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Abstract— Bacterial strain Bacillus sp. VT-8 was shown to use trinitrotoluene (TNT) as the sole source of
carbon, nitrogen, and energy, as well as to carry out its co-oxidation. Resistance of Bacillus sp. VIT-8 to high
TNT concentrations was shown. Efficient detoxification of TNT-contaminated soil and water samples was
demonstrated. This strain may be recommended for TNT biodegradation at concentrations of up to
140 mg/L due to its high degradation activity and the absence of toxic effect of TNT on Bacillus sp. VT-8.
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The degradation potential of bacilli long remained
ambiguous, and these bacteria were not considered
promising for commercial applications in the biologi-
cal treatment of polluted soils and wastewaters. Some
authors reported the ability of members of this genus
to utilize linear and polycyclic hydrocarbons (PAH)
(at high temperatures) [1, 2] and cresol [3] as growth
substrates and to transform halophenols [4], which
was evidence of the high biodegradative potential of
bacilli. The studies of recent years have shown that
members of the genus Bacillus may be a source of bio-
technologically valuable metabolites and enzymes [5]
and are able to degrade various toxic and stable com-
pounds, including a wide range of nitroaromatic com-
pounds such as 3-, 4-nitrobenzoate, 2-nitrotoluene,
nitrobenzene [6], chloronitrobenzene [7], 2,4-dini-
trotoluene [8], 2,4,6-trinitrophenol [9], 4-chloro-2-
nitrophenol [10], and 2,4-dinitroanisol, which was
proposed to be used as an explosive instead of TNT
[11]. TNT was extensively used for military and indus-
trial purposes, and the peak of its production fell
on the years of World War II. According to the pub-
lished data, the annual TNT production was up to
1000000 kg, resulting in accumulation of this com-
pound in soil and groundwater at the areas of its pro-
duction and storage. In the United States, Germany,
and Canada, pollution with this explosive remains a
serious hazard; the sediments and soils of some indus-
trial regions contain up to 10 g TNT /kg [12].

TNT has a considerable toxic effect on all ecosys-
tems. The people exposed to TNT suffer from aplastic
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anemia, toxic hepatitis, cataracts, hepatomegaly, and
liver tumors [13]. The US Environmental Protection
Agency defines TNT as a class C potentially carcino-
genic compound [14, 15]. TNT is more resistant to
microbial degradation than mono- and dinitrotolu-
enes because of the symmetrical arrangement of three
nitro groups in its aromatic ring, which excludes the
efficiency of oxidation reactions at the first stages of
TNT degradation: the widespread tactics for aerobic
strains degrading other xenobiotics. The first stage of
TNT metabolism under aerobic conditions is reduc-
tion of one of the two (ortho-, para-) nitro groups with
formation of various isomers of TNT amino-nitro
derivatives [16].

The goal of the present work was to study the ability
of the strain Bacillus sp. VT-8 to carry out TNT bio-
degradation with assessment of its efficiency depend-
ing on the presence of additional substrates and initial
concentration of the toxicant, to optimize the TNT
biodegradation processes, and to test the ability of the
strain Bacillus sp. VT-8 to degrade TNT in soil sam-
ples.

MATERIALS AND METHODS

The subject of research was the strain from the lab-
oratory culture collection of degraders of aromatic
compounds, which was identified as Bacillus sp. VT-8
by the results of 16S RNA—DNA analysis. The strain
Bacillus sp. VT-8 was adapted to growth on TNT for
half a year as described previously [17].

The ability of the strain Bacillus sp. VI-8 to utilize
TNT with an additional growth source was studied by
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cultivating the strain on Petri dishes with solid nitro-
gen-free mineral medium containing 50 mg/L TNT
and 10% (vol/vol) Luria Broth (LB) [17]. The grown
cells were washed with liquid nitrogen-free mineral
medium and used as inoculum (10%, vol/vol) to inoc-
ulate 750-mL flasks with 100 mL of the medium with
50 mg/L TNT and LB (5%, vol/vol) or succinate
(500 mg/L). For the biological control, the cells were
cultivated under the same conditions without TNT
addition. For the chemical control, uninoculated
flasks with TNT and LB/succinate in the mineral
medium were incubated for the same time as in the
experiment.

