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Abstract—The yeast strain Geotrichum candidum ANZ4 isolated from an anthropogenically polluted site
was able to transform 2,4,6trinitrotoluene (TNT) via the formation of unstable intermediate hydride
Meisenheimer complexes with their subsequent destruction and accumulation of nitrite and nitrate ions as
the end mineral forms of nitrogen. Aeration of the medium promoted more profound destruction of this
xenobiotic by the strain G. candidum ANZ4 than static conditions. The yeast strain was shown to produce
citrate, succinate, and isocitrate, which sharply acidified the medium and influenced the TNT destruction.
Two possible pathways of TNT biodegradation were confirmed experimentally: (1) via the destruction of the
TNTmonohydride complex (3H–TNT) and (2) via the destruction of one protonated TNTdihydride
complex (3,52H–TNT · H+). The strain G. candidum ANZ4, due to its ability for TNT degradation, may
be promising for bioremediation of TNTcontaminated soil and water.
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The production and application of explosives lead
to the extensive environmental contamination with
stable xenobiotics that endanger health, such as 2,4,6
trinitrotoluene (TNT). This explosive and intermedi
ates of its partial conversion, represented mainly by
the products of transformation of one or, rarely,
two nitro groups, are toxic and potentially mutagenic
compounds [1–3]. Annual production of TNT
is approximately 1 million kg [4]; it has an increasing
impact on human health by penetrating into
the organism through the digestive and respiratory sys
tems [5].

Apart from the environmental issues of TNT trans
formation, it is of interest as a model of the nitro arene
behavior in the organisms of higher eukaryotes, since
nitro aromatic compounds are found not only in the
military industry, but are also components of many
drugs and pesticides.
The aim of this work was to study the ability of the
yeast strain Geotrichum candidum ANZ4 to carry out
profound destruction of TNT and evaluate a possible
application of this strain for bioremediation of TNT
contaminated sites.

Numerous attempts to degrade this highly stable
compound by introducing various microorganisms
into TNTcontaminated sites were unsuccessful, since
bioconversion involved mostly the nitro groups while
the destruction of the TNT aromatic ring that is nec
essary for the xenobiotic mineralization was insignifi
cant [6–9].

