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Detoxification of phenanthrene byC. elegansevaluated by calorimetry
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Abstract

The filamentous fungusCunninghamella elegansIM 1785/21Gp has an ability to remove phenanthrene to hydroxylated products with
high efficiency. The sensitivity ofC. elegansspores to phenanthrene derived metabolic products, 9-phenanthrols, as a model example of
hydroxyderivatives produced by this fungus, was determined in this work. Calorimetric measurements showed that 9-phenanthrol disturbed
the metabolic activity and spore germination ofC. elegansless than phenanthrene did. However, at concentrations exceeding 60–70 mg L−1,
phenanthrol strongly affected the intracellular processes of this fungus.
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. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a large
roup of xenobiotics commonly found as pollutants in soils,
stuarine waters and sediments. There is widespread con-

amination of the environment with PAHs from incomplete
ombustion of fossil fuels and organic wastes. Many PAHs
re known to be mutagenic or carcinogenic[1]. Phenanthrene

s a PAH but is noncarcinogenic[2] and nonmutagenic[3,4],
nd thus is a useful model for mammalian[5] and fungal

6–8] metabolism studies.
From the many PAH-degrading strains, the zygomycete
unninghamella elegans, exhibits significant potential to me-

abolize PAHs[9]. C. elegansIM 1785/21Gp has an ability
o remove phenanthrene with a high efficiency[10,11]. Pre-
iously, we observed the toxic effect of phenanthrene onC.
legansIM 1785/21Gp growth, by calorimetry[12]. The re-
ults showed that calorimetry could be a valuable supplement
n the study on PAH toxicity on fungi, because it allows mea-
urement of small changes in metabolic activity.

Fungi do not use phenanthrene as the sole source o
bon and energy but, instead, cometabolize the PAH to
droxylated products[13]. Phenanthrene is metabolized
cytochrome P-450 monooxygenases in the initial attack
product, arene oxide is further metabolized to dihydr
ols with thetrans-configuration, phenanthrols or sulfate
glucoside conjugates[1,6,14,15]. Our previous results[11]
showed that in the initial stage of phenanthrene metabo
by C. elegansIM 1785/21Gp, cytochrome P-450 is also
volved. Our studies (unpublished) confirmed thatC. elegan
IM 1785/21Gp strain metabolizes phenanthrene to hydr
lated products, mainly phenanthrols,trans-dihydrodiols an
glucoside conjugates, similar to metabolism of phenanth
by fungi described by Casillas et al.[6] and Cerniglia an
Yang [15]. Most of the metabolites produced from PA
by fungi are less toxic to other organisms than the pa
compounds[16]. Cerniglia et al.[13] described that conve
sion of PAHs to more polar oxygenated metabolites a
in the detoxification of these compounds. Nevertheless
observation ofC. elegansgrowth indicated that despite t
intensive transformation of the toxic substrate into less t
∗ Corresponding author. Tel.: +48 42 635 44 65; fax: +48 42 665 58 18.
E-mail address:jdlugo@biol.uni.lodz.pl (J. Długónski).

derivatives, the fungal growth was strongly limited as com-
pared with the control culture (without PAH addition). The
growth was much more inhibited than expected, which could
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indicate that the product formed also inhibitedC. elegansIM
1785/21Gp growth within the time of its accumulation. In
order to elucidate how this product limits fungal growth rate,
calorimetric measurements ofC. elegansIM 1785/21Gp ger-
minating spores were done in this study. Germinating spores
are a good research model, because they are more sensitive
to PAHs[12] and metals[17] than mycelium. Because me-
tabolization of phenanthrene at 9,10 position (K-region) is a
principal way of phenanthrene oxidation by mammals[18], 9-
phenanthrol, as a model example of hydroxyderivatives pro-
duced byC. elegansIM 1785/21Gp, was used in the present
work.

2. Experimental

2.1. Chemicals

9-Phenanthrol was obtained from Aldrich [Steinheim,
Germany]. Dimethylformamide was purchased from Serva
[Heidelberg, Germany]. All chemicals and solvents were high
purity grade reagents.

2.2. Microbial strain and cultural conditions

C. elegansIM 1785/21Gp from the Department of Indus-
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300�L of C. elegansIM 1785/21Gp culture with the ap-
propriate amount of 9-phenanthrol. The reference ampoule
contained 300�L of Sabouraud medium. Power–time curves
for all measurements were performed at 28◦C.

3. Results

The heat rate versus time curves are presented inFig. 1.
The results show that 9-phenanthrol at 25 mg L−1 dimin-
ishes the maximum heat rate by about 8% as compared with
the control. At 50 mg L−1 of 9-phenanthrol, the maximum
heat production was decreased by 16%. Increasing the 9-
phenanthrol concentration from 60 to 70 mg L−1, caused a
larger than predicted decrease in the maximum heat rate. In-
creasing the hydroxyderivative further to 100 mg L−1, did not
cause a further increase in the rate of decrease in the heat rate.
The results suggest that 9-phenanthrol at≥60 mg L−1 causes
important changes in the intracellular processes of the fun-
gus. Microscopic observations were performed to confirm
this thesis.

