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Abstract

Proposed Chemical Structure

Introduction

Methanobactin (mb) is a chalkophore produced by Methylosinus 
trichosporium OB3b.  This chromopeptide appears to be a part of 
the copper acquisition system of these methane-oxidizing bacteria.  
We have obtained detailed NMR spectra of mb after titration with 
Cu(II).  This is only possible because mb reduces Cu(II) to Cu(I) upon 
binding and thus becomes diamagnetic as well as slightly less 
soluble. Cu(I) in solution is typically unstable; however, it remains 
stable in solution when bound to mb.  We have not yet identified 
the specific reducant which is also capable of reducing Hg(II), Ag(I), 
and Au(III).  Mb is thought to bind metal ions using nitrogen, sulfur 
and possibly oxygen ligands from its 4-thiocarbonyl-5-hydroxy im-
idazole (THI), 4-hydroxy-5-thiocarbonyl imidazole (HTI), and possi-
bly its tyrosine.  Our experiments show that there are considerable 
changes in these residue environments denoted by significant 
changes in the proton NMR spectra of mb when it is bound to 
copper versus copper-free mb.  Residue assignments have been 
made using COSY and TOCSY measurements.  Proton on the nitro-
gens of HTI and THI have been identified using HSQC 15N NMR. 
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1D Proton NMR Spectra

FT-NMR 1D proton spectra of Methanobactin (H
2
O/10% D

2
O) in unliganded (red) and copper liganded (blue) forms.  Large peak at 4.7 ppm are water protons.  Notice the ap-

parent changes and shifts in the two above spectra when copper is bound by methanobactin.   Key changes to note after copper binding are changes in the methyl peaks 
around 0.8 ppm, the shift of the methionine peak upfield from 2.11 ppm to 1.85 ppm, shift and splitting changes in the tyrosine from a traditional doublet of doublets located 
at 7.15 and 6.86 ppm to a complex splitting pattern centered at 6.5 ppm,  the appearance of two peaks located around 7 ppm, which represent imidazole protons, and 
changes/addition of peaks in the amide region.  These changes in NMR spectra are representative of a new molecular form methanobactin incurs after the binding of copper.  
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FT-NMR 1D proton spectra of Methanobactin (100% D
2
O) in unliganded (green), copper liganded (red) and Zinc liganded (blue) forms.  These spectra were obtained with 

methanobactin solvated in deuterium oxide (D
2
O) or heavy water.  Deuterium protons do not show up on NMR spectra, so notice there is a diminished water peak 

(compare to above figure), and also the amide proton signals are missing because they are exchanged with the invisible deuterium protons.  Again, take notice of some of 
the changes between the spectra.  Also note differences between the copper bound and zinc bound forms, especially in the tyrosine region.  Changes associated with zinc 
binding are not as severe as those seen when copper is bound.

Enlarged view of tyrosine and amide region (6-9.5 ppm) 

Enlarged view of tyrosine region Enlarged view of methyl region

2D COSY (COrrelation SpectroscopY)

2D COSY spectra for unliganded (Left) and copper-liganded (Right) forms of Methanobactin.  
COSY spectroscopy represents correlations between different protons that are on adjacent 
carbon atoms, represented by yellow and orange blotches (green is background noise).  This 
allows us to examine a carbon atom and determine what other carbon atom is next to it.  This in-
formation is later combined together, which is then used to validate a proposed chemical struc-
ture.  Blotches that are off axis (not on the diagonal) show correlations between two different car-
bons, and by tracing the location of the cross peak vertically and horizontally, we can determine 
which two carbons the peak represents.  Notice the increase in number and clarity of cross peaks 
in the copper-liganded form (right).  This indicates significant structural and chemical changes 
are occurring when copper is liganded.

2D TOCSY (TOtal Correlation SpectroscopY)

2D TOCSY spectra for copper-liganded Methanobactin.  TOCSY is a similar concept to 
COSY (above), but TOCSY looks at correlations between all the protons in an entire spin 
system (multiple carbons) versus just between two carbons as in COSY.  Therefore, all 
the cross peaks that exist in a COSY spectrum will appear TOCSY.  In addition, the 
TOCSY will show correlations between two sets of protons in a spin system that may be 
three or four carbons away.   Therefore, peaks that exist in the TOCSY but not the COSY 
are representative of proton sets that are not on adjacent carbons, but that are sepa-
rated by one or more carbons in the same spin system.  This additional level of informa-
tion allows further refinements to the proposed chemical structure, since we can now 
string multiple pairs of carbons together.

Conclusions
• Metal binding causes significant changes in structure 
 and chemical properties of Methanobactin
• Major chemical and structural changes occur in the 
 tyrosine region when copper is bound
• Zinc also causes changes to the tyrosine region, but 
 these changes do not represent a significant chemical 
 change like those seen with copper
• 2D COSY and TOCSY spectra show promise for solving 
 the solution structure of Methanobactin
• Some elements of the COSY and TOCSY spectra do not 
 agree with the proposed chemical structure
• Future NMR experiments could provide additional 
 information to further refine the proposed chemical 
 structure

Methanobactin is a copper-acquiring molecule produced by some 
types of methane-oxidizing bacteria.  Its primary function is to acquire 
copper ions for use in critical biochemical pathways in instances of 
copper starvation.  Methanobactin is released by the bacteria into the 
surrounding environment, and rapidly binds to any copper ions it en-
counters.   Methanobactin will also bind other metals, but methano-
bactin has a remarkably high affinity for copper.  This affinity is indeed 
much higher than most other known metal-complexing substances.  
Our research goal is to determine how and why copper is bound with 
such affinity.  To approach the problem, we have focused on solving 
the chemical structure of methanobactin, and also to determine the 
nature of changes that occur when metals are liganded.  Our collabora-
tors have proposed a structure for methanobactin (below), and we are 
currently in the process of verifying and adding to structural data using 
an instrumental technique known as Nuclear Magnetic Resonance 
(NMR).  This technique allows us looks at interactions between differ-
ent atoms of the molecule, and much like a puzzle, molecular struc-
tures can be predicted based on the data.
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