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Abstract. Themzoanaerobacter brockii, T, etltanolicus, T. themzohydrosuljüricus, T. jìnnii, and Thenno- 
anaerobacter strain SEBR 5268 (an isolate from an oil-producing well) were studied for their ability 
to oxidize proteinaceous compounds that included gelatin, peptides, and casamino acids. All 
bacteria tested used peptides and amino acids, but only slightly. However, in the presence of 
thiosulfate all the Tlzennoanaerobacter species showed a substantial improvement in growth and/or 
the production of acetate, isovalerate, isobutyrate, and sulfide. Propionate was a minor product of 
peptide or amino acid oxidation. The reduction of thiosulfate during growth on peptides by 
members of the Themzoanaerobacter species is a trait that closely resembles that of archaeal 
hyperthermophiles during growth on peptides and amino acids with elemental sulfur as electron acceptor. 

In the past two decades, novel thermophilic microbes, 
which include members of the domains Archaea and 
Bacteria, have been isolated from a variety of thermal 
environments [17,24]. In the case of members of the 
domain Bacteria, a great deal of attention has been 
focused on thermoanaerobes, e.g., Clostridium themzo- 
hydrosuljüricum, Themzoanaerobacter species, and 
Themzoanaerobium species as they have potential in 
the fuel and enzyme industries [17, 271. On the basis 
of the current knowledge, strains of Clostridium 
themzolzydrosuljüricum and Themtoanaerobium brockii 
have recently been reclassified and are all now 
included as members of the genus Themzoanaerobac- 
ter [ 161. Themzoanaerobacter species are thermophilic, 
heterotrophic, saccharolytic anaerobes and have the 
ability to reduce thiosulfate to sulfide. Their habitat is 
soil, sugar beet extraction juices, sugar cane juices, 
thermal volcanic hot springs, and oil-producing wells 
[9, 16, 211. In the domainhchaea, numerous studies 
have been undertaken on the novel and presumably 
archaeal nature of their physiology, which includes 
growth on peptides and/or amino acids and the 
concomitant reduction of sulfur in order to gain 
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energy for growth [l,  181. Proteolytic, peptidolytic or 
aminolytic activities have also been demonstrated in 
the mesophilic and thermophilic anaerobes in the 
Bacteria domain. Of these, mesophilic bacteria belong- 
ing to the genera Clostridìuin and Bacteroides have 
been the most intensively studied with respect to their 
role in mineralizing proteins [8, 111. Themobacteroides 
proteotyticus [20], recently renamed as Coprothetmobacter 
proteotyticus [22], and T. leptospartum [25] account for the 
strict thermophiles fermenting proteins and peptides, but 
not amino acids. These microorganisms also use carbohy- 
drates as an energy source. 

Themanaerobacter themhydrosuljùricus is the only 
species in the genus Themanaerobacter known to pro- 
duce H2S from peptide metabolism [l2, 261, and amino 
acid oxidation has never been demonstrated within this 
genus. In this paper we fìrst report on the utilization of 
amino acids by Themzoanaerobacter species and extend 
the ability to oxidize peptides to other members within 
this genus, particularly in the presence of thiosulfate. 
This observation can be regarded as analogous to the 
situation in which there is growth on amino acids and/or 
polypeptides in the presence of sulfur by some archaeal 
hyperthermophiles. 
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Table 1. Effect of thiosulfate on peptide and amino acid oxidation by SEBR 5268 
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O.D. Acetate Propionate Isobutyrate Isovalerate 
Treatment 580 nm (mM) b M )  (mh4.l Hz (mM) HzS (mM) 

M 0.228 6.50 0.00 0.00 0.00 0.00 1.60 
MSThio 0.180 6.88 0.00 0.00 0.51 0.00 1.31 

Casa 0.209 6.31 0.06 0.14 1.55 5.98 1.82 
CasaSThio 0.293 11.87 0.00 1.37 6.28 0.42 6.02 

Biot 0.140 5.51 0.42 0.13 1.51 1.45 1.45 
BiotSThio 0.323 13.63 0.12 1.93 8.62 0.54 6.88 

Pap 0.258 6.60 0.05 0.00 0.48 0.00 1.65 

Pan 0.215 6.62 0.23 0.00 0.51 3.84 1.33 
Pan+Thio 0.349 11.76 0.37 0.52 2.18 0.43 5.19 

Bact 0.160 6.66 0.45 0.00 0.96 6.34 1.66 
Bact +Thio 0.330 10.32 0.39 0.45 2.48 0.00 3.9s 

Biogel 0.180 7.18 0.18 0.00 0.44 7.10 0.56 
Biogel+Thio 0.290 13.48 0.14 0.47 2.25 0.00 6.11 

Gel 0.200 5.56 0.09 0.00 0.13 1.66 1.90 
Gel+Thio 0.260 7.52 0.06 0.00 0.74 0.00 2.27 

Results after 3 days of incubation at 60°C. Peptides, casamino acids and gelatin were added at 5 g/liter. M: basal medium containing 1 
g/liter yeast extract; Thio: thiosulfate (20m~) ;  Casa: casamino acids; Biot: bio-Trypcase; Pap: Soja bean papainic peptone; Pan: pancreatic 
peptone; Bact: bactopeptone; Biogel: bio-gelytone; Gel: gelatin. 

