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Amyloid Fibrils 

• Extracellular deposition of insoluble protein 
fibrils1 

2 

• Wide variety of protein 
subunits 

• Disrupt tissue functions 

• No treatment 

 

1M. Sunde, L.C. Serpell, M. Bartlam, P. Fraser, M. Pepys, C. Blake, J. Mol. Biol. 273, 729-739, (1997) 
2L. C. Serpell, Biochimica. et Biophysica. Acta, 1502, 16-30 (2000) 



Taken from the group page of David Talaga (Rutgers University) 
http://talaga.rutgers.edu/research/index.php  

http://talaga.rutgers.edu/research/index.php


Disease 

• Alzheimer’s Disease 

• Systemic amyloidosis 

• Maturity onset diabetes 

• Prion Diseases (spongiform encephalopathy) 

• No treatment 

 

The Family That Couldn’t Sleep (Random House) 
D.T. Max 



X-Ray Fiber Diffraction 

• Many biological molecules do not crystallize 

• Fibers can be oriented in the same direction 

• Fibers have one of their crystallographic axes 
along fire axis (c) – Periodic order 

– Azimuthimal orientation is random 

 

1"Max Planck Institute for Medical Research." Max Planck Institute for Medical Research. 
Web. 5 May 2015. <http://www.mpimf-heidelberg.mpg.de/en>. 
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Fiber XRD – Background 

• Monochromatic beam (k), perpendicular to 
fiber axis 

• Condense to a 2D packing array 

• Show helical symmetry  
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Fig. 5.25 Top: geometry of fibre diffraction. The fibre sample is perpendicular to the incident monochromatic beam. Bottom
left: thefibresamplecomprisesalargenumber of filaments, randomly orientated in theazimuthal angle. Bottom right: periodicity

along the fibre implies that Bragg reflections are restricted to layers.

Elements of Modern X-Ray Physics (2nd Edition), Wiley, (2011) 
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Fibre XRD – Background 

• Fiber is rotated (β) 

• The azimuthimal angle (α) changes 

• Bragg reflections: 

– Equatorial (horiz.) from bundles of filaments 

– Meridional (vert.) from periodicity 

• Scattering vector (Q) is separated 

– Qz=lc* (only l=±1, ±2, …) & Qh 

• cos(2θ)=cos(β)cos(α) 

• For cetain α, λ=2dhklsin(θ) is fulfilled 
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Fiber XRD – Helix 

• Layer lines result from c-axis structure 

• Characteristic “helix cross” 

– Comes from order of Bessel Function 

• Position of first strong peak is R-1 

• Spacing of layer lines is the P-1 

– Large separation means small pitch 

 

5.6 Applications of kinematical diffraction 193

R N CC O H

Fig. 5.26 A polypeptide chain is composed of planar moieties of carbonyl and amide groups. These planar moieties can be
rotated around either theN-Cα or theCα-C bonds. Hydrogen bonding between theN-H and C=Ogroupscauses thechain to fold

into ahelical structure known as theα-helix after Pauling. HereR stands for an amino acid residue.
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Fig. 5.27 Scattering from a single, infinitely long helix of radius R and period P. The structure factor squared has principle
maximaarising from thepeaks in theBessel functions, and form across in reciprocal spaceas indicated by theblue circles. The

grey circles on the equatorial axis are the secondary maxima from the zeroth-order Bessel function. Here Qz and Q⊥ are the

components of the scattering vector parallel and perpendicular to theaxis of the helix respectively.

Elements of Modern X-Ray Physics (2nd Edition), Wiley, (2011) 



Fiber XRD 

• Position of first strong peak is R-1 

• Spacing of layer lines is the P-1 

– Large separation means small pitch 

 

"Max Planck Institute for Medical Research." Max Planck Institute for Medical Research. 
Web. 5 May 2015. <http://www.mpimf-heidelberg.mpg.de/en>. 



