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Summary
A mesophilic strain of sulfate-reducing bacterium, designated ALA-3T (T = type strain), was isolated
from an anaerobic lagoon of a dairy wastewater treatment plant. The curved, Gram-negative, nonsporeforming cells (0.2 x 3.0-4.0 pm) existed singly or in chains, and were motile by single polar flagella. Optimum growth occurred at 35 "C and pH 7.5 on a medium containing lactate and sulfate. Thio'sulfate or sulfite but not elemental sulfur, nitrate, or fumarate could also replace sulfate as an electron
acceptor. Formate, alanine, aspartate, leucine, isoleucine, valine, and methionine, H2/C02and ethanol
also served as electron donors with sulfate as an electron acceptor. Pyruvate, casamino acids, peptone,
serine, glycine, cysteine and threonine were fermented. Sulfite and thiosulfate were disproportionated to
sulfate and sulfide. The G+C content of the DNA was 66 mol % G+C. Phylogenetic analysis revealed
that Desulfovibrio africanzts was the nearest relative (similarity of 89%). Strain ALA-3T is physiologically and phylogenetically different from other Desztlfouibrio species, and is designated Desulfovibrio
aminophilus sp. nov. (DSM 12254).
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T h e anaerobic degradation of proteins has not been
studied as extensively as carbohydrate fermentation
though the input of proteins into anaerobic environments is large (MCINERNEY,
1988). Because of the presence of proteins in almost any ecosystem, the turnover of
amino acids is a very important microbiological process
(GIRBAL
et al., 1997). The degradation of amino acids by
anaerobic bacteria has been investigated most comprehensively in fermentative Clostridium species (BAKER,
1981; ELSDEN
et. al., 1979), but other anaerobes are also
known to utilize amino acids especially in the presence of
external electron acceptors o r in mixed cultures with hydrogen scavengers (STAMS,1994). In contrast, the use of
amino acids by sulfate-reducing bacteria has been poorly
studiedy-whereas -their-activities regarding amino acid
degradation has been clearly established in marine sedi-
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merits (HANSEN
and BLACKBURN,1995). Only a few
members of the genera Desulfobacterium, Desulfotomaculurra and Desulfovibrio are known t o utilize single
amino acid (REESet al., 1998; STAMSet al., 1985; STAMS
and HANSEN,
1986; VAN DER MAAREL
et al., 1996). Furthermore, recent reports have shown that the addition of
thiosulfate to the growth medium enabled the utilization
of amino acids by non sulfate-reducing bacteria such as
Thermoanaerobacter brockii (FAUDONet al., 1995;
FARDEAU
et al., 1 9 9 7 a ) a n d Dethiosulfovibrio peptidovorum (MAGOT
et al., 1997). Thus, these data suggest a n
important role of sulfate a n d thiosulfate in the degradation of proteinaceous compounds. In o u r present study,
we isolated and characterized a sulfate-reducing bacterium, designated strain ALA-3T, which degraded peptides
and amino acids as a n energy source.
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Materials and Methods