Pap +Thio 0.335 11.95 0.15 0.44 2.68 0.00 5.75 

Table 2. Effect of thiosulfate on peptide and amino acid oxidation by T. finnii 

O.D. Acetate Propionate Isobutyrate Isovalerate HZ H zs 
Treatment (580 nm) (mM) ( n - 4  (" (" 

M 0.113 5.10 0.06 0.00 0.00 0.43 0.96 
MtThio 0.116 6.98 0.03 0.00 0.30 0.00 1.08 

Casa 0.160 6.08 0.05 0.00 0.70 4.60 1.25 
Casa+Thio 0.180 10.29 0.05 1.25 6.43 0.23 5.30 

Biot 0.100 6.50 0.06 0.00 0.72 2.76 1.00 
Biot+Thio 0.197 9.18 0.09 0.75 5.12 0.94 4.95 

Pap 0.110 10.21 0.06 0.00 0.31 6.02 1.01 'I 
Pap+Thio 0.350 15.20 0.06 0.44 2.82 0.19 8.30 

i 

4 Pan 0.180 5.46 0.07 0.00 0.11 3.25 1.00 
Pan+Thio 0.185 10.02 0.24 0.29 1.70 0.00 2.50 

Bact 0.125 6.55 0.45 0.00 0.23 10.17 1.10 
Bact+Thio 0.130 8.66 0.40 0.17 1.66 0.19 3.70 

Biogel 0.130 6.13 0.07 0.00 0.15 1.27 1.10 
Biogel+Thio 0.115 8.36 0.28 0.05 1.14 0.10 1.50 

Gel 0.080 5.70 0.06 0.00 0.00 0.79 1.01 
Gel+Thio 0.090 6.60 0.07 0.00 0.36 0.00 1.65 

Results after 3 days of incubation at 60°C. Peptides, casamino acids and gelatin were added at 5g/liter. M: basal medium containing lg/liter 
yeast extract; Thio: thiosulfate (20 mM); Casa: casamino acids; Biot: bio-Trypcase; Pap: Soja bean papainic peptone; Pan: pancreatic 
peptone; Bact: bactopeptone; Biogel: bio-gelytone; Gel: gelatin. 
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Table 3. Effect of thiosulfate on peptide and amino acid oxidation by Thermoanaerobacter species 
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Treatment 

