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Degradation of Sulfadiazine by Microbacterium lacus Strain SDZm4,
Isolated from Lysimeters Previously Manured with Slurry from
Sulfadiazine-Medicated Pigs

Wolfgang Tappe,a Michael Herbst,a Diana Hofmann,a Stephan Koeppchen,a Sirgit Kummer,a Björn Thiele,b Joost Groenewega

Forschungszentrum Jülich, Institute of Bio- and Geosciences, Institute 3: Agrosphere, Jülich, Germanya; Forschungszentrum Jülich, Institute of Bio- and Geosciences,
Institute 2: Phytosphere, Jülich, Germanyb

Sulfadiazine (SDZ)-degrading bacterial cultures were enriched from the topsoil layer of lysimeters that were formerly treated
with manure from pigs medicated with 14C-labeled SDZ. The loss of about 35% of the applied radioactivity after an incubation
period of 3 years was attributed to CO2 release due to mineralization processes in the lysimeters. Microcosm experiments with
moist soil and soil slurries originating from these lysimeters confirmed the presumed mineralization potential, and an SDZ-de-
grading bacterium was isolated. It was identified as Microbacterium lacus, denoted strain SDZm4. During degradation studies
with M. lacus strain SDZm4 using pyrimidine-ring labeled SDZ, SDZ disappeared completely but no 14CO2 was released during
10 days of incubation. The entire applied radioactivity (AR) remained in solution and could be assigned to 2-aminopyrimidine.
In contrast, for parallel incubations but with phenyl ring-labeled SDZ, 56% of the AR was released as 14CO2, 16% was linked to
biomass, and 21% remained as dissolved, not yet identified 14C. Thus, it was shown that M. lacus extensively mineralized and
partly assimilated the phenyl moiety of the SDZ molecule while forming equimolar amounts of 2-aminopyrimidine. This partial
degradation might be an important step in the complete mineralization of SDZ by soil microorganisms.

Sulfadiazine (SDZ) belongs to the group of sulfonamide antibi-
otics, and it is frequently applied in animal husbandry for the

prevention of bacterial infections in livestock (1). When 14C-la-
beled SDZ was administered to pigs, only 4% of the radioactivity
remained in the pigs after 10 days and 44% was still detectable in
the collected manure as the parent substance, besides 4-hydroxy-
sulfadiazine (4-OH-SDZ) and N-acetyl-sulfadiazine (Ac-SDZ)
(2). Even during a longer storage of pig manure, SDZ and its
principal biotransformation products were shown to be rather
stable (3).

SDZ is mainly released to the soil environment either directly
by grazing animals or by the use of manure from treated livestock
as fertilizer on farmland (4). This poses a potential risk of soil and
groundwater contamination (5). Therefore, numerous investiga-
tions concerning the mobility (6–8), sorption behavior (9), trans-
formation (10, 11), and mineralization (12), as well as the possible
effects on the soil microflora (13, 14) and the spread of antibiotic
resistance genes (15), have been performed and published. Once
administered to animals and released into the environment, the
parent substance may be subject to abiotic and biotic transforma-
tion processes (11). The transformation products described to
date (10) are generated primarily due to hydroxylation, acetyla-
tion, and formylation reactions at either the aniline or the pyrim-
idine moiety of the SDZ molecule. The disappearance of the par-
ent substance and its metabolites in soil does not necessarily mean
that the substances are completely degraded in the sense of min-
eralization. Förster et al. (16), working with pig slurry containing
[14C]SDZ, [14C]4-OH-SDZ, and [14C]Ac-SDZ added to soil,
showed that the easily extractable fraction (defined by using a
weak extracting agent) decreased exponentially with dissipation
half-lives of 16 to 11 days, depending on the soil type. The total
radioactivity did not decrease, and after 210 days, about 50% was
still extractable with harsh extracting agents and conditions and
50% was nonextractable residues (16). Such an observable dissi-

pation of the parent compound is often called “degradation” in
studies of the fate of environmental pollutants (17). Mineraliza-
tion to carbon dioxide seems to play only a minor role, with less
than 2% 14CO2 evolving from14C-labeled SDZ in microcosms in
bovine manure, soil, and soil manure slurries (12, 18). However,
long-term lysimeter experiments (3 years) with feces from pigs
previously treated with 14C-labeled sulfadiazine indicated that
presumably substantial mineralization occurred (19). The 14C
mass balance revealed a recovery of only about 65% after 3 years of
incubation, and this significant loss of radioactivity was attributed
to 14CO2 release from the open lysimeters due to the mineraliza-
tion of SDZ.

