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ÖZ

Bu çalışmada, Kırıkkale’de askeri bölgeden alınan TNT ile kontamine toprak örneklerinden, TNT’yi azot kay-
nağı olarak kullanabilen bakteri suşları izole edilmiştir. En yüksek TNT parçalama kapasitesi gösteren üç suş 

seçilmiş ve 16S rRNA dizi analizine göre suşlar Klebsiella pneumoniae (SC1 K1 olarak gösterildi,% 99 homoloji 
gösterdi), Raoultella planticola (SC1 K4 olarak gösterildi,% 99 homoloji gösterdi) ve Pseudomonas putida (SC1 
K5 olarak gösterildi,% 99 homolog gösterdi) olarak tanımlanmıştır. Bu suşlar 100 mg L-1 TNT içeren besiyerinde 
kültür edilmiş ve 24 saatlik inkübasyon süresinin sonunda SC1 suşu başlangıçtaki TNT’nin % 90’ını, SC1 K4 suşu  
başlangıçtaki TNT’nin % 95’ini ve SC1 K5 suşu  başlangıçtaki TNT’nin % 84’ünü parçalamıştır. Ardından, TNT’yi 
daha etkili parçalamak için bu suşlarla bir bakteri konsorsiyumu oluşturulmuştur. Geliştirilen konsorsiyum 100 
mg L-1 TNT içeren besiyerinde kültür edilmiş ve 4 saatlik inkübasyon süresinden sonra konsorsiyum başlangıç-
taki TNT’nin % 97,2’sini yok etmiştir. HPLC analizlerine göre, konsorsiyum TNT’yi  2-amino-4,6-dinitrotoluen, 
4-amino-2,6-dinitrotoluen ve bilinmeyen bir metabolite dönüştürmüştür.  İzolatlar önceki birçok araştırmaya 
kıyasla yüksek TNT parçalama kapasitesi göstermiş ve oluşturulan bakteriyel konsorsiyum TNT ile kontamine 
olmuş ortamların remediasyonunda kullanılabilir.

Anahtar Kelimeler 
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A B S T R AC T

In this study, bacterial strains, capable of using TNT as a nitrogen source, were isolated from TNT-contaminated 
soil samples collected from military region in Kırıkkale, Turkey. We selected three strains that showed the 

highest TNT degradation capacity and according to 16S rRNA sequence analysis, the strains were identified as 
Klebsiella pneumoniae (designated SC1 K1, showed 99% homology), Raoultella planticola (designated SC1 K4, 
showed 99% homology) and Pseudomonas putida (designated SC1 K5, showed 99% homology). These strain 
were cultured in medium containing 100 mg L-1 TNT, SC1 K1 degraded 90 % of the initial TNT, SC1 K4  degraded 
95 % of the initial TNT, and SC1 K5 degraded 84 % of the initial TNT after 24 h of incubation. Then, to remove 
TNT more efficiently, we constructed a bacterial consortium with these strains. The developed consortium 
was cultured in medium containing 100 mg L-1 TNT and the consortium removed 97.2 % of the initial TNT after 
four-hour incubation period. According to HPLC analyses, The consortium transformed TNT to 2-amino-4,6-
dinitrotoluene, 4-amino-2,6-dinitrotoluene and an unknown metabolite. The isolates showed high TNT degra-
dation capacity compared to many previous studies and the developed bacterial consortium can be used to 
remediate the TNT-contaminated environments.
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INTRODUCTION

All around the world, in the last 150 years, 
millions tones of nitroaromatic compounds 

have been manufactured for military purposes 
and activities [1]. Production, utilization, and 
discarding activities of these compounds at 
ammunition production sites have caused wide 
contamination of soil and groundwater [2-
6]. 2,4,6-trinitrotoluene (TNT) is known as the 
worst one among these pollutants because of its 
environmental stability formed by the nitro groups 
having symmetric locations in the structure of 
TNT [3,5,6].