cose, fructose, malate, succinate and fumarate were conducted
using the basal medium.
Strain ALA-3T was subcultured at least once under the same
Sample source: Sludge samples were collected from an anaerexperimental conditions. For disproportionation of thiosulfate
obic lagoon of a dairy wastewater treatment plant (SantaFe de
and sulfite studies, basal medium containing acetate (5 mM)
Bogota, Colombia) by completely filling 100 ml bottles to the
as a carbon source and either thiosulfate (20 mM) or sulfite
brim. The samples were transported to the laboratory and
(5 mM) as energy source and electron acceptor were used (BAK
maintained at 4 "C until used. The p H and temperature
and PFENNING,
1987). Disproportionation was verified by meafrom where the sample was collected was 6.8 and 24"C, respectively.
suring optical density increase and the formation of sulfate and
sulfide.
Media, Culture Conditions and Isolation: The Hungate techAnalytical Techniques: Duplicate culture tubes were used
nique (HUNGATE,
1969) was used throughout these studies. The
throughout this study. Growth was measured by inserting tubes
basal medium consisted of (per liter) 0.2 g of I<H,PO,, 0.3 g of
directly into a model UV-16OA spectrophotometer (Shimadzu
NH,CI, 1.0 g of NaCl, 0.4 g of MgCI, 6H,O, 0.5 g of ICI,
0.15 g of CaCI, 2H,O, 1ml of trace element solution (IMHOFF- Corp., Kyoto, Japan) and measuring the optical density at
STUCKLE
and PFENNING,
1983), 1.0 ml of 0.1% resazurin. The
580 nm. Sulfide was determined photometrically (CORDpH was adjusted to 7.2 with 10 M ICOH. The medium was
RUWISCH,1985). Sulfate was measured according to the method
boiled under a stream of Oz-free N,gas and cooled to room
of MADSEN
and AAMAND(1991) and fermentation products detemperature. Aliquots of 5-ml from the medium were dispensed
termined as described by FARDEAU
et al., 1993. Amino acid coninto Hungate tubes under a stream of 02-free N 2 gas, and subcentrations were determined by High Pressure Liquid Chrosequently the gas phase was replaced with N,-CO, (80:20).
matography (MOOREet al., 1958). Growth and product formaPrior to inoculation, 0.15 ml of 2% Na,S . 9H20, 0.25 ml of
tion were analyzed after 2 to 3 weeks of incubation at 37 "C.
10% NaHCO,, and 0.05 ml of Balch vitamin solution (BALCH Cytochromes and desulfoviridin were determined as described
by POSTGATE
(1959). Cell morphology was determined using a
et al., 1979) were injected into each tube.
Nikon phase-contrast microscope. For electron microscopy,
For isolation and cultivation studies, L-alanine, yeast extract
cells were negatively stained with 1% sodium phosphotungstic
and thiosulfate were injected into Hungate tubes containing
basal medium, from sterile anaerobic stock solutions ( ~ 1 0 0to
)
acid (pH 7.2) as described previously (FARDEAU
et al., 1997b).
The G+C content was determined at DSM - Deutsche Sammgive a final concentration of 10 mM, 0.1% and 10 mM respeclung von Mikroorganismen und Zellkulturen Gmb, Brauntively. The sludge sample was homogenized using a hand held
schweig, using high performance liquid chromatography
homogeniser in an anaerobic chamber and subsequently used
(HPLC) as described by MESBAH
et al., (1989).
for ten-fold serial dilutions in the medium described above. Di16s rRNA sequence studies: DNA was extracted from the
lution series were incubated at 37 "C for 2 weeks after which
strain ALA-3T as described previously (ANDREWSand PATEL,
ten-fold dilutions were prepared from the last positive dilution
and PATEL,1993). A 50-pl reaction contained
1996; REDBURN
and inoculated into roll tubes containing the medium described
above, fortified with 2% lagar. Single colonies that developed
1-20 ng of genomic DNA, 1 pM of each primer, 5 pl of lox
were picked and the procedure repeated several times. All culbuffer, 200 pM of dNTP, 3.5 mM of MgCl,, and 2.5 U of Taq
tures derived from this procedure had similar morphology and
polymerase (Promega). PCR conditions used were as follows: initial denaturation at 94 "C for 7 min, followed by 29 cycles of anwere unable to grow in sulfate-free basal medium supplemented
with glucose (20 mM), Biotrypcase (0.2%) and yeast extract
nealing at 55 "C for 2 min, extension at 72 "C for 4 min, denaturation at 94 "C for 1min, and a final extension cycle of 55"C for
(0.2%).
2 min and 72 "C for 20 min. PCR products were purified using
Growth Characterization: Growth at various temperatures,
p H and in sodium chloride was studied using basal medium
QIAquick Kit (Qiagen),the concentration estimated by comparison with the Low Mass Ladder (Gibco BRL) on an agarose gel
containing 20 mM lactate and 20 mM thiosulfate as electron
containing ethidium bromide and sequenced with the ABI
donor and acceptor respectively. For pH studies, the medium
PRISM Dye Terminator Cycle Sequencing Kit and ABI 373A sewas adjusted with sterile anaerobic stock solutions of 1M HCI,
10% NaHCO, or 8% Na,CO,. NaCl was either weighed diquencer. A 10-pl reaction contained 35 ng of PCR product, 4 pl
rectly into the tubes for concentrations higher than 1% and the
of cycle sequencing reaction mix, 3.2 pmol of primer (ANDREWS
medium dispensed into the tubes as described above, or was inand PATEL,1996), and 2.5 pg of Bovine Serum Albumin. Thermal
jected into the pre-reduced medium from a sterile stock solution
cycling was carried out using a Rapid Cycler (Idaho Technology)
of 10% NaCl.
at a temperature transition slope of 2, an initial denaturation of
For studies on electron donors, the basal medium with or
94 "C for 15 sec, then 25 cycles of denaturation at 94 "C for O
without yeast extract and containing 20 mM sulfate was used.
sec, annealing at 50 "C for 10 sec, extension at 60 "C for 3 min.
The electron donors ethanol, n-propanol, butanol and benzoate
The determined sequence was aligned manually and checked for
were added to a final concentration of 5 mM. Pyruvate, acetate,
accuracy manually using the alignment editor, ae2 (MAIDAKet
al., 1996). The program BLAST (ALTSCHUL
et al., 1990) was inipropionate, butyrate, valerate, fumarate, succinate, malate, alatially used against the GenBank database to determine if any
nine, glutamate, valine, serine, arginine, aspartate, leucine, threnewly released closely related sequences existed in the database.
onine, glycine, cysteine, isoleucine, methionine, lysine, proline,
For analysis, the sequences of D. oxyclinae, D. proftcizdics, D.
histidine, glucose, fructose, ribose, maltose, galactose, and mannitol were added at a final concentration of 10 mM. Casein
fructosovorans, and D. alcoholovoraits were extracted from
(O.l%), gelatin (0.1%), peptone (0.5 and l.O%), casamino
GenBank database (accession numbers U33316, U90726,
AF050101 and AF053751, respectively) and manually aligned
acids (0.5 and 1.0%) and H2 + CO, (80:20) were also tested.
with the prealigned sequences obtained from the Ribosomal
Thiosulfate (10 mM), sulfate (10 mM), sulfite (2 mM), sodium
Database Project (MAIDAK
et al., 1996). Bootstrap and pairwise
fumarate (20 mM), elemental sulfur (2%) and nitrate (10 mM)
evolutionary distances based on 892 unambiguous nucleotides
were tested as electron acceptors in the basal medium containwere computed using TREECON (VAN DE PEERet al., 1993) and
ing lactate (20 mM). Fermentation tests with lactate, pyruvate,
the programs DNADIST (Jukes and Cantor option), NEIGH- '
peptone, casamino acids, serine, cysteine, glycine, threonine,
glutamate, alanine, leucine, isoleucine, valine, aspartate, meBOR-JOINING, SEQBOOT and CONSENSE programs that
thionine, arginine, lysine, proline, histidine yeast extract, gluform part of the PHYLIP package (FELSENSTEIN,
1993).
1
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Nucleotide sequence accession number: The 16s rRNA gene
sequence of strain ALA-3T has been deposited in the GenBank
data base under accession number AF067964.