The aim of this study was to reassess the SDZ mineralization
potential of topsoil taken from the aforementioned lysimeters
and, further, to enrich and isolate SDZ-degrading bacteria from
these soil samples. We explicitly focused on the isolation of bac-
teria which not only mediate the primary degradation to the bio-
transformation products known so far but also are able to exten-
sively degrade or even mineralize SDZ.

MATERIALS AND METHODS
Test items and standards. (i) Species of sulfadiazines. Nonlabeled SDZ
(99.6% purity) was purchased from Riedel-de Haën, Seelze, Germany.
The 14C phenyl-ring labeled SDZ ([14C]phenSDZ) had a specific radioac-
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tivity of 3.46 MBq mg�1 and was 6-fold labeled in the phenyl ring (Insti-
tute of Isotopes Co. Ltd., Budapest, Hungary). The 14C pyrimidine-ring
labeled SDZ ([14C]pyrSDZ) had a specific radioactivity of 0.43 MBq mg�1

and was labeled at the C-2 position (BayerHealthCare AG, Wuppertal,
Germany).

(ii) Analytical standards. 2-Aminopyrimidine (2-AP; 97% purity)
was purchased from Sigma-Aldrich, Taufkirchen, Germany.

Growth conditions, media, and sampling. All incubations were car-
ried out at room temperature in the dark.

(i) Soil microcosms. Microcosm experiments were conducted in her-
metically closed 250-ml Duran glass bottles with topsoil from the lysim-
eters in duplicate. SDZ solution ([14C]pyrSDZ and nonlabeled SDZ) was
prepared in acetonitrile and added to a calcinated soil aliquot. Acetonitrile
was then removed by evaporation, and the spiked aliquot was thoroughly
mixed with 100 g of soil to obtain final concentrations of 10 mg (40 �M)
SDZ and 3.75 MBq kg�1 soil (dry matter). Afterwards, five subsamples
were taken to determine the total radioactivity, and 20 g of dry matter
equivalents was apportioned to each of the bottles. Moisture was adjusted
to 45% maximum water-holding capacity (WHCmax) for the moist soil
and to 200% WHCmax for the slurries. Slurries were shaken on a shaker at
100 rpm. CO2 was trapped in vials filled with 1.5 ml 2 N NaOH and
mounted in the headspace of the flasks.

(ii) Enrichment cultures and degradation experiments. Suspended
cultures for enrichment, isolation, and degradation experiments were
prepared in 250-ml Erlenmeyer flasks, and the flasks were filled with 100
ml of the respective medium and placed on a rotary shaker at 100 rpm for
the incubation period. All incubation mixtures were prepared and sam-
pled under sterile conditions by applying a sterile hood and autoclaved
medium and devices. Degradation experiments with liquid growth me-
dium were performed in 250-ml Duran glass bottles as described above
for soil microcosms.

(iii) SDZ-mineral medium. SDZ-degrading cultures were enriched in
a medium containing the following per liter: [14C]SDZ or nonlabeled
SDZ, 10 mg; NH4Cl, 306 mg; Na2HPO4·12 H2O, 100 mg; MgSO4·7H2O,
50 mg; CaCl2·2H2O, 15 mg; and NaHCO3, 1,130 mg. The mineral me-
dium also contained the following trace elements per liter: MnCl2·4H2O,
99 �g; ZnSO4·7H2O, 6.3 �g; NiSO4·7H2O, 26.3 �g; CoSO4·7H2O, 2.81
�g; and CuSO4·5H2O, 4.99 �g. Finally, Fe-EDTA, 1 ml of the stock solu-
tion (EDTA [Titriplex III] at 9.3 g liter�1 and FeSO4 at 6.95 g liter�1),
Sørensen buffer (pH 7), and 100 ml of the stock solution (7.268 g liter�1

Na2HPO4 plus 3.522 g liter�1 KH2PO4) were added.
(iv) SDZ medium with complex carbon sources. Cultivation, enrich-

ment, and isolation steps were carried out in medium spiked with 10 mg
liter�1 SDZ. The solid medium used for isolation purposes was Mueller-
Hinton agar, and suspended cultures were cultivated in Mueller-Hinton
broth (MHB; 1/10 strength; Merck KGaA, Darmstadt, Germany). SDZ
was always added to the sterilized medium after chilling to 70°C, and the
medium was further agitated on a magnetic stirrer for 2 h to ensure the
exhaustive solution of SDZ.

