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Abstract. Clostridium cochlearium could  be repro-  
duc ib ly  enr iched in an L-aspar ta te-  and  L-g lu tamate-  
l imited,  anae rob i c  chemos t a t  i nocu la t ed  with anae-  
rob ic  sludge.  L-glutamate ,  L-glutamine  a n d  L-hist idine 
were the only  fe rmentab le  substrates .  Less special ised 
c los t r id ia  o f  the  C. tetanomorphum type  could  only be 
i so la ted  f rom ba t ch  enr ichments  wi th  L-g lu tamate  and  
L-aspar ta te  as energy sources.  Compe t i t i on  experi-  
ments  wi th  C. cochlearium and  C. tetanomorphum in a 
L-g lu tamate- l imi ted  chemos ta t  resul ted in the selective 
e l imina t ion  o f  the la t te r  species. A d d i t i o n  o f  glucose to 
the m e d i u m  resul ted  in coexis tence o f  bo th  species. The  
m o l a r  g rowth  yields for  L-g lu tamate  a t  dif ferent  di- 
lu t ion  rates  a t  30 ~ C were de t e rmined  for  bo th  species. 
The  m a x i m u m  specific g rowth  rates  on  L-g lu tamate  
were 0 . 5 5 h  -~ for  C. cochlearium and  0 .35h  -1  for  
C. tetanomorphum. 

Key words:  Clostridium cochlearium - Clostridium 
tetanomorphum - G l u t a m a t e  f e rmen ta t ion  - 
A n a e r o b i c  mixed  cultures.  

As  r e p o r t e d  prev ious ly  ( L a a n b r o e k  et  al., 1977) the  
resul t  o f  an  enr ichment  exper iment  with an anae rob ic  
energy- l imi ted  chemos ta t  in which L-aspar ta te  and  L- 
g lu t ama te  were app l i ed  as energy sources was the 
d o m i n a n c e  o f  two different  bac ter ia l  species. One o f  
these, a Campytobacter spec., f e rmented  L-aspar ta te  
and  its character is t ics  have been descr ibed  ( L a a n b r o e k  
et al. ,  1977). The  o ther  bac t e r i um was a Clostridium 
species and  its ident i f ica t ion  ~411 be p resen ted  in this 
paper .  I ts  fe rmenta t ive  abil i t ies  a p p e a r e d  to  be re- 
s t r ic ted to L-glutamate ,  L-glutamine and  L-histidine. 
The en r i chment  o f  this species in an anae rob ic  L- 
g lu tamate - l imi ted  chemosta t ,  inocu la ted  with anae-  
robic  sludge,  was reproducib le .  However ,  ba tch  en- 
r ichments  with L-glutamate ,  inocu la ted  with  s ludge 

f rom the same source, showed  the occurrence  o f  L- 
g lu tamate - fe rment ing  c los t r id ia  which  were more  ver- 
sati le with respect  to  o the r  fe rmentab le  substrates .  
Hence  compe t i t i on  exper iments  were m a d e  to  de- 
te rmine  the  ecological  niche o f  bo th  types  o f  organisms.  
The  results  o f  these exper iments  will be descr ibed  be low 
and  c o m p a r a t i v e  d a t a  o f  the energetics  o f  L-g lu tamate  
f e rmen ta t ion  o f  bo th  types o f  bac te r ia  will be presented.  

Materials and Methods 

Cultures Used 

Ctostridium cochlearium and Clostridium tetanomorphum (ATCC 
15920) were used in the experiments described. C. cochlearium was 
isolated from an anaerobic, L-aspartate and L-glutamate-limited 
chemostat inoculated with sludge from an anaerobic digester, which 
was fed with amino acid-rich waste water (Laanbroek et al., 1977). 
C. tetanomorphum was obtained from Professor G. Gottschalk, 
University of G6ttingen, Federal Republic of Germany. 

Growth Conditions 

The anaerobic growth medium contained the following compounds 
per litre of demineralised water: MgSO,- 7H20, 0.5 g; CaC12, 0.02 g; 
K2HPO4, 0.75 g; NaH2POa*HzO, 0.25 g; cysteine. HCI, 0.5 g; 
resazurin, 1 rag; 2 ml trace elements solution of Vishniac and Santer 
(1957) in a 5 fold dilution, together with a carbon- and energy source. 
The pH was adjusted to 7.1 before autoclaving. The type and 
concentration of the carbon- and energy source was dependent upon 
the experiment made. Substrate utilization tests were made at 30 ~ C in 
anaerobic agar shake tubes, which contained the mineral medium 
plus 0.5 % (w/v) carbon- und energy source, 0.1% (w/v) yeast extract 
and 1.0 % (w/v) agar. The carbon- and energy source was omitted in 
the blank. 

