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Methanobactin – a new drug for Wilson’s disease? 

Introduction 

By studying the chemistry of the natural world, we can better understand and utilise nature’s 
diversity. One major benefit of these investigations has been the discovery of new drugs from 
chemicals biosynthesised in nature – its ‘natural products’. Many examples spring to mind, for 
example quinine (antimalarial), penicillin G (antibiotic) and paclitaxel (an anticancer drug, first 
isolated from the bark of Pacific yew trees (Taxus brevifolia)). To this list we can now add 
methanobactin, which is secreted by some methane-oxidizing bacteria and whose powerful 
copper-binding properties have attracted the attention of clinicians with Wilson’s disease 
patients. 

What is methanobactin? 

A methane-oxidising bacterium is an example of a methanotroph. Trophē  is the Greek word for 
nourishment (nutrition). Using methane as their ‘nutritional’ (carbon) source, methanotrophs can 
convert methane into methanol with the assistance of methane monooxygenase (MMO) 
enzymes. One of these MMO enzymes has a dependence on copper for its enzymatic activity. In 
order to satisfy this need for copper, it was realised in the 1990s that some methanotrophs can 
secrete a chemical that can ‘capture’ i.e. chelate copper from the bacterium’s environment for 
use by MMOs. This copper-chelating chemical is named methanobactin. The methanobactin 
isolated from a methanotroph – a mutant strain of the bacterium Methylosinus trichosporium −  
was characterised in 2004 (the structure was revised in 2008) as a small peptide with specific 
attachments  which can strongly bind copper (Figure 1a and Figure 1b) with exceptionally high 
stability constants. More methanobactins have since been discovered in other methane-
converting bacteria, but all have similar distinctive copper-binding features.  

                                                                 

 

 
 
Because of the detrimental effects of anthropogenic methane, the methane-consuming 
properties of methanotrophs are of much interest to environmental scientists. But the role of 
methanobactin in methanotroph activity was noticed by the Wilson’s disease community, and in 
2011 work with methanobactin in an animal model of Wilson’s disease was published leading to 
the conclusion that “the outstanding affinity and selectivity for copper [in rat liver] makes 
methanobactin a promising candidate … for the initial treatment of Wilson disease patients 
presenting with hepatic symptoms”.    

Figure 1a: The structure of the copper-coordinated methanobactin isolated from 
 Methylosinus trichosporium OB3b. The two chelating residues are embedded in an 
oligopeptide framework bridged by a disulfide link. 
 

Figure 1b: A detail of the copper binding site in a methanobactin. Methanobactins   preferentially 
bind Cu(I) in a distorted tetrahedral geometry coordinated through the nitrogen atoms from the two 
oxazolone rings and the sulfur atoms of the two enethiolate groups.  
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Methanobactin and Wilson’s disease. Can methanobactin make the transition from animal 
model to patient? 

Since 2011, investigations of methanobactin in animal models of Wilson’s disease have 
continued. Rapid depletion of hepatic copper overload in these animals and its elimination in 
faeces via biliary excretion is observed. Discussions of the benefits of treating Wilson’s disease 
patients with methanobactin are taking place. But there are several obstacles before 
methanobactin’s therapeutic potential can be realised: 

a. There is currently no viable method for the production of gram / kilogram batches of 
methanobactin. This suggests methanobactin will be an extremely expensive drug to 
administer. 

b. Methanobactin cannot be given orally (because its peptide bonds will not survive the 
conditions of the gastrointestinal tract). In animal work, methanobactin is given 
intraperitoneally. 

c. In the absence of copper, methanobactin can bind other metals, notably iron and zinc. 
d. The effect of methanobactin therapy on hepatic copper enzymes and the drug 

metabolising cytochrome P-450 enzymes will have to be considered. 

Conclusion 

Methanobactin belongs to a class of natural products called metallophores (‘metal carriers’; 
‘phore’ from the Greek phérō, “to bear, to carry”). Many other metallophores have been 
discovered which are capable of sequestering a wide range of metals. Understanding the 
biosynthesis and chelating properties of metallophores is yet another facet of the chemistry of 
the natural world. 
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