MATERIALS AND METHODS

However, a number of TNTresistant microorgan
isms capable of reducing not only the nitro groups, but
also the aromatic ring, were recently isolated [10–14].
The latter pathway leads to the destruction of the TNT
molecule. Obviously, microorganisms capable of
hydrideion reduction of TNT and subsequent degra
dation of the intermediates are promising for bioreme
diation of TNTcontaminated sites.
1
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Yeast isolation and identification. Identification of
the yeast strain isolated from petrochemical wastes was
performed according to Barnett et al. [15]. Species
designation of the strain was confirmed by sequencing
the of D2 region of the large subunit of ribosomal
RNA performed in the MIDILABS laboratory
(www.midilabs.com).
Yeast cultivation in the absence and presence TNT.
The yeast strain G. candidum ANZ4 was cultivated
aerobically at 30°С for two days on Sabouraud agar
containing the following (g/l): glucose, 10.0; peptone,
10.0; yeast extract, 5.0; NaCl, 0.25; and agar, 20.0.
Transformation of TNT by G. candidum ANZ4 was
carried out in synthetic medium compounds the fol
lowing composition (mM): glucose, 28; (NH4)2SO4,
7.6; MgSO4, 2; Na2HPO4, 1.94; and KH2PO4, 14.06
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(pH 6.0). TNT (400 µM) was added as a solution in
95.6% ethanol (0.8 ml of ethanol per 50 ml of the
medium). In the control variant (without TNT), etha
nol was added into the medium in the same amount.
To study the TNT destruction, the yeasts were cul
tivated on Sabouraud agar, and then the harvested cells
were washed twice with 16 mM KNa phosphate
buffer (pH 6.0), precipitated by centrifugation, and
added into synthetic medium (50 ml). The cells were
cultivated aerobically in shaken flasks (150 rpm) at
30°С. After inoculation, initial optical density of the
suspension (А600) was 1.0. Samples for physicochemi
cal analyses were collected every 30–60 min.
Spectrophotometric measurements. The yeast bio
mass was assessed by measuring of the optical density
at 600 nm on a Lambda 35 UVvisible spectrophotom
eter (Perkin Elmer, United States). The cellfree cul
ture liquid was used as a control.
High performance liquid chromatography. TNT
and the products of its metabolism were analyzed on
an Agilent Series 1100 HPLC chromatograph
equipped with an autosampler, an injector, a fraction
collector, a diode array detector, a Supelcosil LC8
precolumn, and a Supelcosil octyl C8 column (150 ×
4.6 mm, particle size, 5 µm) [16].
Mass spectrometry of TNThydride complexes
was performed as described earlier [16].
Ion chromatography. Nitrite and nitrate ions in the
culture liquid were analyzed by using a Dionex ion
chromatograph (United States) equipped with a GP40
gradient pump, a CD20 conductivity detector, an
AS40 autosampler, an IonPac AG9HC precolumn
(4 × 50 mm), and an IonPac AS9HC analytical col
umn (4 × 250 mm). Elution was performed with 9 mM
Na2CO3 solution at a rate of 1.0 ml/min. NaNO2 and
NaNO3 were used as standards.
Organic acids excreted by the yeast were analyzed
with an IonPac AS11 analytical column (4 mm). Gra
dient elution was performed at a rate of 1 ml/min by
using a solvent system of bidistilled water, 1 mM
NaOH, and 100 mM NaOH. An initial mobile phase
consisted of 90% bidistilled water and 10% 1 mM
NaOH and was maintained for 2 min; in the next
3 min, the amount of 1 mM NaOH in the elution sys
tem was increased to 100%; in the following 10 min,
1 mM NaOH was decreased to 65%, while the content
of 100 mM NaOH increased to 35%; at the end, the
composition of the mobile phase was returned to the
initial level over 1 min and maintained for 6 min.
Chemical reagents. TNT and 2,4dinitrotoluene
(2,4DNT) were purchased from Chem Service (West
Chester, United States); 2hydroxylamino4,6dini
trotoluene (2HADNT) and 4hydroxylamino2,6
dinitrotoluene (4HADNT) were received from
AccuStandard (New Haven, United States).
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RESULTS AND DISCUSSION
The mechanisms of TNT transformation by evolu
tionarily different organisms have been studied for a
long time; however, the issue of TNT biotransforma
tion is far from being well understood.
Transformation of TNT by G. candidum ANZ4
performed under intense aeration at an initial pH 6.0
included the formation of hydride Meisenheimer
complexes and the products of TNT mononitroreduc
tion; it was accompanied by decreasing pH. The strain
studied was capable of the synthesis of all eight TNT
mono and dihydride complexes, which were earlier
characterized in our experiments with Yarrowia lipoly
tica ANL15 [16].
The inoculation of the medium containing TNT
(400 µM) with the cells of G. candidum ANZ4 up to
the optical density (A600) of 1.0 resulted initially in the
accumulation of the predominant metabolite, C3
TNTmonohydride complex (3H–TNT), and
minor compounds, C1 TNTmonohydride complex
(1H–TNT), 2HADNT, and 4HADNT (Fig. 1a).
After 1 h, 3H–TNT was partially converted to a
number of other TNThydride complexes, although
their concentrations remained low at this stage
(Fig. 1a). At this stage, nitrite accumulation com
menced that was reliably confirmed by ion chroma
tography (Fig. 1b).
At the second stage of yeast cultivation, an increase
in HADNT concentration was accompanied by a
decrease in the content of 3H–TNT and by active
synthesis of the other TNTmono and dihydride
complexes. Moreover, the diminution in 3H–TNT
concentration was associated with accumulation of
2,4DNT and nitrate ion (Fig. 1).
It should be noted that the formation of 2,4DNT
started only at the stage of the 3H–TNT declining,
continued up to its complete loss, and reached a max
imum at pH below 4.2. Concurrently, accumulation of
nitrate ion occurred, whereas the nitrite ion concen
tration remained low (Fig. 1). In the control variant
–
–
(without TNT), neither NO 2 or NO 3 were detected,
which is indicative on direct involvement of TNT in
their formation.
At the same time, such possible metabolites of 2,4
DNT transformation as mononitrotoluenes and their
derivatives were not found.
The maximal detected concentrations of TNT
metabolites were as follows (µM): 3H–TNT, 215; 2
HADNT, 32; 4HADNT, 97; and 2,4DNT, 46. The
final concentrations of nitrite and nitrate ions were 12
and 52 µM, respectively. The amount of 3H–TNT
was assessed as described earlier [16].
Since the production of organic acids by yeasts is
well known [17], we determined the pH of the medium
in the course of TNT transformation by G. candidum
ANZ4 (Fig. 1b). The excretion of citrate, succinate,
and isocitrate that was revealed by ion chromatogra
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Fig. 1. Production of metabolites in the course of TNT transformation by G. candidum ANZ4 under aerobic conditions at pH
6.0. Curve designations (a): TNT (1); 3H ⎯TNT (2); 2HADNT (3); 4HADNT (µM) (4); the sum of the other TNThydride
complexes expressed as peak areas, HPLC (5); (b): pH (6); 2,4DNT (7); nitrite ions (8); nitrate ions (9).

