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A set of 21 strains of yeast-like microorganisms isolated from biocenoses of acrobic and anaerobic
wastewater treatment systems were assayed for their ability to utthze aromatic hydrocarbons as a sole
C-source. Basing on the achieved results, the highly biochemically active strains for application in enhancing
of wastewaters and exhaust gases purification as well as soil bioremediation were seleciled.

Key words: yeast-like microorganisms, biodegradation, aromatic hydrocarbons.

INTRODUCTION

The pollution of surface and groundwaters, marine environments, soil and air
by aromatic hydrocarbons (AHs) i1s of concern to public health because many of
them or their metabolites are mutagenic, carcinogenic, or both. These compounds are
discharged to the water reservoirs with wastewaters from tar working plants, fertili-
zers, dyes and explosive materials productions, petroleum and pharmaceutical indus-
tries, mine waters etc. The soil contamination is mainly a result of petroleum pipe-
lines damages and outflows of petrochemicals form storage tanks. AHs are emited
into the atmosphere with exhaust gases from petrochemical plants.

A very promising methods for AHs removal from these point sources of pollu-
tants are technologies applying reactors with microbes attached on the porous media
(Pdca, Koutsky, 1994). It makes possible the maintenance a high concentration
of active biomass in reactors. The stability and dynamics of populations is essential
for controling the reactor systems and selective interference in the case of a process
failure. In this aspect, the gathering a collection of highly biochemically active strains
has the great significance. It is especially important in the case of AHs degrading
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microorganisms because the natural ability to utilization of these compounds is not
widely distributed among both bacteria and fungi.

The aim of our investigations was to select the highly active yeast-like microor-
ganisms degrading AHs from a set of 21 strains previously isolated from biocenoses
of different wastewater treatment systems (Grabifiska-ELoniewska,
Slavikovd 1990; Grabifiska-ELoniewska etal., 1993). This study is
an introduction to futher investigations on the application of the selected strains in
enhancing of wastewaters or exhaust gas purification as well as soil bioremediation.

MATERIALS AND METHODS

The strains investigated in the study were those isolated from activated sludges
of aeration tanks applied for the purification of municipal wastes in a mixture with
different industrial wastewaters (Grabifiska-Loniewska etal, 1993) and
from the demitrifying biocenoses of anacrobic UASB-type reactors (Grabinska-
-Eoniewska, Slavikova4, 1990).

The ability to utilize of AHs and their derivatives (phenol, benzene, toluene,
0-, m-, p-xylenes, o-, m-, p-cresoles, 4-nitrotoluene and naphthalene) as a sole
C-source for growth was examined according to method given in previous our paper
(Grabifiska-Eoniewska etal., 1995). Concentration of the C-source in the
growth medium was 250 mg ',

RESULTS AND DISCUSSION

Literature data imply that phenol belongs to one of readily metabolized aroma-
tics by fungi. Among the yeast-like species able to degrade this compound are:
Candida albicans, C. catenulata, C. humicola, C. maltosa, C. mesenterica, C. rugosa,
C. sake, C. tropicalis, C. utilis, Cryptococcus terreus, Lodderomvces elongisporus,
Rhodotorula aurantiaca, Rh. glutinis, Rh. gracilis, Rhodosporidium toruloides,
Sporidiobolus ruinenii, Sporobolomyces salmonicolor, Trichosporon cutaneum,
I beigelii, Torulopsis datila, T. utilis, Pichia guilliermondii, Yarrowia lipolytica
(Leibnitz etal, 1960; Mills etal, 1971; Kockovad-Kratochvilovi,
1982; Krug etal., 1985, 1986; Kocwa-Haluch, 1986; Hofmann, Scha-
uer, |1988; Hofmann, Vogt, 1988). According to K1u g et al. (1985, 1986)
especially active in phenol degradation (up to concentration of 2.5 g 1'') is Candida
tropicalis. Among the molds, the growth on this substrate was noted for Chaetomium
cupreum, Drechslera oryzae, Fusarium oxysporum and wood rotting fungus —
Phanerochaete chrysosporium (Aitken etal., 1989; Boominathan etal., 1989).

Our investigations have confirmed these data suggesting that the natural ability
to utilize phenol is rather common among the fungi. The majority of 14 isolates
from the genera Geotrichum, Trichosporon and Candida have intensively grown on
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a mineral medium with this compound as a sole C-source. Particularly active in
this respect were Geotrichum capitatum strain G1D2, G. klebahnii strain P6D6,
G. sericeum strains P2D2 and P5D5, Candida famata strain DCZ-1 and C. tropicalis
strain O11D8 (Table 1, Fig. 1).