(v) Preparation of samples. Cell-free samples of bacterial cultures
were obtained by centrifugation at 20,000 � g and careful removal of the
supernatants. Pellets were washed twice in mineral medium and resus-
pended before measuring the 14C radioactivity.

Analytical methods. (i) LSC. Liquid-phase 14C radioactivity was mea-
sured by means of liquid scintillation counting (LSC; 2500 TR, Packard
Bioscience, Dreieich, Germany). One-milliliter aliquots of the samples
were mixed with 10 ml scintillation cocktail (Instant Scint Gel Plus; Can-
berra Packard, Dreieich, Germany) and 4 ml deionized water. The detec-
tion limit was 0.4 Bq, and the limit of quantification was 1.2 Bq.

(ii) Spectrophotometry. For single-wavelength absorption measure-
ments and absorption scans, a multiplate reader was applied (SoftMax
Pro; Molecular Devices Corporation, Sunnyvale, CA). Culture superna-
tants were screened for dissipation of SDZ by measuring the decrease of
UV absorption at 267 nm.

(iii) HPLC. The high-pressure liquid chromatography (HPLC) system
was equipped with an autosampler, binary pump, reversed-phase C18 col-
umn (250 by 4.6 mm, 5 �m; Synergi Fusion RP 80; Phenomenex, As-
chaffenburg, Germany), diode array detector (UV-D 340S; Dionex, Id-
stein, Germany), and radio detector (LB 509; Berthold Technologies, Bad
Wildbad, Germany). Solvent A was a mixture of water-methanol (49:1)
buffered with 1 ml liter�1 phosphoric acid (25%), and solvent B was pure
methanol. The elution was performed at a flow rate of 1 ml min�1 and a
linear gradient program as follows: 0, 0, 27, 37, 47, 57, 100, and 100%
solvent B at 0, 6, 23, 26, 28, 30, 33, and 35 min, respectively. The UV
detector was set at 267 nm for SDZ detection and at 298 nm for 2-amino-
pyrimidine detection.

(iv) HPLC-APCI-MS/MS. Liquid chromatography (LC)-atmospheric
pressure chemical ionization (APCI)-tandem mass spectrometry (MS/
MS) was performed with an Agilent 1100 series HPLC (Santa Clara, CA)
equipped with an HTC PAL autosampler (CTC Analytics, Zwingen, Swit-
zerland), a binary pump, and a thermostated column oven (40°C) cou-
pled with a Thermo Electron (Waltham, MA) TSQ Quantum triple-qua-
drupole mass spectrometer. LC separations and MS detection were
carried out as described previously (10).

(v) Data analysis. The measured production of 2-AP was fitted with a
logistic function (20) which was generalized. This function accounts for
an initial stage of approximately exponential growth of the population,
followed by a second stage characterized by limited substrate availability:

f2-AP(t) �
G

1 � e(�kGt)(G ⁄ f0 � 1)
(1)

where f0 is the initial population, G is the upper limit of the population,
and k is the proportionality constant. We assume that the production of
2-AP is directly related to the population of the degrading bacterium.
Analogously, the decomposition of SDZ was fitted with a mirrored curve
of equation 1, given by

fSDZ(t) � G �
G

1 � e(�kGt)(G ⁄ f0 � 1)
(2)

The turning point time (tt), which was characterized by the maximum
growth rate and which separated the initial and the consecutive second
stage, was defined as

tt �
log e(G ⁄ f0 � 1)

kG
(3)

At tt, half of the amount of SDZ is transformed to 2-AP.
(vi) Identification of the isolated strain. Identification of the isolated

strain was conducted by Nadicom GmbH (Karlsruhe, Germany). The
primers used were 27f and 1492r, corresponding to the numbering of the
Escherichia coli 16S rRNA gene. The amplification products were sepa-
rated by means of gel electrophoresis in 1% agarose in the presence of a
molecular mass standard, followed by ethidium bromide staining. After
cleanup and sequencing, the sequence showed 98.96% accordance with
the reference sequence of the type strain Microbacterium lacus DSM
18910. Therefore, the isolate was named Microbacterium lacus strain
SDZm4, since a cutoff of 98.7% 16S rRNA gene homology should be
appropriate for the differentiation of species within a genus (21). The
isolate will be made available upon request by the corresponding author.

