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MICROMYCETES - POTENTIAL BIODESTRUCTORS
OF RUBBER TECHNICAL MATERIALS WASTES IN THE
CLAMATE OF UKRAINE

Aim of the presented paper was the preliminary screening of microscopic fungi promising
for development of the biotechnology of destruction of the wastes of rubber technical
materials (RTM). Methods. The cultures of micromycetes were isolated from RTM
reposited on agarized mash (4.5° sensu Balling) on 4 °C. An ability of investigated
micromycetes to grow on RTM was estimated on the model caoutchouc-based medium

(CBM) imitated rubber substrate. The presence of carboxylesterase and oxidases

was educed by the qualitative methods and the enzymatic index was calculated. The
compatibility of the selected cultures of micromycetes has been estimated by the method of
agarinic blocks. Results. It has been shown that 77 micromycetes from 85 studied strains

were able to form clear colonies on CBM. Among them only five strains — Aspergillus

fumigatus F-41484, Mucor racemosus F-41411, M. racemosus F-41412, Rhizopus

cohnii F-2 and R. cohnii F-3 have high enzymatic indexes by the carboxylesterase

activity and five strains — Alternaria alternata F-41431, Aspergillus flavus F-41432, A.

sydowii F-41426, A. ustus F-41437 and A. versicolor F-41469 — have high enzymatic

indexes by the oxidase activity. It has been ascertained an ability of using of the strains

that have high enzymatic indexes in the eight mixed cultures. Conclusion. Ten fungal
strains that have been characterized by high enzymatic indexes for carboxylesterase

or complex of oxidative enzymes and were able to combined cultivation, were selected
for development of technology of biodestruction of RTM wastes.

Key words: rubber technical materials, micromycetes, biodestruction, enzymes,
enzymatic index, mixed culture.

Until today the problem of concentration of RTM wastes is current not only for
Ukraine but for the whole world. On an annual basis approximately 150 000 tons of
rubber wastes get into a place on Ukrainian dumps, while in the world this number
achieve 7—10 million tons [14].

Traditional technology of RTM utilization by the pyrolysis is dangerous for
the environment due to its secondary products: oxides of carbon, sulfur, nitrogen,
aromatic hydrocarbons etc [11]. The subsequent employment of RTM for producing
of technical materials is not appropriate release of their utilization as well because
manufactured goods have low funginertness [4].

Biodestruction is an alternative way of the conversion of the RTM wastes. The
first step of the development of the technology of biodestruction is searching of the
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strains of microorganisms able to degrade RTM. According to literature data and
the results of our previous investigations it has been established that microscopic
fungi are able to colonize the surface and inner layers of rubber substrates and
destruct the main components of RTM — plasticizers and caoutchouc [1, 5, 13, 17].
We associated these processes with the action of enzymes of microscopic fungi, in
particular — carboxylesterase that breaks up the ethereous group of plasticizers and
complex of oxidative enzymes that are accountable for caoutchouc consuming. For
this reason it is completely well to use microscopic fungi — the potential producers
of'above-mentioned enzymes as biodestructors of rubber wastes. The aim of present
work is to detect microscopic fungi promising for developing of the biotechnology
of destruction of the wastes of rubber technical materials (RTM).

Materials and methods

The objects of investigation were 80 strains t belonged to 31 species of 16
genera of micromycetes of phyla Zygomycota and Ascomycota that had been
isolated earlier from biodeteriorated rubber technical materials (RTM) — fully-
molded and pneumatic rubber tires and their main components (granulated rubber,
rubber mix and plasticizers) [3]. As a control we have used five strains-producers
of lipases and oxidative enzymes and destructors of different technical materials —
Penicillium sclerotiorum J.F. H. Beyma F-1, Rhizopus cohnii Berl. & De Toni F-2,
R. microsporum F-3, P. chrysogenum Thom F-16719 and Trichoderma viride Pers.
F-16173. These cultures were gained from the collection of Department of Physiology
and Taxonomy of D.K. Zabolotny Institute of Microbiology of NASU.

Studied strains of microscopic fungi were stored on agarized mash (4.5°
sensu Baling) on 4 °C. For the support of enzymatic activity all the cultures were
subcultivated once per year on CBM media that was similar by its composition to
Czapek-Doks media, but it contained natural caoutchouc in concentration 5 g/l as
a source of carbon [15]. This media after our modifications was used on the first
stadium of the screening for detection the ability of investigated micromycetes to
grow on rubber substrates [6]. Microscopic fungi that formed distinct colonies on
CBM in diameter at least 5 mm on the 14-th day of our experiment we considered
capable to grow on RTM.