The maximum specific growth rate on L-glutamate was de- 
termined in 3 litre conical flasks, which contained 100 ml cell 
suspension under a nitrogen atmosphere. Turbidity was measured in 
a tube, which had been connected to the conical flask and which also 
fitted into a Vitatron colorimeter. 

Differential Tests 

All differential tests were made according to Holdeman et al. (1977) at 
30 ~ C in 20 ml anaerobic Hungate tubes, which contained 10 ml of 
test medium under a gas atmosphere of oxygen-free nitrogen. 
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Enrichment Techniques 

Enrichments of L-glutamate-fermenting clostridia were made at 
30 ~ C in both batch and continuous culture; the latter at 4 different 
dilution rates, which varied from 0.02-0.20 h -~. Batch culture 
enrichments were made in screw-cap bottles completely filled wich 
mineral medium supplemented with 0.35 % (w/v) L-aspartate, 0.35 
(w/v) L-glutamate and 0.1% (w/v) yeast extract. Continuous culture 
enrichments were made in a chemostat described previously 
(Laanbroek et al., 1977) and fed with the same medium. Anaerobic 
sludge from a digester fed with waste water rich in L-aspartate, L- 
glutamate and their amides, was used as inoculum in every case. After 
3 or 4 days incubation in batch culture, or after 5 volume changes in 
continuous culture, samples from the cultures were pasteurized and 
agar shakes were made. These cultures contained the mineral salts 
medium supplemented with 0.5 % (w/v) L-aspartate, 0.5 ~s (w/v) L- 
glutamate, 0A ~ (w/v) yeast extract and 1.0 % (w/v) agar. After 
4 days incubation at 30~ single colonies were tested for growth 
on L-aspartate, L-glutamate and glucose. 

Cell Yield Studies 

Cell yield studies of C. cochlearium and C. tetanomorphum were made 
in L-glutamate-limited chemostats. Steady-state cell carbon was 
determined as follows: the culture was centrifuged for 20 rain at 
10.000 x g in a Sorvall refrigerated superspeed RC2-B centrifuge at 
4 ~ C. The pellet was washed first with 3.2 mM and then with 1.6 mM 
phosphate buffer (pH 7.0). Finally the sediment was resuspended in 
CO2-free water and the content of organic carbon determined with a 
Beckman 915A carbon analyzer, connected to a Beckman 865 
infrared analyzer. The molar growth yield was calculated from the 
following equation: 

Y =x/(SR-s) 
where x is the celt carbon determined and Sa-s is the amount of L- 
glutamate used, 

Competition Experiments 

Competition experiments were made in an anaerobic energy-limited 
chemostat. The mineral medium was supplemented with 0.35 % (w/v) 
L-glutamate and 0.1% (w/v) yeast extract. In one case 0.35 % (w/v) 
glucose was also added. 

Total cell number was determined from a dilution series of 
anaerobic agar shakes in Hungate tubes under oxygen-free nitrogen 
at 300 C. The number of C. teta~omorphu~z cells were similarly 
determined at 45 ~ C, since C. eochIearium was unable to grow at this 
temperature. The agar shake tubes contained the mineral medium 
supplemented with 1.0% (w/v) L-glutamate and 0.1% (w/v) yeast 
extract. The organic cell carbon was determined as described above. 
The percentage number of spores in the culture was estimated by 
direct counting. 

Chemical Analyses 

L-glutamate was determined according to the method of Bernt and 
Bergmeyer (1970). Volatile fatty acids, carbon dioxide and ammonia 
were estimated as described previously (Laanbroek et al., 1977). 
Hydrogen was determined by the method of Laanbroek et al. (1978). 

Results 

Isolation of  Clostridium cochlearium 
and Its Differentiation from Clostridium tetanomorphum 

In  the first  en r ichment  made  ( L a a n b r o e k  et al., 1977) an  
anae rob ic  chemos ta t  was fed with L-aspar ta te  and  L- 

g lu t ama te  as g rowth- l imi t ing  substrates .  The  L- 
g lu tamate - fe rment ing  Clostridium spec. tha t  became 
d o m i n a n t  was i so la ted  in pure  cul ture  by  mak ing  
successive d i lu t ion  series in anae rob ic  agar  shake 
cultures,  app ly ing  a minera l  med ium with yeast  extract ,  
L-aspar ta te  and  L-glutamate.  