phy resulted in drastic acidification of the medium.
In particular, cultivation of the yeast strain for 11 h in
the presence of TNT under aerobic conditions was
accompanied by a decrease in pH from 6.0 to 2.85.
The acidification of the medium caused by acid
production promoted both the destruction of 3H–
TNT with the formation of 2,4DNT and the oxida
tion of nitrite into nitrate. However, the elimination of
the nitro group from TNT directly in the form of
nitrate ions rather than nitrite ions cannot be ruled
out. It is possible that one enzyme is involved both in

–

–

the oxidation of NO 2 into NO 3 and in the conver
–

sion of 3Н–TNT into 2,4DNT and NO 3 , which
–

uses NO 2 and 3H–TNT as substrates. This assump
tion is supported by the fact that the addition of
NaNO2 (100 µM) into the medium during the 3H–
TNT transformation and accumulation of 2,4DNT
resulted in a sharply decreased yield of dinitrotoluene
(from 46 to 14 µM) and promoted subsequent conver
sion of the monohydride complex via the formation of
its dihydride forms. At the same time, the additional
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Fig. 2. Production of metabolites in the course of TNT transformation by G. candidum ANZ4 under aerobic conditions at
pH 6.0. At the stage of 2,4DNT formation, NaNO2 (100 µM) was added into the medium as an additional source of nitrite ions
(shown by the arrow). Curve designations as in Fig. 1.

nitrite was oxidized incompletely into nitrate (Fig. 2).
According to the literature data, catalase and peroxi
dases may be involved in the oxidation of nitrite into
nitrate in the presence of hydrogen peroxide [18].
The pathway of the TNT nitro group reduction was
less pronounced by strain G. candidum ANZ4. The
concentration of 4HADNT exceeded that of its iso
mer, 2HADNT, which is in agreement with earlier
observations indicating that biological reduction of the
TNT nitro groups was preferentially directed to the
NO2 group at the para position [19, 20].
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We earlier studied TNT transformation by yeasts
under static conditions at pH from 5.0 to 8.0 [14]. In
the course of TNT transformation by G. candidum
ANZ4, no 2,4DNT production was observed at ini
tial pH of 7.0 or 8.0. This result may be explained by
slight acidification of the medium because of low pro
duction of organic acids; an increase in 2,4DNT for
mation occurred only at pH below 4.2 (Fig. 1). Low
acidification of the medium was also responsible for
increased nitrite accumulation during TNT transfor
mation at initial pH varying from 7.0 to 8.0. Intense
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acidification of the medium was observed at initial pH
values of 5.0 and 6.0 that initiated rapid oxidation of
nitrite to nitrate. Moreover, intense aeration promoted
the formation of HADNTs as the sole intermediates of
the TNT nitro group conversion, whereas aminodini
trotoluenes were not found under these conditions
(Fig. 1).
The supposed pathways of TNT transformation by
G. candidum ANZ4 during aeration are illustrated in
Fig. 3. Earlier, we described the scheme of TNT trans
formation by the yeasts under static conditions [14].
We suggest two possible pathways of TNT degrada
tion via the formation of the intermediate hydride
forms; according to the first one, at low pH values,
direct elimination of a nitro group from 3H–TNT
occurs with simultaneous accumulation of 2,4DNT.
The formation of 2,4DNT from TNT means the con
version of this xenobiotic into a dinitroarene; such
compounds are known to be more easily biodegrad
able than TNT [21, 22].
It was earlier suggested that the accumulation of
nitrite ion in the course of TNT transformation by
Y. lipolytica NCIM 3589 was associated with the elim
ination of a nitro group from 3H–TNT [13]. Since in
this work separation and identification of TNT
hydride complexes were not performed, the mecha
nisms involved in elimination of the nitrite ion
remained unclear. The ability of the strain to oxidize
nitrite ion was not also studied.

