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Introduction 

Proteins are large biological molecules that are formed by long chains of amino acids.[1, 2] Proteins are 

responsible for a large variety of crucial biological functions and processes within an organism. [1, 2] 

These processes include replicating DNA, transporting molecules from one location to another and reacting 

to various stimuli. Proteins make up at least 20% of a human body[3], hence they are highly important in 

maintaining the function of organisms including humans.  

Amino acids are the building blocks of protein. As such, they are also very important is maintaining bodily 

functions and have other roles in addition to forming the building blocks of protein.[3] Proteins are often 

represented on an atomic scale as long chains of balls (amino acids) attached to a string. This represents 

the primary structure of a protein. However, proteins are folded into complex three-dimensional structures.  

 Lysozyme is an enzyme that fights bacteria by damaging bacterial cell walls.[4] Lysozyme is present in 

many secretions or tissues, including tears, saliva, human/animal milk, albumen (egg white) and mucus. 

Large amounts of lysozyme are found in egg white. Lysoyzme protects organisms from bacterial infections 

which can be life threatening.[5] 

Lysozyme is found to be present within 

many organisms including chickens, 

humans, camels and dogs. (See figure 

1.0)  

A standard chicken egg contains 

ovalbumin, ovotransferrin, and 

lysozyme. These are a few of the egg 

white proteins that are known 

functional components.[6] Ovalbumin is 

the major protein which takes up 60-

65% of all protein found within an 

egg.[7], although its precise function 

has not been discovered. 

Ovotransferrin is a protein of egg 

white that is the most heat resistant of 

all of them. It contains about 700 amino acids and constitutes about 12% of egg white.  

We noted that the structure of lysozyme from an emu (Dromaius novaehollandiea) had never been 

determined. The emu is the largest bird native to Australia and the only species which is part of the genus 

Dromaius. It is the second largest bird in the world by height, after its relative, the ostrich. [8] From looking 

at the protein sequence, emu lysozyme is closest to the ostrich (Struthio camelus) protein and closely 

followed by chicken (Gallus gallus). Although this does suggest that lysozyme is detectable in emu, a 

Scientific Name Name Number of structural 

studies  

Gallus gallus Chicken 492 

Homo sapiens Human 237 

Camelus 

dromedaries 

Camel 14 

Canis lupus 

familiaris 

Dog 5 

Pan troglodytes Chimpanzee 1 

Bos Taurus Cow 1 

Figure 1.0 – Extract from table of known lysozyme structures, 

5th June 2014 
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paper from Maehashi et. al 2012 suggests that lysozyme is not abundant in the emu egg. [9] It states 

“Lysozyme was substantially undetectable in an emu egg white”.  

Ion exchange is an exchange between an electrolyte solution and an ion or atom. It is most commonly used 

during the processes of purification, separation and decontamination of ion-containing solutions. [10] 

X-ray crystallography was invented by Australian Nobel Prize winner William Bragg. X-ray 

crystallography provides the most accurate representation of a protein structure on an atomic scale. X-ray 

crystallography is the process of firing x-rays into a crystal and measuring how the X-rays bounce off the 

atoms. From that we can determine the atomic structure.    

This is the International Year of Crystallography and I have chosen to study the structure of a protein from 

an Australian animal, the emu.   

General Definitions Quick Reference table (to refer to whilst completing experiment)  

Key Term Meaning 

Proteins Proteins are large biological molecules that are formed by long chains of amino 

acids. 

Amino Acids Amino acids are the building blocks of protein. They also very important is 

maintaining bodily functions, for example giving cells a structure and the storage of 

nutrients. 

Lysozyme  Lysozyme is an enzyme that fights bacteria by damaging the bacterial cell walls.  

Ovalbumin Ovalbumin is the major protein which takes up 60-65% of all protein found within an 

egg. 

Ovotransferrin Ovotransferrin is a protein of an egg albumen that is the most heat reliable protein 

of all of them. It contains about 700 amino acids and makes of 12% of an egg 

albumen. 

Ion Exchange 

Column 

An ion exchange column is a column, composed of a charged resin, used for 

separating protein mixtures on the basis of the different charges that proteins carry.  

Buffer It is a chemical defined solution that keeps the acidity (pH) stable at a constant level 

and contains salts similar to those found in cells.  

Molarity (M) Molarity is the measure of concentration of a chemical substance.  

Absorbance Proteins absorb light of specific wavelengths.  
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Resin The ion exchange material.  

Column Volume A volume of the buffer that exists within the resin.  

SDS-PAGE Polyacrylamide gel electrophoresis (PAGE) in the presence of sodium dodecyl sulfate 

(SDS) – a high resolution method for separation of proteins based on size.  

