a6e3neuye Makcumanbhe sUOileHHs NOLIYYKPi6e ma OiIKi6 ueuoKo ma eKOHOMIUHO.

Keywords: Candida tropicalis, zamopoorcysanns, kanoudos, binku, noriyykpu, MOHOYYKDU, AHMUEH, 8AKYUHA.
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