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In recent years, there has been an increasing interest
in the testing fungi for degradation or detoxification
of various polycyclic aromatic hydrocarbons (PAHs) and
elucidation of the pathways involved. Investigations on
microbial metabolism of pyrene are 1limited to some
bacteria (Heitkamp et al. 1988a,b, b, Walter et al.
1991) and the fungi Cunninghamella elegans (Cerniglia
et al. 1986), Phanerochaete chrysosporium (Hammel et
al. 1986), Crinipellis stipitaria (Lambert et al. 1994,
Lange et al. 1994) and Aspergillus niger (Wunder et al.
1994). The fungal transformation products of pyrene, 1-
hydroxypyrene, 1,6-dihydroxypyrene, 1,8-dihydroxy-
pyrene, 1l,6-pyrenequinone, 1,8-pyrenequinone and some
glucoside conjugates of hydroxylated pyrenes were
identified (Cerniglia et al. 1986, Hammel et al. 1986,
Lambert et al. 1994, Lange et al. 1994, Wunder et al.
1994). Until now, only mutagenic activities of some of
these metabolites towards Salmonella typhimurium have
been reported (Okamoto and Yoshida 198la,b). Nothing is
known about additional biological activities of these
compounds, especially their effects on soil organisms
are of ecological importance. During bioremediation
processes these compounds could accumulate.

In the present study we describe the antimicrobial,
nematicidal, phytotoxic, cytotoxic and mutagenic
activities of 1l-hydroxypyrene, the initial trans-
formation product of pyrene metabolization by C. stipi-
taria (Lambert et al. 1994) and comparise this, with
the activities of pyrene and benzo[a]pyrene.
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MATERIALS AND METHODS

Pyrene was obtained from Sigma Chemical Co., St. Louis,
Missouri and benzo[a]pyrene was purchased from Aldrich-
Chemie, Steinheim, Germany. S9 mix (rat liver; arochlor
1254) was obtained from Organon Teknika Corp., Durham,
North Carolina. The isolation of l-hydroxypyrene formed
by €. stipitaria was described by Lambert et al.
(1994). Assays for the evaluation of the cytotoxic
activity were described by Erkel et al. (1991). The
estimation of the nematicidal activity was performed
according to Stadler et al. (1993) and the estimation
of antimicrobial and phytotoxic effects were
accomplished as described by Anke et al. (1989). In the
mutagenicity test (Ames et al. 1975), Salmonella
typhimurium TA 98 and TA 100 were assayed according to
Maron and BAmes (1983) with and without 89 mix.
Compounds to be tested were dissolved in methanol;
tests were carried out twice as triplicates. The
numbers dgiven are the average revertants from six
plates.

RESULTS AND DISCUSSION

l1-Hydroxypyrene, pyrene and benzo[a]pyrene showed no
cytotoxic effects towards L 1210 cells (ATCC CCL 219)
up to 100 ug/mL. The effect of the compounds on HeLa S3
cells (ATCC CCL 240) is shown in Figure 1. Up to a
concentration of 100 ug/mL, pyrene had no effect on the
growth of the <cells. Benzo[a]pyrene was weakly
cytotoxic (IC50: 100 wug/mL) and 1-hydroxypyrene was
moderately cytotoxic (IC50: 13 ug/mL).

The antimicrobial effects of the three compounds are
given in Table 1. Several important soil inhabitants
were included in the test. The results show, that
pyrene and benzo[a]pyrene had no antimicrobial effects
up to concentrations of 100 pug/mL. In contrast, 1-
hydroxypyrene showed significant antibacterial and
antifungal activities. Growth of most bacteria was
inhibited at 2.5 pg/mL. Growth was not restored after
replacing the medium with 1l-hydroxypyrene-free medium.
Among the fungi tested, only Fusarium oxysporum was not
affected by l-hydroxypyrene up to concentrations of 100
ug/mL.
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Figure 1. Cytotoxic effect of 1-hydroxypyrene (R),
pyrene (0O) and benzo[a]pyrene (®) towards HeLa S3-
cells. Each point is the mean of three
determinations. The error bars indicate standard
deviation from the mean.

The results of the phytotoxicity test are summarized in
Table 2. l-Hydroxypyrene and pyrene had no significant
effects towards Lepidium sativum and Setaria italica,
but benzo[a]pyrene impaired growth of the tested plants
starting at concentrations between 25 and 50 pg/disk
(13 mm diameter). Phytotoxic effects reported for PAHs
include reduced growth of wheat and barley (Sims and
Overcash 1983) in the presence of 3,4-
benzofluoranthene. Additional effects of 1-
hydroxypyrene towards Setaria italica and of
benzo[a]pyrene towards Lepidium sativum and Setaria
italica can now be added.

Activities towards the saprophytic soil-inhabiting
nematode Caenorhabditis elegans are shown in Table 3.
l1-Hydroxypyrene and benzo[a]pyrene showed very strong
nematicidal activities. Whereas the effects of 1-
hydroxypyrene were already visible after 1 hr,
immobilization of the nematodes by 1 pg/mL of
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Table 1. Minimal inhibitory concentrations (MIC, for
viable cell counts) of l-hydroxypyrene, pyrene and
benzo[a]lpyrene in the serial dilution assay towards
bacteria and fungi. Concentration tested: 1; 2.5;
5; 10; 15; 20; 25; 50 and 100 ug/mL.

