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Aim. To estimate an activity of hydrolases of test-cultures of microscopic fungi that is
applied for tests from funginertness of technical wares and materials. Methods. Enzymatic
activities (of complexes of cellulases, amylases, lipases and proteases) determined in
accordance with the methods, based on reactions between dye, that bring into medium or on
a colony and the product of curriculum of substrate and expected enzymatic index. Results.
It has been edused that all investigational isolates were characterized by the presence at
least of one enzymatic activity (cellulase, amylase, lipase or protease) Conclusions. It has
been established that enzymatic activities of isolates, except for C. globosum of F - 16714,
did not depend on a their expiration and source of selection date.. It has been educed that
A. versicolor F-41469 had the highest values of cellulase and amylase activity, A. pullulans
F-159 and C. cladosporioides F-41230 — cellulase and lipase, P. aurantiogriseum F-1644,
P. chrysogenum F-16719 and P. funiculosum — amylase and lipase, H. resinae F-16724,
P variotii F-16724 —amylase, C. sphaerosphermum (F-41232. F-2442) and P. ochrochloron
F- 16715 —lipase. It has been ascertained that swingeing majority of strains isolated from
gypsum plasterboard are potential destructors of it basic components.

Keywords: funginertness, gypsum plasterboard, hydrolases, enzymatic index,
biodestruction.

Technical wares and materials are widely applied in many branches of
industry, medicine, building and way of life. Often enough, especially in the
conditions of an increased humidity of air, such materials are deteriorated by
microscopic fungi. It results to the loss of them original appearance and decline
of row of physical and technical descriptions [1]. In addition, development of
fungi on the damaged materials, create a threat for the human health. Most
micromycetes are producers of mycotoxins and causative agents of human
diseases [2-4].

Therefore for prevention of origin of biodamages the producers of technical
wares and materials must own reliable information on their funginertness.

The item of rational selection of test-cultures for determination of the
funginertness of different technical wares and materials question had been
considered in scientific literature [5-7]. Among the row of such indexes, as an
unconcern of test-cultures for human and absence of mutual antagonism, an
important place occupies their ability to form hydrolases. In opinion of some
authors, such property of microscopic fungi allows them to assimilate new
substrates and survive in extreme terms [8].

It is known that the protracted storage and frequent passages of
microorganisms can reduce an activity of their enzymes and other metabolites
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[9]. It, in turn, can result declining of intensity of fungal growth on the surface
of material that passes a test for funginertness, and reception of improper data.

In this connection the aim of this work was to estimate the fitness of test-
cultures of microfungi from collection of the Testing laboratory of funginertness
and microbiological investigation of technical, medical wares and materials
of D.K. Zabolotny Institute of Microbiology and Virology NASU (TL IMV
NASU) by the screening of their hydrolases. As a criteria of fitness of test-
culture considered its ability to form at least one enzyme.

Materials and methods. 31 strains of the microfungi isolated from
different natural and technogenic substrates were used as objects of research.
Among them 21 cultures were recommended by standards for determination of
funginertness of technical wares and materials [10-14]. These cultures stored
for a long period of time (8-30 years) in the collection if TL IMV NASU and
reseed every year. Other 10 strains of micromycetes were isolated from the
gypsum pasteboard of different brands during 2010-2011 pp. [15] and were
reseeded one time (Table).

Test-cultures of microscopic fungi were stored on potato-glucose agar
(PGA), potato-carrot agar (PCA) and agarized mesh (4,5° sensu Balling) in
the cool storage at 5+2 °C. Before the experiment, the cultures were seeded at
the aforementioned sheared media and incubated in a thermostat at 29 + 2 °C
[13, 16].

