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Abstract In this study, biological degradation of 2,4,6-tri-
nitrotoluene (TNT) which is very highly toxic environmen-
tally and an explosive in nitroaromatic character was
researched in minimal medium by Bacillus cereus isolated
from North Atlantic Treaty Organization (NATO) TNT-
contaminated soils. In contrast to most previous studies,
the capability of this bacteria to transform in liquid medium
containing TNTwas investigated. During degradation, treat-
ment of TNT was followed by high-performance liquid
chromatography (HPLC) and achievement of degradation
was calculated as percentage. At an initial concentration of
50 and 75 mg L−1, TNTwas degraded respectively 68 % and
77 % in 96 h. It transformed into 2,4-dinitrotoluene and 4-
aminodinitrotoluene derivates, which could be detected as
intermediate metabolites by using thin-layer chromatogra-
phy and gas chromatography–mass spectrometry analyses.
Release of nitrite and nitrate ions were searched by spectro-
photometric analyses. Depending upon Meisenheimer com-
plex, while nitrite production was observed, nitrate was
detected in none of the cultures. Results of our study pro-
pose which environmental pollutant can be removed by
using microorganisms that are indigenous to the contami-
nated site.

Introduction

Xenobiotic compounds, such as nitroamines (royal demolition
explosive, hexogen, octogen), nitroaromatics (TNT, picric acid,
2,4,6-trinitrophenylmethylnitramine andhexanitrodiphenylamine),
aliphatics (pentaerythritol tetranitrate, nitroguanidine), nitroben-
zenes produced by many military activities, are widely used in
the synthesis of pesticides, plastics, polymers pharmaceuticals,
dyes and explosives [5, 9, 13, 18]. These chemicals constitute an
important group of environmental pollutans due to their recalci-
trant structures [21, 26]. The highly energetic chemical TNT that
produced the primary explosive during World War II is a
nitroaromatic explosive [33]. TNTand its derivates found not only
at producing and processing facilities but also at many disposal
sites where they could leak out into soil and groundwater in
different ways [36]. TNT is well known to be cytotoxic and
mutagenic to many living organisms including humans [7, 47].
TNT that is a C-class carcinogen chemical has been reported to
cause various disorders ranging from aplastic anemia, toxic hepa-
titis, dermatitis, cyanosis, sneezing, cough, peripheral neuritis,
cataract, muscular pain to kidney damage [6, 24, 42]. Mutagenic
effect of TNT has been shown by Ames test made on Salmonella
sp [39].

Therefore, enhancing the attractive technology for removal
of TNT-polluted sites as quickly as possible will be required.
Microbial processes could be widely used for the remediation
TNT because of their high performance in biotransformations
of chemical compounds [12]. Both aerobic and anaerobic
TNT degradation by many different bacteria have been
reported [22, 25]. In aerobic conditions, removal of TNT is
divided to two reductive pathways, including reduction of one
or two nitro groups to a hydroxylamino group followed by the
formation of various amino-substitued metabolites such as
amino-dinitrotoluenes and diamino-nitrotoluenes and the
transformation of TNT into dinitrotoluene with the release of
nitrite through the hydride–Meisenheimer complex of TNT by

H. A. Mercimek (*) :G. Guzeldag :A. Ozsavli
The Faculty of Sciences and Letters, Department of Molecular
Biology and Genetics, Kilis 7 Aralık University, 79000, Kilis,
Turkey
e-mail: mersimek@hotmail.com

S. Dincer
Department of Biology, Cukurova University, 01330, Adana,
Turkey

F. Matyar
Department of Science and Technology Education, Cukurova
University, 01330, Adana, Turkey

Microb Ecol (2013) 66:512–521
DOI 10.1007/s00248-013-0248-6



hydride attack on the aromatic ring [10, 41]. TNT is degraded
to triaminotoluene (TAT) in anaerobic conditions [31].

In this article, the metabolic pathway of a TNT-degrading
bacterium, Bacillus cereus,was examined; the fate of TNTand
its reduction products in the bacterial culture was also investi-
gated by chromatographic and spectrophotometric analysis.

Methods

Colourimetric Analysis of TNT in Soil Sample

Twenty grams of dried soil was homogenised with 100 mL
acetone (96 %) for 10 min. The suspension was kept at room
temprature and thus provided sedimentation of soil. Twenty-
five millilitres of supernatant was added to 0.2 g KOH and
0.2 g Na2S. And then the mixture was treated for 1–5 min
with a sonicator [48].