The  character is t ics  o f  this bac te r ium were as fol- 
lows. Cells were rod - sha pe d  (0.8 g m  wide a n d  4 . 0 -  
10.0 p m  long)  and  were mot i le  by  means  o fpe r i t r i chous  
flagella. They were able  to fo rm te rmina l  ovo id  en- 
dospores .  The  swollen end o f  the  spore -bear ing  cells 
gave them a spoon- l ike  appearance .  Colonies  in aga r  
were c ream-co lou red  and  lent icular .  The  bac t e r ium was 
a str ict  anae robe  and  the only fe rmentab le  subst ra tes  
were L-glutamate,  L-glutamine and  L-histidine. Other  
subs t ra tes  tested with a negat ive  resul t  were:  glucose,  
fructose,  pyruva te ,  L-lactate,  ci t rate ,  a -oxoglu ta ra te ,  
succinate,  fumara te ,  DL-malate, oxa toace ta te ,  L-ala- 
nine,  L-arginine, L-aspar ta te ,  L-asparagine,  L-cysteine, 
glycine, L-isoleucine, DL-leucine, L-lysine, L-methio-  
nine,  L-phenytalanine,  L-proline,  L- t ryp tophan ,  L-tyro- 
sine, L-threonine,  L-serine, L-valine and  xanthine.  
Li t t le  g rowth  was ob ta ined  unless yeas t  ex t rac t  was 
inc luded in the medium.  N o  fur ther  analysis  was made  
o f  the specific g rowth  fac tor  requirements .  The stoi- 
ch iomet ry  o f  L-glutamate  f e rmen ta t ion  was as fol- 

lows:  

1.00 g lu tama te  --, 1.30 acetate  + 0.35 bu ty ra t e  
+ 0.95 CO2 + 0.25 Hz + 0.96 NH3 

The  m a x i m u m  specific g rowth  rate  a t  3 0 ~  in a 
m e d i u m  con ta in ing  L-glutamate  plus 0.1 ~o yeas t  ex- 
t rac t  was 0.55 h -1.  The  character is t ics  as descr ibed 
above  are similar  to those  given for C. cochlearium 
(Smith  and  Hobbs ,  1974) in Bergey 's  Manua l .  

As  will be descr ibed  below, the  s ludge f rom which 
C. cochtearium was i so la ted  also con ta ined  c los t r id ia  
which could  in add i t i on  to L-glu tamate  ferment  glu- 
cose. These  o rgan isms  were p re sumab ly  similar  o r  
ident ica l  to C. tetanomotThum, a species which for  
u n k n o w n  reasons  was no t  inc luded in the la tes t  edi t ion 
o f  Bergey 's  M a n u a l  (Smith and  Hobbs ,  1974). 
An t i c ipa t ing  a more  deta i led  s tudy o f  the ecological  
niches o f  bo th  types  o f  organisms,  a c ompa r i son  was 
m a d e  o f  several  character is t ics  o f  the  newly i so la ted  
C. cochlearium and  C. tetanomorphum ( A T C C  15920) 
which is summar i sed  in Tab le  1. Also  inc luded are the  
d a t a  o f  Spray  et al. (1957) for  bo th  species descr ibed  in 
Bergey 's  M a n u a l  (1957). The  abi l i ty  o f  C. tetanomor- 
phum to g row at  45 ~ C was used to d i f ferent ia te  between 
b o t h  species in the  compe t i t i on  studies to  be descr ibed 
below. C. tetanomorphum had  a m a x i m u m  specific 
g rowth  rate  a t  30 ~ C in a m e d i u m  which con ta ined  L- 
g lu t ama te  plus  0 .1% yeast  ext rac t  o f  0.35 h - 1 .  
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Table 1. Characteristics of the isolated Clostridium and of C. tetanomorphum (ATCC 15920), compared with data of C. cochlearium and 
C. tetanomorphum from Bergey's Manual (Spray et al., 1957) 

Newly C. tetano- 
isolated morphum 
Clostridium (ATCC 15920) 

Data from Bergey's Manual (1957) 