The ability of the strain Bacillus sp. VT-8 to utilize
TNT as the sole carbon, nitrogen, and energy source
was studied similarly but with addition of TNT (final
concentration, 50 mg/L) when inoculating the culture
into the liquid medium.

Dependence of TNT transformation by the strain
Bacillus sp. VT-8 on TNT concentration was deter-
mined by cell cultivation in the flasks with a mineral
medium containing 69, 104, or 139 mg/L TNT and
5% LB. The samples were taken on days 3 and 6 of the
cultivation. The cells were harvested by centrifugation;
TNT and its transformation products were extracted
from the supernatant with a twofold volume of ethyl
acetate. Residual TNT was assayed by the method of
gas chromatography as described [17].

The intermediates of TNT transformation were
determined as follows: the strain Bacillus sp. VT-8 was
grown in flasks with 200 mL mineral medium,
50 mg/L TNT, and 5% LB. Samples (the whole cul-
ture) were taken at the zero moment and on days 2, 4,
6, 8, and 10 of growth. The supernatant was extracted
with a twofold volume of ethyl acetate. The solvent was
evaporated from the extract; the samples for the anal-
ysis were prepared as described [17], evaporated, and
analyzed. The intermediates were identified by gas-
chromatography/mass-spectrometry (GC/MS) in a
LECO Pegasus 4D mass spectrometer (United States).
Ionization energy was 70 eV, scanned masses were 29—
500 Da.

Soil experiment was carried out by the microcosm
method with the soil collected from an agricultural
area, supplemented with TNT (100 mg/kg of soil),
followed by thorough mixing and removal of large
plant residues. The bacterial culture grown on the
solid medium with 50 mg/L TNT and 10% LB was
used as an introducent. Cell suspension was washed off
the Petri dishes and added to the soil (50 mL/1.5 kg).
Microbial succession was then initiated by moisten-
ing. Soil humidity was maintained by periodic moist-
ening with 150 mL of tap water once every 6 days dur-
ing the experiment; covering material was used to pro-
tect the soil from getting dry. Soil samples (100 g) were
taken for analysis after 15, 30, 60, and 75 days. The soil
sample treated with TNT without introducing the cells
of the studied strain was used as a control. Soil sample
(100 g) was incubated with ethyl acetate (200 mL of
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the solvent per flask) under stirring (200 rpm) for 12 h,
and then TNT and its degradation products were
extracted by the procedure described above.

The activity of TNT nitroreductase (TNT-NR) was
assessed by cultivating the strain in a liquid mineral
medium with 50 mg/L TNT and 200 mg/L succinate.
The TNT-NR activity was measured beginning from
day 4 of the cultivation. The cells were disrupted in an
IBPM press. The supernatant (cell-free extract) was
used to determine the enzyme activity as described
[17].

TNT biodegradation was optimized by (1) addition
of surfactants to enhance the permeability of micro-
bial cells and (2) immobilization of the cells of
degrader strain on polycaproamide fiber. The effect of
surfactants on the ability of Bacillus sp. VI-8 to
degrade TNT was determined using nonionic deter-
gents Genapol (OH(CH,CH,0),(CH,),,H) and
Tween-80. Tween-80 was used at concentrations of
0.25 and 1% in the variants with TNT (100 mg/L) and
LB (5%, vol/vol) added to the medium. The culture
grown in the medium with Tween-80 and LB was used
as a biological control; uninoculated medium with
TNT (100 mg/L), Tween-80 (0.25%) and LB (5%,
vol/vol) was used as a chemical control. Genapol was
used at a concentration of 0.1% in the variants with
TNT introduced at a concentration of 50 mg/L in the
absence of additional growth substrates. Samples were
taken at the zero moment and on days 2, 4, 7, 10, 13,
17, and 20. The culture with TNT without Genapol
was used as a control; samples were taken on days 2, 7,
and 17. Sterile medium with TNT was used as a chem-
ical control.