Mass 

Spectrometry 

Mass spectrometry is an analytical chemistry technique that measures the mass – to – 

charge ratio and abundance of gas-phase ions.  

Aim 

To purify, then crystallise the emu antibacterial protein, lysozyme, present in egg white.  

The aim was to determine the structure of a novel lysozyme and compare it to the known structure of 

chicken lysozyme. The rationale was to compare the structures of the same molecule from closely related 

species, to see how they varied. Emu lysozyme is 80% identical to chicken lysozyme at the amino acid 

sequence level.  

Hypothesis  

That lysozyme from chicken and emu will be structurally highly related and that the 20% difference 

in amino acid composition makes little difference to structure.  

Method  

This method is spilt into 2 stages which describes the process of first preparing the chicken egg white, 

preparing the column and then running the sample through a poly-acrylamide gel. Then stage 2 outlines 

the same method with a slight variations for the Emu egg. Please note that the following method is too 

complex to be carried out by a year 9 student on his/her own. A specialist in this area is required to assist 

in the intricate parts of the experiment. The following experiment was repeated to ensure reliable results.  

Stage One, Chicken Egg: 

Preparing the buffers:  

 BUFFER A: Consists of Tris HCl (a chemical that keeps acidity stable at 7.5 pH 

 50 mM Tris-HCl pH6.8 

 BUFFER B: Consists of Tris HCl and NaCl (Sodium Chloride = table salt). Sodium Chloride is there 

 to interrupt the charge interactions between the protein and ion exchange column and allow the 

 proteins to be eluted by the buffer flowing through it.  

 50 mM Tris-HCl pH6.8, 1.0 M NaCl 

Preparing the egg white: 

1. A carton of six eggs was purchased from a local store. Six eggs are necessary when repeating the 

experiment for reliability.  

2. At a sterile workbench, one egg was separated by putting the egg whites in a sterile bowl and 

the egg yolks in another.  

3. Then a vacuum filter was used to obtain a clear starting material. This was done to ensure other 

particular material located within the shell is removed (see figure 2.0). 
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4. The substance was then transferred in equal amounts into 10ml test tubes with securable lids. 

5. It then was centrifuged (in this case on a TI45 rotor on a Beckman Ultracentrifuge) at 40000 rpm 

at 4°C for 10 minutes. This was done to remove fine protein aggregates.  

6. An equal volume of buffer A was added.  

7. Then it was spun down again in the same conditions as above.  

 Once all steps have been completed one can proceed to ‘preparing the column’. 

Preparing the column: 

Specific Ion Exchange Column.  

A pre-purchased column with the following characteristics: 

 Name: HiTrap SP HP, 5mL  

 Column Volume: 5mL 

 Load Volume: 25% of the column volume.  

 

1. A HiTrap SP HP column was set up on an automated column machine, which is called the ÄKTA 

purifier and equilibrated with 3 column volumes of Buffer B, diluted 1 in 50 with buffer A. (Low 

Sodium Chloride) 

2. 1.25mL (25% of column volume) of the protein sample was loaded onto the column.  

3. Column was washed with three volumes of the same buffer above. (Buffer B diluted 1 in 50 with 

buffer A) 

4. Proteins were eluted in ten column volumes, using a gradient of 2% buffer B (diluted in buffer A) 

(low salt) to 50% of buffer B (low salt). The only thing varying in both of the buffers is the 

concentration of salt.  

Proteins peaks were detected as they pass from the column using a light cell of a particular quality of light 

that is absorbed by proteins, which is linked to a printer that will plot protein concentration against the 

volume of a protein sample eluted from the column. The height of the peak on the graph is proportional to 

the amount of light absorbed by the protein which is in turn proportional to the amount of protein being 

eluted.  

10ml fractions were collected from the column flow through.  

Running the sample through a gel: 

1. The ‘gel box’ with a SDS-PAGE gel was set up as shown in figure 2.1. Assistance was required from 

a laboratory expert to ensure the correct assembly of the gel.  

2. The gel was then run for 30 minutes, or until the dye had reached the bottom.  

3. After the end of the 30 minutes, the gel was extracted from the gel box and washed with cold 

water over a sink.  

4. The gel which is covered in a plastic cover was removed by placing a metal spatula at each 

corner and twist slightly to break away the cover. A degree of care was required at this step to 

avoid the gel being damaged, contaminated or lost.  

5. The gel was then placed in a microwave safe box with 200 mL of cold water and coomassie blue 

protein stain.  

