
Incidence Parallel to Alignment Axis –  
E.g. Membrane Proteins In Situ 

E.g. Ion-channel proteins will be in random locations in membrane and in  
random orientations about an axis perpendicular to the membrane. 



Proposed Experiment: 
Black Lipid Membrane 

Small aperture created in a hydrophobic material such as Teflon. 
Solution of lipids dissolved in an organic solvent applied by a 
brush or syringe across aperture. 
By this means can create a bilipid membrane with membrane  
proteins inserted. The proteins will be in random positions in the 
plane of the membrane and at random orientations about the  
membrane normal. The aim is to determine the structure of each 
individual protein from the resulting multi-protein diffraction pattern 
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Autocorrelation of superposed DPs of 
N=2 particles in different orientations 
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NC ∝2 but otherwise identical 





Original DP 10-Particle DP 
Reconstructed  
Single-Particle DP 

Single-Particle DP from Multiparticle DPs 
 Particles Frozen in Space or Time   

Like unscrambling an egg 
Saldin et al., Phys. Rev. B 81, 174105 (2010) 

Use radiation with pulse length shorter than rotational diffusion  
time, or freeze the particles in e.g. an ice sheet. 
Application to ion-channel membrane protein in situ 



Intensities to Electron Density  
Phasing Algorithm (Oszlànyi and Süto, 2004) 

Evaluate 
ρ(r)=∑q A(q)exp(iq.r) 

A’(q)=∫ρ’(r)exp(-iq.r)dr 

A(q)=√I(q)expexp(i.arg(A’(q)) 

A(q)=√I(q)expexp(2πi.rand) 

Flip Low Densities 
ρ’(r)=-ρ(r) if ρ(r)<ρthresh 
        =ρ(r), otherwise 



Single Particle DP Unscrambled Egg Scrambled Egg 

 From Diffraction Patterns to  
Projected Electron Density 

PDB structure Proj. Electron Density Proj. Electron Density 

» » 



EM Image of Sample for Experiment 

Mainly ~ 80 nm x 20 nm randomly oriented  
metal rods on a SiN substrate 



Information In Angular Correlations 

Diffraction pattern from disordered subunits 
Appears to have no angular structure,  
only radial variation, studied by SAXS. 
However there is untapped information in the 
angular correlations, revealed by evaluating 
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DP and Image Reconstruction 
from Simulated Correlations 

Identical Rods 

Objects w/ 10% range of sizes 

With beam stop Beam stop filled by phasing alg. Reconstructed rod image 



DP and Image Reconstruction  
Simulated & Measured Correlations 

Simulation 

Experiment 

With beam stop Beam stop filled by phasing alg. Reconstructed rod image 



From Measured Multiparticle DP  
to Single-Particle Image 

Measured DP 

Beam stop filled by phasing alg. 

DP reconstructed from correls. 

Reconstructed image 



Poisson Noise and  
Mean of Correlations 
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Poisson distribution P(n,λ): probability of measured count of n, mean λ. 

Mean count  

Mean value of product of two variables with individual means λ1 and λ2: 

Mean of products of counts, nm = product of individual means, λ1λ2. 



Zenike Function Expansion 

Calculated with MATLAB programs by Paul Fricker 
http://www.mathworks.com/matlabcentral/fileexchange/7687-zernike-polynomials 



Zernike Function Expansion 
of K-channel Diffraction Pattern 

Calculated with MATLAB programs by Paul Fricker 
http://www.mathworks.com/matlabcentral/fileexchange/7687-zernike-polynomials 