The cells of Bacillus sp. VT-8 were immobilized as
follows: polycaproamide fiber (2 g per 200 mL of the
mineral medium) was autoclaved for 30 min at 1 atm.
The cells grown on the solid medium with TNT
(100 mg/L) and LB (5%, vol/vol) were washed off ten
plates with 100 mL of the medium, resuspended, and
dispensed into a flask by 10 mL (ODs,5 = 0.8). After
addition of LB (5%, vol/vol), they were incubated
under stirring on a shaker (200 rpm) for 4 h, then TNT
was introduced at concentrations of 67, 100, and
134 mg/L. Samples (the whole culture) were taken for
analysis after 3 and 6 days of growth. TNT was
extracted with ethyl acetate from the sample contain-
ing the culture liquid and the fiber with immobilized
cells as described above. As a biological control, the
cells were immobilized on the fiber and cultivated in
the mineral medium with LB without TNT. The min-
eral medium with TNT, LB, and fiber not inoculated
with Bacillus sp. VT-8 cells was used as a chemical
control.

The experiments were performed in triplicate. The
results of typical experiment are shown on the figures.
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Fig. 1. Dynamics of TNT decrease in the cultures of Bacillus sp. VT-8 (1), Kacuria palustris RS32 (2) [17], and Acinetobacter sp.
VT 11 (3) [17] during its transformation under conditions of cometabolism at a 5% (vol/vol) content of LB in the medium and
initial TNT concentrations of 40.4, 70, and 62 mg/L, respectively.

RESULTS AND DISCUSSION

Growth of Bacillus sp. VI-8on TNT
in the Presence of Cosubstrate

Bacillus sp. VT-8 was able to transform TNT on
addition of extra growth substrates (LB, 10%, vol/vol).
The strain transformed over 98% TNT in the presence
of LB during 2 days of growth (Fig. 1), with half of the
introduced toxicant removed during the first 24 h.
Comparison with the rates of TNT degradation under
the influence of various previously studied bacteria
showed that the strain VT-8 was one of the most effi-
cient destructors in this respect, along with the cul-
tures of Kacuria palustris RS32 and Acinetobacter sp.
VT11 [17]. Three products of TNT metabolism were
found in 2- to 4-day cultures by the method of TLC.
One of these products disappeared after 48 h of culti-
vation. GC/MS analysis of the culture liquid extract
made it possible to identify dinitro-amino and
diamino-nitro TNT derivatives (with the masses anal-
ogous to those presented in [16, 17]). Identical com-
pounds were also formed during TNT transformation
by a Bacillus cereus strain [ 18]. However, the latter cul-
ture was less active than Bacillus sp. VT-8: under con-
ditions of co-metabolism, this culture transformed
only 68 and 77% of introduced toxicant at its initial
concentrations of 50 and 75 mg/L, respectively [18].

Investigation of the dynamics of TNT transforma-
tion (55 mg/L) by the Bacillus sp. VT-8 culture in the
presence of succinate as an additional carbon source
showed that the amount of TNT decreased more
smoothly and less rapidly than in the presence of LB
(Figs. 1, 2): the residual amount of TNT after 12 days
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of cultivation was 69%. According to the TLC data,
TNT decrease correlated with an increase in the num-
ber of metabolites up to eight on day 8 and their
decrease to seven on day 12 of growth. This difference
is most likely determined by the presence of an easily
accessible additional nitrogen source for the strain
when using LB and by the absence of such source
when using succinate, which could be utilized only as
an additional carbon source.

