Unit 1 Biology and Disease


4. Getting into and out of cells

By the end of this topic I will know:

The structure of lipids – triglycerides and phospholipids

The biochemical test for lips

The structure of the plasma membrane

How material can enter and leave the cell by diffusion, osmosis and active transport.

Role of diffusion, active transport and co-transport in the absorption of the products of carbohydrate digestion.

How the bacteria Cholera causes disease and how it can be treated
  Lipids

Lipids have a varied group of substances that share the following characteristics

· They contain Carbon, Hydrogen and oxygen

· The proportion of oxygen to carbon and hydrogen is smaller than in carbohydrates

· They are insoluble in water

· They are soluble in organic solvents e.g. alcohol and acetone
· They main group of lipids are triglycerides and phospholipids and waxes.

· Roles of lipids in the making of the plasma membrane – phospholipids make up the plasma membrane and allow lipid soluble substances to pass across
· Other roles of lipids include – an energy source, waterproofing (waxy cuticles of plants and insects), insulation and protection of organs

Structure of lipids
a) Triglycerides

Triglycerides are made up of three types of molecules – Carbon, Hydrogen and Oxygen
Each triglyceride is made from a glycerol molecule and three fatty acids

	Glycerol is a small, 3-carbon molecule with three alcohol groups.

(C    H   O  )
	


Fatty acids are long molecules  General Formula: (CH3(CH2)nCOOH
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There are two types of fatty acids

Saturated fatty acids – these have no double bonds between the carbon atoms along the length.  Due to this they have high melting points and are solid at room temperature.  Saturated fatty acids are found in animal fats

Unsaturated fatty acids – these have one or more double bonds between two carbon atoms. If they have one double bond they are called monounsaturated fatty acids. 

If they have more than one double bond they are called polyunsaturated fatty acids.

The glycerol and fatty acids are joined together in a condensation reaction with the loss of 3 water molecules 

The bond between the glycerol and the fatty acid is called an ester bond
Test for lipids – the emulsion test  (LEARN!)
1. To a test tube added 2 cm3  of the sample to be tested
2. Add 5cm3 of ethanol

3. Shake the tube thoroughly to dissolve any lipid in the sample

4. Add 5cm3 m3 of water and shake gently

5. A cloudy white colour indicates the presence of a lipid.

As a control repeat the procedure using water instead of the sample – the final solution should remain clear.

The cloudy colour is due to any lipid in the sample being finely dispersed in the water to form an emulsion.  Light passing through this emulsion is refracted as it passes from oil droplets to water droplets, making it appear cloudy

b) Phospholipids
A phospholipid is similar to a triglyceride except it has a phosphate group instead of one of the fatty acid chains.  

The phospholipid is made up of:-  
____________________________







____________________________







____________________________

The phosphate is bonded to the third –OH group of glycerol

As a result the phospholipid has two ends – 

- a ‘head’ containing the phosphate group.  The head end is able to mix with water as it is charged (polar) and is called hydrophilic (water -loving)

- The ‘tail’ end contains the two fatty acid chains.  They are non-polar making them unable mix with water – they are hydrophobic – (water hating).
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As a result of their hydrophilic head and hydrophobic tail, phospholipids can arrange themselves in a double layer when mixed with water – this is the basis of the structure of the plasma membrane.
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Questions 1 to 3 page 51
Getting in and out of cells
Living cells must take up metabolites, such as oxygen and nutrients, and excrete metabolic waste, such as carbon dioxide.  Cells also produce secretion, such as enzymes and hormones.  In order to enter and leave the cell they have to pass through the plasma membrane.  

The structure of the plasma membrane – the fluid mosaic model

The cell membrane (or plasma membrane) surrounds all living cells, and is the cell's most important organelle. It controls how substances can move in and out of the cell and is responsible for many other properties of the cell as well. The membranes that surround the nucleus and other organelles are almost identical to the cell membrane. Membranes are composed of phospholipids, proteins and carbohydrates arranged in a fluid mosaic structure, as shown in this diagram.

