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ADAPTATION OF MICROFUNGI TO CHRONIC IONIZING
RADIATION. NEW FACTS AND HYPOTHESES

Analysis of modern data on ecological, physiological and biochemical adaptation of
microfungi for living under exposure to chronic radiation is presented in this review. Spe-
cial attention has been paid to the analysis of adaptive responses of microfungi exposed to
high doses (150Gy and 800 Gy), and the formation in such conditions of new radioadaptive
properties: radiotropism and radiostimulation. Literature data concerning the possible
biochemical mechanisms of microfungi adaptation to the radiation was summarized. A
hypothesis was suggested for the first time providing the basis for microfungi realization
of positive reactions to high doses of radiation, such as radiotropism and radiostimula-
tion. One of the ways underlying the positive radiotropism of fungi is their growth in the
direction of low (micro and Nano molar) concentrations of hydrogen peroxide, which
is locally formed under the influence of radiation. The hypothesis is supported by the
evidence that such low concentrations of hydrogen peroxide created electric field caus-
ing electrochemical changes in the membranes of fungal apexes. This determined their
directional movement towards hydrogen peroxide, which was produced by the action of
radiation, thus, played a role of attractant and served as a source of additional energy for
them. It was shown for the first time that the antioxidant capacity of melanin in the strains
with radioadaptive properties, Cladosporium cladosporioides and Aspergillus versicolor,
is 5 to 8 times higher than such in the control strains of these species respectively. It was
suggested that the substantial (5.0-8.0-fold) increase in the antioxidant capacity of mela-
nin in the strains with radioadaptive properties compared to the control cultures is one
of the main mechanisms of implementation of their ability not only to adapt to significant
(150 Gy, 800 Gy) doses of radiation, but also to positively respond to them. The potential
contribution of fungi to determining the fate of radionuclides in the environment and the
potential and actual roles of fungi in decomposition of “hot particles” and in site remedia-
tion was discussed.

Keywords: microfungi; chronic radiation, radiotropism, radioadaptive properties,
antioxidant system, melanin.

The accident in the 4th reactor block of the Chernobyl Nuclear Power Plant
(ChNPP) has resulted in radioactive contamination of millions of acres, but the
major fallout is in the remnants of the reactor premises and surrounding areas.
Thus, large areas have been subjected to the long-term influence of chronic
irradiation, although of varied intensity. The peculiarity of Chernobyl disaster
is that a significant portion of radionuclides included so-called radioactive “hot
particles” of highly specific activity [39]. The aftermath of the nuclear reactor
accident in Chernobyl in 1986, heightened our awareness of the potential fate
of radionuclides in the environment. Recent works demonstrate that some
of microfungi isolated from around the ChNPP are capable of growing in
the presence and decomposing the “hot particles”, carbon based radioactive
graphite from the reactor [36, 37].
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Thus, the influence of ionizing radiation on fungi has become a topic of
interest in the scientific community [5, 6, 7, 15, 16, 18, 19, 20].

Despite a considerable amount of these studies, a lot of questions have not
been answered yet: which adaptive processes take place in microfungi under
conditions of chronic radiation exposure and what are the possible mechanisms
of their implementation; in direction of which components (the “hot particles”,
or contaminants (trace elements, organic compounds, etc.), or actually the
ionizing radiation itself) does the directional growth of microscopic fungi
occur? It is yet unknown how this feature manifests itself in microfungi, if it
is a characteristic of certain species, or it is formed as an adaptive property in
various taxa that have been for a long time exposed to chronic irradiation.

Observations that fungi are capable of growing in the presence of radioactive
“hot particles” and decomposing the latter [36, 37], assumed that they may
sense radiation as well as the chemical signals from the resource. This was
suggested to be a radiotropic response to ionizing radiation [6, 7, 19, 24].

To study in depth the behavioral adaptations of microfungi formed under
chronic ionizing radiation exposure and the possible mechanisms of their
realization, a model systems was created imitating the influence of “hot
particles™ [19, 24, 38].