Quantitative analysis of TNT in soil sample

One gram of dried soil was extracted with 9 mL acetonitrile,
and then the suspension was strongly stirred. The whole
mixture was filled into 50 mL Teflon-coated brownglass
vial and treated for 18 h with a sonicator. After sonication,
mixture was maintained at room temprature for 30 min. Ten
millilitres of supernatant taken from vial was mixed with
10 mL of CaCl2 (5 g L−1), and then the mixture was
centrifuged at 10,000×g for 10 min. Following centrifuga-
tion, the supernatant was filled into a 1.5-mL brownglass
vial and stored at +4 °C until high-performance liquid
chromatography (HPLC) analysis [3, 11].

Isolation and identification of nitroaromatic explosive-
degrading bacteria

A soil sample collected from NATO military industry region,
İzmir, Turkey, was used as the source of microorganism-
degraded nitroaromatic explosives. The minimal salt medium,
pH 7.2, comprised of (grams per litre): NaH2PO4.H20, 0.6;
K2HPO4, 1.8; (NH4)2SO4, 1.5 and yeast extract (0.5 mg mL−1).
An aliquot (10 mL L−1) of a stock trace element solution
containing (milligrams per 100 mL): MgC12, 2000; CaC12, 400;
MnCI2.4H20, 80; FeCI3.6H20, 50; Na2MoO4.2H20, 150 was
added to the minimal salts medium. Adding picric acid
(0.44 mM, 100 mg L−1) as nitroaromatic explosive from a
1,000mg L−1standard solution which was adjusted to pH 7.5 with
1 N NaOH prior to filter sterilisation, the medium was enhanced
[40]. One gram of soil sample per 100 mL of medium was added
to minimal medium, and cells grown aerobically with shaking
(180 rpm) at 30 °C. Serial transfers (5 % inoculum) into fresh
medium were made every 72 h. After three serial transfers,
decolourised culture was transferred onto fresh agar plates

containing minimal salts medium; strains that used picric acid
were isolated [2]. Strains were defined using VITEK bacterial
identification system.

Tolerance of Strains to TNT

Growth of isolated strains were tested in liquid medium
contained different concentrations of TNT (5, 10, 15, 30,
50, 75 and 100 mg L−1). The isolated strains were analysed
for its tolerance to TNT by growing in degrading medium.
This medium consisting of (in grams per litre) K2HPO4,
6.18; KH2PO4, 1.93; yeast extract, 1, at pH 7.2 was prepared
to add from the stock solution of TNT prepared in acetone
(1,000 mg L−1), was filtered through (0.22 μm), and
sterilised. Degradation medium stated by previous re-
searchers was modified by adding yeast extract [46].

TNT Biodegaradation and Growth Condition of Strain

Cells of isolate were grown into 2 L Erlenmeyer flask
contaning 500 mL of pre-production medium, pH 7.2,
consisting of (per litre) meat extract, 10; meat peptone, 10;
NaCl, 5; K2HPO4, 2; KH2PO4, 1; MgSO4.7H2O, 0.2 [46] at
180 rpm and 30 °C for 24 h. After incubation, the bacterial
culture was centrifuged to harvest at 9,000×g for 10 min. All
of centrifugation works were continued at +4 °C, and then
separated cells were washed twice with 50 mM potasium
phosphate buffer (pH 7.3). The optical density of the bacte-
rial biomass in same buffer was adjusted to 4.8 at 600 nm.
Fifty millilitres of this suspension was dispensed into 2 L
Erlenmeyer flask containing 450 mL of degradation medi-
um added at final concentaration 50 and 75 mg L−1 TNT.
The flasks were incubated at 180 rpm, 30 °C in the dark for
96 h. TNT biodegradation was tested using HPLC, gas
chromatography (GC-MS) and thin-layer chromatography
(TLC) analysis. Bacterial growth of liquid culture was de-
termined by following optical density at 600 nm and
counting viable colonies on plate count agar plates.