Results
Isolation
Cultures were regarded as positive after incubation at
37 OC for 2 weeks based on growth, acetate and H,S production. Microscopic examination of the highest dilution
positive culture revealed the presence of two bacterial
morphotypes, viz. rod-shaped and vibrio-shaped cells.
Roll tubes inoculated with this culture also showed two
distinct types of colonies. One type of colony was small,
white and lense-shaped, and the other was 1 mm in diameter, round, whitish and possessed smooth edges. The
latter colony type was isolated in pure culture, designated ALA-3T and characterized further.

yeast extract (though 0.2% yeast extract enhanced
growth). Strain ALA-3T grew with ethanol and H2/C0,
only with added acetate or yeast extract. Furthermore,
the following amino acids are only used in the presence
of 0.2% yeast extract: alanine, leucine, isoleucine, valine,
aspartate, and methionine with sulfate as an electron acceptor (Table 1). Glutamate was converted mainly to
pyroglutamate and the small amounts of acetate and propionate and sulfide produced could be a result of partial
oxidative deamination.
In the absence of sulfate, strain ALA-3T used pyruvate,
peptone and casamino acids. Serme, glycine, threonine
and cysteine were used in the presence of yeast extract
(0.2%). Serine, glycine and cysteine were fermented to
acetate. Threonine was fermented to acetate and traces
of propionate. Only pyroglutamate was detected from
glutamate utilization in the absence of sulfate.
Sulfate, thiosulfate and sulfite were utilized as electron
acceptors but not elemental sulfur, nitrate and fumarate.
Thiosulfate and sulfite were disproportionated to sulfate
and sulfide.

