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ABSTRACT

The physiological mutant of Rhizopus arrhizus whioed in the pyrene resistance gradient test. amative
studies were carried out about the behavior ofghemination process and the radial growth of theantiand wild
strains of R. arrhizus UCP 402. Sabouraud Sucras# deast Malt Broth cultures containing pyrene (@@/L)
induced the germination process of the sporangimespof the wild and mutant strains of R. arrhizughe radial
growth of the strains was inversely proportionaltbe pyrene concentration in the culture mediume Tésults
showed an adaptation of R. arrhizus UCP 402x (ntytenthe pyrene (50mg/L) and suggested a highditglof
application in the removal of pyrene from the conitzated areas.
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INTRODUCTION nature, as well as toxic effects to the living
organisms (Lijinsky et al., 1963; Ravelet et al.,
The toxic residues have been taking a place ¢f000), the utilization of the methodologies using
prominence in the society and when inadequatefhe fungi and bacteria have displayed the
managed are harmful to the environment and algowportance of these organisms in the process of
cause damages to the public health. There atbe decontamination of the polluted area, showing
many industrial processes as well as accidengrelatively low cost and significant results (Fu and
from the usage and the transportation of the oWiraraghavan, 20010n the other hand, studies
(Uygur, 2001; Valle, 1995) that pose pollutinghave been made with the objective of
potential. Taking in to account that theremoving the toxic compounds from the
contamination by the recalcitrant substances as thironment, and obtaining resistant mutants due
Polycyclic Aromatic Hydrocarbon (PAH’s) by theto the promising results in the processes of
natural or anthropogenic sources become evidefgmoval of these compounds (Alexievaa et al.,
in the environment and that many of them havego4; England et al., 1998; Lijinsky et al., 1963;
shown carcinogenic, mutagenic and teratogenigic Cullar et al., 2002; Oda and Ohta, 2002).
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Recent studies demonstrated a greater capacity m@gion (mutant straifR. arrhizusUCP402x) was
phenol degradation by the mutant strains ofransferred from the Petri dishes containing the
Trichosporon cutaneunwhen compared to the PDA medium and pyrene in 5 mg/L concentration.
wild strains (Alexievaa et al 2004). The The colony from the region without the pyrene
Phanerochaete chrysosporiumutants obtained was removed and kept in Petri dishes containing
from UV lights, allowed some species to increasenly PDA, corresponding to the wild strain Bf
their ability of lignin degradation (Kirk and Tien, arrhizusUCP 402.
1986). In this paper, we report the isolation of a
mutant of R. arrhizus UCP 402 in high Germination of R. arrhizus UCP402 and R.
concentrations of pyrene and the accomplishmerarrhizus UCP402x (mutant) sporangiospores
of comparative studies with the wild and mutantThe R. arrhizusUCP 402 andR. arrhizusUCP
strains, aiming to establish the physiologicak02x (mutant) sporangiospores germination was
characteristics and pyrene adaptation conditions. performed in Erlenmeyer flasks of 125mL,
containing 10 mL of Yeast Malt Broth (YMB) and
Sabouraud Sucrose (SAC) as the control and
MATERIALSAND METHODS treated with pyrene at the final concentration of
10 mg/L (Ambrosio, 2002). The flask were
Microorganism Rhizopus arrhizus)CP 402, was inoculated with 1mL of the spores SUSpenSion (14
isolated from the mangrove sediment of Riox 10° spores/mL) ofR. arrhizusUCP402 ancR.
Formoso, Pernambuco, Brazil (Gomes et, alarrhizusUCP402x (mutant), incubated at°£8in
2000). The strain was maintained on PDA mediuna shaker at 140 rpm. The germination was
and stored at 5C, and deposited in the Culture observed using 4QL of the harvested aliquots
Collection UCP of Universidade Catélica deeach 30 minutes rate during 6h. After this, the

Pernambuco (UNICAP). aliquots were visualized in an optical microscope
with an x40 objective to detect the presence of the
Polycyclic Aromatic Hydrocar bon germinating tubes, (a total of 200 spores of each