Table
Sources of isolation of investigated microscopic fungi

Ne Source of isolation Year Name of specie Strain number
1. Aviation fuel 2002 Hormoconis resinae F-2494
2. Cotton 1998 Chaetomium globosum F-16714
Aspergillus fisheri F-41212
A. flavipes F-41213
2010 A. niger F-4122
Trichoderma viride F-41225
Alternaria infectoria F-41218
3 Gypsum plasteboard A. versicolor F-41226
2011 C. globosum F-41224
Cladosporium cladosporioides F-41230
C. sphaerospermum F-41232
Stachybotrys chartarum F-41215
A. flavus F-41432
4 Rubber crumb 2008 A. versicolor F-41469
5. 2000 Penicillium aurantiogriseum F-1644
. C. sphaerospermum F-2442
6 Soil 2003 T koningii F-2465
7. 2004 Paecilomyces variotii F-16724

. Fusarium moniliforme
8. Grain of corn 1997 F-50466
(syn. F. verticilloides)

9. Picture, oil 1998 P. funiculosum F-16721
10. Feed for birds 1999 P.chrysogenum F-16719
A. flavus F-16717
11. | Surface of the metal 1991 P ochrochloron F16715
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Table (continuation).

Ne Source of isolation Year Name of specie Strain number
1991 Scopulariopsis brevicaulis F-16716
11. | Surface of the metal 1999 A. niger F-73001
A. terreus F-16718
12. | Surface of the metal 2001 P. brevicompactum F-16723
13. Air of the museum 1998 A. tenuissima F-16722
14. Sewer water 1986 Aureobasidium pullulans F-159
15. Cellulose 1998 T viride F-16713
16. Plaster 2004 Sarocladium strictum F-2479

To determine the cellulase activity, the medium of the following composition
was prepared, g/l: glucose — 1,0; peptone — 0,5; yeast extract — 0,1; sodium salt
of carboxymethylcellulose— 5,0; agar — 16,0. For coloring, Congo red solution
was used in concentration 2,0 g/l and for washing the colonies from its residues
- 1 M solution of sodium chloride [17, 18]. Positive result was the formation of
light yellow or dark-colored areas around the colonies of fungi.

Amylase activity was determined on meat-peptone agar (MPA) with the
addition of 0.2% aqueous starch solution. 1% aqueous solution of iodine was
used for coloring. The positive result was the formation of transparent zones
around the colonies of fungi [17, 18].

Lipase activity was determined on the medium of the following composition,
g/l: peptone — 10,0; NaCl - 5,0; CaCl,-2H,0 - 0,1; agar — 20,0; Twin-80 — 0,1.
Positive result was considered the formation of precipitation zones calcium
salts of fatty acids around the colonies of fungi [17, 18].

Determination of cellulase, amylase and lipase activity was performed at
7 days of incubation at 29+2 °C.

The proteolytic activity of the microscopic fungi was determined at 29 and
37 °C[3, 4].

To determine the protease activity, an MPA medium was prepared with the
addition of 3,2% gelatin, which allows for better visualization of the results
compared to the existing method (adding 0.4% gelatin). The positive result
was the formation of transparent zones around the colonies of fungi. For better
visualization, a 75% solution of (NH,),SO, was applied to Petri dishes [17, 18].

The enzymatic index (EI) was calculated as the ratio of the diameter of the
discolored zone (or sediment zone) to the diameter of the fungus colony [19-
21]. All studies were conducted in triple repeats, statistical processing of the
results was performed using Microsoft Excel 2007.

Results. It has been shown that the majority (93.5%) of investigated strains
of micromycetes are capable of forming a complex of cellulases. Of these, only
three strains - 4. versicolor F-41469, A. pullulans F-159 and C. cladosporioides
F-41230 had an EI higher than 1, 5. Strains P. variotii F-16724 1 Trichoderma
koningii F-2465, isolated from the soil, did not exhibit cellulase activity. Other
test cultures had EI within 1,0 — 1,4 (fig. 1).

It was found that EI is isolate A. flavus F-16717, which for 25 years was
stored in the collection of TL, significantly higher than the EI of isolate
A. flavus F-41432, whose shelf life was only 8 years old.

