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2. X- ray Fiber diffraction  
 
Fiber diffraction method used to investigate the structural information of a molecule using 
scattering data from X-rays. This molecule is either a protein, peptide, lipoprotein, 
phosphoprotein, nucleic acid and bionano particles. 
The theory of fiber diffraction is similar to that of crystal diffraction, however, the out-put 
pattern is significantly different. The crystal pattern appears on the detector is dark spots 
distributed over the detector. Whereas, the fiber pattern is appeared on the detector as arcs 
because the order in fiber is not three dimensional as it in the crystal, see Figure 9.  
Within the fiber, there is a repeating unit which bounds with other units in a regular 
arrangement along the fiber axis. Fibers are not perfectly aligned along the fiber axis; they are 
overlapping over each other, which causes overlapping reflection. Therefore, the spots are 
spread out over the detector forming the arcs.  
In a fiber diffraction, there are two main reflections responsible on the symmetry of the fiber. 
The first reflection is called meridional reflection (M) and the second is called equatorial (E). 
Meridional reflects the ordered interactions along the fiber axis, while equatorial reflects the 
information of the interactions perpendicular to the fiber axis.  
 
 
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	

Figure 9. The X- ray diffraction scheme of a) crystal, which appears as spots and b) aligned fibers 
appear as arcs in meridional (M) and equatorial (E). 
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The interactions along the fiber axis (direction a in Figure 10a) are corresponding to the	
hydrogen bonding between peptides, this distance appears on the detector as arcs in the 
meridional directions. Whilst, directions b and c in Figure 10a are referring to the distance 
between sheets and the length of the chain respectively, which appear as arcs in the equatorial 
direction, see Figure 8b. The molecular structure of the fiber depends on how good alignment 
of the fiber, which allows to collect better fiber diffraction data. Figure 10 shows a diffraction 
pattern of a protein called amyloid, which is related to the neurodegenerative disease such as 
Alzheimer and Parkinson’s disease. The amyloid aggregation results from abnormally 
misfolding of the native protein into its linear primary structure. This one-dimensional structure 
will stack with another similar structure in a critical mechanism to fold into a three-dimensional 
quaternary structure (cross-b) called amyloid. Cross-b diffraction raises from hydrogen 
bonding along the fiber axis of a distance between 4.7-4.8 A° (a direction) and hydrophobic, 
electrostatic and salt-bridges interactions perpendicular to the fiber axis of a distance between 
10-12 A° (b and c directions), see Figure 10c.	
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2.2.2 X-ray	fibre	diffraction	of	amyloid	fibrils	

X-RFD	has	been	used	 to	determine	 the	 side	 chains	 interactions	of	 coiled-coil	proteins	

(Briki	et	al.	2002)	and	cross-b	structure	of	amyloids	(Makin,	O.S.		and	Serpell,	L.C.	2005).		

To	investigate	all	the	intermolecular	interactions	within	the	amyloid	fibre,	a	bundle	of	

aligned	fibres	diffracts	in	two	main	directions	to	give	arc	signals	on	the	meridional	and	

equatorial	axes.	The	meridional	reflection	provides	information	regarding	the	distance	

between	strands	held	together	via	H-bonding	along	the	fibre	axis,	which	is	shown	in	the	

direction	 (a)	 in	 Fig.	 2.5	 a.	Whilst,	 on	 the	 equator,	 a	more	 diffuse	 signal	 arises	 from	 a	

combination	 of	 both	 packing	 of	 the	 side	 chains	 between	 sheets	 perpendicular	 to	 the	

fibre	 axis	 and	 the	 lateral	 associations,	 which	 are	 shown	 in	 directions	 (b)	 and	 (c)	

respectively	in	Fig	2.5a.	In	other	words,	direction	(b)	refers	to	the	distance	between	β-

sheets,	and	(c)	refers	to	the	chain	length.	The	cross-β	structure	signal	arises	when	the	

distance	between	β-strands	 (vector	a)	 gives	 a	~	4.7-4.8	Å	 reflection	on	 the	meridian,	

and	 a	 distance	 of	 around	 ~10-12	 Å	 on	 the	 equator,	 which	 arises	 from	 the	 spacing	

between	sheets	(vector	b)	(Luhrs	et	al.	2005,	Makin,	O.	S.	and	Serpell,	L.	C.	2005,	Morris	

and	Serpell	2012),	see	Fig.	2.5	b,	and	c.	

	

Fig. 2.5. The diffraction pattern and the common model of cross-β structure. a) A representation of the 
reflection positions along and perpendicular to the fibre axis, b) the diffraction pattern showing meridional 
and equatorial reflections, c) a common model of the cross-β structure. 
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  A sample of fi brils that has a high degree of alignment and order 
will likely give rise to more information in the resulting diffraction 
pattern. The diffraction pattern from a sample with no alignment 
will produce refl ections that are entirely radially averaged (Fig.  3a ) 
or appear as refl ection rings, while a partial alignment will produce 
refl ections arcs that are oriented on each axis of the pattern  (  17  ) . 
A sample with a high degree of alignment will likely produce a pat-
tern containing considerably more information (Fig.  3b ) and 
refl ections will be confi ned to distinct axes in the cross- β  arrange-
ment and possibly arranged on layer-lines. The information 
obtainable from X-ray fi bre diffraction is dependent on alignment 
and this, in turn, may be dependent on the nature of the sample. 
A high concentration of long fi brils will be viscous and maybe very 
amenable to stretch frame alignment  (  18  ) . However, samples that 
are short but laterally aggregated may be more successfully aligned 
by placing a solution in a capillary tube and allowing the solution 
to dry to form a disc. Where the degree and best method of align-
ment is sample dependent several methods should be attempted, 
each produces a sample with a different texture (defi ned as the 
arrangement of crystallites relative to one another  (  19  ) ), these are 
shown in Fig.  4 .   

  This method produces a bundle of fi brils whose fi bre axes are ideally 
all parallel (Fig.  4a ). This may be achieved by the drying of a fi bril-
containing solution between two capillaries mounted in a Petri 
dish or similar. Although not essential, a stretch frame apparatus 
(Fig.  5 ) may be used allowing the mounting of capillaries and their 

  3.3.  Preparation 
of Fibre Samples, 
Fibre, Mats, Discs: 
Importance of Texture

  3.3.1.  Stretch Frame 
Alignment

  Fig. 3.    Fibre diffraction from an un-oriented amyloid sample ( a ) and a well-oriented amyloid sample  (  5  )  ( b ). The un-orientated 
sample is characterised by complete radial averaging and only exhibits the refl ections associated with inter- and intra  β -sheet 
spacings. A well-oriented sample will typically contain much more information pertaining to repeating cell dimensions.       
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Figure 10. The diffraction pattern of cross-b structure. 