Organism MIC [pg/mL]
1-Hydroxy~ Pyrene Benzo[a]-
pyrene pyrene

Bacteria:

Agrobacterium rubi 10 >100 >100
Arthrobacter citreus 2.5 >100 >100
Bacillus brevis 2.5 >100 >100
Pseudomonas fluorescens 2.5 >100 >100
Streptomyces spec. 2.5 >100 >100
Fungi:

Aspergillus niger 10 >100 >100
Fusarium oxysporum >100 >100 >100
Mucor miehei 5 >100 >100
Penicillium notatum 10 >100 >100
Rhodotorula glutinis 10 >100 >100
Saccharomyces cerevisiae 10 >100 >100
Trichoderma viride 25 >100 >100

Table 2. Phytotoxic activities of l-hydroxypyrene, py-
rene and benzo[a]pyrene towards Lepidium sativum
and Setaria italica. Concentration tested 10; 25;
50 and 100 pg/disk (13 mm diameter).

Concentration
Test plant Compound [ug/disk)

10 25 50 100

Lepidium sativum 1-Hydroxypyrene —* - - -
Pyrene - - - -

Benzo[a]pyrene - +/= + ++

Setaria italica 1-Hydroxypyrene - - - +/-
Pyrene - - - -

Benzo[a]pyrene - - +/- +

*: - = no phytotoxic effect; +/- = shoot-/root-length=50 % of the

control; + = shoot-/root-length >50 $ of the control; ++ = no ger-
mination



Table 3. Nematicidal activities of 1l-hydroxypyrene,
pyrene and benzo[a]pyrene towards Caenorhabditis
elegans after 1 and 48 hr of incubation. Con-
centration tested: 1; 2.5; 5; 10; 15; 20; 25; 50
and 100 pg/mL.

Tested compound Incubationperiod ND50*[ng/mL]
l1-Hydroxypyrene 1 hr 2.5

48 hr 1
Pyrene 1 hr >100

48 hr >100
Benzo[a]pyrene 1 hr 50

48 hr 1

*ND50: concentrations causing immotility of 50 - 55 % of the worms

benzo[a]pyrene came into effect only after 48 hr. This
indicates, that a transformation product rather than
benzo[a]pyrene itself may be responsible for the
nematicidal effects.

The results of the mutagenicity test carried out as
"plate incorporation test" are summarized in Table 4.
As aspected, pyrene and l-hydroxypyrene showed
mutagenic effects neither with 89 mix nor without
microsomal activation. This is in agreement with the
results of Okamoto and Yoshida (1981b), who reported
that l-hydroxypyrene is not mutagenic towards strain TA
98 in the presence of S9 mix. TA 100 was not tested.
The control mutagens daunomycin and ethyl methyl-
sulfonate significantly increased the number of
revertants of the appropriate strain. As reported by
other authors (Cerniglia et al. 1985), benzo[a]pyrene
caused an increase in the number of revertants in both
strains after metabolic activation by S9 mix.

The data presented here indicate, that 1l-hydroxypyrene
has toxic effects towards many organisms, whereas
pyrene was not toxic in any test. The greater
solubility of 1-hyroxypyrene as compared to pyrene
could not solely account for the drastic increase of
the various biological activities. Ecologically
important are the strong antimicrobial and nematicidal
activities of 1-hydroxypyrene since it has been shown
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Table 4. Mutagenic effects of 1-hydroxypyrene (OH-Pyr),
pyrene (Pyr) and benzof{a]lpyrene (B[a]P) in the
"plate incorporation test" after 48 hr. Daunomycin
(DM) and ethyl methanesulfonate (EMS) were used as
control mutagens. The values are the means of the
values obtained from six replicates. Standard
deviations are given in parenthesis.

Strain s9mix Number of revertants/plate
[uL] ca Pyr® OH-PyrP DMC EMSd B[a]PC
TA 98 - 7 7 8 2370 n.t. 6
(£1.1) (t1.4) (£1.4) (%162.2) (£1.1)
10 7 14 7 13 n.t. 56
(£0.9) (*1.4) (£0.9) (%1.9) (£2.8)
25 8 13 7 15 n.t. 104
(t1.2) (t1.1) (£1.4) (%2.1) (t4.2)
TA 100 - 93 94 99 n.t. 5230 96
(£3) (t2.6) (t4.6) (t233.4) (%3.3)
10 96 116 117 n.t. 118 179
(£2.8) (£3.2) (%5.1) (£5.5)  (t4.6)
25 107 128 138 n.t. 109 369
(£3.8) (£5.9) (*4.8) (£3.9)  (#12.4)

o
|

= Control with solvent (methanol); b 5 ug/l mL top agar;
= 2 ug/l mL top agar; d = 2 pyl/1 mL top agar; n.t. = not tested

Q
|

to be produced by bacteria as well as by fungi during
metabolization and degradation of pyrene. This is an
example of the conversion of a non-toxic compound into
a biologically active one and shows the necessity of
toxicologic surveys during soil treatment in addition
to analytical ones in order to optimize bioremediation
techniques.
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