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The phenoloxidase activity as a possible taxonomic feature of Aureobasidium and
Hormonema strains was studied by qualitative method on agar media (potato-dextrose
agar, Czapek’s medium and water agar), where 0.05 % of a-naphthol, guaiacol, and
D-tyrosine were added, respectively. Tyrosinase and laccase activities of 13 tested
strains of dark pigmented yeast-like fungi Aureobasidium pullulans, Hormonema dema-
tioides, Hormonema sp. and Rhinocladiella sp. were intracellular, which cannot be de-
tected outside of the cells. These activities didn’t depend on the radioactivity level of
habitats of isolated strains. The laccase presence for the studied A. pullulans strains
was not detected on Czapek’s medium and water agar, the tyrosinase reaction was
absent or very low. Hormonema sp., H. dematioides and Rhinocladiella sp. strains de-
tected significant level of laccase activity, the tyrosinase activity was medium or high.
The quantitative determination of laccase and tyrosinase activities was carried out by
using 11 substrates (catechol, L-DOPA, pyrogallol, p-cresol, D-tyrosine, p-phenylenedi-
amine, guaiacol, 2,6-DMOP, phloroglucinol, resorcinol and hydroquinone) at pH 4.0 and
7.0. The tyrosinase and laccase activities were absent in culture filtrates of studied
strains and were observed only in cell extracts. The tyrosinase and laccase activities of
Hormonema sp., H. dematioides and Rhinocladiella sp. strains were absent or signifi-
cantly lower at pH 7.0 than at pH 4.0. The tyrosinase activity prevails for A. pullulans
and laccase activity — for Hormonema strains, that can be used as an important addi-
tional criterion for identification of fungi of Aureobasidium and Hormonema genera.
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INTRODUCTION

Studies of many scientists were devoted to the presence of single laccase and ty-
rosinase genes and peculiarities of their expression, characterization of phenoloxidase
inducers, physical and chemical characteristics of these enzymes [6, 13, 14]. At the
same time, identification of dark pigmented fungus Aureobasidium pullulans is difficult
because other morphologically similar to species of this group from genus Hormonema
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Lagerb. et Melin are isolated from different substrates. The genera Aureobasidium and
Hormonema differ from each other by the formation of conidia on multi-locus hyphal
cells (2—14 conidiogenous loci per cell for Aureobasidium, and 1-2 for Hormonema).
These genera and their species characterize by significant pleomorphism and variability
of morphological structures, hence it is difficult to distinguish them [15, 17]. Thus, for
identification of this fungal group is necessary to use not only morphological and cul-
tural features, but also supplemental criteria: physiological, ecological or genetic pecu-
liarities. The taxonomic status of Aureobasidium and Hormonema remains controver-
sial, however, as these two genera are not well-differentiated using molecular tech-
niques and physiological characteristics [4, 17].

Despite the wide distribution of these fungi in nature, this group is not enough stu-
died. So, the study of the biological characteristics of these fungi and their physiological
features is important. For isolation of dark pigmented yeast-like species and to study
their morphological and cultural features, monitoring of mycobiota of soil and forest litter
of the Chornobyl nuclear power plant (ChNPP) zone was carried out [18]. The aim of
this work was to study the phenoloxidase activity of Aureobasidium and Hormonema
strains as a possible taxonomic feature.

MATERIALS AND METHODS

As the objects of this study 13 strains of dark pigmented yeast-like fungi were used:
Aureobasidium pullulans (de Bary) Arnaud (5), Hormonema dematioides Lagerberg et
Melin (3), Hormonema sp. (3), and Rhinocladiella sp. (2) strains (Table 1).

Qualitative laccase and tyrosinase activity determination of 13 strains of dark pig-
mented yeast-like fungi was carried out on potato-dextrose agar (PDA), Czapek’s me-
dium (CM) and water agar (WA) with addition of 0.05% of a-naphthol, guaiacol, and D-
tyrosine, respectively [1, 9, 10]. Change of color of nutrient medium with a-naphthol in
blue and purple, and medium with guaiacol in red-brown indicates the presence of lac-
case. Change of color of the nutrient medium with D-tyrosine to brown or red-brown
indicates the presence of tyrosinase. The nutrient media without a-naphthol, guaiacol
and D-tyrosine were used as the controls.