Morphology, physiology and G+C content
Cells of strain ALA-3T were Gram negative nonsporulating vibrios, 3.0 to 4.0 pm long and 0.2 pm wide
(Fig. 1).Strain ALA-3T was motile by means of a single
polar flagellum (data not shown).
Strain ALA-3= was a strictly anaerobic chemoorganotrophic bacterium. The optimal growth temperature was
35°C (temperature range was between 25 and 40 O C ) .
The optimum pH for growth was around 7.5 (pH
growth range between 6.7 to 8.0). Strain ALA-3T did not
require NaCl for growth but tolerated up to 2% NaCl
with optimum growth occurring in the presence of 0.05
to 0.75% NaCl. The cells contained C-type cytochromes
and desulfoviridin. The G+C content of strain ALA-3T is
66 mol %.
In the presence of thiosulfate or sulfate as electron acceptor, strain ALA-3Tgrew on lactate and did not require

16s rRNA sequence analysis

An almost complete 16s rRNA gene sequence comprising of 1530 nucleotides, corresponding to positions 21 to
1539 respectively [E. coli numbering, according to WINKER
and WOESE,(1991)], was determined. Sequence alignment
and subsequent comparisons with sequences of representative members of domain Bacterin consistently placed strain
ALA-3T as a member of the family Deszilfovibrionncene.
Maximum likelihood analysis using fastDNAml also gave
similar results. Further analysis indicated that the closest
relative of strain ALA-3T was D. africaizzts (similarity of
89%). The clustering of strain ALA-3T with the sole lin-,
eage represented by D. africnntis is interesting but cannot
be predicted with confidence as bootstrap analysis (100
data sets) was poor (48%) indicating the possibility that
other close relatives are yet to be identified.

Fig 1. Phase-contrast photomicrograph of
cells of strain ALA-3T from the exponential
growth phase. Bar, 10 pm.
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Table 1. End-products of metabolism of strain ALA-3Tin the presence of sulfate.
Culture conditions"

Substrate utilized (mM)

Lactate
Formate
H, + CO, + Acetate'
Alanine"
Leucine"
Isoleucine"
Valine"
Aspartateb
Methionine",
Glutamate"
Serine"3
Cysteine"93
Glycine",
Threonine",

18
15
nd
7.5
6.5
5.3
5.0
4.2
3.0
7.5
6.0
5.6
9.0
4.5

Products formed (mM)
Acetate

Sulfide

12
0.0
O
5.6
O
O
0.2
4.4
O
1.1
6.0
5.0
6.0
6.0

11.0
7.0
14
4.5
2.8
2.7
3.7
3.0
4.0
2.8
2.0
2.0
0.0
0.0

Othersc

11 ( f )
6.0 (iV)
5.6 (2")
5.0 (iB)
0.5 (p); 7.0 (pGlu)

0.4 (P)

Results were recorded after 2-3 weeks incubation at 37 "C; 10 mM sulfate was added unless otherwise indicated.
All values are corrected for the small amounts of products formed in the control tubes. The following substrates were tested and
were not utilized by strain ALA-3T: argine, lysine, proline, histidine, gelatin, casein, glucose, fructose, galactose, ribose, maltose,
mannitol, acetate, propionate, butyrate, valerate, fumarate, malate, succinate, n-propanol, butanol, glycerol or benzoate.
bTestedin the presence of 0.2% Y.E.
Abbreviations: f, formate; p, propionate; pGlu, pyroglutamate; iv, isovalerate; 2-mB, 2-methylbutyrate; iB, isobutyrate.
Tested in the presence of 20 mM sulfate.
An unidentified end-product peak was detected by HPLC.
These substrates are also fermented; lactate, fructose, malate, succinate and fumarate were tested but were not fermented.

