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INTRODUCTION 

 
One of the pillars of life is activity of enzymes. These enzymes are responsible for many of the 
chemical conversions that take place in the cells of all living organisms. 
 
Enzymes predominantly consist of proteins, which are in turn constructed from amino acids in 
a way that is determined by DNA. Enzymes can be (very) large molecules but the actual active 
site is often just a single atom. This is practically always a metal that can relatively easy 
change its valence, like iron, nickel, cobalt etc. Without these metals, life is impossible.  
 
In the period from 1930 to 1970, there was a strong interest in how biological systems respond 
holistically to the chemical elements. This lead to the identification of major elements that 
commonly participate in metabolic processes within diverse microbiological systems, 
specifically H, C, O, N, P, S, Cl, K, Na, Ca, Mg, Se, Zn, Fe, Mn, Cu, Co, Ni, and Mo. 
 
The essential function of the certain metals in living organisms is often well known. Examples 
will be given further down below. 
 



   
  

 

Figure 1: Periodic representation of the main elements. (A) Conventional with linear 
columns and rows (B) Spiral representation of the elements with cluster elements that 
are prominent in biological systems [Wackett et al, 2004]. 

 
 



   
  

PRESENCE OF METALS IN BACTERIA 

Metals are naturally part of bacteria. This can be easily determined by analysing bacterial 
biomass for metals (see Table 1). This has been done for various bacteria. 
 
 

Table 1: Presence of metals methanogenic (methane-producing) bacteria as ppm of 
dried bacterial mass [Scherer and Lippert, 1983]. 

 
 
 

FUNCTION OF INDIVIDUAL ELEMENTS 

The function of the individual elements is often well known. A scan of many literature source 
lead to the overview presented in Table 2. 
 
 
 

Table 2: Function of various elements. 

Component  - Function  

Calcium (Ca)  - Macronutrient 
- Required for granule formation (calcium bridging and skeleton) & 

for stablising cell wall. 
- Co-factor in certain enzymes. 



   
  

Cobalt (Co)  - Essential for prokaryotes (part of vitamin B12)  
- Anaerobic bacteria require a higher concentration than aerobic 

bacteria 
- Present as co-factor in : transcarboxylase  

Copper (Cu)  - Part of oxydases, oxygenases and low molecular weight electron 
transfer proteins  

Iron (Fe)  - Essential in many microbial conversions.  
- Present in cytochromes, catalases, peroxidases, iron-sulphur 

proteins, oxygenases and nitrogenases. 

Potassium (K)  - Charge carrier 
- Osmotic balance 
- Proton motive force system  

Magnesium (Mg)  - Required for stability of the ribosome 

Manganese (Mn) - Has overlapping functions with calcium and magnesium.  
- Activator in many enzymes,  
- Present in certain superoxide dismutase, pseudo catalase, and 

in photo system II in oxygenic phototrophs. 

Molybdenum 
(Mo) 

- Part of flavin containing enzymes, in molybdenum nitrogenase, 
sulphite oxidase, nitrate reductase, sulphite oxidase, DMSO-
TMAO reductases, some formate dehydrogenases, 
oxotransferases  

Sodium (Na)  - Charge carrier 
- Osmotic balance 
- Proton motive force system  

Nickel (Ni)  - Present in urease, hydrogenase, coenzyme F430 of 
methanogens, methyl-S-coenzyme M reductase, carbon 
monoxide dehydrogenase, nickel superoxide dismutase, 
glyoxylase I, and a putative nickel cis-trans isomerase. 

Potassium (K)  - Charge carrier 
- Osmotic balance 
- Proton motive force system  

Selenium (Se)  - Part of the amino acid selenocysteine.  
- Function in formic acid dehydrogenase & some other 

hydrogenases. 

Sulphur (S)  - Essential for amino acids. 



   
  

Zinc (Zn)  - Present in carbonic anhydrase, alcohol dehydrogenase, RNA 
and DNA polymerases and many DNA-binding proteins, 
superoxide dismutases en carbonic anhydrases  

 
 

Cobalt 

An element like cobalt is essential for vitamin B12 (see Figure 2). The function of vitamin B12 
is known for many years and is extensively described in an easily accessible source like 
Wikipedia (see http://en.wikipedia.org/wiki/Vitamin_B12 ) 
 

 

 

 

Figure 2: Structural 2D and 3D representation of Vitamin B12. The cobalt atom is 
visible like a spider in a web [Source http://en.wikipedia.org/wiki/Vitamin_B12]. 

 
 

NUTRIENTS AND HIGH RATE BIOREACTORS 

It is undisputed that metals like cobalt, nickel etc are required in small quantities by all living 
organisms. In the case of food for human and animals, these metals are normally already 
present in the vegetables, meat etc. 
The metals are normally also available in a sufficient concentration in the natural environment.  

http://en.wikipedia.org/wiki/Vitamin_B12
http://en.wikipedia.org/wiki/Vitamin_B12
http://upload.wikimedia.org/wikipedia/commons/e/ec/Cobalamin.png
http://en.wikipedia.org/wiki/File:Cyanocobalamin-3D-sticks.png


   
  

Certain industry use clean demineralised water. The effluent of such industries will contain 
insufficient metals to support the growth and activity of microorganisms that perform the useful 
processes, like conversion of pollutants to methane.  
Nutrients (including metals) are typically not transferred via the gas phase. So, when a 
biological process is applied for the purification of gas, all nutrients, including metals, need to 
be supplied in sufficient quantities and the proper ratio.  
 
Paques provides its industrial clients a nutrient solution that contains the required metals 
(including cobalt sulphate) in the proper quantities for optimizing the biological processes in 
the waste water treatment bioreactors. 
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