6. Once the gel had stained for 30 seconds, stain was replaced with water and the box was placed 

in microwave 5 times each for 15 seconds, to warm slighty. It was ensured that between each 

microwave session the box was taken out and moved around in a circular fashion. This de-stained 

the gel.  

7. The box with the gel was placed on a platform shaker for 24 hours.  
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8. Once the period of 24 hours had elapsed the gel was then taken out of the liquid and observed 

and documented.  

Stage Two, Emu Egg: 

Stage two is very much a repeat of stage one except for a few slight differences due to the fact that 

crystallisation of the Emu lysozyme was the ultimate long term goal. An extra step which was added for 

extra purificationwas gel filtration. 

Preparing the buffers:  

Identical to Stage one.  

Preparing the egg white: 

1. An Emu egg was purchased from ‘The Emu Shop’ located 1 hour south of Sydney, for $20. It was 

the first one of the season.  

2. It was then cut in half using a Dremel cutting tool (see figure 3.3). The egg was then separated into 

its egg white and egg yolk.  

3. 10 mls of the egg white was filtered using cheese cloth (See figure 2.4) to remove any pieces of 

shell and dirt.  

4. The filtered Egg white was clarified by spinning down in a Ti45 rotor (made of titanium) at 

40,000 rpm (186,000 x the force of gravity) using Beckman Ultracentrifuge. 

5. 5 mls of the supernatant (the part of the egg white that didn’t sediment) was applied to a 5 ml 

cation exchange column (SP Sepherose from GE Healthcare) pre equilibrated in Buffer A and 

Buffer B (high salt) was used to elute the protein. This process was performed on an ÄKTA purifier.  

6. Protein quality was assessed at the conclusion of running the column with SDS-PAGE gel. 

Instructions on how to interpret marker proteins used on the SDS-PAGE gel is located in figure 2.2.  

7. To get extra pure protein, a few of these peaks were collected and applied to a gel filtration 

column (also known as size exclusion chromatography): this sort of column separates proteins 

based on the shape and size, as the small beads in the column contain small holes that trap and 

slow down small proteins, but let the large proteins flow by. 

8. A GE Healthcare Superdex 200 column was placed onto the ÄKTA purifier and equilibrated in 

buffer. 500 ul of protein was injected onto the column and it was ran at 0.5 mls/min for 23 mls 

(the length of the column). Large proteins came off from ~ 8 mls and small protines came out at 23 

mls.  

9. Using a “Mosquito” robot from TTP Labtech we set up 384 hanging drop crystalisation 

experiments (in 4 x 96 well plates), where each experiment contains 200 nl of protein solution and 

200 nl of crystallisation solution. These experiments use vapour in the lower well to obtain water 

from the protein containing drop to gradually increase the concentration of protein in a drop.  

10. The protein gel was then sent to the University of Sydney for identification, using mass 

spectrometry.  

11. Two – three weeks were allowed to let crystals grow.  
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F I G U R E S :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.0 – A chicken egg 

white 

Figure 2.1- Gel Box  

500mls of MES buffer was 

placed into this gel box.  

Attached to electric cables. It 

uses electricity to pull the 

protein through the gel 

matrix.  

Transparent gel matrix.   

The white substance that we 

don’t want present in the egg 

white sample.  
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Figure 2.2, the 

representative pattern of 

marker proteins after SDS-

PAGE. Molecular weight 

and identity of proteins 

are shown.  

(left) Figure 2.3, the emu 

egg being cut in half using 

a drilling tool.  

(Right) Figure 2.4, the emu 

egg white being filtered.   

SDS-PAGE 
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V A R I A B L E S   

The variables in this experiment as follows: 

Independent Variable: The species of the egg - whether it is chicken or emu. The independent variable 

was changed when the test for lysozyme in chicken egg occurred then when we moved on to complete the 

same process but with emu.  

Dependent Variable: The fact that we were looking for a protein in an egg. That protein is lysozyme.  

 

C O N T R O L S  

The experiments on chicken egg white served as a positive control for methods for lysozyme purification.  
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Risk Assessment 

 

 Hazard 

Description 

People 

involved 

Property/things 

that could be 

damaged 

Accident 

prevention 

measures 

already in place 

Risk 

Assessment 

(Low, Moderate, 

High, Extreme) 

Further action 

taken to 

control risk 

1.  Hazardous 

liquids 

spilling/splashing.  

The 

undertaker of 

the 

experiment 

and the 

people in the 

vicinity. 

Personal 

features (eg. 

hands), bench 

tops, clothing 

could become 

contaminated.  

It is mandatory 

to wear safety 

gloves, glasses, 

enclosed 

footwear and a 

lab coat whilst 

working in the 

laboratory.  