OD, 545 nm TNT, mg/L
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Fig. 2. TNT transformation in the Bacillus sp. VT-8 cul-
ture in the presence of succinate: OD of the culture in the
presence of TNT and succinate (/); OD of the culture
without TNT and succinate (2); and TNT content (3).
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Concentration dependence of TNT transformation by the
strain Bacillus sp. VT-8 (sample volume, 200 mL)

Day of cultivation TNT, mg/L
0 69 104 139
3 0.5 11.2 51
6 0.2 1.0 3.9

Ability of Bacillus sp. VT-8 to Transform TNT
at Different Concentrations

The strain Bacillus sp. VT-8 could transform TNT
at a concentration of 40 mg/L. This substrate concen-
tration had no toxic effect on the cells since there were
no differences in the increase in optical density of the
culture growing on LB with or without TNT. The three
concentrations (69, 104, and 139 mg/L) that exceeded
the subinhibitory concentration approximately 1.5-,
2.5-, and 3.5-fold, respectively, were chosen to deter-
mine the amount of TNT toxic for the strain Bacillus
sp. VT-8. Our experiments showed that the strain
Bacillus sp. VT-8 degraded in three days nearly 100%
of TNT taken at a concentration of 69 mg/L. Thus,
the 1.7-fold increase in TNT concentration had no
negative effect on biotransformation processes. More-
over, the cultures remained active when TNT concen-
tration was increased from 69 to 139 mg/L. At the
same time, the substrate at the initial concentration of
104 mg/L decreased by 89% after 3 days, and less than
1% of the initially introduced TNT was left by day 6 of
cultivation (table).

Previously, when studying the toxic effect of TNT
on the growth of Bacillus subtilis SK1, Kurinenko et al.
showed that the culture was able to transform this
compound at concentrations not exceeding 50 mg/L;
at 100—200 mg/L of TNT, the total amount of utilized

OD, 545 nm TNT, mg/L
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Fig. 3. Growth of the strain Bacillus sp. VIT-8 in the
medium with TNT (50.3 mg/L) as the only carbon, nitro-
gen, and energy source: OD of the culture in the presence
of TNT ([7); OD of'the culture without TNT (2); and TNT
content (3).
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TNT did not depend on the initial concentration and
was about 40 mg/L in the first 24 h of growth, with no
decrease in TNT level during the next 24 h [19].

The increase in the initial TNT concentration dur-
ing the cultivation of Bacillus sp. VT-8 cells naturally
resulted in a lower rate transformation, as can be seen
from the comparison of residual amounts of TNT at
concentrations of 104 and 139 mg/L in dynamics.
Nevertheless, even at the highest TNT concentration
in this experiment (139 mg/L), the amount of the tox-
icant decreased by 63% during the first three days and
by 97% by the end of cultivation (table).

Comparison of the absolute values of TNT
decrease (in mg) in each experiment showed that the
strain transformed 13.8 mg TNT during the entire
period of cultivation at the initial concentration of
69 mg/L (sample volume, 200 mL) and 27.0 mg TNT
in the variant with the initial concentration of
139 mg/L (sample volume, 200 mL), which indicated
considerable resistance of this strain to the negative
effects of TNT.

According to the results of GC/MS, the intermedi-
ates of TNT transformation under the given condi-
tions were 3,5-dinitro-p-toluidine and 2-methyl-3,5-
dinitroaniline, as well as two dinitrotoluene isomers in
small amounts (the substances were identified by the
masses given in [16, 17]). This fact indicates that the
next stage of transformation is deamination of the
reduced nitro group, which is the evidence of deep
transformations of the TNT molecule. Dinitrotoluene
was detected only in the first two days; then it disap-
peared during further substrate transformation. This
process was accompanied by a tendency toward the
increase in the concentration of formed dinitrotolu-
ene as the initial concentration of TNT increased from
69 to 139 mg/L, with the maximum intensity of the
metabolite peak at 139 mg/L.