TNT is the most extensively used explosive 
compound for military and other applications 
because of its low melting point, thermal and 
chemical stability, its low sensitivity toward 
impact, high temperature, and friction [7-11]. 
Although TNT is extensively used for military 
application since discovered of its explosive 
potential in 1902, it is a toxic agent and also 
has mutagenic impacts on different organisms 
including human [12-15]. It is designated as a 
possible human carcinogenic substance (class 
C) by United States Environmental Protection 
Agency. Occupational and incidental exposures to 
TNT result in rashes, skin irritation, blood, mucus, 
and immune disorders [16,17]. Toxic effects of TNT 
including disturbance of liver function and anemia 
have been stated by workers in the large scale 
manufacturing plants [15,18]. Based on all these 
points, treatment of TNT contaminated sites is 
significant to assure human health and natural 
ecosystems.

Several processes have been recommended 
for the treatment of TNT contaminated soil and 
water including incineration, composting, chemical 
reduction, adsorption, thermal decomposition, 
subcritical water degradation and photocatalytic 
degradation [5,8,19]. Each of these processes 
has its own restrictions and is a very expensive 
methods [8,17,20]. Among these processes, 
incineration is the most efficiently and extensively 
used process, but the use of this process for 
cleaning the contaminated sites is high cost due 
to the prices of soil digging, transporting and 
energy required for incineration of soil [5,8,21]. 
Composting is also inefficient since it requires 

many compost materials mixed with wastes [8,22]. 
In chemical oxidation, it is often difficult to treat 
of explosive materials because it needs to contain 
unreacted materials [8,22]. Carbon adsorption is 
frequently used for treatment of nitroaromatic 
compounds from contaminated water but the 
matrix used in this process is expensive and 
also the spent carbon produces a problematic 
waste [20,23,24]. Therefore, recent studies have 
mostly focused on bioremediation for removal 
of TNT because bioremediation of contaminated 
environment is more economical and also less 
environmental damage [25-27].

All over the world, the degradation of TNT 
by fungi [28,29], plants [30], anaerobic bacteria, 
[31,32] and aerobic bacteria [33] has been 
extensively studied for many years. Most studies 
focus mainly on finding microorganisms that 
are required for making efficient techniques for 
bioremediation of sites contaminated with TNT 
[1]. Fungi are resistant to high concentrations 
of nitroaromatic compounds but the harsh 
environmental conditions such as temperature 
affect the survival of them [34]. Another 
disadvantage of using fungi for TNT degradation 
is that some fungi are indigenous to wood 
instead of soil and they may not compete with 
soil fungi when they used for bioremediation of 
TNT-contaminated soil [5,35]. The plants, which 
are genetically modified, can be used for the 
bioremediation of nitroaromatics. However, the 
usage of transgenic plants is not favorable due to 
ethical and environmental problems associated 
with genetically modified plants [30]. Moreover, 
plants used for cleaning of contaminated areas 
degrade TNT and they immobilize it by adding 
into cell walls and vacuoles. That situation 
leads to the formation of plants contaminated 
with TNT [7]. Biodegradation of TNT under 
anoxic environment has become an alternative 
approach to remediation [32] and anaerobic 
microbial degradation of TNT provides complete 
mineralization of the contaminants [20], but 
harsh anaerobic conditions are required for this 
process [16]. Due to high TNT degradation rates, 
the relatively low cost and simple techniques, 
biodegradation of TNT by aerobic bacteria 
is currently promising option [34,36]. In the 
literature, many studies have reported bacterial 
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degradation of TNT with pure isolates; however, 
TNT mineralization or biotransformation to 
intermediates by pure bacterial cultures are fairly 
rare. Usually, mineralization takes place with a 
bacterial consortia [37]. 

The purpose of this study is to construct 
a bacterial consortium from TNT-degrading 
microorganisms isolated from TNT-contaminated 
soil to degrade and mineralize TNT with high 
efficiency. TNT-degrading microorganisms 
were isolated from TNT-contaminated sites in 
Kırıkkale, Turkey and TNT contamination levels 
of the collected samples were determined. The 
sites where samples were collected for isolation 
of bacteria were used for military applications 
for years. However, there has been no study on 
isolation of TNT-metabolizing microorganisms 
from these sites or quantification of TNT-
contamination levels in wastewater and soil 
samples in that TNT-contaminated environment. 
We isolated 19 bacterial strains from collected soil 
samples and among the isolated bacteria, three 
strains showed high TNT degradation capacity. 
Then, we developed a bacterial consortium from 
the selected three strains and we investigated 
TNT degradation with consortium and analyzed 
degradation metabolites with HPLC.  

