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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.  Protein Data Bank (PDB) 

 Data mining and Protein Structure Analysis Tools 

2.  Image Formation 

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

3. X-Ray Crystallography  

  a) Crystal Growth –  Materials  / Methods  

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

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

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

 e) Data Collection – Methods / Detectors / Structure Factors 

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

 h) Refinements and Models 

 i) Analysis and presentation of results 

50 Years of Protein Structure Determination 

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

RCSB Protein Data Bank 

http://publications.nigms.nih.gov/psi/timeline.html
http://www.wwpdb.org/PDB40.html
http://www.rcsb.org/pdb/home/home.do
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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 

************************************************** 

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. 

CATH 
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~1280 

•CSMP - Center for Structures of Membrane Proteins  

•JCSG - Joint Center for Structural Genomics  

•MCSG - Midwest Center for Structural Genomics  

•NESG - Northeast Structural Genomics Consortium  

•NMHRCM - New Methods for High-Resolution Comparative Modeling  

•NYSGXRC - New York SGX Research Center for Structural Genomics  

 

PMP | The Protein Model Portal 

The Protein Model Portal (PMP) gives access to the various models 

that can be leveraged from PSI targets and other experimental protein 

structures by comparative modeling methods. The current release of 

the portal allows searching 7.6 million precomputed model structures 

provided by different partner sites, and provides access to various 

interactive services for template selection, target-template alignment, 

model building, and quality assessment.  

 

http://www.proteinmodelportal.org/ 

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.  Protein Data Bank (PDB) 

 Data mining and Protein Structure Analysis Tools 

2.  Image Formation 

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

3. X-Ray Crystallography 

  a) Crystal Growth –  Materials  / Methods  

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

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

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

 e) Data Collection – Methods / Detectors / Structure Factors 

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

 h) Refinements and Models 

 i) Analysis and presentation of results 

http://csmp.ucsf.edu/
http://www.jcsg.org/
http://www.mcsg.anl.gov/
http://www.nesg.org/
http://dunbrack.fccc.edu/nmhrcm/
http://www.nysgxrc.org/
http://www.proteinmodelportal.org/
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   Object / Real Space 

Transform / Reciprocal Space 

   Object  Transform                            Image    

  Models 

 Electron 

Density 

Maps 

• 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 

   Object  Transform   
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   Image (high resolution)  

Transform   

   Image (moderate resolution)  

Transform   

   Image  

Transform   

   Image  

Transform   

   Image  (low resolution)  

Transform   

Transforms   /   Reciprocal Space Transforms   /   Reciprocal Space 
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Transforms   /   Reciprocal Space Transforms   /   Reciprocal Space 

Transforms   /   Reciprocal Space Transforms   /   Reciprocal Space 
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Joseph Fourier /  Fourier Series   ~1808 
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Fourier Series Applet     http://www.falstad.com/fourier/  

http://www.ysbl.york.ac.uk/~cowtan/fourier/fourier.html 

   Object / Real Space         Transform / Reciprocal Space 

http://www.falstad.com/fourier/
http://www.falstad.com/fourier/
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Object / Real Space                Transform / Reciprocal Space Objects – Transforms 

and Image Formation 

A Duck 
Transform 

of a Duck 
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   Object / Real Space 

Transform / Reciprocal Space 

   Object  Transform                            Image    

  Models 

 Electron 

Density 

Maps X-rays 

+ 

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.  Protein Data Bank (PDB) 

 Data mining and Protein Structure Analysis Tools 

2.  Image Formation 

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

3. X-Ray Crystallography  (after NMR) 

  a) Crystal Growth –  Materials  / Methods  

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

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

 d)Theory of Diffraction – Bragg Equation (take 1) / Reciprocal Space  

 e) Data Collection – Methods / Detectors / Structure Factors 

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

 h) Refinements and Models 

 i) Analysis and presentation of results 

Pink 

Diamond 

Diamond 

Uncut 

Diamond 

Crystals 



11 

Niaca Mine, 

Chihuahua, Mexico 

Lysozyme 

Crystals 

Glucose 

Isomerase 

Crystals 

Miller Indices 
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1.   Nature of macromolecule – Purity and concentration of macromolecule 

2.   Nature and concentration of precipitant 

3.   pH  /  Temperature  /  Pressure 

4.   Level of reducing agent or oxidant 

5.   Substrates, coenzymes, and ligands  /  Metal ions 

6.   Preparation and storage of macromolecule  / Proteolysis and fragmentation 

7.   Age of macromolecule  /  Degree of denaturation 

8.   Vibration and sound 

9.   Volume of crystallization sample 

10.  Seeding 

11.  Amorphous precipitate 

12.  Buffers 

13.  Cleanliness 

14.  Organism or species from which the macromolecule was isolated 

15.  Gravity, gradients and convection 

Variables that influence crystal growth 

Ammonium sulfate / or sodium  

Sodium or ammonium citrate 

Sodium or ammonium acetate 

Magnesium sulfate 

Cetyltrimethyl ammonium salts 

Polyethylene glycol 400, 1000, 2000, 4000, 6000, 8000, 15,000 M 

 

Batch crystallization (simply dump reagents together) 

Liquid-liquid diffusion in a capillary tube   

Vapor diffusion-the most successful method (hanging drop, sitting drop),  

    typically using a Limbro plate.  Equilibration occurs between the liquid 

    and vapor phase. 

Dialysis  

 

Methods for protein crystallization 

Common Compounds used in Crystallization  

Hanging Drop Method  -  Crystal Screening 
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Three-dimensional lattice, showing unit cell (heavy lines). 

 

A unit cell is defined by its lattice constants: 

  a, b, c   and a, b, g 
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Three different grid systems referred to the array same array. 

 Regular two-dimensional array. 

How to identify “the” unit cell ? 

Note: Only  2-, 3-, 4-, and 6-fold rotations allowed 
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BPTI 

Asymmetric Unit 