Thus, the bacterium Bacillus sp. VT-8 proved to be
able to transform TNT at substrate concentrations
considered toxic for many microorganisms, including
some members of this genus [18, 19]. The increase in
the initial TNT concentration to 139 mg/L had no
inhibitory effect on the strain under investigation.

Growth of the Strain Bacillus sp. VT-8
in the Medium with TNT as the Sole Carbon, Nitrogen,
and Energy Source

Investigation of the ability of the strain Bacillus sp.
VT-8 to utilize TNT as the only carbon, nitrogen, and
energy source demonstrated a slight decrease in OD in
the first day of cultivation with TNT, followed by a uni-
form increase in cell density (Fig. 3). The maximum
increase in OD was observed on days 8—10 of cultiva-
tion. These data correlated with the rate of TNT
decrease in the culture medium, which also increased
by days 8—10. In the control variant (cultivation with-
out TNT), OD gradually decreased as the cells died off
due to the absence of a nutrient source. The only
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Fig. 4. Residual amount (%) of TNT (88 mg/L = 100%) in the culture of Bacillus sp. VT-8 in the presence of LB (5%, vol/vol)
with 0.25% (C) and 1% (D) Tween-80. The controls: the medium with TNT, LB, and Tween-80 (0.25%) (A); the cells of the strain

in the medium with TNT and LB without Tween-80 (B).

metabolite found in all experimental samples was
identified as 2,6-dinitro-4-aminotoluene; its amount
was insignificant compared to TNT concentration.
No other metabolites were found in the extracts of the
strain at different stages of its cultivation.

Optimization of TNT Biodegradation by the Strain
Bacillus sp. VT-8§

Surfactant application. Though the solubility of
TNT is higher than the concentrations used in this
work, one of potential approaches to enhancement of
its biodegradation efficiency was addition of surface-
active agents (surfactants) to the medium, since some
works have shown that the introduction of Tween into
biological systems increases the reaction rate several-
fold [20]. This effect can be accounted for by the
action of surfactants as chemical chaperones or by
enhanced permeability of the cell membrane. How-
ever, surfactants at high concentrations may have a
negative effect on living cells, causing cell membrane
damage that may lead to cell death. In the present
work we used two types of surfactants: Tween-80 and
Genapol. The choice of the second compound was
determined by its low cost, which is an advantage for
further development of biotechnological processes,
where it would be important to reduce the total cost of
microbial preparations.

The measurement of residual amount of TNT after
Tween-80 addition to the medium showed a consider-
able acceleration of the degradation processes in the
presence of this surfactant (Figs. 3, 4). The introduc-
tion of Tween at a concentration of 1% resulted in
TNT decrease by 92% after 3 days and by 98% after
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6 days (Fig. 4D). Fourfold decrease in the Tween con-
centration accelerated TNT degradation: the level of
TNT decreased by 99% after 3 days and by 99.8% after
6 days (Fig. 4C).

Thus, it was shown that the addition of Tween-80
had a positive effect on TNT biodegradation by the
strain Bacillus sp. VT-8, with an insignificant advan-
tage noted for the lower surfactant concentration. It
was probably associated with a weaker influence of the
surfactant on a living cell, though there were no sub-
stantial differences in the rates of TNT decrease. At
the same time, the possibility of using lower surfactant
concentrations makes this process more biotechno-
logically advantageous.

When Tween was replaced by less expensive
Genapol, the same tendency toward more intense
decrease in TNT concentration in the culture was
observed in the presence of this detergent compared to
the control (without the surfactant). Since it was
shown previously that the bacterium Bacillus sp. VT-8
was able to utilize TNT as the only substrate, this series
of experiments was performed without additional
growth substrates. After 20-day cultivation, the level of
TNT in the samples decreased by 40%. Comparison
with the control variant where the culture grew in the
medium with TNT without surfactant showed that the
substrate decrease in the presence of the surfactant was
greater than without Genapol. Thus, these findings
demonstrate the positive effect of surfactants on the
rate of microbial TNT degradation, which is due to
higher availability of the substrate to the cells.

