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Alternaria species isolated from different econiches produce a wide variety of
biologically active metabolites. The aim of this article was the evaluation of the
biological activity spectrum of the small-spored Alternaria species from different trophic
groups (saprophytes, endophytes and plant pathogens) using screening of biologically
active metabolites on a wide set of test organisms, and selection of promising strains-
producers. Methods. Antibiotic, antifungal and phytotoxic activities of culture filtrates
and chloroform extracts were determined by agar diffusion assay method. Results. 19% of
cultural filtrates among of 64 studied strains showed the biological activity at least against
one test organism. The most of these fungi belong to endophytic strains and were active
against test plant pathogenic fungi, bacteria and algae. Chloroform extracts of cultural
filtrates of 33% of fungi showed biological activity against at least to one test organism.
The obtained extracts had specific activity mainly against certain test culture. These
preparations selectively inhibited the growth of Staphylococcus aureus B-909, Chlorella
vulgaris 191 and Rizoctonia solani 16036. Conclusions. The screening of 64 strains of
the Alternaria fungi isolated from different ecological niches allows concluding that they
have low biological activity. Endophytic Alternaria strains were characterized by wider
spectrum of activities than plant pathogenic and soil ones. They inhibited all test organisms
except Gram negative bacteria and yeast-like fungi. The biologically active metabolites of
endophytic Alternaria strains including high-molecular compounds play important role in
mutual coexistence endophytic fungi and host-plants as well as their spread. Chloroform
extracts of the soil saprophytes had comparably high activity especially against fungi
and algae. Obviously these low-molecular compounds facilitate to adaptive survival of
saprophytic fungi in soil habitats with high biodiversity. For further studies were selected
two strains: highly phytotoxic A. brassicicola 2855 and A. longipes 16800 (an antagonist
of S. aureus B-909).

Keywords: Alternaria, endophytes, plant pathogens, saprophytes, biologically active
metabolites.

Alternaria is widely spread in the environment fungal genus that can be
isolated from different habitats. Alternarioid hyphomycetes include saprophytic,
endophytic and pathogenic species, the most of them are considered to be
cosmopolitan saprobes [1]. The strains of this genus can infect a large number
of economically important plants [2], and at the same time can be potent
airborne allergens determined as an causative agent of childhood asthma and
infection of upper respiratory tract in humans [3, 4].

The Alternaria genus was first described in 1817 by Nees with A. fenuis as
the type, and its taxonomy is still under discussion. Today, according to conidia
size, a main segregation consists of the two groups, such as the large-spored
(conidia are 60-100 p) and small-spored (conidia are<60 p). [5]. The small-
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spored species are cosmopolitan saprotrophs, plant pathogens, allergens, and
mycotoxin producers, being the most common food contaminants [6].

Altenaria species, as plant pathogens, are well known for their ability to
produce a wide spectrum of secondary metabolites [7]. These metabolites
include various plant pathogenesis related toxins, both host and non-host
specific. Some metabolites are unique to one Alternaria species, but most
metabolites are produced by more than one species. In general, there are about
270 isolated and described substances [8-13].

Alternaria metabolites exhibit a variety of biologically activities such as
phytotoxic and antimicrobial properties, which have drawn the attention of
many chemists, pharmacologists, and plant pathologists in research programs
as well as in applied studies [14]. The metabolites from these fungi can be
divided into several categories that include nitrogen-containing compounds,
steroids, terpenoids, pyranones, quinones, phenols, etc. [15]; or they can be
divided into three different structural groups: the dibenzopyrone derivatives —
alternariol, alternariol monomethyl ether, and altenuene; the perylene
derivatives — altertoxins I, II and III; and the tetramic acid derivatives —
tenuazonic acid, etc. Most of them are the ones that can be found as main
contaminants of foodstuffs [6].

The main research direction of our laboratory is the study of new
biologically active substances from different fungi. Previously, according to
the screening results, we carried out a comparative evaluation of the ability
of Aspergillus, Gliocladium, Ulocladium, Myrothecium and other genera to
produce biologically active metabolites [16, 17]. The main aim of present
study was the evaluation of the biological activity spectrum of the small-spored
Alternaria fungi isolated from different habitats (saprophytic, endophytic and
plant pathogenic species) using screening of biologically active metabolites
on a wide set of test organisms, and selection of promising strains-producers.