The presence of carboxylesterase and oxidase activities was educed by the
qualitative methods on the third day of fungal growth on 29+2 °C [12]. Signification
of carboxylesterase guided on agarized medium contained Tween-80 (ester of oleinic
acid and sorbitol) as substrate and had forthcoming composition (g/1): Tween-80 —
10,0; peptone — 10,0; NaCl — 5,0; CaCl-H,O — 0,1; agar — 20,0. Conclusion of
carboxylesterase presence was given in case of appearance of zone of crystallinic
precipitation of calcium oleate (halo) around fungal colonies. The ability to produce
oxidases was estimated by the oxidase test. Fungal colonies on Czapek-Doks’ medium
were treated by 1 ml of 1 % fresh solution of tetramethyl-p-phenylendiamine that
changed its colour from pink to dark-blue in case of presence of oxidative enzymes.
Accounting of the results was carried out in 10 minutes after treatment of the colonies
by tetramethyl-p-phenylendiamine.
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Enzymatic index estimated as ratio of diameter of halo to diameter of fungal
colony [8]:

d
El = i, where:

EI — enzymatic index; dj, — diameter of halo, mm; d, — diameter of fungal
colony, mm.

The strain that has EI over 1,5 is considered a potential producer of enzymes
[7, 8]. The investigated strains were conventionally divided by the values of their
enzymatic indexes into four groups: enzymatic index was absent (0), low (1.0-1.24),
moderate (1.25-1.49) and high (1.5 and over).

The characterization of compatibility of the selected cultures was estimated by
the method of agaric blocks [20]. As a criteria of compatibility we considered absence
of suppression of one culture by another. Fungicidal and fungistatic cooperation,
hyperparasitism (growth of mycelia of one culture on the surface of another) and
contest for nutrient solution were considered as criteria of suppression. All the
experiments were carried out in three-time replication. The statistical processing of
gained results was carried out by computer program Microsoft Excel 2007.

The hazard of selected fungi for human health was evaluated by the data of
literature [18, 19].

Results and their discussion

It has been shown that 77 strains from 85 (74 were distinguished from RTM
and 3 control) formed on CBM clearly expressed colonies in diameter from 5 to
30 mm (Fig. 1), that testifies to their potential ability to colonize rubber substrates
and cause their biodamage.

Fig. 1. Growth of microscopic fungi on the CBM (14-th day):
a) Penicillium sclerotiorum F-1; b) Rhizopus cohnii F-2

ISSN 2076—0558. Mixposioaozin i Giomexnoaozis. 2015. N 3. C. 18-26 —— 23

10 mm



A.L. Uyenko

It has been established the ability to form extracellular carboxylesterases in
74 % of the investigated cultures and complex of oxidative enzymes — in 91 % of
strains (Fig. 2).

o

Fig. 2. Revelation of extracellular enzymes of the studied fungi (3-th day):
a) carboxylesterase; b) complex of oxidative enzymes

Studied micromycetes were divided into three groups:

- group 1 (EI > 1,5 by carboxylesterase);

- group 2 (EI > 1,5 by complex of oxidative enzymes);

- group 3 (EI < 1,5 by carboxylesterase and complex of oxidative enzymes).

Five strains — Aspergillus fumigatus Fresen. F-41484, Mucor racemosus Bull.
F-41411, M. racemosus F-41412, Rhizopus cohnii F-2 and R. cohnii F-3 obtained
the enzymatic indexes by carboxylesterase in limits 1.67+0.1 — 2.42+0.03 were
belonged to the first group; five strains — Alternaria alternata (Fr.) Keissl. F-41431,
A. flavus Link F-41432, A. sydowii (Bainier & Sartory) Thom & Church F-41426,
A. ustus F-41437 (Bainier) Thom & Church and 4. versicolor (Vuill.) Tirab.
F-41469 obtained the enzymatic indexes by complex of oxidative enzymes in
limits 1.52+0.07 — 2.7+0.04 were belonged to the second group (Fig. 3). Other 75
investigated micromycetes were belonged to the third group.

It has been established that the strains which have high EI by carboxylesterase
had low values of EI by complex of oxidative enzymes and vice versa. We suspect
that it may be due to different functions of investigated micromycetes in consortium,
which was formed during storage RTM in vivo.

We confirmed that the strains of the first group prioritily inhabited rubber
substrate and caused destruction of its most affordable components — plasticizers,
which decomposition products (organic acids and alcohols) could be a source of
power for micromycetes of the second group, which in turn oxidized inaccessible
component of RTM — caoutchouc to form oligoaldehydes and oligoketones [2, 16,
17]. We assume that the formation of a number of low molecular weight, readily
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available compounds on the surface of affected RTM during their destruction by
micromycetes of the first and second groups promotes colonization of RTM by
large third group of micromycetes, representatives of which are characterized by
low values of EI by carboxylesterase and complex of oxidases activity and the lack
of growth on the CBM.
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1,5 -
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0,9 -

Fig. 3. Micromycetes that have enzymatic indexes over 1.5

In our opinion, for biodegradation technology of RTM it is optimal to use not
only single cultures of micromycetes but their complexes. The cultures of microscopic
fungi considered compatible in case of absence of signs of reciprocal inhibition

(Fig. 4).

