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Pharmacological science possesses a significant number of compounds with antibiotic activity. By
now the chemical structures have been identified and their properties have been described for the great
number; many of them found practical use. But the main stimulus for the further new antibiotic compounds
search is the acquired resistance of pathogenic organisms. Our previous investigations were devoted to
antibiotic activity of Aspergillus niveus that is known as a producer of ferment preparations with wide
activity spectrum. Aim. This investigation became the follow-up of our previous studies and its main task
was to isolate, purify and obtain biologically active metabolite(s) from A. niveus 2411 strain in crystalline
form, and to study its (their) physicochemical properties and biological activity. Methods. Biologically
active metabolites were obtained by extraction, two-step column chromatography and recrystallization
methods. The obtained substances were characterized by physical-chemical and microbiological methods.
Results. Two substances in crystalline form with different spectrum of antibiotic activity against indicator
test-cultures were obtained. The substance AN4 showed antibacterial, antifungal, and phytotoxic activities,
while AN7 showed only antibacterial activity. Neither of obtained compounds showed dermatocidal or
toxigenic activity in rabbit skin test. Obtained spectral characteristics of substances suggest that AN4
and AN7 substances are similar and belong to compounds with cyclic structures, have double linkage,
methyl, aromatic, and carboxyl groups. Conclusions. Obtained data showed that antibiotic activity of
A. niveus 2411 depend on the complex of biologically active metabolites with different biological and
physicochemical properties. Two compounds AN4 and AN7 were isolated and purified from the fungal
cultural filtrate of A. niveus 2411. The data of IR and UV spectra of these compounds and their profiles
of biological activity don 't have significant differences with those of citrinin — a metabolite of A. niveus
with antibiotic properties. However, based on the results obtained and comparisons with the data of other
authors on metabolites of A. niveus, we suggest that the substances we isolated may be derivatives of
citrinin.
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The discovery of penicillin by Alexander
Fleming sparked the so called antibiotic era and
extensive studies of fungi as a group of the most
perspective producers of these biologically active
metabolites. By now the chemical structures and
properties of the great number of compounds with
wide spectrum of action has been described and
identified; many of them found practical use in
medicine, veterinary, plant growing for struggle
with bacterial and fungal pathogens as well as in
different fields of industry [1].

At the same time the actively developing
resistance of pathogenic microorganisms to
preparations employed is the main incentive to
search the new antibiotic compounds among
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different fungal species which were described
earlier but weren’t investigated from the point of
view of synthesis of biologically active metabolites
[1-3]. Notably, fungi like that occur even among
representatives of Aspergillus and Penicillium
genera — real champions among producers [4].
The systemic screening of biological activity
of more than 300 potential producers among
strains of Aspergillus, Penicillium, Eupenicillium,
Paecilomyces, Alternaria, Ulocladium, Bipolaris,
Gliocladium, Nectria, Tritirahium, Myrothecium,
Beauvenaria, Acremonium, Botriodiplodia, Cep-
haliophora genera isolated from different eco-
logical niches had been conducted earlier [5-7].
The screening results showed that practically all

ISSN 1028-0987. Mixpobion. oicypn., 2021, T. 83, Ne 4



studied fungal strains synthesized biologically
active metabolites of different spectrum of action
against wide set of test-organisms.

During investigation we paid attention to
antibiotic activity of metabolites of Aspergillus
niveus Blochwitz (1929) (teleomorph: Fennellia
nivea (B.J. Wiley & E.G. Simmons) Samson
(1979)) that is known as a producer of wide
spectrum of enzymes [8, 9]. The group of Brazilian
scientists had published the series of articles in
which A. niveus was described as producer of
amylase [10, 11], glucoamylase [10], a-glucosidase
[12], polygalacturonase [13], B-fructofuranosidase
[14, 15], chitinase [16], xylanase [17-19],
L-asparaginase [20], pectin lyase [21], y-lyase [22],
and laccase [23].

Besides enzymes of A. niveus are used for
obtaining of itaconic acid from agricultural waste
[24-26], for purification of distillery effluent [27],
for chromium and tannic acid bioremediation [28]
and for biosorption of lead ions from aqueous
solution [29]. At the same time, only one case of
pulmonary aspergillosis caused by A. niveus has
been reported in a patient with a weakened immune
system [30].