Nucleotide sequence accession number. The 16S rRNA gene se-
quence of M. lacus strain SDZm4 was deposited in the EMBL database
under accession number HF571530.

RESULTS
Microcosm experiments with topsoil samples from lysimeters.
Soils from lysimeters expected to show high microbial activity
with respect to the mineralization of SDZ were used for degrada-
tion experiments in microcosms. In batch experiments with ran-
domly mixed topsoil subsamples, the addition of [14C]pyrSDZ was
directly followed by the release of 14CO2 (Fig. 1).
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An additional dose of [14C]pyrSDZ after 72 days caused a fur-
ther increase in 14CO2 release. Duplicates of moist soil and soil
slurries were run in parallel, and finally, after 300 days, levels of
mineralization were about 12% and up to 32%, respectively.
These were far more than the levels reported in the literature for
the mineralization of SDZ in field and laboratory studies (12, 18).
Furthermore, the soil slurries showed a continuous increase in
14CO2 release, probably indicating an adaptation, an enrichment,
and/or the selection of SDZ-degrading bacteria in these micro-
cosms (Fig. 1).

Enrichment and isolation of SDZ-degrading bacteria. Soil
slurries from the microcosm experiments and unlabeled SDZ
were applied for the enrichment and selection of SDZ degraders.
Because of the numerous cultivation steps and variations, a simple
screening method was applied to detect SDZ-degrading cultures.
Biotransformation products of SDZ known so far (10) are basi-
cally still sulfadiazines which merely differ in their functional
groups (N-acetyl-4-hydroxy-sulfadiazine, N-acetyl-sulfadiazine,
N-formyl-sulfadiazine, 4-hydroxy-sulfadiazine). For this reason,
SDZ and its biotransformation products likewise were easily de-
tectable in culture supernatants due to their UV absorption at
about 267 nm. A decrease in UV absorption at 267 nm should
therefore indicate degradation of SDZ. This relationship was ap-
plied to conduct a fast screening of the culture supernatants on
microplates. Several enrichment cultures were positive in that re-
spect, and SDZ degradation accelerated during 3 to 4 consecutive
cultivation cycles in unlabeled SDZ-mineral medium but then
suddenly ceased. However, some of these cultures regained their
degradation potential after amendment with a complex carbon
source (MHB). In most cases, however, the addition of even small
amounts of complex medium diminished the selective pressure
toward SDZ degraders and promoted the growth of any other
bacteria. Among 22 pure cultures cultivated in MHB medium
containing 40 �M SDZ, only one isolate was able to degrade SDZ.
It was identified as Microbacterium lacus and internally designated
M. lacus strain SDZm4.

Degradation of SDZ by Microbacterium lacus strain SDZm4.
In order to test whether 40 �M SDZ did not inhibit bacterial
growth in our experiments, we doubled the concentration in sub-
sequently conducted batch growth experiments. The specific

maximum growth rate (�max) of M. lacus strain SDZm4 in 1/10
MHB was 0.035 h�1 (25°C), and it was not affected by SDZ up to
the highest concentration tested (see Table S1 in the supplemental
material).

Further batch experiments were run with M. lacus strain
SDZm4 and [14C]pyrSDZ in order to prove the capability of this
strain to ultimately degrade SDZ. However, despite the decrease in
the absorbance at 267 nm in the culture supernatants, there was no
significant release of 14CO2 detected. The entire radioactivity ap-
plied remained in solution, although [14C]pyrSDZ completely dis-
appeared (below the detection limit of the HPLC). The decrease in
absorption at 267 nm therefore reliably indicated the degradation
of SDZ and probably the further degradation of its biotransfor-
mation products. However, this was no proof for the mineraliza-
tion of SDZ. For this reason, instead of absorption measurements
at a fixed wavelength (267 nm), UV absorption scans (200 to 400
nm) were accomplished. They clearly indicated the presence of at
least one other metabolite with two absorption maxima at 223 nm
and 298 nm (Fig. 2).

