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Abstract 

 X-ray Crystallography is an important way of conducting research pertaining to the 

structure of proteins. This method not only provides detailed information regarding the layout of 

the protein but also maintains the integrity of the original sample. In order to implement X-ray 

Crystallography, proteins must first be crystallized. The crystallization process may be erratic so 

any method of controlling and improving the formation of the crystal proves useful. To test 

methods of improving protein crystal growth, the lysozyme protein offers both a stable structure 

and a small size as a crystal, making it an ideal experimental protein. 

 One method of aiding in the formation of crystals is by adding foreign nucleants during 

the growing process. The data gathered showed that the addition of nucleants does in fact have 

an impact on the production of the protein. The experiment showed that substances with 

properties similar to those of cellulose and silica actually inhibit the formation of crystals while 

those with elements similar to those of sand boost the initial growth rate of the crystals. 
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Introduction 

 Crystals are prevalent everywhere around the world. They can be found in sand, caves, 

and are used in everyday objects. Crystals are formations that repeat the same structure, a unit 

cell, over a large atomic distance in a 3 dimensional pattern. The unit cell is the simplest 

repeating entity within a crystalline structure and the positions that the atoms within this unit cell 

take on determine the overall structure of the crystal. Each edge of the unit cell connects 

respective points on adjacent unit cells. Also, these units vibrate around points in space within 

the cell called lattice points (Unit cells).   

 Crystals are divided into seven basic categories: Cubic, Tetragonal, Monoclinic, 

Orthorhombic, Rhombohedral, Hexagonal, and Triclinic. Cubic crystals have unit cells with 

equal edge length and 90 degree interaxial angles. Tetragonal crystals have unit cells with only 

two edges with the same length and 90 degree interaxial angles. Orthorhombic crystals contain 

unit cells with all different edge length and 90 degree interaxial angles. Rhombohedral crystals 

contain cells with same edge lengths and 90 degree interaxial angles. Hexagonal crystals contain 

unit cells with only two same side lengths, two 90 degree axes and one 120 degree axis. Triclinic 

has different edge lengths and interaxial angles that are not 90 degrees (Crystalline structure). 

 Many molecules can form crystals, including proteins. Two common methods of protein 

crystallization are hanging drop and sitting drop, which both fall under vapor diffusion. Both of 

these methods involve placing a droplet of protein solution with buffers and precipitant with a 

reservoir of precipitant solution at a higher concentration in a closed, vacuum-like system. With 

this setup, the water from the protein droplet will transfer from the drop to the precipitant 

solution, making the concentration of precipitant in the protein droplet high enough for 

crystallization to ensue. The difference between these two methods is that in the hanging drop 

method, the protein droplet hangs directly over the basin while in the sitting drop method, the 

protein drop sits on a step elevated above the precipitant solution (Protein crystallization). 

Protein crystallization is important for X-ray Crystallography, which can determine the structure 

of the protein. 

 Macromolecular single-crystal X-ray diffraction provides a way to analyze the lattice 

structure, unit cell properties, bond-lengths, and bond-angles of a crystal without corrupting the 
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original sample. This process uses the properties of constructive interference between the emitted 

X-rays and the crystal (Clark). X-rays are aimed at the sample, a detector collects the diffraction 

pattern from the X-rays, and a computer processes the information to create electron density 

maps. The crystal is rotated so that the detector receives diffraction patterns from various angles 

of the crystal and hence obtaining all the diffraction patterns of the crystal. Once an electron 

density map is created for every angle, a computer program creates a three dimensional figure 

based on the images and uses this structure to determine the inner structure of the crystal (X-ray 

crystallography). 