For quantitative determination of laccase and tyrosinase activities, the cultures of
micromycetes on stubble potato-dextrose agar in tubes during 14 days at 26+2 °C were
grown. Then, the spore suspensions of studied strains (1x10°¢ conidia/ml), which were
transferred into Erlenmeyer flasks (750 ml volume capacity) with 100 ml of liquid Cza-
pek’s medium (with 3 % glucose as a single carbon source) were prepared. The strains
were cultivated during 96—100 h on a shaker at 220 rpm rotation and 25 °C [1].

Biomass of strains was separated by centrifugation at 3,000 g for 30 min at4 °C [16],
washed with 0.7 M phosphate buffer (pH 7.0), centrifuged and were suspended in a small
volume (5 ml) of the same buffer. Cells were destroyed in liquid nitrogen (=196 °C). Ho-
mogenates were centrifuged at 4,500 g for 30 min at 4 °C. The obtained cell extracts and
culture filtrates were used for assay of the laccase and tyrosinase activities.

Assay of laccase and tyrosinase activities on spectrophotometer SPECORD UV VIS
(Germany) at the temperature 25 °C was carried out. As a unit of activity was the amount
of enzyme that catalyzed the conversion of 1 nmol substrate per 1 min. Specific activity
was calculated as the number of units of enzyme activity per 1 mg of protein. The protein
content in culture filtrates and cell extracts was determined by the method of Lowry et al.
[8], and bovine serum albumin was used as a standard (control).
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Table 1. The studied dark pigmented yeast-like fungi strains
Tabnuys 1. QocnigkeHi WTaMuM TEMHONIrMEHTOBaHUX ApiKAKonoAioHux rpmubie

Aureobasidium pullulans 2274 Forest soil, Kyiv region, 1970 Natural background

Soil from salt marshes,

0 (FHIETS TR Kherson region, 1967

Natural background

A. pullulans 28M Ancient sculpture, Crimea, 1996 Natural background

Soil, the Chornobyl nuclear power plant
(ChNPP) zone, 1989

A. pullulans 2388 Soil, village Novo-Shepelychi, 1991 1.4x10°Bk/kg

A. pullulans 2318 1.9x10* Bk/kg

Hormonema dematioides 185 Internal wall of 4" block ChNPP,1997 2x10*=1x10° Bk/ sm?

H. dematioides 184 Internal wall of 4" block ChNPP,1997 2x10%*-1x10° Bk/ sm?
H. dematioides 23a Internal wall of 4" block ChNPP,1997 2x10*—6x10* Bk/ sm?
Hormonema sp. 1161 Forest litter, village Leliov, 1999 1.5x10*Bk/kg
Hormonema sp. 1162 Sphagnum moss, Zhytomyr region, 1999 8x10°-1x10* Bk/kg
Hormonema sp. 1125 Sphagnum moss, Zhytomyr region, 1999 8x10°-1x10* Bk/kg
Rhinocladiella sp. 359M Forest litter, Poltava region 1998 Natural background
Rhinocladiella sp. 863 Soil, ChNPP zone, 1999 3.7x10° Bk/kg

The volume of reaction mixtures was 2.7 ml. The reaction mixture for assay of lac-
case and tyrosinase activities included: 0.7 M phosphate buffer (pH 7.0) or 0.1 M NaOH-
citrate buffer (pH 4.0) — 0.3 ml, substrate solution (5 mM) — 2.0 ml, and culture filtrate or
cell extract of fungus — 0.4 ml [19].

For assay of tyrosinase activity, 0.7 M phosphate buffer (pH 7.0) and 0.1 M NaOH-
citrate buffer (pH 4.0) were used, in which respective reaction substrates were dissolved.
The tyrosinase activity with catechol as substrate was measured at 410 nm, L-DOPA —
475 nm, pyrogallol — 450 nm, p-cresol — 410 nm, and with D-tyrosine — 475 nm [19].

Assay of laccase activity was carried out in 0.7 M phosphate buffer (pH 7.0) and
0.1 M NaOH-citrate buffer (pH 4.0). The oxidation of substrates in a concentration of 5 mM
was studied: p-phenylenediamine at 410 nm, guaiacol at 470 nm, 2,6-DMOP at 469 nm,
phloroglucinol at 410 nm, resorcinol at 410 nm, hydroquinone at 410 nm [10, 11, 19].

Laccase and tyrosinase activity was calculated using the formula:

_ AE-V
e-t-a-V, ’
where AE is change of extinction; V is volume of reaction mixture (ml); € is molar extinc-

tion coefficient (M'xcm™); t is time of incubation (min); a is protein concentration in
studied solution (mcg); V; is volume of studied solution (ml).
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Molar extinction coefficients were determined for each of studied substrates in
phosphate and citrate buffers at the specified above wavelengths.