Discussion
90

100

-

Strain ALA-3= used a wider range of energy substrates
than that reported for other Desulfovibrio species. It
Desulfovibrio desulfuricans
had, in particular, an important property of oxidizing or
Desulfovibrio gabonensis
fermenting proteinaceous compounds such as peptides
and amino acids (Table 1).Our results indicated that the
Desulfovibrio gigas
growth
of strain ALA-3T on amino acids depended on
Desulfovibrio alcoholovorans
the concentration of yeast extract. For example, growth
was obtained with 0.2% but not with 0.02% yeast exDesulfovibriofructosovorans
tract on alanine, glutamate and valine. Strain ALA-3T reDesulfovibrio africanus
duced sulfate and thiosulfate and disproportionated thioDesulfovibrio aminopldus sulfate and sulfite, suggesting that it may play a decisive
role in the regulation of the electron flow in the sulfur
Desulfovibrio longus
cycle and also in protein turnover.
Desulfovibrio salexigens
Desulfovibrio piger

100

Desulfovibrio profundus
100

Desulfovibrio halophilus
Desulfovibrio oxyclinae

Strain TD3
Desulfonatrovibrio hydrogenovorans
Desulfohalobium retbaense
10%

Fig. 2. Dendrogram based on 16s rRNA sequence data indicating the position of Desulfovibrio aminophilus strain ALA-3T
within the members of Desulfovibrio and relataed genera. All
the sequences used in the analysis, with the exception of those
of D. oxyclinae, D. p~ofundus,D. fructosovorans and D. alcoholovorans (GenBank accession numbers U33316, U90726,
AF050101 and AF053751 respectively), were obtained from
the Ribosomal Database Project, version 5.0 (MAIDAK
et al.,
1996). Bootstrap values greater than 90% (generated from 100
data sets) are shown at the branching points. The triangle indicates the cluster for the genus Desulfonticrobium. Esckerichia
coli was used as the outgroup member. Scale bar indicates 10
nucleotide substitutions per 100 nucleotides.

b
O

Table 2 . Differentiating characteristics of strain ALA-3T and other amino acid utilizing sulfate-reducing bacteria.

h
,

Characteristics

Strain ALA-3=

Habitat

anaerobic waste
water lagoon

Optimal temperature

37 "C

G+C content (mol%)

66.0

Amino acids used with SO,"

ala, val, leu, lie, asp, met

Other substrates used with
formate
1actate
ethanol
acetate

+

Desidfouibrio 2 002O" Desttlfouibrio 2 002 Sb Desulfovibrio
acrylicus"

Desnlfobacterium
uacztolatitm"

niacini"

marine sediments

anoxic marine
sediments

marine
sediments

marine
sediments

rumen

30-37 "C

25-30 "C

29 "C

37 "C

42.9

45.1

45

45.8

49

ala, ser, gly
(+) val, leu, lie, cys,
thr, asp

gly, ser, ala, cys ala, glu, gin, gly, lie,
leu, pro, val, ser

glu

ala

47.2
ala, ser, gly
(+) val, leu, lie, cys,
. thr, asp

+

+
+

+

+ (with acetate or YE)
-

fatty acids C-atoms

-

Amino acids used without

ser, gly, cys, thr

Casamino acids used without
Peptone used without SO,'-

cocczts

+
-

+
+
+

+

*
-

pyruvare

marine sediments

Desztlfo-

-+

+

+
+

n.r.

-

-

(3)-16; isobutyrate

+

-

ser

ser

n.r.

none

n.r.

n.r.

+

n.r.

n.r.

+

-

n.r.

n.r.

+

n.r.

n.r.

+

-

n.r.

n.r.

