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Background:

Anchoring junctions are used in mechanically attaching cells to the extracellular matrix or to each other. One type of anchoring junction is called a desmosome, which is formed from transmembrane adhesion proteins. Desmosomes fasten cells together at button-like points, which anchor intermediate filaments. These intermediate filaments in adjacent cells are connected to each other in a netlike fashion, forming a structural framework of great tensile strength. When desmosomes fail to function properly, however, the results are disastrous. In the potentially fatal skin disease pemphigus, individuals produce antibodies that bind to and disrupt their own desmosomal proteins that hold epithelial skin cells together. This causes a severe blistering of the skin and leaking of body fluids (Alberts et al. 1066-1073).

Trypsin-EDTA is a type of protease. In the lab, it is used to severe proteins involved in cell adhesion and cohesion. The central core of desmosomes consists of cadherins, which are a calcium-dependent class of cell adhesion molecules. EDTA removes the calcium, which disrupts the interactions between the cadherins, and trypsin digests the extracellular domains of the cadherins. Therefore, trypsin-EDTA dissociates cells from one another and should be able to simulate the effects of pemphigus. Simulating the symptoms establishes a basis for quantifying the effects of pemphigus on the tensile properties of skin tissue. 

Based on the findings of the “Instron Uniaxial Tensile Testing: Structural & Material Properties of Chicken Skin” lab, chicken skin cut in parallel (X) to the vertical compared with chicken skin cut in perpendicular (Y) to the vertical yielded significantly different values for Young’s moduli. Thus, the direction in which the chicken skin is cut will be held constant so the effects of trypsin-EDTA can be isolated.

Hypothesis/Objective and Aim(s):

This lab aims to expand on the chicken skin lab such that the effects of trypsin-EDTA on tensile properties of chicken-skin will quantified; specifically, the values for Young’s moduli between treated and untreated chicken skin will be compared to determine whether treatment with trypsin-EDTA will yield different tensile properties. 

Central Hypothesis: Treatment of chicken skin with trypsin-EDTA will yield a significantly lower value for Young’s modulus than untreated chicken skin.

Objectives:

1. To quantify the effects of treatment of chicken skin with trypsin-EDTA.

2. To become familiar with the process of treating skin cells with trypsin-EDTA.

3. To assess the extent to which desmosomes stiffen skin tissue.

Equipment

This section contains a list of needed equipment and supplies. The equipment section has been subcategorized into four subsections. Each subsection contains a list of what is required and a brief explanation for why it is needed. 

Major Equipment

· Instron .VI (to log Young’s modulus of various skin samples)
· Incubator (required for incubation of samples)
· Instron Machine 
Lab Equipment

· Four 500 mL Beakers  (to soak samples)

· Scalpel or scissors (to cut the skin)
· Stop watch (to measure time while incubating)
· Tray (to facilitate cutting)
· Masses (to calibrate Instron)
· Graduated cylinders: 10 mL, 100 mL (to measure volumes)
· Ruler (to measure skin lengths)
· Paper towels (chicken skin surrogates)
Supplies

· Water (to wash skin samples)


· De-ionized water (to incubate control group)
Newly Purchased Equipment

· Trypsin EDTA – 0.25% Trypsin with EDTA 4Na (incubation of experimental skin samples)

· Trypsin Inhibitor, Defined (1X) Solution (to prevent catalysis after the incubation period)
· 10 chicken legs

Proposed Protocol and Methods:

1. Using paper towel as a surrogate, practice loading and running the Instron machine.
2. Each of the 10 chicken legs should be skinned and cut into pieces of dimensions 2.5” x 1”. Samples should be laid out flatly on a tray to facilitate accurate cutting.

3. Each chicken leg should yield 2 such samples of skin, with a total of 20 samples of dimension 2.5” x 1”.
4. Calibrate the time required for incubation by placing one skin sample in a 10 mL graduated cylinder with 5 mL of Trypsin-EDTA.
5. Place graduated cylinder in incubator at 37o C, observe condition of the sample at 5 minute intervals
6. Once fragmentation of the tissue or cloudiness is noted, mark the duration of incubation.  The previous interval to the one just recorded will be the time period for incubation.
7. Nine of these samples should be equally distributed between two 500 mL beakers, each containing 100 mL of DI water in each beaker, ensuring that skin sample remains completely submerged. The samples will serve as the control for the experiment. 

8. The other nine samples are similarly distributed and placed in two 500 mL beakers containing 50 mL of Trypsin-EDTA solution each.

9. All four beakers must be kept in an incubator at a temperature of 37º C for the time period recorded during calibration.
10. After the time period, add 50 mL of Trypsin inhibitor to each of the two beakers containing the EDTA solution to inhibit further enzyme catalysis. 

11. Incubate for 10 more minutes. 

12. 100 mL of DI water should be added to the other set of two beakers to ensure consistency of volume, and then they should be incubated for 10 more minutes like the other batch. 

13. The Instron must be calibrated. The samples should be clamped on one by one to the Instron, ensuring that they are protruding out from the ends of the clamps by 5 mm. A loading rate of 60 mm/min should be used and kept constant throughout the experiment. 

14. This is repeated for the rest of the samples, and the Labview software is used to collect data and estimate the Young’s modulus for each set. 

15. The means for both the sets (control and the one incubated in Trypsin) are then compared using a paired one tail t-test with a standard 95% confidence level; a ‘p’ value greater than 0.05 implies that the difference is due to chance. 