In isolate A. versicolor F-41469 (8 years of storage), EI was approximately
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2.5 times higher than the EI of isolate A. versicolor F-41226 (5 years of storage).
It should be noted that the isolate A. versicolor F-41469 was isolated from
the rubber crumb, and A. versicolor F-41226 - from the gypsum plasterboard,
which includes cellulose-containing materials.
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Fig. 1. Enzymatic indices of total cellulase activity of investigated
micromycetes (p > 0,95)

As for C. globosum, it has been shown that the EI of isolate F-41224
(5 years of storage), isolated from gypsum plasterboard, is significantly higher
than ES isolate F-16714 (18 years of storage).

There was no significant difference between the EI of pairs of isolates
A. niger, C. sphaerospermum and T. viride, which were characterized by
different sources of isolation and storage periods.

Overall amylase activity was detected in 71% of the studied cultures.
Among them both strains of 4. versicolor (F-41469 ta F-16718), H. resinae
F-16724, P. variotii F-16724, P. aurantiogriseum F-1644, P. chrysogenum
F-16719 1 P. funiculosum F-16721 had EI, higher thenl,5. Srains of 4. niger
(F-4122, F-73001), C. globosum (F-16714, F-41224), F. moniliforme F-50466,
S. brevicaulis F-16716, T. kéningii F-2465 and T. viride (F-41225, F-16713)
hadn’t shown amylase activity. Other test-cultures had an EI within 1.0 - 1.36
(fig.2).

It has been found that EI of strain C. sphaerospermum F-2442
(13 years of storage) isolated from soil is significantly higher than EI of isolate
C. sphaerospermum F-41232 (5 years of storage), isolated from gypsum plas-
terboard, which includes starch and dextrin - substrates that can be decomposed
by amylases.

There was no significant difference between the EI pairs of isolates 4. flavus
and A. versicolor, which were characterized by different sources of isolation
and storage periods.
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Fig. 2. Enzymatic indices of the total amylase activity of the investigated
micromycetes (p > 0,95)

Total lipase activity has been found in 64.5% of the studied cultures. Among
them, 8 strains - 4. pullulans F-159, C. cladosporioides F-41230, both strains
C. sphaerosphermum (F-41232 and F-2442), P. aurantiogriseum F-1644,
P chrysogenum F-16719, P.  funiculosum F-16721 and P. ochrochloron
F-16715 had an EI higher than 1.5 (fig. 3).

Cultures of 4. tenuissima F-16722, A. flavus (F-41432 and F-16717),
A. niger F-4122, A. terreus F-16718, C. globosum F-41224 and F-16714,
F. moniliforme F-50466, H. resinae F-2494 and P. brevicompactum F-16723,
hadn’t shown lipase activity, other isolates had EI in the range of 1.0-1.44.

There was no significant difference between the EI pairs of isolates
A. versicolor, C. sphaerosphermum and T. viride, which were characterized by
different sources of isolation and storage periods.

The ability to form proteolytic enzymes at 29 °© C was detected in 18 out of
31 studied strains. The highest rates of EI were found in A. versicolor (1.33
in both strains) and Scopulariopsis brevicaulis F-16716 - 1.24. In the other 15
isolates, EI was between 1.00 and 1.08 (fig.4).

There was no significant difference between the EI pairs of isolates
A. flavus, A. niger, A. versicolor, C. globosum, C. sphaerosphermum and
T viride, which were characterized by different sources of isolation and storage
periods.

At 37 °C, only 8 of the 31 isolates formed the protease, with the EI index
being low and ranging from 1.00 to 1.08 (fig. 5).