Materials and methods. We used 64 strains of Alternaria genus from
the Culture collection of Department of Physiology and Taxonomy of
Micromycetes of Zabolotny Institute of Microbiology and Virology of the
NAS of Ukraine. The 26 of them were soil saprophytes, 17 — endophytes, and
21 — plant pathogens. We studied small-spored Alternaria species belonging
to A. tenuissima (17 strains), A. alternata (26 strains), A. longipes (7 strains),
A. infectoria (2 strains), A. brassicicola (1 strain) and 10 strains of Alternaria
sp. Species were identified by their cultural and morphological features [18].

For screening we used cultural filtrates of Alternaria strains from different
habitats and their chloroform extracts. Fungi were grown in modified Czapek-
Dox medium containing (g/1): 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;
pH 5.2 [19].

Static fermentation was carried out in 500 ml Erlenmeyer flasks with
100 ml of working volume at 26°C for 14 days. The flasks were inoculated
by suspension containing 1x10° conidia/ml (0.1 part of working volume).
After fermentation the biomass was filtered and cultural filtrates were used
for obtaining of extracts by three-time chloroform extraction following
by evaporation to a minimum volume under reduced pressure on a rotary
evaporator.
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A wide set of test cultures was used to determine the biological activities
of the cultural filtrates and the chloroform extracts: Gram positive bacteria
(Bacillus subtilis B-902, Staphylococcus aureus B-909, Micrococcus
varians Ac-613), Gram negative bacteria (Pseudomonas aeruginosa B-900,
Escherichia coli B-916, Salmonella enterica B-921), and plant pathogenic
bacteria (Pectobacterium carotovorum 8636, Agrobacterium tumefaciens
8464, A. tumefaciens 8628, P. syringae pv. syringae 8523) — for antibiotic
activity; yeasts-like fungi (Candida albicans 690, Kluyveromyces marxianus
899, Trichosporon cutaneum 1502), and plant pathogenic fungi (Phoma betae
16865, Rizoctonia solani 16036, Fusarium culmorum 50716, F. lactis 50678) —
for antifungal activity; green algae (Chlorella vulgaris 190, C. vulgaris 191,
C. kessleri 200, C. kessleri 205) — for phytotoxic activity.

Test bacteria were grown on meat peptone agar, test fungi — on malt extract
agar, test algae — on mineral media containing (g/): NaNO, - 1.0; K,HPO, —
0.25; MgSO, - 0.513; NH,CI - 0.05; CaCl, - 0.058; FeCl, — 0.003; agar — 15.0
in distilled water, pH 7.0.

The screening was carried out by agar well and disc diffusion assay methods
[20, 21]. 0.2 ml of each cultural filtrate was added per well. Paper discs were
dipped in chloroform extracts. Each disc obtained 10.0 pl of certain chloroform
extract and then dried from chloroform in a stream of air. Diameters of growth
inhibition zones of test cultures were measured after 24 hours for bacteria and
after 48-72 hours — for fungi and algae. All experiments were performed in
triplicate.

Results. The table contains data only for strains that inhibited the growth
of at least one of the test organisms. The table presents results for only 19% of
the studied strains, cultural filtrates of which showed the biological activity.

Only two strains had activity against various group of test organisms.
Alternaria infectoria 16837 acted on all four strains of test algae and on
three strains of plant pathogenic fungi; and A. longipes 16800 influenced on
S. aureus B-909 and two C. kessleri strains. Both of these strains belong to the
endophytic group. Endophytic 4. alternata 16828 showed antibiotic activity
against S. aureus B-909 and belonging to the same group A. infectoria 16838 —
against all four strains of plant pathogenic bacteria. Plant pathogen A4. alternata
16762 showed antibiotic activity against Gram positive test bacteria. Cultural
filtrates of endophytic A. alternata 16798 and soil saprophytic 4. brassicicola
2855 had phytotoxic activity against two strains of C. kessleri and all four
strains of test algae, respectively.