 Lysozyme, a protein prevalent in many organisms, is an enzyme that attacks the cells 

walls of bacteria and thus works to prevent bacterial infection. This protein breaks the 

carbohydrate chains that maintain the structure of bacteria cell walls, causing the bacteria to 

collapse. These lysozyme proteins are most active in locations with food storage that bacteria 

could feed on, such as in eggs. The most commonly used lysozyme protein comes from the egg 

white of hens (Goodsell). The small size and stability of the lysozyme make it excellent for 

research about protein structure and function while its structural consistency makes it optimal for 

crystallography (Lysozyme). 
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Methods 

Materials: 

Sodium acetate, sodium hydroxide, Sodium chloride, sodium iodide were from Fisher Scientific 

(ACS certified grade).  Lysozyme, VDX® Plates (Pre-Greased), siliconized cover slips, and Cryo 

Loops were from Hampton Research. The Rigaku RU-H2R generator and the Rigaku R-Axis 

IV++ were manufactured by Rigaku of Japan. 

Procedures: 

A 0.1 M sodium acetate buffer, pH 4.8 was made by adding 6.80g of solid sodium acetate 

trihydrate to 450 mL of deionized water. A 0.1N HCl acid solution was diluted from 11N HCl 

acid solution. A 0.1 M NaOH base solution was made. These acid and bases were used to adjust 

the sodium acetate solution to a pH of 4.8. Then, deionized water was added until the solution 

reached a total volume of 500mL. 

The 10% w/v Sodium Chloride precipitant solution was made by adding 5.0g of solid sodium 

chloride to 50 mL of the previously prepared sodium acetate buffer. The 7.5% w/v Sodium 

Chloride precipitant solution was made by adding 3.75g of sodium chloride to 50 mL of the 

sodium acetate buffer. The 10% w/v and 7.5% w/v Sodium Iodide solutions were made by 

following the same procedure but instead substituting Sodium Iodide for Sodium Chloride. 

The Lysozyme solution was made by transferring 60 mg of lysozyme powder into 1 mL of 

sodium acetate buffer in an Eppendorf microfuge tube. This mixture was vortexed and strained 

through a Acrodisc filter to filter out undissolved particles. This made a 60 mg/ml solution. The 

60 mg/mL solution was diluted to make a 10 mg/mL concentration solution and a 7.5 mg/mL 

concentration solution. 

To grow the crystals, the hanging drop method was used. 600 mL of the precipitant solution was 

placed in each respective well as shown in Figures 1 and 2. Two 3µl drops of the protein solution 

were placed on siliconized cover slips and 3 µl of the respective precipitant solution was mixed 

with each drop. Depending on the tray, nucleants were either added or excluded. The cover slips 

were then placed onto the individual pre-greased well tops and the crystals were allowed to grow. 
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For the X-ray Crystallography, the crystals were picked up using a Cryo Loop and flash frozen 

using liquid nitrogen. The X-ray machine was allowed to run and the detector collected 

diffraction patterns for several hours. Each rotation of the crystal was 1 º rotations until 180º of 

frames were collected. The diffraction pattern was then analyzed by the computer and displayed. 

 

Figure 1 Tray 1 Black lettering is the precipitant solution. Green lettering is the concentration of 
the lysozyme solution. Blue lettering is the nucleant used. 
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Figure 2 Tray 2 Black lettering is the precipitant solution. Green lettering is the concentration of 
the lysozyme solution. Blue lettering is the nucleant used.  
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Results 

  
Figure 3 Crystals grown in 10% NaCl 
precipitant solution without nucleants 

 

Figure 4 Crystals grown in 10% NaCl 
precipitant solution and cellulose 

  
Figure 5 Crystals grown in 10% NaCl 
precipitant solution with sand 

Figure 6 Crystals grown in 10% NaCl 
precipitant solution with Silica 
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Figure 7 Crystals grown in 10% NaI 
precipitant solution without nucleants 

 

Figure 8 Crystals grown in 10% NaI 
precipitant solution with cellulose 

 

  
Figure 9 Crystals grown in 10% NaI 
precipitant solution with sand 

 

Figure 10 Crystals grown in 10% NaI 
precipitant solution with silica 

 
 

 The results showed that some nucleants helped the crystals initially grow faster while 

other nucleants actually hindered the formation. In this experiment, the protein droplets 

containing cellulose and silica (Figures 4, 6, 8, and 10) did not form crystals. Instead, the 

nucleants simply settled at the bottom of the droplet and prevented any crystals from forming. 