[image: image3.png]The fluid mosaic model CARGOHYRATE

INTRINSLL
GLYcoLIPin
' &5 PHoSPHOLIALO
8| -LAYER
Hvorepuiie = PUOWHOLIPID

REUON . PorE (,Lvoomtmel;ﬂ




· Phospholipids bilayer 

A double layer of phospholipid molecules.  Each molecule has a hydrophilic (water loving) head and a hydrophobic (water hating) tail
The phospholipid prevents the movement of any water-soluble ion or molecules but allows lipid-soluble substances to pass through the membrane

Proteins embedded in the phospholipid bilayer. 

 Make notes on the functions of the proteins in the plasma membrane(page 52)
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
· Extrinsic proteins are found only on one side of the phospholipid bilyaer – they act as a receptor site, combining with specific substances that have a complementary shape to their own

· Intrinsic protein span the whole membrane – help water soluble molecules  and ions to cross the membrane

· Carbohydrates – these are attached to some proteins and form glycoproteins.  They are involved in receptor sites and do not affect the movement of substances
The way in which the various molecules are combined is known as the fluid mosaic model.  This is because

Fluid- the individual phospholipid molecules can move relative to one another – give the membrane a flexible structure constantly changing in shape
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Mosaic – proteins that are embedded in the membrane vary in shape, size and pattern. 

Movement across the membranes

A plasma membrane is partially permeable – this means that it will allow the movement of some substances across it.  Large molecules, such as proteins cannot cross membranes because their molecules are larger than the pores in the membrane

The hydrophobic tails of the phospholipids act as a barrier to water and to water soluble substances. Only lipid soluble substances can dissolve in the phospholipid and diffuse across the bilayer
Intrinsic proteins allow water soluble molecules and ions to pass across

Movement across the membrane can be by:

· Diffusion and osmosis

· Facilitated diffusion

· Cytosis

Diffusion

What is diffusion?
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
What affects the rate of Diffusion

The rate of diffusion especially across exchange surfaces such as the plasma membrane is affected by 

· Difference in concentration on either side of the membrane

· The size of surface area across which diffusion occurs

· The thickness of the surface

1 The greater the difference in concentration the ______________ the rate of diffusion

2 The bigger the surface area the ________________ the rate of diffusion

3 The thicker the surface the ___________________ the rate of diffusion

This relationship can be described as Fick’s Law
Ficks Law: 

Rate of Diffusion is proportional to 




Surface area x difference in concentration

Thickness of Surface

Diffusion is a slow process and will only work well if there is a great difference in concentration and a thin surface

Tissues such as lungs and small intestine are adapted for diffusion

How?


· Lungs – have increased there surface area by having millions of alveoli (air sacs)

· Maintain a high concentration gradient by a good blood supply to take away oxygen around the body and bring Carbon Dioxide to the lungs

· The membrane of the alveoli are very thin

· Small intestine – have increased the surface area of epithelial cells (surface layer of cells) by having folds called microvilli on the cells

· Have a good blood supply to take the digested material away around the body – maintains a high concentration gradient 

· The walls are thin

Cell Membranes are partially permeable

What does partially permeable mean?

______________________________________________________________________________________________________________________  

Give examples of small molecules that will pass through the plasma membrane

Why do these molecules diffuse easily?

Facilitated Diffusion

Facilitated means “made easy”

The protein pores span both sides of the phospholipid bilayer (called intrinsic proteins) and allow the passage of the larger molecules and charged ions.  The cell does nothing actively – it is still a passive process and will only take place down the concentration gradient.  Substances that are not lipid soluble diffuse by facilitated diffusion such as:
· Large molecules e.g. glucose or amino acids

· Charged ions e.g. Na+ or K+
There are two types of proteins involved in facilitated diffusion
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1.  Protein Channels

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________2.  Carrier Proteins

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
Facilitated diffusion is reversible so molecules can pass in either direction (into or out of the cell)

Osmosis 

Osmosis is the net movement of water molecules from a region of their higher concentration to a region of their lower concentration through a partially permeable membrane.
Partially permeable = a membrane that is permeable to water and to certain solutes.

Water Potential (() is the pressure exerted by freely moving water molecules hitting the cell membrane and is measured in kilopascals (kPa)

Pure water has a water potential of 0 kPa

The water potential of a solution will fall when a solute is added because the water molecules cluster around the solute.  