Mass spectrometric analysis of culture supernatants strongly
indicated the presence of substantial amounts of 2-aminopyrimi-
dine (2-AP). Additionally, the UV spectra of 2-AP as a reference
substance were completely in line with the spectra emerging from
M. lacus strain SDZm4 cultures during the dissipation of SDZ. As
shown with a radio-HPLC detector, the amount of [14C]2-AP
formed during the incubation exactly matched the amount of par-
ent substance ([14C]pyrSDZ) lost (Fig. 3). The incubations were
done in triplicate, but the kinetics were considerably different be-
tween the parallel assays. However, the qualitative results con-
cerning the dissipation of SDZ and the simultaneous appearance
of 2-AP were the same in each incubation. The results of one
example of an incubation in mineral medium without an addi-
tional carbon and energy source, except for SDZ, are shown in Fig.
3. In contrast, the growth kinetics of M. lacus strain SDZm4 were
highly reproducible in medium with additional carbon sources
(MHB, 1/10 strength), and the transformation of SDZ to 2-AP was
fast (50% was metabolized after about 53 h) and complete (Fig. 4).

Due to the equimolar amounts of the parent substance (SDZ)

FIG 1 Cumulative release of 14CO2 radioactivity during incubation of lysim-
eter topsoil in duplicate samples. Squares, moist soil; triangles, soil slurries.
The times of addition of radioactivity and the amounts of radioactivity added
are indicated by arrows. The break in one duplicate of the slurry incubation at
day 125 is due to the accidental release of alkali from the CO2 trap.

FIG 2 UV absorption spectra of M. lacus strain SDZm4 culture supernatants
in mineral medium. Selected spectra were taken at different subsequent time
intervals during the degradation of SDZ (curves 1 to 5). Curve 1, SDZ; curve 5,
2-aminopyrimidine; curves 2 to 4, intermediary-state spectra.
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that decreased and of 2-AP that appeared during the incubations,
the occurrence of further biotransformation products was rather
unlikely. The LC-MS/MS analysis of the supernatants with a focus
on the already known biotransformation products ensued, and as
before, no evidence for the existence of further biotransformation
products was obtained. Concerning the fate of the unlabeled ani-
line moiety, there was no aniline detectable, but this alone was not
proof for the complete degradation of this part of the molecule.
However, even though the ability of M. lacus strain SDZm4 to
degrade SDZ to 2-AP was clearly demonstrated, the fate of the
residual molecule is unclear at this point. All experiments (includ-
ing the long-term lysimeter studies providing the starting point
for this work) were carried out with pyrimidine ring-labeled SDZ
([14C]pyrSDZ).

Degradation of SDZ with different labels by M. lacus strain
SDZm4. Application of an SDZ species with the 14C label in the
phenyl moiety ([14C]phenSDZ) instead of pyrimidine-labeled SDZ
allowed investigation of the fate of the aniline part of the SDZ
molecule (Table 1). For this purpose, culture aliquots from the
early stationary phase were transferred to fresh 1/10 MHB–SDZ
medium containing either [14C]phenSDZ or [14C]pyrSDZ. The pro-
portions of radioactivity associated with the radiolabeled parent
substance, metabolite, trapped 14CO2, and biomass are given in
Table 1 for both radiolabeled species of SDZ. In contrast to the ap-
proaches involving [14C]pyrSDZ, for the trials with [14C]phenSDZ,
more than half of the applied radioactivity was found in the CO2

traps (56%), 16% was associated with biomass, and 21% remained
in solution and was not yet identified. Three weeks later, the ra-
dioactivity in solution was still 18% of the applied radioactivity,
indicating a certain degree of recalcitrance of these unknown sub-
stances. For [14C]pyrSDZ, the results clearly confirmed the former
findings that the amount of 2-AP that was formed was the same as
the amount of parent substance (SDZ) that decreased at any time.
Using the mean values of [14C]phenSDZ (Table 1), a carbon bal-
ance was calculated by setting the proportion of SDZ carbon equal
to 100%. The balance revealed that most of the carbon was me-
tabolized to 2-AP (40%), followed by 34% CO2 C (see Table S2 in
the supplemental material).