In their fundamental work devoted to new
species of section Terrei of Aspergillus by
R.A. Samson et al. in 2011 identified following
extralites synthesized by A. niveus: aszonalenine,
butyrolactones, citrinin, and gregatins [9].
Unfortunately, in the available later literature there
were no data confirmed the biosyntheses of these
biologically active substances by 4. niveus.

Early we showed the wide spectrum of
antibiotic activity for A. niveus 2411 strain [31].
It inhibited the growth of gram-positive test-
bacteria Staphylococcus aureus, Bacillus subtilis,
B. licheniformis, B. megaterium, Micrococcus
varians, M. flavus, Mycobacterium smegmatis,
gram-negative test-bacteria Escherichia coli and
phytopathogens Pseudomonas syringae pv. lach-
rymans, Pectobacterium carotovorum, as well as
test-yeasts (Candida albicans, Kluyveromyces mar-
xianus, Trichosporon cutaneum) and filamentous
test-fungi (Phoma betae and A. niger). The aim of
this investigation was to isolate, purify and obtain
biologically active metabolite(s) from A. niveus
2411 strain in crystalline form, and to study its
(their) physicochemical properties and biological
activity.

Materials and methods. A. niveus 2411 strain
was isolated in 2002 from indoor air (Kyiv). This

strain is stored in the Ukrainian Collection of
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Microorganisms of D.K. Zabolotny Institute of
Microbiology and Virology of the NASU. 4. niveus
2411 strain was grown (static cultivation) in liquid
modified Czapek-Dox medium containing (g/L):
glucose — 20.0; NaNO, - 1.0; KH,PO, — 1.0;
KCI - 0.5; MgSO,x7H,0 — 0.5; FeSO,x7H,0 —
0.01 in distilled water at 26 °C for 14 days [32].
Isolation of active metabolites from cultural filtrate
was made using the universally accepted scheme.
It consisted of following steps: working out the
methods of extraction (combined chromatography);
extraction itself and accumulation of substrate;
primary purification from protein, lipid and
pigment impurities; fractionation by column
chromatography and recrystallization of active
substances [33].

In fitting of extraction conditions, we assumed
from the data of combined chromatography
performed by Shevchik method [33] and chose
chloroform as the best extractant. Extraction was
made three times for 15 minutes in 1:4 ratio and
obtained extract was vaporized in a rotary vacuum
concentrator (Reanal, Hungary) up to 1/10 part of
initial volume. Residue was purified from different
impurities: precipitation by lead acetate was
used for purification from proteins; liquid-liquid
redistribution in acetonitrile:hexane system — for
purification from lipids; column with activated
carbon BAU-1 as an sorbent and methanol as an
active phase — for purification from pigments. For
removal of moisture residue, obtained substance
was passed through sodium sulfate anhydrous [34].
Then partially purified extract was evaporated and
fractionized by column chromatography [33].

As a sorbent for column chromatography silica
gel L of II grade of activity by Brockman, 100—
160 um particle size (Lachema, Czech Republic)
was used. As mobile phase following individual
solvents and their systems were used in order
of polarity increasing: n-hexane — n-hexane-
chloroform (5:1) — chloroform — chloroform-
acetone (5:1) — chloroform-acetone (9:1) —
acetone — acetone-acetonitrile (5:1) — acetonitrile
— water. Volume of collected fractions was 50 mL
and flow rate — 0.5 mL/min. The contents of dry
substances were measured by weighing of 5 ml
of each fraction after drying at 105 °C to constant
weight.

In obtained fractions the presence of active
substances was determined by thin layer chroma-
tography (TLC) and their antibiotic activity against
indicator test-cultures Bacillus licheniformis 5 and
Kluyveromyces marxianus 899 was estimated by
agar disc diffusion assay method (10.0 pL/disk)
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[35]. For TLC 10 uL of specimen was applied to
Silufol UV254 plates, (Kavallier, Czech Republic);
solvent systems of chloroform:methanol (4:1)
was used as mobile phase. Visualization of spots
on the plates was carried out in iodine saturated
developing tank [36] as well as by bioautography
method [37, 38] using strains B. licheniformis 5 and
K. marxianus as test-cultures.

Active fractions were combined and vaporized
in vacuo at 50 °C. Active compounds were re-
crystallized from benzol. This methodological
approach provided the obtaining of homogeneous
substance that was visualized on chromatogram as
single spot.

