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A.  BACKGROUND:

Many bodily tissues, such as skin, blood vessels, and lungs are required to be strong and elastic in order to function properly.  These tissues obtain their resiliency and ability to stretch and recoil from a network of elastic fibers in their extracellular matrices.  The main component of the elastic fibers is the highly hydrophobic protein elastin.  Without an appropriate amount of elastin, tissues of the body are liable of losing their structural integrities, which can cause major health concerns to the victim.  One example of this is the chronic obstructive lung disease called emphysema.  When toxins, such as smoke, are breathed into the lungs, the particles become trapped and cause an inflammatory response.  Such chemicals released during this response include the serine protease elastase, which is responsible for elastin degradation.  As a result, this protease can break down the walls of the alveoli and their surrounding capillaries and can decrease the elasticity of lung tissues, inhibiting the ability of the lungs to exchange oxygen and carbon dioxide by simple diffusion.  It also results in the collapse of small airways during exhalation, causing a shortness of breath and hypoventilation, as well as a wide variety of other downstream effects.


This proposed experiment combines electrophoresis and tensile testing to quantify elastin degradation and to demonstrate that it weakens the structure and composition of chicken skin.  By measuring a change in mechanical properties, it will be shown that the addition of elastase in chicken skin causes a degenerative effect resembling that of the lungs by emphysema.  In a previous lab (Experiment #3) several properties of chicken skin, free of elastase degradation, were measured, and included ultimate tensile strength and Young’ s modulus.  The average ultimate strength of the skin was found to be 86.81±241 kPa, while its elasticity measured 6.725±4.067 kN/m2.  In this experiment, since elastin is destroyed in each of the experimental samples, it is expected that their average ultimate strengths will be significantly lower and their average elasticities will be significantly greater than the values provided above.  

B.  HYPOTHESIS / OBJECTIVES:

The hypothesis of this experiment states that the initiation of elastase digestion in chicken skin will degrade and diminish its supply of elastin, thus resulting in a lower ultimate tensile strength and a higher Young’s modulus in comparison to chicken skin that is untreated with this serine protease.  

The main objectives of this lab are:

1. To quantify the amount of elastin that is destroyed by 1 hour of elastase digestion in chicken skin using gel electrophoresis techniques and pixel analysis.

2. To become familiar with using pixel data of electrophoresis blots to quantify the concentration of certain proteins in tissue samples.

3. To utilize tensile testing of chicken skin samples, both treated and untreated with the elastase enzyme, in an attempt to determine how a change in elastin correlates to changes in mechanical properties.

4. To utilize stress-strain equations as well as Matlab poly-curve fitting to determine the Young’s modulus of chicken skin.
C.  EQUIPMENT:
I.  Major Equipment:

· The Instron 4444 machine will be used in this lab to perform tensile testing of the chicken skin samples.  It is also utilized in conjunction with Labview in order to continuously record force (N) and displacement (mm) measurements.  

· Bio-Rad Mini Protean II & III Cell Electrophoresis Systems and Bio-Rad PowerPac Basic & 300 power supplies are required to separate the proteins and quantify the amount of elastin present in the chicken samples both before and after elastase treatment.

II.  Lab Equipment:
· Scalpels, scissors, and cutting boards will be used to cut the chicken skin into small test samples.  Calipers and rulers are required to ensure that all test subjects are the same size and to measure the gage length between the Instron supports.

· A weight set (500g, 1kg, 2kg) will be used to periodically calibrate the Instron machine.
· A ¼ inch thick piece of Confor Slow Recovery Polyurethane Foam is required to run several surrogate trials to determine appropriate sampling and loading rates for the tensile tests.

· Undiluted SDS buffer and the chemical DTT are essential for this lab because they bind to the proteins in the samples to break their noncovalent bonds and denature them from their tertiary structure.  SDS also imparts a net negative charge on all protein samples to facilitate movement down the gel.  Upon completion of DTT digestion in separate test tubes, an aliquot of gathered liquid from each tube is added into separate 1.5mL microfuge tubes, where they will be mixed with loading buffer, composed of glycerol and bromophenol blue.  The glycerol adds weight to the samples, allowing them to fall into the wells, and the bromophenol blue colors the samples so that they can be seen migrating through the gel, enable the students to disconnect the power once the bands reach the bottom.

· A 950C heat block is required to heat the individual samples when they are digested by DTT.

· Coomassie Blue Stain and Destain solution are required for the staining and destaining of the gel respectively.  Once these two steps are complete, a digital camera and a light source are used to picture the illuminated blue bands on the gel.  These images are then imported into the computer, whereby Matlab can then be used to quantify the elastin bands on the gel.

III.  Supplies:
· Pipettes and tips (both regular and gel-loading) will be used to prepare the samples for electrophoresis and to load them into the wells.

· Water and paper towels are needed to cover the chicken samples so that they remain moist in between tensile testing trials.