Obtained experimental data were statistically processed by using the software of
Microsoft Excel and Statistica 6.0. The differences between values were calculated by
the methods of variation statistics using Student t-test (for n = 9 {, ., = 2.262).

RESULTS AND DISCUSSION

For majority of the macromycetes (Pleurotus ostreatus, Lentinula edodes, Agaricus
bisporus, Amanita muscaria, Tuber magnatum, T. excavatum), the maximum of their
tyrosinase and laccase activities were at pH from 6.0 to 7.0. The high tyrosinase activity
of the genus Portabella species was observed at pH 7.0, laccase activity at pH 3.5 [19],
and the optimum of laccase activity of Aureobasidium fungi at pH 4.0 [5]. So, the above
mentioned activities were studied at pH 4.0 and 7.0.

The activity of some enzymes of redox complex (laccase and tyrosinase) was de-
termined by qualitative method for 13 strains of dark pigmented yeast-like fungi: Aureo-
basidium pullulans (5 strains), Hormonema dematioides (3 strains), Hormonema sp.
(3 strains), and Rhinocladiella sp. (2 strains).

The presence of extracellular tyrosinase was detected for studied strains of micromy-
cetes only on the PDA medium. On the other hand, reactions with guaiacol and a-naphthol
(laccase tests) were absent (Table 2), except strain Hormonema sp. 1162, which was
demonstrated the tyrosinase and laccase presence in the two tests with a-naphthol and
guaiacol respectively. Tyrosinase and laccase activities of two Rhinocladiella sp. (359M,
863) and two H. dematioides strains (1125, 1161) were not detected.

Laccase presence in A. pullulans strains was not detected on CM and WA, the ty-
rosinase reaction was absent or very low. Hormonema sp. (strains 1125, 1161, 1162),
H. dematioides (strains 184, 185) and Rhinocladiella sp. (strain 863) differed substan-
tially from the others. These cultures had very strong laccase reactions, especially on
WA. The tyrosinase reaction was medium or strong on these nutrient media. Notably,
the color change of the nutrient medium on CM and WA was not observed, but the my-
celium of the studied cultures was colored (Fig. 1). These data give the reason to con-
clude that tyrosinase and laccase of 13 tested strains of dark pigmented yeast-like
fungi are intracellular, which are almost impossible to detect outside of the cell.

These activities did not depend on the radioactivity level of habitats of isolated
strains (Tables 1, 2).

For quantitative determination of tyrosinase and laccase activities, 3 strains of dif-
ferent species were selected, which were characterized by the highest stability of mor-
phological structure (A. pullulans, Hormonema sp. and H. dematioides) [18].

Laccase and tyrosinase activities of the 3 strains were investigated in culture fil-
trates and cell extracts. For determination of laccase and tyrosinase activities 11 sub-
strates (phenolic compounds from plants and animals) were used. It was shown that
tyrosinase and laccase activities were absent in culture filtrates of studied strains. These
enzyme activities were observed only in cell extracts, except the reaction of Hormone-
ma sp. 1125 with 2,6—-dimethoxyphenol, laccase activity was three times higher in the
culture filtrate almost than in supernatant (1.052 nmol/minxmg' protein) (Table 3). Thus,
the obtained data of the qualitative determination of laccase and tyrosinase activities in
strains grown on agar nutrient media confirms that these enzymes are produced by the
studied fungi mainly intracellularly.
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Table 2. Presence of the phenoloxidase activity in dark pigmented yeast-like fungi

Tabnuys 2. HaaBHicTb (heHoNoKcuMAa3HOoI aKTUBHOCTI TeMHOMIrMeHTOBaHUX ApiXaXorno-
AiGHUX rpubis

Potato-dextrose agar Water agar Capek agar
1 2 B 1 2 3 1 2 3

Aureobasidium pullulans

2274 - - ++ - - - - - -
2318 - - + _ - _ _ _ _
2388 - - ++ - - - - - +
7331 - - + _ _ _ _ . .
28M - - + - - + - - +

Hormonema dematioides

184 = = ++ ++ +++ + +++ + +
185 - — + ++ ++ + = + +
23a - = ++ - - 4 _ _ +

Hormonema sp.

1125 — - — +++ +++ + +++ + +

1161 - = - + +++ + +++ = i

1162 +++ + + +++ +++ + +++ +++ +
Rhinocladiella sp.