Physical-chemical and spectrum characteristics
were measured by conventional methods. So, the
elemental analysis was detected by Cheronis sodium
fusion method [39-41], spectrum characteristics
were obtained by spectrophotometers Specord and
UR-10 (Germany) in UV-, visible light and IR-
spectral ranges by spectrophotometers Specord
and UR-10 (Germany) in UV-, visible light and
IR-spectral ranges [42].

The spectrum of biological activity of obtained
preparations was measured by agar well diffusion
assay methods (100.0 pL/well) [35]. Strains
B. licheniformis 5, B. subtilis 617, B. subtilis
902, Staphylococcus aureus 904, S. aureus 918,
Micrococcus varians 613, M. varians 634, Proteus
vulgaris 905, Pectobacterium carotovorum 8636,
Agrobacrerium tumefaciens 8464; K. marxianus
899, Candida albicans 690, Trichosporon cutaneum
1502; 6 strains of Chlorella vulgaris and 4 strains of

C. kessleri were used as test-cultures for estimation
of antibacterial, antifungal and phytotoxic activities,
respectively. Rabbit skin test was used for assess of
toxicity of obtained crystallized preparation. The
animals, their general state and skin health were
under constant observation for 5 days [43].

Results. Data of combined chromatography
by Shevchik method when chloroform had been
chosen as extractant pointed to moderate polarity
of active substance. Initial preparation possessed
high antibiotic activity against gram-positive test-
bacteria and moderate — against gram-negative test-
bacteria, yeasts and filamentous fungi [31].

Figure 1 demonstrates the results of fractionation
of chloroform extract of 4. niveus 2411. It is shown
that substances from fraction 21 are active both
against B. licheniformis 5 and K. marxianus 899
while substances from fraction 27 are active against
B. licheniformis 5.

Our assumption about the presence of two
compounds with different spectrum of biological
action in the preparation were confirmed by TLC of
fraction 21 in solvent system chloroform:methanol
(4:1) (Fig. 2).

Taking into account the above mentioned
we performed the rechromatography of frac-
tion 21 in following solvent system: chloroform
— chloroform:methanol (97:3) — chloroform:-
methanol (93:7) — chloroform:methanol (9:1). It
is evident (Fig. 3) that active substance from the
fraction on rechromatogram 4 exhibits both anti-
bacterial and antifungal activities whereas active
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Fig. 1. Elution profile of preparation from A. niveus 2411
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substance from this fraction on rechromatogram
7 displays activity only against B. licheniformis 5
similar to fraction 27 from Fig. 1.

Fig. 2. TLC of preparation from fraction 21

35

Presented on Fig. 4 TLC of obtained pre-
parations from fractions 4 and 7 in two solvent
systems (hexane:benzol:methanol (10:10:3) and
ether:toluene:acetone (2:2:1)) confirmed the pre-
sence of two substances with different chroma-
tographic mobility and spectrum of biological
activity in initial fraction 21.

Preparation from fraction 4 in two used solvent
systems was presented by single spot with Rf 0.51
and 0.81, respectively, and showed both antifungal
activity against K. marxianus 899 and antibacterial
activity against B. licheniformis 5. However, the
preparation from fraction 7 under same conditions
was presented by single spot with Rf 0.38 and 0.48,
respectively, and displayed antibacterial activity
only against B. licheniformis 5. Bioautographic
confirmation of biological activity of obtained
preparation is shown on Fig. 5.

For additional purification the active substan-
ces were recrystallized from benzol and labelled
as AN4 and AN7, respectively. Spectra of their
biological activity are presented on Fig. 6. It was
also shown that substance AN4 from fraction
4 displayed high phytotoxic activity against
green alga of Chlorella genus (Fig. 7). Obtained
preparations AN4 and AN7 did not show any
reaction in rabbit skin test.

Elemental analyses of these substances showed
the absence of nitrogen, sulphur and halogen atoms
in their structure and the presence of main elements
of organic substances, namely carbon, hydrogen
and oxygen.
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Fi g. 3. Elution profile of preparation from fraction 21
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Fig. 4. TLC of preparations from fractions 4 and 7 in solvent systems: a) hexane:benzol:metha-
nol (10:10:3); b) ether:toluene:acetone (2:2:1)

A B

Fig. 5. TLC-bioautography of preparations from fractions 4 and 7 against test-cultures:
a) K. marxianus 899; b) and c) B. licheniformis 5
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Fi g. 6. Biological activity of substances AN4 and AN7

Fi g. 7. Phytotoxic activity of substance AN4
against Chlorella vulgaris 189

The spectrum analyses (Fig. 8) of studied
substances revealed the similarity of their structure.
In particular, they have two same absorption
maxima in UV-rang at wavelengths 215 and 231
nm but some differences in longwave rang of UV-
spectrum where the substance AN4 has absorption
maximum at 255 nm and substance AN7 — at 265
nm.