The stock solution was prepared dissolving théample). The experiments were made in triplicate
pyrene (WAKO) in acetone at 2g/L concentration(Robinson, 1978).
filtered by Millipore 0.4%1im membrane, and kept

in amber flasks at’g. Radial growth of R. arrhizus UCP402 and R.
arrhizus UCP402x (mutant) in the culture
Gradient test of pyreneresistance mediums PDA, SAC and YMA

Petri dishes of 9 cm diameter were used anf- &mhizus UCP402 wild and R. arrhizus
incorporated with the Potato Dextrose Agat/CP402x (mutant) was grown for 48h in the PDA
(PDA) (pH 5.8) containing pyrene at the final medlu_m. The disks (Smm diameter) were removed
concentration of 100 mg/L and solidified in an@septically from the periphery of each colony and
inclined shape so that one side had 1.6mm dfansferred to Petri dishes containing 20mL of the
height. After the solidification, 9mL of the samePDA, YMB and SAC media with pyrene (10 and
medium (without pyrene) was added and left t®0 Mg/L), and without pyrene (control). The Petri
solidify in a horizontal surface (Maas, 1986). Thedishes were incubated at°Z8in the absence of
spores were removed from cultures (Potatdght. The radial growth was daily measured with
Dextrose Agar Medium) and transferred to théhe help of a scale and determined the diameters of
assay tubes containing 10mL of sterile distilledhe colony along with two perpendicular axes over
water and counted in a Neubauer chamber. 1mL &fe time. The readings were made in 6h intervals
the suspension containing®l¥pores oR. arrhizus UP to a total period of 48h. The growth curve was
UCP402 was inoculated in the Petri dishconstructed based on the averages of the values
containing a pyrene concentration gradient(Millner, 1977).

incubated in the dark at 28 for 72 h. After the o )

colonies growth, they were removed from twoStatistical analysis

areas of distinct concentration, without pyrene and® €valuate the influence of the pyrene
the highest pyrene concentration. The colongoncentrations —under the germination of
proceeding from the highest pyrene concentratiopPorangiospores and radial growth Rof arrhizus
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UCP402 and R. arrhizusUCP402x (mutant) the others authors also, (Ekundayo and Carlile,
grown in the three tests culture mediums (PDA1964; Hawker and Abbott, 1963). On the other
YMB and SAC), the data obtained were submittedhand, the spores of the wildR. arrhizus
to the variance analysis (ANOVA). UCP402 andr. arrhizus

UCP402x (mutant) were incubated in SAC culture

medium, the germination began 3:30 h after the
RESULTSAND DISCUSSION inoculation, later than the YMB medium (Fig).

The germination and a linear raise in the diameter
Evaluation of the sporangiospores germination  from 7.6 to 9.8um after 4h of incubation at 26
of R. arrhizus UCP402 and R. arrhizus in sporangiospores @&thizopus stolonifenas been
UCP402x in the YMB culture medium described by many authors, (Ekundayo and
The sporangiospores germination Rf arrhizus Carlile, 1964; Fletcher, 1969; Trinci, 1971). The
UCP402 andR. arrhizusUCP402x (mutant) in the multipolar germination pattern was observed in the
YMB culture medium containing 10mg/L of spores of both the strains B arrhizus(mutant
pyrene and the control is presented in Fig. 1. land wild) in the YMB and SAC control and treated
was observed that the sporangiospores of the wilthlture media. It was also observed that the YMB
and mutanR. arrhizusstrains began the emissionand SAC culture media, when the strains were
of germination 2h after the inoculation in YMB submitted to the pyrene treatment, accelered the
medium. After 6h, all the spores showed thegermination, when compared to the control
germination. These results were corroborated b§medium without pyrene).