Less numerous were strains able to utilize other tested aromatics. Benzene was

metabolized by Geotrichum candidum strain A2D3, toluene — Candida boidinii strain
MI18D3, whereas both these compounds — by C. famata strain DCZ-1, Rhodotorula
rubra strain M4D4 and Trichosporon cutaneum strain M5DS5, Included among
0- and m-xylenes metabolized species were Candida famata strain DCZ-1, C. boidinii
strain M18D3, C. lambica strain O14D7 and Rhodotorula rubra strain M4D4, whereas
p-xylene — besides the latest of above strains also, Candida boidinii strain M4D3 and
Geotrichum klebahnii strain P6D6. The growth of the 4-nitrotoluene as a sole
C-source was noted for Candida famata strain DCZ-1 and Rhodotorula rubra strain
M4D4 — which intensively metabolized benzene and other it’s derivatives, as well as
for Candida boidinii strain M18D3, C. lambica strain O14D7 and Geotrichum

candidum strain A2D3 (Table 2, Fig. 1). Up to the present, the biodegradation of
benzene and it’s derivatives has not been demostrated among fungi. So, our findings

have revealed unfamiliar physiological properties of these microorganisms.

Table |

Growth of different yeast-like microorganisms on phenol (evaluated on the basis
of CFU yield in the mineral medium with this compound as a sole C-source)

| Number of CFU x 10" ml* after 7 days of incubation
- 4 at 26°C
Onginal name —— _ _
= control cultures (growth growth medium with
| medium without C-source)| phenol as a C-source
Geatrichum candidum Lank strain A2D1 .62 0.73
strain AC2D3 1.52 1.66
Creotrichum klebahnii (Stautz) Morenz strain PAD6 3.62 14.30
Greotrichum sericeum (Pelacz et Ramirez) von Arx
strain P2D2 2.60) 9.41
strain PSD4 5.68 ' 16.70
strain PSDS | 1.70 5.73
Geotrichum capitatum (Diddens et Lodder) von Arx, |
de Hoog strain G1D2 1.40 7.16
Trichosporon cutaneam (de Beurmann, Gougerot
et Voucher) Ota strain M5D5 2.64 509
Candida boidini Ramirez strinM 15D3 | (.64 (1.8()
Candida farmata (Hamson) Mever et Yarrow
strain DCZ- | 4.60) 16.24
Candida lambica (Lindner et Genoud) van Uden
ct Buckley strain O14D7 6.20 7.20
straan O7D7 4.9) .00
strain O5D35 2.50 2.73
Candida tropicalis (Castellam) Berkhout
strain O1 1 D8 4.4) 13,95
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The problem of biodegradation of cresoles by fungi is better known. It was
evidenced for Candida tropicalis, Rhodotorula glutinis and Phanerochaete chry-
sosporium (Leibnitz etal, 1960; Klug etal, 1985; Aitken etal., 1989).
Our studies have been shown that among these compounds, p-cresol was the most
readily utilized. As a p-cresol-utilizers were included Geotrichum sericeum strain
PSDS, Trichosporon cutaneum strain MSDS, Candida boidinii strain M18D3 and
C. lambica strain O7D7 and O14D7 (Table 3, Fig 1). The growth on o-cresol was
noted only for two strains: C. boidinii strain M18D3 and Candida lambica strain
014D7 (cell yield 36 and 28 %, respectively) whereas on m-cresol for the latest of
above strains (cell yield 40 %) (Table 3).

Three of 14 isolates namely, Sporobolomyces lactosus strain P3D2, Trichosporon
cutaneum strain M5D5 and Candida boidinii strain M 18D3 showed intensive growth
on naphthalene (Table 4, Fig. 1).

Table 4

Growth of different yeast-like microorganisms on naphthalene (evaluated on the basis
of CFU wvield in the mineral medium with this compound as a sole C-source)

Number of CFU x 1{¥* ml after 7 days of incubation
at 26°C

"~ control cultures (growth growth medium with
medium without C-source) | naphthalene as a C-source

Onginal name

Geotrichum candidum Link strain AC2D3 1.52 1.8]

Greotrichum sericeum (Pelaez et Ramirez) von Arx
strain PSDS 1.70) 1.97
Trichosporon cutaneum (de Beurmann, Gougerol
et Youcher) Ota strain M5SD5 2.64 4.03
Candida bevidinii Ramirez strainM 1 8D3 (.60 (.80
|
Candida famata (Hamson) Meyer et Yarrow | '
| strain DCZ-1 4.60) I 5.11
 Candida lambica (Lindner et Genoud) van Uden i
et Buckley strain O5D5 2.50) 2.68
| strain Q707 4.90 5.98
| strain 01407 6.2 6.82
| Candida tropicalis (Castellani) Berkhout |
strain O11D8 I 4.40) 4.80)
Candida inconspicua (Lodder et Kreger — van Rij)
Meyer et Yarmow straan (907 4.11) 4.67
Candida maltosa Komagata, Nakase et Katsuja
strain M6D7 5.88 6.53
strain M 18D7 3.41 4.19
Sporobolomyces lactosus Slivikovi et Grabiniska-
-Loniewska strain P3D2 1.26 3.20
Rhodetorda rubra (Demme) Lodder  straan M4D4 3.92 4.31

strain M1ED3 2.26 242
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These species weren’t previously reported as naphthalene-utilizers. The list of
naphthalene degrading fungi, reported earlier included 19 species, among them the
following: Saccharomyces cerevisiae, Endomyces magnusii, Candida lipolytica,
C. tropicalis, Cunninghamella elegans, Aspergillus niger, Penicillium notatum and
Mucor hiemalis (Cerniglia etal, 1977, 1978, 198]; Ko¢kovid-Krato-
chvilovi, 1982; Maliszewska-Kordybach, 1987).