Isolation of Reduction Products

To isolate and identify the transformational metabolites of
TNT, during 6, 12, 24, 48, 72 and 96 h of incubation, 50 mL
of buffer removed from the controls and degrading mediums
were centrifuged at 9000×g for 1 h at 4 °C. 20 mL of
supernatant was acidified with 1 N HCl 160 μL for per
1 mL and extracted twice with equal volume of ethyl ace-
tate. Collected organic phase was separated and dried with
anhydrous Na2SO4 and then evaporated on a vacuum
rotavapor at 35 °C. The residue was redissolved in 1 mL
of acetonitrile [43]. Elutions were stored at +4 °C in 1.5 mL
Teflon-coated brownglass vial for analytical works.
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Analytical Analyses

The persistence of TNT amount was detected by HPLC
(Schimadzu, Japan). For HPLC analyses, 20 μL of elutions
were injected into a C18 reverse-phase column at 30 °C and
separated using an isocratic mobile phase of 21 % (vol/vol)
acetonitrile, 35 %methanol and 44 % deionised water at a flow
rate of 0.7 mL min−1. The retention time of TNT was deter-
mined by UV detector at 254 nm and quantified by comprasion
with reference standarts. HPLC method by reported previously
Boopathy et al. was used with modification [4].

Reduction products were determined GC-MS. GC anal-
ysis was continued using TR5-MS column (60 m×0.25 mm,
0.25 μm film thickness) and ionisation detector under the
following conditions: injection temperature 240 °C; amount
of injection 1 μL; helium was carrier gas at 1 mL min−1;
initial oven temperature 80 °C for 1 min, then ramped to
300 °C at 10 °C min−1 and held at same temperature for
12 min. Samples were identifed by compared with standarts.
GC-MS method by notified previously Oh and Kim was
used by modifying [37].

TLC analyses were prolonged on pre-coated plates of
silica gel F254 purchased from Merck. Compounds separat-
ed using a mobile system of ethyl acetate/hexan (40:60v/v)
[32]. Reduction products were visualised by plates exposed
to UV light. Rf values of the spots were matched those of
the standards.

Nitrite and Nitrate Estimation

During growth microorganism, demineralisation of TNT in
the form of release nitrite and nitrate was tested. Nitrite anal-
ysis was continued colourimetrically [33]. Ten millilitres of
the culture withdrawn from 0, 6, 12, 24, 48, 72 and 96 h of
incubation was centrifuged at 9000×g for 1 h. Two hundred
microlitres of supernatant was appended with 50μL (prepared
by dissolving 5 g sulphanilamide in a solution containing
26 mL HCl and total volume of solution adjusted to 500 mL
in distilled water) sulphanilamide solution, andthe mixture
was incubated at room temperature for 5 min. Fifty microlitres
N-(1-naphthly) ethylenediamine dihydrochloride solution
(prepared by dissolving 0.5 gN-(1-naphthyl) ethylenediamine
dihydrochloride dihydrochloride in 500 mL deoinised water)
was added, and then the mixture was incubated at room
temperature for 20 min. Total volume of reaction mixture
was adjusted at 1 mL by adding 700 μL deoinised water.
Concentration of nitrite release was measured at 540 nm using
sodium nitrite as the standard.

To determine the oxidation of nitrite to nitrate in cultures,
5 mL of supernatant was involved with 1 mL 1 N HCl, and
then concentration of nitrate in samples was examined at
220 nm using sodium nitrate as the referance [1].

Results

Qualitative and Quantitative Analyses of TNT in Soil

Colourimetric analysis of TNT-contaminated soil is based
on these components reacting with alcali hydroxides and
forming the Meinsenheimer anion that can change the col-
our of extraction from violet to red after reaction. In this
analyses, sodium sülfite was used to accelerate the reaction,
and soil sample was extracted with acetone to ensure the
stability of the colour change. However, presence of TNT in
NATO soil sample was determined with the expected colour
change in extraction. TNT and its derivates in soil were
separated using HPLC. In result of HPLC, TNT concentra-
tion in NATO soil sample was found to be 61.35 mg L−1 but
its derivates were not encountered.

Selection of Strains that Are Capability-Transformed

During growth on minimal salt medium contaning picric
acid, a change in colour from yellow to orange–brown was
observed in the culture. After diluted samples of these
decolourised culture was transferred onto agar plates includ-
ing same medium, orange–brown colonies surrounded by
transparent zone were selected. The formation of this colour
demonstrated that bacteria mineralised picric acid from the
medium. Microscopic examinations of the picric acid-
degrading isolates proved that all were Gram-positive and
rod-shaped cells. Degradation process was continued with
B. cereus defined by VITEK identification system.