359M - - - - - + - - +

863 = = = ++ + = = = =

Comments: 1. — no reaction, + low, + medium, ++ strong, +++ very strong reaction; 2. 1 — a-naphthol, 2 —
guaiacol, 3 — D-tyrosine.

Mpumitku: 1. — peakuii Hemae, + cnabka, + JiTka, ++ cunbHa, +++ gyxe cunbHa peakuis; 2. 1 — a-HadTon,
2 — reaskon, 3 — D-TposuH.

The tyrosinase and laccase activities in the studied strains were absent at pH 7.0
or significantly lower than at pH 4.0. Tyrosinase is able to use mono-, di-, and trihydroxy-
phenols as substrates; among these, dihydroxyphenols (catechols) provide the maxi-
mum enzymatic activity, indicating the enzyme, which is most active with catechol as
a substrate [12, 20]. In our case, A. pullulans 2274 was characterized by the maximum of
tyrosinase activity in tests with catechol, and laccase activity with 2,6-dimethoxyphenol.

The ability to produce tyrosinase or laccase with all 11 substrates, and laccase
activity of Hormonema sp. strain 1125 was the highest in the presence of resorcinol.

The lowest tyrosinase and laccase activities had H. dematioides 185. Reactions
were observed only with 4 plant substrates: resorcinol, catechol, pyrogallol, and phloro-
glucinol. Maximum activity was also achieved with resorcinol.
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Fig. 1. Growth of Hormonema sp. 1161 on 21 days of cultivation at 25 °C:
water agar (control) (A); water agar with a-naphthol (purple coloration of mycelium indicates laccase
presence) (B); water agar with guaiacol (red-brown coloration of mycelium indicates laccase pre-
sence) (C); and water agar with D-tyrosine (brown coloration of the mycelium indicates the tyrosi-
nase presence) (D)

Puc. 1. Pict Hormonema sp. 1161 Ha 21-wy goby kynstuByBaHHs npu 25 °C:
A — Ha BogHOMYy arapi (KOHTpornb); B — Ha BogHOMY arapi 3 o—HadTornom (3abapBrieHHs Miuenito
y hioneToBMI KONip CBIAYMTL NPO HasfBHICTb Nakasn); C — Ha BOAHOMY arapi 3 reasikoyiom (3a-
6apBneHHs MiLenito y YepBOHO-KOPUYHEBWIA KOMip CBiAYMTbL NPO HasABHICTb Nakasu); D — Ha Boa-
Homy arapi 3 D—Tupo3vHom (3abapBneHHs MiLenito y KOpU4HeBUIA Konip CBiAYMTb NPO HasABHICTb
TUPO3UHa3K)

Laccase (EC 1.10.3.2), catecholoxidase (EC 1.10.3.1) and tyrosinase (EC 1.14.18.1)
belong to phenoloxidases and have similar substrate specificity [3]. Some authors
consider that catecholoxidase and tyrosinase is the same enzyme [2]. In the presence
of molecular oxygen, enzymes of phenoloxidase complex catalyze not only the oxida-
tion of different polyphenols and their derivatives, but also of monophenols to the qui-
nones which in large quantities synthesize and produce plants in response to the pre-
sence inside other organisms like mycorrhizal, plant pathogenic and endophytic fungi.
The distinction between polyphenoloxidases and tyrosinases is not always clear be-
cause under the specific conditions many polyphenol oxidases can hydroxylate mono-
phenols [7].
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Table 3. Specific laccase and tyrosinase activities in cell extracts of the studied strains
(nmol/minxmg™ protein) (P> 0.95)

Tabrnuys 3. NMiuTomMa nakasHa i TMpo3uHa3Ha akTUBHOCTI B KITITUHHUX €eKCTpaKTax Jocrimxe-
HUX WwTamiB (HMonb/xBxmr' Ginka) (P > 0,95)

Catechol Hsteree _ 0.392+ ~ 0.162:+ B
0.053 0.024 0.021
Resorcinol s _ 1.143+ _ 0.261+ ~
0.039 0.041 0.008
Aot 0.162+ 0.639+
p-Phenylenediamine 0.032 — QT _ _ _
p_Creso| _ _ 0.660+ _ _ _
0.036