Immobilization of bacterial cells on polycaproamide
fiber. The potential effect of bacterial cell immobiliza-
tion on the rate of TNT transformation was analyzed
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Fig. 5. Residual amount (mg) of TNT in the medium after transformation by the Bacillus sp. VT-8 cells immobilized on polyca-
proamide fiber at initial concentrations of the toxicant of 67 mg/L (B), 100 mg/L (C), and 134 mg/L (D) in the presence of LB
(5%, vol/vol). Chemical control: 67 mg/L TNT (A) with LB (5%, vol/vol) and fiber without inoculation. TNT content (mg) was

assayed by the method of GC for the sample volume of 200 mL.

(Fig. 5). Cell immobilization is known to play a posi-
tive role in pollutant degradation processes, primarily
because immobilized cells are less susceptible to the
negative effect of toxicants. Immobilization of the
cells of Bacillus amyloliquefaciens strain WJDB-1 in
alginate—chitosan microcapsules enhanced the effi-
ciency of phenol degradation at concentrations up to
379 mg/L, while unimmobilized cells could incom-
pletely degrade 200 mg/L of phenol during 36 h (resid-
ual phenol concentration was 30 mg/L) [21]. Immobi-
lization of the Bacillus (NCIM 5220) culture also had
a positive effect on utilization of di-zn-butyl phthalate
(a component of plasticizers, repellents, and artificial
fibers) [22].

Polycaproamide fiber was chosen as a carrier for
immobilization, because it allows immobilization of a
great number of cells with uniform filling of both the
carrier and the culture liquid.

The measurement of the rate of TN'T decrease dur-
ing its degradation by immobilized cells in the cultures
with different substrate concentrations showed that
this rate was maximal at the lowest concentration
(67 mg/L), which corresponded to the patterns of
TNT transformation by this strain presented above
(Fig. 5). At the same time, the final substrate concen-
tration was 7.4 mg/L, i.e., TNT concentration
decreased tenfold after 6 days of cultivation. The min-
imal TNT decrease was observed in the variant with
the concentration of 134 mg/L: after 6 days of cultiva-
tion, the loss of the substrate was 64%.

At the same time, analysis of the dynamics of the
absolute amount of TNT in each sample showed that
TNT decrease was in general more intense in the vari-

ant with its higher concentration (Fig. 5). The amount
of TNT at the initial concentrations of 67, 100, and
134 mg/L (in the culture liquid volume of 200 mL)
decreased by 7.4, 6.3, and 8.76 mg after 3 days and by
12, 15.8, and 17.3 mg after 6 days, respectively.

Comparison of the data on TNT degradation in the
presence of surfactants and by immobilized cells
showed lower rates of this process in the latter case.
However, cell immobilization is sometimes necessary
for water sample purification as it prolongs the appli-
cation of microbial degraders and maintains the bio-
degradation processes at a high level for a long time.

TNT Nitroreductase Activity Assay

It is known that the enzyme initiating detoxifica-
tion of the environment from TNT contamination is
TNT nitroreductase (TNT-NR), which has been
found in a number of microorganisms [23]. We made
an attempt to assess the TNT-NR activity in the strain
Bacillus sp. VT-8 grown in the presence of TNT under
different cultivation conditions. The main method-
ological difficulties were (1) the low cell yield during
cultivation of the strain in the medium with TNT as
the only growth source and (2) high rates of the
initial stages of TNT transformation during Bacillus
sp. VT-8 cultivation in the presence of an additional
co-oxidized substrate. Nevertheless, assessment of
TNT-NR activity in the samples obtained during cul-
tivation of the strain Bacillus sp. VI-8 on TNT in the
variant with LB co-oxidation showed that TNT-NR
activity was present in the cell-free extract of bacteria
even in the samples with extremely low residual con-
2014
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Fig. 6. Residual amount (%) of TNT (100 mg/kg soil) in soil samples inoculated with bacterial cultures of Bacillus sp. VT-8 (A)
and R. opacus 1G (B) [17] after 0, 15, 30, 60, and 75 days of cultivation (the amount of TNT assayed on day 0 in 100 g of soil,

equal to 7.17 mg, was taken as 100%).