Comparison of the growth response of isolates originated from wastewater treat-
ment systems biocenoses on different AHs led to assumption that among them
Candida famata strain DCZ-1 and Rhodotorula rubra strain M4D4 may be usefull
In enhancing wastewaters and exhaust gases purification. They were charactenzed
by the ability to intensive growth on a wide variety of AHs. The development and
study of systems designed to treat AHs contaminated wastes with these strains are
currently in progress.

Acknowledgement. This rescarch was supported, in part, by Grant S04/830 from State Comittee for
Scientific Research,

REFERENCES

AltkenM. D, VenkatadriR.,IrvineR. L, 1989 Oxidation of phenolic pollutants by a hgnin
degrading enzyme from white-rot fungus Phanerochaete chrysosporium. Wat. Res, 23: 443-450,

BoominathanK. Mahadevan A. 1989 Dissimilation of aromatic substances by fungi. Zbl.
Microbiol. 144: 37-45,

CernigliaC.E..CrowS. A, 1981. Metabolism of aromatic hydrocarbons by yeasts. Arch. Microbiol.
129:9-13.

CernigliaC.E.GibsonD. T, 1977. Metabolism of naphthalene by Cunninghamella elegans. Appl.
Environ. Microbiol. 34: 363-370.

CernigliaC.E..GibsonD.T., 1978. Metabolism of naphthalene by cell extracts of Cunninghamella
elegans. Arch. Biochem. Biophys. 186: 121-127.

Grabinska-LoniewskaA.. SlivikovdE., 1990, Fungi in denitrification unit biocenosis. Wat. Res.
24: 565-571.

Grabiriska-LoniewskaA., SldvikovdE.FurmadskaM., StomczynskiT., 1993, Fungi
in activated sludge biocenosis. Acta Microbiol. Polon, 42: 303-313.

Grabinska-LoniewskaA. . SlavikovdE, PajorE., 1995, Geotrichum capitatum, a new isolate
degrading phenol. Acta Mycol. 30: 207-211.

Hofmann K. H., 1986. Oxidation of naphthalene by Sacchromyces cerevisiae and Candicla utilis. . Basis.
Microbiol. 26: 109-111.

HofmannK.H., VogtU, 1988, Abbau von Phenol durch Hefen in Gegenwart von n-hexadekan under
Wachstumsbedingungen in Rithrreactor. Zbl. Microbiol. 143: 87-91.,
Kocwa-HaluchR., 1986, Adaptacja gatunkéw Rhadororula wyosobnionych z réznych srodowisk do
fenolu 1 1ich aktywnosé biochemiczna w dcickach koksowniczych. Ed. C.U.T. Monografia 44.
Kolkovid-KratochvilovaA,, 1982, Kwasinky a kvasinkovité mikroorganizmy. ALFA, Bratislava,
Praha.

KrugM., StraubeG., 1986. Degradation of phenolic compounds by the yeast Candida tropicalis HP1S.
J. Basic Microbiol. 26; 271-281.

KrugM..ZieglerH., StraubeG., 1985. Degradation of phenolic compounds by the yeast Candida
tropicalis HP15. 1. Physiology of growth and substrate utilization. J. Basic Microbiol., 25: 103-1110.

LeibnitzE. BehrensU..Seifert H., 1960. Abbau von Phenolen durch Hefen. Z. All. Microbiol.
1: 13-17.



Fungi degrading aromatic hydrocarbons 73

Maliszewska-Kordybach B, 1987, Mikrobiologiczne przemiany wielopierscieniowych
weglowodordw aromatycenych w Srodowisku glebowym. Post. Mikrobiol, 26: 233-248.

MillsS. C.Childl. ) Spencerl. F.T., 1971, Utilization of aromatic compounds by yeasts. Anl. van
Lecuwenhoek, 37: 281-287,

Pical,KoutskyB., 1994, Performance characteristics of a biofilter during xylene and toluene degra-
dation. Med. Fac. Landbouww, Umiv, Gent, 59/4b: 2175-2184,

Wystepowanie grzybow rozkladajgcych weglowodory aromatyczne
w biocenozach osaddw czynnych

Streszczenile

Przebadano zdolnosC wykorzystywania weglowodordw aromatycenych przez 21 szczepow greybow
drozdzopodobnych wyizolowanych z biocenoz urzgdzed do oczyszczania Sciekdw w warunkach tlenowych
t beztlenowych. Nu podstawie uzyskanych wynikow badan wytypowano wysokowydajne biochemicznie
szczepy mogyce znaledd zastosowanie do intensyfikacji procesu oczyszezania scickdw 1 gazdw odlotowych.
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