The 33% of chloroform extracts of the studied strains were characterized
by the biological activity. Notably, the most of the studied extracts showed
selective activity exclusively against one of the test organisms. In particular,
endophytic A. longipes 16801, A. tenuissima 16821, A. alternata 16762 and
plant pathogenic Alternaria sp. 8 demonstrated antibiotic activity exclusively
against S. aureus B-909. Soil saprophytes A. tenuissima 1236 and Alternaria sp.
2449 inhibited exclusively growth of R. solani 16036; A. alternata 33 from this
group had antifungal activity only against F. cu/morum 50716. Soil saprophytes
A. alternata 1906, Alternaria sp. 53, endophyte A. tenuissima 16816, and
plant pathogens A. tenuissima 3 and A. alternata 5 showed phytotoxic activity
exclusively against one of test algae.
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4. tenuissima 16821100 (0|0 [16{0{0|0[0[0|{0|{0]|0O|O0O|O0O[0O|0O[0|0]|0]|O
4. tenuissima 168241 0(0(0({0[0|{0|0|10{0[0|7]|0]0|0O[0O[0O|0O[0|0]|0]|O
4. tenuissima 3 (0(0{0[{0]|{0]|0|0O|0O|0O|0]|O0O|7|0[0[0O[0|0]O|O|O0|O
4. alternata 5 [(0(0{0[0]|0]|0|0O|0O|0O|0O]|O|7|0[0[0O[0|0]O|O|O0|O
4. alternata 16762(0(0[{0|0{13/]0|0(0|0|0]|0O|O0O|O0O[0O|0O|0O|0O]|O|O|O|O
4. alternata 168180 (0[{0[{0|{0]|0|0(0|0|0]|O0O|8/0(0[|0[0]|0]0|23/0(|0
4. longipes 168200 (00| 0|10/0|0(13{0|0|7|7|0(10{0O[0|0]|O0|O|0O|O
\lternaria sp. 8§ (0(0[{0[0|15/0|0|0|0|0]|0O|O0O|O[0O[O|[0|0]|O|O|O0O|O
Note: The table shows the average value of three replicates; 0 — no activity; p<0.05.

The chloroform extracts of soil saprophytes A. brassicicola 2855 and
Alternaria sp. 397 had antifungal activity against plant pathogenic test
fungi; A. tenuissima 1920 was characterized by antifungal and phytotoxic
activities; Alternaria sp. 1584 inhibited the growth of plant pathogenic fungus
R. solani 16036, test bacterium P. carotovorum 8636 and yeast-like test fungus
C. albicans 690. Endophytic 4. longipes 16799 had antifungal activity against
one test alga C. vulgaris 191 and one yeast-like test fungus K. marxianus 899.

The chloroform extract of plant pathogenic A. fenuissima 16824 showed
antibiotic activity against 4. tumefaciens 8464 and phytotoxic activity against
C. vulgaris 190; A. alternata 16818 had phytotoxic activity against C. vulgaris
191 and antifungal one against R. solani 16036; A. longipes 16820 showed
phytotoxic and antibiotic (against S. aureus B-909 and A. tumefaciens 8464)
activities.

The chloroform extract of soil saprophyte 4. tenuissima 803 inhibited the
growth of all bacterial strains from three test groups.

It should be noted, the test Gram negative bacteria E. coli B-916, S. enterica
B-921, Gram positive M. varians Ac-613, yeast-like fungi C. albicans 690,
T cutaneum 1502, and plant pathogenic F. lactis 50678 were resistant to all
cultural filtrates and chloroform extracts of the studied test strains.
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Discussion. The comparison of the biological activity of cultural filtrates
and chloroform extracts of studied Alfernaria strains has shown that only
three of them had activity: soil saprophyte 4. brassicicola 2855 and plant
pathogens A. alternata 16818 and 16762. The spectra of the action of the
active metabolites did not always coincide. For example, cultural filtrate of
A. brassicicola 2855 was characterized by high phytotoxic activity against
test algae, while chloroform extract of this strain had activity against plant
pathogenic fungi. This phenomenon could be explained by different metabolite
profiles in the cultural filtrates and chloroform extracts of all studied fungi.

It was shown that the most of biologically active substances present in the
cultural filtrates were not extracted with chloroform (Table). Consequently,
these compounds by their nature can refer to peptides, enzymes, saccharides
and other compounds that exhibit biological activity and are not extracted with
chloroform by means of which are extracted usually low molecular weight
antibiotics and toxins. It is known, that fungi of Alternaria genus synthesize
the biologically active high-molecular compounds, such as lipase from
A. brassicicola [22], polyketide synthase [23] and endopolygalacturonase from
A. alternata [24].

On the other hand, small diameters of growth inhibition zones of the
test organisms using chloroform extract discs indicated relatively low
concentrations in the cultural filtrates of biologically active substances that
did not inhibit growth of the test organisms. At the same time, the presence of
selective action on a particular test organism gives the prospect for obtaining
biologically active compounds with directional action. For example, in the
case of the chloroform extract of A. alternata 33 that exclusively inhibited the
growth of F. culmorum 50716.

