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Arthrobacter sp. strain JBH1 was isolated from nitroglycerin-contaminated soil by selective enrichment.
Detection of transient intermediates and simultaneous adaptation studies with potential intermediates indi-
cated that the degradation pathway involves the conversion of nitroglycerin to glycerol via 1,2-dinitroglycerin
and 1-mononitroglycerin, with concomitant release of nitrite. Glycerol then serves as the source of carbon and
energy.

Nitroglycerin (NG) is manufactured widely for use as an
explosive and a pharmaceutical vasodilator. It has been found
as a contaminant in soil and groundwater (7, 9). Due to NG’s
health effects as well as its highly explosive nature, NG con-
tamination in soils and groundwater poses a concern that re-
quires remedial action (3). Natural attenuation and in situ
bioremediation have been used for remediation in soils con-
taminated with certain other explosives (16), but the mineral-
ization of NG in soil and groundwater has not been reported.

To date, no pure cultures able to grow on NG as the sole
carbon, energy, and nitrogen source have been isolated. Acca-
shian et al. (1) observed growth associated with the degrada-
tion of NG under aerobic conditions by a mixed culture orig-
inating from activated sludge. The use of NG as a source of
nitrogen has been studied in mixed and pure cultures during
growth on alternative sources of carbon and energy (3, 9, 11,
20). Under such conditions, NG undergoes a sequential deni-
tration pathway in which NG is transformed to 1,2-dinitroglyc-
erin (1,2DNG) or 1,3DNG followed by 1-mononitroglycerin
(1MNG) or 2MNG and then glycerol, under both aerobic and
anaerobic conditions (3, 6, 9, 11, 20), and the enzymes involved
in denitration have been characterized in some detail (4, 8, 15,
21). Pure cultures capable of completely denitrating NG as a
source of nitrogen when provided additional sources of carbon
include Bacillus thuringiensis/cereus and Enterobacter agglomer-
ans (11) and a Rhodococcus species (8, 9). Cultures capable of
incomplete denitration to MNG in the presence of additional
carbon sources were identified as Pseudomonas putida, Pseudo-
monas fluorescens (4), an Arthobacter species, a Klebsiella spe-
cies (8, 9), and Agrobacterium radiobacter (20).

Here we describe the isolation of bacteria able to degrade
NG as the sole source of carbon, nitrogen, and energy. The
inoculum for selective enrichment was soil historically contam-
inated with NG obtained at a facility that formerly manufac-
tured explosives located in the northeastern United States. The
enrichment medium consisted of minimal medium prepared as

previously described (17) supplemented with NG (0.26 mM),
which was synthesized as previously described (18). During
enrichment, samples of the inoculum (optical density at 600
nm [OD600] � 0.03) were diluted 1/16 in fresh enrichment
medium every 2 to 3 weeks. Isolates were obtained by dilution
to extinction in NG-supplemented minimal medium. Cultures
were grown under aerobic conditions in minimal medium at
pH 7.2 and 23°C or in tryptic soy agar (TSA; 1/4 strength).

Early stages of enrichment cultures required extended
incubation with lag phases of over 200 h and exhibited slow
degradation of NG (less than 1 �mol substrate/mg protein/
h). After a number of transfers over 8 months, the degra-
dation rates increased substantially (2.2 �mol substrate/mg
protein/h). A pure culture capable of growth on NG was iden-
tified based on 16S rRNA gene analysis (504 bp) as an Ar-
throbacter species with 99.5% similarity to Arthrobacter pascens
(GenBank accession no. GU246730). Purity of the cultures was
confirmed microscopically and by formation of a single colony
type on TSA plates. 16S gene sequencing and identification
were done by MIDI Labs (Newark, DE) and SeqWright DNA
Technology Services (Houston, TX). The Arthrobacter cells
stained primarily as Gram-negative rods with a small number
of Gram-positive cocci (data not shown); Gram variability is
also a characteristic of the closely related Arthrobacter globi-
formis (2, 19). The optimum growth temperature is 30°C, and
the optimum pH is 7.2. Higher pH values were not investigated
because NG begins to undergo hydrolysis above pH 7.5 (data
not shown). The isolated culture can grow on glycerol, acetate,
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FIG. 1. Growth of strain JBH1 on NG. �, NG; ‚, 1,2DNG; �,

1MNG; �, 2MNG; E, protein.
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succinate, citrate, and lactate, with nitrite as the nitrogen
source. Previous authors described an Arthrobacter species able
to use NG as a nitrogen source in the presence of additional
sources of carbon. However, only dinitroesters were formed,
and complete mineralization was not achieved (9).

