Skill Builder # 6 A : Homeostasis and Cell Transport –Passive Transport
Cell membranes help cells maintain homeostasis by controlling what substances may enter and leave the cell.  Some substances can cross the cell membrane without any energy use by the cell. The movement of such substances is called passive transport and involves substances moving from an area of high concentration to an area of low concentration.  However, in some cases, cells must move substances up the concentration gradient (from low to high), which is known as active transport. Active transport requires the cell to expend energy.
I. PASSIVE TRANSPORT
Diffusion 
The simplest form of passive transport is diffusion. Diffusion is the movement of molecules from an area of high concentration to an area of low concentration.
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Figure 1
The difference in concentration of molecules across a space (or membrane) is called the concentration gradient.
Diffusion is driven by the kinetic energy that all molecules possess. Molecules are in constant motion, moving randomly in a straight line until they collide with another object, such as another molecule. Then they rebound in a straight line in another direction, and tend to move “down their concentration gradient, from high to low.
When the concentration of molecules of a substance is the same throughout a space, a state of equilibrium exists.

The ability of a molecule to diffuse through a cell membrane depends on the size and type of molecule and whether the molecule is compatible with the chemical nature of the membrane.  Remember, a cell membrane is made up of a lipid bilayer. Molecules that are non-polar, like CO2 and O2, can dissolve in lipids, and therefore pass through the phospholipids of the membrane by simple diffusion. Water, though polar, is small enough to freely move through the cell membrane, as well.
[image: image2.png]Structure of the Cell Membrane

Outside of cell

Carbohydrate
chains

Lipid { ¥ G
Bilayer |\

Transport TSRS Ot
Protein - Phospholipids

Inside of cell (cytoplasm)



Figure 2
Osmosis
Osmosis is the movement of water through a membrane. In osmosis, water (the solvent) diffuses from a hypotonic (low solute concentrated) solution to a hypertonic (high solute concentrated) solution. Generally speaking, the direction of water flow is determined by the solute concentration and not by the "nature" of the solute molecules themselves. If the blood cells in the image below are placed in salt water solutions of different concentrations, the following will occur:
· If the salt water solution is hypertonic it would contain a higher concentration of solute and a lower concentration of water than the blood cells. Fluid would flow from the area of low solute concentration (the blood cells) to an area of high solute concentration (water solution). As a result the blood cells will shrink.

· If the salt water solution is isotonic it would contain the same concentration of solute as the blood cells. Fluid would flow equally between the blood cells and the water solution. As a result the blood cells will remain the same size.

· If the salt water solution is hypotonic it would contain a lower concentration of solute and a higher concentration of water than the blood cells. Fluid would flow from the area of low solute concentration (water solution) to an area of high solute concentration (the blood cells). As a result the blood cells will swell and even burst.
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Figure 3                                                                       (Red Blood Cells in top row, Plant cells in bottom row)
It is important to note that even though we speak of osmosis in terms of the solute concentration, osmosis is diffusion and it may be easier to remember that, in diffusion, water always moves from an area of high water concentration to an area of low water concentration.
Facilitated diffusion

Glucose and choride ions are just a few examples of molecules and ions that must efficiently get across the cell membrane but to which the lipid bilayer of the membrane is virtually impermeable. Their transport must therefore be "facilitated" (helped) by proteins (see Figure 2) that are embedded in the membrane and provide an alternative route or bypass. Facilitated diffusion is the name given this process. It is similar to simple diffusion in the sense that it does not require expenditure of metabolic energy and transport is again down the concentration gradient.

Two major groups of integral membrane proteins are involved in facilitated diffusion:
1. Carrier proteins (also known as permeases or transporters) bind a specific molecule and are thereby induced to undergo a shape change which has the effect of carrying the molecule to the other side of the membrane. The carrier then discharges the molecule and, through another shape change, reorients in the membrane to its original state. Typically, a given carrier will only transport a very closely related group of molecules.
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Some important groups of transporters are:

· Certain of the hexose transporters, which transport glucose and similar monosaccharides into and out of cells

· Band 3, the anion transporter, which facilitates transport of bicarbonate and chloride ions

2. Ion Channels do not really bind the ion, but are like hydrophilic pores through the membrane that open and allow certain types of ions to pass through. In general, channels are quite specific for the type of ion they will transport and the travel through channels is quite a bit faster than by carrier proteins. Additionally, many channels contain a "gate" which functions to control the channel's permeability. 

Ion channels allow currents to be carried across the membrane and are thus of particular importance in the physiology of excitable cells like neurons and muscle cells.
Questions

1. Explain the two conditions that identify a process as passive transport. ____________________________________________________________________________________________________________________________________________________________________________________

2. What is the difference between a concentration gradient and the state of equilibrium?___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. What are the 2 factors that determine whether a substance can pass through the cell membrane by simple diffusion? ____________________________________________________________________________________________________________________________________________________________________________________
4. Why can CO2 (carbon dioxide) pass through the cell membrane easily?______________________________________________________________________________________________________________________________________________________________________________

5. Why can a water molecule pass through the cell membrane easily?______________________________________________________________________________________________________________________________________________________________________________

6. You place healthy red blood cells in a solution that contains a higher solute concentration than inside the cell.  What term would you use to describe this solution? ____________________________Will the water flow be into or out of the cell while immersed in this solution?___________________________________
7. How is facilitated diffusion the same as simple diffusion?____________________________________________________________________________________________________________________________________________________________________________
How is it different?__________________________________________________________________________
8. What are other names for carrier proteins?___________________________________________________

9. What changes occur to a carrier protein once it binds to its target molecule?_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

10. Give an example of a molecule transported by carrier protein.______________________________

11. Give an example of an ion transported by ion channel.________________________________

