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Abstract. G r o w t h  o f  Methanobacterium thermoauto- 
trophicum on H 2 and  CO2 as sole energy and c a r b o n  
sources was found  to be dependen t  on  Ni,  Co, and  
Mo.  A t  low concen t ra t ions  o f  Ni  ( <  100riM),  Co 
( <  10r iM) and  M o  ( <  1 0 n M )  the a m o u n t  o f  cells 
fo rmed  was roughly  p r o p o r t i o n a l  to the a m o u n t  o f  
t rans i t ion  metal  a d d e d  to the m e d i u m ;  for  the for- 
m a t i o n  o f  1 g cells (dry weight)  a p p r o x i m a t e l y  150 nmol  
NiCI2, 2 0 n m o l  CoC12 and  2 0 n m o l  N a 2 M o O 4  were 
required.  A dependence  o f  g rowth  on Cu, Mn,  Zn,  Ca, 
A1, and  B could  no t  be demons t ra t ed .  Cond i t ions  are 
descr ibed  unde r  which the bac t e r ium grew exponen-  
t ial ly wi th  a doub l ing  t ime o f  1.8 h up  to a cell densi ty  o f  

2 g cells (dry weight)ft.  

Key words: Nicke l  - C o b a l t -  M o l y b d e n u m -  I ron  
- Methanobacterium thermoautotrophicum - Trace  
elements.  

Methanobacterium thermoautotrophicum is a strict  
anae rob ic  bac t e r i um which grows on H2 and  CO2 as 
sole energy and  ca rbon  sources;  NH3  and H2S are used 
as n i t rogen-  and  sulfur-sources,  respect ively (Zeikus 

and  Wolfe ,  1972). G r o w t h  o f  the bac t e r ium has been 
shown to be dependen t  on i ron  (Tay lor  and  Pirt ,  1977). 
A requ i rement  for  o ther  t rans i t ion  meta ls  has, unti l  
now, no t  been demons t r a t ed .  

In  this c o m m u n i c a t i o n  it is schown tha t  g rowth  o f  
M. thermoautotrophicum is dependen t  on  nickel,  coba l t  
and  m o l y b d e n u m .  Nickel  salts were prev ious ly  no t  in- 
c luded in the m e d i u m  o f  me thanogen ic  bacter ia .  
Papers  on  nu t r ien t  requ i rements  o f  me thanogen ic  bac-  
ter ia  are by  Bryan t  et al. (1971), Jones and  S t a d t m a n  
(1977), Patel  et al. (1978), Pate l  and  R o t h  (1977), Tay lo r  
et al. (1974), Wel l inger  and  W u h r m a n n  (1977), Zeikus  
(1977), and  Zehnde r  and  W u h r m a n n  (1977). 

* To whom offprint requests should be sent 

Materials and Methods 

The H2/CO 2 gas mixture (80%/20%), HzS (>99.0%) and CO2 
(99.995 %) were from Messer Griesheim (Dtisseldorf). 
Nitrilotriacetate, NaC1, NH4C1, KH2PO 4, MgCI2 x 6H20 , CaC12 
x 2H20, MnC12 x 4H20, FeC12 x 4H20, ZnC12 x 6H20, AIC13, 

H3BO3, CoC12 x 6H20 , Na2MoO 4 x 2H20 , CuC12 x 2H20 , 
NiC12 x 6H20 , Na2CO3 and NH 3 (25 %) were from E. Merck 
(Darmstadt). All chemicals used were reagent grade (p.a.). 
Resazurine was from Serva (Heidelberg). 

M. thermoautotrophicum (strain Marburg) (Fuchs et al., 1978) 
was grown at 65 ~ C in a 500 ml glass fermenter containing 250 ml of 
medium (see below). After inoculation (10 % inoculum) the culture 
was continuously stirred with a teflon coated stirring paddle at 
1,100 rpm and gassed with 80 % H2/20 % CO2/0.2 % H2S at a rate of 
300 ml/min via a micro filter candle (porosity 3), (Schott, Mainz) 
(Fuchs et al., 1979). Growth was followed by measuring the 
absorbance difference at 578 nm. Samples of the culture were diluted 
1:4 with water and measured in a cuvette (d = I cm) in a Zeiss PL 4 
spectrophotometer against the 1:4 diluted medium blank. A AAs7 s 
= 1 corresponds to a cell concentration of 0.4 g cells (dry weight)ft. 
The pH of the culture was kept constant at 6.75 by the addition of 
0.62 ml 2 N (NH4)2CO 3 each time the AAsv 8 of the culture increased 
by 1. This was necessary because NH3 assimilation leads to an 
acidification of the medium. 

The medium was prepared with quartz distilled water and had the 
following composition: NH4C1 , 40 mM; KH 2PO4, 10 mM; nitrilo- 
triacetate. 150jaM; MgC12, 200taM; FeClz, 25gM; COC12, I gM; 
Na2MoO4, l gM; NiC12, I~M; and resazurine, 20gM. Where 
indicated NiC12, COC12, Na2MoO4, or FeC12 were omitted. The pH 
of the medium was adjusted to 6.75 by the addition of 2ml 1 M 
NazCO3. After the addition of the NazCO 3 solution the medium was 
gassed with 80% Hz/20% CO2/0.2% H2S for 15min at a rate of 
150 ml/min and was then inoculated. 

