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Anaerabic sulfate-reducing bacteria are widespread
in various ecological niches and, due to their metabolic
flexibility, are involved in the degradation of numerous
nonnatural organic compounds. Bacteria of the genus
Desulfovibrio are known to possess a unique ability to
metabolize such nitroaromatic compounds as trinitro-
toluene, trinitrobenzene, nitrophenoal, tetryl, and others
[1-3]. The transformation of nitrogen-containing com-
pounds involves the reduction of the nitro group fol-
lowed by reductive deamination [3]. In some sulfate-
reducing bacteria, active nitrate and nitrite reductases
were revealed [4].

This paper presents data on the ability of Desulfo-
vibrio desulfuricans to transform nitroester of cellu-
lose (NC), an industrial waste resistant to biodegra-
dation.

Strain D. desulfuricans VKM 1388 was obtained
from the All-Russia Collection of Microorganisms
(Pushchino, Russia). Postgate medium B [5] supple-
mented with calcium lactate (3.5 g/l) as an organic sub-
strate and Na,S (100 mg/l) asareducing agent was used
for anaerobic cultivation performed as described earlier
[6]. In experimental variants, 12 g/l of NC with a high
nitrogen content (11.8%) was added to the medium; in
control, bacteria were grown in Postgate medium B
without NC. The amount of NC was determined gravi-
metrically after the extraction from the culture liquid
with acetone; nitrates were analyzed by a standard
method [7]. Biomass was determined from the protein
content, which was measured by a modified Lowry
method [8]. The data presented are averages of three
replicate experiments, in which every parameter was
measured in triplicate.

In medium with NC, the lag phase of D. desulfuri-
cans growth somewhat increased (Fig. 1). The specific
growth rate of bacteria in the control medium was
1.5-fold greater than that in the presence of NC (0.074
and 0.05 h, respectively). The biomass accumulation
in the NC-containing medium was comparable to that
in the control (160 and 130 mg protein/l, respectively).
A decrease in the NC concentration in the medium
became noticeable by the 8th day of bacterium growth;
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a 10% decrease was observed after 14 days of cultiva-
tion. Thetransformation of NC by D. desulfuricanswas
accompanied by the appearance of nitrates in the cul-
ture liquid, whose amount peaked by the 8th day
(220 pug/ml) and then decreased sharply (Fig. 2). Inthe
medium without NC, nitrates occurred in trace
amounts.

To verify the possibility of spontaneous denitration
of NC[9], which could beinitiated by hydrogen sulfide,
ametabolite formed during the reduction of sulfates by
D. desulfuricans, we studied the abiotic (chemical)
denitration of NC. A three-day culture was autoclaved
(0.5 am, 20 min), supplemented with NC (0.5 ¢/100 ml),
and incubated at 30°C for 20 days. In this case, the
nitrate content in the autoclaved liquid was found to
increase to 70 pg/ml, whereas NC concentration
remained unaltered. Most likely, metabolites produced
by sulfate-reducing bacteria changed the level of nitro-
cellulose esterification but produced no effect on the
NC concentration in the medium. Thus, the transforma-
tion of NC by living cells revealed in our experiments
is of abiogenic nature.
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Fig. 1. Curves of growth of D. desulfuricansin (1) Postgate
medium B and (2) the same medium supplemented with
NC.
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Fig. 2. Time course of NC concentration in Postgate
medium B in the presence of (1) growing and (2) killed cells
of D. desulfuricans; nitrate concentration dynamics in the
presence of (3) killed and (4) growing cells. Curve 5 shows
nitrate concentration in Postgate medium B without NC.

To conclude, the decrease in the NC concentration
and the formation and subsequent disappearance of
nitrates during growth of D. desulfuricans in NC-con-
taining medium show that this bacterium possesses a
biochemical potential for the transformation of nitro-
cellulose.

We are grateful to V.S. Kutsak for his help in per-
forming this work.

MICROBIOLOGY Vol. 71  No.3 2002

Thiswork was supported by the Russian Foundation

for Basic Research (project no. 01-04-4985).

REFERENCES

. Boopathy, R., Formation of Aniline as a Transient

Metabolite during the M etabolism of Tetryl by a Sulfate-
Reducing Bacterial Consortium, Curr. Microbiol., 2000,
val. 40, pp. 190-193.

. Boopathy, R., Kulpa, and Wilson, M., Metabolism of

TNT by Desulfovibrio sp. (B Strain), Appl. Microbiol.
Biotechnol., 1993, val. 39, pp. 270-275.

. Boopathy, R. and Kulpa, Nitroaromatic Compounds

Serve as Nitrogen Source for Desulfovibrio p. (B Strain),
Can. J. Microbiol., 1993, vol. 39, pp. 430-433.

. Moura, I., Bursakov, S., Costa, C., and Moura, J.J.C.,

Nitrate and Nitrite Utilization in Sulfate-Reducing Bac-
teria, Anaerobe, 1997, vol. 3, pp. 279-290.

. Postgate, J.R., Mediafor Sulfur Bacteria, Labor. Pract.,

1966, vol. 15, no. 11, pp. 1239-1244.

. Zolotukhina, L.M., Davydova, M.N., and Krasil’ nik-

ova, E.N., Maltose Degradation by Desulfovibrio des-
ulfuricans 2198, Biokhimiya, 1999, vol. 64, pp. 1132—
1137.

. Lur'e, Yu.Yu., Analiticheskaya khimiya promyshlennykh

stochnykh vod (Analytical Chemistry of Industrial Sew-
age Waters), Moscow: Khimiya, 1984, pp. 167—168.

. Goring, M.A. and Yakovleva, V.I., A Rapid Method for

Protein Determination in Microbial Cells, Prikl.
Biokhim. Mikrobiol., 1980, val. 16, no. 6, p. 936.

. Kratkaya khimicheskaya entsikl opediya (Concise Chemi-

cal Encyclopedia), Moscow: Sovetskaya Entsiklopediya,
1964, val. 3, pp. 551, 555.



