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Background
Although it is expected that all chicken skin samples will exhibit similar structural and material properties, there still may be significant differences in these properties amongst chicken skin samples. In a prior study of the tensile properties of chicken skin, there was a substantial amount of variability in the stiffness, Young’s modulus, and ultimate stress amongst both wet and dry chicken skin samples, as evidenced by the relatively wide ranges and the large standard deviations (Appendix, Table 1). Since collagen type I is the main constituent of the dermis accounting for three-quarters of its dry mass and is responsible for giving skin its strength1and since elastin is the major protein component that confers skin its elasticity2, the differences in mechanical and structural properties seen in chicken skin can be attributed to differences in the concentrations of elastin and collagen type I. By combining the experimental methods and data analyses from Experiment 1 (Muscle Protein Detection Using Electrophoresis) and Experiment 3 (Instron Tensile Testing: Structural & Material Properties of Chicken), it will be possible to quantitatively determine the relationship between protein concentrations of elastin and collagen type I in a skin sample and the material and structural properties of the same sample. 
Hypothesis/Objective and Aims

The central hypothesis is that chicken skin with greater material and structural properties, namely Young’s modulus, stiffness, and ultimate stress, will have a proportionally higher concentration of elastin and collagen type I protein. Since elastin and collagen type I are the main proteins responsible for the elasticity and strength of skin, chicken skins that have material and structural properties reflecting a greater elasticity and strength should have a greater concentration of these proteins. 
Some additional sub-objectives are to learn how to isolate and quantify the proteins collagen type I and elastin by image analysis of a gel with MATLAB and to learn how to determine material and structural properties of the chicken skin by tensile testing with the Instron.

Equipment
Major Equipment
Instron Model 4444
BioRad Power Supply
BioRad Mini-PROTEAN II & III Cell Electrophoresis System

Lab Equipment
Balance
Calipers

Weights (500g, 1kg, 2kg)

Scalpel 

Scissors 

Cutting boards

Heating Block

Pipettes and tips (regular and gel-loading)

1.5 ml microfuge tubes with DDT
1.5 ml microfuge tubes
Coomassie Blue Stain

Destain Solution

Distilled Water

Supplies and Newly Purchased Equipment

5 chicken skin samples from drumsticks
Collagen Standard

Elastin Standard

SDS-Page Molecular Weight Standards
4-12% ReadyGel polyacrylamide gel

SDS Buffer

Loading Buffer

The Instron and all other equipment associated with the Instron (e.g. the weight set) are necessary for the tensile loading of the chicken skin to determine the material and structural properties. Supplies associated with the gel electrophoresis include the BioRad Mini-PROTEAN III system, SDS buffer, loading buffer, polyacrylamide gel, DDT, and weight standards; they are necessary for image analysis to help identify and quantify the amount of protein. The elastin and collagen proteins to run as a standard are necessary to improve the accuracy of identifying and isolating the specific bands corresponding to elastin and collagen from the chicken skin samples. Without these standards, it is not possible to determine that a protein band from the chicken skin samples is actually an elastin or collagen band as it may be a different protein with a similar molecular weight. 
Proposed Methods and Analysis

Methods
1. Harvest a chicken skin sample from each chicken drumstick. For each sample, carefully remove a small portion (roughly 2 cm by 1cm) of the chicken skin immediately adjacent to desired region of skin for Instron testing. These small pieces will be used as the tissue samples for gel electrophoresis. Note which piece corresponds to which chicken sample for later analysis.
2. Follow procedures on pages 5-7 of Experiment 3 (Instron Tensile Testing: Structural & Material Properties of Chicken) for Instron setup and calibration and chicken skin tensile testing.
3. While half the group is tensile testing the chicken skin, the other half should prepare tissue samples and gel electrophoresis system. Cut pieces from skin samples so that and each sample for protein extraction will have the same exact mass. Prepare samples and gel as described in Experiment 1 (Muscle Protein Detection Using Electrophoresis) on pages 9-10.
4. Create three elastin and collagen type I molecular weight standards by mixing together the proteins at different concentrations: Standard 1 contains 150µg of elastin and 150µg of collagen; Standard 2 contains 500µg of elastin and 500µg of collagen; and Standard 3 contains 1000µg of elastin and 1000µg of collagen. 
5. Load Standards 1-3, each of the five chicken skin samples, and the SDS molecular weight standard into separate lanes using the methods in Experiment 1 on pages 10-11. Run, stain, destain, and take an image of the gel as described in Experiment 1 on pages 11-12.
Protocol 
· Harvest and prepare 5 chicken skin samples for tensile testing as well as gel electrophoresis, taking care to note which sample for tensile testing corresponds the gel electrophoresis sample(1 hour)

· Split group in two with one half running tensile tests on chicken skin sample and other half running the gel electrophoresis

Tensile Testing

· Set up and calibrate Instron (45 min)
· Perform tensile tests on the 5 chicken skin samples (3 hours)
Gel Electrophoresis
· Prepare electrophoresis system (45 min)

· Load and run 5 chicken skin samples and standards (1 hour 30 min)

· Stain polyacrylamide gel (50 min)

· Destain polyacrylamide gel (1 hour 45 min)
· Take images of gel (5 min
· Use MATLAB to calculate ultimate stress, Young’s modulus from the slope of the initial linear portion of the stress-strain curve, and stiffness from Equation 1 (Appendix) of chicken skin samples. 
· Using MATLAB, determine the concentration of elastin and collagen type I in chicken samples.