MATERIALS and METHODS
Collection of Soil Samples and Analysis 
For the isolation of TNT degrading microorganisms, 
soil samples were taken from TNT- contaminated 
sites in Kırıkkale, Turkey. Soil samples were taken 
from depths of pink water and around the pink 
water with a depth of 5-10 cm. The amounts of 
TNT in collected samples were determined by 
a spectrophotometer at 530 nm based on the 
method previously reported by Üzer et al. [38] 
with some modifications. TNT amounts of soil 
samples were determined to be between 49-346 
mg/kg. 

Culture Conditions and Chemicals
The analytical grade standards of 
2,6-dinitrotoluene (2,6-DNT) and 
2,4-dinitrotoluene (2,4-DNT) were purchased 
from Fluka (USA). 2-amino-4,6-dinitrotoluene 
(2-ADNT) and 4-amino-2,6-dinitrotoluene (4-
ADNT) standards were purchased from Cerilliant 

(USA). TNT was taken from The Machinery and 
Chemical Industry Institution (Kırıkkale, Turkey). 
HPLC-grade methanol and other chemicals used 
had the highest analytical grade and were all 
obtained from Sigma-Aldrich. For all experiments, 
the degradation capacity of the isolates and 
the bacterial consortium were assayed in liquid 
basal salts medium consisted of (grams per 
liter) Na

2
HPO

4
, 6; KH

2
PO

4
, 3; NaCI, 0.5; MgSO

4
, 

0.24; glucose 10 and TNT 0.1. After addition of 
all components, the basal salts medium was 
sterilized with autoclave at 121 ºC for 15 min. In all 
experiment, the strains were incubated overnight 
with a constant shaking at 120 rpm in aerobic 
condition. The growth of bacteria was followed by 
turbidity measurements at 600 nm wavelengths 
using Libra S70 UV/Vis Spectrometer (Biochrom, 
UK). The nutrient agar (composed of g L-1; 
peptone, 5; NaCl, 5; yeast extract, 3; agar agar, 
15) was used to store the isolated strains at +4 

°C and the nutrient broth (composed of g L-1; 
peptone, 5; NaCl, 5; yeast extract, 3) was used to 
culture the bacterial cells before inoculation to 
the degradation medium. All experiments were 
repeated three times, non-inoculating sterilized 
medium was used as the control group and 
the data were plotted as means with standard 
deviations.

Isolation and Identification of the 
Microorganisms
A selective enrichment procedure using TNT 
as sole nitrogen was used to isolate bacterial 
strains from TNT-contaminated soil. A 1-gram  
soil sample was homogenized with 9 mL sterile 
water, then the suspension was well mixed and 
allowed to settle down. 1 mL sample withdrawn 
from the supernatant was inoculated to 100 mL 
degradation medium containing 100 ppm TNT 
as sole nitrogen source and then the flasks were 
incubated at 30 ºC with constant shaking at 120 
rpm in aerobic condition. The inoculants were 
transferred to fresh degradation medium after 
3 days of incubation. The resultant bacterial 
cultures were streaked on nutrient agar plates 
and incubated overnight at 30 ºC after 1 day of 
incubation. Following incubation, separated and 
morphologically different colonies were selected 
and individually isolated. Totally 19 bacterial 
strains were isolated from TNT-contaminated soil 
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samples.  The purified isolates were characterized 
by Gram staining [39] and the 16S rRNA sequence 
analysis. The 16S rRNA sequence analyses were 
performed in Gazi University Life Sciences 
Research and Application Centre, Ankara, Turkey. 
By using UNI27F/1492R primer pairs, 16S rRNA 
gene sequences of the isolates were amplified 
by PCR and sequenced with the same primer 
pairs. The sequences were analyzed with results 
of the NCBI (National Center for Biotechnology 
Information) Blast database (htpp://blast.ncbi.
nlm.nih.gov/Blast.cgi) to search 16S rRNA similar 
sequences with the isolates. 