Significant growth of EI for protease activity at an increase in the
temperature of cultivation from 29 to 37 ° C hasn’t been noted, in addition,
20 of the 31 strains studied hadn’t show signs of growth at all. Thus, in most of
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the tested test cultures, there are no virulence factors such as the ability to grow
and form proteases at a temperature in the human body (37 °C).
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Fig. 3. Enzymatic indices of total lipase activity of the investigated
micromycetes (p > 0,95)
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Fig. 4. Enzymatic indices of total protease activity of the investigated
micromycetes at 29 ° C (p > 0,95)
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Fig. 5. Enzymatic indices of total protease activity of the investigated
micromycetes at 37 °C (p > 0,95)

Discussion. Thus, the EI in the examined 6 pairs of test cultures (4. flavus,
A. niger, A. versicolor, C. globosum, C. sphaerospermum and T. viride) by
cellulases, amylases, lipases and proteases or not at all depended on the term
culture storage, or were significantly higher in strains that were stored in the
collection for a longer period of time.

The exception was the enzymatic index of C. globosum cellulase activity,
which was significantly higher in a culture that had a shorter storage period.

Among the studied 31 cultures at 29 °C 5 were characterized by the presence
of only one enzymatic activity, 4 — two activities, 11 - three activities, 10 - all
four activities.

So investigated microscopic fungi in ability to form hydrolytic enzymes
are characterized by different degree of suitability for use as test-culture in
determining the funginertness of technical materials. In our opinion, it is more
appropriate to maintain a collection of isolates that are capable of producing
several enzymes, since this allows more accurately to assess the funginertness
of both single and multi-component materials. It is obvious that periodic test-
ing of the ability to form hydrolytic enzymes is necessary both for test cultures
that are already stored in the collection of TL IMV NASU, and for isolates that
will be isolated from various man-made substrates. Such an approach will al-
low to use cultures with high enzyme activity and obtain more accurate results
when testing the funginertness of materials. Thus, using as a test culture of
C. globosum F-41224 isolate is more appropriate than C. globosum F-16714,
whose cellulase activity is somewhat lower.

A number of researchers [6, 22, 23, 24] believes that active materials de-
structors are strains isolated from its surface with a high incidence of occur-
rence. This statement is not always true, since it is unknown whether culture
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develops at the expense of the technical material itself, or at the expense of
more affordable compounds formed during its decomposition by true destruc-
tors. Clarification of this issue is also possible due to the evaluation of the
enzymatic activity of the selected culture.

The results of screening of collection of test-cultures of microscopic fungi
can serve as the beginning of biotechnological development, since EI of
hydrolytic enzymes of most investigated isolates were at the producer level
(higher than 1,5).

Among them 4. versicolor F-41469, A. pullulans F-159 1 C. cladosporioides
F-41230 had high cellulase activity, A. versicolor (F-41469 ta F-16718),
H. resinae F-16724, P. variotii F-16724, P. aurantiogriseum F-1644,
P. chrysogenum F-16719 and P. funiculosum F-16721 — significant amylase
activity, A. pullulans F-159, C. cladosporioides F-41230, both strains of
C. sphaerosphermum (F-41232 i F-2442), P. aurantiogriseum F-1644,
P. chrysogenum F-16719, P. funiculosum F-16721 and P. ochrochloron
F- 16715 — high lipase activity. Our findings are consistent with the results of
other researchers [19-21].

Information on the enzymatic activity of micromycetes isolated from the
gypsum plasterboard allows to understand how the damage occurs to this
material. According to the literature, gypsum plasterboard contains a significant
amount of components available for digestion by the microscopic fungi [25].
Thus, cardboard for action of cellulase can be cleaved to glucose, pentose or
oligocycrids, starch and dextrin under the action of amylase are cleaved to
mono- or oligocycraids; polyvinyl acetate and polysorbate TWIN-80 - under
the influence of lipases is converted into alcohols and fatty acids.

These low molecular weight readily available components that are formed
during the destruction of gypsum plasterboard can support not only the
development of specific destructors, but also promote the growth of a wide
range of microorganisms.