In general, the screening of 64 strains of the Alternaria fungi isolated
from different ecological niches allows concluding that they have low
biological activity compared with previous screening of other genera [16, 17].
Each fungus is evolutionarily adapted to growth and spread on a substrate,
to synthesis of necessary for its biologically active metabolites in certain
ecological habitats. For the Alternaria fungi a main substrate is plants, in that
they act both plant pathogenic and endophytic, and on the same time — soil.
The cause of the low biological activity of Alternaria strains in our studies
may be the synthetic nutrient medium composition, which does not include
additional nutrient components that contribute to the natural habitats for the
synthesis of biologically active substances necessary for the growth and spread
of Alternaria fungi [25]. The main aim of this study was the evaluation of the
biological activity spectrum of 64 strains of the Alternaria fungi from different
habitats that includes the cultivation of fungi under standardized conditions and
comparative analysis of their biological activities.

Studied cultural filtrates of the endophytic strains were characterized by
wider spectrum of activities than plant pathogenic and soil ones. It had being
inhibited all test organisms except Gram negative bacteria and yeast-like
fungi. This phenomenon showed that endophytic Alternaria strains had the
biologically active metabolites including high-molecular compounds that play
important role in mutual coexistence endophytic fungi and host-plants as well
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as their spread [26, 27]. It can be assumed that synthesized by endophytic
fungi high molecular metabolites may belong to enzymes, peptides and/or their
complexes with low molecular bioactive compounds.

Among of studied chloroform extracts the soil saprophytes had comparably
high activities especially against test fungi and algae. Obviously these low-
molecular compounds facilitate to adaptive survival of saprophytic fungi in soil
habitats with high biodiversity [28]. We can suppose that studied saprobes have
a potential to biosynthesis of low-molecular metabolites of different chemical
structure such as specific antibiotics, phyto- and mycotoxins.

According to the results of screening, A. brassicicola 2855 is the pathogen
of Brassica species [29] and has phytotoxic activity; 4. longipes 16800 is the
pathogen of Nicotiana species and inhibits exclusively growth of S. aureus
B-909; these strains were selected for further work [30]. A more detailed study
of biologically active metabolites of these fungi has the prospect of creating
preparations for both agricultural application and medicinal practice [31, 32].

BIOJIOI'TYHA AKTUBHICTD PI3HUX BU/IIB
POAY ALTERNARIA

K.C. Hueanenxo, A.1. Caguyx, JI.T. Hakoneuna, .M. Kypuenko

Incmumym mixpobionoaii i eipyconoeii im. /[ K. 3ab6oromnoco HAH Yxpainu,
8yn. Akademika 3abonommuoeo, 154, Kuis, 03143, Yxpaina

