Size Limits of Cells

Purpose

Students will investigate how the surface area of a cell limits the cell’s size. Bouillon cubes are used to model cells. When a bouillon cube is cut into pieces, the total volume is unchanged, but the total surface area increases. This results in the faster release of sodium ions and chloride ions into the water. Students will use a data-collection interface, Conductivity Probe, and a graphing calculator to observe how the conductivity of the solution rises faster with increased surface area. Analysis questions help students to recognize the relationship between the surface area of a cell or cells and the rate at which the cells take in and release substances.
Time Requirements

one 45-minute class period for data collection

one 45-minute class period for analysis

Advance Preparation

The EasyData application should be installed on the graphing calculators.
Safety Information

Remind students that they should never eat or drink any materials used in an experiment.

Teaching Tips

•
Review with students how to calculate volume (V = l  x w x h). Demonstrate for students how the volume of a large cube is equal to the volume of that same cube broken into smaller pieces.

•
Review with students how to calculate the surface area of a rectangular solid.

•
Demonstrate for students how the surface area of a large cube is less than the surface area of that same cube broken into smaller pieces. Remind students that you are comparing the surface area of the large cube to the combined surface areas of the smaller pieces.

•
Review with students how the surface area affects the rate of dissolving of a solid. The sodium and chloride ions that are on the surface of a bouillon cube are exposed to water and will dissolve. The greater the surface area, the faster the rate of dissolving. Therefore, cutting a large cube into several smaller cubes will increase the rate of dissolving.

•
Review with students what conductivity is. Review how the conductivity of a solution depends on the amount of ions in the solution. The presence of ions in a solution can be measured by measuring the conductivity of the solution.

•
Review with students how substances move into and out of a cell. In this lab, a large bouillon cube is a model for a large cell. The broken pieces of a bouillon cube are a model for several smaller cells. Remind students that you are comparing equal volumes but different surface areas. 

•
In this lab, the exchange of ions between a bouillon cube and the surrounding water is a model for the movement of substances into and out of a cell. The amount of substances that move through the membranes of several smaller cells is greater than the amount that moves through the membrane of one large cell.

Extensions

•
After performing the experiment, some students may question why some cells can be large. Have them investigate why this is true. For example, the ostrich egg is composed of mostly inactive material and contains a food supply. It doesn’t require a high surface-to-volume ratio to obtain the nutrients it needs. Nerve cells can be large because they are long and narrow, giving them a greater surface area. 

•
Have students research how cells move materials across the cell membrane from an area of high concentration to an area of lower concentration, which is against the natural flow.

•
Students can investigate the various types of active transport that different types of cells use to move materials across the cell ​membrane.

•
Students can investigate how some cell membranes are semipermeable and selectively permeable.

Approximate dimensions of the whole cube, half cube, and quarter cube are shown below.

Pre-Lab Answers

1.
Electrical conductivity is the ability of a substance to transmit an electric charge.

2.
The conductivity would increase, because there are more particles to conduct the charge.

3.
The rate will increase because there is more area for the transfer to take place.

A sample graph of conductivity is shown below.

