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• Single particle imaging

• Orientation of protein

• Computational approach 

• Outlooks 



• Overcame the need of 
crystals

• No need for cryogenic 
cooling

• High radiation damage
• Thousands of diffractions 

needed
• Random orientation of each 

sample
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Gaffney and Chapman, Science (2007)

Single particle imaging (SPI)
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Contolling orientation with electric field
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Classical MD simulations Ab initio calculations
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Soler, et al., J. Condens. Matter Phys (2002) Hess, et al., J. Chem. Theory Comput. (2008)

Orientation recovery
Loh, et al.,Phys. Rev. E (2009)

Computational apprach
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Ab initio calculations

Classical MD

Sinelnikova, EDS, et al. Biophys J. (2021)
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Classical MD simulations
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Degree of orientation
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Classical MD simulations

8/20



Speed of orientation Time of orientation
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Classical MD simulations
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!!!!!Orientation before destruction!!!!!! 

RMSD(𝞽)
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Classical MD simulations
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Classical MD simulations
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Marklund, et al., Phys. Chem. Lett. (2017)
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Orientation recovery
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Orientation recovery
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Convergence vs iterations
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Orientation recovery
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Orientation recovery
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Detector masking
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Orientation recovery
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Conclusions
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• It is possible to orient a protein with EF

• We found a window of electric field strengths that allows 
orientation without destroying the protein structure

• There is a substantial benefit of the pre-orientation on the 3D 
reconstruction 
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Orientation of proteins 
incapsulated in water 

layers

Orientation of 
proteins in 

solution

In progress…
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Orientation of virus capsid 
oligomers
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