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Background


The skin is a highly organized multi-cellular organ whose mechanical properties are greatly dictated by its structural, fibrous, sub-cellular component, collagen type I.  Collagen I belongs to a diverse family of molecules with over 28 known varieties and is composed of many fibrils chemically linked in bundles (1).  Each fibril is noncovalently bonded in a fibrous structure giving it tremendous tensile strength that may be observed in its failure properties under uniaxial testing (1).  As such, this study combines methods utilized in Experiment 1 (Muscle Protein Detection Using Gel Electrophoresis) and Experiment 3 (Instron Tensile Testing: Structural and Material Properties of Chicken Skin) in order to determine the relationship between the mechanical failure property, elastic modulus, and collagen I content of samples of chicken skin subjected to uniaxial testing.  The elastic modulus provides an accurate normalized description of the stiffness of the material, and thus is a good representation of the skin’s ability to bear load.  Previous tensile testing concluded that, although collagen fibers align parallel to lines of tension in skin (2) (Appendix Figure 1), there is no significant difference in the elastic moduli of samples loaded parallel or perpendicular with respect to bone orientation (Appendix Table 1).  Since collagen type I is an integral component in skin, this has led us to believe that collagen outside these narrow lines of tension is randomly oriented.  Before costly experimental testing such as the microwave method or electron microscopy and fluorescent antibody labeling is conducted to determine the exact orientation of collagen in skin samples, it is more resourceful to first determine how great of an affect collagen content has on failure properties of tissue.  This may be inexpensively achieved through analysis of the intensity of a band of collagen I protein separated by an electric field during gel electrophoresis.  To this end, a determination of collagen content in skin samples would show to what extent collagen affects the elastic strength of tissue.         

Hypothesis/Objectives and Aims


This experiment will be conducted in order to examine the material properties of chicken skin and determine if there is a trend between material stiffness and collagen I content.  Samples will be tested under constant uniaxial loading and from force-displacement data and stress-strain curves, elastic moduli will be determined.  These values will then be compared to their collagen content as determined through comparison with a collagen type I standard marker in gel electrophoresis.  Collagen I’s cross-linked fibrous structure consists of 3 subunits in a left-handed helix, 2 α1 chains and 1 α2 chain, rich in glycine, proline and hydroxyproline, are non-covalently linked in a coiled-coil (3).  These tropocollagen molecules then aggregate into fibrils of parallel orientation and further bundle together to form a periodic collagen fiber (3).  Its repetitive amino acid sequence and its consequent ropelike bonding provide for its high tensile strength (3) (See Appendix Figure 2).  Collagen’s tightly bound structure is a result of the many hydrogen and sulfide di-linkages that occur periodically throughout the fiber and its subunits, causing the addition of one subunit to provide more than one non-covalent linkage (3).  It is the exponential increase of non-covalent linkages that the addition of 1 collagen molecule to a fibril or 1 fibril to a fiber makes that suggest the amount of collagen present in skin will have an exponential effect on its failure properties. 
Equipment

Major Equipment

The Instron 444 benchtop materials testing machine will be used to supply an evenly distributed, constant force to the samples in uniaxial testing.  The Instron 444 will be able to quantify the failure properties of the tissue because as the sample is loaded, it also produces a digital signal corresponding to the applied force on the sample.  This will allow for analysis of the force vs. displacement of the samples as well as calculation of subsequent failure properties.

The BioRad Mini Protean II and III Cell Electrophoresis System will be needed for the analysis of protein content.  This electrophoresis system will generate the electric field that allows for the separation of proteins contained in the tissue samples by molecular weight and the quantification of collagen I present.  

Lab Equipment
Equipment available in the lab will be needed for this experiment as well.  A marker, pen, caliper, ruler, scalpel, scissors, and cutting board will be needed to harvest tissue samples with similar geometric properties.  A PC with MATLAB and LabView software that will allow for protein content analysis and recording of force-displacement data, respectively, is needed.  A heating block will be needed to aid in denaturing the proteins for accurate weight analysis.  Pipettes, tips and microfuge tubes will be needed to store and transfer tissue samples and add liquids to the samples.  A plastic beaker to create a dilute SDS buffer and container to be used as a destaining tray will also be needed.  

Supplies

Supplies needed for the protein analysis include the BioRad PowerPac Basic & 300 (power supply), ReadyGel Polyacrylamide gel, SDS buffer, acidic loading buffer (to activate pepsin), a molecular weight standard, Coomassie Blue stain, and destain solution.  Samples of chicken skin will also be needed.  