Fig. 4. Interaction of studied microscopic fungi:
a) Cultures are compatible; b) Cultures show reciprocal inhibition
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We consider that this approach will not only ensure the simultaneous formation
of both classes of enzymes, but also increase the level of their activity.

Micromycetes that were Compatible:

1). A. alternata F-41431, A. sydowii F-41426, A. ustus F-41437 and
A. versicolor F-41469;

2). M. racemosus F-41411, M. racemosus F-41412, R. cohnii F-2 and
R. cohnii F-3;

3). A. alternata F-41431, R. cohnii F-2 and R. cohnii F-3;

4). A. alternata F-41431, A. flavus F-41432;

5). A. flavus F-41432, A. fumigatus F-41484;

6). A. flavus F-41432, Rhizopus cohnii F-2 and R. cohnii F-3;

7). A. fumigatus F-41484, A. ustus F-41437;

8). A. fumigatus F-41484, R. cohnii F-2 and R. cohnii F-3;

The most selected strains, and particularly A. flavus F- 41432 and A. fumigatus F-
41484, are referred to opportunistic micromycetes because according to the literature,
they can cause a variety of human diseases and produce mycotoxins (Table).

Table
Characteristics of selected micromycetes
by negative impact on human health [18, 19]
Ne Fungal Group. o.f Diseases Mycotoxins
specie patogenicity
1. A. alternata v Sinusitis, kera.t OMycoss, Alternariols
onychomycosis
2. A. flavus 111 Pulmonitis, infarcts and necrosis
3. A. fumigatus 1 Infections of viscera Aflatoxins
4. |4 sydowii v K.erat'o'mycgs.ls, onychomycosis
sinusitis, otitis
5. A. ustus v Mlddl.e ofitis, . . .
infections at stings Sterigmatocystine
6. A. versicolor v Onychomycosis
7. M. racemosus v
Zygomycosis No data
8. R. cohnii v

Thus, from the 85 investigated strains, 10 cultures that grew on CBM (Alternaria
alternata F-41431, Aspergillus flavus F-41432, A. fumigatus F-41484, A. sydowii
F-41426, A. ustus F-41437, A. versicolor F-41469, Mucor racemosus F-41411,
M. racemosus F-41412, Rhizopus cohnii F-2 and R. cohnii F-3) were considered
as the potential biodestructors of RTM. They are characterized by high enzymatic
indexes by carboxylesterases and complex of oxidative enzymes and able to co-
cultivation. The final conclusion on the suitability of use of the above-mentioned
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strains for creation of biodegradation technology of RTM can be given only after
the additory studies of their nonpathogenicity and nontoxity.

Author express sincerely thanks to Nakonechna L.T., the senior engineer of
Department of Physiology and Taxonomy of D.K. Zabolotny Institute of Microbiology
of NASU, for kindly given control strains of microscopic fungi.
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MIKPOMIIETH - MOTEHIIIHI BIOAECTPYKTOPH BIJIXO/IIB
T'YMOTEXHIYHHUX MATEPIAJIIB B YMOBAX VKPATHI

Pedepar

Memoro pobomu 6y8 nonepeoHiti CKpUHiHe MIKPOCKONIYHUX 2pubie, nepcneKmueHuUx
071 cmeopeHHs 6iomexHono2ii OecmpyKyii 8i0x00ie ymomexHiunux mamepianie (I'TM).
Memoou. Kynomypu mikpomiyemis, suoineni 3 I'TM, 30epieanu Ha aeapuzoeanomy cycii
(4,5° 3a Banineom) npu 4 °C. 30amuicmv docriodicenux Mikpomiyemie 0o pocmy Ha
I'TM oyintosanu na 14-y 000y Ha modenvHomy Kayuykemichomy cepedosuwyi (KBC),
wjo imimysano eymosuti cyocmpam. Hasgnicmo kapbokcunecmepasnoi ma okcuoasHoi
AKMUBHOCMI GUAGIANU AKICHUMU MEMOOAMU, PO3PAXO8YEANU eHIUMAMUUHUIL [HOEKC.
Cymicuicmo 8i0ibpanux Kyiemyp MIiKpomiyemie oyiHI8anu 3d Memooom a2aposux
onoxig. Pesynomamu. Ilokazano, wo 3 85 00cniodiceHux wmamie MiKpoOCKONIiYHUX
epubis 77 30amui ymeoprosamu Yimko eupasxceni KonoHii Ha cepedosuui KBC
Oiamempom 6i0 5 00 30 mm. 3 Hux auwe 5 wmamie — Aspergillus fumigatus F-41484,
Mucor racemosus F-41411, M. racemosus F-41412, Rhizopus cohnii F-2 ma R. cohnii
F-3 manu sucoxi ensumamuuni inoekcu 3a KapooKCuiecmepasHow aKmueHicmio ma
5 wmamise — Alternaria alternata F-41431, Aspergillus flavus F-41432, A. sydowii
F-41426, A. ustus F-41437 i A. versicolor F-41469 — 3a okcuoasuor. Bemanoéneno
MOACIUBICMb GUKOPUCTIAHHS WMAMIE 3 6UCOKUMU eHIUMAMUYHUMU IHOEeKCaMU Y
80CbMU 3miuanux Kyiomypax. Bucnoesok. /[na cmeopennsa mexnonozii 6iooecmpyxyii
8ioxo0ie I'TM idibparo 10 wimamie mikpomiyemis, o XapaKxmepusyomscs 6UCOKUMU
EH3UMAMUYHUMU THOEKCAMU 3d KapOOKCUNECMEPA3HOIO ADO OKCUOAZHOIO AKMUGHICMIO
ma 30ammui 00 CYMICHO20 KYIbMUGYEAHHSL.

