Tissue Engineering 580.442 / 580.642
MID-TERM EXAM – 2 (Fall 2021)
(Total = 60 points)
This is a CLOSED BOOK exam.  No notes, lecture slides, or other class materials should be available to you electronically or otherwise. Responses should be submitted to Blackboard by 10:15 AM on Friday November 5th. Late submissions will be penalized.

In class, we discussed the concept of tissue engineered meat. The following questions revolve around this concept and consider elements of cell expansion in 2D and 3D, nutrient delivery, and experimental design.

1. Provide an estimate of the final number of cells that you might expect is needed to create a ready-to-eat engineered circular meat patty that is 6 cm diameter × 0.5 cm high.   Include your rationale in your response.   (3 pts)






2. Cells are isolated from a small muscle biopsy using enzymatic digestion. Following tissue digestion, the individual cells are suspended in 8 ml of medium. A small aliquot is used count the cells in a hemacytometer.  The number of cells is shown below: 
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a. Based on the image, determine the total number of cells in your suspension. (Provide any reasoning and assumptions).  (4 pts)










b. The cells are seeded into tissue culture flasks to promote their proliferation.  The total number of cells after 4 days is 21 × 106 cells. How much longer would it take before there are sufficient cells to seed the graft in Question 1 at a density of 5 × 106 cells/ml.  (List all assumptions). (10 pts)






3. In the experiment, most of the cells that were isolated were skeletal myoblasts. However, there were also a significant number of endothelial cells. 

a. Briefly describe an experiment citing the specific experimental technique(s) that you would use to determine the percentage of skeletal myoblasts in the original cell suspension. (4 pts).



















b. The cells were 3D printed into cylindrical shapes in a bio-ink comprised of fibrinogen and collagen at a concentration of 5 × 106 cells/ml. Describe how you would experimentally determine the proliferation rate of cells within the engineered tissue construct. (4 pts) 
















c. Assume that you determined above that there were equal numbers of skeletal myoblasts and endothelial cells present initially.  If the skeletal myoblasts double every 48 hours and the endothelial cells double every 36 hours, draw a graph showing the percentage of cells in the culture that are skeletal myoblasts as a function of time. (4 pts)





















d. Discuss at least one mechanical property of the construct that might be relevant to control and describe how you would experimentally measure this property of the construct. (4 pts)


















4. The system shown below indicates the 3D-printed tissue engineered meat construct press-fit into a well.  The construct has the same dimensions as those described in Question 1.  The entire circumference of the construct is in contact with the edges of the well.  There is cell-culture medium above and below the construct.  The medium in both compartments is well-mixed.  Oxygen is supplied to the medium above the construct and is being consumed by skeletal myoblasts seeded inside of the construct.  The co-ordinates are given in the figure (the three arrows on the construct show the direction of oxygen flux).   

Note: 	 = 0 at the upper surface of the construct.  
 = Z at the lower surface of the construct.
r = 0 in the center of the construct. 
r = R at the edges of the construct.
[image: ]











The equation used to model oxygen concentration in the construct is given by:
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a. Explain the physical meaning of the 3 terms identified below (4 pts):


i. 



ii. 



iii. -rO2

b. For the system described, we consider the one-dimensional situation by ignoring the changes in CO2 in the r direction. Discuss why this might be a valid assumption and write the resulting equation. (4 pts)










The boundary conditions are given as:






c. Demonstrate that for the steady state condition, the concentration, CO2, varies according to the equation: (Show all steps. State assumptions)  (6 pts)























d. Sketch the graph of CO2 vs. x   (for x ranging from 0 to Z) (6 pts)


















e. The viability of skeletal myoblasts becomes compromised at partial pressures of O2 below 38 mmHg. In the system, the cells in the bottom 50% of the scaffold are oxygen deprived.  Based on this, determine the flux of O2 through the scaffold at the point where O2 becomes limiting. (4 pts)

D (diffusivity of O2 through medium) = 2 x 10-5 cm2/s  
K (solubility of oxygen in medium) = 1.19 nmol/mL/mmHg


















f. Assume that the flux was constant throughout the entire construct.  Consider your response to Question 1, what would be the specific oxygen uptake for skeletal myoblasts in your ready-to-eat engineered muscle?  (3 pts)
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