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X-Ray   Crystallography 
“If a picture is worth a thousand words, then a macromolecular 

structure is priceless to a physical biochemist.” – van Holde  

Topics: 

1.  Image Formation  (optical illusions) 

 Resolution  /  Wavelength (Amplitude, Phase) /  Light Microscopy / EM /  X-ray /  (NMR)  

2.  Protein Data Bank (PDB) 

 Data mining and Protein Structure Analysis Tools 

3. X-Ray Crystallography  

  a) 100 years of X-ray Crystallography 

 b) Crystal Growth –  Materials  / Methods  

 c) Crystal Lattices - Lattice Constants / Space Groups / Asymmetric Unit 

 d) X-ray Sources – Sealed Tube / Rotation Anode / Synchrotron 

 e)Theory of Diffraction – Bragg’s Law / Reciprocal Space  

 f) Data Collection – Methods / Detectors / Structure Factors 

 g) Structure Solution – Phase Problem: MIR / MR / MAD 

 h) Refinements and Models  /   Analysis and presentation of results 

• Light Photography 

• Electron Microscopy 

• X-Ray or NMR 

Abbe (~1873):     

Limit Res. ~ /2 

  ~  400 - 700 nm 

  ~  0.001 - 0.1 nm 

  ~  0.1 nm 

“If a picture is worth a thousand words, then a macromolecular 

structure is priceless to a physical biochemist.” – van Holde  

Image  Formation 
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Transforms   /   Reciprocal Space 

Transforms   /   Reciprocal Space 
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Transforms   /   Reciprocal Space 

Transforms   /   Reciprocal Space 
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Transforms   /   Reciprocal Space 

Transforms   /   Reciprocal Space 
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Max von Laue  (1912/1914)           William & Lawrence Bragg (1913/1915) 
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Michael Rossmann – PDB40 address 
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Michael Rossmann – PDB40 address 

Michael Rossmann – PDB40 address 
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50 Years of Protein Structure Determination 

http://publications.nigms.nih.gov/psi/timeline.html
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Stephen K. Burley – PDB40 address 

http://www.wwpdb.org/PDB40.html 

Stephen K. Burley – PDB40 address 

http://www.wwpdb.org/PDB40.html
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RCSB Protein Data Bank 

PDB 

http://www.rcsb.org/pdb/home/home.do
http://www.wwpdb.org/index.html
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Stephen K. Burley – PDB40 address 

Publish in leading biochemical or structural biology journal 

Contribute results (coordinates, etc.) to PDB 

Data Mining 

Visualization programs (Cn3D / RasMol / SwissPDBV / etc) 

SCOP – Structural Classification of Proteins 

CATH – Classification / Arch / Topology  

Analyze – structure (Ramachandran Plot) and biochemistry 

************************************************** 
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SCOP Structural Classification of Proteins 

CATH - Protein Structure Classification 

CATH is a novel hierarchical classification of protein domain 

structures, which clusters proteins at four major levels: Class 

(C), Architecture (A), Topology (T), and Homologous (H) 

Superfamily  

Class, derived from secondary structure content, is assigned 

for more than 90% of protein structures automatically. 

Architecture, which describes the gross orientation of 

secondary structures, independent of connectivities, is 

currently assigned manually. The topology level clusters 

structures according to their topological connections and 

numbers of secondary structures. The homologous 

superfamilies cluster proteins with highly similar structures 

and functions. The assignments of structures to toplogy 

families and homologous superfamilies are made by 

sequence and structure comparisons. 
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CATH 

~1280 
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Models of Staphylococcal nuclease  

Jane Richardson – 
Duke Univ. 
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The diffraction limit of 

a microscope is,  

 

 

where d is the resolvable 

feature size, λ is the 

wavelength of light, n is the 

index of refraction of the 

medium being imaged in, and θ 

(depicted as α in the 

inscription) is the half-

angle subtended by the 

optical objective lens. 

d 

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Memorial to Ernst Abbe  
University of Jena 

Resolution Limit 

 
Secondary 

school named 

Ernst Abbe 

Gymnasium 
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