C. cochlea- C. tetano- 
rium morphum 

Spore Ovoid, Spherical, Ovoid, Spherical, 
terminal terminal terminal terminal 

Motility + + + + 
Gram reaction weakly + + weakly + + 
Gelatin hydrolysis weakly + - _ a _ 
Growth on glucose - + - + 
Milk digestion . . . .  
Chopped meat digestion . . . .  
Indole production + - - - 
Growth at 45 ~ C - + N. M b N.M. b 

a Weak to negative according to Holdeman et al. (1977) 
b Not mentioned 

Table 2. Ability of clostridia, isolated from batch or continuous cultures, to grow on L-glutamate, L-aspartate or glucose 

Number of Number of Growth of isolates on 
enrichments isolates 

L-glutamate L-aspartate Glucose 

Batch culture 2 
Continuous culture 

D 0.02 h- : 1 
Continuous culture 

D 0.05 h-1 1 
Continuous culture 

D 0.1 h -1 1 
Continuous culture 

D 0.2h -1 1 

7 7 0 2 

4 3 0 0 

3 3 0 0 

4 3 0 0 

4 4 0 0 

Occurrence o f  L-Glutamate-Fermenting Clostridia other 
than C. cochlearium 

The results described above raised to the following 
ques t ions :  1) To what  extent are enr ichments  in an 
anaerobic  L-glutamate-l imited chemostat  that  gave rise 
to the dominance  of  C. cochlearium reproducible and  2) 
Are less specialised clostridia also present  in the sludge ? 

To answer these quest ions the enr ichments  in the 
chemostat  were repeated at different di lut ion rates, and  
in addi t ion  some batch culture enr ichments  were made 
with L-aspartate and  L-glutamate as energy sources. 
The results of  these experiments are described in 
Table 2, and  show that  enr ichments  in a L-glutamate- 
l imited chemostat  yielded specialised clostridia whereas 
batch culture enr ichments  inoculated with the same 
sludge gave rise to clostridia some of  which in addi t ion  
to L-glutamate also fermented glucose. 

Competition for r-Glutamate between C. cochlearium 
and C. tetanomorphum 

As described above, sludge from the anaerobic  digester 
conta ined  both  specialised and  more versatile clos- 
tridia. However,  the specialist outgrew the more ver- 
satile clostr idium in a L-glutamate-l imited chemostat  
wi thout  other energy sources. Thus  it would appear  
that  coexistence of both  types of  clostridia is only 
possible when in addi t ion  to L-glutamate an other 
substrate such as glucose is present. To examine this 
hypothesis, equal numbers  of C. cochlearium and 
C. tetanomorphum were inoculated into L-glutamate- 
l imited chemostats  and  the di lut ion rates set at 0.04 h -  1 

and  0.33 h -1. In  both  cases C. tetanomorphum was 
competit ively eliminated. Addi t ion  of glucose to the 
medium,  however, resulted in coexistence, a l though 
washout  of C. tetanomorphum again occurred when 
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Fig. 1. Competi t ion for L-glutamate between CIostridium cochlearium 
and Clostridium tetanomorphum in an energy-limited chemostat  at 
dilution rate 0.04 h -  1, at 30 ~ C and pH 7.0 �9 r total count  of  
colonies; �9 O count  of  colonies of  C. tetanomorphum; 
amoun t  of  cell carbon; - -  theoretical washout  rate. During the 
first 21 volume changes the chemostat  was fed with medium, which 
contained 18.7 m M  L-glutamate and 17.7 m M  glucose. Afterwards 
the glucose was omitted 

this substrate was subsequently omitted (Fig. 1). 
Washout of C. tetanomorphum was accompanied by an 
increase in the number of spherical spores of 
C. tetanomorphum in the culture: from 0 - 4  ~o of the 
vegetative cells. 

Cell Yield Study of C. cochlearium 
and of C. tetanomorphum 

To determine the true molar growth yield for L- 
glutamate, C. cochlearium was grown anaerobically in 
a L-glutamate-limited chemostat. The influent medium 
contained 37.4 mM L-glutamate plus 0.1 ~o yeast ex- 
tract. Up to a dilution rate of 0.20 h -1, 2.5 mM L- 
glutamate was present in the culture. Above this 
dilution rate the concentration of L-glutamate in- 
creased progressively to 7.5 mM at a dilution rate of 
0.50 h-1. Acetate, butyrate, carbon dioxide, hydrogen 
and ammonia were the only detectable fermentation 
products. The fermentation pattern varied with the 
dilution rate; more acetate and hydrogen but less 
butyrate were produced at higher growth rates, as is 
shown in Table 3. 