· Graph elastin and collagen type I concentration versus ultimate stress, elastin and collagen type I concentration versus Young’s modulus, and elastin and collagen type I concentration versus stiffness.

· Perform regression analyses and calculate correlation coefficients.
· Determine tstat values from correlation coefficients using Equation 2 (Appendix) and compare to tcrit values
There will be five chicken skin samples for tensile testing and five corresponding samples for the gel electrophoresis. From the tensile testing and stress-strain curves of the chicken skin, Young’s modulus can be calculated from the slope of the initial linear portion, ultimate stress by determining the greatest stress before fracture on the stress- strain curve and stiffness from Equation 1 (Appendix). Protein concentrations can be determined by utilizing Standards 1-3 to determine a conversion factor since each standard should have a different cumulative pixel value for a known concentration of protein. Using this conversion factor, the elastin and collagen concentrations can be determined for the chicken samples. Since it was hypothesized a larger stiffness, Young’s modulus, and ultimate stress will have a proportionally larger concentration of elastin and collagen type I, linear regression analyses between the protein concentrations and the material and structural properties should reveal a high degree of correlation. To ascertain the statistical significance of the regression, Equation 2 (Appendix) yields a tstat which can then be compared to a known tcrit.
Potential Pitfalls & Alternative Methods/Analysis

The concentration of collagen and elastin is assumed to be uniform within the same sample; however this may not be the case. In order to receive a skin sample for gel electrophoresis as identically close as possible to the skin sample that undergoes tensile testing, the skin sample for the gel electrophoresis is taken immediately adjacent to the skin sample for the tensile testing rather than from any extra skin from the drumstick. This will minimize any differences present in the protein concentrations from the two skin samples. A direct skin sample taken from a piece that has already been loaded may introduce other errors, as subjecting the skin to mechanical stresses may destroy or alter protein structure. 
In a prior image analysis of muscle protein (Experiment 1), it was found that the resolution of the image analysis was so substantial that it was 190.24% greater than the concentration of the protein being studied. In an effort to improve the resolution and increase the veracity of the study, the three different concentrations of the same molecular weight standard will have three different optical densities which will improve the accuracy of the pixel conversion factor. Also, the molecular weight standard is composed of the target proteins, elastin and collagen type I, to improve the identification of the protein bands in the skin samples. 
Although differences in the concentration of elastin and collagen type I may affect the material and structural properties, the differences in the protein concentrations may be so minuscule that there are no apparent changes in the properties. Similarly, there may be so much noise in the stress-strain curves and image of the gel that any differences may be masked. It will be necessary to compare the protein concentrations and material properties to the resolution of the system to determine if the results are credible. 
While collagen type I and elastin are major components of the dermis and skin, during the image analysis the proteins may not appear due to heavy staining or may be difficult to determine due to bands smearing together. This would considerably affect the accuracy of the results and conclusions. If the collagen type I (47 kDa)3 band where to be smeared, procollagen, a precursor a collagen, can be studied to help determine the concentration of collagen type I present since the molecular weight of procollagen (138 kDa)4 is different than collagen. Likewise, if the elastin (25 kDa)5 band were to be blurred, tropoelastin, the elastin precursor, with a molecular weight of 70 kDa, could give an indication of amount of elastin present in the sample.6 
Budget
Chicken drumsticks for the chicken skin samples cost $32.99 per 40lb box from Fresh Grocer. Since each drumstick weights approximately 1-2 lbs and each group receives 5 drumsticks, it is necessary to buy 2 boxes for a total $65.98.3 

Collagen from Sigma Aldrich, product number C3867 Collagen Solution, Type I from rat tail, costs $125.00 per vial with approximately 100mg of collagen in each vial. This is enough to give each group 6mg of collagen. Elastin from Sigma Aldrich, product number E6527 Elastin, soluble bovine, costs $210.15 per 1g of elastin, more than enough for each group to have 6mg of elastin.4
Fisher Scientific sells 4-12% polyacrylamide gels, product number CK41212, and it costs $100.50 for 10 gels which is enough for one class. A pre-stained, broad range SDS Molecular weight marker, product number NC9127286, costs $78 from Fisher Scientific for 500µl, more than enough for 10µl per group. A 6.8 pH loading buffer solution for gel electrophoresis from Fisher Scientific, product number NC9140367, costs $65 for 20ml which is sufficient for one class if each group requires 500µl of loading buffer. One liter of Fisher Scientific’s SDS buffer, product number CB60500, which is enough for one class, costs a total of $110.82 at $55.41 per 500ml.5
In total, the purchases costs $755.45.
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Appendix
	
	Stiffness (N)
	Young’s Modulus (N/m)
	Ultimate Stress (N/m)

	Wet Chicken Skin
	1000.10±147.22

(771.58 to 1173.37)
	4.13x106±1.08x106
(3.06x106 to 5.93x106) 
	6.10x105±1.10x105
(4.92x105 to 7.49 x105)

	Dry Chicken Skin
	640.09±157.72
(444.97 to 792.26)
	3.41x106±1.10x106
(1.91x106 to 4.94x106)
	7.45x105±2.87x105
(3.59x105 to 11.04x105)


Table 1. Mean and standard deviations of stiffness, Young’s modulus, and ultimate stress of wet and dry chicken skin with ranges given in parentheses. 
Equation 1: 
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Equation 2: 
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, where r is the correlation coefficient and n is the number of samples 
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