Determination TNT Degradation Rate of the 
Isolates 
The degradation abilities of the isolates were 
assayed in liquid basal salts medium containing 
TNT as sole nitrogen source. For three strains, 
before inoculation to the basal salts medium, a 
pure single colony was selected and cultured 
overnight in nutrient broth at 30 °C and 120 
rpm to attain exponential phase (absorbance 
at 600 nm ~ 1.5). The cultured bacterial cells in 
nutrient broth were used as an inoculum at 2 % 
(v/v) to the basal salts medium to assay bacterial 
degradation capacity of the isolates. The cultures 
in 250 mL flasks were incubated at 30 °C at 120 
rpm for overnight. The bacterial growth of the 
cultures was determined by measuring the optical 
density at 600 nm. After incubation, at regular 
intervals (every 4 h), aliquots were collected from 
the cultures to monitor TNT amount and then the 
cells removed by centrifugation at 10000xg for 15 
minutes. To 5 mL of the supernatant, 1 mL 1 M KOH 
was added and mixed, the amount of TNT in the 
solution was found out by measuring absorbance 
at 447 nm 5 min after addition of KOH solution to 
the supernatant of the culture of isolates [13,40].

 
Construction of Bacterial Consortium and TNT 
Degradation
The bacterial consortium was developed 
according to Shanmugam and Mahadevan [41]. A 
pure single colony of all the three bacteria was 
selected and cultured separately in nutrient broth, 
and incubated overnight at 30 °C (120 rpm) to 
obtain exponential phase (OD 600~1.5). 2 % (v/v) 
inoculum from each bacterial species was used to 
inoculate 100 mL of basal salts medium in 250 mL 

vessels. The developed bacterial consortium was 
cultivated at 30 °C at 120 rpm for overnight. The 
bacterial growth was followed by optical density 
measurement at 600 nm. After incubation, the 
amount of TNT in the culture of the consortium 
was determined by spectrophotometric analysis 
as described above and HPLC analysis as 
described below. 

Determination of Biotransformation 
Metabolites
During the TNT degradation experiments with 
the bacterial consortium, the degradation 
metabolites of TNT were analyzed by HPLC. 
The samples were prepared by mixing 1.5 mL of 
culture supernatants with 3.5 mL of methanol. 
The whole mixture was swirled for 5 minutes and 
then filtered with 0.22 µm Millex-GP syringe filter 
unit (Sigma-Aldrich). Then the filtrate was used 
for HPLC analysis. 10 µL of elution was injected 
into an Ultra Aromax column (150 mm x 4.6 mm, 5 
µm) (Restek Corporation, Bellefonte, PA, USA, Cat. 
Number 9127565) at 35 °C and separated by using 
an isocratic mobile phase of 30 % (v/v) deionized 
water and 70 % (v/v) methanol at a flow rate 
1.2 mL/min. The retention times of TNT and the 
transformational metabolites were determined by 
UV detector at 210 nm and quantified by making 
comparison with standards. 

Determination of Nitrite and Ammonium 
During growth of microorganisms, to 
monitor denitration of TNT, release of nitrite 
and ammonium was determined by using 
Spectroquant test kits (Merck, Germany). After 
bacterial cells were inoculated in TNT-containing 
degradation medium, in every 4 hours, aliquots 
were withdrawn from culture environment and 
centrifuged at 10000xg for 15 minutes. The 
supernatant was used to determine nitrite and 
ammonium ions. For nitrite analysis, 5 mL of 
supernatant was mixed with one level blue 
microspoon of Reagent NO

2
-1 and shaken potently 

until the reagent was completely dissolved. The 
pH of the supernatant was adjusted to 2-2.5 
with 1 N HCI. After 10 minutes, the absorbance 
of the solution was measured at 525 nm. For 
ammonium analysis, 0.6 mL of Reagent NH

4
-1 and 

one level blue microspoon of Reagent NH
4
-2 were 

added to 5 mL of supernatant and the solution 
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was shaken potently until Reagent NH
4
-2 was 

completely dissolved. The mixture was incubated 
at room temperature for 5 min and then 4 drops 
of Reagent NH

4
-3 were added into the solution. 

After 5 min, the concentration of ammonium was 
measured at 690 nm.