~ ~ ~ ~ 

H2 HzS 
580nm (mM) (mM) (" (mM) 
O.D. Acetate Propionate Isobutyrate Isovalerate 

T. ethanolicus 
M 
M+Thio 
Casa 
Casa+Thio 
Biot 
Biot+Thio 
Gel 
Gel+Thio 

T. thermohydrosiilfuricus 
M 
M+Thio 
Casa 
Casa+Thio 
Biot 
Biot+Thio 
Gel 
Gel+Thio 

T. brockii 
M 
M+Thio 
Casa 
Casa+Thio 
Biot 
Biot+Thio 
Gel 
Gel+Thio 

0.052 
0.024 
0.033 
0.017 
0.030 
0.077 
0.038 
0.033 

0.056 
0.044 
0.067 
0.060 
0.035 
0.100 
0.057 
0.040 

0.039 
0.050 
0.066 
0.110 
0.057 
0.189 
0.061 
0.050 

4.58 
6.28 
6.63 
7.25 
6.55 
7.60 
6.28 
6.73 

5.61 
6.39 
7.00 
7.20 
6.51 
9.00 
5.88 
6.65 

6.13 
7.60 
7.17 
9.20 
7.42 

10.00 
6.35 
6.65 

0.00 
0.00 
0.05 
0.07 
0.06 
0.12 
0.05 
0.06 

0.037 
0.044 
0.047 
0.065 
0.054 
0.088 
0.042 
0.043 

0.051 
0.053 
0.074 
0.110 
0.094 
O. 183 
0.074 
0.029 

0.00 
0.00 
0.60 
1.16 
0.39 
0.97 
0.65 
0.31 

0.53 
0.53 
0.49 
0.62 
0.32 
1.19 
0.45 
0.24 

0.00 
0.450 
0.200 
1.400 
0.140 
1 .O30 
0.046 
0.028 

0.00 
0.00 
0.83 
2.03 
0.81 
2.33 
0.00 
0.50 

0.00 
0.00 
0.60 
1.84 
0.52 
2.50 
0.00 
0.00 

0.00 
0.00 
0.38 
2.53 
0.42 
2.85 
0.00 
0.29 

0.25 
0.00 
1.21 
1.50 
1.61 
0.71 
0.79 
0.23 

0.34 
0.00 
1.86 
3.32 
1.71 
3.41 
0.64 
0.00 

0.00 
0.00 
1.48 
0.18 
1.35 
0.00 
0.68 
0.00 

0.42 
0.50 
0.14 
1.06 
0.64 
2.35 
0.21 
0.84 

0.45 
0.46 
0.45 
1.00 
0.82 
1.80 
0.39 
1.05 

0.41 
0.34 
0.21 
3.83 
0.37 
4.50 
0.30 
1.10 

Results after 7 days incubation at 60°C bio-Trypcase, casamino acids and gelatin were added at 5 g/liter; M Basal medium containing 
lg/liter yeast extract; Thio: thiosulfate (20mM); Casa: casamino acids; Biot: bio-Trypcase; Gel: gelatin. 

Materials and Methods 
Organisms. Thermoanaerobacter thermohydrosulfuriczis (DSM No. 
567), T. brockii (DSM No. 1457), T. finnii (DSM No. 3389), and T. 
ethanolicus (DSM No. 2246) were obtained from DSM (Deutsche 
Sammlung von Mikroorganismen, Braunschweig, Germany). Strain 
SEBR 5268 was isolated from an oil-producing well in France; the 
characteristics were reported previously [3,9]. , 

Culture medium. All experiments were performed at 60°C in the 
basal medium that was supplemented with yeast extract (1gL-') as 
described previously [9]. Thiosulfate, casamino acids (DIFCO, 
USA), gelatin (Sigma, USA) and the following peptones from 
different sources were added from separately autoclaved stock 
solutions: bio-Trypcase (bioMériew, France), pancreatic Peptone 
( P R O M O ,  France), Bactopeptone (DIFCO, USA), bio-Gely- 
tone (bioMérieux, France), Soja bean papainic peptone (Institut 
Pasteur Production, France). The anaerobic techniques of Hun- 
gate [14] were used throughout this work. After preparing the 
anaerobic medium, we dispensed this liquid medium into Hungate 
tubes (5 ml) or serum bottles (50 ml) under a stream of oxygen-free 
nitrogen gas. 

Analytical techniques. Duplicate vessels were used during the 
course of this work. Optical density, dissolved hydrogen sulfide, 

hydrogen, and volatile fatty acids were analyzed as previously 
described [9]. 

Results and Discussion 
The physiology and metabolism of the members of 
the genuq Themoanaerobacter are poorly understood. 
They have been classified as carbohydrate-fermenting 
bacteria, which typically produce ethanol, acetate, 
lactate, hydrogen, and carbon dioxide as end- 
products [16]. None of the members of the genus 
Themonnaerobacter are reported to oxidize peptides 
or amino acids with the exception of T. themohydro- 
sulfiricus, which has been shown to use peptides but 
not amino acids [12,16,26]. Furthermore, Thermoan- 
aerobacter brockii (previously classified as Thermoan- 
aerobium brockii) has been described as not using 
these organic compounds (e.g., tryptone and casamino 
acids, [28]). Recent physiological studies have shown 
that Therrnoanaerobacter Jinnii and Therrnoanaerobac- 
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ter strain SEBR 5268 oxidized H2 in the presence of 
thiosulfate [9]. We now provide evidence that in the 
case of these two strains, amino acids and peptides 
from different biological sources (Tables 1 and 2) are 
utilized more efficiently if thiosulfate is added to the 
medium. In the presence of thiosulfate, there is an 
increase in optical density and/or the production of 
volatile fatty acids, viz. acetate, iso-butyrate, iso- 
valerate, and propionate, whereas in the absence of 
thiosulfate these activities are limited (Tables 1 and 
2). In contrast, only an insignificant increase in the 
growth of the two strains of Tliemzoaiiaerobacter 
species was noted on gelatin as an energy source 
(Tables 1 and 2). This slight increase in growth may 
be due to weak proteolytic activities by Theinzoanaero- 
bacter species studied or to the presence of contami- 
nating small peptide residues in gelatin preparation. 
Indeed, when bio-Gelytone, which is a tryptic digest 
of gelatin, was used in the presence of thiosulfate, 
very good growth and a significant volatile fatty acid 
production was observed, in particular with Theimo- 
anaerobacter SEBR 5268 (Table 1). 