Knwuosi croea: eymomexuiuni mamepianu, mikpomiyemu, 6iooecmpykyis, gep-
Menmu, eH3UMAMUYHUL IHOeKC, 3MIuana Kyibmypa.
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MHUKPOMUIUETHDI - HIOTEHHHUAJIBHBIE BUOJECTPYKTOPBI
OTXOA0B PESUHOTEXHUYECKUX MATEPHUAJIOB B YCJIOBUSAX
YKPAUHBI

Pedepar

Lenvto pabomol OvL1 npedsapumenbHulll CKPUHUHE MUKPOCKORUYECKUX epubos, nep-
CNEKMUBHBIX 051 CO30AHUSL OUOMEXHONO2UU OECMPYKYUL OTNXO008 PE3UHOMEXHUYECKUX
mamepuanog (PTM). Memoodsl. Kyremypol muxkpomuyemos, evioenennvie uz PTM,
Xpanunu Ha azapusosannom cycie (4,5° no barnuney) npu 4 °C. Cnocobnocms uccie-
0osannblx Mukpomuyemos pacmu va PTM oyenusanu na 14-e cymxu Ha mooenvHou
Kayuyxcooepacaweil cpede (KCC), umumupyrougeii pesunosulii cyocmpam. Hanuuue
KapOOKcUunacmepasHoli u OKCUOA3HOU AKMUGHOCMU GbIAGIANU KAYeCMEEHHbIMU Me-
mooamu, paccuumuigany sn3umamuieckuti unoexc. Cosmecmumocms omoopanHvix
KYIbIMYP MUKPOMUYEMO8 OYEeHUBAIU Memooom azaposuix Onoxos. Pezynomameul.
Tokazano, umo u3z 85 uccied08aHHbIX WMAMMO8 MUKPOCKONUYECKUX 2pubos 77
CnOCcoOHbI 0Opa306bI6AMb YemKO GbipadicerHble kononuu na cpede KCC ouamempom
om 5 00 30 mm. M3 Hux nuwie 5 wmammos — Aspergillus fumigatus F-41484, Mucor
racemosus F-41411, M. racemosus F-41412, Rhizopus cohnii F-2 ma R. cohnii F-3
UMeNU BbICOKUE IHZUMAMUYECKUE UHOEKCbL NO KAPOOKCUNIICMEPAZHOU AKMUBHOCTU U
5 wmammos — Alternaria alternata F-41431, Aspergillus flavus F-41432, A. sydowii
F-41426, A. ustus F-41437 i A. versicolor F-41469 — no oxcuoasuou. Yemanoenena
B03MOACHOCHIL UCHONLIOBAHUS UIMAMMOG C BLICOKUMU IHZUMAMUYECKUMU UHOEKCAMU
6 BOCOMU CMEWAHNbIX Kybmypax. Be16oo. s coz0anus mexnono2uu 6uodecmpykyuu
omx0006 PTM omobpano 10 wmammos MuKpomMuyemos, Xxapaxmepusyouuxcs Gul-
COKUMU IHZUMAMUYECKUMU UHOEKCAMU NO KAPOOKCUIICMEPAZHOU UIU OKCUOAZHOU
AKMUBHOCTU U CNOCOOHBL K COBMECTHOMY KYIbIMUSUPOBAHUIO.

Kniouesvle cnoea: pesunomexnuueckie mamepuaisl, MUKpomMuyenslt, Ouo0ecmpyk-
yust, pepmenmuol, IHFUMAMUYECKUL UHOEKC, CMEWAHHAS KYIbMYPA.
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