The second pathway of transformation of the TNT
aromatic ring by the strain G. candidum ANZ4 involves
degradation of one of the isomers of 3,52H–TNT · H+.
The release of nitrite ion into the medium began at the
initial stages of TNT transformation, when 2,4DNT
was not yet revealed, but dihydride derivatives of 3H–
TNT were already formed.
According to preliminary data, which require
stricter confirmation, nitrite accumulation catalyzed
by pentaerythritoltetranitrate reductase from Entero
bacter cloacae PB2 was accompanied by simultaneous
disappearance of “orange products,” during a
decrease in the content of the TNTdihydride com
plexes [10, 23]. The authors suggested that nitrite orig
inated from one of the isomers of 3,52H–TNT · H+
and that this pathway led to the destruction of the non
aromatic structure and formation of an alcohol or a
ketone.
Our work provides new insight into the mechanism
of TNT transformation by lower eukaryotes; the
revealed nitrite and nitrate ions are indicative of partial
mineralization of the toxicant. The understanding of
this mechanism may improve the technologies for
treatment of the TNTcontaminated zones.
The yeast strain Geotrichum candidum ANZ4, due
to its unique ability to degrade 2,4,6trinitrotoluene, is
promising for the development of a biotechnology for
remediation of explosive contaminated territories.
MICROBIOLOGY

Vol. 79

No. 2

2010

AEROBIC DEGRADATION OF 2,4,6TRINITROTOLUENE

ACKNOWLEDGMENTS
We are grateful to John Neuman for help with ana
lytical procedures.
This work was supported by a Fulbright graduate
student fellowship to Ayrat Ziganshin, United States
(Institute of International Education grantee ID
15061570); the US Department of Defense, Army
Research Office (grant no. DAAD1903C0103);
and the Federal Programs “Development of the Sci
entific Potential of Higher Schools” (grants
RNP.2.1.1.1005 and RNP.2.1.1.3222) and “Research
and Development in Priority Fields of Science and
Engineering” (grants GK 02.434.11.3020, GK
02.512.11.2050, GK FTsKP KGU 02.451.11.7019).

11.

12.

13.

REFERENCES
1. Rieger, P.G. and Knackmuss, H.J., Basic Knowledge
and Perspectives on Biodegradation of 2,4,6TNT and
Related Nitroaromatic Compounds in Contaminated
Soil, in Biodegradation of Nitroaromatic Compounds,
Spain, J.C., Ed., New York: Plenum, 1995, pp. 1–18.
2. Frische, T., Screening for Soil Toxicity and Mutagenic
ity Using Luminescent Bacteria—a Case Study of the
Explosive 2,4,6Trinitrotoluene (TNT), Ecotox. Envi
ron. Safety, 2002, vol. 51, pp. 133–144.
3. Schaefer, M., Assessing 2,4,6Trinitrotoluene (TNT)
Contaminated Soil Using Three Different Earthworm
Test Methods, Ecotox. Environ. Safety, 2004, vol. 57,
pp. 74–80.
4. Harter, D.R, The Importance of Nitroaromatic Chem
icals in the Chemical Industry, in Toxicity of Nitroaro
matic Chemicals. Chemical Industry Institute of Toxicol
ogy Series, Ricket, D.E., Ed., New York: Hemisphere
Publishing Corp, 1985, pp. 1–14.
5. Leung, K.H., Yao, M., Stearns, R., and Chiu, S.H.L.,
Mechanism of Bioactivation and Covalent Binding of
2,4,6Trinitrotoluene, Chem. Biol. Interact., 1995,
vol. 97, pp. 37–51.
6. Funk, S.B., Roberts, D.J., Crawford, D.L., and Craw
ford, R.L., InitialPhase Optimization for Bioremedia
tion of Munition CompoundContaminated Soils,
Appl. Environ. Microbiol., 1993, vol. 59, pp. 2171⎯2177.
7. Boopathy, R. and Kulpa, C.F., Nitroaromatic Com
pounds Serve as Nitrogen Source for Desulfovibrio sp.
(B. Strain), Can. J. Microbiol., 1993, vol. 34, pp. 430–
433.
8. Manning, J.F., Boopathy, R., and Kulpa, C.F., A Lab
oratory Study in Support of the Pilot Demonstration of
a Biological Soil Slurry Reactor, Report No. SFIM
AECTSCR94038, US Army Environmental Center,
Aberdeen Proving Groung, MD, 1995.
9. Stahl, J.D and Aust, S.D, Biodegradation of 2,4,6
Trinitrotoluene by the White Rot Fungus Phanerocha
ete chrysosporium, in Biodegradation of Nitroaromatic
Compounds, Spain, J.C., Ed., New York: Plenum, 1995,
pp. 117–134.
10. French, P.D., Nicklin, S., and Bruce, N.C., Aerobic
Degradation of 2,4,6Trinitrotoluene by Enterobacter
MICROBIOLOGY