Table 3. Material balances o f  the fermentation o f  L-glutamate of  Clostridium cochlearium grown in a L-glutamate-limited chemostat  at 30 ~ C. The 
growth medium contained 37.4 m M  L-glutamate and 0.1 ~ yeast extract. Fermentat ion products are given in mo per mo of  glutamate consumed 

Dilution m M  L-gluta- Acetate Butyrate CO2 H2 N H  a Y") C-recov- Redox 
rate mate  con- glut ery ('~o) balance 
h -  1 sumed 

0.02 34.9 1.02 0.53 0.92 0.04 1.06 2.1 102 1.15 
0.06 34.9 1.04 0.52 1.12 0.17 1.07 3.6 106 1.03 
0.08 34.9 1.00 0.50 1.13 0.17 1.06 3.9 103 1.00 
0.20 34.9 1.27 0.40 0.89 0.31 0.88 4.2 101 1.07 
0.30 33.1 1.34 0.37 0.86 0.27 0.89 4.4 100 1.06 
0.40 31.9 1.29 0.36 0.85 0.21 0.94 4.6 97 1.06 
0.50 29.9 1.26 0.30 0.72 0.26 0.77 4.0 89 1.04 

a mg  cell carbon/mmol  glutamate 

Table 4. Material balances o f  L-glutamate-fermentation by Clostridium tetanomorphum grown in a L-glutamate-limited chemostat  at 30 ~ C. 
Growth medium contained 37.4 m M  L-glutamate and 0.1 ~ yeast extract. Fermentat ion products are given in mo per mo glutamate consumed 

Dilution m M  L-gluta- Acetate Butyrate CO 2 H2 N H  3 ya) C-recov- Redox 
rate mate con- glut ery ( ~ )  balance 

h -  ~ sumed 

0.02 37.3 1.10 0.40 1.03 0.03 0.97 3.5 97 0.89 
0.05 37.3 1.26 0.35 1.02 0.I 7 0.97 4.5 99 0.92 
0.10 37.0 1.46 0.36 - 0.31 1.00 4.9 - - 
0.20 37.2 1.29 0.37 0.73 0.13 0.94 4.6 96 1.16 
0.30 25.4 1.34 0.39 0.85 0.22 0.94 4.3 102 1.10 

" m g  cell carbon/retool glutamate 
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C. tetanomorphum was also grown anaerobically in 
a L-glutamatelimited chemostat. The medium con- 
tained 37.4 mM L-glutamate plus 0.1% yeast extract. 
Up to a dilution rate of  0.20 h -  1, the concentration of 
L-glutamate in the culture was 0.5 mM. This con- 
centration increased progressively to 12. 0 mM at a 
dilution rate of  0.30 h-1.  The fermentation products 
were the same as in C. cochlearium: acetate, butyrate, 
carbon dioxide, hydrogen and ammonia (cf. Table 4). 

Discussion 

The occurrence of both specialised and more versatile 
bacteria in the same habitat has been repeatedly shown. 
One example was given by Barker (1937, 1939) who 
isolated both Clostridium cochlearium and C, tetano- 
morphum from batch enrichments with L-glutamate as 
energy source and which had been inoculated with soil 
samples. 

Similar observations were made in the present 
study: The isolated C. cochlearium could only ferment 
L-glutamate, L-glutamine and L-histidine, whereas the 
more versatile C. tetanomorphum could in addition 
ferment a variety of  other organic compounds, among 
which is glucose (Barker, 1961). In the agar dilution 
series inoculated from batch enrichments with L- 
glutamate as energy source colonies of  both organisms 
were present in the highest dilutions, indicating that 
they occurred in approximately the same numbers in 
the enrichment. Since the maximum specific growth 
rate of C. cochlearium on L-glutamate is considerably 
higher than that of  C. tetanomorphum, this may in- 
dicate that in the sludge used as inoculum the latter 
bacterium was present in greater numbers. 

However, in the L-glutamate-limited chemostat 
enrichments highly specialised clostridia invariably 
became dominant. This was confirmed by competition 
experiments with mixtures of  pure cultures of  both 
clostridia. Even at a dilution rate of  0.04 h -  ~ where the 
growth yield on L-glutamate of C. tetanomorphum was 
higher than that of C. cochlearium, the former or- 
ganism was selectively eliminated. Hence, in the pre- 
sence of one growth-limiting substrate it is growth rate 
rather than growth yield that determines the outcome 
of  competition. 