Conclusions. Thus, screening of the ability of 31 culture of microscopic
fungi to produce hydrolytic enzymes has been carried out.

It has been found that the enzymatic activity of the isolates, with the
exception of C. globosum F-16714, did not depend on the storage period and
the source of isolation.

It has been shown that all investigated isolates are suitable for use as a test
culture for assessing the fungicide resistance of technical materials, they are
characterized by the presence of at least one enzymatic activity (cellulase,
amylase, lipase or protease).

It has been found that 4. versicolor F-41469 can be potential producer of
cellulases and amylases, 4. pullulans F-159 1 C. cladosporioides F-41230 —
cellulases and lipases, P. aurantiogriseum F-1644, P. chrysogenum F-16719 1
P, funiculosum — amylases and lipases, H. resinae F-16724, P. variotii F-16724 —
only amylases, C. sphaerosphermum (F-41232 ta F-2442) ta P. ochrochloron
F- 16715 — only lipases. There were no potential protease producers among
investigated isolates.

It has been established that the vast majority of strains isolated from drywall
are potential destructors of its main components.
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3AATHICTb MIKPOCKOIIITYHUX I'PUBIB,
PEKOMEHJOBAHUX JIJI51 OIIHKA TPUBOCTIMKOCTI
TEXHIYHUX MATEPIAJIIB, YTBOPIOBATH
r'aPOJITUYHI PEPMEHTHU

A.lL Yyenxo, 10.b. ITucvmenna

ITnemumym mikpobionoeii i eipyconoeii im. J].K. 3abonomnoco HAH Yxpainu,
8yn. 3abonommnoeo, 154, Kuis, 03143, Yxpaina

Pesome

Meta. OUiHATH aKTUBHICTh T1IPOJIITHYHUX (DEPMEHTIB TECT-KYJIBTYpP MiKPOCKOIIY-
HUX I'pUOIB, IO 3aCTOCOBYIOTH ISl BUIIPOOYBaHb 3 IPUOOCTIHKOCTI TEXHIYHUX BUPOOIB
i MatepianiB. Meroau. ®epMeHTaTHBHI aKTHBHOCTI (KOMITJICKCIB IENTFONIa3, aMija3, Jrima3
Ta MpoTea3) BU3HAYAIM BIAMIOBIIHO IO METOMIB, 3aCHOBAaHUX HA peakilii Mixk OapBHUKOM,
1110 BHOCSTH Y CepeIoBHINe ad0 Ha KOJIOHIIO, Ta MPOAYKTOM PO3KiIay cyOcTpary, Ta po3-
paxoByBaJM €H3UMAaTHYHUH iHIeKc. Pe3yabraTn. BussieHo, mo Bci JOCTIKEH] 13079 TH
XapaKTepU3yBaIUCs HASBHICTIO MIPUHANMHI OIHI€T ()epMEHTATHBHOI aKTHBHOCTI (IIEIIO-
JIa3HOI, aMiJIa3HO1, JTIia3Ho1 a0 poTea3Hoi). BucHoBkH. BeTaHoBIICHO, 1110 CH3MMATHYHI
aKTUBHOCTI 130114TiB, 3a BUHATKOM C. globosum F-16714, e 3anexanu Bl TepMiHy X
30epiraHHs Ta JpKepera BumineHHs. Bussneno, mo 4. versicolor F-41469 maB HaiO1mbIIi
3HAYEHHS [SJTI0Ia3HO01 Ta aMiTa3HOT aKTUBHOCTI, A. pullulans F-159 ta C. cladosporioides
F-41230 — nemmonasnoi Ta ninasuHoi, P. aurantiogriseum F-1644, P. chrysogenum F-16719
ta P, funiculosum — aminasuoi Ta ninasuoi, H. resinae F-16724, P. variotii F-16724 — awmi-
nazuoi, C. sphaerosphermum (F-41232 ta F-2442) ta P. ochrochloron F- 16715 — nina3xoi.
BcranosieHo, mo nepeBakHa O1TBIIICTh IITaMiB, BUUICHHX 3 TIIICOKAPTOHY, € IOTCHIIH-
HHUMH JECTPYKTOPAMH HOro OCHOBHMX KOMITOHEHTIB.