The comparison of obtained data with table
levels of absorption maxima of the main classes
of organic substances in 200-800 nm diapason
allowed to suggest the presence of unsaturated
carboxylic acid, cyclic diene as well as derivative
of benzol in the structure of substance AN7 [44]. In
visible light spectral range any absorption maxima
were not marked that is also evidenced by the
absence of coloration of the sample.
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The IR-spectra of studied substances (Fig. 8)
were also alike. The absorption maxima pointed
on the presence of double bonds, derivatives of
carboxylic acids, aromatic compounds including
methylbenzene, acetals, esters, stereoisomers
of alkanes and alkenes. As following from the
obtained data, the spectrum characteristics of AN4
and AN7 confirm their aromatic character, cyclic
structure, the presence of double bonds and methyl,
aromatic and carboxylic groups and the necessity
of additional chemical identification.

Discussion. This step of investigations was
devoted to isolation and purification of biologically
active metabolites of A. niveus 2411 that displayed
antibacterial, antifungal and phytotoxic activities in
previous studies [31]. As a result, two substances
in crystalline form (arbitrarily called AN4 and
AN7) with different spectrum of biological activity
against indicator test-cultures were obtained.

Studied physical-chemical characteristics of
obtained preparation allow suggesting the presence
of certain chemical groups in the structures of AN4
and AN7 but not allowing to judge on this stage
of investigation about their entire structures. At
the same time, our data are compared with isolated
earlier and described in literature biologically
active metabolites of Aspergillus section Terrei
[9]. It is apparent that obtained by us substances
possess structural similarity with citrinin (C ,H,,O,,
IUPAC: (3R,4S)-4,6-dihydro-8-hydroxy-3,4,5-
trimethyl-6-ox0-3H-2-benzopyran-7-carboxylic
acid) or with its derivatives. The structural formula
of this mycotoxin is presented on Figure 9. It is
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remarkably that R.A. Samson et al. pointed in
2011 on the fact of biosynthesis of this particular
mycotoxin, which, in contrast to the other three
metabolites of A. niveus mentioned by the authors,
had broad-spectrum antibiotic activity [9].

O OH H o

HO o

p-quinone o-quinone
Fig. 9. Structural formula of citrinin isomers
[45]

As for biological properties of citrinin it is
known that this substance displays antibiotic,
antifungal, antiprotozoal properties, and possesses
potential anticancer effect [45]. Besides that, this
mycotoxin is also known as a hepato-nephrotoxin
in a wide range of species [46]. There are some data
that spectral characteristics of citrinin derivatives
slightly differ by absorption maxima in UV- and IR-
range of spectrum and as a consequence can have
an influence on physical-chemical and biological
properties of these substances that is manifested
by different sensitivity of test-microorganisms to
them [47], and also affects the level of their toxic
action. Antibiotic and antifungal properties of
substances obtained by us are analogous to those of
citrinin derivatives but in our case none of the two
compounds cause even hyperaemia in rabbit skin
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test and therefore display any dermatocidal action
and toxigenic properties that are characteristic for
citrinin derivatives described by other researchers
[47, 48]. This fact suggests that isolated by us
compounds AN4 and AN7 are new and undescribed
earlier biologically active metabolites of A. niveus
with antagonistic activity.

Conclusions. Obtained data showed that
antibiotic activity of Aspergillus niveus 2411 depend
on the complex of biologically active metabolites
with different biological and physicochemical
properties. Two compounds AN4 and AN7 were
isolated and purified from the fungal cultural filtrate
of A. niveus 2411. The data of IR and UV spectra
of these compounds and their profiles of biological
activity don’t have significant differences from
those of citrinin — a metabolite of 4. niveus with
antibiotic properties. However, based on the results
obtained and comparisons with the data of other
authors on metabolites of 4. niveus, we suggest that
the substances we isolated may be derivatives of
citrinin. The necessity of further investigations of
A. niveus 2411 metabolites is obvious. These studies
will answer the questions about the nature of these
structures for their final chemical identification as
well as their action mechanism on cells of different
test-organisms including cancer cells.
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HOBI BIOJIOTTYHO
AKTHUBHI METABOJIITHU
ASPERGILLUS NIVEUS 2411