RESULTS 
Selection of best TNT degrading 
microorganisms and identification
19 TNT degrading microorganisms were isolated 
from TNT-contaminated samples. Between the 
isolated strains, three isolates having high TNT 
degradation ability were selected and identified 
by Gram-staining and 16S rRNA gene sequence 
analyses. The isolated strains were Gram-negative 
and rod-shaped bacterium. Based on their 16S 
ribosomal RNA gene sequence analysis, SC1 K1 
showed 100% homology in the genus Klebsiella 
SR69 (Gene Bank accession no KF896104.1) and 
it had 99% sequence similarity with Klebsiella 
pneumoniae QLR-1 (Gene Bank accession no 
KM096433.1). SC1 K4 showed 99% homology 
with Raoultella planticola (Gene Bank accession 
no AF129444.1) and SC1 K5 had 99 % similarities 

with Pseudomonas putida strain M1 (Gene Bank 
accession no KP192772.1).

Determination of TNT degradation rate of the 
isolates
In order to determine the degradation rate of the 
isolates, the isolates were incubated in minimal 
salt medium and the remaining amount of TNT 
in culture media and bacterial growth were 
monitored. According to results of the analysis, 
we found that SC1 K1 isolate degraded 90 % of 
the initial TNT and SC1 K4 degraded 95 % of the 
initial amount TNT; whereas SC1 K5 removed 
approximately 84 % of the initial TNT from the 
degradation medium at 30 ºC by shaking at 120 
rpm in aerobic conditions within a 24-h incubation 
time. Figure 1 showed the remaining amount 
of TNT in the culture medium of isolates versus 
bacterial growth during the degradation process. 
As shown in Figure 1, the remaining amount of TNT 
in the culture medium decreased as the biomass 
of the isolates increased. 

Figure 1. The remaining amounts of TNT in the culture medium of the isolate K. pneumoniae SC1 K1 (a), R. planticola SC1 K4 
(b) and P. putida SC1 K5 (c) versus bacterial growth of the isolates.
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TNT degradation with the bacterial 
consortium
Isolated and selected strains from soil samples 
were used to develop a bacterial consortium to 
degrade TNT. The developed consortium was 
examined to determine its capacity in removal 
of TNT. In degradation experiments performed in 
flasks at an initial concentration of 100 mg L-1 TNT 
through HPLC and spectrophotometric analysis, 
it was determined that the consortium degraded 
97.2 % of the initial TNT within 4 hours incubation 
time. At the end of the 24-hour incubation time, 
all the initial amount of TNT was removed from 
the culture medium by the consortium. While the 
bacteria in the consortium used TNT as a nitrogen 
source, the bacterial growth increased with time. 
Figure 2 shows the remaining amounts of TNT in 
the culture medium of the consortium during the 
degradation period as well as time-dependent 
change in turbidity of the consortium. 

Determination of Biotransformation 
Metabolites
During the degradation study of the consortium, 
the biotransformation products were identified 
as 2-ADNT, 4-ADNT, and an unknown metabolite 
by HPLC. Every four-hour incubation time, the 
samples were withdrawn from the culture medium 
used for HPLC analysis and accumulations of 
4-ADNT and 2-ADNT in culture medium were 
detected. The table 1 shows the formation amounts 

of 2-ADNT and 4-ADNT during the TNT degradation 
period. As shown in Table 1, the change in 2-ADNT 
concentration was very small and 2-ADNT amount 
reached maximum of 1.32 mg L-1 within 8 hours. 
In contrast to 2-ADNT levels, the accumulation 
of 4-ADNT was increased with time during the 
degradation experiments. The amount of 4-ADNT 
reached maximum of 29.92 mg L-1 within 24 
hours. Figure 3 shows the chromatograms of the 
bacterial consortium at different time interval and 
the chromatogram of the standards. As shown in 
Figure 3, in the culture of the consortium at the 
beginning of the experiment, there were just TNT 
peaks with retention time at 22.167 min. At 4-hour 
incubation time, there were neighboring peaks 
of 4-ADNT and 2-ADNT with retention times at 
5.250 and 6.568 min respectively in the culture 
of the consortium. At 12-hour incubation time, the 
TNT peak decreased and at 24 hours incubation 
time, the TNT peak disappeared. The 2-ADNT 
and 4-ADNT peaks were observed in 12 and 24 
h and in addition to these compounds; a peak of 
an unknown metabolite was detected on HPLC 
chromatograms with retention time at 4.020 min 
between 4-24 h. All of these results represented 
that the isolate transformed TNT to 2-ADNT, 
4-ADNT and an unknown metabolite under aerobic 
condition; whereas, in control group (sterilized 
medium without inoculation of the bacteria), the 
TNT was remained and above-mentioned products 
were not found by the HPLC analysis (data were 

Figure 2. The remaining amounts of TNT versus bacterial growth of the consortium.
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not shown). We used 2,6-DNT, 2,4-DNT, 4-ADNT 
and 2-ADNT as standards but the accumulation 
of 2,6-DNT and 2,4-DNT was not observed in the 
culture of the bacterial consortium.  

