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Abstract
Mycotoxins are secondary metabolites produced by microfungi like Aspergillus, Penicillium, Fusarium, Alternaria. The enniatins
are cyclic peptide mycotoxins and have produced by several strains of Fusarium sp. They have got biological activities like
acting as enzyme inhibitors, antifungal and antibacterial agents. In this research the mutagenic effects of enniatin A1 and B1
were investigated with Ames assay. Ames is a test system which can detect mutations at celluler level. In this test Salmonella
typhimurium TA98 and Salmonella typhimurium TA100, both in the presence and absence of S9 metabolic activation was used.
Five different concentrations of Enniatin A1 and B1 (12.5 µM, 25 µM, 50 µM, 100 µM, 200 µM) were exposed to these strains. In
all test strains (Salmonella typhimurium TA98 and Salmonella typhimurium TA100) Enniatin A1 and B1 did not show mutagenic
effect.
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Enniatin A1 ve B1 Mikotoksinlerinin
Ames Salmonella Mikrozom Testi ile Mutajenitesi
Özet
Mikotoksinler Aspergillus, Penicillium, Fusarium, Alternaria gibi bazı mikrofunguslar tarafından üretilen sekonder metabolitlerdir. Enniatinler birkaç Fusarium suşu tarafından üretilir ve siklik peptid mikotoksinlerdir. Enniatinler antifungal, antibakteriyel ajan ve enzim inhibitörü olarak hareket etmek gibi biyolojik aktivitelere sahiptir. Bu çalışmada Enniatin A1 ve B1’in
mutajenik etkileri Ames testiyle araştırıldı. Ames hücresel seviyedeki mutasyonları belirleyen bir test sistemidir. Bu testte
Salmonella typhimurium TA98 ve Salmonella typhimurium TA100 suşları metabolik enzim olan S9’lu ortamda ve S9’suz ortamda
kullanıldı. Enniatin A1 ve B1’in 5 farklı konsantrasyonu (12.5 µM, 25 µM, 50 µM, 100 µM, 200 µM) bu suşlara uygulandı. Bütün test
suşlarında(Salmonella typhimurium TA98 ve Salmonella typhimurium TA100) Enniatin A1 ve B1 mutajenik etki göstermedi.

Anahtar sözcükler: Ames testi, Enniatin A1, Enniatin B1, Salmonella typhimurium

INTRODUCTION
Enniatins are fungal metabolites produced by several
species of Fusarium, and were first isolated in 1947 by
Gäumann et al.[1,2]. Enniatins are members of a family of
fungal N-methylated cyclic hexadepsipeptides and consist
of three residues of D-2-hydroxyisovaleric acid alternating
with three of N-methyl branched-chain L-amino acids such
as valine, leucine, or isoleucine. Enniatin A contains only
N-methyl isoleucine residues, whereas other enniatin
homologues contain other patterns of branched-chain
amino acids [3]. Enniatins are non-ribosomal, cyclic hexa-
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depsipeptides with general cation chelating, ionophore [3],
and they have got biological activities like acting as enzyme
inhibitors, e.g. acyl-CoA-cholesterol-acyl transferase [4] and
cyclic nucleotide phosphodiesterase [5], antifungal and antibacterial agents, and immunomodulatory substances [6-8].
They are also anthelmintic, cytotoxic and phytotoxic
activities [2,9-11]. Although they can accumulate in Fusariuminfected grain, enniatins have not been associated with
any animal disease outbreaks nor been shown to cause
disease in experimental animals [3], but Wätjen et al.[5] said
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that Enniatins have important impact on human health
and they can cause outbreaks in humans and animals [12].
They are also known as phytotoxins and are associated
with plant diseases characterized by wilt and necrosis [13].
Enniatins exert potent cytotoxic activity against cancer cell
lines [5,14], and can act also as potent inhibitors of an ABC
membrane transporter related to multidrug-resistance [15].
These properties make them candidate compounds for
further development as drugs, particularly as potent
cytotoxic effects against several cancer cell lines [2,16].
The aim of this study was to investigate the mutagenic
effects of enniatin A1 and B1 using Ames test. Salmonella
typhimurium TA98 and TA100 was used both in the
presence and absence of a liver microsome (S9).

MATERIAL and METHODS
Mutagenic effects of Enniatin A1 and B1 were investigated
with Ames test system. The Ames test was performed
with or without S9 mix using the incorporation method of
exposure in accordance to the work of Maron and Ames [17].
Sample Preparation and Doses
Enniatin A1 and B1 were disolved in the Dimethyl
Sulfoxide (DMSO). Each of them stored in DMSO for best
to best dissolve. The stock was stored room temperature.
Non-toxic doses of the compounds for standard
test strains was determined and the five non-cytotoxic
dose (200-100-50-25-12,5 μM) of each substances were
studied.
The Bacterial Strains
The tester strains used were histidine requiring
Salmonella typhimurium TA98 and TA100. The culture
stocks were stored at -80°C. While the TA98 strains were
used for determining the frameshift, TA100 was used to
determine the base pair exchange [18]. The tester strain
was freshly prepared by pre-culturing for 12 h at 37°C
in nutrient broth No. 2 and suspension was used for the
assay. To carry out experiments healthy, strains have
been checked at regular intervals whether the strains
have the original mutations.
Procedure in Presence of Liver Microsome (S9)
100 μL of the test solution for each concentration, 300
μL biotin/histidine solution and 100 μL of a cell suspension
from an overnight culture ((1-2) × 109 cells/mL) were added
to 3 mL of top agar (kept at 45°C) and vortexed the mixture.
Experiments with S9, 500 μL of S9 mix was added. The
entire mixture was transferred on the minimal agar plate.
Samples were tested on triplicate plates in independent
parallel experiments. The plates were incubated at 37°C
for 48-72 h and then bacterial colonies on each plate
were counted.