On the other hand, the droplets containing sand (Figures 5 and 9) actually grew faster. Figure 5 

shows many more small crystals in comparison to the protein droplets depicted in Figure 3, 

which show virtually no crystals. 
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Figure 11 X-ray Diffraction of crystal grown in 
NaCl precipitant solution 
 

Figure 12 X-ray Diffraction of crystal grown in 
NaI precipitant solution 
 

 
NaI Crystal      
a b c alpha beta gamma 
27.284 62.700 57.982 90.000 92.942 90.000 
NaCl Crystal      
a b c alpha beta gamma 
78.482 78.482 36.915 90.000 90.000 90.000 
Table 1 Dimension and angles of the diffracted crystals 
 
 These diffraction patterns and experimental space groups confirmed that the crystals 

grown were normal lysozyme crystals as the data matched with preexisting data. It was 

determined that the crystal grown in NaI precipitant solution fit best with the primitive 

monoclinic space group (P21) and the crystal grown in NaCl precipitant solution fit best with the 

primitive tetragonal space group (P43212). These were determined by the measurements 

displayed in Table 1. 

Conclusion 

 We concluded that nucleants with properties similar to that of sand aid in the 

crystallization of proteins while nucleants with properties similar to those of cellulose and silica 

inhibit the grown of crystals. These results could be used in future experiments to facilitate in the 

growth of protein crystals at a faster rate and thus speeding along the experiment. Also, future 
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experiments could include using different types of nucleants and observing the effect of those on 

the growth of crystals. 
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Abstract:   

               Understanding the structure of a protein at its molecular level is essential to understanding its 

function. Through the technique of X-ray crystallography, we are able to understand the structure of the 

protein lysozyme. This can be achieved by first crystallizing the protein and then passing X-rays through 

the crystals in a process called X-ray diffraction. However, the actual process of growing crystals can be 

convoluted and highly unpredictable, especially when working with more complicated proteins such as 

heterogeneous proteins in solution.  Therefore, it is important to explore the effects of different foreign 

nucleants on the rate and extent of crystal growth. The lysozyme will be analyzed as to ascertain the 

effects of three substances on crystal growth: (1) sand from Wakulla Springs; (2) cellulose; (3) silica.     

Introduction:  

               The protein utilized in this experiment goes by the name of lsyozyme. Lysozyme was discovered 

and named in 1922 when Alexander Fleming, a Scottish biologist and pharmacologist treated bacteria 

cultures with mucus from a patient that suffered from the common cold. It is a relatively widely available 

protein that is also reliable when expecting the production of crystals.  X-ray crystallography is an 

effective method for determining the structure of crystalline atoms and molecules that make up biological 

compounds. This is accomplished when X-rays pass through the crystalline atoms and are diffracted. A 

detector then records the diffraction which can be displayed on a computer. This is highly useful in that 

such diffractions display key information about the substance such as atomic size, bonding, and structure. 

It is also one of the most efficient ways of differentiating materials that appear similar in certain 

situations. Once information about the structure of the specific substance is understand, different methods 

may be employed to deduce its purpose. For example, the enzyme lysozyme functions by attacking 

peptidoglycans found in the cell walls of bacteria. This was first discovered in 1965 when David Chilton 

Phillips discovered the 3-dimensional structure of lysozyme in the whites of hen’s eggs through X-ray 



crystallography. Through the discovery of the structure of lysozyme, the specific mechanisms by which 

lysozyme acted were also discovered.        