Early Characterization 

• Amyloid fibrils  

– Difficult to study using conventional techniques 

– Intermediate length 

– 70-120Å in diameter 

– Unbranched 

• 4.7-4.8Å Meridonial Reflections1 

• 10Å Equatorial Reflections  

• Cross-β structure 

E.D. Eanes, G.G. Gleener, Journ. of Histochem. and Cytochem., 16, 673-677 (1968)  



Early Characterization 

• Characteristic of a cross-β structure 

• High degree of structural similarity from 
different precursors 

• But how much? 

L. C. Serpell, Biochimica. et Biophysica. Acta, 1502, 16-30 (2000) 



Experimental Purpose  

“to determine the extent and nature of this 
similarity we have used intense synchrotron X-

ray beams to obtain the first high-resolution 
diffraction patterns from a range of different ex 

vivo and synthetic amyloid fibrils.”  

 

M. Sunde, L.C. Serpell, M. Bartlam, P. Fraser, M. Pepys, C. Blake, J. Mol. Biol. 273, 729-739, (1997) 



Experimental Details 

• Fibril/H2O suspensions on stretch frame 
oriented with B (2T) while H2O dries 

• Experiment performed at ESRF 

• X-Ray detectors are 18-30cm diameter 

– MaRResearch Image Plate 

 

 



Samples 

a. ATTR2, Gly47Val transthyretin 
b. ATTR1, Val30Met transthyretin 
c. AAPOAI, Leu60Arg apolipoprotein A-I  
d. AL, monoclonal λ immunoglobulin light chain 
e. FTTR, peptide with the sequence of the A-strand 

of human transthyretin  
f. FIAPP, peptide with the sequence of residues 20 

to 29 of the islet-associated polypeptide  
g.  AA, amyloid A protein  
h. ALys, Asp67His lysozyme  

 
 
 
 



Findings 

• Patterns dominated by cross-β reflections 
(meridional) 

• Also have some additional previously 
unreported reflections 

 • Folding patterns of 
different precursors 
are very similar 



Meridional Findings 

• Reveals periodicity along c-axis 

• Reflections go out to 2Å – Highly structured 

• Intense reflections at 4.7-4.8Å – H-bonded β-
strands 

– b, d, e, and f show doublets (4.62Å, 4.84Å) 

• Reflections at 2.39-2.41 are 2nd harmonic of 4.82Å 

• Very vague reflections around 2-3.2Å 

– Well defined and closely similar structures 

 

 



Meridional 
Reflections  

• Unit cell: 
about 115Å 
(repeat) 

 



Equatorial Reflections 

• Relates to fibril structure perpendicular to 
fibril direction 

– Weaker and broader in intensity 

• Display typical 5Å & 10Å sheets for β-sheet 

• More sensitive to protein makeup 

• Other studies show difference in number of 
proto-filaments in fibril 

 



Equatorial Reflections 

• Suggests presence of proto-filament packing 

• Larger variation of results and difficult to 
interpret 



Conclusions – Generic Fibril Structure 

• Structure on proto-filament level 

– Suggests 4 proto-filaments per fibril 

• Meridional: 

– Lowest reflection is at 4.8Å (24th order) 

– Suggests 24 β-strands per rotation 

– Twist of 15o per beta sheet 

 

Transthyretin  



Conclusions – Similarity of Fibrils  

• Precursor proteins show wide range of structures 

• All amyloid fibrils display same cross-β skeleton 

• Implies a significant structural change happening 

 



Summary of Work 

• Amyloid plaques are extracellular deposits of 
insoluble protein fibrils 

• Best characterized using XRD methods 

• Synchrotron Fiber XRD gives highest 
resolution yet 



Summary of Work 

“The present work demonstrates that, although 
the amyloidogenic proteins have very different 

precursor structures, they can all undergo a 
structural conversion, perhaps along a similar 

pathway, to a mis-folded form that is the 
building block of the β-sheet helix proto-

filament“ 
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