To differentiate the influence of substrate chemistry from the effect of
ionizing radiation, a series of experiments were set up to investigate hyphal
growth in the presence of pure ionizing radiation by exposing fungal hyphae to
collimated beams of ionizing radioactive emissions from **P (beta emissions)
and '”Cd (gamma emissions) at approximately 2 x 10® Bq. In this study, the
directional growth has been shown to originate in response to pure beta and
gamma emissions (Fig. 1) [6, 7, 19, 20, 23].

These studies suggest that the presence of ionizing radiation and long-term
effects of exposure to radiation can alter the growth response of fungi. The
fact that fungi can withstand high levels of radiation makes them candidates
for regulating radionuclide movement in highly contaminated areas [1, 5, 18].
Saprotrophic microfungi isolated from contaminated areas seem to possess an
attribute of being attracted to and grow more rapidly to sources of ionizing
radiation, which they are able to decompose [6, 7, 18, 19, 20, 25, 30].

In regard to forest soil, it is likely that these organisms play an important role
in both mineralization of bound (inorganically or organically) radionuclides
allowing these to be available for immobilization by plants, leaching down the
soil profile, or to be immobilized again by fungi and retained in the upper soil
horizons [1, 6, 7, 18].

The underlying mechanisms of enhanced hyphal growth and directed
growth of hyphae towards the source of ionizing radiation are yet not fully
understood.  For the first time we suggest a hypothesis generated from our
data: one of the mechanisms, through which positive radiotropism is realized
by fungi, is local formation of low (micro and Nano molar) concentrations of
hydrogen peroxide under the influence of irradiation.

Support of this hypothesis comes from the evidence that such low
concentrations of hydrogen peroxide create an electric field [2, 8, 12],
which causes electrochemical changes in membranes of fungal apexes. This
determines their directional movement towards hydrogen peroxide formed by
the action of radiation and, thus, playing a role of an attractant and an additional
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Fig. 1. Mean “return angle” of hyphal extension from spores of Penicillium,
Paecilomyces and Cladosporium (P. lilacinus 1941 (A), Phirsutum 3 (B), P. hirsutum 1
(C), C. cladosporioides 4 (D)) isolated from sites of contrasting radioactive pollution —

small “return angle” represents hyphae growing towards the source of ionizing
radiation
Note: Cd —'Cd, P - *?P.

source of energy for them. In the created model system, it is almost impossible
to calculate the exact amount of active forms of oxygen formed in the cells
due to the instability of time of reactive oxygen species (ROS) formation.
However, based on theoretical calculations and the data known, from 4 to
10 electronic pairs are formed at 100 EV from the interaction of electrons
with the substance. According to the results of direct physical-chemical studies
on model installations at an irradiation of water sources y-beams with low
linear energy transfer (LET), one can with some probability assume that
the concentration of the ROS in terms of hydrogen peroxide is 10-10° M
depending on the type of radiation source used [5, 6]. It is known that hydrogen
peroxide at the concentration of 0.1-50.0 um activates K channels on the outer
membrane surface, the membrane potential back-changes in the direction of
hyper-depolarization depending on cell type, causes the rise of intracellular
Ca*", increases the conductivity of Ca-channels [2, 11, 17, 21]. Based on the
fact that in the directed growth of fungal hyphae a significant role is played
by the cell-connecting electrical currents, gradients, H, K, and the increase
of Ca2+ in the region of hyphal tops [11, 17], namely the electric gradients
in fungi hyphae apexes may be at least a part of the control system, which
carries out the control and regulation of apical growth, including its supply. The
ability of hydrogen peroxide itself to cause chemotaxis of mouse neutrophils is
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well-known [11]. In addition, in accordance with the redox theory, which was
developed in the 1980-s, hydrogen peroxide was viewed as an energetically
valuable molecule [2, 11].

While examining the radiotropism we found another unknown radioadaptive
reaction of microfungi — radiostimulation under exposure to high doses of
radiation of 150Gy and 800 Gy [6, 7, 23, 24, 31, 32].