Moderate/High All actions are 

taken with 

extreme care 

and 

consideration.  

2.  Breakage of 

materials (eg. 

beakers, 

measuring 

cylinders). 

The 

undertaker of 

the 

experiment 

and the 

people in the 

vicinity. 

Personal 

features. Eg. 

hands and feet 

can be cut and 

become 

infected.   

It is mandatory 

to wear safety 

gloves, glasses, 

enclosed 

footwear and a 

lab coat whilst 

working in the 

laboratory. 

Moderate/High All actions are 

taken with 

extreme care 

and 

consideration. 

Making sure 

you are 

aware of your 

surroundings.  

3.  The intake of 

fumes 

The 

undertaker of 

the 

experiment 

and the 

people in the 

vicinity. 

Internal bodily 

harm 

To perform the 

element of the 

experiment in a 

fume cupboard.  

Moderate/Low All actions are 

taken with 

extreme care 

and 

consideration. 

Making sure 

you are 

aware of your 

surroundings. 
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Results 

 

 

(Above) Figure 3.0 – Proteins elution profile (absorbance 280nm) from ion exchange column – chicken egg 

white.   

  

Figure 3.1 – Results from the running of the gel from the chicken egg white.  

(From the left)  Lanes 1 &2 are marker proteins; lanes 3 & 4 are fractions 

representing the two peaks of the ion exchange column.  
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(Above) Figure 3.2 – Protein elution profile 

(absorbance 280nm) from ion exchange column – emu 

egg white protein.  

(Left) Figure 3.3 – SDS-PAGE of fractions across the 

major peaks of the ion exchange column. Column 

fractions loaded onto the gel filtration column (GF) 

are indicated. 

Lane 1   Total egg white protein 

Lane 2  Pellet after centrifugation  

Lane 3  Supernatant after centrifugation 

Lane 4  Flow through of column. 

Lanes 5-16 Samples of column fractions 
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Figure 3.4 – Tabulated results of eluted column volume 4nd protein absorbance (mAU), from Gel Filtration 

column.   

Cumulative elution 
volume (ml)  

 Absorbance  
280nm  

         0.00 -2.10 

0.46 0.49 

0.92 0.83 

1.38 0.69 

1.84 0.52 

2.30 0.64 

2.76 0.88 

3.22 0.89 

3.68 0.80 

4.15 0.68 

4.61 0.49 

5.07 0.36 

5.53 0.09 

5.99 0.30 

6.45 -0.15 

6.91 0.12 

7.37 1.89 

7.83 9.49 

8.29 35.78 

8.75 51.42 

9.21 51.47 

9.67 41.93 

10.13 35.02 

10.59 32.87 

11.05 29.34 

11.51 24.03 

11.98 22.53 

12.44 24.58 

12.90 46.54 

13.36 272.70 

13.82 1158.66 

14.28 5160.87 

14.74 834.41 

15.20 369.32 

15.66 83.18 

16.12 13.86 

16.58 4.00 

17.04 2.90 

17.50 2.38 

17.96 2.66 

18.42 2.88 

18.88 5.43 

 

19.35 7.95 

19.81 8.45 

20.27 7.48 

20.73 6.01 

21.19 4.77 

21.65 4.14 

22.11 3.79 

22.57 2.87 

 

Graph next page 



In pursuit of Emu Egg White lysozyme 

 

Page 14 

 

(Above) Figure 3.5 – Protein elution profile (absorbance 280nm) from gel filtration column – emu egg 

white protein.  

 

(Left) Figure 3.6 – SDS-PAGE of fractions A12, B1-4 from gel filtration 

column separation of emu egg white proteins. The major band shown in 

fraction B2 was cut out and sent for identification.  

 

Lane 1   Molecular weight markers 

Lanes 2-6 Column fractions 
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Figure 3.7 – Ovotransferrin Crystals in well B2 

 

 

Figure 3.8 – What is believed to be a salt crystal, in well F4.  
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Discussion 

In this study our goal was to purify, then crystallise an Emu antibacterial protein, lysozyme, which we 

anticipated would be present in egg white.  

The main focus was on lysozyme because it is abundant and has been used often in scientific investigations 

to teach methods in protein structure.  

At the beginning of the experimental process, a great degree of research went into finding the correct 

methods that would satisfy the aim. The research included how to accurately prepare an egg white for 

testing, and to purify lysozyme. Before the testing on the emu egg white began, methods had to be 

developed. The decision to test for lysozyme in chicken egg white was made because it was known that 

lysozyme was abundant and that if we were able to achieve a purification of lysozyme from chicken egg 

white then our methods could be applied to the emu egg. 

