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SINGLE CRYSTAL X-RAY DIFFRACTION  
&  

DATA PROCESSING 
 

Once a single crystal of adequate size is obtained, it is exposed to a monochromatic beam 
of X-rays and the intensity of the diffracted photons is recorded.  

 

A crystal is built by many unit cells, that are described by three cell axes a,b,c and by three 

angles α, β and γ. The specific relationship between these six parameters defines the 

crystal's lattice and space group. Inside the unit cell, the asymmetric units (the 

macromolecules arranged with or without quaternary structure) are distributed according to 

the symmetry operations defined by the space group. The lattice and the space group will 

define the exact position of each spot (or hkl reflection) in the diffraction pattern produced 

by a crystal. h, k and l are also known as Miller indices.  
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A very important mathematical concept in crystallography, Bragg's Law, defines that the 

production of a spot in the diffraction pattern only occurs when constructive interference of 

the scattered radiation is attained. In practice, the diffraction experiment produces a list of 

intensities (Ihkl) and associated errors for all reflections recorded. The intensity of each 

reflection results from the sum of photons that constitute the scattered wave, with an 

amplitude, phase and frequency (the same as the incident radiation).  

 

 

 

 

 

 

 
 

 

Maximum resolution:   Bragg’s Law        n λ=2 d sinθ =>   dmin= λ /(2 sinθmax)                 

(λ Cu Kα = 1.5418 Å     dmin = 0.77 Å) 

 

The first part of this lesson is dedicated to harvest, cryo-protect and test the diffraction power 

of a single crystal of a protein. The experiment will be carried out in the in-house X-ray 

diffractometer. 

Once a full set of diffraction images is collected, several software packages for processing 

image data, such as HKL-2000 (Otwinowski & Minor, 1997), XDS (Kabsch, 2010), MOSFLM 

(Leslie, 2006), d*TREK (Pflugrath, 1999) and DIALS (Beilsten-Edmands et al., 2020), have 

been developed that differ in the details of their implemented algorithms.  

In this tutorial, you will use MOSFLM (Battye et al, 2011) software to index, integrate and 

analyze X-ray diffraction data (in the form of diffraction images) obtained on a source of 

synchrotron radiation. 
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A. X-ray diffraction data collection  
1- Under the microscope, observe the crystallization setups that were previously prepared 

and register which crystallization conditions have originated protein crystals. 

2- Measure the crystals’ maximum dimensions.  

3- Test the cryo-protectant solutions in the diffractometer, checking for ice formation. 

4- Choose a monocrystal adequate for the diffraction experiment and incubate it in the 

cryo-protectant solution. 

5- Mount the crystal in a loop and place it on the goniometer head, under the cooled 

nitrogen stream. 

6- Centre the crystal. 

7- Test the crystal’s diffraction quality, by collecting two frames 90º apart. Evaluate the 

highest resolution that the crystal will produce. 

8- Index this data to determine the space group and the cell constants, if possible. 

9- Collect data to completeness, as efficiently and as fast as possible (try to measure 

100% of all possible reflections). 

 
D8 Venture X-ray diffractometer (with KAPPA four-circle goniometer) at FCT-NOVA, Caparica, Portugal. 
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B. Data processing and analysis 
 

1- In your working computer, find the 900 image files provided (0.1º per image; 90º of 
diffraction data). If necessary, uncompress the folder.  

2- Follow the tutors’ instructions to start program MOSFLM and read in the images from 
the data set provided. 

 

3- Index data (pick 2 images, 90º apart, by default) to estimate cell constants, space group 
and crystal mosaicity. 
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4- Refine the cell constants (use at least 2 wedges of data, approximately 90º apart). 

 

5- Check that the cell constants are fixed, choose a name for the file of the integrated 
images (press enter) and process at least 20º of data (200 images). If the program runs 
fast, process the full 90º of data (900 images). 
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6- Run QuickSymm option to detect higher symmetry (e.g. screw axis), if present, and 
check for possible twinning (Note 1). 

 

 

7- Run Quick Scale to scale and analyse diffraction data quality (see Note 2). Evaluate 
true limits of resolution and completeness of data (this will also run program Truncate to 
convert Iobs to |Fobs|, ie measured intensities to observed structure factors; see Note 3). 
Look at the summary files below and compare the statistics for 20º, 90º and the full set of 
3600 images (360º). 
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Summary for 20º of data: 

 

Summary for 90º of data: 
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Summary for 360º of data: 

 

8- The contents of output MTZ files can be accessed with program VIEWHKL (Note 
4) 
 
 
 
Note 1: Pointless checks sets of reflections which may be systematically absent to suggest a 
possible spacegroup. There is also a check for lattice centering, ie a check for whole classes of 
reflections having essentially zero intensity, including a check for obverse/inverse twinning in 
rhombohedral systems. (Ref: http://www.ccp4.ac.uk/html/pointless.html) 

Note 2: Aimless scales together multiple observations of reflections, and merges multiple 
observations into an average intensity: it is a successor program to SCALA (Ref: 
http://www.ccp4.ac.uk/html/aimless.html) 
 
Note 3: The standard use of the Truncate program is to read a file of averaged intensities 
(output from SCALA, SCALEPACK2MTZ or DTREK2MTZ) and write a file containing mean 
amplitudes and the original intensities. If anomalous data is present then F(+), F(-), with the 
anomalous difference, plus I(+) and I(-) are also written out. The amplitudes are put on an 
approximate absolute scale using the scale factor taken from a Wilson plot. (Ref: 
http://www.ccp4.ac.uk/html/truncate.html) 
 
Note 4: Interactive graphical viewer and browser for reflection Data (Ref: 
http://legacy.ccp4.ac.uk/newsletters/newsletter48/articles/ViewHKL/viewhkl.html) 
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