
Introduction

Mutagenic pollution of the environment is a serious

and general problem, as mutagens occurring in var-

ious habitats can induce in humans and other organ-

isms severe disorders, including cancer and a broad

spectrum of inherited diseases (El-Bayoumy 1992;

Depledge 1998; Au et al. 2001; Martin 2001;

Tornqvist and Ehrenberg 2001; Barton et al. 2005).

Present-day mutagenic pollutants appear in the en-

vironment mostly as a result of industrial processes

(Heddle et al. 1999; Goldman and Shields 2003;

Vargas 2003; Jha 2004).
Because of a potential danger of mutagenic

pollution, its rapid detection is an important issue.
However, it is not a simple chemical procedure, as
there are thousands of known mutagens and they
have mutagenic effects usually at very low con-
centrations. Hence, biological assays, although

perhaps less precise, are more useful for prelimi-
nary assessment of the mutagenic status of a tested
environmental sample (Wêgrzyn and Czy¿ 2003).

Recently, a novel rapid microbiological

bioluminescence mutagenicity assay has been

developed (Podgórska and Wêgrzyn 2006). In the

assay, a dim luxE mutant (A16 strain) of the ma-

rine bacterium Vibrio harveyi is employed.

The luxE gene codes for the synthetase of the

fatty acid reductase complex, a holoenzyme (con-

taining also reductase and transferase) responsi-

ble for production of a long-chain aliphatic

aldehyde, which is a substrate in the oxidation re-

action performed by luciferase (for a review, see

Meighen 1988). This luciferase-mediated reac-

tion results in light emission; thus, dysfunction of

the luxE gene causes impairment of V. harveyi

bioluminescence. However, restoration of the

luxE function due to reverse mutation(s) results
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in restoration of light emission. Therefore, the

A16 strain responds to contact with various muta-

gens by increasing the level of luminescence

(Podgórska and Wêgrzyn 2006). This may arise

from induced reversion to the wild-type luxE al-

lele or a pseudoreversion that allows proper func-

tions of the gene product and restoration of

luminescence (Podgórska and Wêgrzyn 2006).

Light emission by the A16 strain after its incuba-

tion with mutagenic compounds may be further

enhanced, as stimulation of this process by both

physical and chemical mutagens has been reported

(Czy¿ et al. 2002).

The V. harveyi bioluminescence mutagenicity

assay has been demonstrated to be useful in rapid

preliminary assessment of mutagenicity of marine

water samples (Podgórska et al. 2007a), in longer

studies on mutagens occurring in marine water

at very low concentrations (Chêæ et al. 2006),

and in testing the accumulation of mutagens in

plant (Podgórska et al. 2007b) and animal (Chêæ

et al. 2007) tissues. However, in the marine envi-

ronment, sediments are especially endangered by

accumulation of various pollutants, including

mutagenic compounds (Chen and White 2004).

Therefore, in this work, we have tested the useful-

ness of this assay for rapid preliminary detection

of mutagenic pollution of marine sediments.

Materials and methods

Sample collection and preparation for the

mutagenicity assay

Surface sediment samples were collected during

r/v Oceania cruises in 2002 and 2005 by using

a Reineck box corer (sandy sediments) or

Niemistõ corer (muddy sediments). The 0–5 cm

layer was retrieved, frozen (at –18oC) in

pre-cleaned glass jars, and transported to the labo-

ratory. Next, 5 g of the sediment sample were

sonicated for 5 min (Sonics Vibra Cell sonicator)

with 5 mL of STE buffer (10 mM Tris-HCl,

pH 7.5, 10 mM NaCl, 1 mM EDTA), and centri-

fuged for 1 min at 1000 g. Finally, 50 �L of the

supernatant were used for the mutagenicity test.