We first isolated chicken egg white, filtered it through filter paper under vacuum, centrifuged at 186000g 

for 10 minutes at 4 degrees C to remove fine particular matter. Then the solution was diluted 1:1 in buffer 

A and centrifuged again under the same conditions. Recovered protein was then loaded onto a HiTrap SP 

HP ion exchange column and once it was run we discovered two peaks (see figure 3.0). These two peaks, 

revealed by absorbance of UV light at 280 nm, indicated a high concentration of protein. From there we 

ran the fractions from the column on an SDS-PAGE and protein was visualised after staining of the gel with 

coomassie blue. A mixture of marker proteins of known molecular weight was included in one lane. From 

examining the gel (figure 3.1), we found 2 major ‘bands’ of protein, and from consulting figure 2.2 we 

were able to determine that the bottom band was the correct size for lysozyme and the top band remains 

unknown. 

Next we applied these methods to the separation of proteins in emu egg white. An examination of the ion 

exchange column profile (figure 3.2) revealed a single major peak accompanied by a number of minor 

peaks. SDS-PAGE analysis of fractions across these peaks (figure 3.3) revealed a single major protein of 

molecular weight 70 kilo Daltons (kD) and other minor bands of higher and lower molecular weight. 

Surprisingly, no band was found at the correct molecular weight for lysozyme (14 kD). Subsequent 

searching of the literature (in collaboration with Alastair Stewart) revealed a publication by Maehashi et 

al. [9] suggesting that emu egg white did not contain lysozyme.  

At this point we decided to purify and identify the major protein species detected in emu egg white. We 

included an additional purification step using gel filtration chromatography, which separates proteins on 

the basis of size and shape by sieving through a column of sephadex beads. A selection of fractions from 

the ion exchange column were loaded onto the gel filtration column (see figure 3.3). The column profile 

(see figure 3.5; raw data tabulated in figure 3.4) revealed a single large peak that SDS-PAGE indicated 

was of high purity (see figure 3.6). The major band was cut out from one lane of the gel and sent to the 

University of Sydney for protein identification using a technique called mass spectrometry. This showed 

that the protein was ovotransferrin which, like lysozyme, is an antibacterial protein. It acts to bind iron 

which is necessary for bacterial growth. We propose that in the absences of lysozyme, ovotransferrin will 

be an essential part of the bacterial defense system of the egg.  

We then went on to attempt to crystallise ovotransferrin. Protein solutions were placed into multi-well trays 

under different buffer conditions. After two weeks crystal-like structures were detected in two wells. These 

were examined using normal microscopy (bright field), polarised light and fluoresce after UV irradiation. 

(Due to the presence of amino acids) In one well (see figure 3.7), multiple crystals showed birefringence 

after irradiation with polarised light (true crystals rotate polarised light giving a multi-coloured effect) 

and showed fluorescence after irradiation with UV light, consistent with the presence of protein. Another 

well (see figure 3.8) showed a single crystal which did not show UV fluorescence suggesting it is most likely 

a salt crystal. The fact that multiple crystals formed in the one well, suggests that reliable conditions can 
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be established for crystalisation of emu ovotransferrin. However, the shape of the crystals suggests that 

they are ‘spherulites’ or circular crystals that are not suitable for determining their structure through X-ray 

crystallography.  

Validity & Improvements  

Although time didn’t allow for further experimentation, varying the conditions of crystalisation may 

improve the crystal quality and allow a structure of emu ovotransferrin to be determined.  

The preparation of ovotransferrin used for crystalisation did contain some contaminating proteins. A purer 

preparation may have supported better quality crystals. Also more time would have had a positive effect 

on the experiment as a whole.  

Conclusion 

In conclusion, we set out to determine the protein X-ray structure of emu egg white lysozyme. We 

confirmed the findings of Maehashi et al. [9] that lysozyme is not present in the egg white of emus. We 

discovered a highly abundant protein which we identified as ovotransferrin using mass spectrometry. It is 

known that ovotransferrin has anti-microbial properties due to its ability to bind iron and we propose that 

it can substitute for the lack of lysozyme in the emu egg white anti-bacterial defense system. 
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Creativity Paragraph 

The above experiment is original and creative on many levels. The method and equipment used for this 

experiment was nothing I had ever come across before. It contained many weird and wacky techniques, 

for example the gel filtration step because it used so many different elements to get one result. The way 

the results were collected was different to most other numerical based experiments. It wasn’t just based on 

the raw data, it included many other ways of gathering results, for example when looking for presence of 

proteins in the SDS-PAGE gel. Due to the complexity of the experiment, new and uncommon methods were 

necessary to be learnt and carried out outside of what is usually possible at school.  