The three remaining Themzoaizaerobacter spe- 
cies, namely, T. ethanolicus, T. thennohydrosulfuricus, 
and T. brockii, were also tested for growth on casamino 
acids and bio-Trypcase (Table 3). In the presence of 
thiosulfate, the three species were also able to use the 
peptides and amino acids significantly, but not gelatin. 

The results provided in Tables 1,2, and 3 indicate 
for the first time that all the Themzoanaerobacter 
species tested utilize peptides and amino acids more 
efficiently when thiosulfate is added as an electron 
acceptor. However, the efficiency with which these 
compounds are used is speciedstrain dependent. The 
most efficient utilizers are T. jiiznii, T. brockii, and 
Themzoanaerobacter SEBR 5268, while T. ethaiiolicus 
and T. tlzennolzydrosul~ricus are poor utilizers. In all 
five Themzoaizaerobacter strains, together with im- 
proved growth and/or an improved production of 
volatile fatty acids, sulfide is also produced, while a 
decrease in hydrogen levels is observed, in particular 
with T. brockii, T. jinnii, and Theizoanaerobacter 
SEBR 5268 (Tables 1, 2, and 3). The production of 
hydrogen and volatile fatty acids during bio-Trypcase 
fermentation in the presence and in the absence of 
thiosulfate by T. brockii, a proficient user of peptides, 
and T. ethanolicus, a poor utilizer of peptides, is 
shown in Figures 1 and 2. 

This is the first report on amino acid oxidation by 
members of the Themzoanaerobacter genus, particu- 
larly in the presence of thiosulfate as electron accep- 
tor. We also show the ability of this genus to produce 
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Fig. 1. Metabolite production from bio-Trypcase oxidation by T. 
brockii, in the presence (A) and in the absence (B) of thiosulfate: 
acetate, O; isobutyrate, O; isovalerate, O; propionate, A; Hz, +; 
HIS, .. 
propionate even though it is a minor product from 
peptide metabolism as described within the sulfur 
reducers, hyperthermophilic Archaea [4]. The other 
volatile fatty acids produced such as acetate, iso- 
butyrate, and iso-valerate are typical end-products 
obtained from amino acid or peptide oxidation by a 
variety of mesophilic anaerobes [15, 19, 231, but also 
by several hyperthermophilic Archaeu [4]. 

The ability of Themzoanaerobacter species to 
grow on amino acids and/or peptides while being 
stimulated by thiosulfate indicates that they may be 
growing by mixotrophy. There is no direct evidence of 
this hypothesis as we have not studied enzymes 
involved in this process. However, indirect evidence 
does suggest this, as all the members are stimulated 
by the presence and subsequent reduction of thiosul- 
fate during amino acid and/or peptide oxidation, 
resulting in an increase in hydrogen sulfide. It has 
also been reported that members of the genus Thenno- 
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Fig. 2. Metabolite production from bio-Trypcase oxidation by T. 
efhanolicus, in the presence (A) and in the absence (B) of 
thiosulfate: acetate, O; isobutyrate, O; isovalerate, O; propionate, 
A; Hz, +; HzS, W. 

anaerobacter are able to oxidize hydrogen in the 
presence of thiosulfate [9, lo], indicating there could 
be a role played by hydrogenases in the process of 
thiosulfate reduction. The members of the genus 
Themzoanaerobacter can be considered similar to 
some of the facultative autotrophic hyperthermo- 
philic belonging to theArchaeu domain (e.g., Pyrobacu- 
lum, Thennococcus, Staphylothemus, and Pyrococcus 
species), which are able to grow by heterotrophic 
mode on yeast extract or cell extracts in the presence 
of added mineral electron acceptors such as elemen- 
tal sulfur [l, 4, 131. Further phenotypic similarities 
between the genus Thennoanaerobacter and the hyper- 
thermophilic sulfur reducers Archaea are evidenced 
by the typical end-products obtained from peptide 
oxidation as discussed above [4]. 

Members of the genus Themoanaerobacter to 
date have been considered to be important only in 
sugar fermentation. However, the results presented 
here indicate that they also have an equally important 
role to play in degradation of proteinaceous com- 
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pounds such as peptides or amino acids. They must 
play a very important role in the overall decomposi- 
tion processes in the hot spring ecosystem where 
organic matter and thiosulfate are present. Thiosul- 
fate can be formed by chemical oxidation of sulfides 
[2, 6,7] and is known to exist in some hot springs but 
absent in others [5]. 
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