Vol. 79

No. 2

2010

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

183

cloacae PB2 and by Pentaerythritol Tetranitrate Reduc
tase, Appl. Environ. Microbiol., 1998, vol. 64, pp. 2864–
2868.
Pak, J.W., Knoke, K.L., Noguera, D.R., Fox, B.G.,
and Chambliss, G.H., Transformation of 2,4,6Trini
trotoluene by Purified Xenobiotic Reductase B from
Pseudomonas fluorescens IC, Appl. Environ. Microbiol.,
2000, vol. 66, pp. 4742–4750.
Zaripov, S.A., Naumov, A.V., Nikitina, E.V., and Nau
mova, R.P., Alternative Pathways of the Initial Trans
formation of 2,4,6Trinitrotoluene by Yeasts, Mikrobi
ologiya, 2002, vol. 71, no. 5, pp. 648–653 [Microbiology
(Engl. Transl.), vol. 71, no. 5, pp. 558–562].
Jain, M.R., Zinjarde, S.S., Deobagkar, D.D., and
Deobagkar, D.N., 2,4,6Trinitrotoluene Transforma
tion by a Tropical Marine Yeast, Yarrowia lipolytica
NCIM 3589, Marine Pollut. Bullet., 2004, vol. 49,
pp. 783–788.
Ziganshin, A.M., Naumov, A.V., Suvorova, E.S., Nau
menko, E.A., and Naumova, R.P., Gidridnoe vosstanov
lenie 2,4,6trinitrotoluola drozhzhami ⎯ put' k ego
glubokoi destruktsii, Mikrobiologiya, 2007, vol. 76,
no. 6, pp. 766–773 [Microbiology (Engl. Transl.),
vol. 76, no. 6, pp. 676–682].
Barnett, J., Payne, R., and Yarrow, D., Yeasts: Charac
teristics and Identification, Great Britain, Cambridge:
University Press, 1983.
Ziganshin, A.M., Gerlach, R., Borch, T., Naumov, A.V.,
and Naumova, R.P., Production of Eight Different
Hydride Complexes and Nitrite Release from 2,4,6
Trinitrotoluene by Yarrowia lipolytica, Appl. Environ.
Microbiol., 2007, vol. 73, pp. 7898–7905.
Anastassiadis, S., Aivasidis, A., and Wandrey, C., Citric
Acid Production by Candida Strains under Intracellular
Nitrogen Limitation, Appl. Microbiol. Biotechnol.,
2002, vol. 60, pp. 81–87.
Klebanoff, S.J., Reactive Nitrogen Intermediates and
Antimicrobial Activity: Role of Nitrite, Free Rad.Biol.
Med., 1993, vol. 14, pp. 351–360.
Hawari, J., Halasz, A., Paquet, L., Zhou, E., Spencer, B.,
Ampleman, G., and Thiboutot, S., Characterization of
Metabolites in the Biotransformation of 2,4,6Trinitro
toluene with Anaerobic Sludge: Role of Triaminotolu
ene, Appl. Environ. Microbiol., 1998, vol. 64, pp. 2200–
2206.
EsteveNunez, A., Caballero, A., and Ramos, J.L.,
Biological Degradation of 2,4,6Trinitrotoluene,
Microbiol. Mol. Biol. Rev., 2001, vol. 65, pp. 335–352.
Nishino, S.F., Paoli, G.C., and Spain, J.C., Aerobic
Degradation of Dinitrotoluenes and Pathway for Bacte
rial Degradation of 2,6Dinitrotoluene, Appl. Environ.
Microbiol., 2000, vol. 66, pp. 2139–2147.
Snellinx, Z., Taghavi, S., Vangronsveld, J., and
van der Lelie, D., Microbial Consortia That Degrade
2,4DNT by Interspecies Metabolism: Isolation and
Characterization, Biodegrad., 2003, vol. 14, pp. 19–29.
Williams, R.E., Rathbone, D.A., Scrutton, N.S., and
Bruce, N.C., Biotransformation of Explosives by the
Old Yellow Enzyme Family of Flavoproteins, Appl.
Environ. Microbiol., 2004, vol. 70, pp. 3566–3574.