Release of Nitrite and Ammonium Upon 
Biodegradation of TNT
Nitrite and ammonium analyses were done 
to demonstrate TNT mineralization by the 
consortium. Figure 4 shows the data of nitrite 
and ammonium assays during the degradation 
of TNT. The release of nitrite was detected after 
4-hour incubation time and the levels of nitrite 
ions reached maximum of 0.13 mg L-1 within first 
hours. Then, the amounts of nitrite levels changed 
between 0.03-0.05 mg L-1 during

 
the

 
degradation 

period. As nitrite levels, ammonium levels were 
reached a maximum of 0.07 mg L-1 within first 
hours after incubation and then it changed 
between 0.03-0.05 mg L-1.

DISCUSSION 
In this study, from munitions-contaminated sites, 
we isolated bacterial strains were capable of 
degrading TNT with high efficiency compared to 
many previous works [33,40,42-44]. Although 
100 mg L-1 TNT concentration is toxic to numerous 
microorganisms [45], the bacterial cells isolated 
in this study are capable of growing at this TNT 
concentration. Since the bacterial strains used in 
this study were isolated from TNT-contaminated 
sites, probably, in some degree, the isolates are 

Time (hour) TNT (mg/L)
      4-ADNT 

(mg/L)
      2-ADNT 

(mg/L)

0  100 ± 1.30          0.00            0.00

4 2.85 ± 0.08 15.86 ± 0.61 1.30 ± 0.02

8  1.31 ± 0.10 18.74 ± 0.23 1.31 ±0.08

12   1.29 ± 0.21 21.75 ± 0.61 1.16 ± 0.01

24     0.00 ± 0.00 29.92 ± 0.17 1.11 ± 0.04

Table 1. Changes of TNT, 2-ADNT and 4-ADNT amounts during the degradation period of the bacterial consortium.

Figure 3. HPLC chromatograms of the bacterial consortium during the degradation period at 0 h (top left), at 4 h 
(top right), at 12 h (middle left), at 24 h (middle right) and standards mixture chromatogram (bottom).
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able to resist the presence of TNT. Furthermore, 
the bacterial enzyme activity of the strains may 
be catalyzed with TNT as reported by previous 
studies [46]. The isolated strains were examined to 
determine their capacities to remove TNT. Three 
bacteria isolates were selected for further studies 
according to their TNT degradation rate and growth 
abilities in the presence of TNT as sole nitrogen 
source. The selected strains were identified with 
Gram-staining and 16S rRNA sequence analysis. 
All three selected bacteria were Gram-negative 
and rod-shaped bacterium. According to 16 S 
rRNA sequence analysis, SC1 K1 showed 99 % 
homology with Klebsiella pneumoniae, SC1 K4 
showed 99% homology with Raoultella planticola, 
and SC1 K5 had 99% similarity with Pseudomonas 
putida. Degradation of TNT with Klebsiella sp. also 
reported by several previous studies [44,47,48]. 
However, the TNT degradation ratio of Klebsiella 
pneumoniae SC1 K1 was higher compared to the 
previous TNT degradation works with Klebsiella 
sp. or Klebsiella pneumonia. Degradation of TNT 
with Pseudomonas sp. or Pseudomonas putida 
also studied by many researchers and the results 
are reported in a few studies [1,32,43]. Biological 
transformation of TNT with Raoultella terrigena 
was studied by Claus et al. [49], but there has been 
no study on degradation of TNT with Raoultella 
planticola in the literature. This study is the 

first report on TNT degradation with Raoultella 
planticola. 