Vibrio harveyi bioluminescence mutagenicity

assay

The assay was performed according to Podgórska
and Wêgrzyn (2006), with the V. harveyi A16
strain (a dim luxE mutant) as an indicator strain.
Bacteria were grown in the liquid BOSS nutrient

medium (bacto-peptone, 1%; beef extract, 0.3%;
glycerol, 0.011 mol L–1; NaCl, 0.51 mol L–1), de-
scribed by Klein et al. (1995), at 30oC. Then,

50 �L of the tested sample and 5 �L of 4% S9 mix
(consisting of rat liver microsomal enzymes and
cofactors, as described previously by Maron and
Ames 1983), were added to 5 mL of the bacterial
culture at absorbance A575 = 0.1, and incubation
was continued for 3 h. Before addition of the tested
sample, and 3 h after its addition, 1 mL of the bac-
terial culture was withdrawn and its luminescence
was measured by using a Sirius luminometer
(Berthold), and expressed as relative light units
(RLU). At the same times, A575 of cultures was
measured to estimate the number of bacterial cells.
The correlation between cell number (determined
by plating on BOSS plates) and absorbance of the
culture was established according to Podgórska
and Wêgrzyn (2006); A575 = 0.1 corresponded to
3 × 107 colony-forming units per 1 mL. Next, re-
sults were calculated as relative luminescence
(RLU) per cell. Each measurement was repeated
3 times, and the presented values are mean values
± SD. A negative control was STE buffer (treated
in the same way as samples). The IAEA 383 sedi-
ment standard sample (International Atomic En-
ergy Agency, Marine Environment Laboratory -
MESL, Report IAEA/AL/115 (IAEA/MEL/65)),
containing various compounds – including muta-
gens – at determined concentrations (http://www-
naweb.iaea.org/naml/files/iaea383.pdf), was used
as a positive control.

Results and discussion

The samples of marine sediments were collected

from the Baltic Sea. The location of sampling sta-

tions is shown in Figure 1. Mutagenicity of each

sample, as well as of negative and positive con-

trols, was measured by using the V. harveyi

bioluminescence mutagenicity assay. As recom-

mended previously (Podgórska and Wêgrzyn

2006), in this assay a sample should be considered

mutagenic when the bioluminescence level (calcu-

lated in RLU/cell) is at least 2-fold higher than in

the negative control experiment.
As a positive control, the IAEA 383 sediment

standard sample, which contains specified
amounts of various mutagens, was used. In this
sample, the obtained value was almost 4-fold
higher than in the negative control (STE buffer)
(Figure 2). This indicates that the V. harveyi
bioluminescence mutagenicity assay can be an ad-
equate test for assessment of mutagenicity of sedi-
ments.
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Various mutagenicity levels were detected in
different samples taken from the natural environ-
ment. The values ranged from similar to that of the
negative control, to over 3-fold higher than this
control (Figure 2). Therefore, we conclude that
various levels of mutagenic pollution can be found
in marine sediments, even within a relatively small
area (compare Figures 1 and 2).

It was demonstrated previously (Podgórska
and Wêgrzyn 2006) that the minimal dose of
a mutagen detectable by using the V. harveyi
bioluminescence mutagenicity assay varied from
5 to 520 nmol L–1, depending on the kind of the
mutagenic compound, and was comparable to the
sensitivity of other microbiological mutagenicity
assays. Therefore, samples causing signals 2-fold
higher than the negative control (according to the
definition of mutagenicity in this assay, provided
previously by Podgórska and Wêgrzyn 2006)
should be considered as containing considerable

mutagenic activities. This applies to samples no. 2,
3, 4, 6, 7, 8, 9, 11, 13, 14 and 15. Thus, sediments
from the corresponding regions (compare Fig-
ure 1) may be potentially dangerous, and as such
they should be monitored regularly.

In conclusion, the results presented in this re-

port indicate that the V. harveyi bioluminescence

mutagenicity assay could be used for large-scale

assessment of mutagenicity of marine sediments.

No specific information about the nature of

mutagen(s) present in the tested sample is avail-

able in this assay, but it quickly provides prelimi-

nary results, indicating whether the sample

contains mutagenic compounds. This test is rapid,

as it includes only 5–min sonication, very short

centrifugation, incubation of the supernatant with

a bacterial culture for 3 h, and measurement of lu-

minescence in a luminometer. Thus, the whole

procedure is shorter than 4 h.
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Figure 1. Map of the Polish part of the southern Baltic Sea, where sediment samples were collected. 1–15 = sampling

stations
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Figure 2. Detection of mutagenic pollution in samples of marine sediments by the V. harveyi bioluminescence

mutagenicity assay. C = negative control (STE buffer); IAEA = positive control (IAEA 383). Means SD are presented

(N = 3). Value 1 corresponds to 0.055 ± 0.004 RLU/cell.
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