120 - 120 4
—@— YMB Control Medium YMB G ! .
100 4 | —O— YMB Pyrene Medium 1004 | ® ontrol Medium
—O— YMB Pyrene Medium
g 80 4 2\0/ 80 -
5 S
= = 4
g 60 .g 60
E E
S a0 S 40
o <
2 2
N 204 204
04 0
T T T 1 T T T 1
02:00:00 03:00:00 04:00:00 05:00:00 06:00:0C 02:00:00 03:00:00 04:00:00 05:00:00 06:00:0C
Time h Time h

Figure 1 - Germination oRhizopus arrhizu&)JCP402(A) andR. arrhizusUCP 402x (B) in Yeast
Malt Broth (YMB) control and treated with pyrene dingm (10 mg/L), at 28&C.
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Figure 2 - Germination ofRhizopus arrhizugJCP402 (A) andR. arrhizusUCP 402x (B) in
Sabouraud Sucrose (SAC) control and treatead withng medium (10 mg/L), at
28°C

These results suggested that the mechanism gérmination suppression (Malajeczuk et al., 1983;
accelerating the germination process by pyren®larks and Smith, 1983; Uribe et al., 1990).

was promoted by the changes of the permeability

of the cellular membrane-dowever, the lack of Radial growth of R arrhizus UCP402 and R.
information in the literature about the germinationarrhizus UCP402x (mutant) in the PDA, YMB

of the fungal spores in the presence of polycycliand SAC media

aromatic  hydrocarbons, can’t allow theThe statistically treatment (ANOVA) of the effect
comparison of the data obtained. The literaturef the pyrene on the radial growth showed in a 5%
showed that the pesticide 2,4-D, in concentrationsignificance level. The results confirmed that the
of 50, 25, and 13% stimulated the sporulation opresence of the pyrene significantly affected the
Cercospora rodmani{Charudattan, 1986). In the radial growth of the strains &. arrhizusuCP402
studies with the herbicides was also found @andR. arrhizusUCP402x (mutant) in the PDA,
significant increase of the number of sporangia o¥MB and SAC culture media. The results of F
Phytophthora cinnamomwith the addition of were higher than the tabulated values (Figs. 3-5).
propazine and simazine (Kassaby and Hepwortihe growth of the two strains &. arrhizuswas
1987). Some investigations attributed thesénversely proportional to the concentration of the
phenomena to a mechanism of the defense, onpgrene in all the culture media.

that those compounds strongly inhibited the radial

growth, and the pesticides showed the effect on the
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Figure 3 - Radial growth ofRhizopus arrhizu&JCP402 (A) andR. arrhizusUCP 402x (B) in
Potato Dextrose Agar (PDA) control and treateadh witrene (10 mg/L), at 268

However, the utilization of sucrose in the SACradial growth than the strains when grown in
culture medium showed a even greater reductioRotato Sucrose Agar (Bolkan et al., 1980). The
in the radial growth both in control and treatedsucrose is a disaccharide whose molecule produces
medium (Fig. 4). The results did not show theglucose and fructose by the invertase action
presence of the growth zones, changes in the sigatkins, 2002). These mechanisms were found
of the spores or the sporangium morphologRin during the metabolism of the sucrose by the fungi.
arrhizus UCP402 andR. arrhizus UCP402x The production of the invertase was observed in
(mutant), when grown in the PDA medium. TheSaccharomyces cerevisjaB. carlshergensisand
studies about the radial growth and pathogenicitispergillus atheciugBaker, 1975; Madyastha et
in  Fusarium moniliforme var. subglutinans al., 1987).

isolated revealed that the strains when grown in

the Potato Dextrose Agar medium showed a higher
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Figure 4 - Radial growth ofRhizopus arrhizu$JCP402 (A) andR. arrhizusUCP 402x (B) in
Sabouraud Sucrose (SAC) and treated with pyrenenflD), at 28C
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Figure 5 - Radial growth ofRhizopus arrhizu®JCP402 (A) andR. arrhizusUCP 402x (B) in
Yeast Malt Broth (YMB) control and treatead withregre (10 mg/L), at 2&