. 0.601+ 0.550+
Hydroquinone = = 0.029 0.016 - -

Suroes 1o 0.324+ _ 0.415+ _ 0.182+ 0.149+
ey 0.017 0.019 0.033 0.037
Phloroglucinol = - 0.519+ _ 0.199+
9 0.044 0.016
0.411+ 0.345+
2,6-DMOP 0.026 - Ay _ _ _
Guaiacol Dizriae - 0.202+ _ _ B
0.022 0.037
0.286+ 0.569+
L-DOPA 0.016 _ 0.042 _ _ B
i 0.569+
D-tyrosine — — Qo _ _ _

Comments: 1. «—» — activity was not shown; 2. 1 —pH 4.0, 2 — pH 7.0.
Mpumitkn: 1. « » — aKkTUBHOCTI He BUsiBNeHo; 2. 1 —pH 4.0, 2 —pH 7.0.

CONCLUSIONS

Tyrosinase and laccase of 13 tested strains of dark pigmented yeast-like fungi are
intracellular and cannot be synthesized outside of the cells. Tyrosinase activity prevails
for A. pullulans, and laccase activity for Hormonema strains, that can be used as an
important additional criterion, — for the identification fungi of Aureobasidium and Hormo-
nema genera.
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®EHONOKCUAOA3HA AKTUBHICTb TEMHOMITMEHTOBAHUX
APDRKOXONo[IbHUX rPUBIB POAIB AUREOBASIDIUM | HORMONEMA

I. M. KypyeHko

IHemumym mikpobionoeii i sipyconoeii im. [.K. 3abornomHoeo HAH YkpaiHu
sysn. Akademika 3aborromHoeo, 154, Kuie 03680, YkpaiHa
e-mail: irinakurchenko@ukr.net

JocnigpkeHo doeHonokenaasHy akTUBHICTb K MOXITMBY TakKCOHOMIYHY O3HaKy LUTa-
MiB Aureobasidium i Hormonema sKiCHAM METOOOM Ha arapuM3oBaHUX cepedoBuMLLax
(kapTONNAHO-IMIOKO3HOMY arapi, cepefoBuLLi Yaneka 1 BOgHOMY arapi), 40 sikux Byrno
poparo 0,05% o-HadgpTony, reasikony Ta D-TMpo3uHy BignoBigHO. Tpo3uHasa i nakasa
13 pocnigpkeHnx WwramiB TEMHOMIrMEHTOBAHNX OpikaXonodibHnx rpubis Aureobasidi-
um pullulans, Hormonema dematioides, Hormonema sp. Ta Rhinocladiella sp. € BHy-
TPILUHBOKMITUHHUMN, AKi HE BU3HAYalTbCA 3a Mexamu KniTuH. Lli akTmBHOCTI He 3ane-
Xanuv Bifg piBHA padioakTUMBHOCTI MiCUEiCHYBaHb i30Nb0BaHMX WTamis. Ana gocnigxe-
HuUX WwTamiB A. pullulans He 6yno BCTaHOBMEHO HAasiBHOCTI Naka3un Ha cepenoBuLli Yane-
Ka Ta BOAHOMY arapi, TUpO3nHa3HoI peakuii He 6yno abo Gyna gyxe Hu3bkot. LLTamu
Hormonema sp., H. dematioides i Rhinocladiella sp. BUSIBUnM 3HA4YHUI piBEHb NakasHoi
aKTMBHOCTI, TMPO3MHa3Ha aKkTUBHICTb Byna nomipHoto abo Bucokot. KinbkicHe BU3Ha-
YEeHHS NakasHoi | TMPO3MHAa3HOI aKTMBHOCTEN 3AINCHEHO 3 BUKOpUCTaHHAM 11 cybeTpa-
TiB (katexony, L-DOPA, niporanony, p-kpe3ony, D-TnpoauHy, p-deHineHaiaminy, reasko-
ny, 2,6-DMOP, conoporniounHy, pe3opuuHy i rigpoxiHoHy) npu pH 4.0 i 7.0. TupoanHas-
HOI Ta Naka3HOoi aKTMBHOCTI He Byro B KynbTypanbHuX insrpatax wramis. BoHu cno-
cTepiranvchb Tinbkn B 6€3KNITMHHUX eKCTpakTax. TMPO3MHA3HOI i fTakas3HOi akTUBHOCTI
wramiB Hormonema sp., H. dematioides i Rhinocladiella sp. He 6yno npu pH 7,0 abo
BOHM Oyrnn CyTTEBO HWXKYMMMK, HiX npy pH 4,0. Tupo3nHasHa akTUBHICTb NepeBakana
y wtamiB A. pullulans, nakasHa akTUBHICTb — y WTaMiB Hormonema, o € BaXN1BMUM
00OaTKOBUM KpuTepiem Ans iaeHTudikauii rpmbis poais Aureobasidium i Hormonema.