The study of the frequency of radioadaptive properties in microfungi and
the possible mechanisms of their realization was carried out on a model system
in comparative aspect using two artificial sources of radiation, which energy
essentially differed [6, 7, 19, 24]. The total absorbed doze when using '*'Sn
was 150 Gy, and for *’Cs it was 800 Gy. Strains of 10 species of microscopic
fungi were used in the research. They were conditionally referred to 4 groups,
depending on the exposition dozes at the places of their isolation: first (I) — the
control including fungi from the ecotops with a background radioactivity level;
second (IT) — from 0,5 up to 100 mR/hours ( 3,6 10''- 7,17 10° A/kg); third
(IIT) — from 100 up to 500 mR/hours (7,17 107 - 3,59 10®* A/kg); fourth (IV) —
from 500 mR/hours and higher.

Among the strains demonstrating positive radiotropism, some at the same
time showed stimulation of growth of emerging hyphae. To characterize the
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Fig. 2. Hyphal extension of three isolates of Aspergillus versicolor (A. versicolor 432 (A),
A. versicolor 43 (B), A. versicolor 57 (C)) cultured from contrasting radiation exposure
when grown in the presence of y-ionizing radiation

Note: Sn — 2'Sn, Cs — ¥7Cs.

ISSN 0201-8462. Mixpobion. scypn., 2017, T. 79, Ne 1 79



degree and frequency of this process we measured hyphae length. The influ-
ence of two types of radiation sources — '*!Sn as the source of gamma radia-
tion, and '*’Cs for mixed beta and gamma radiation — on the percent of conidia
germination and the length of the emerging hyphae were investigated (Fig. 2).
T.I. Tugay with co-authors [6, 7, 19, 24] have examined the changes in
fungal growth patterns when fungi that have previously been exposed to
elevated levels of radiation are exposed to radiation again. When grown under
the influence of ionizing radiation, 69 % of fungi isolated from sites of low and
high levels of radioactive pollution, showed an increase in spore germination in
the presence of ionizing radiation from *’Cs and 46 %, when exposed to '*!Sn.
About a half of these fungal strains showed enhanced conidial germination
under the exposure to mixed y + B radiation, and a half demonstrated activation
under either y or B radiation alone. In contrast, fungi isolated from radioac-
tively clean locations did not show radiostimulation of conidial germination.
Similarly, when exposed to ionizing radiation, hyphal extension rates were
increased in fungi isolated from radioactively contaminated areas [19, 24].
The influence of both sources of radiation on hyphal length correlates with
radioactivity in the areas from which the strains were isolated (Fig. 3).
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Fig. 3 Frequency of the revealed increase in the length of the microscopic fungi
germinating hyphae depending on the exposition doze capacity in the places of their
isolation under the action of 2!Sn (150 Gy) and *’Cs (800 Gy) as radiation sources
Note: A —'?!Sn; B — ¥Cs; * — Statistically authentic differences in relation to the control
(p <0,05), M+m, n=30 — 40.

Thus, it was established that one of the ecologically significant factors that
determines the frequency of manifestation of the fungi radioadaptive properties
is the level of radioactivity of the places of their isolation. It was established
that soils with radioactivity levels of up to 500 mR/h are the main areas where
about 70-80 % of isolated fungi shown radioadaptive properties [19, 24].

The ecophysiological interaction between low-level ionizing radiation,
behavior, and the functioning of fungal communities is largely unknown.
Unraveling these complex interactions may be important in allowing us to
understand the potential role of fungi in determining the fate of radionuclide
pollutants in the environment, and the potential and actual roles of fungi in site
remediation [1, 5, 6, 7, 18, 19, 22, 24].
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It was shown for the first time that one of the mechanisms of microfungi
adaptation to the action of relatively large doses of radiation is the trophic
change that is implemented in raising their oligocarbotolerance, formed
under exposure to ionizing radiation [26, 27]. It was established that in
oligocarbotrophic conditions microfungi radioadaptive properties correlate
with the high efficiency of substrate utilization (2.0-3.5 times higher than that
of the control strains) [26, 27]. The high efficiency utilization of substrate in
oligocarbotrophic conditions is not a unique phenomenon inherent to strains
of one species, but rather a widespread physiological property of microfungi
with radioadaptive properties formed in the conditions of chronic exposure.

