Name: _____________________________________ Date: _____________ Per: ___

Activity: Why Are Cells So Small?

Introduction: Most cells are very small. Instead of dividing to accommodate growth, why don't cells just get bigger? What limits how big a cell can get? Cells function best when they quickly and efficiently take in food and eliminate wastes. To understand how the size of the cell affects the efficiency of these processes, we must consider the geometry of a cell.  First let’s look at how quickly some cells are able to absorb materials from their environment. We will observe the absorption time for different size sponges in Data Table One.  The sponge represents a cell and the water represents needed nutrients in the environment. 
Data Table One: Absorption Time vs. Size

	Size of sponge
	Time it takes for water to fill the whole sponge 

(in seconds)

	1/16
	

	1/8
	

	1/4
	

	1/2
	


Any substance that enters or leaves the cell must cross the surface boundary (cell membrane) of the cell. To measure this surface boundary, we calculate the surface area. Let's imagine that the cube in Figure 1 is a cell. To find the surface area, we sum the areas of all the faces. 

Figure 1: Surface Area = Sum of the Areas of Individual Faces
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1. Assume each edge of the cube in Figure 1 is one centimeter long.

a. Determine the area (length(l) x width(w)) of one face of the cube. This answer has been provided in Data Table Two, on the next page.

b. Determine the total surface area of the cube by summing the areas of all the faces. Record your answer in Data Table Two.
2. Now, assume the cell grows so that each edge doubles in length to two centimeters, as shown in Figure 2.

a. Determine the area of one face of the larger cube. This answer is provided in Data Table Two.

b. Determine the total surface area of the larger cube. Record your answer in Data Table Two.

Figure 2: Cell Growth Means Increased Surface Area
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You might think a large cell with a large surface area would take in food and remove wastes more efficiently than would a small cell with a small surface area. However, large cells are typically less efficient than small cells. Why? As a cell grows, its volume (which is a measure of the contents within the cell) also increases. How does growth affect the volume of a cell?
3. Let's examine the effects of growth on a cell's volume and its relation to surface area.

a. Determine the volume of each cell (cube) by multiplying the length by the 



width and the height (V=lwh). Record your answers in Data Table Two.

b. Now, divide the surface area of each cell by its volume to determine the 



surface area to volume ratio (SA/V). Record your answers as simple ratio 



such as 5 / 1 or  5:1
4. Imagine that the cell grows so that each edge is three centimeters long.


a.  Calculate the surface area, the volume, and the SA/V ratio for this larger cell. 



Record your answers in Data Table Two.

Data Table Two: Effects of Growth on Cells

	Cell Dimensions (cm)
	Area of One Surface (cm2)
	Total Surface Area (SA) (cm2)
	Volume (V) 

(cm3)
	SA/V

Ratio

	1 x 1 x 1
	1
	 
	 
	

	2 x 2 x 2
	4
	 
	 
	

	3 x 3 x 3
	9
	 
	 
	


The SA/V ratio limits the size of cells. When cells are small, no part of the cell is very far from the surface, so materials and wastes can move in and out with relative ease. As cells grow, however, the distance that the material or waste must travel to get to where it needs to be increases. The time required for these materials to travel in and out also increases. 

As shown in Figure 3, there are two ways cells can continue growth and still function efficiently. 

· Cells can alter their shape. A change in shape can increase the surface area of the cell and position cell parts nearer to the membrane without increasing the volume. For example, nerve cells become incredibly thin attaining lengths of three meters or more.

· A cell may divide, forming two cells (or, as shown in Figure 3, eight cells, after four divisions). The total volume occupied by the cells remains the same. However, each of the new cells has additional surfaces and therefore increased surface area. As a result, food can enter and wastes can exit cells efficiently, even while the organism grows.

Figure 3: Cells Increase Surface Area without Changing Volume 

by Dividing or Altering Shape
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Now calculate the surface area, volume, and SA/V ratio for each of the representative cells shown in Figure 3. Record your results in Data Table Three.

Data Table Three: Response of Cell to Growth

	Response
	Cell Dimensions (cm)
	Area of One Surface (cm2)
	Total Surface 

Area (SA) (cm2)
	Volume (V)

(cm3)
	SA/V

Ratio

	Large 

Cell
	2 x 2 x 2
	 
	 
	
	

	Divided

Cell
	1 x 1 x 1
	 
	
	
	

	Altered Shape 
	1 x 1 x 8
	 
	 
	 
	


Conclusions: Use complete sentences where appropriate.
1. Construct a line graph with the results from Data Table One to compare the sponge size to the absorption time. Be sure to label the axes and title the graph.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2. Study Data Table One. If you have smaller cells, what happens to the time that it takes for materials to be absorbed by the cells?

3. Study Data Table Two. What happens to the SA/V ratio as the cell grows in size?
4. Study Data Table Three. What is the most effective way for a cell to handle growth and continue to function efficiently: increase its size, change its shape, or divide? Explain. 