AL Casuyk, K.C. I[uzanenxo,
O.B. Anopienko, .M. Kypuenko

Inemumym mikpobionocii i sipyconoeii
im. JLK. 3abonomnoco HAH Yxpainu,
8yn. Axademika 3abonomnozo, 154,
Kuis, 03143, Vkpaina

Peswome

dapmMaKoIoTiuHa HayKa 3apa3 Ma€ y CBOEMY PO3-
MOPS/PKEHH] 3HAYHY KUJIBKICTh CIONYK, IO IPOSB-
JISFOTh AHTHOIOTUYHY aKTUBHICTH. ¥ 0aratbox 3 HUX
JIOCITIDKEHO BIIACTHBOCTI Ta 1IeHTH()IKOBAHO XIMIUHI
CTPYKTYPH, ICsKi 3 HUX 3HAHIIUIA MPAKTUIHE 3aCTO-
CyBaHHs. AJie OCHOBHUM PYIIIEM ISl TIOAAJIBIIOTO
MOIIYKYy HOBUX AHTHOIOTHYHMX CIONYK € HalyTa
PE3UCTEHTHICTh MAaTOTCHHUX OpraHi3MiB. B momepe-
THIX JOCTI/DKEHHSIX HAIlly yBary MpHUBEPHYIA aHTH-
OakTepialibHa aKTHBHICTh Tpuba Aspergillus niveus —
BiJJOMOTO MPOAYIICHTA IIHPOKOTO CIIEKTpa (hepMeH-
TiB. TakuM YHMHOM, MPEACTABICHE JOCIIIKCHHS €
MPOJOBXKEHHAM LIUKITY POOIT, MPUCBSIUCHUX HOIIYKY
HOBHX 010JI0T1YHO aKTHBHUX pedoBuH. MeTa. I30-
JIOBaHHS, OYMCTKA, OTPUMAHHSA B KPHCTATIYHOMY
BHIVISITI O10JIOTIYHO aKTHBHHUX MeTaboiTiB(y) rpuda
A. niveus 2411 Ta nocnipkeHHs Horo (IXHiX) (i3uKo-
XiIMIYHUX BJIACTHUBOCTEH 1 010JIOT14HOT aKTUBHOCTI.
Metoaun. Illtam A. niveus 2411 Bupomysanu y pia-
KoMy cepenoBunii Yameka-Jlokca 3a Temmneparypu
26 °C BopomoBxk 14 ni6. BumineHHs akTUBHUX Me-
TabOJIITIB 3 KyJbTYPaJIbHOTO (DUIBTPATy POBOIUIH
3a YHIBEpPCalbHOIO CXEMOIO, sIKa BKJIOYalla eKCTpa-
KI[i10; TIEPBUHHE OYMIIEHHS BiJ] OLTKOBUX, JIITITHUX
1 MIrMEHTHUX JOMIIIOK; (hpaKLiOHYBaHHS 3a JOMO-
MOTOI0 KOJIOHKOBOI xpomatorpadii i mepekpucra-
J3aIlii0 OTPUMAHUX aKTHBHUX pedoBWH. OTpUMaHi
PEYOBHHU MPOIYCKaU uepe3 cyibdar Harpito 0e3-
BOJIHHI; YaCTKOBO OYHIIICHUI EKCTPAKT BUITAPOBYBa-
1 1 (paKioHyBaIM 3a JOMOMOTOI0 JBOCTYIEHEBOL
KOJIOHKOBOT xpomatorpadii. SIk copOeHT i KOJIOH-
KOBO1 XpoMaTorpadii BUKOPUCTOBYBAJIN CHIIIKaresb
L II ct. akTuBHOCTI 32 BpokMaHOM, po3Mip YaCTHHOK
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100-160 mxMm (Lachema, Yexis). Sk pyxomy ¢asy Bu-
KOPHCTOBYBAJIM OKPEMi PO3UMHHUKH Ta 1X CUCTEMH B
MOPSIJIKY 3pOCTaHHS MOJSIPHOCTI. HasiBHICTh aKTUBHHUX
PCYOBHH B OTPUMAHHX (DPAKILISIX BU3HAYAIN METOIOM
TOHKONIApOBOI XpoMaTorpadii Ta OIIHIOBAIH IXHIO
AQHTUOIOTUYHY aKTUBHICTH IONI0 IHIUKATOPHUX TECT-
KyJIBTYp MeTonoM audys3ii B arap. AKTUBHI (pakiii
