2.2.6 Movement through Cell Membranes
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NOTES:
Selective permeability of membranes surrounding the cells and within cells.

Introduction

Plant and animal cells and their cellular organelles are surrounded by cell membranes which control the passage of substances in and out of a cell. All cells require oxygen and food for metabolic activities and these substances must be able to enter into the cell. Similarly, waste substances produced during these activities must be removed from the cell. The cell membrane of plant and animal cells is selectively permeable as it allows the passage of some substances into the cell but prevents the passage of others.
Note: Cell organelles such as the nucleus, mitochondrian, chloroplast are also surrounded by membranes
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Definition of the terms “diffusion” and “osmosis”. Examples of each.

Substances move across cell membranes in two main ways:  Diffusion and Osmosis.

Diffusion

Diffusion: The movement of substances from an area of high concentration to an area of lower concentration. 
Energy is not required to move the substances so diffusion is said to be a passive process.  Put simply, a substance will diffuse from where it is more concentrated to where it is less concentrated across a membrane until both sides are of equal concentration . 
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Example of diffusion in a cell

An active muscle cell is surrounded by blood with high levels of dissolved oxygen. Respiration in the cell uses the oxygen and produces high levels of carbon dioxide. Gaseous exchange occurs by diffusion.
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Osmosis

Osmosis: The movement of water molecules across a selectively permeable membrane, from an area of high water concentration to an area of lower water concentration, until both concentrations are equal.
Water can move across the cell membrane freely as long as there is a difference in concentration of water molecules inside and outside a cell. Osmosis is a special case of diffusion. 
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Example of osmosis in animal cells
Osmosis in Amoeba 
Osmosis can pose a problem for animal cells that live in pure water e.g.  Amoeba. As there is only a cell membrane separating the cell from the external solution water flows freely into the cell by osmosis. If this was allowed to continue the cell would eventually burst. Amoeba has overcome this problem by using a contractile vacuole to collect the excess water and release it through the cell membrane. 


Osmosis in Red blood cells

A similar problem can occur in multicellular animals e.g. humans . If the blood surrounding the cells has a lower water concentration, water will leave the cells by osmosis and flow into the blood. The cell would shrink and lose its shape.










Similarly, if the water concentration in the blood becomes too high, water would enter the cells which would fill with water and eventually burst.  Therefore cell survival depends on balancing water uptake and water loss. The kidneys are responsible for maintaining water levels in our blood by the process of osmoregulation.


Turgidity and plant cells

Turgor: The state of a plant cell that has increased to maximum volume due to water intake by osmosis.

Simple explanation of turgidity in plant cells.

Plant cells contain a cell wall in addition to a cell membrane. This cell wall is fully permeable. 
If plant cells is placed in pure water (e.g. rain water):

· Water enters the cell by osmosis

· Cell swells as water enters vacuole

· Vacuole pushes against cytoplasm

· Cytoplasm pushes against cell wall.

· The cell wall pushes back and prevents the cell from bursting.

· The cell is fully turgid (very firm).




If plant cells contain a less concentrated solution (high water concentration) than their surroundings 
· water flows out of vacuole 
·  the cell shrinks and wilts






Turgid is the healthy state for most plant cells. Herbaceous plants (non woody) depend on cells being kept turgid for mechanical support. 

Contemporary Issue
Food preservation

The knowledge of the process of osmosis can be used in food preservation.
Examples:

Jam-making: High level of sugar draws water from the cells of micro-organisms and they die.

Salting meat: High level of salt draws water from the cells of micro-organisms and they die.


Movement Through Cell Membranes
You should be able to do the following for the Higher/Ordinary Level topic Movement Through Cell Membranes:
1. Explain the term: “Selectively permeable”
2. Explain the role of selectively permeable membranes.

3. Define the terms: Osmosis & Diffusion

4. Give examples of Diffusion and Osmosis.

5. Define the term: Turgor.

6. Simple explanation of turgidity in plant cells.

7. Describe the application of high salt or sugar concentration in food preservation.
Practical: Activity to demonstrate osmosis

CONDUCT ANY ACTIVITY TO DEMONSTRATE OSMOSIS

Materials/Equipment

Distilled water

Sucrose solution (80%)

2 Beakers

2 Glass rods

Small funnel

Length of dialysis tubing (80 cm)

Electronic balance

Scissors

Ruler

Labels

Paper towels











Osmosis in an artificial cell

Procedure

1. Soften two 40 cm strips of dialysis tubing by soaking them in water.

2. Tie a knot at one end of each strip.

3. About half-fill one piece of tubing with the sucrose solution and the other with distilled water.

4. Eliminate as much air as possible from the tubes and tie a knot at the open end of each tube.Then attach the two ends of each tube as in the diagram.

5. Wash off any excess sucrose solution from the outside of the sucrose tube and pat dry both tubes with the paper towels.

6. Observe and record the turgidity of each tube.

7. Find the mass of each tube and record.

8. Suspend the tube containing the concentrated sucrose solution, by means of a glass rod, in a beaker of distilled water and label it 'sucrose solution'.

9. Similarly, place the tube containing the distilled water into a second beaker of distilled water and label it 'distilled water'. This acts as the control.

10. Allow the tubes to stand for at least 15 minutes.

11. Remove the tubes and dry as before.

12. Observe and record the turgidity of each tube.

13. Again find the mass of each tube and record.

14. Replicate the investigation or cross reference your results with other groups.

Result
	Tube contents
	Turgidity at start
	Turgidity after test period
	Mass at start (g)
	Mass after test period (g)

	Sucrose solution
	
	
	
	

	Distilled 
water
	
	
	
	


Answer the following
Conduct any activity to demonstrate osmosis.
1. Aim:

a) State the aim of this experiment. _______________________________________________              _______________________________________________________________
2. Background:

a) Define the term diffusion. _____________________________________________________ ____________________________________________________________________________________________________________________________
b) Define the term osmosis. _____________________________________________________ _______________________________________________________________
            ______________________________________________________________
c) What is meant by the term selective permeability of membranes? _______________________________________________________________
              ______________________________________________________________
3. Apparatus:

a) Draw a labelled diagram of the apparatus you will use.

b) Indicate on the diagram the direction of osmosis.
4. Procedure:

a)  Suggest a control for this experiment. __________________________________________________________________
b) Suggest a reason for using distilled water rather than tap water.
__________________________________________________________________c)   Predict the results of this experiment. 

        ______________________________________________________________
__________________________________________________________________
d)   Name two skills you will expect to learn while carrying out this experiment

____________________________________________________________________________________________________________________________________
e) State two precautions you should consider while carrying out this experiment.

____________________________________________________________________________________________________________________________________
5. Application:

a)    State one application of this experiment. 

____________________________________________________________________________________________________________________________________
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Selective permeability of cell membranes, surrounding the cells and within cells.


Diffusion  - definition, passive transport e.g. movement of oxygen and carbon dioxide.


Osmosis – a special case of diffusion – the movement of water across biological membranes by a form of diffusion.


Definition of “Turgor”


Simple explanation of how plant cells remain turgid:


Plant cells containing more concentrated solution than their surroundings – water flows in, vacuoles collect this water and the cells swell against their restraining walls.


Plant cells containing less concentrated solution than their surroundings – water flows out of vacuole and the cell shrinks
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Selective permeability of membranes surrounding the cells and within cells.





Definition of the terms “diffusion” and “osmosis”. Examples of each.





Definition of “turgor”. Simple explanation of turgidity in plant cells.
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Practical Activity


Conduct any activity to demonstrate osmosis





Contemporary Issue


Describe the application of high salt or sugar concentrations in food production
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