The results of microscopic inspection of 9-phenanthrol
supplemented cultures are presented inFig. 2. Spores incu-
bated in Sabouraud medium with 25 mg L−1 of 9-phenanthrol
(Fig. 2B) formed long and branched filaments, about 40�m,
s ith-
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rial Microbiology and Biotechnology fungal strains colle
ion was used. This strain was described in our earlier p
10]. All tests were carried out at 28◦C using a Sabouraud li
id medium [Difco Laboratories, USA], inoculated with 1
ay-old cultures ofC. elegansIM 1785/21Gp on Sabourau
gar slants.

.3. Sample preparation

C.elegansIM 1785/21Gp was inoculated in the Sabour
edium, initially containing 5× 107 spores mL−1, then 9-
henanthrol dissolved in dimethylformamide (10 mg mL−1)
as added into the cell suspension (25–100 mg L−1).

.4. Microscopic observation

Fungal culture was done with Bioscreen C Analyzer S
em (Labsystems, Finland) as described earlier[12] with and
ithout different amounts of 9-phenanthrol. For microsco
bservation, an Axiovert 200M microscope with confo
canning module LSM5 Pascal (Zeiss, Germany) with
arski differential interference contrast was used.

.5. Calorimetry

Calorimetric measurements of the fungal growth were
ormed as described earlier[12] with a Micro DSC III (Se-
aram, France). The measurements were carried out in
tainless steel “closed, batch” vessels. The sample and
nce vessels were sterilized. The sample ampoule con
imilar to the ones observed in the control culture w
ut the xenobiotic (Fig. 2A). At a phenanthrol concen

ion of 50 mg L−1, spores formed shorter germ tubes, ab
0�m (Fig. 2C). A phenanthrol concentration of 60 mg L−1

Fig. 2D) stimulated the formation of conidiophore from
erminating spores. The production of spores from germ

ng spores occurs in some fungi when grown in nutrient-
onditions[19]. Our microscopic observations indicated t
erm tube formation was gradually limited at phenant
oncentrations of 25–60 mg L−1, nevertheless the granu
tructures inside the filaments and conidiophores were

ig. 1. Heat production rate byC. elegansspores incubated in grow
edium without phenanthrol (a) and with 25 mg L−1 (b), 50 mg L−1 (c),
0 mg L−1 (d), 70 mg L−1 (e), 90 mg L−1 (f), and 100 mg L−1 (g) of 9-
henanthrol.
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Fig. 2. C. elegansphotomicrographs; germinating spores after 24 h of incubation in Sabouraud medium without 9-phenanthrol (A) and with 25 mg L−1 (B),
50 mg L−1 (C), 60 mg L−1 (D), 70 mg L−1 (E), 90 mg L−1 (F) and 100 mg L−1 (G) of 9-phenanthrol.
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Fig. 3. Relation of total amount of heat production (enthalpy) byC. elegans
spores vs. 9-phenanthrol content in the growth medium.

observed. Further increase in phenanthrol up to 70 mg L−1

resulted in the presence of empty and collapsed filaments
(Fig. 2E). Spores incubated with 90–100 mg L−1 (Fig. 2F
and G) did not differ significantly from the spores cultivated
at 70 mg L−1.

The total amount of heat produced during theC. el-
egansspore growth with 9-phenanthrol concentration of
25–50 mg L−1 was 10.2 and 9.8 J g−1 of culture, respectively,
in comparison with 10.6 J g−1 in the control (Fig. 3). The total
amount of heat produced by spores cultivated with phenan-
threne at the same concentrations was significantly lower,
9.2 and 6.4 J g−1, respectively[12]. A higher concentration
of phenanthrene (60–90 mg L−1) produced less than 2 J g−1

[12], while after the addition of 9-phenanthrol, the total heat
was 8.8–4.2 J g−1 at the same concentrations.

There is no proportionality between the increase in
phenanthrol concentrations and the decrease in the total
metabolic heat. The significant decrease in total heat with a
slight increase in phenanthrol concentration at 60–70 mg L−1

could indicate saturation of the system. The same dependence
was observed in our earlier experiments with phenanthrene,
but at different concentrations (50–60 mg L−1) [12].

4. Discussion
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This thesis was confirmed by microscopic observation.
Phenanthrol addition up to 70 mg L−1 resulted in the presence
of empty and collapsed filaments. The cytoskeleton plays an
important role in shaping fungal cells[20]. Some factors, like
dehydration, eliminated the hydroskeleton, therefore conidia
and germ tubes collapsed[21].

The results showed that during phenanthrene bioconver-
sion byC. elegansIM 1785/21Gp, mutual completing of
PAHs toxic effect was observed. The decrease in phenan-
threne amount under critical value caused only small in-
hibition of fungal physiological processes. On the other
hand, the increase in the product amount under critical value
caused a strong inhibition ofC. elegansIM 1785/21Gp meta-
bolism.
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