The capability of B. cereus to tolerate TNTwas evaluated
by its growth in degradation medium. While the maximum
TNT concentration did not tolerate bacteria, it showed
growth at the other concentrations. The two highest concen-
trations observed bacterial growth were selected for use in
degradation studies.

Growth of B. cereus and TNT Transfromation

B. cereus isolated from NATO soil was examined to deter-
mine its capability in removal of TNT. In experiments
performed in flasks at an initial concentration of 50 and
75 mg L−1 TNT, it was determined by HPLC that B. cereus
achived 68 % and 77 % of the TNT degradation in 96 h
(Fig. 1). In the uninoculated controls contaning TNT, initial
concentrations changed with time. Chemical hydrolysis of
TNT in these abiotic cultures was detected as 16 % and
13 %. Microbial degradation of TNT was calculated with
explusion amounts of TNT which was determined with
HPLC analyses of abiotic cultures.

Bacterial growth and nitrite release were associated with
the transformation of TNT. Time-dependent change in tur-
bidity and colony-forming units (CFU) was shown in Fig. 2.
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The initial inoculi for microorganism was about 62.5×
105 CFU mL−1. Microbial growth in the culture medium arose
after the sixth incubation and reached maximum at 24 h (139×
105 CFUmL−1) and 12 h (162×105 CFUmL−1) of incubation in
cultures including respectively 50 and 75mg L−1 TNT (Fig. 2b).

Rates of TNT removal at these hours when recorded at higher
cell densities were determined as 55 % and 59 % (Fig. 2a).

And then while toxicity of TNT and accumulation of its
intermediate lead to gradual decrease of bacterial growth its
transformation proceeded with viable cells at resting (Fig. 2).

Fig. 1 Expression as
percentage of TNT degradation
in liquid cultures with or
without B. cereus

Fig. 2 Time course of bacterial
growth that proved change of
turbidity (a) and viable bacterial
counts (colony-forming units
per millilitre) (b) in liquid
cultures with or without TNT
by inoculated B. cereus
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After 72 h, bacterial densities in both concentrations remained
nearly constant.

Nitrite and Nitrate Release from TNT

Nitrite analyses were carried out to prove TNT demineralisation
by B. cereus, during incubation time. Data of nitrite assays were
showed graphically in Fig. 3. The findings of nitrite release
corresponded to removal of TNT from liquid cultures. Nitrite
concentrations in bacterial cultures including 50 mg L−1 TNT
increased after incubating for 6 h and the increase, which
continued up to 48 h, arrived a maximum of 0.41 mg L−1,
and thereafter, it remained stable. In high concentration of TNT,
the nitrite groups removed from TNT arose through the first
2 days of incubation. At the end of 48 h, the amount of
maximum nitrite was determined as 0.55 mg L−1.

In uninoculated cultures which were treated with only
TNT, amounts of nitrite released during the first 24 h were
ignored. But after this time, amounts of nitrite released from
TNT were averagely recorded 0.15 mg L−1 at 96 h when
maximum transformation of TNT was determined, for both
of abiotic cultures. Because amounts of nitrate were negli-
gible as determined in cultures, it was concluded that the
oxidation of nitrite to nitrate was not performed by B.
cereus. The results of nitrate assays were shown in Fig. 4.

Change of pH During Degradation

pH values measured from supernatant after adding TNT and
B. cereus were regarded as initial values. According to
initial pH values of TNT degradation medium in the biotic
and abiotic cultures for both concentrations was accepted as
pH 7.4±0.2. It was detected that pH changed between 7.4
and 7.55 whenever changes of pH in abiotic cultures which
followed chemical degradation of TNT were compared with
bacterial cultures until the degradation ends.

Products of TNT Transfromation

The change in colour of biotic mediums was observed during
cultivation. Colour of medium was whitish in the beginning
and started turning yellowish, and then was reddish brown,
darkening at 96 h. TNT derivates isolated from this reddish–
brown-coloured supernatant were identified by GC-MS and
TLC analyses performed at the end of 96 h. The GC-MS data
were shown in Fig. 5. Peaks of standards based on mass/charge
by MS for 2,4-dinitrotoluenes (2,4-DNTs), TNT and 4-ADNT
were respectively detected as peak A at 15.65 min, peak B at
17.54 min and peak C at 20.14 min (Fig. 5a).

