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. Trophé 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.

Figure 1a: The structure of the copper-coordinated methanobactin isolated from
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Figure 1b: A detail of the copper binding site in a methanobactin. Methanobactins preferentially ™ /s
bind Cu(l) in a distorted tetrahedral geometry coordinated through the nitrogen atoms from the two 5 —Cu =8,
oxazolone rings and the sulfur atoms of the two enethiolate groups. K {

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”.
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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. Inthe 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 phéro, “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.

Further selected reading
Natural product chemistry

R. Cooper and G. Nicola. Natural Products Chemistry: Sources, Separations and Structures, CRC
Press: Boca Raton; Florida, 2014.

Dictionary of Natural Products; Explore the Dictionary of Natural Products (accessed July 5th 2025).
Biochemistry and properties of methanobactins

Kim, H. J., Graham, D. W., DiSpirito, A. A. et al. (2004). Methanobactin, a copper-acquisition
compound from methane-oxidizing bacteria. Science, 305(5690), 1612-1615;
https://doi.org/10.1126/science.1098322

Behling, L. A., Hartsel, S. C., Lewis, D. E. et al. (2008). NMR, mass spectrometry and chemical
evidence reveal a different chemical structure for methanobactin that contains oxazolone
rings. Journal of the American Chemical Society, 130(38), 12604-12605;
https://doi.org/10.1021/ja804747d

DiSpirito, A. A., Semrau, J. D., Murrell, J. C., Gallagher, W. H., Dennison, C. and Vuilleumier, S. (2016).
Methanobactin and the link between copper and bacterial methane oxidation. Microbiology and
Molecular Biology Reviews, 80(2), 387-409; https://doi.org/10.1128/mmbr.00058-15

McCabe, J. W., Vangala, R. and Angel, L. A. (2017). Binding selectivity of methanobactin from
Methylosinus trichosporium OB3b for copper (1), silver (1), zinc (I1), nickel (II), cobalt (lI), manganese
(1), lead (ll), and iron (ll). Journal of the American Society for Mass Spectrometry, 28(12), 2588-2601;
https://doi.org/10.1007/s13361-017-1778-9

Page 2 of 3


https://www.routledge.com/go/the_dictionary_of_natural_products?srsltid=AfmBOopYKpgY9Yl3UsZiV5YjmHaz9FdkbJ_zBMxp9fBDY1Pz9-Ml3e2l
https://doi.org/10.1126/science.1098322
https://doi.org/10.1021/ja804747d
https://doi.org/10.1128/mmbr.00058-15
https://doi.org/10.1007/s13361-017-1778-9

Semrau, J. D., DiSpirito, A. A., Obulisamy, P. K. and Kang-Yun, C. S. (2020). Methanobactin from
methanotrophs: genetics, structure, function and potential applications. FEMS Microbiology
Letters, 367(5), fnaa045; https://doi.org/10.1093/femsle/fnaa045

Peng, P., DiSpirito, A. A., Lewis, B. J. et al. (2024). Heterologous Biosynthesis of Methanobactin from
Methylocystis sp. Strain SB2 in Methylosinus trichosporium OB3b. ACS Synthetic Biology, 13(8),
2347-2356; https://doi.org/10.1021/acssynbio.4c00026

Methanobactin and Wilson’s disease

Summer, K. H., Lichtmannegger, J., Bandow, N. et al. (2011). The biogenic methanobactinis an
effective chelator for copperin a rat model for Wilson disease. Journal of Trace Elements in Medicine
and Biology, 25(1), 36-41; https://doi.org/10.1016/j.jtemb.2010.12.002

Lichtmannegger, J., Leitzinger, C., Wimmer, R., Schmitt, S., Schulz, S., Kabiri, Y. Et al., (2016).
Methanobactin reverses acute liver failure in a rat model of Wilson disease. The Journal of Clinical
Investigation, 126(7), 2721-2735. https://doi.org/10.1172/1CI85226

Mdaller, J. C., Lichtmannegger, J., Zischka, H., Sperling, M. and Karst, U. (2018). High spatial resolution
LA-ICP-MS demonstrates massive liver copper depletion in Wilson disease rats upon Methanobactin
treatment. Journal of Trace Elements in Medicine and Biology, 49, 119-127.
https://doi.org/10.1016/j.jtemb.2018.05.009

Einer, C., Munk, D. E., Park, E. et al. (2023). ARBM101 (Methanobactin SB2) drains excess liver copper
via biliary excretion in Wilson’s disease rats. Gastroenterology, 165(1), 187-200;
https://doi.org/10.1053/j.gastro.2023.03.216

Metallophores

Hofmann, M., Retamal-Morales, G. and Tischler, D. (2020). Metal binding ability of microbial natural
metal chelators and potential applications. Natural Product Reports, 37(9), 1262-1283;
https://doi.org/10.1039/CONPO0058E

Rupert Purchase, July 2025

An edited version of this article was published in the April 2025 edition of the Wilson’s Disease Support Group — UK Newsletter, p 8.

Page 30f3


https://doi.org/10.1093/femsle/fnaa045
https://doi.org/10.1021/acssynbio.4c00026
https://doi.org/10.1016/j.jtemb.2010.12.002
https://doi.org/10.1172/JCI85226
https://doi.org/10.1016/j.jtemb.2018.05.009
https://doi.org/10.1053/j.gastro.2023.03.216
https://doi.org/10.1039/C9NP00058E

