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Transthyretin (TTR) amyloidosis is the most common

hereditary form of amyloidosis that is characterised by
extracellular deposition of insoluble amyloid fibrils
derived from misfolded protein in one or more organ
systems in the body.1 It is an irreversible and progressive
disease and is fatal within 10 years of onset. Autosomal
dominant mutations2 in the TTR gene alter the protein
stability leading to tetramer dissociation and favouring an
abnormal monomeric structure, which in turn polymerises
into unknown intermediates and finally into amyloid
fibrils.3

Up to date, more than 200 X-ray crystal structures are
available for TTR, but there is no consistent model to
conclude the molecular assembly of the fibril building
blocks and the triggering factors for this process. Neutron
protein crystallography is a powerful tool that strongly
complements X-ray structural studies by revealing key
details of hydrogen atom interactions within the protein.
Looking at the differences in hydrogen bonding,
protonation states and hydration of two TTR mutants –
S52P and T119M, which play opposite roles in the
protein stability,4,5 will provide key insights into how
they destabilise the tetramer and promote amyloidotic
aggregation.
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Crystal structures of peri-naphthalenes containing a

dimethylamino group and an alkene, e.g. 1-4, show either
attractive interactions or bond formation between the
peri-substituents depending on the electrophilicity of the
alkene. Charge density measurements have been used to
characterise these interactions and bonds. Using the
“Atoms in Molecules” approach, the values of the
electron density and the Laplacian at the (3,-1) critical
monitor the progress of bond formation. It is of note that
the inter-group bond in zwitterion 3 (1.647 Å) is not fully
formed.

In naphthalene 5 the neighbouring dimethylamino
group modifies the properties of the aldehyde group
which can be protonated or acylated on oxygen. A series
of related ketones also protonate on oxygen, though for
the t-butyl and phenyl ketones protonation on nitrogen
with formation of a hydrogen bond to the carbonyl pi
system is preferred.

Initial investigations show two types of interaction
between peri-oriented carboxylate and aldehyde groups in
anion 6: either a Bürgi-Dunitz type interaction of
carboxylate oxygen with the aldehyde carbonyl group, or
direction of the aldehyde hydrogen atom at the face of the
carboxylate group.

Figure 1. Structures of peri-naphthalene derivatives. 
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