The mechanism of oligocarbotolerance in microfungi with radioadaptive
properties is unknown. We suggest a hypothesis that a possible mechanism of
high efficiency substrate assimilation under the growth of strains with radio-
adaptive properties in oligocarbotrophic conditions is in the restructuring their
energy metabolism [26, 27]. A support of this hypothesis came from the evi-
dence suggesting that in some microorganisms the main way of restructuring
their energy metabolism lies in the increase of an alternative oxidase activity
level, which is economically profitable for a cell metabolism, in comparison
with the cytochrome oxidase way as the final electron acceptor [13]. Mirocha
and de Vay showed that, subject to strict oligocarbotrophic conditions, “C0,
included in the metabolic processes of Fusarium sp. and '“C were detected
in hyphae of the fungi [14]. Autotrophic CO, fixation, however, is extremely
energy intensive process, which is usually not associated with fungi [9]. The
authors suggest that hydrogen oxidation may be this source of energy for auto-
trophic growth and provide evidence that Fusarium sp. required a hydrogenase
for this process [10, 14]. Wainwright found that fungi use energy derived from
oxidation of thiosulfate, which allows them to grow as oligotrophs [34]. It was
shown that £ oxysporum was able to oxidize 13 % of thiosulfate, which was
added when grown in oligotrophic conditions. It was sufficient, according to
the authors, for 25 % of energy biomass accumulation by this fungus [10, 34,
35].

Thus, the obtained data testify that long-time growth in the territories with
an elevated radiation background leads to the formation of new adaptive
reactions of microfungi. Microfungi species isolated from clean territories do
not reveal this property [6, 7, 19, 24, 26, 27].

At the present time the research of physiological and biochemical
characteristics of microscopic fungi is highly relevant, in particular, in the
direction of analysis of the antioxidant system functioning in strains that show
such properties as compared with the control. The question of whether there
are universal mechanisms of adaptation in microfungi or whether they are
individual in each species also requires a study.

It is shown that under the exposure to chronic radiation each of the
investigated species or strains of microfungi was characterized by unique
changes in the profile of their antioxidant enzymes activity, which provide
their adaptation to ionizing radiation [28, 29, 30, 33].

Activation of melanin synthesis and significant changes of enzymes activity,
such as polyphenol oxidase and tyrosinase, which regulate melanin synthesis,
were observed under the influence of small radiation doses in Hormoconis
resinae strains, isolated from the fourth block of ChNPP [30]. A significant
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increase in the electron paramagnetic resonance (EPR) of melanin pigments
and an activation of growth processes was also observed under the influence of
ionizing radiation in melanin containing fungi [3, 4, 25, 29, 30].

Although high energy photons such as those in gamma rays are unlikely to
be captured by organic pigments, these investigators showed that exposure of
fungal melanin pigments to gamma radiation changed its electronic properties
as measured by the changes in its stable free radical electron spin resonance [4,
5, 6, 7]. Hence, radiation passing through melanin could polarize melanin and
change its electronic structures. Furthermore, gamma-irradiated melanin was
able to promote oxidation-reduction reactions suggesting a potential mecha-
nism for electromagnetic radiation to be converted into biologically useful
energy.

It was found that the implementation of adaptation action of ionizing ra-
diation in the melanin-containing fungi is the result of changes of physico-
chemical characteristics of the melanin, which lead to the increased antioxidant
capacity [6, 7, 20]. It was discovered that a significant (5 to 8 times) increase
of the melanin pigments antioxidant capacity is one of the mechanisms for
realization of radioadaptive properties in Cladosporium cladosporioides and
Aspergillus versicolor.

