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Cell Size Lab
Purpose:

To provide evidence for why cells are so small

You already know that: 

· Iodine is an indicator for starch and turns dark purple/black. 

· Cells require nutrients in order to survive. 

· Cells must eliminate waste in order to survive.
· Diffusion is the random movement of molecules from areas of high concentration to low concentration.
Background information:
Cells come in a variety of sizes.  Some red blood cells are only 8 µm in diameter.  Nerve cells can reach lengths up to 1 meter.  Most living cells, however, are between 2 and 200 µm in diameter.  Why can’t organisms be just one giant cell?  There are three main reasons:

1.  Diffusion limits cell size – Cells require a constant supply of glucose and oxygen to carry out _____________________________________________ and to produce large amounts of ______________________.  These substances and waste products such as carbon dioxide move through the cytoplasm by diffusion.  It has been estimated that it takes a molecule of oxygen only a fraction of a second to diffuse through the cytoplasm from the plasma membrane to the center of a typical cell that is 20 µm.  What would happen if the cell got bigger?                                                 

Although diffusion is efficient over short distances, it becomes slow and inefficient as the distance becomes larger.  Hypothetically, a cell with a diameter of 20 cm would have to wait months before receiving molecules that enter the cell.  Because of this time restriction the cell/organisms would die if they were one large cell.

2.  A cells DNA limits size – The second reason why cells are small is because they usually only contain one nucleus.  If a cell doesn’t have enough DNA to program its metabolism, it cannot live.  When a cell is larger it requires more enzymes and parts to function correctly, therefore it needs more instruction.  In many large cells there are more than one nuclei to ensure that all cell activities will be carried out quickly.

3.  Surface area-to-volume ratio – The third reason why cells are limited in size is that as a cell’s size increases, its volume increases much faster than its surface area.

In this lab you will use cubes of raw potato and iodine as a model for nutrients entering the cell.  You will determine how much diffusion takes place by seeing how far the iodine penetrates into the cubes.

Materials:
Potato cubes – 0.5 cm, 1.5 cm, 3.0 cm sides
Dilute iodine
Glass dishes

Scalpel/knife

Plastic ruler

Spoon / Forceps  
Calculator

Paper towel

Hypothesis: 
Make a statement as to which “cell” will have the nutrients 

diffuse the farthest proportionally (closest to the center of the cell) in 20 minutes and 

explain your reasoning. 
________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________

Procedure:

· Obtain a piece of potato.

· Carefully cut out three cubes.  Make the first cube 3.0 cm on a side, the second cube 1.5 cm on a side, and the third 0.5 cm on a side.  Be sure to cut the cubes in this order so you will have enough potato for the largest cube.

· Note: Cut away from the body and on a hard surface.  Measure precisely so that accurate calculations can be made later!
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· Place the cubes into a clean glass container so that cubes do not touch the sides of the container or one another.

· Pour in enough dilute iodine solution to just cover the cubes.

· Note: Iodine can irritate the skin and stains skin and clothing.  Handle with care!
· Every two minutes for a period of 20 minutes, carefully turn the cubes with the plastic/forceps spoon.

· While you are waiting for 20 minutes, calculate the surface area, volume, and surface area to volume ratio for each of the 3 potato “cells” in Data Table 1.
Data Table 1 
	Cube
	Surface Area (cm2)
	Volume (cm3)
	Ratio of surface area to volume (#:#)
	Index (Divide ratio and state as a #)

	0.5 cm
	
	
	
	

	1.5 cm
	
	
	
	

	3.0 cm
	
	
	
	


· After 20 minutes, carefully remove the cubes from the iodine and place them on a paper towel.
· Cut each cell in half and observe the inside.   Remember to minimize touching the cubes.

· You will see how far the iodine diffused into each cube by the color change (d in illustration below):



s =        

                                  

d =

l = 

· In order to determine the percentage of each cube into which the iodine did diffuse, you must do some measurements and calculations.  Complete Data Table 2.
Data Table 2
	Cube side (s)
	Total volume (s3)
	Distance diffusion occurred (d)
	Length of side of uncolored area             (l = s-2d)
	Volume of uncolored area       (s-2d)3
	Volume of colored area         s3 – (s-2d)3
	Ratio of colored to total volume
	% of cube into which iodine diffused

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


List the cubes in order form largest to smallest.  Next list the cubes from largest to smallest according to their indexes.  What does this tell you about cube size and index of surface area to volume?

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________
Graph the percent of cube into which iodine diffused (DV) compared to cell size (IV). Label the axes and add an appropriate title.

Use your graph to predict the percent volume of diffusion for a hypothetical cube of .25 cm and one of 4 cm.
________________________________________________________________________

Conclusion Questions:
1. Did any of the starch diffuse out of the potato?  How can you tell?

2.  What does the iodine used in the lab represent in the cell? 
3.  As the size of the cell increases, which increases faster: cell surface area or cell volume?

4.  As cell size increases, what happens to the surface area to volume ratio?
5. According to your observations and calculations, which cell was most successful at receiving the needed nutrient (iodine solution) in the allowed time?  Describe the differences between the cells. 
6. Based on your understanding of cell size and the rate (speed) of diffusion, explain why there are NO GIANT CELLS! Discuss diffusion in your answer. 
Summary: 

Restate your hypothesis and state whether or not it is correct and why.  Refer to your data and give quantitative supporting evidence.