Pesome

Bunu pony Alternaria, 130160BaHi 3 pi3HUX €KOHILI, CHHTE3YIOTh IIMPOKE KOJIO 0io-
JIOT1YHO aKTHBHHUX MeTaOouiTiB. MeToro 1aHoi cTarTi Oyiia OlLiHKa CreKTpy OioioridHol
aKTHBHOCTI IPiOHOCTIOPOBHX BUIIB poxy Alternaria 3 pisHuX Tpodidaux rpyn (canpodirty,
eH10(iTH 1 piTonaroreHu) 3a pe3yabraraMi CHCTEMHOIO CKPUHIHTY 010JIOTYHO aKTHBHUX
MeTa0OoJITIB 1010 MIMPOKOTO HAOOPy TECT-OpPraHi3MiB Ta Bif0ip MEPCHEKTUBHUX IITa-
MiB-TipoayIieHTiB. MeToau. AHTHOIOTHYHY, aHTH(YHTAIbHY 1 (PITOTOKCHYHY aKTUBHICTH
KyJIBTYpaJIbHUX (PUIbTpaTiB 1 XIOpPOPOPMHUX EKCTPAKTIB BU3HAYAIN METOAOM JIU]y3ii
B arap. Pesyabrarn. 19% xynerypanbHux QinsrpariB 3 64 I0CHiDKEHUX IITaMIB Mpo-
SBTISUTA O10JIOTIYHY aKTHBHICTH IIOHAWMEHIIE 1O OTHOTO 3 TecT-opraHi3miB. [lepeBakHa
OilbIIiCTh NUX TprubiB HaleKasa 10 eHA0(ITHUX mTaMiB i Oyja aKTHBHOIO 10110 (iTo-
NaTOreHHUX rpubiB, OakTepiil 1 BomopocTel. XIopopopMHI eKCTPAKTH 3 KYJIbTYPaIbHUX
¢inerpariB 33% mramiB IpoSBIAIM 0i10JIOTIYHY aKTHBHICTH MPUHAMMHI IIOI0 OTHOTO 3
TecT-opradizmiB. OTprMaHi €KCTpaKTH MajH BHOIPKOBY crieu]iuHy Jil0 11010 MEeBHOT
TecT-KynbTypH. Li npenaparu cexektuBHO iHriOyBanu pict Staphylococcus aureus B-909,
Chlorella vulgaris 191 1 Rizoctonia solani 16036. BucHoBku. CkpuHiHT 64 mTamiB rpubiB
Alternaria, BUIiNeHNX 3 Pi3HUX EKOJIOTIYHUX HIIII, TO3BOJIHUB 3pOOUTH BUCHOBOK, III0 BOHH
MaroTh HU3bKY 010JI0T1UHY aKTHBHICTh. EHNOMITHI mTamu Alternaria Xxapakrepu3yBaliu-
Csl IIUPIIUM CIIEKTPOM aKTHBHOCTEH, HiX (piTomaroreHHi i rpyHTOBi. BoHN iHTiIOyBamH
yCi TeCT-OpraHi3MH 3a BUHSITKOM IPaMHETaTHBHUX OakTepii 1 APLKIPKONONIOHNX TPHOIB.
BiosioriuHo akTHBHI MEeTa0ONIITH eHA0DITHUX ITaMIB Alternaria, BKIIOYa04d BHCOKO-
MOJICKYIISIPHI PEUYOBHHH, BiIrparoTh BXKJIMBY POIb Y MyTyalliCTHIHOMY CITiBICHYBaHHI
eHodiTHUX rpubiB i pOCIMH-Xa34iHIB, a TAKOXK Y IXHOMY MOIIMPEHHI. XI0pohopMHIi
EKCTPAaKTH IPYHTOBUX canpo(iTiB Malld MOPIBHSHO BUCOKY aKTHBHICTH OCOOJIHMBO IIOJ0
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rpu6iB i Bogopocteit. O4eBHIHO, 1l HU3bKOMOJIEKYJISPHI CIIOJIYKH CIIPUSIIOTH a/IalITHBHOMY
BIDKMBAHHIO CanpoiTHUX TPHOIB y IPYHTOBHUX MiCIICICHYBaHHAX 3 BHCOKUM OiopizHOMa-
HITTSIM. [[J1s TomaIpIInx TOCIiKeHb OYII0 BiTiOpaHO /1Ba MITaMH: BUCOKO(ITOTOKCUIHUI
A. brassicicola 2855 i A. longipes 16800 (anTaronict S. aureus B-909).

Kimrouosi crioBa: Alternaria, eanoditu, piTonarorenu, canpoditi, 610JI0T1YHO aKTUBHI
MeTaOOoIITH.

BUOJJIOI'NMYECKAS AKTUBHOCTbD PASHBIX BUJ1OB
POJA ALTERNARIA

K.C. Ivizanenxo, A.U. Casuyk, JI1.T. Hakoneunasn, H.H. Kypuenxo

Hnemumym muxpobuonoeuu u supyconoeuu um. /1.K.3abonomnoco HAH Yxpaunwl,
yn. Akademuka 3abonomnoeo, 154, Kues, 03143, Yxpauna