IV.  Newly Purchased Equipment:
· Porcine Pancreatic elastase (a serine protease) will be utilized in this experiment to degrade the elastin molecules in the chicken skin and determine the effects that elastase has on its mechanical properties. 

· Chicken legs will be purchased for this lab, in which the skins will be used as the experimental test subjects.

· 4-15% polyacrylamide gels are required to separate the protein bands in the chicken skin samples.  Two gels will be supplied to each group.
D.  PROPSOSED METHODS & ANALYSIS:

The experiment described in this proposal is composed of two main steps (electrophoresis and tensile testing) en route to quantifying the percentage change in certain mechanical properties of chicken skin at different concentrations of the protein elastin.  In order to accomplish this ultimate task, control and experimental groups (n=7) of chicken skins must be established.  Each of the test samples in both groups will be of the same size (1.5 in by 0.75 in), but will be treated differently prior to electrophoresis and tensile testing. 


For each group of chicken skins, 14 pieces will be cut so that 2 pieces of skin can be placed in each of the 7 test tubes allotted for the experimental and control samples.  (This will take about 1 hour.)  Then, the control specimens will be fully immersed with water while the experimental specimens will be fully immersed with the porcine pancreatic elastase.  (The elastase is supplied as an aqueous suspension and must be diluted to dissolve the enzyme.  The concentration of 5μg/ml used in the experiment published by Cantor et. al will also be applied to this lab as a general guideline.  Therefore, 3L of this solution, containing 15mg of the enzyme, will be created and can be shared by all the groups.)  After 1 hour, the liquid in each test tube will be poured out, and the remaining skin samples will be rinsed several times with ddH2O.  At this point, 1 of the 2 samples from each test tube will be taken out and placed on wet paper towels to keep them moist until they are ready to undergo tensile testing.  The remaining samples in the test tubes will then be digested by DTT.  The DTT will degrade the protein of the chicken skin and enable the students to determine the remaining amount of elastin after elastase digestion.  Upon addition of the DTT into each of the sample tubes, the protocol for Experiment #1 can be followed to completion.  The only modification to the procedure is that two gels will be run, one each for the control and experimental groups.  Therefore, two blots will be obtained once staining and destaining is accomplished.  To obtain clear bands without blurring, add about 20μL of sample into the wells.  In total, the electrophoresis portion of this experimental should take no longer than 4 hours to complete.  


In order to determine if the elastase solution made a significant difference in the concentration of elastin in the chicken skins, pixel analysis of the two blots must be conducted using Matlab.  Elastin protein bands should be seen at sites along the gel corresponding to their molecular weights of approximately 72kDa.  With Matlab, regions of interests (ROI) must be selected to fully enclose each elastin band and to account for thresholding of the background color of the gel.  The cumulative pixel values will be used to determine the relative amount of protein in each band.  This value accounts for both the area and the density of the pixels in each band.  By knowing that the concentration of the molecular standards is 2μg/ml, it is possible to utilize their average cumulative pixel values in a simple proportion to find the average concentration of the elastin bands.  After quantifying the elastin in both gels, a one-tailed, unpaired t-test can be performed between the concentrations of both groups to determine if 1 hour of elastase digestion was enough to cause a significant difference in their elastin compositions.  


Since the electrophoresis segment of the experiment consumes much of the allotted 6-hour lab period, it will be necessary for the groups of four to split up into pairs and work separately.  While one pair is running the electrophoresis, the other can be executing the tensile testing after the elastase digestion is complete.  At this point, the chicken skin samples placed on the moist paper towels can be taken to the Instron 4444.  (Note: These samples cannot undergo DTT digestion because the skins would have been subject to further degradation.  We are only concerned with the change in the tensile properties due to elastase.)  Before applying the skin samples, Confor polyurethane foam will be used to determine an appropriate loading rate and sampling rate (40mm/min and 5 samples/second should suffice).  The goal is to be able to determine the rupture point of the chicken skin, which is on the downward sloping part of the graph after the point of ultimate strength is reached.  Afterwards, each tensile test will be performed as described in the protocol for Experiment #3.  In total, the tensile testing should take approximately 2 hours.

Once all of the data is collected, convert all of the force values into measurements of stress by dividing by the corresponding cross-sectional areas of the chicken skin samples.  Then, convert all displacement values into strain measurements by dividing the gage length between the Instron supports.  By plotting the stress vs. strain curves, it is possible to determine the ultimate strength and the Young’s modulus of each skin sample.  An example of 4 stress-strain curves for chicken skins untreated for elastase is shown in Appendix A.  After the average ultimate strengths and Young’s moduli are extrapolated for the control and experimental groups, one-tailed, unpaired t-tests are once again conducted to determine if there is a significant difference in these properties caused by the porcine pancreatic elastase.  (Young’s modulus is determined by calculating the slope of a curve-fit through the initial linear portion of a stress-strain plot.)
E.  POTENTIAL PITFALLS:

One potential pitfall with this experiment pertains to the calculation of stress from the gathered force measurements.  The thicknesses of the chicken skins are not uniform across their entire areas, and depending on how they are cut dictates whether or not control and experimental groups vary in cross-sectional area.  Ideally, their areas should be the same so that we know that changes in stress solely reflect changes in force caused by the different levels of elastin in the extracellular matrix of the skin samples.  