Positive Control
100 μL 2 Amino flourene, 300 μL biotin/histidine
solution and 100 μL of a cell suspension from an overnight culture ((1-2) × 109 cells/mL) were added to 3 mL
of top agar (kept at 45°C) and vortexed the mixture.
Experiments with S9, 500 μL of S9 mix was added. 2AF was
used as positive controls with metabolic activation. The
entire mixture was transferred on the minimal agar plate.
Samples were tested on triplicate plates in independent
parallel experiments. The plates were incubated at 37°C
for 48-72 h and then bacterial colonies on each plate
were counted.
Solvent Control
100 μL of dimethylsulfoxide (DMSO), 300 μL biotin/
histidine solution and 100 μL of a cell suspension from an
overnight culture ((1-2) × 109 cells/mL) were added to 3
mL of top agar (kept at 45°C) and vortexed the mixture.
Experiments with S9, 500 μL of S9 mix was added. The
entire mixture was transferred on the minimal agar plate.
Samples were tested on triplicate plates in independent
parallel experiments. The plates were incubated at 37°C
for 48-72 h and then bacterial colonies on each plate
were counted.
Spontaneous Control
300 μL biotin/histidine solution and 100 μL of a cell
suspension from an overnight culture [(1-2) × 109 cells/
mL] were added to 3 mL of top agar (kept at 45°C) and
vortexed the mixture. Experiments with S9 500 μL of S9
mix was added. The entire mixture was transferred on
the minimal agar plate. Samples were tested on triplicate
plates in independent parallel experiments. The plates
were incubated at 37°C for 48-72 h and then bacterial
colonies on each plate were counted.
Procedure in Absence of Liver Extract (S9)
All the steps in this stage are the same as previous
part. But, here, liver microsome extract (S9) was not used.
4-nitrophenyldiamine was used as a positive control for
TA98, Sodium Azide was used for TA100.

RESULTS
Mutagenecity Enniatin A1 and B1were investigated
with Ames test. In the Ames assay S. typhimurium TA98
and S. typhimurium TA100 strains were used: Strain TA98
detects frame-shift mutations whereas TA100 detects
base-pair substitutions. The test results of Enniatin A1 and
B1 are summarised in Table 1 and Table 2. Analyzing test
results, all doses of Enniatin A1 and B1, in the presence
and absence of S9 enzyme was determined to be nonmutagenic. Results were compared with the number of
colonies of spontaneous control group.
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Table 1. Results of mutagenecity of Enniatin A1 with Ames test in different
S. typhimurium strains (TA98 and TA100) in the presence or absence of S9mix
Tablo 1. Enniatin A1’in Ames testi ile farklı S. typhimurium (TA98 ve TA100)
suşlarında S9 enzimi varlığında ve yokluğunda mutajenite sonuçları
Strain

TA98

TA100

-S9

+S9

-S9

+S9

Spontaneous control

34±3

29±5

152±12

252±8

Solvent control (DMSO)

30±2

35±5

149±6

270±20

200 µM Enniatin A1

33±3

28±4

146±4

281±4

100 µM Enniatin A1

38±8

29±5

141±11

257±11

50 µM Enniatin A1

37±4

39±4

144±20

271±13

25 µM Enniatin A1

37±7

29±10

153±16

243±26

12,5 µM Enniatin A1

32±5

28±6

176±11

247±20

Positive control
4 Nitro-ophenilenediamine

1235±35

-

-

-

Sodium azide

-

-

1720±30

-

2 Aminoflourene

-

1240±20

-

2327±16

Table 2. Results of mutagenecity of Enniatin B1 with Ames test in different
S. typhimurium strains (TA98 and TA100) in the presence or absence of
S9-mix
Tablo 2. Enniatin B1’in Ames testi ile farklı S. typhimurium (TA98 ve TA100)
suşlarında S9 enzimi varlığında ve yokluğunda mutajenite sonuçları
Strain

TA98

TA100

-S9

+S9

-S9

+S9

Spontaneous control

34±3

29±5

152±12

252±8

Solvent control (DMSO)

30±2

35±5

149±6

270±20

200 µM Enniatin B1

36±5

34±3

136±10

243±24

100 µM Enniatin B1

34±3

36±3

150±18

245±22

50 µM Enniatin B1

33±5

28±2

183±13

275±16

25 µM Enniatin B1

33±6

34±3

167±20

267±10

12,5 µM Enniatin B1

34±6

29±3

160±15

240±5

Antimicrobial effect of Enniatin were studied against
Escherichia coli, Enterococcus faecium, Salmonella enterica,
Shigella dysenteriae, Listeria monocytogenes, Yersinia
enterocolitica, Clostridium perfringens, Pseudomonas
aeruginosa, and Staphylococcus aureus by Meca et al.[19].
Enniatin B was found no toxic, at tested concentrations
on the strains S. aureus CECT 240, E. coli CECT 4782, and
S. dysenteriae CECT 584 but all the others strains tested
showed inhibitory activity dependent on the quantity
utilized [19].
In conclusion the Ames test showed us that Enniatin
A1 and B1 did not posses mutagenic activity. Further
mutagenicity tests should perform to reach whole decision
about their safety.
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1235±35
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-

-

Sodium azide

-

-

1720±30

-

2 Aminoflourene

-

1240±20

-

2327±16

DISCUSSION
Enniatins are non-ribosomal, cyclic hexadepsipeptides
with general cation chelating ionophore and antibiotic
activities [3]. Enniatins have got various biological
activities [5,14,15]. These properties make them candidate
compounds for further development as drugs [2,16]. For
these reasons; evaluating the mutagenic, cytotoxic, antimicrobial effects of enniatin A1 and B1 is important.
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