Why aren’t cells infinitely large?
Background: 
Every cell is at least somewhat self-contained and self-maintaining: it can take in nutrients, convert these nutrients into energy, carry out specialized functions, and reproduce as necessary.  All molecules and ions needed by a living thing (e.g., O2, Ca+, sugars, CO2, H2O, ATP, Na+) must pass through the cell membrane. Cellular wastes (e.g., CO2, H2O, NH3, O2 ) pass out through the cell membrane.  The ability to move materials across the membrane is limited by the chemical makeup of the membrane and the total surface area of the membrane. The chemical makeup controls what will move through the membrane through diffusion or active transport mechanisms.  The total surface area of a membrane is a physical limit to the space available for these processes to occur.  
In this investigation we will explore the relationship between the surface area and volume of model cells.  The cell membrane is represented by the surface area of the model cell. The types and amounts of materials needed and waste produced vary with cell type, but comparing the relative volumes of different cells helps us control effects of other variables to understand effects of volume alone.
Procedure:

1. Cut the agar block into six regular cubes without indents or cracks, 2 each of 3.0 cm per side, 2.0 cm per side, and 1.0 cm cube per side.  Do not discard the waste. 
2. Place the cubes in the beaker and carefully arrange so they are not touching each other. Pour enough methylene blue solution into the beaker to cover the cubes. Record the starting time. Be careful not to nick or cut the cubes. 
3. [Record this and all data/ observations in your laboratory notebook]: Which “cell” is most likely to survive? Why do you think this?   How do you expect that the size of the cell affects the diffusion rate of a material into the cell?
4. Calculate the surface area, volume, and surface area-to-volume ratio of each “cell” and record these in a table in your notebook, using the appropriate units.  Leave room in your table for two more columns to the right.
· Surface Area (SA) of a cube = 6 x (length x width). 
· Volume (vol) = L x W x H. 
· SA : vol ratio = surface area / volume  [For example, a cube with a surface of 24 cm2 and a volume of 4 cm3 would have a SA:VOL of 24:4 or 6:1.]
	Length of Cube Side
	Surface Area of Cube (cm2)
	Volume of Cube (cm3)
	SA:Vol ratio
	Diffusion depth (mm)
	Diffusion rate (mm/min)
	Time to get to center

	1 cm
	
	
	
	
	
	

	2 cm
	
	
	
	
	
	

	3 cm
	
	
	
	
	
	


5. How does the surface area change as volume changes?  How does the SA : vol ratio change as volume changes?
6. !!!!!!!! Wear gloves and avoid dripping !!!!!!!!!  After 30 minutes, remove the cubes onto a paper towel using a spoon. Slice a square-shaped cross section from the middle of each cube by making two parallel cuts.   Place the cross sectional slice on a white sheet of paper.  What differences do you observe between the cubes?  Sketch and label your observations carefully so that you could understand them again in several years.
7. Measure and record the diffusion depth (distance from the edge that the color penetrated the cell) for each cell in your table.  Each member of your group should measure this distance for each of the six blocks.  Record all the measurements and compare. (An example table is given below, but record yours in your notebook.)  Are they all the same?  The closer your measurements are to each other, the more precise your measuring technique is.  
	
	1 cm sides
	2 cm sides
	3 cm sides

	
	Replicate 1
	Replicate 2
	Replicate 1
	Replicate 2
	Replicate 1
	Replicate 2

	Person 1
	
	
	
	
	
	

	Person 2
	
	
	
	
	
	

	Person 3
	
	
	
	
	
	


8. Average the six measurements you have for each sized cube and this is your distance the dye traveled.  Record the rate of diffusion (distance/time) for each cube in your first table.  Was the rate of diffusion the same in each cube?  Calculate how many minutes it would take for the dye to reach the center of your cube and add it to your table.
9. If the dye were an essential nutrient that was obtained and moved through the cell by diffusion, which cell would be most efficient at obtaining and distributing this nutrient to all regions of the cell?  How does this compare with your answer to question 3?
10. Why do cells divide?  Why do elephants have large numbers of small cells rather than larger cells? 