When in an energy-limited chemostat both L- 
glutamate and glucose were presented, both clostridia 
could coexist. The washout rate of  C. tetanomorphum 
when the glucose supply suddenly ceased indicated that 
it was still growing and hence consuming L-glutamate. 
While the number of colony-forming units of 
C. tetanomorphum progressively decreased, the total 
number of  clostridia and the total amount  of  cell 

carbon became constant shortly after omission of  
glucose from the feed. This indicates that the popu- 
lation density of  C. cochlearium increased, which can 
only have been due to an increase in the concentration 
of L-glutamate. In the presence of  both glucose and L- 
glutamate C. tetanomorphum obviously fermented 
both substrates simultaneously. As C. tetanomorphum 
can ferment both L-glutamate and glucose simul- 
taneously, an increase of  the glucose concentration in 
the feed at constant dilution rate should eventually 
result in the elimination of C. cochlearium. This hy- 
pothesis is currently studied. In this particular case the 
growth yield of C. tetanomorphum on glucose would be 
of importance. The higher this is, the denser the popu- 
lation will be and the earlier the L-glutamate supply for 
C. cochtearium will reach a critical value. 

In summary, the present study confirms the occur- 
rence of  a highly specialised bacterium, C. cochlearium, 
in an environment which cannot be considered as 
extreme. Its selective advantage is best expressed when 
the substrates it can utilize are the only organic 
compounds present. In that case, it outgrows its more 
versatile competitors. However, its population density 
becomes relatively low when a large variety of organic 
substrates is present, enabling versatile organisms to 
utilize different substrates simultaneously and thus 
lowering the food supply for the specialist. 

Acknowledgements. The authors are indebted to Professor G. 
Gottschalk for supplying Clostridium tetanomorphum (ATCC 15920) 
and wish to thank Dr. E. Senior for correction of the English text. 
This research was supported by a grant from AVEBE, Veendam, The 
Netherlands. 

References 

Barker, H. A. : On the fermentation ofgtutamic acid. Enz~notogia 2, 
175-183 (1937) 

Barker, H. A. : The use of glutamic acid for the isolation and identi- 
fication of Clostridium cochlearium and CI. tetanomorphum. 
Arch. Mikrobiol. 10, 375-~385 (1939) 

Barker, H. A. : Fermentations of nitrogenous organic compounds. 
In: The Bacteria, Vol. II: Metabolism (I.C. Gunsalus, R. Y. 
Stanier, eds.), pp. 151-207. New York-London: Academic 
Press 1961 

Bernt, E., Bergmeyer, H. U.: L-Glutamat. Bestimmung mit 
Glutamat-Dehydrogenase. In: Methoden der enzymatischen 
Analyse (H. U. Bergmeyer, ed.), 2nd ed., pp. 1659-1663. 
Weinheim: Vertag Chcmie 1970 

Holdeman, L. V., Cato, E. D., Moore, W. E. C., eds.: Anaerobe 
laboratory manual, 4th ed. Blacksburg: V. P. I. Anaerobe Labo- 
ratory, Virginia Polytechnic Institute and State University 
1977 

Laanbroek, H. J., Kingma, W., Veldkamp, H. : Isolation of an 
aspartate-fermenting, free-living Campylobacter spec. FEMS 
Lett.1, 99-102 (1977) 

Laanbroek, H. J., Stal, L. J.,Veldkamp, H. : Utilization of hydrogen 
and formate by Campylobacter spec. under aerobic and anae- 
robic conditions. Arch. Microbiol. 119, 99-102 (1978) 



66 Arch. Microbiol., Vol. 120 (1979) 

Smith, L. D. S., Hobbs, G. : Genus Clostridium. In: Bergey's manual 
of determinative bacteriology (R. E. Buchanan, N. E. Gibbons, 
eds.), 8th ed., pp. 5 5 t -  572. Baltimore: Williams and Wilkins 
1974 

Spray, R. S., McClung, L. S., McCoy, E. : Genus Clostridium. In: 
Bergey's manual of determinative bacteriology (R. S. Breed, E. 

G. D. Murray, N. R. Smith, eds.), 7th ed., pp. 634-694. 
Baltimore: Williams and Wilkins 1957 

Vishniac, W., Santer, M. : The thiobacilli. Bacteriol. Rev. 21, 195 - 
213 (1957) 

Received September 8, 1978 