In summary, fungi appear to be very resistant to radionuclides in the
environment. The influence of ionizing radiation on cells is well known in terms
of altered genetic structure and the induction of cellular reparation mechanisms.
For fungi, however, this information has largely been garnered from yeast and
there is much less information available for hyphal fungal forms. However,
within these mycelial fungi it is apparent that melanin, and possibly other
pigments, may be important. The increased frequency of melanized fungal
species in the communities grown in the areas of high radionulide load suggests
their potential protective role. It has been implicated in the growth response of
the radiologically adapted fungal isolates [4, 18] and in the directional growth
stimulation attracting fungi to the sources of radioactivity [26]. Although
somewhat far-fetched, there is an idea that fungal biomass production can be
induced on oligotrophic media for food being powered from the outer space
by ionizing radiation [4]. The underlying biochemical mechanisms involved in
these novel processes of radiologically adapted species need to be determined.
Are we really looking at a new form of autotrophism?

Many aspects of the interaction between fungi and radionuclides need
further investigation. The intriguing concept of behavioral adaptations of
fungi to evolve radiotripism needs further study to identify the triggers and the
physiological mechanisms of the response. In terms of ecosystem processes?
The potential for immobilization of a range of radionuclides by fungal tissues
as well as the usefulness of fungi for environmental remediation need to be
evaluated. The abundance of fungal biomass in the upper soil horizons of
forest ecosystem has been suggested as in important determinant of long-term
accumulation of radionuclides [1, 5, 6, 7, 18]. Indeed, biomass figures of 2 t
ha'! of hyphae have been reported by Zvyaginsev [40, 41], such biomass forms
diffuse but extensive surface of adsorbtion and absorbtion. Research along
those lines should yield significant practical advances, because currently the
use of fungi in phytoremediation is often disregarded.
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T.1. Tyzau, A.B. Tyzaii

Inemumym mixpobionozii i éipyconoeii im. /[.K. 3abonomunoeo HAH Ykpainu,
eyn. Akademixa 3a6onomnoeo 154, Kuis, 03143, Yrpaina
AJANITALISI MIKPOMILETIB 10 XPOHIYHOI'O IOHI3YIOUOI'O
BUITPOMIHIOBAHHS. HOBI ®AKTH I TTIIOTE3U
Pesome

