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Introduction:
X-ray crystallography is a method used to determine the structure of a 
crystallized molecule. Because many organic, inorganic, and biological 
molecules can form crystals, diffracting crystals has helped solve the 
structures of countless molecules. Diffracting a crystal produces a 
diffraction pattern, and from this, crystallographers are able to determine 
the electron density of a molecule, and from the electron density, the 
structure of the molecule. Knowing the structure of a molecule, such as a 
protein, is important in understanding the function of the molecule.

If a molecule will crystallize, it’s likely that it will crystallize in more than 
one arrangement. Different arrangements can be created by changing the 
contents of the solution used in crystallization. A crystal’s simplest 
arrangement of molecules is known as its space group.

This project is an investigation of the different space groups of lysozyme, 
an enzyme found in chicken egg whites, and how they can be achieved 
through the use of different ions in solution.

Biophysical test results

UV/Vis spectrophotometer Fluorospectrophotometer Circular Dichroism

Biophysical tests using light 
emission and absorption 
spectra confirmed our 
protein’s identity and purity, 
because the results coincided 
with published data.

Growing Crystals

Crystals were grown using the hanging drop method. 600mL of the buffer 
with 10% w/v ion was placed in each well, and drops of protein solutions of 
different concentrations mixed with well solution were put on the glass 
cover slip. The cover slip was sealed to the well by grease, and the wells 
containing various concentrations of proteins were left to sit for several 
days.

Three trays were prepared.

Tray 1

Solutes: NaCl, NaI 
Lysozyme concentrations: 45mg/mL, 30mg/mL, 15mg/mL

Tray 2

Solutes: NaCl, NaI 
Lysozyme concentrations: 40mg/mL, 20mg/mL, 10mg/mL

Tray 3

Solutes: NaNO3 , KSCN 
Lysozyme concentrations: 40mg/mL, 20mg/mL, 10mg/mL

Crystal suspended 
in a cryo loop

Diffracting Crystals

Selecting crystals for diffraction is difficult; 
suitable crystals are not always produced. Before 
diffracting suitable crystals, they must first be 
collected, using either a glass capillary (right), or 
a cryo loop (left). The loop method requires 
cryogenic freezing (100K during diffraction), 
but crystals collected in a sealed capillary can be 
diffracted at room temperature.

Crystal in sealed quartz 
capillary

Suitable crystals are then placed in the X-ray machine (below). When the 
machine is turned on the crystals are subjected to high intensity X- rays, a 
frame is collected, and the crystal is rotated. This can be repeated up to 
360 degrees and can take several days to get a complete picture of the 
crystal structure.

What comes next?

Although six weeks wasn’t enough time to 
carry out the extended procedure, diffraction 
patterns of an unknown protein would usually 
be used to create an electron density model of 
the protein, which is the same despite any 
difference in the crystallized space group. 

The electron density model is used to create the 
final result: three dimensional protein structure

Results:

Even crystallizing the same protein in the same 
buffer, radically different types of crystals can be 
grown by adding a 10% solution of different ions to 
the mixture. Although only three space groups were 
obtained, there is evidence that many more can be 
created simply by growing the crystals under 
different conditions.
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Crystals
NaCl NaI KSCNNaNO3

Space groups:             P4 32 12                                                    P1  P1 P1 21 1

It is known that through the 
presence of different ions in 
solution, different crystalline 
arrangements will form from the 
same protein; this study will 
explore a few of the space groups 
formed by the protein lysozyme.
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