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Objective 
A critical component of protein crystal stability is the presence of 
bulk water which occupies channels in and around a protein’s 
structure. A greater concentration of bulk water indicates an 
increasingly fragile crystal. Thus, the purpose of this experiment 
was to determine the solvent content of water in Lysozyme C. 

Background Information 

- Proteins are extremely small molecules; consequently, 
it is difficult to study a single protein. However, protein 
crystals amplify the structure of a small protein and 
allow  for the diffraction of the crystal and the study of 
its structure.  

Method 
Growing Crystals: 
The crystals were grown on VDX plates 
(Figures 1,2) using hanging drop vapor 
diffusion (Figure 3); the diffusion of solvent 
from the drop to the reservoir concentrates 
the protein in the drop and allows the 
protein to crystallize as equilibrium is 
achieved. The buffer used was 10% sodium 
chloride in pH 4.8 sodium acetate.  
Dyeing Crystals: 
The crystals were extracted (Figure 4) and 
then soaked in diluted Red-40 and Blue-1 
dye and cryo buffer. The crystals were then 
flash cooled in liquid nitrogen  cryostream. 
Diffracting Crystals: 
180 frames were collected during x-ray 
diffraction. During data processing the 
diffraction frames were compiled, electron 
density peaks were analyzed,  a structure 
was created using molecular replacement, 
and refined. 

- Lysozyme C is an enzyme found in 
the purified egg whites of chicken 
(Gallus gallus). A glycosidic 
hydrolase, Lysozyme C hydrolyzes 
the cell walls of bacteria. This 
enzyme is a prime candidate in any 
crystallography study due to its 
simple crystallization conditions and 
its wide accessibility.  

 
Figure 6: Lysozyme 
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Conclusion 

Array 2: Results of X-ray 
Diffraction 

Table 1: Percentage of Bulk Water 
Crystal Bulk Water Content 
Clear Crystal 37.8% 
Red-40 Dye Soaked Crystal 37.8% 

Blue-1 Dye soaked Crystal 37.9% 

Array 1: Soak Test 

Array 1:  The dyes, which are 200x smaller than the 
protein molecules, give a visual representation of the 
water that is present in the cavities of the protein. 
Showing that the crystal absorbs dye when soaked 
and releases the dye when placed in a neutral solution 
confirms the porous nature of the protein. However, 
the dye irreversibly bound to the protein and did not 
come back out when placed in a buffer. 

Figure 1: VDX plate 

Figure 2: Drop on coverslip 
of  VDX well 

Figure 4: Crystal in Cryoloop 

The average bulk water content in Lysozyme C was 
determined to be 37.833%. This reveals that the crystal 
form of the protein Lysozyme C is slightly more stable than 
the average protein which has a bulk water content of 41%. 
In this experiment, two of the three crystals were soaked in 
dyes whose molecules exhibited non-preferential binding 
to the enzyme and consequently were not released by the 
crystal when soaked in Cryo buffer. In a further 
investigation, the electron density map compiled from the 
diffraction data could be analyzed to determine the 
positions of bound water molecules in the protein 
structure.  
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- X-ray crystallography is the process by which a 
crystallized specimen is diffracted in order to determine 
its atomic structure. X-ray crystallography is the best 
method to study the atomic structures of most proteins 
as the wavelength of X-rays is 1.5 Å which is also the 
distance between two carbon atoms. 

Array 2 shows the electron density map and the first 
diffraction pattern for the crystal with red dye. The 
clear and blue dyed crystals showed similar results. The 
crystals grew in P43212 space group (P tetragonal). 

Results 

Figure 5: Lysozyme C has a 
primitive tetragonal lattice 

Figure 3: Hanging drop vapor diffusion 
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