Anticipated Results

The results for the experiments will mainly be stress-strain graphs generated from the loading of the skin samples. The stress-strain graphs should have the generic shape shown below. 
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Fig. 1: 
General Stress-Strain graph

As illustrated in figure 1, several quantities can be extracted from stress-strain graphs which illustrate the material properties of the sample being tested. To gauge the effect of Trypsin-EDTA on the chicken skin samples, two of those quantities will be taken into consideration: the Ultimate Strength, which is the maximum amount of stress which can be imposed on the sample before it breaks, and Young’s modulus, which is the ratio of stress to strain. Young’s modulus will be the most important material strength property in our analysis of the effect of Trypsin-EDTA on chicken skin strength. 

A higher value for the Young’s modulus is indicative of stronger cohesive forces among cells. These cohesive forces are thought to be brought about by the desmosomes. Exposure to Trypsin EDTA will digest cadherins, thereby corroding the desmosomes holding the tissue cells together. This weakens the cohesive forces among cells, resulting in a greater strain for the same amount of force applied. Young’s modulus would then be less.

The second change which is expected after exposure to Trypsin-EDTA is in Ultimate Tensile Strength. Since the cohesive forces between cells will decrease, a lower UTS can be predicted. 

The different Young’s modulus and UTS would cause the observed graph to be different from the graphs obtained for the control skin experiments. Below is a prediction of the difference in shapes of those graphs.



As observed, the loading curve for the chicken skin treated with Trypsin-EDTA will have a smaller value for the slope and a lower maximum as compared to the control sample which is soaked in water. These correspond to a lower value for Young’s modulus and lower UTS, respectively.

Potential Pitfalls:


Since Trypsin-EDTA is an enzyme that acts to degrade proteins, it is pertinent that samples are exposed to Trypsin for the correct durations. Thus, the largest concern involving the use of Trypsin would be excess digestion of the chicken skin samples. Undesirable excess exposure to Trypsin could produce skin samples that are weakened too much by digestion to provide meaningful results with the use of the Instron machine. However, it is also important that the duration of exposure to Trypsin is long enough such that there is a significant difference between the two sets of samples. If the samples are incubated in Trypsin for too short of a time period, the samples may not exhibit any differences from the untreated samples. Thus, the duration of exposure to Trypsin is critical in producing meaningful results.


To solve this potential pitfall, each group could “calibrate” the time period needed to properly digest the skin samples. This could be performed by cutting an extra skin sample and incubating the sample in a 10 mL graduated cylinder with enough Trypsin such that the entire sample is submerged (this should not require more than 5 mL). After placing a sample in the incubator, each group would then periodically check the sample at 5-minute intervals for digestion. Cloudiness of the solution or fragmentation of the tissue would indicate cell detachment from the tissue over-digestion of the sample. Therefore, the ideal time period of incubation would be just before the interval at which any indication of cell detachment is observed. Based on their observations, each group could properly decide the best length of exposure to Trypsin without putting their entire sample set at risk or expending too much time.


 Furthermore, cutting the skin samples to match the exact dimensions requested is generally difficult, for the skin is often uneven and hard to cut, possibly resulting in samples of differing sizes. Skins should be laid on the tray as flatly as possible and measured carefully. Also, sharper cutting instruments could be supplied to facilitate cleaner cutting of the samples.  


Loading of samples into the Instron machine may be difficult for users who are inexperienced with the machine, resulting in potential loss or waste of samples. Thus, each group could be provided with surrogate material to practice with. The composition of the material would not be of importance, for the main purpose of the surrogate is to familiarize users with how the Instron machine functions.  

Budget:

	Product
	Catalog Number
	Unit Size
	List Price
	Quantity
	Company

	Trypsin, 0.25% (1X), liquid
	15050-057
	500 mL
	21.25
	6
	Invitrogen


Each group will utilize approximately 105 mL of Trypsin-EDTA. However, to account for possible mistakes, each group will be allotted 150 mL of Trypsin-EDTA. Thus, 20 groups will require a grand total of 3000 mL of Trypsin-EDTA. Since units come in 500 mL bottles, 6 units will be required.

Sub Total: 127.50

	Product
	Catalog Number
	Unit Size
	List Price
	Quantity
	Company

	Trypsin Inhibitor, Defined (1X) Solution 
	T7659-100ML
	100 mL
	33.70
	6
	Sigma-Aldrich


Each group will utilize approximately 100 mL of Trypsin Inhibitor. Due to the relative expensiveness of the Trypsin Inhibitor, groups will not be allotted any extra. Thus, 20 groups will require a grand total of 2000 mL of Trypsin-EDTA. Since units come in 100 mL bottles, 20 units will be required.

Sub Total: 674.00
	Product
	Catalog Number
	Unit Size
	List Price
	Quantity
	Company

	Chicken Legs 
	---
	10 Legs
	20.00
	20
	---


Each group will require 10 chicken legs, valued at approximately $20 per set of 10. Thus, 20 groups will require a grand total of 200 legs.

Sub Total: 400.00

Grand Total: 1201.50
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1. Ultimate Tensile Strength (UTS)�2. Yield Strength�3. Proportional Limit Stress�4. Rupture�5. Offset Strain (typically 0.2%).


6. Slope= Young’s modulus








Fig. 2 : Difference between treated and untreated Chicken Skin








-1-

