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Abstract: 

 

X-ray crystallography is a method used in determining the arrangement of atoms 

within a crystal. This method of examining a molecular structure can be applied to 

biological compounds, such as proteins and enzymes. By allowing researchers to know 

the structure of an enzyme, the function of such a molecule can be fully understood. 

Often, chemical properties may be known of an enzyme, but how such an enzyme truly 

functions is dependent upon its structure and how it interacts with its substrate and 

environment. Specifically, the chicken-egg white lysozyme under investigation was 

crystallized in order to undergo x-ray diffraction, as well as analyzed with a circular 

dichroism spectrometer. 

 

The growth of lysozyme crystals using varying precipitant solutions provided a 

study on the effects of growth and crystal lattice formation as a result of differing 

solutions. Concentrations were a factor changed but so were ions, which provided us 

with a study of the Hofmeister Series, which “ranks the relative influence of ions on the 

physical behavior of a wide variety of aqueous processes” (Zhang). The data collected 

validated the Hofmeister Series and provided the conclusion that the precipitant present 

in the buffer solution does affect the size and shape of the crystal grown. 

  



Introduction: 

 

Lysozyme is an enzyme found in tears and saliva, as well as in chicken egg-

white. A simple protein which lyses bacterial cell membranes, lysozyme was discovered 

in 1922 by Alexander Fleming and its structure was determined using x-ray diffraction 

by David Chilton Phillips in 1965 (“Lysozyme”). Lysozyme has become one of the best 

compounds for x-ray diffraction due to a few features. Lysozyme is easy to harvest and 

purify from chicken egg-white, it is easy to crystallize, and its crystals diffract x-rays to a 

high resolution (“Lysozyme”). Such a protein is easier to handle and work with in order 

to generate conclusive results. 

 

The inner structure of lysozyme crystals would thus be studied by x-ray 

diffraction. First, the crystals had to be grown using the hanging drop method of crystal 

growing. X-ray diffraction patterns of the crystals can then be used to determine the 

electron density of the protein. As a complement to the x-ray diffractions obtained, 

circular dichroism spectroscopy provided data on the secondary structure of the protein, 

building upon the overall analysis of the enzyme’s structure. 

 

Methods—Solution Preparation and Crystallization: 

 

First, a 0.1 M sodium acetate (NaAc) buffer solution was prepared in order to 

have it available for the preparation of the following solutions. To make sufficient buffer 

solution, 10.206 g NaAc was added to 0.75 L of water. Then, the pH of the solution was 



adjusted to that of 4.8. Then, a 50.0 mg/mL sample of lysozyme in 0.1 M NaAc, with a 

pH of 4.8, was prepared. From this initial solution, three dilutions were carried out to 

prepare subsequent concentrations of 25 mg/mL, 12.5 mg/mL, and 6.25 mg/mL 

lysozyme solutions. 

 

Next, two precipitate buffers of 10% and 7.5% (w/v) NaCl in 0.1 M NaAc of pH 

4.8 were made for the first two VDX trays. The setup for the hanging drop method was 

followed for crystallization. Half of the wells in each tray were filled with 0.6 mL of the 

10% NaCl solution, while the other half of the tray contained 0.6 mL of 7.5% NaCl 

solution in each well. Cover slips were prepared by mixing 3 μL of desired lysozyme 

solution with 3 μL of the well solution the slip would be placed over. The cover slips 

were inverted over the wells, which were sealed with vacuum grease, so as to create a 

closed system in which dynamic equilibrium can be reached. Water from the droplet 

diffuses to the reservoir at the bottom of the well, causing an increase in precipitant 

concentration optimal for protein crystallization within the drop (“Protein”). Within three 

or four days crystals would form within the droplets on the cover slips.  

 

The first two trays allowed the determination of an ideal lysozyme concentration 

for further crystal growing. This concentration was found to be 25 mg/mL of lysozyme in 

0.1 M NaAc of pH 4.8. The following two trays prepared were used to study the 

Hofmeister Series, as well as changes with differing concentrations of precipitate buffer. 

Four halide solutions were prepared of varying concentrations. Initial 20% (w/v) 

solutions of NaF, NaCl, NaBr, and NaI were prepared in 0.1 M NaAc of pH 4.8. Dilutions 



were then carried out to provide the trays with 17.5%, 15%, 12.5%, 10%, and 7.5% 

solutions. The wells were setup exactly as before. 

 

Methods—X-Ray Diffraction: 

 

X-ray diffraction allows for the determination of a crystal’s internal structure. The 

process shoots x-rays at the crystal, through which the beams scatter, or diffract, and 

produce a diffraction pattern taken in by a detector. The angles and intensities of the 

detected x-rays provide the necessary data to form a three-dimensional image of the 

electron density within the crystal, which can later be used to determine the structure 

and atomic model of the protein (“Single”). 

 

The process of x-ray crystallography needs for a suitable crystal to be harvested 

so that it may then be bombarded by x-rays. The crystal is first harvested from a drop by 

a tiny loop and then dipped in glycerol. The glycerol functions as antifreeze to prevent 

the crystal from breaking do to a drastic temperature change when it is flashed cooled. 

The crystal is then flashed cooled with liquid nitrogen at 100 K to reduce radiation 

damage from the x-rays. Once set up, the computer controls the x-ray machine and 

collects the diffraction pattern and data regarding the dimensions and angles of the cell. 

  



Methods--Circular Dichroism: 

 

Circular dichroism (CD) spectroscopy is a method to study the secondary 

structure of a protein, which is an important part of the molecule’s structure. CD 

spectroscopy is useful in collecting data on the percentage of alpha helix, beta sheet, or 

random coil structures found within the protein. CD spectroscopy “measures differences 

in the absorption of left-handed polarized light versus right-handed polarized light which 

arise due to structural asymmetry” (“Circular”). The CD spectrum of the 25 mg/mL 

lysozyme lab sample matches similarly to the known spectrum unique to the enzyme. 

