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Protein X-ray Crystallography
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Limitations and Difficulties, Besides the Phase Problem

u Crystallizing Protein:
– Fragile
– Requires a crystal with shortest 

side 0.2 mm

u Flaws of Crystallization:
– Disorder in Unit Cell
– Vibrations of molecules
– Distortion in Crystallization

Fix-Its:

Cryogenic Cooling
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u X-ray Source: x-ray tubes, rotating anode tubes, or particle 
storage rings

u Gonoimeter
u Detectors: X-ray films, CCD cameras, or Multiwire detectors.

The Setup:
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The Raw Data

Every atom in a unit cell 
contributes to every reflection 

in the diffraction pattern.

Two Pieces of Data
u The position of a reflection 

point on the reciprocal lattice, 
given by coordinates h,k,l. 
Determined by the direction 
reflected.

u The intensity of the reflection.
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From diffraction to electron density map

To get from the diffraction pattern to the electron density, 
you have to use a Fourier Transform.

Fourier Transform
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Solving the Phase Problem

u The diffraction data does not give the phase angle that is needed to 
calculate the electron density map.

u Have to get the phase angle through other methods. 
Isomorphous Replacement:  Insert a heavy metal atom into crystal protein, 
and locate in diffraction pattern and in the cell.  Use the location of metal ion 
to find the phase angle for the other protein atoms.
u Requirements:

Add atom with same unit cell size.
Cannot disturb protein structure.      Often used Hg, Pt, Au.
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Once you have an electron density map, you  can begin to fit 
models to it.



Modul Vom Molekül zum Protein, Prof. Dr. Martin Köckerling, Uni Rostock 14

The R-Factor: Measuring Convergence

u To compare the generated electron density map and your 
model, you have to use the R-factor.

u The R-factor is a measure of convergence between the 
intensities given off by your model and the observed 
intensities. 

||Fobs| - |Fcalc||
R=  ------------------

|Fobs|
R:

0.6-VERY BAD

0.5 -BAD

0.4-Recoverable

0.2-Good for Protein

0.05-Good for small organic 
models

0-PERFECT FIT
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Resolution

u Resolution:  another 
measure of how good your 
model is.

u Resolution gives the size 
of the smallest molecule 
you can see or resolve.  

u Dependent on the amount 
of data ultimately phased 
and used in structure 
determination.



Modul Vom Molekül zum Protein, Prof. Dr. Martin Köckerling, Uni Rostock 16



Modul Vom Molekül zum Protein, Prof. Dr. Martin Köckerling, Uni Rostock 17



Modul Vom Molekül zum Protein, Prof. Dr. Martin Köckerling, Uni Rostock 18



Modul Vom Molekül zum Protein, Prof. Dr. Martin Köckerling, Uni Rostock 19



Modul Vom Molekül zum Protein, Prof. Dr. Martin Köckerling, Uni Rostock 20

Steps of Protein X-ray Crystallography:

Crystallize your protein.

Cryo-freeze your protein.

Do an X-ray diffraction.

Make a heavy atom derivative of protein.

Take X-ray diffraction of the derivative.

Do a Fourier Transform (or let a computer do it).

Create models.

Check R-Factor of models.
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Sources:

Rupp, Bernhard. “X-ray Crystallography 101.” 21 Nov 2003. 
http://www-structure.llnl.gov/Xray/101index.html.