DISCUSSION

Studies of SDZ degradation published so far mainly refer to the
dissipation of the parent substance in the respective environments
or test systems (22–24) and to the identification of transformation
products (23, 25, 26). Mineralization appears to be insignificant,
since experiments with 14C-labeled SDZ revealed that only a small
fraction (less than 2%) was mineralized to CO2 within moderate
time periods (maximum, 218 days) (18). However, soil from
lysimeters that had received manure from SDZ-medicated pigs 3
years earlier showed substantial mineralization activity for SDZ in
this study (Fig. 1). This indicates that microbial adaptation and
selection processes require reasonably long time periods of expo-
sure to take place in pristine soils. Long-term as well as repeated
exposure has often been reported to enhance the biodegradation
of xenobiotics or other poorly degradable substances like atrazine
in soils (27, 28). After long-term and repeated exposure of agri-
cultural soils to veterinary antibiotics, accelerated biodegradation
and partial mineralization of sulfamethazine were detectable (29).
Untreated control soils showed no degradation of the applied sul-
famethazine. Although microbial degradation of sulfonamides
(24, 30) and even the utilization of sulfonamides as the only car-
bon and energy source have been reported (31), detailed knowl-
edge concerning the bacterial strains involved and particularly the
extent to which degradation is accomplished is still lacking. Just
one study providing profound information about both topics, the
microbial sulfonamide degradation and the bacteria involved, was
quite recently published by Topp et al. (29). They enriched and
isolated a sulfamethazine-degrading Microbacterium sp. from ar-
able soils that had been treated with mixtures of antibiotics (in-
cluding sulfamethazine) for 10 years.

Microbacteria are widely distributed in many environments
(32), namely, marine sediments (33), compost (34), activated
sludge (35), wastewater (36), infected human blood (37), cheese
(38), arable soils (29; this study), and many more. Accordingly,
Microbacterium species are involved in diverse biodegradation re-
actions and in oxidation and reduction reactions (32, 36). Inter-
estingly, our enrichment and selection efforts also resulted in the

FIG 4 Concentrations of SDZ and 2-AP in M. lacus strain SDZm4 culture
supernatants incubated in SDZ-amended Mueller-Hinton broth (1/10
strength plus 40 �mol l�1 SDZ). The SDZ concentration at time zero is re-
duced due to dilution with a SDZ-free but 2-AP-containing bacterial inocu-
lum (10% of the culture volume); for the same reason, 2-AP was already
detectable at time zero. 2-AP and SDZ concentrations were fitted with equa-
tion 1 and equation 2, respectively. tts (see equation 3) were 53.5 h for 2-AP and
52.3 h for SDZ.

FIG 3 Percentage of radioactivity applied to M. lacus strain SDZm4 culture
supernatants in SDZ-amended mineral medium separated into 14C radioac-
tivity of SDZ and 2-AP measured with a radio-HPLC detector. 2-AP and SDZ
radioactivities were fitted with equation 1 and equation 2, respectively. tts (see
equation 3) were 11.3 days for 2-AP and 10.5 days for SDZ.
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isolation of a Microbacterium species. Due to the slow growth of
M. lacus strain SDZm4, the enrichment in complex (nonselective)
medium probably failed, and separate colonies were accessible
only from enrichments in carbon-free mineral medium with SDZ
as the only source of nutrients and energy. Most of the fast-grow-
ing bacteria were obviously thinned out during consecutive batch
cycles in this medium, and analysis for metabolites could be more
easily performed because of the very low background level of or-
ganic substances. However, SDZ degradation became unstable
and unreproducible after several batches in mineral medium, in-
dicating a lack of essential growth factors. Coryneform bacteria
are considered to be halotolerant (39), and some of them require
vitamins, mostly B vitamins, such as pantothenic acid, as has been
shown for M. lacticum (40), or thiamine, biotin, and pantothenic
acid, which are necessary for the optimal growth of M. gubbeenese
DPC 5286T (38). However, once cultivated in pure culture with-
out competing fast-growing bacterial contaminants, the M. lacus
SDZm4 strain isolated in this study was easily culturable in non-
selective complex medium. Growth was highly reproducible in
Mueller-Hinton broth, and even the highest concentration of SDZ
applied (80 �M) did not affect the growth kinetics (see Table S1 in
the supplemental material). During SDZ degradation by M. lacus
strain SDZm4, none of the many other metabolites described for
SDZ in soils could be detected by HPLC or LC-MS/MS. If other
metabolites were present at all, only trace amounts were conceiv-
able because 2-AP increased in stoichiometric amounts as the
amounts of SDZ decreased. This finding is in accordance with the
results of Topp et al. (29) for a sulfamethazine-degrading Micro-
bacterium sp. (strain C448): their isolate likewise mineralized the
benzylic portion of the molecule, and the pyrimidine portion was
excreted as the end product. The almost concurrent and indepen-
dent isolation of two bacterial strains belonging to the genus Mi-
crobacterium from soils with a history of the presence of sulfon-
amides (29; this study) strongly indicates that this genus might
play an important role within the sulfonamide-degrading soil mi-
crobial community.
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