To determine the degradation pathway, cultures of the iso-
lated strain (5 ml of inoculum grown on NG to an OD600 of
0.3) were grown in minimal medium (100 ml) supplemented
with NG at a final concentration of 0.27 mM. Inoculated bot-
tles and abiotic controls were continuously mixed, and NG,
1,2DNG, 1,3DNG, 1MNG, 2MNG, nitrite, nitrate, CO2, total
protein, and optical density were measured at appropriate in-
tervals. Nitroesters were analyzed with an Agilent high-perfor-
mance liquid chromatograph (HPLC) equipped with an LC-18
column (250 by 4.6 mm, 5 �m; Supelco) and a UV detector at
a wavelength of 214 nm (13). Methanol-water (50%, vol/vol)
was used as the mobile phase at a flow rate of 1 ml/min. Nitrite
and nitrate were analyzed with an ion chromatograph (IC)
equipped with an IonPac AS14A anion-exchange column (Di-
onex, CA) at a flow rate of 1 ml/min. Carbon dioxide produc-
tion was measured with a Micro Oxymax respirometer (Co-
lumbus Instruments, OH), and total protein was quantified
using the Micro BCA protein assay kit (Pierce Biotechnology,
IL) according to manufacturer’s instructions. During the deg-
radation of NG the 1,2DNG concentration was relatively high
at 46 and 72 h (Fig. 1). 1,3DNG, detected only at time zero,
resulted from trace impurities in the NG stock solution. Trace
amounts of 1MNG appeared transiently, and trace amounts of
2MNG accumulated and did not disappear. Traces of nitrite at
time zero were from the inoculum. The concentration of NG in
the abiotic control did not change during the experiment (data
not shown).

Results from the experiment described above were used to
calculate nitrogen and carbon mass balances (Tables 1 and 2).
Nitrogen content in protein was approximated using the for-
mula C5H7O2N (14). Because all nitrogen was accounted for

throughout, we conclude that the only nitrogen-containing in-
termediate compounds are 1,2DNG and 1MNG, which is con-
sistent with previous studies (6, 9, 20). The fact that most of the
nitrogen was released as nitrite is consistent with previous
reports of denitration catalyzed by reductase enzymes (4, 8,
21). The minor amounts of nitrate observed could be from
abiotic hydrolysis (5, 12) or from oxidation of nitrite. Cultures
supplemented with glycerol or other carbon sources assimi-
lated all of the nitrite (data not shown).

In a separate experiment cells grown on NG were added to
minimal media containing 1,3DNG, 1,2DNG, 1MNG, or
2MNG and degradation over time was measured. 1,2DNG,
1,3DNG, and 1MNG were degraded at rates of 6.5, 3.8, and 8
�mol substrate/mg protein/hour. No degradation of 2MNG
was detected (after 250 h), which indicates that 2MNG is not
an intermediate in a productive degradation pathway. Because
1,3DNG was not observed at any point during the degradation
of NG and its degradation rate is approximately one-half the
degradation rate of 1,2DNG, it also seems not to be part of the
main NG degradation pathway used by Arthrobacter sp. strain
JBH1. The above observations indicate that the degradation
pathway involves a sequential denitration of NG to 1,2DNG,
1MNG, and then glycerol, which serves as the source of carbon
and energy (Fig. 2). The productive degradation pathway dif-
fers from that observed by previous authors using both mixed
(1, 3, 6) and pure cultures (4, 9, 11, 20), in which both 1,3- and
1,2DNG were intermediates during NG transformation. Addi-
tionally, in previous studies both MNG isomers were produced
regardless of the ratio of 1,2DNG to 1,3DNG (3, 4, 6, 9, 20).
Our results indicate that the enzymes involved in denitration of
NG in strain JBH1 are highly specific and catalyze sequential
denitrations that do not involve 1,3DNG or 2MNG. Determi-
nation of how the specificity avoids misrouting of intermedi-
ates will require purification and characterization of the en-
zyme(s) involved.