Materials and Methods:  

Initial Preparations:  

               The initial preparations involved the creation of the 10% sodium iodide and sodium chloride 

precipitant solutions. This simple dilution should produce enough precipitant of each type to fill 24 wells 

each. To actually grow the crystals, a method called hanging drop vapor-diffusion crystallization was 

utilized. In this process, each of 24 wells is filled to the halfway mark with precipitant solution(either 

sodium iodide or sodium chloride). Then two drops of the precipitant are placed on opposite ends of the 

siliconized cover slips. The lysozyme solution, which was prepared by obtaining 60 mg of powdered 

lysozyme and mixing it with 1.5 mL of 4.8 pH sodium acetate buffer, is then placed drop by drop on top 

of the two drops of precipitant solution already on the siliconized cover slips. For one tray, the 24 wells 

are divided into three sections, each section for one of 3 foreign nucleants: sand, silica, and cellulose. 

These nucleants were added in 3 mg portions to each drop. At this point, there are two different trays, one 

with added nucleants and one without added nucleants. It takes approximately 5 days for crystals to grow, 

so these trays must be left at room temperature for 5 days before observing the crystal growth under a 

microscope.   

X-ray diffraction:  

               The main purpose of X-ray diffraction is to determine the molecular structure of the protein 

being analyzed. This happens when the differing angles and intensities at which the detected x-rays are 

recorded and thus provide essential data concerning the electron densities within the crystal, therefore 

providing a clear analysis of the structure within the crystal at the atomic level. This is accomplished by 

first obtaining a crystal by means of a loop, which captures the crystal so that it can be analyzed. It is also 

important for the captured crystal to be regular in structure, since cracks in the crystal can affect the 



diffraction of the x-rays, resulting in an inaccurate diffraction pattern. The crystal is then mounted on the 

goniometer and flash frozen in liquid nitrogen to reduce radiation damage from the x-rays. The crystal is 

usually soaked in cryo buffer solution (in this case glycerol solution) before being flash frozen, as 

exposure to liquid nitrogen often causes the crystal to crack, inhibiting the purity of the diffraction 

pattern. Once this procedure has been completed, x-rays were fired through the crystal and the pattern in 

which they diffracted was recorded by a computer.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1: Diffraction patterns for different precipitants 

 

 

 

Lysozyme crystals in NaCl 

Lysozyme crystals in NaI 



Results:  

 

 

 

 

 

 

 

 

                It was generally observed that the wells that had sand added to them experienced the most 

growth in terms of crystals. The crystals that grew in these wells had many micro crystals that were well 

shaped and clear. The change in amount was also very evident between NaCl and NaI. NaCl seemed to 

facilitate the growth of an increased amount of crystals over NaI. This difference may have been due to 

the differences in the hydroxide ion concentration of each precipitant. On the other hand, it was observed 

that cellulose caused major clumping of the crystals that were grown, as displayed by the above photo. It 

can be seen that cellulose caused all the grown crystals to become clumped and indiscernible, making 

analyzing the crystals difficult in a multitude of ways. For example, when performing X-ray 

crystallography, obtaining a single crystal with the loop can be an often tedious process, and when the 

crystals are clumped, it becomes even harder to obtain a crystal.  

 

 

With                 Without               With               Without 

NaCl                                               NaI 

Cellulose 

 

Sand 

 

Silica 



Conclusion:  

              The results of the experiment supported the hypothesis that sand was most effective in promoting 

quick and even growth of lysozyme crystals. This was achieved through actual growth of trays of crystals 

with added nucleants, which allowed the first hand experience of crystal growth.  While sand promoted 

the even and productive growth of many finely shaped crystals, cellulose and silica merely caused the 

growth of a mass of jumbled crystals that was detrimental to analysis. In fields such as competitive 

medicine, the time and cost of research is taken into account, and the failure of such an experiment to 

produce quality crystals in an efficient manner is highly important to the success of the overall 

experiment.  
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