The glucose molecule is very different, inandSporothrix cyanescengere strongly inhibited at
solution; its energy is immediately available t00.1 and 1 g/L (Krivobok et al., 1998). The diameter
answer any requests made by a metaboliof the colony and the radial growth are frequently
process, (Atkins, 2002). The analysis obtainedised to determine the optimal temperature (Brancato
from ANOVA showed that statistically thR. and Golding, 1953), as well as to investigate the
arrhizus UCP 402x mutant strain when effect of the inhibitors on the fungal growth (Trinci,
compared to the wildR. arrhizusUCP 402, had 1971). Studies with the radial growth in response to
a greater ability to grow in high pyrene different temperatures can also be used as a base to
concentrations (50 mg/L) in the three testedhe morphological studies and taxonomical relations
media. The growth inhibition was also betweenChaetomiumspecies (Millner, 1977). The
demonstrated wherPseudomonas putidavas phytopatogenic fungi such &isarium oxysporum,
inoculated in the medium containing glucose a®hytophthora megasperma, Phytophthora parasitica
the carbon source and octanol as toxically agemind Pythium ultimunshowed reduced radial growth
in the 0.6, 1.2, 1.8, and 2.4 mM concentrationfates when cultivated in the presence of the
being inversely proportional to the octanolchloroneb, HQGl maneb and carboxin, respectively
concentration in the medium (Heipieper et al.(Tu, 1982). It was suggested that the pesticides like
1995). The same result was displayed whemetiram, betertanol and diclorluanide strongly
Mycromycetes fungi grown in the presence ofinhibited the mycelia growth d¥erticillium lecanii
fluoranthene in the concentrations of 0.001, 0.0{Khalil et al., 1985). The culture media containing
and 0.1 g/L, showing a decrease in the myceliglyfosate, simazine and propazine in recommended
growth as the concentration of the toxicallyconcentrations for the field applications significantly
compound was increased in the culture mediumnhibited the radial growth ofP. cinnamomi
Moreover, other effect as the appearance of theeducing to 11.4, 13.5 and 50.2% when compared to
sterile mycelia and discolorations of the colonieshe control (Kassaby and Hepworth, 1987). Studies
was observed in some species (Salicis et alyith azo reactive, another important group of
1999). environmental polluants, showed that the increase of
A study with the antracene indicated that 95% ofhe dyes concentration in the culture medium was
the strains showed high growth rates at 0.1 g/proportional to the inhibition of the growth of
concentration of antracene. However, the growtlsaccharomyces cerevisiaend Candida tropicalis

of Doratomyces stemonitiand Cylindrocarpon  (Aksu, 2003; Donmez, 2002). A reduction in the
destructans were inhibited in concentrations mycelial growth was observed, when the fungi grew
lower than 0.01g/L, andSporormiella australis in the presence of trifenilmethane. The nucleic acids
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which might have caused the reduction in the

mycelial growth (Azmi et al., 1988). In studies

whose objective was the understanding of th@ESUMO

solvents tolerance mechanisms in the bacteria, it

was shown that the toluene destabilized the mutante fisiolégico deRhizopus arrhizusfoi
internal membrane of Gram-negatives, causing gbtido pelo teste do gradiente de resisténcia ao
transition from a bilayer lamellar state to apjreno. Estudos comparativos conduzidos sobre o
hexagonal state, resulting in the loss of th@omportamento do processo de germinacdo e o
proteins, lipids, ions and the disruption ofcrescimento radial foram realizados entre as
potential of the cellular membrane (De Smet egmostras selvagem e mutante Rle arrhizusUCP

al., 1978; Sikkema et al., 1995). The following402. Os meios Sabouraud Sacarose e Caldo de
collapse in the ATP synthesis, with other| eyvedura e Malte contendo pireno (10 mg/L)
Iesions, caused the cellular death. Th@nduziram ao processo de germina@éo de
interaction of the cyclic hydrocarbons, as theesporangiosporos das amostras selvagem e mutante
aromatics, alicyclic and terpenes with thedeR. arrhizus O crescimento radial das amostras foi
biological membranes have already beefhyersamente proporcional & concentracdo de pireno
documented (De Smet et al., 1978; Sikkema @{o meio de cultura. Os resultados demonstraram
al., 1992; Uribe et al., 1985; Uribe et al., 1990)uma excelente adaptacdo da amostra mutant®.de
Those interactions cause the  structuralarrhizus UCP 402x na concentracdo de pireno (50
permeability and functional changes in themg/L), sugerindo uma alta habilidade e possibilidade

membranes, which in turn can interrupt thege aplicagdo na remogdo de pireno em &reas
growth and the activities of the cells. Studiesontaminadas.

with the tetralin in the structure and in the

functioning of the liposome membranes in the

bacteria showed that the accumulation of thiREFERENCES
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