In addition, due to the non-uniform thickness of the chicken skin, each individual sample may also have varying cross-sectional areas along their own lengths.  Therefore, several measurements at different places on the samples must be conducted in order to determine an average value.  However, the chicken skins are likely to rupture prematurely at one of their thinner regions where the ultimate strength is achieved faster and with less strain than the thicker regions.  As a result, the observed Young’s moduli will be greater than expected, assuming that the samples have uniform cross-sectional areas equal to their calculated averages.

A second complication with this experiment may arise from the fact that it is very difficult to keep each chicken skin sample at the exact same dampness.  Any differences in the moistness of these samples may cause their ultimate stresses and elasticity constants to change as well.  In order to keep both tissue types equally moist, the control specimens are soaked in water at the same time their counterparts are in the elastase solution. 

Another potential pitfall in this experiment is the possibility that 1 hour is not enough time for the porcine pancreatic elastase to significantly lower the concentration of elastin in the chicken skin.  If this is the case, there will be no significant change in the elasticity and the ultimate strength of the samples.  In order to minimize this error, each group could perform two separate electrophoresis blots, where one contains 4 control and experimental samples each, after 1 hour of elastase digestion, while the other contains the same number of samples after 2 hours of elastase digestion.  The only problem with this method is that the sample size must be decreased since only 2 polyacrylamide gels are provided to each team.  Nonetheless, this method would also require at least one of the two outermost lanes to be utilized, whose bands may not show up straight on the blot, as seen on the right edge of Appendix B.  This complicates quantification because the Matlab program used to determine the cumulative pixel values does not allow the user to draw a precise region of interest tightly round such protein bands with one horizontal rectangle.   

A fourth possible hindrance of this experiment pertains to the clarity and resolution of the elastin bands of the electrophoresis blot, which is greatly affected by the volumes of proteins loaded into gel.  As more volume is added to each well, more protein is present in each band.  Therefore, the bands would appear thicker and may be blurred together with their neighboring proteins on the same blot, as was the case for G-actin (42kDa) in Appendix B, which shows a gel of the proteins detected in skeletal muscle.  This creates another challenge for identifying the appropriate “region of interest” of the protein band when performing data analysis using Matlab.  Overlapping and blurring of the bands will cause an increase of the thresholds and the ROI areas, thus affecting the accuracy of the cumulative pixels values and ultimately the concentration of the individual proteins. Doubling the volumes added to each well will theoretically double the cumulative pixels of each band, causing the concentration of the proteins to double as well.  In order to prevent such complications and instead yield protein bands with higher clarity and definition, it may be wise for the students to decrease the volume of the loading sample from 20μL to about 10-15μL. 
F.  BUDGET:
	Product
	Company
	Unit Size
	Quantity Purchased
	Total Price

	* Porcine Pancreatic Elastase


	Worthington Biochemical Corporation
	25 mg
	1 at $34.00 per unit
	$34.00

	+ 4-15% Ready Gel Polyacrylamide gel


	Bio-Rad
	1 box = 10 gels
	4 boxes at $74.00 per box
	$296.00

	** Chicken Legs


	(store bought)
	10 legs
	20 packages at $20.00 per pkg
	$400.00

	Total Price
	$730.00


*Each group will need approximately 150mL of the elastase solution to digest 14 chicken skin samples.  In total, 3L of the solution will be used by all of the groups combined.  The dilution factor is 5mg/L, so purchasing 1 unit will suffice for this experiment.  The pancreatic elastase is supplied as an aqueous suspension and must be diluted to dissolve the enzyme.

+ Each group will use two polyacrylamide gels, totaling 40 gels required for everyone to complete the experiment.

** Each group will need to cut 28 chicken samples, and therefore will be provided with 10 chicken legs for a total of 200 chicken legs for all the groups combined.
G.  APPENDIX:
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Appendix A.  This figure is a sample plot of stress-strain curves for 4 chicken skin trials performed during Experiment #3.
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Appendix B.  This figure is a sample electrophoresis blot of muscle proteins performed in Experiment #1.  It is apparent that a significant amount of blurring occurred between bands.  This is one of the complications of the proposed lab experiment. 
H.  REFERENCES:
Elastase.  Worthington Biochemical Corporation Catalog Page.  (No Date) <http://www. worthington-biochem.com/ES/cat.html>.
Jerome O. Cantor, Bronislava Shteyngart, Joseph M. Cerreta, and Gerard M. Turino. (2002). The Effect of Lysozyme on Elastase-mediated Injury. Experimental Biology and Medicine 227: 108-113.
Susan J. Karcher, David J. Asai, and Chris J. Staiger.  (1995).  Expression Vectors Used in Project-Oriented Teaching Laboratories.  Association for Biology Laboratory    Education: 1-22.