00’eIHyBaJIH 1 BUNAPOBYBANH Mij BakyymoM 3a 50 °C;
aKTUBHI CHOJYKH NEpeKpucTanizoByBanu. Diznko-
XiMiUHI 1 CTIEKTpasIbHI XapaKTePUCTUKN BH3HAYAIN
3arajJbHONPUIHHITHMHA METOJIAMHU; CIEKTpP 010J10Ti4-
HOI aKTUBHOCTI OTPUMAHUX IperapariB BU3HAYAIN
METO/IOM JIYHOK B arapi. PesyasTarn. YV xpucramiv-
HOMY BHUIVISII OTPUMAHO JIBI CHIONYKH, SIKi IIPOSIBIISI-
JM aHTHOIOTHYHY aKTHUBHICTH Pi3HOTO CHEKTPY Aii
IIO/I0 1HAWKATOPHUX TecT-KyIbTyp: AN4, mo mpo-
sIBIsIa aHTHOaKTepianbny (Bacillus licheniformis 5,
B. subtilis 617 1 902, Staphylococcus aureus 918,
Micrococcus varians 613 1 634, Proteus vulgaris 905,
Pectobacterium carotovorum 8636), anTU(pyHraIbHY
(Kluyveromyces marxianus 899, Candida albicans
690, Trichosporon cutaneum 1502) i piToTOKCHY-
Hy (10 mramiB BuniB pony Chlorella) akTHBHOCTI;
ta AN7, IO TPOSIBIISSIA JTUIIE aHTHOAKTEepiadbHy
(B. licheniformis 5, B. subtilis 617 1 902, S. aureus
918, M. varians 613 1 634, P. carotovorum 8636,
A. tumefaciens 8464) axtuBHicTh. JKomHa 3 OTpuUMa-
HUX CIIONYK He Majia JepMaTOIUIHOI Aii y MIKipHil
po0i Ha KPOITUKY 1 HE TIPOSIBIIsIIa TOKCHYHKX BIACTH-
Bocteil. CrieKTpalibHI XapaKTePUCTHKH BHSBIIIH I10-
nionicTh BuaieHnx AN4 1 AN7 ta Bka3anu Ha apoma-
THYHUI XapakTep IUX CHOJYK, [0 MAOTh [UKIIYHY
CTPYKTYDY, TOJIBi}HI 3B‘13KH, MCTUIIbHI, apOMaTHUHY
1 kapOokcubpHy rpynu. BucHoBku. OtprMani gani
IOKa3aJju, 0 aHTHOIOTHYHI BIACTUBOCTI JOCIIIKe-
Horo rpuba A. niveus 2411 0OyMOBIIEHI HU3KOIO 0i0-
JIOTIYHO aKTUBHHMX META0OJIITIB, M0 BiAPI3HIIOTHCS
3a 010JIOT1YHUMU 1 (PI3UKO-XIMIYHUMU BIACTHUBOCTSI-
MH. 3 KyJIbTypalbHOro (inbTpary rpuda BUAICHO Ta
ounieHo JBi conykd AN4 1 AN7. [dani [Y- Ta YO-
CIIEKTPIB X CIIONYK, & TAKOXK IXHI Tpodimi 6ioo-
TYHOT AKTUBHOCTI BIAPI3HAIOTHCS HE3HAYHOKO MIPOIO
BiJl TAaKUX LUTPUHIHY — META0ONITy A. niveus 3 aH-
THOIOTUYHUMM BIIACTUBOCTAMHU. IIpoTe, 3 omsiny Ha
OTpHUMaHI Pe3yIbTaTH 1 HOPIBHAHHS 3 JAHUMH 1HIIHX
ABTOPIB MI0JI0 METAOOIITIB A. niveus MU TIPUITyCKa€e-
MO, TII0 BHJIIJICHI HAMH PEYOBHHHA MOXKYTh OYTH T10-
X1JIHAMU [IUTPHUHIHY.

Kmouosi cnosa: Aspergillus niveus, anTuO10THYHA
AKTUBHICTh, META0OITH, TIOX1IHI IIUTPHHIHY.
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