 

  



Results & Discussion: 

 

Trays 1 & 2: (Well solution― 0.6 mL of NaCl in 0.1 M NaAc, pH 4.8 
  Drop solution― 3 µL of lysozyme solution + 3 µL of well solution.) 

Wells 1 2 3 4 5 6 

A 
(3 wells): 
10 % NaCl & 50 mg/mL lysozyme 

(3 wells): 
7.5 % NaCl & 50 mg/mL lysozyme 

B 
(3 wells): 
10 % NaCl & 25 mg/mL lysozyme 

(3 wells): 
7.5 % NaCl & 25 mg/mL lysozyme 

C 
(3 wells): 
10 % NaCl & 12.5 mg/mL lysozyme 

(3 wells): 
7.5 % NaCl & 12.5 mg/mL lysozyme 

D 
(3 wells): 
10 % NaCl & 6.25mg/mL lysozyme 

(3 wells): 
7.5 % NaCl & 6.25 mg/mL lysozyme 

 

By only using one precipitant, NaCl within trays 1 and 2 the effect of lysozyme 

concentration could be observed. The wells in row B, which contained the 25 mg/mL 

lysozyme solutions, produced the better crystals. As a result of this, the concentration of 

lysozyme was kept at a constant 25 mg/mL for the remainder of the trays. 

 

Trays 3 & 4: (Well solution― 0.6 mL of a Na Halide in 0.1 M NaAc, pH 4.8 
  Drop solution― 3 µL of lysozyme solution + 3 µL of well solution.) 

Wells 1 2 3 4 5 6 

A 20 % NaF 17.5 % NaF 15 % NaF 12.5 % NaF 10 % NaF 7.5 % NaF 

B 20 % NaCl 17.5 % NaCl 15 % NaCl 12.5 % NaCl 10 % NaCl 7.5 % NaCl 

C 20 % NaBr 17.5 % NaBr 15 % NaBr 12.5 % NaBr 10 % NaBr 7.5 % NaBr 

D 20 % NaI 17.5 % NaI 15 % NaI 12.5 % NaI 10 % NaI 7.5 % NaI 

 

The resulting crystals from trays 3 and 4 provided the experiment with many 

observable trends. First, differences among crystal size 

and shape could be noted among rows, most likely due to 

the differing precipitants. Within the first row, NaF as a 



precipitant appeared to only produce microcrystals of lysozyme. The image above 

shows the great amount of microcrystals in well A1 of tray 3. Row B of the same tray 

produced needle clusters with the NaCl precipitate at high concentrations but good 

crystals that could be diffracted at lower concentrations. Well B4, the image to the left, is 

an example of too many protein molecules attempting to crystallize. Well B5, the image 

to the right, is an entire drop with many well defined crystals.   

 

Row C of both trays 3 and 4 did not produce well defined crystals with observable lattice 

structures. NaBr produced needle like clusters, although it was observed that the 

needles grew longer as the precipitate concentration decreased. Also, the amount of 

clusters appeared to decrease from higher to lower well concentrations, as shown from 

left to right by the following two images. 

 



The fourth and final row, D, produced rod clusters that shot out 

from an origin.  A yellow tint was noticed across the entire row 

due to the NaI solution.  

 

Another observable trend was the change in crystal growth as concentration 

decreased within the same row of the same buffer solution.  As concentration 

decreased, the number of structures formed seemed to lessen and the structures had 

more order. Although NaF did not produce anything other than microcrystals, the 

concentration trend observed among the four precipitants, yet most clearly within NaCl 

and NaI, can be summed up by the following table: 

 

NaCl Concentration Series (w/v of NaCl in 0.1 M NaAc pH 4.8): 

20 % 12.5% 10% 7.5% 

Needle Structures 

 

Needle Structures 

 

Multiple single 
Crystals 

 

Single Crystal 

 

 

Aside from the qualitative data collected visually using the microscope, the X-ray 

diffraction patterns collected provide a great deal of information. The crystals diffracted 

were those of NaCl and NaI, but not NaF or NaBr due to the lack of adequate crystals 

suitable for the process. Although, basic research does suggest NaBr to have the same 

basic results in lattice shape as NaCl. The data collected can be summed up clearly by 

the following table: 



 

Hofmeister Series (Sodium Halides in 0.1 M NaAc pH 4.8): 

Halide 
Solution 

NaCl NaI 

Crystal 

  

X-Ray 
Diffraction 

Pattern 

  

Cell 
Dimensions 

a=82.27 Å 
b=82.27 Å 
c=37.94 Å 

 

a=27.55 Å 
b=62.65 Å 
c=59.46 Å 

 

Cell Angles 
α=90.00° 
β=90.00° 
γ=90.00° 

α=90.00° 
β=90.97° 
γ=90.00° 

 

The measurements acquired thus tell that lysozyme crystals grown with an NaCl 

buffer solution form a tetragonal lattice, while with an NaI buffer solution they form a 

monoclinic lattice. 



 

Conclusion: 

 

As demonstrated by the data collected during the project, it may be concluded 

that differing precipitants do alter crystal growth. Lattice size and shape was affected by 

the change in anions within the buffer solution. The validity of the Hofmeister Series was 

also supported by trays 3 and 4. Direct interactions between the anions and proteins 

help produce such differing structures. Further studies on the internal structure of 

biological compounds may be done by varying cations and conditions.  Future 

crystallographers may use different proteins or even nucleic acids. 
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