Newly Purchased Equipment

Collagen Type I from calf skin as purchased from Sigma for $76.90 is needed for use as a standard marker.  It will allow for identification and analysis of collagen I in the tissue samples.  The gene’s coding for the α1 and α2 chains of collagen I are highly conserved (4) suggesting that its structure between species is fairly uniform, and is thus an acceptable marker.  Pepsin as purchased from Sigma for $27.60 is needed to extract collagen molecules from the tissue and digest unwanted macromolecules.  Pepsin is the preferred agent because it extracts collagen molecules but it does not digest the molecule into its three alpha subunits.     
Proposed Methods and Analysis

     
To ensure uniform data acquisition, the proposed experiment will use the same loading rate and sampling frequency that was used in experiment 3, 40mm/min and 5 data points/second.  8 chicken skin samples will be tensile tested and then analyzed for collagen content.  The six hour time constraint forces the group to manage time and divide tasks in order to finish.  As such, the tissue sample preparation A should be done by 2 group members while the remaining two members simultaneously prepare B.  It is recommended that as one section is completed, two group members move on to the next.  Once the gel has begun running it will be easier for the group to rejoin and finish the tensile testing of the skin samples.  This experiment requires that the group function cooperatively and always pay attention to time.  
Experimental Protocol

  A Tissue sample preparation for tensile testing – allow 45 minutes
· Remove the skin from 4 chicken legs; cut 8 samples into 1 x 1.5 in samples.     
· Note orientation and record length, width, and thickness of samples using a caliper.
  B Tissue sample preparation for gel electrophoresis – allow 45 minutes
· Prepare 1 L of 10% SDS buffer, 90% DI water for use as buffer solution.  

· Set up gel electrophoresis device according to lab manual. 

· From area adjacent to sample harvest, remove a small specimen for protein content analysis.
· Place in microfuge tube containing pepsin powder.  Add 250 µL of acidic loading buffer.  Allow 30 minutes for digestion.
· Pipette liquid from microfuge tube into labeled, empty microfuge tube.  Place tubes in heat block for 5 minutes to denature proteins.
  Sample loading and gel running – allow 1.5 hours

· Load 20 µL of protein from each sample into lanes 1-8, as explained in the lab manual; load one sample twice, to be used as a measure of precision.  
· Load 10µL of collagen I standard into l of the middle lanes.
· Place lid on buffer tank and turn on power supply.  After 10 minutes check to make sure buffer is traveling through the gel.  Let gel run until buffer runs just off the gel. (~1.25 hr)
Instron specimen tensile testing – allow 1.5 hours
· While gel is running, load skin sample into Instron 444.  
· Perform tensile test at a loading rate of 40mm/min and a sampling rate of 5 pts/second, recording force and displacement data with software, as directed in lab manual.
· Repeat for remaining 7 samples being tested.
Staining/Destaining – allow for 2.5 hours

· After emptying buffer tank and removing gel from holder, remove plastic plates according to lab manual. 
· Submerge gel in Coomassie Blue.  Let stain for 30 minutes. 

· After bands become visible, pour stain down sink.
· Submerge in destain solution for 45 minutes with wad of paper towel (to absorb excess stain). 

· Repeat destain process again.

· Photograph gel with digital camera for image analysis.
Data Analysis

· After curve fitting the linear portion of a force-displacement graph, plot the stress-strain curve from this linear interval of data for each sample on one graph (See formulas in Table 2 of Appendix).
· Determine elastic moduli from slope of stress-strain curve.
· Determine threshold value of gel using MATLAB as described in lab manual to remove “noise” created by stain.  
· Use MATLAB and image analysis program to select a region of interest and determine how many pixels are above this threshold value.  
· From known concentration of standard, calculate mass of protein (Da)/pixel.  
· Quantify amount of collagen I present in each sample.  
· Tabulate elastic moduli and protein concentrations with means and standard deviations.
· Plot elastic modulus vs. collagen content for each sample and use a curve fit to determine if relationship is exponential.  Try several models to determine which is most representative of data
· Perform a two-tailed t-test to compare the amount of collagen present in sample to elastic modulus to verify a significant difference.
Potential Pitfalls and Alternative Methods/Analysis


The previous methods do not take into consideration the purification of collagen I in the tissue samples.  Due to time constraints, collagen I purification by salt precipitation and affinity chromatography is not feasible (5).  Due to the similar amino acid sequence and consequently, structure of collagen I, II, III, and IV, they will appear in the same band on a gel (6).  However, Collagen I is the most abundant form of collagen found in skin, comprising between 80% and 99% of its collagen content (6).  It is believed that even with the other collage types adding to the mechanical properties that they make an insignificant contribution and that a trend will still be identifiable and for the purpose of this experiment may be ignored.  There also exist other methods for collagen quantification such as fluorescent antibody labeling and western blotting.  These methods are more time consuming and expensive.  For a study like this, gel electrophoresis using a 4%-10% non-crosslinked polyacrlyamide gel and collagen from a calf has proven to provide conclusive results (7).       

Samples for electrophoresis are taken from the area surrounding the tensile tested sample and that exact tissue sample is not being mechanically tested.  However, testing after tensile loading also has its flaws.  After mechanical failure, the collagen fibers may be distorted and not be accurately reflected on the gel after electrophoresis.  It is assumed that this would provide more inaccuracies than would testing a sample from nearby the tensile subjects.     

