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Molecular form defines function: huge 
variety in shapes and size
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X-ray crystallography provides these structures 
without size limitation and often at atomic 
detail level and relevant beyond solid state –
with some caveats

Virus capsids are protein ‘spheres’
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One of the intriguing 
aspects of X-ray 
crystallography is the ability 
to determine huge 
structures of viruses or 
multi-unit protein complexes   
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Hierarchy and organization of protein 
structure 
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Molecular geometry is determined by 
distances, angles, and torsions
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Cα –chirality – the CO-R-N rule

With exception of 
non-chiral glycine, 
all proteinogenic
amino acids are 
chiral with 2S 
configuration –
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L- amino acids

Primary structure, sequence, peptide bond
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99.9% non-Pro trans

Protein backbones prefer trans geometry
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Secondary structure is defined by van der Waals 
repulsion and backbone torsion – not side chains!
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• Ramachandran energy surface 

• outliers indicate points of 
high local energy

• ~2-5% high energy conform-
ations are normal

• not restrained in refinement –
will reliably reveal errors 