Results 

Figure  1 shows tha t  g rowth  o f  M. thermoautotrophicum 
on H 2 and  C O / a s  sole energy and ca rbon  sources was 
dependen t  on nickel. In the absence o f  nickel  the 
bac t e r ium grew only very slowly and s t a t iona ry  phase  
was reached at a cell concen t ra t ion  of  0.4 g (dry weight)  
per  1 (AAs~ 8 = 1). Both  the g rowth  ra te  and  the cell 
concen t ra t ion  at  the end o f  g rowth  increased,  when the 
m e d i u m  was supp lemen ted  with  NiC12 (Fig.  1A). 
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Fig. 1A and B. Growth of Methanobacterium thermoautotrophicum in the absence (A) and in the presence of added NiC12 ([3 = 0.085 lamol/1; 
O = 1 lamol/1). The inset shows a semilogarithmic plot of growth in the presence of 1 pM NiCI2. A AA578 of 1 corresponds to 0.4g cells (dry 
weight)ft. B Cell concentration of M. therrnoautotrophicum at the end of growth as a function of the amount of NiC12 added to the medium 

Maximal stimulation was observed at a NiC12 con- 
centration of~:'gM ~ig.  1 B). At this concentration the 
bacterium grew exponentially with a doubling time of 
1.8 h up to a cell density of 2 g cells (dry weight) per 1. 
Growth was limited under these conditions by the 
uptake of H2 from the gasphase rather than by the non- 
availability of nickel. At low concentrations of NiC12 
(< 100nM) the amount of cells formed was roughly 
proportional to the amount of nickel added to the 
medium (Fig. 1 B); from the slope it was calculated that 
approximately 150 nmol of nickel were required for the 
formation of I g cells (dry weight). 

Growth of M. thermoautotrophieum in the absence 
of added nickel was probably due to trace nickel present 
as contaminant in the medium. A dependance of 
growth on nickel could only be demonstrated, when no 
parts of the fermenter in contact with the medium was 
built from stainless steel. Stainless steel, e.g. of syringe 
needles (Henke - Sass-Wolf, Stuttgart) contains ap- 
proximately 10 % nickel. In the presence of H 2 S enough 
nickel is dissolved from the needles to maintain growth 
of the bacterium on a medium not supplemented with 
nickel. 

When M. thermoautotrophicum was grown on me- 
dia not supplemented with either COC12, Na2MoO4 or 
FeC12 growth was only poor. At low concentrations of 
COC12(< 10nM), NazMoO4 (< 10nM) and FeC12 
(< 5 ~tM) the amount of cells formed at the end of 
growth was roughly proportional to the amount of 
transition metal added. From the concentration de- 

pendence it was calculated that 20nmol of cobalt, 
20nmol of molybdenum, and  10~mol iron were re- 
quired for the synthesis of 1 g cells (dry weight). It is 
important to note that the requirement for nickel was 
higher than for cobalt and molybdenum. 

CaCI2, MnCI2, CuCI2, ZnC1 z, A1C13 and H3BO 3 
are generally added to the growth medium of M. 
thermoautotrophicum (Zeikus and Wolfe, 1972). A 
requirement for these components could not be 
demonstrated. 

Discussion 

The finding that growth of Methanobacterium ther- 
moautotrophicum on H 2 and CO 2 as sole energy and 
carbon sources is dependent on nickel is of interest, 
since this element is generally not essential for growth 
of bacteria. The only other chemotrophic bacterium 
known to require nickel for cell proliferation is 
Alcaligenes eutrophus when growing chemolithotrophi- 
cally on H2, 02 and CO2 as sole energy and carbon 
sources (Bartha nad Ordal, 1965; Repaske and 
Repaske, 1976; Tabillion and Kaltwasser, 1977). 
Recently it was found that the synthesis of carbon 
monoxide dehydrogenase in Clostridium pasteurianum 
is dependent on nickel (Diekert et al., 1979). Nickel has 
been reported to be a component of jack bean urease 
(Dixon et al., 1975, 1976; Fishbein et al., 1976; Polacco, 
1977). Van Baalen and O'Donnell (1978) isolated a 
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nickel dependent blue-green alga. Evidence is also 
available that nickel has an important role in the 
metabolism of vertebrates (Nomoto et al., 1971; 
Nielson and Ollerich, 1974). A discrete function of 
nickel in Alcaligenes eutrophus, cyanobacteria, and 
vertebrates has, so far, not been identified. 

Cobalt is generally required by bacteria for the syn- 
thesis of corrinoid compounds. The transition metal is, 
however, also a component of e.g. transcarboxylase 
(Nothrop and Wood, 1969). The dependence of growth 
of M. thermoautotrophicum on cobalt does therefore 
not necessarily indicate the presence of corrinoids in 
this organism. 

CO2-reductase of Clostridium pasteurianum has 
been shown to be a molybdo-protein (Scherer and 
Thauer, 1978). The enzyme catalyzes the reduction of 
CO2 to formate. The active species of CO2 reduced to 
formate has been shown to be CO 2 rather than HCO2 
Thauer et al., 1975). In methanogenic bacteria CO 2 
rather than HCO~ is reduced to CH4 via carrier bound 
formate (Wolfe, 1979; Fuchs et al., 1979). The finding 
that relatively high amounts of molybdenum are re- 
quired for growth of M. thermoautotrophicum suggests 
that the enzyme mediating the reduction of CO2 in M. 
thermoautotrophicum may also be a molybdo-protein. 
The involvement of molybdenum as prosthetic group of 
enzymes has recently been reviewed by Bray and 
Swarm (1972). 
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