Pesome

Bunsl pona Alternaria, n301MpoBaHHbIC U3 PAa3HBIX YKOHMII, CHHTE3HPYIOT IIUPO-
KHH KpyT OMONOTUYECKH aKTHBHBIX MeTabomuToB. Llesbi0 manHOM cTaThy OBbLIA OICHKA
CHeKTpa OMOJIOTHYECKON aKTUBHOCTH MEIIKOCIIOPOBEIX BUJIOB pofa Alfernaria u3 pa3HbIX
TpoHuyecKuX rpymni (canpouTel, SHIO0(UTHI U (PUTOIIATOTEHBI) IO PE3YJIbTaTaM CUCTEM-
HOTO CKPUHUHTA OMOJIOTHYECKN aKTHUBHBIX META0OIUTOB B OTHOIIICHUN PA3IMYHBIX TECT-
OPTaHU3MOB U OTOOP MEPCIEKTUBHBIX IITAMMOB-TIPOAYIICHTOB. MeToAbI. AHTHOHOTHYEC-
Ky10, aHTU(YHTAIBHYI0 U (PUTOTOKCHYECKYIO aKTUBHOCTH KYJIBTypaJIbHBIX (DHIBTPATOB
1 XJITOPO(GOPMHBIX IKCTPAKTOB OTpEAe I MeToaoM auddysnun B arap. Pe3yasTaTsl.
19% KynbTypanbHBIX (GUIBTPATOB N3 64 MCCIeOBaHHBIX ITAMMOB HMPOSBISUIN OHOJIO-
TMYECKYIO aKTHBHOCTB 110 MEHBIIICH Mepe K OJJHOMY U3 TecT-opranu3MoB. [lonapisromniee
OONBIIMHCTBO ATHX TPUOOB MPUHAIIEKANO K SHAOPUTHBIM IITAMMaM U OBUIO aKTHBHBIM
IT0 OTHOIICHUIO K (PUTOMATOTeHHBIM rprdam, OaKTepUsSM U BOZOPOCIIM. XJI0PO(hOPMHEIC
9KCTPAKTHI KYJIBTYpalbHbIX (pritbTparoB 33% mTaMMOB TPOSIBIISUIN OMOJIOTMYECKYIO aK-
TUBHOCTH 110 MEHBIIEH Mepe K OMHOMY W3 TECT-OPTaHM3MOB. [lolydeHHBIE HKCTPAKTHI
AMeINU H30UpaTeNibHOe Crenrn(UIecKoe eHCTBUE [0 OTHOIICHHIO K OIIPEICIICHHOM TeCT-
KyJIbType. DTH Npenaparsl ”HFTHOMPOBAJIH MPEUMYIIIECTBEHHO pocT Staphylococcus aureus
B-909, Chlorella vulgaris 191 u Rizoctonia solani 16036. BeiBoabl. CkpuHHUHT 64 mITaM-
MOB I'pu0O0B Alternaria, BBIICICHHBIX W3 PA3INYHBIX SKOJIOTHYCCKUX HHUIII, TIO3BOIIUI CJIe-
JIaTh BBIBOJ O TOM, YTO OHH MMEIOT HU3KYIO0 OMOJIOTMYECKYIO aKTUBHOCTh. DHAO(PHUTHBIE
IITaMMBI Alternaria XapakTepU30BaIHCh OoJiee IIMPOKUM CIEKTPOM aKTUBHOCTEH, YeM
(uTomaToreHHbIe U MoYBeHHBIC. OHI HHTHOUPOBAIIN BCE TECT-OPTaHU3MBI 32 UCKITIOYCHU-
€M IpaMOTPHLATENBHBIX OAKTEPHUIl 1 JIPOACKETIONO00HBIX TPHOOB. bromornyecky akTHBHbIC
MeTaboIUTHI 3HAO(MUTHBIX IITAMMOB A/fernaria, BKIIOUasi BBICOKOMOJICKYIISIPHBIE COCTH-
HEHUSI, HTPAIOT BAXKHYIO POJIb B MYTYaTHCTHYECKOM COCYIISCTBOBAaHUN SHAOPUTHBIX TPHU-
0OB M pacTeHHUII-X035€B, @ TAKIKE B MX PACIPOCTPAHEHHHU. XJIOPOPOPMHBIE SKCTPAKTHI
MTOYBCHHBIX CAIPO(PHUTOB UMEIH CPAaBHUTEIHHO BBICOKYIO aKTHBHOCTH OCOOEHHO MPOTHB
rpuboB U Bomopocieid. OueBUIHO, STH HU3KOMOJICKYISPHBIC COCIUHEHHS CIIOCOOCTBY-
10T aJIalITHBHOMY BBDKHBAHHIO CaPOQHUTHBIX 'PHUOOB B MOYBEHHBIX MECTOOOMTAHMSIX
C BBICOKMM OmopazHoobOpaszuem. st qanbHEHINX HCCIeOBaHIA OBIITH OTOOpaHBI JABa
mITaMMa: BRICOKOQHUTOTOKCUYHEINA A. brassicicola 2855 u A. longipes 16800 (aHTaroHucT
S. aureus B-909).
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