Kniouosi cnosa: TpubOCTIHKICTD, TIICOKAPTOH, TiAPOIITHYHI (epMEeHTH, eH3UMaTHY-
HUH iHAEKC, 010CCTPYKITis.
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TEXHUYECKUX MATEPUAJIOB, OBPA3OBBIBATD
I'MAPOJIUTUYECKHUE ®EPMEHTbI

A.H. Yyenko, I0.b. Ilucomennasn

Unemumym muxpobuonoeuu u supyconocuu um. /1.K. 3a6onomnoeo HAH Ykpaunui,
ya. 3abonomnoeo, 154, Kues, 03143, Yxpauna

PesmomMme

Heab. OneHnTh aKTUBHOCTh M'MJIPOJIMTHYECKUX (PEPMEHTOB TECT-KYJIBTYp MUKPOC-
KOITMYECKHUX TPHOOB, UCIOIB3YEMBIX IS HCITBITAHIH TPUOOCTONKOCTH TEXHIHUECKUX H3-
nenuit u MarepuanoB. Metoabl. @epMeHTaTUBHBIC aKTHBHOCTH (KOMIDICKCOB IISIUTIONA3,
amMuIIas, JIMIa3 ¥ IpoTeas) ONpeeNsuid B COOTBETCTBUY C METOJIaMHU, OCHOBAaHHBIMU Ha pe-
aKIUU MEXy KpacuTeseM, KOTOPBI BHOCAT B CPEy WIIH Ha KOJIOHHUIO, U MTPOTYKTOM Pas3-
JIOKEHUSI CyOCTpaTa, U paCCYMTHIBAIM SH3UMATHICCKUH nHIeKC. Pe3ynbTarsl. BeisiBieHo,
YTO BCE MCCIEIOBAHHBIC W30JSITHI XapaKTePU30BAINCH HAIMYKMEM XOTsi Obl OtHOU dep-
MEHTAaTUBHOHM aKTHBHOCTH (IICJUTIOJIA3HOW, aMIUIa3HOW, JUIMA3HONW WM MPOTEa3HOH).
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BeiBoabl. OmpesienieHo, 4To 3H3UMAaTHUECKUE aKTUBHOCTH H30JISITOB, 32 UCKITIOUEHUEM
C. globosum F-16714, ne 3aBuceny OT CpoKa UX XPAHCHUS M MCTOUYHHKA BBIJICICHUS.
Brisiieno, uto A. versicolor F-41469 umen HanOobIlKe 3HAYEHUS LEJUTFOJIaA3HON 1 aMHU-
Ta3HOM akTUBHOCTH, A. pullulans F-159 u C. cladosporioides F-41230 — nenmrona3Hoi u am-
nasHol, P. aurantiogriseum F-1644, P. chrysogenum F-16719w P, funiculosum — aMnia3zHoi
u nunasHou, H. resinae F-16724, P. variotii F-16724 — amunasuoii, C. sphaerosphermum
(F-41232, F-2442) n P. ochrochloron F-16715 —muna3Hoil. YCTaHOBIEHO, YTO OOJIBIINH-
CTBO LITAMMOB, BBIZICTICHHBIX M3 THIICOKAPTOHA, SBJISIIOTCS TOTCHIIMAIBHBIMHU JIECTPYKTO-
paMu ero OCHOBHBIX KOMIIOHEHTOB.

Kutouegvie cnosa: TpudbOCTONKOCTD, TUIICOKAPTOH, THIPOIUTHIECKUE (DEPMEHTHI,
SH3MMATUYECKUI MHJIEKC, OMOIECTPYKIIHSL.
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