B ornsimi HaBemeHO aHai3 CyYaCHHUX JAaHWX MIOAO0 aTarTaIlii MiKpOMIIIETIB 10 XPOHIY-
HOTO OIPOMIHEHHS Ha EKOJIOTTYHOMY, (bizionorivHoMy Ta GioxXiMiyHOMY piBHSIX. Oco0IHUBY
yBary OyJio IpUAIICHO aHali3y aJaNTHBHUAX PEakKliif MIKpOMIIETiB, IO 3a3HAIN BIUIUBY
Brucokux 103 (150 I'p i 800 I'p) ompomineHHS, 1 (hOpMYyBaHHIO Y HAX HOBHX pajioajarn-
TUBHHUX BIIACTUBOCTEH: pa/lioTponi3My Ta pagioctumyisinii. I[IpoanasnizoBaHi niteparypHi
JIaHi, 0 CTOCYIOTHCS MOMUIMBHX O10XIMIYHUX MEXaHI3MiB aJlanTallii MikpoMilleTiB A0 io-
HI3yIOYOTO ONPOMiHEHHS. Briepie copMynpoBaHa TimoTe3a, sika MOSCHIOE MEXaHi3M pea-
JTi3anii MO3UTHBHUX peaKIiliii MIKPOMILETIB, TAKUX SIK PaAi0TPOIII3M i palioCTUMYIISLIIS, Ha
Ti10 BUCOKMX 103 10HI3yI040r0 onpoMineHHs. OHUM 13 MEeXaHi3MiB, IO JIEKaTh B OCHOBI
MTO3UTHBHOTO PaiOTPOITi3MYy TPUOIB, € iX PICT y HANPSAMKY HU3BKUX (MIKpO- i HAHOMO-
JISIPHUX ) KOHIIEHTPaIlill TIepeKnCy BOJIHIO, SIKI JIOKaJIbHO (POPMYIOTHCS Mijl BIUIMBOM paii-
arii. 'imore3a 6a3yeThCcs HA TaHUX, AKi CBIAYATh, III0 TaKi HU3bKi KOHIIEHTPAIii MepeKnucy
BOJIIHIO CTBOPWJIM CIIEKTPUYHE TOJIE, SIKe BUKIIMKAE SIEKTPOXIMIUHI 3MiHH B MeMOpaHax
IpUOHKX aIeKCiB, 110 MPU3BOJHUTH 10 TX CIPSIMOBAHOTO PYXY JI0 YTBOPEHOTO 32 JII€I0 10Hi-
3yI04OTO OTIPOMIHEHHS TIEPEKUCY BOJHIO, SIKUI BiIrpae poib aTpaKkTaHTY 1 CIYTYe JpKe-
penoM T0AaTKOBOI €Heprii Ui HUX. YIepIle MoKa3aHo, 110 aHTHOKCHIAaHTHA aKTUBHICTD
MeJIaHIHy y AOCHIDKEHHUX MITaMiB 3 pajioajanTuBHUMHK BiactuBoctsimu Cladosporium
cladosporioides 1 Aspergillus versicolor Bix 5 1o 8 pa3iB BuIIla, HXK y KOHTPOJIBHUX IITa-
MiB WX BHUIIB. BusBneHuit GpaxT cBiTIUTH PO Te, IO 301TBIICHHS aHTHOKCUIAHTHOT
AKTHBHOCTI MEJIaHIHY € OJJTHUM 3 OCHOBHUX MEXaHi3MiB peastizallii iX 3/1aTHOCTI He TiIbKH
amanTyBarucs 1o 3Ha9HuX (150 I'p, 800 I'p) mo3 paziamii, ane it MO3UTHBHO pearyBaTH Ha
HuX. OOTOBOPIOETHCS MOTEHIIIITHNIT BHECOK TPHOIB Y PETYILAIII0 IEPEMIIIEHHS paliOHyK-
JI/1iB Yy HAaBKOJIMIITHBOMY CEpEJIOBUII, a TAaKOX MOTEHIIHA Ta (aKTH4HA POJib TPUOIB y
TpaHchopMaIlii «rapssaux 4aCTHHOKY», a TAKOXK 1X MOXKITUBE BUKOPUCTAHHS B 010TEXHOJIO-
TisX TI0 peMeiaIii paaioaKTHBHO 3a0pyIHEHUX TEPUTOPIH.

Kniouosi cnosa: MiKpOCKOIiYHI TPUOU, XPOHIYHE BUIPOMIHIOBAHHS, PaioTPOIIi3M,
pagioaanTUBHI BIACTHBOCTI, aHTHOKCUAHTHA CHCTEMA, MEJIaHiH.

THU. Tyzait, A.B. Tyzan

Hnemumym muxpobuonoeuu u supyconoeuu um. /[.K. 3a6onomnoeco HAH Yxpautnuvl,
yi. Akademuxa 3abonommuoeo, 154, Kues, 03143, Ykpauna