Another potential pitfall could be the amount of time allowed for pepsin to digest the collagen.  Previous studies have shown that 95% fragmentation required 20 hours, but 75% may be completed in 6 hours.  Again, due to time constraints this experiment can only allow for 30 minutes of digestion and assumes that all tissue samples will be digested at the same rate.  This would still allow for accurate determination of a trend between collagen I content and elastic modulus.  Should digestion not be at a uniform rate, results may be inconclusive.  It is anticipated that placing the microfuge tubes in a 37°C waterbath will speed up the digestion reaction.  


As with the previous tensile test, geometric disparity between sample size creates problems with the calculation of cross sectional area.  The cross sectional area has an affect on the stress that a sample is placed under, which undoubtedly has an effect on the failure properties of the study.  For this reason, elastic modulus is used as a representation of stiffness as it normalizes the geometric properties of each sample (Lab Manual).  


Another pitfall exists in the method of protein analysis.  In a previous experiment, although accurate quantification is typically achieved when compared with known protein content in the molecular standard, a large standard deviation existed.  This points to inconsistencies in methods of analysis, more specifically in selecting the region in which the number of positive pixels is to be determined.  To combat this, the MATLAB program created will allow for further magnification of the image so that a better suited ROI may be selected.  Furthermore, since each pixel above threshold is considered to represent an equal amount of protein, this may produce an overestimate of protein content. 

As usual the sample size will have an effect on the results of the experiment.  Non-mechanical factors such as specific health, hydration, age, etc, will all have an effect on the data when such a small sample size is used.  Ideally more samples would be tested and analyzed for protein content, but the number of lanes in the electrophoresis gel constrain the amount of samples that may be tested. 
Budget
1. Collagen Type I from Calf Skin


Cost: $76.90 

 
Supplier: Sigma – www.sigma.com  
   The collagen is in solution, sterile, is cell culture tested, and contains 1 mg/mL protein in 0.1 M acetic acid.  1 order provides 20 mL of solution which would allow for all 20 groups to use 10µL as a standard marker.  

2.  
Pepsin from Porcine Gastric Mucosa  




Cost: $27.60




Supplier: Sigma – www.sigma.com


The pepsin is in powder form and has a molecular weight of 35kDa.  It also preferentially cleaves the C-terminal to Phe, Leu and Glu but not at Val, Ala or Gly. Its optimum pH is 2-4 and it is active in 4 M urea and 3 M guanidine HCl.  It’s stable at 60°C and irreversibly inactivated at pH > 6.  One order also supplies us with 25 grams, which is more than enough.  
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Appendix
	Loading Direction
	Sample
	Failure Displacement (mm)
	Failure Force (N)
	Failure Strength (N/mm2)
	Failure Strain
(ε, mm/mm)
	Stiffness

(N/m)
	Elastic Modulus (N/mm2)

	Parallel
	1
	14.40
	21.84
	1.57
	0.36
	3.08
	8.79

	
	2
	11.80
	13.64
	0.57
	0.32
	2.78
	4.24

	
	3
	13.91
	7.81
	0.63
	0.30
	1.17
	4.34

	
	4
	22.33
	13.56
	0.81
	0.62
	1.52
	3.27

	
	5
	28.01
	21.06
	1.47
	0.73
	2.14
	5.74

	
	Mean
	18.09 ± 6.84
	15.58 ± 5.86
	1.01 ± 0.48
	0.47 ± 0.19
	2.14 ± 0.81
	5.28 ± 2.15

	Perpendicular
	1
	15.54
	27.01
	2.77
	0.42
	2.75
	10.51

	
	2
	27.12
	19.69
	1.61
	0.64
	1.43
	4.90

	
	3
	15.08
	23.97
	1.04
	0.41
	4.82
	7.79

	
	4
	30.70
	18.35
	2.11
	0.66
	1.92
	10.33

	
	5
	40.12
	17.60
	1.02
	0.95
	1.85
	4.55

	
	Mean
	25.71 ± 10.62
	21.32 ± 4.02
	1.71 ± 0.74
	0.61 ± 0.22
	2.56 ± 1.36
	7.62 ± 2.85


Table 1: Sample Data The parallel samples had an average length of 3.94 ± 0.41cm, average width of 2.24 ± 0.47cm, and average thickness of 0.07 ± 0.01cm. The perpendicular samples had an average length of 4.11 ± 0.40cm, average width of 2.18 ± 0.42cm, and average thickness of 0.06 ± 0.02cm.  One-tail t-testing of elastic moduli (parallel vs. perpendicular skin) had a p-value of 0.094.   
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Figure 1: Langer lines of tension on lower

               Figure 2: Collagen I structure 

legs of human male.
	Stress
	= (L-L0)/L0 

	Strain
	= P/AC


Table 2: Formulas for Stress-Strain Curves.  L is the deformed length, L0 is the gauge length, P is the perpendicular force, and Ac is the cross sectional area of the sample.  
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