tents of TNT, though its level was not very high:
0.007—0.008 U/mg protein. TNT-NR activity was
higher by an order of magnitude (0.013—0.027 U/mg
protein) in the samples obtained in the variants with
sufficient amounts of TNT in the growth medium.
The measurement of TNT-NR activity in cell-free
extracts of the strain Bacillus sp. VI-8 obtained from
the biomass grown at different substrate concentra-
tions showed that its levels in the extracts with TNT
concentrations of 69 and 104 mg/L on day 3 of growth
differed twofold: 0.013 and 0.028 U/mg protein,
respectively. The low enzyme activity in the first vari-
ant correlated with nearly complete elimination of
TNT from the reaction medium. On day 6 of cultiva-
tion, TNT-NR activity decreased by an order of mag-
nitude in both cases, reflecting the complete loss of
TNT.

Identification of the type of cofactor needed by this
enzyme to manifest its activity showed that TNT-NR
was active in the presence of NADH. In case of its
replacement by NADPH, TNT-NR activity was
absent. Its level in the extracts under study was differ-
ent but, on average, comparable with the levels of
activity of TNT-NR from the previously described
bacterial strains [17] and of the samples of purified
TNT-NR from the strain Pseudomonas putida JLR11
[23].

TNT Degradation by the Strain Bacillus sp. VT-8§ in Soil

Since isolation of the strains and investigation of
their degradative activity against toxic substrates are
determined by the need to obtain biopreparations for
decreasing the level of pollution at contaminated sites,
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one of the most important problems is to study the
ability of the strains to degrade TNT in soil. The diffi-
culty of this investigation results from high reactivity of
soil components to the products of TNT transforma-
tion. The experiments with different bacterial and fun-
gal strains have shown that TNT degradation in soil
under the influence of introduced and indigenous
autochthonous organisms resulted in the interaction
of hydroxyamino and amino groups of the nitroaro-
matic ring formed during the transformation with the
quinone and carbonyl functional groups of the soil
humic fraction, which determines the formation of
covalently bound TNT derivatives that become inac-
cessible for further transformation and thereby pass
into the category of low-toxic compounds [24].

The model experiment with the strain Bacillus sp.
VT-8 introduced into TNT-contaminated soil was
performed. Figure 6 shows the results of determina-
tion of residual amounts of the toxicant. In the control
variant, with TNT introduced into nonsterile soil, its
amount remained constant throughout the experi-
ment (data not shown). The data on TNT decrease in
case of introduction into soil of the strain Rhodococcus
opacus 1G, which previously demonstrated the best
results among all of the tested laboratory strains [17],
are presented for comparison. With the strain Bacillus
sp. VT-8 as an introducent, the residual amount of the
toxicant in soil was already 15% after 1 month, and
only 5% of its initial amount was detected after
2 months. At the same time, 94 and 92% TNT was
detected in the control variant (nonsterile soil of mod-
erate humidity) after 1 and 2 months of cultivation,
respectively, compared to TNT content in the begin-
ning of the experiment.
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Thus, our study showed that the strain Bacillus sp.
VT-8, in contrast to other bacteria of this genus, is
highly resistant to the toxic effect of TNT, can perform
detoxification processes in aqueous and soil samples
under conditions of co-metabolism, and shows a sub-
stantial decrease in TNT when this compound is used
as the only growth substrate, which makes the strain
Bacillus sp. VT-8 promising for bioremediation of
TNT-polluted sites.
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