Knroyoei crioea: ineHtudikauis, Aureobasidium, Hormonema, nakasa, TMposvHasa.

®EHOJNTIOKCUAOA3HAA AKTUBHOCTb TEMHOMUMEHTUPOBAHHbBbIX
APOXOKENOAOBHbLIX TrPUBOB POOOB AUREOBASIDIUM W HORMONEMA

WU. H. Kyp4yeHko

UHecmumym mukpobuonoeauu u supyconoeuu um. [.K. 3abonomHozo HAH YkpauHsbi
yn. Akademuka 3abornomHoeo, 154, Kuee 03680, YkpauHa
e-mail: irinakurchenko@ukr.net

MN3ydyeHa peHonokcmaasHas akTMBHOCTb Kak BO3MOXHBIN TaKCOHOMUYECKUI Npu-
3Hak wrtammoB Aureobasidium v Hormonema ka4yecTBeHHbIM METOAOM Ha arapu3oBaH-
HbIX cpeax (kapTodenbHO-rMIoKO3HOM arape, cpefe Yaneka n BoAHOM arape), K KoTo-
pbiM gobaensnum 0,05 % a-HadTona, reaskona n D-Tnpo3nHa cooTBETCTBEHHO. TMPO3u-
Has3a n nakkasa 13 MccnegoBaHHbIX LWTAMMOB TEMHOMUIMEHTUPOBAHHBIX APOXOKENO-
AobHbIX rpnbos Aureobasidium pullulans, Hormonema dematioides, Hormonema sp.
n Rhinocladiella sp. ABNAOTCA BHYTPUKNETOYHBIMU, KOTOPbIE HE ONpPeaensoTcs 3a npe-
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Aernamu Krnetok. 9T akTUBHOCTU He 3aBMCENU OT YPOBHS PagUOaKTUBHOCTU MECTO-
00OVTaHU N30NMPOBAHHBIX LUTAMMOB. [111s n3y4YeHHbIX WwtaMmoB A. pullulans He ycTa-
HOBIIEHO HanM4une nakkasbl Ha cpege Yaneka n BOOHOM arape, TMpO3vHa3Has peakums
OTCyTCTBOBana unu 6bina o4yeHb HU3kon. LUtammbl Hormonema sp., H. dematioides
n Rhinocladiella sp. NposBunn 3Ha4nTENbHbIN YPOBEHb JTAKKa3HOW akTUBHOCTU, TUPO3U-
Ha3Hasi aKkTMBHOCTb Obifla yMepeHHOW U BbICOKON. KonmyecTBeHHOe onpeneneHne
NaKKa3HOWM N TUPO3MHA3HOWM aKTMBHOCTEWN OCYLLECTBIIEHO C MCMonb3oBaHnem 11 cy6-
ctpatoB (katexona, L-DOPA, nuporannona, p-kpesona, D-TuposuHa, p-deHuneHgna-
MUVHa, reasikona, 2,6-DMOP, cdnoporntoumnHa, pesopunHa 1 rugpoxuHoHa) npu pH 4.0
n 7.0. TupoanHasHasa 1 nakkasHasi akTMBHOCTM OTCYTCTBOBaM B KyNnbTyparnbHbIX (uib-
TpaTax WTaMMOB U Habnioganmcb TONMbKO B BECKNETOYHbIX 9KCTpakTax. TMpo3nHa3Has
M NakKkasHas akTMBHOCTU WwTammoB Hormonema sp., H. dematioides v Rhinocladiella
sp. otcyTcTBoBanu npu pH 7,0 nnm obinm cywecTBeHHO Hke, Yem npu pH 4,0. Tuposu-
Ha3Hasi akTMBHOCTb Npeobrnagana y wrammoB A. pullulans, nakkasHas akTMBHOCTb —
y wTamMmmoB Hormonema, 4TO SBNSETCH BaXKHbIM OOMOSHUTENBbHBIM KPUTEPUEM AMS
noeHTudmkaumm rpubos pogos Aureobasidium n Hormonema.

Knrodeesie cnoea: noeHtudukauma, Aureobasidium, Hormonema, nakkasa, Tu-
po3nHasa.

OpepxaHo: 28.09.2015
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