AJANITAIUSA MUKPOMHUIETOB K XPOHUYECKOMY
NOHM3UPYIOIEMY N3JTYUYEHHIO. HOBBIE ®AKTbHI U THITOTE3bI
Pesome

B nanHOM 0030pe npe/icTaBiIeH aHaIn3 COBPEMEHHBIX JaHHBIX OTHOCHUTEIIBHO aJlarTa-
LMY MUKPOMHLIETOB K XPOHUYIECKOMY OOTyUCHHIO Ha SKOJIOTHUECKOM, (PU3HOIOTHUECKOM
n OnoxumudIeckoM ypoBHsAX. Ocoboe BHIMaHNE OBUIO y/IEIEHO aHAIN3Y a/lallTHBHBIX pe-
aKIUil MUKPOMULIETOB, OJBEPIIINXCS BO3IEHCTBUIO BBICOKHUX 103 paguanuu (150 I'p u
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800 I'p), u HGopMHUPOBAHUIO Y HUX HOBBIX PaJMOAJANITUBHBIX CBOMCTB: pauOTPONU3Ma U
pannoctumyrsinuu. [IpoaHaTH3UPOBAHEI TUTEPATYPHBIC JaHHBIE, KaCAIOIINECcs BO3ZMOXK-
HBIX OMOXVMHYCCKUX MEXaHH3MOB aIalITAllMd MHKPOMHUIICTOB K HOHU3UPYIOMIEMY U3ITy-
4yeHH0. BriepBbie Obliia MpeaiokeHa rurnore3a, 00bSICHSIOIAst MEXaHH3M pealli3aluy 110-
JIOKUTENBHBIX PEeaKINil MIKPOMHUIIETOB, TAKUX KaK PaTHOTPOIH3M U PaIdOCTUMYIISIINS,
Ha JICHCTBHE BBICOKUX 7103 panuaruu. OTHIM U3 MEXaHH3MOB, JISKAIIUX B OCHOBE TOJIO-
JKUTEIILHOTO PA/IMOTPOIM3MA TPUOOB, SIBJISICTCS UX POCT B HAIIPABJICHUH HU3KUX (MUKPO- 1
HAaHOMOJISIPHBIX ) KOHIIEHTPAINI IEpPEKHUCH BOAOPO/IA, KOTOPHIE JIOKAIEHO (OPMUPYIOTCS
T101 BO3/ICHCTBUEM paJHaliii. DTa THIOoTe3a 0a3upyeTcst Ha JaHHBIX, CBUAETEIbCTBYIOINX
0 TOM, YTO TaKHe€ HU3KHE KOHLEHTPAIMU MEPEKUCH BOJOPOJA CO3/AIOT DIEKTPUUECKOE
TI0JIe, BBI3BIBAIOIIEE DICKTPOXUMUYCCKINE H3MEHEHUSI B MEMOpaHax IPUOHBIX aleKCOB,
YTO BBI3BIBACT MX HATIPABICHHOE JIBIKCHUE K 00Pa3yIOIICHCS IO ICHCTBHEM H3ITyICHUS
MEePEeKHCH BOJIOPO/a, KOTOPAst UIPAET POJIb aTTPAKTAHTA U MOXKET CITY)KUTh B KAUECTBE HC-
TOYHHKA JOTOTHUTEIEHOW SYHEPTHUHU A1 HUX. BIiepBhIe OKa3aHO, YTO aHTHOKCHAAHTHAS
AKTUBHOCTH MEJIAaHWHA Y HUCCIICIOBAHHBIX IITAMMOB C PallOaTaTUBHBIMUA CBOHCTBAMU
Cladosporium cladosporioides n Aspergillus versicolor ot 5 1o 8 pa3 Bblilie, YeM TaKO-
Basl y KOHTPOJBHBIX IITAMMOB 3THX BHJOB. BBIABICHHBIN (PaKT CBHIETEIHCTBYET O TOM,
YTO YBEIMYCHUC AaHTHOKCHUIAHTHOW aKTUBHOCTH MEJIAHWHA SIBISICTCS OJJHIM U3 OCHOB-
HBIX MEXaHM3MOB peaiM3aliy ClIOCOOHOCTH MUKPOMMIIETOB HE TOJIBKO adalTHPOBATHCS
K 3HaunTensHBIM (150 I'p, 800 I'p) mo3am pamuanmu, HO U MOJIOKUTEIEHO PEarnpoBaTh Ha
HuX. OOCyX/TaeTcs MOTCHIMATBHBIN BKIIA] TPHOOB B PETYIALHUIO MIEPEMCIICHHAS PaIHO-
HYKJIMJIOB B OKpY’KaloILei cpelie, a Takke NOTeHIMa bHas U (pakTHuyeckas posib rpuOoB B
TpaHCchOpPMALINN «TOPSINX FACTHID», U UX BO3MOYKHOE HCITOJIH30BaHNE B OMOTEXHOIOTHUAX
0 peMEMANUU PAJNOAKTUBHO 3arPS3HEHHBIX TCPPUTOPHIL.
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