Mass balances of carbon and nitrogen were used to de-

TABLE 1. Nitrogen mass balance

Time (h)
% of total initial nitrogen by mass recovered ina:

Total recovery (%)
1MNG 2MNG 1,2DNG 1,3DNG NG Protein Nitrite Nitrate

0 NDb ND 0.9 � 0.7 0.8 � 0.6 82 � 5.2 0.8 � 0.2 14 � 0.7 0.8 � 0.3 100 � 5.3
46 0.1 � 0.0 0.8 � 0.2 7.9 � 0.4 ND 35 � 3.6 2.0 � 0.5 49 � 1.1 1.7 � 0.0 96 � 4.2
72 0.1 � 0.0 0.9 � 0.2 4.3 � 4.2 ND 5.0 � 0.4 3.3 � 0.2 81 � 4.2 3.9 � 1.9 98 � 6.8
94 ND 0.6 � 0.4 ND ND 0.6 � 0.4 3.2 � 0.0 95 � 10 2.6 � 1.6 102 � 10

a Data represent averages of four replicates � standard deviations.
b ND, not detected.

TABLE 2. Carbon mass balance

Time (h)
% of total initial carbon by mass recovered in:

Total recovery (%)
1MNGa 2MNGa 1,2DNGa 1,3DNGa NGa Proteina CO2

b

0 NDc ND 1.6 � 1.2 1.9 � 0.4 92 � 5.8 4.4 � 0.9 100 � 8.4
46 0.5 � 0.2 2.6 � 0.6 13 � 0.7 ND 39 � 3.9 13 � 3.0 28 � 5.7 96 � 14.1
72 0.4 � 0.0 2.9 � 0.7 7.3 � 7.0 ND 5.6 � 0.4 22 � 1.2 59 � 8.3 97 � 17.6
94 ND 2.8 � 0.3 ND ND 0.8 � 0.5 18 � 0.3 71 � 4.5 93 � 5.6

a Data represent averages of four replicates � standard deviations.
b Data represent averages of duplicates � standard deviations.
c ND, not detected.
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termine the following stoichiometric equation that describes
NG mineralization by Arthrobacter sp. strain JBH1:
0.26C3H5(ONO2)3 � 0.33O2 3 0.03C5H7O2N � 0.63CO2 �
0.75NO2

� � 0.75H� � 0.17H2O. The result indicates that
most of the NG molecule is being used for energy. The biomass
yield is relatively low (0.057 mg protein/mg NG), with an fs
(fraction of reducing equivalents of electron donor used for
protein synthesis) of 0.36 (10), which is low compared to the
aerobic degradation of other compounds by pure cultures, for
which fs ranges between 0.4 and 0.6 (10, 14). The results are
consistent with the requirement for relatively large amounts of
energy during the initiation of the degradation mechanism
(each denitration probably requires 1 mole of NADH or
NADPH [21]).

Although NG degradation rates were optimal at pH 7.2, they
were still substantial at values as low as 5.1. The results suggest
that NG degradation is possible even at low pH values typical
of the subsurface at sites where explosives were formerly man-
ufactured or sites where nitrite production lowers the pH.

NG concentrations above 0.5 mM are inhibitory, but degra-
dation was still observed at 1.2 mM (data not shown). The
finding that NG can be inhibitory to bacteria at concentrations
that are well below the solubility of the compound is consistent
with those of Accashian et al. (1) for a mixed culture.

The ability of Arthrobacter sp. strain JBH1 to grow on NG as
the carbon and nitrogen source provides the basis for a shift in
potential strategies for natural attenuation and bioremediation
of NG at contaminated sites. The apparent specificity of the
denitration steps raises interesting questions about the evolu-
tion of the pathway.
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FIG. 2. Proposed NG degradation pathway.
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