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Amyloid fibrils 

Mutations make enzyme polymerize 
M.F.Perutz 

The formation of amyloid fibres from 
monomeric proteins moved to the 
centre of the scientific stage when it 

was found to be associated with Alzheimer's 
disease (AD) and transmissible encephalopa
thies such as BSE. We know little as yet about 
the native structures of the proteins which 
polymerize into fibres in AD patients, and we 
have the structure of only part of a mouse 
prion protein homologous to that in BSE 
fibres 1• Pepys and colleagues' have now deter
mined the precise structures and properties 
of two mutant human lysozymes responsible 
for fatal amyloidoses (page 787 of this issue). 
The two structures do not explain why the 
mutant lysozymes form amyloid fibres, but 
they do suggest a parallel between the in
stabilities of the native protein structures 
introduced by the mutations in lysozyme, 
and by those in prion proteins which give rise 
to certain rare inherited amyloid diseases. 

In 1853, the German pathologist Rudolf 
Virchow described eosinophilic waxy tissue 
deposits which he called amyloid (starch
like). The misnomer has stuck, even though 
all known amyloids are composed mainly of 

, protein. Post-mortem brains of AD patients 
show extracellular neuritic plaques contain
ing the 40- 42-residue peptide fragment Al3 
of a larger amyloid precursor protein, as well 
as intracellular double-helical filaments 
containing mainly the microtubule-associ
ated protein tau. Brains of sheep affected by 
scrapie, and cattle affected by BSE, contain 
intracellular fibrils made of a protein called 
prion. Except in certain rare inherited 
diseases, the and the 

Figure I Booth et al.' have found that by replacing 
internal amino-acid residues within lysozyme, 
mutant proteins with an altered tertiary structure 

can be generated. Similar effects were observed by 
NMR studies of a fragment (residues 121- 236) of 
a mouse prion protein 1, where certain amino-acid 
replacements lead to pathogenicity by 'loosening' 

the tertiary structure of the protein. The side 
chains of amino acids with mutations that have 
been found in inherited prion diseases are 
highlighted in red. (Reproduced from ref. 1.) 
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fibrils are made of the normal wild -type pro
teins. For reasons that we do not yet under
stand, these have become polymerized and 
transformed into 13-sheets with their 13-
strands running normal to the fibre axis. 

The two mutant lysozymes provide some 
clues. Both mutations affect internal residues. 
One of them replaces an aspartate -which 
forms a hydrogen bond with a tyrosine in a 
neighbouring 13-strand -by a histidine. 
Such bonds can be very strong: rupture of an 
aspartate-tyrosine bond in an abnormal 
human haemoglobin raises the oxygen affini
ty by the equivalent of 3 kcal mot'. In 
lysozyme, its rupture opens a large gap 
between two 13-strands. In the other mutant, 
an isoleucine attached to a 13-bend is replaced 
by a threonine. The isoleucine side-chain is 
internal and forms a van der Waals contact 
with a neighbouring helix. The loss in free 
energy of stabilization of the native structure 
due to its replacement by threonine can be 
estimated from the difference in the solvation 
energies of the two amino acids on transfer 
from water to a non-polar solvent, which 
amounts to 2 kcal mot' (ref. 3). The loss in 
free energy of stabilization of the native struc
ture due to the loss of the tyrosine- aspartate 
bond is mainly enthalpic, and that due to the 
replacement of isoleucine by threonine is 
mainly entropic, but their disruptive effects 
on the native structure are similar. The losses 
in free energy may seem small, but they are 
large compared with the total difference in 
free energy between the folded and unfolded 
states of globular proteins, which is mostly less 
than 10kcalmor'. 

For comparison with the mutant lysozyme 
structures pictured on page 788, Fig. 1 shows 
the positions of the pathogenic amino-acid 
replacements in a fragment of a prion protein 1• 

Three of them lie between two helices where 
they may loosen the tertiary structure, like 
those oflysozyme. 

The replacement of the aspartate by histi
dine lowers the temperature at which half the 
lysozyme molecules lose their catalytic activity 
by 14 °C, and the replacement of the isoleucine 
by threonine lowers it by 10 oc. The number of 
buried, exchangeable hydrogens replaced by 
deuterium after incubation with D,O for 100 
minutes at 37 oc is the same for the two 
mutants, and is nine times larger than in the 
wild type, confirming that the two mutations 
loosen the tertiary structure to about the same 
extent. The authors argue that these loose 
structures represent 'molten globules', but 
Oleg Ptitsyn, the inventor of this term 4, defines 
this as a distinct metastable intermediate 
between the native and denatured structures, 
whereas the mutant lysozymes may merely 

In a recent number of L 'Illustration an 
account is given of an incubator used for 
rearing delicate children. The apparatus 
designed by Dr. Tarnier, Professor of the 
Faculte de Paris, ... is constructed on the 
same principles as the incubator used for 

hatching the eggs of poultry. The 
apparatus, as first designed, consists of a 
large cubical box of thick wood, standing 

on a pedestal. This box is divided into two 
compartments, of which the lower contains 
a reservoir of hot water, and the upper the 
bed of the infant. A movable glass shutter 

forms the top of the apparatus, through 
which it is possible to observe the changes 
occurring inside, and take the readings of 
the thermometer placed near the infant. 
One side of the compartment is so hinged 
as to open like a door. The whole of the 

upper part is warmed by means of hot 
water underneath, the warm air rising 
through holes at each end of the bed, and 

escaping through orifices situated at the 
top. The temperature of the water is so 
regulated that the temperature of the 
apparatus never exceeds 30° to 37° 
Centigrade. The weaker the infant is, the 

greater the temperature required. 
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From Nature25 February 1897. 

50 YEARS AGO 
Chromatography appears likely to play an 
important part in future work on protein 

analysis. The partition method, whereby 
amino-acids can be separated and 

identified on a cellulose strip, is sensitive 
to extremely small amounts of material. 
For example, 1 ,ugm. of an amino-acid 
gives a clearly visible colour reaction with 
ninhydrin. The method may ultimately, 
therefore, prove valuable for the protein 
analysis of the chromosomes and their 
products. With suitable solvents and 
developers it should be possible to 
separate and determine the nucleic acids 
as well as amino-acids. 

From Nature 1 March 1947. 
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