When GC-MS results of samples were compared with au-
thentic standards, it was accepted that peaks at 20, 14 and
20.69 min were 4-ADNT (Fig. 5b, c), TNT, 2,4-DNT and 4-
ADNTstandards migrated with Rf values 0.83, 0.67 and 0.5 on
silica gel TLC plates (Fig. 6a). Spots at Rf values 0.8 and 0.63
were presented as 2,4-DNT and TNT by compared with spots
of standarts in samples (Fig. 6b, c). Residual TNT in biotic
cultures that was not designated by GC-MS methods could be
showed on TLC plates. No intermediate products of TNTwere
detected in abiotic cultures by GC-MS and TLC methods.

Discussion

This study was focused on reduction mechanisms of the bacte-
rium belonging to the genus Bacillus that reduced TNT during
growth. Under aerobic conditions, it was determined that B.
cereus isolated from TNT-contaminated soil transformed TNT
to its derivates using TNT as substrate for bacterial growth. In
the ligth of above HPLC findings, it was detected that TNT
concentrations 50 and 75 mg L−1 were degraded at respectively
68 % and 77 % within 96 h. Previous researches indicated
biodegrading ability and tolerance to higher TNTconcentration
of Bacillus sp. [20, 34, 35]. The isolate accumulated NO−2 in
degradation cultures contaning both concentrations. Other
searchers denoted supportively our findings on nitrite liberation

Fig. 3 Accumulation of nitrite
during TNT degradation in
control cultures and liquid
cultures incubating with B.
cereus
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by reduction during microbial degradation of TNT [8, 23, 28,
29, 36, 38]. The rates of TNT transfromation and nitrite release
showed an increase with the rise in TNT concentrations.
Transformation of TNT and nitrite release were observed abi-
otically as well as biotically. In previous studies, chemical
degradation of TNT under abiotic condition was reported [7,
36]. When nitrate concentrations in bacterial cultures were
compared with abiotic medium, a significant formation of
nitrate in cultures including both TNT concentrations was not
observed during degradation process. For this reason, it can be
concluded that oxidation of nitrite to nitrate by bacterial and
chemical reactions was not realised. In contast to our results
about nitrate accumulation, some searchers revealed the find-
ings of nitrate in the cultures ofClavibacterium, Sphingomonas
and their mixture contaning TNT during degradation [39].

In cultures, a rise in time-dependent bacterial growth is a
positive evidence of TNT removal. When microbial growth
reached maximum, nitrite accumulation and rate of degrada-
tion in the medium increased. The performed researches on
TNT-biodegrading ability of Bacillus sp. acquired similar re-
sults where cell density and degradation rate of TNT corre-
spondingly raised [37, 47]. But a number of previous studies
are in contrast to our findings; it was found that bacterial
growth decreased with increasing concentration of TNT
[27]. The determined decrease in turbidity and CFU in biotic
cultures was associated to toxicity to some of transformation
products. Because of nutrient depletion and reduction in the
microbial population, a clear decrease in rate of TNT degra-
dation at the end of 96 h was declared.

Previous researchers reported chemical hydrolysis of TNTat
a pH of approximately 8 [30]. Based upon results of pH, our
studies detected chemical hydrolysis dependent on pH changes.

A pinksih red to brown color which gradually darkened
towards the end of incubation was appeared in medium
during process of TNT degradation, and the formation of
the colour showed removal of TNT via the elimination of
nitro groups. But any colour change disappeared in abiotic
cultures. The hydride–Meisenheimer complex of TNT
formed by aerobic bacteria seemed red–brown-coloured as

referred to in previous studies [35, 38]. Nitrite and
dinitrotoluenes (DNTs) are intermediate products released
from the dihydride–Meisenheimer complex.

Reduction products were identified for the investigation
of the metabolic pathway of TNT biotransformation. In our
experiments, the reaction products that were isolated from
red-coloured supernatant which is similar to previous in-
vestigations were detected by comprasion to the standard
compounds using TLC and GC-MS analyses [28, 34]. 2,4-
DNT and 4-ADNT as transformation products of TNT were
presented.

Despite the fact of nitrite accumulation and chemical deg-
radation in abiotic culture, none of transformation products
were encountered during TNT metabolism. The formation of
DNT and ADNT derivates showed that B. cereus degraded to
TNT by two different pathways mentioned below.