n.r. not reported.
a,b After STAMS et al. (1985).
After VAN DER MAAREL
et al. (1996).
After WIDDEL (1988); REESet al. (1998).
e After IMMHOFF-STLJCKLE
and PFENNING
(1983).
After STAMSand HANSEN
(1986).
Symbols: +, utilized; (+)'>,autotrophic growth; (+), poorly utilized; -, not utilized.
n.d. not determined.
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Strain ALA-3T fermented peptone and casamino
acids with production of acetate and hydrogen. Sulfate
or thiosulfate was not required for casamino acids and
peptone utilization, but its presence improved growth
during which sulfide was produced. Acetate, isovalerate, propionate and traces of succinate were produced
from the oxidation of 1 % peptone or 1% casamino
acids in the presence of sulfate suggesting that more
than one amino acid contained in both compounds
were being utilized leading to the production of mixed
fatty acids.
Alanine, valine, leucine and isoleucine were degraded respectively to acetate, isobutyrate, isovalerate and
2-methyl butyrate only in the presence of sulfate as an
electron acceptor. This can be explained by the fact
that oxidative deamination of these single amino acids
can occur if the electrons produced in this step are effectively scavenged (STAMS,1994; ORLYGSSON
et al.,
1995).
Although HANSEN
and BLACKBURN(1995) provided
evidence that sulfate reducing bacteria are involved in
amino acid turnover in marine sediments, most laboratory studies have been limited to occasional characterization tests with amino acids as growth substrates (REES
et al., 1998; VAN DER MAAREL
et al., 1996). STAMS et al.,
(1985) showed that members of the generus Desulfovibrio (strains 20020 and 20028) were able to oxidize
various single amino acids such as alanine and glycine, if
sulfate was present. Desulfovibrio acrylicus (VAN DER
MAARELet al., 1996) has also been reported to use
amino acids such as serine, glycine, alanine and cysteine,
as electron donors in the presence of various electron acceptors. Deszdfotomaculum ruminis was also reported
to use L-alanine as an energy source (STAMS and
HANSEN,
1986). Several Deszdfobacterium spp. are
known to use glutamate (IMHOFF-STUCKLE
and PFENNING
1983; BRYSCHet al., 1987; SCHNELL
et al., 1989). In the
addition, the complete oxidizer, Desulfobacteriunz vacuolatum (REESet al., 1998) readily used glutamate,
proline, isoleucine, alanine, glutamine, glycine, valine
and serine only in the presence of sulfate. However
strain ALA-3T is phenotypically, genotypically (Table 2)
and phylogenetically different from all these microorganisms. Furthermore, strain ALA-3T converts glutamate to pyroglutamate and this constitutes the first report on a sulfate-reducing bacterium with this characteristic. Pyroglutamate has so far only been reported as an
end-product of glutamine metabolism by a few ammonia producing bacteria from the rumen (CHENand RUSSELL, 1988,1989).
The utilization of peptides and amino acids in the
presence of thiosulfate has been shown for non sulfatereducing bacteria such as Thermoanaerobacter brockii
(FARDEAU
et al., 1997a) and Detl7iosztlfovibrio peptidovorans (MAGOTet al., 1997). However, strain ALA-3T,
cannot be ascribed to any of these species due to its different physiological and phylogenetic characteristics (Fig
2). Therefore strain ALA-3=is described as a new species
of the genus Desulfovibrio, Desulfouibrio aminophilus
sp. nov.
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Desulfovibrio amiaopldus a.mino. phi.lus. Gr. n. aminus; Gr. adj. philus loving; M.L. adj. aminophilum
amino acid loving. Vibrios (0.2 by 3.0-4.0 pm) motile by
one polar flagellum, occur singly or in chains. Gram-negative, non-sporeforming. Strictly anaerobic. Colonies are
round with entire edges, smooth, and white. Mesophilic.
Optimum growth temperature is 35 OC (temperature
range for growth is between 25 to 40 OC), optimum pH
7.5 (pH range for growth is from 6.7 to 8.0) and does
not require NaCl foz growth. Yeast extract is not required for growth on lactate, and pyruvate in the presence of sulfate, but stimulates growth. Not autotrophic.
It requires yeast extract and sulfate for growth on alanine, valine, leucine, isoleucine, aspartate and methionine. In the presence of acetate as a carbon source, growth
is obtained on ethanol or H, + CO, in the presence of sulfate. Sulfate, sulfite, and thiosulfate serve as electron acceptor, but not elemental sulfur, fumarate and nitrate.
Thiosulfate and sulfite are disproportionated to sulfate
and sulfide. Does not ferment fumarate, malate, succinate, glucose, fructose, glycerol, but is able to ferment
pyruvate, peptone, casamino acids, serine, glycine, threonine and cysteine. Desulfoviridin present. The G+C content of the DNA is 66 mol%. The type strain is ALA-3T
(DSM12254). Isolated from anaerobic sludge of a dairy
wastewater treatment plant of Santa Fe de Bogota,
Colombia. Adverse effects on animals and humans are
not known. Because of the ability of Desrtlfovibrio
amiiaophilus to degrade amino acids and peptides, the
possibility of harmful effects cannot be excluded. Cautious handling and autoclaving of cultures before disposal is recommended.
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