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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  (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’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

Niaca Mine,
Chihuahua, Mexico
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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
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Ammonium or sodium sulfate
Sodium or ammonium citrate
Sodium or ammonium acetate
Magnesium sulfate
Cetyltrimethyl ammonium salts
Polyethylene glycol 400, 1000, 4000, 6000, 15,000 (now also 2,000, 8,000, etc.)

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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c) X-ray Sources – Sealed Tube / Rotation Anode / Synchrotron
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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 α, β, γ

Three different grid systems referred to the array same array.

Regular two-dimensional array.

How to identify “the” unit cell ?

A mirror plane.

A 4-fold rotation axis.

Center of symmetry produced by a 2-fold 
axis combined with reflection.

How to identify “the” unit cell ?  
Role of Symmetry
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BPTI

Asymmetric Unit
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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  (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’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

X-ray tubes:    the “sealed” tube
Origin of Non-characteristic X-rays
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Origin of characteristic X-rays
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Characteristic X-rays arise from
electronic transitions

Characteristic X-rays have defined λ
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Another Source of “X-rays”

“X-ray” Sources:    Beyond X-ray tubes
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