Symmetrical arrangement which provided stability of aro-
matic ring and the electron-withdrawing properties of nitro
groups covering its aromatic ring created steric hindrance
[25]. Electron deficient in π-orbitals and high redox potentials
are characteristic properties of TNT in which nitro groups
result from the electron-withdrawing nature. Increasing num-
ber of nitro groups depends on aromatic ring; TNT develops
resistance to aerobic degradation by inhibiting electrophilic
attack that leads to ring fission [14]. So microbial attack on
TNT is limited from reduction of nitro groups to formation of
nitroso and hydroxylamino products [45]. Microbial activites
on TNT are a conventional pathway covering elimination of
nitro groups from the aromatic ring and metabolism of the
remaining carbon skeleton [44]. This pathway is examined in
three categories: (1) ring oxygenation which causes to form
nitrite, (2) nucleophilic attack by a hidride anion to the hy-
dride–Meisenheimer complex that form adding di-nitro deri-
vates to hidride anions [26], and (3) reduction to produce of a
hydroxylamine [45].

The accumulation of both 2,4-DNT and 4-ADNT, releas-
ing nitrite and appearance of red-colour in our studies
supported the finding that elimination of a nitro group at
either the ortho position or the para position from aromatic

Fig. 4 Determination of nitrate
occured in the course of
biological treatment of TNT
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ring, the formation of Meissheimer complex by nucleophilic
attack and reduction of the nitro groups to amino groups
occured by addition of two electrons.

Several researchers have reported microbial transformation
of TNT by aerobic including Bacillus sp., anaerobic or com-
bined pathways [7, 17, 25, 47, 49]. Biodegradation of TNT via

Fig. 5 GC-MS data of standard metabolits (a) and test cultures contaning respectively 50 (b) and 75 mg L−1 (c) TNT within a period of 96 h
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reductive pathways, producing dinitrotoluene, hydroxylamino
or amino-derivates, is a co-metabolic process that requires

exogen nutrient source as nitrogen or carbon to provide reduc-
ing equivalent [5, 22, 41]. Aerobic process catalysed by various
bacteria begins with an oxidative microbial attack on aromatic
ring and continues with reduction of nitro groups to amino
groups, leading to a variety of monoamino-dinitrotoluenes and
diamino-mononitrotoluenes without mineralisation [10, 41]. In
the anaerobic process, nitro groups of TNT completely were
reduced and produced TAT as the last derivates [12, 16].

Recent studies have shown that bacterial enzymes possess
remarkable biodegradative properties [15, 41]. Nitroreductase
enzyme which is responsible for aerobic and anerobic degra-
dation of TNT catalyses the conversion of nitro groups on
aromatic ring into nitro, nitroso and amino groups [19].
During enzymatic process, why different metabolites apart
from reductive metabolites described as DNTs, ADNTs,
HADNTs and TAT in common are produced by bacteria is
completely clarified.

Conclusions

Because of its mutagenic and carcinogenic effects on eco-
system, TNT is an environmental pollutant, which requires
it to be cleared from contaminated sites. Even though re-
moval of this pollutant uses many different processes, such
as physical and chemical methods, increased attention to
bioremediation that is an efficient, eco-friendly and cost-
effective process recently. So in our study, the degradation
of TNT by aerobic bioremediation is easy to continue rather

Fig. 5 (continued)

Fig. 6 TLC observing of TNT degradation products in B. cereus
culture samples. a Presentation of standard metabolites on TLC plates,
respectively, T: TNT, D: 2,4-DNT, A: 4-ADNT, M: mixture of their, by
exposing to UV. b Monitoring residual of TNT and its derivates that
accumulated abiotic cultures (1 and 6 respectively contaning 50 and
75 mg L−1 TNT) and c is showing cultures (2 and 7 including 50 and
75 mg L−1 TNT) incubated with B. cereus at the end of degradation
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than anerobic culture conditions was researched. B. cereus
isolated from NATO soil transformed TNT into 4-ADNTand
2,4-DNT in liquid medium including TNT. It was observed
that B. cereus not only removed nitro groups from TNT but
also converted the nitro groups to amino derivates. In addition
to degradation with bacteria, it will be able to remove TNT
from large parts of the contaminated soil using nitroreductase
enzyme purified from this bacteria, in further works.
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