The isolated strains were incubated in medium 
containing 100 ppm TNT as sole nitrogen source 
and during the degradation period, the bacterial 
growth was proportional with degradation rate of 
TNT. SC1 K1, SC1 K4 and SC1 K5 isolates successfully 
removed between 84-95 % of the initial amount 
of TNT within 24-hour incubation time in the 
basal salt medium. Then, we constructed the 
bacterial consortium from these selected strains 
to examine TNT degradation. The consortium 
successfully removed 97.2 % of the initial TNT 
from the culture medium within 4 hours and the 
developed consortium was capable of degrading 
all of initial TNT in the culture medium within 24-
hour incubation at 30 ºC and pH 7. Degradation 
experiments showed that the consortium had 
superior potential to degrade TNT compared to 
the individual bacterial strains. The reason for 
faster and effective degradation of TNT by the 
consortium might be related with the combined 
activities and interactions of the selected strains.

 
In the consortium, TNT was used as nitrogen 

source to grow and successful transformation 
of TNT into 2-ADNT, 4-ADNT and an unknown 
metabolite were detected by HPLC analyses during 

Figure 4. Amounts of nitrite and ammonium ions released during biological degradation period of TNT by the consortium.
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the degradation period. Formations of 2-ADNT 
and 4-ADNT were reported in previous studies 
[10, 16, 33, 40, 42, 43, 49] and accumulation of 
unknown metabolites during TNT degradation has 
been also reported in the literature [33, 49] and 
these results are compatible with the previous 
studies. Since mutagenicity of TNT is higher than 
2-ADNT and 4-ADNT and the solubility of these 
compounds is lower than TNT, the conversion of 
TNT to these compounds is favorable [50]. During 
degradation process, accretion of 4-ADNT in the 
culture of the consortium was higher than 2-ADNT 
and it was expected because the nitro group in 
the para position is more readily reducible than 
those in the ortho positions of TNT [51]. By HPLC 
analysis, 4-ADNT and 2-ADNT were identified 
as degradation products in the supernatants of 
the culture because they were water-soluble in 
the culture medium. Probably, Claus et al. [49] 
reported that the rest of degradation metabolites 
(azoxy-dimers) remained as insoluble material in 
the cell extracts. 

The liberation of nitrite ions from TNT 
and the liberation of ammonium from 
hydroxylaminodinitrotoluene transformation 
products are indicators for microbial degradation 
of TNT [52]. The consortium released NO

2
- and 

NH
4

+ during the degradation process and the 
nitrite ion concentration reached maximum after 
4 h. In several studies, nitrite and ammonium 
accumulations were also detected during TNT 
degradation by different microorganisms and 
these results support the results of the present 
study [16,33,42,43]. The accumulation of nitrite 
ions during the degradation of TNT showed that 
the consortium could degrade TNT by direct 
reduction of the aromatic ring to give Meisenheimer 
complexes as reported in previous studies [10,33]. 
In the supernatants, the nitrite concentration 
increased slightly after 4-h incubation time, but 
the accumulation of denitrated transformation 
metabolites of TNT in the supernatants of isolate 
was not observed as previously reported by Claus 
et al. [49].

The microbial degradation of organic 
compounds is more effective when the 
microorganisms used for degradation are 
preselected as stated by Sarkar et al. [53] Since 
the isolates used for developing the bacterial 

consortium were obtained from TNT contaminated 
environment and preselected, the consortium 
could use TNT instantly after it was inoculated into 
TNT-containing environment as stated previously 
by Kumagai et al. [54] and Gumuscu and Tekinay 
[16]. After 4-hour of incubation of the isolates into 
the degradation medium containing TNT, nitrite 
release reached maximum level and the remaining 
amount of TNT in the culture medium became 2.8 
mg L-1 as the bacterial biomass increased. These 
results indicated that the constructed consortium 
could effectively destroyed TNT in the first four 
hours of incubation. 

CONCLUSION 
The developed consortium converted TNT to deg-
radation products 2-ADNT, 4-ADNT and an unk-
nown metabolite that were determined by HPLC. 
All of these results showed that the strains had 
potential to be used for bioremediation and res-
toration of TNT-contaminated sites as individual 
or in a bacterial consortium and the results of 
the study highlight the application of the develo-
ped consortium as bioremediation agent of TNT-
contaminated sites. Further studies are required 
to assess the potential of the consortium to deg-
rade TNT in situ bioremediation application.
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