As more solute is added the water potential value becomes reduced and becomes negative

· A concentrated solution will have large negative water potential 

· A dilute solution will have smaller negative water potential

Solution A has a water potential of -1.5MPa and solution B has a water potential of -0.5MPa.  

1. Which solution has a water potential nearer to pure water? ______________
2. Which solution has the higher water potential?  __________________
Water will always move from where there is a higher water potential (low solute potential – very dilute solution) to a region of lower water potential (high concentration of solutes – high solute potential) by osmosis (diffusion).  

The water molecules will continue to move until there are an equal number of water molecules on each is and these is equilibrium.  After reaching equilibrium the water continues to move in both directions but there is no net movement.

Make notes on osmosis in animal and plant cells 

Q 
A plant cell has a water potential of -4MPa.  IF this cell were placed in a solution with a water potential of -1MPa, would water move into or out of the cell.  Explain your answer.

Q  
Bacteria have cell walls. Some types of antibiotics stop bacterial cells from producing new cell walls when they divide. 

1. Suggest why these antibiotics are effective in killing bacteria

2. Suggest why these antibiotics do not harm human cells

Active Transport

Active transport is the movement of molecules or ions from where they are less concentrated to where they are more concentrated i.e. up the concentration gradient

They rely on specific carrier proteins within plasma membranes to transport the molecules or ions concerned

Use energy released by the hydrolysis of ATP
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The specific carrier protein is activated by ATP and binds to the type of molecule or ion that it transports.
The carrier protein then changes shape releasing this molecule or ion on the other side of the membrane.

Example of active transport:  the reabsorption of glucose form the proximal convoluted tubule in the kidney

Absorption in the small intestine

In previous topic we saw how carbohydrates in the diet are digested to form soluble products – glucose, fructose and galactose.  We will look at how these get absorbed in the small intestine.

The walls of the small intestine are folded and posses finger like projections called villi ( about 1mm long).  They have thin walls, lined with epithelial cells on the other side of which is a rich network of blood capillaries.

The villi considerably increase the surface area of the small intestine so accelerating the rate of absorption

Villi are situated at the interface between the lumen of the intestines and the blood and other tissues inside the body. They are part of a specialised exchange surface adapted for the absorption of digested products.  

How are they adapted for absorption?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________
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The epithelial cells lining the villi posses micorvilli – these are about 0.6µm in length – again helping increase the surface area.  
As the carbohydrates are being digested continuously there is a higher concentration of glucose in the small intestine than in the blood.  The blood is constantly being circulated by the heart so the glucose that is being absorbed into the blood is being removed by the cells as they use it up during respiration.  This helps to maintain the concentration gradient between the inside of the small intestine (the lumen) and the blood
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The villi contain muscles that contract and relax mixing the contents of the small intestine – ensuring that as glucose is being absorbed, new glucose rich food replaces it – again helping to maintain a concentration gradient that allows diffusion to continue.

Role of active transport in absorption
Diffusion will only occur until the concentration of glucose is equal on each side of the intestine.  This means that not all the available glucose would be absorbed.  For this reason glucose is also absorbed by active transport to ensure all the glucose enters the blood.  

The method that glucose is absorbed by active transport is known as co-transport because two molecules are involved – glucose is absorbed along with sodium ions being actively transported by the sodium-potassium pump.

Look at the following diagram:
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1 The glucose passes into the blood plasma by facilitated diffusion using another type of carrier
2 Both sodium ions and glucose molecules move into the cell, the sodium ions move down the concentration gradient and the glucose move up their concentration gradient.  

Questions

1 State 2 ways in which the glucose concentration gradient is maintained between the inside of the small intestine and the capillaries in the villi

______________________________________________________________________________________________________________________

2 In each of the following events in the glucose co-transport system, state whether movement are active or passive

Sodium ions move out of the epithelial cell____________________________
Sodium ions move into the epithelial cell _____________________________
Glucose molecules move into the epithelial cell _________________________
3 Scientists investigated how different factors affected the rate of absorption of glucose from a piece of small intestine.  The results are shown in the graph below

Look at the graph – what are the independent variables in this investigation? 

______________________________________________________________________________________________________________________

What is the dependent variable?  ___________________________________________________________
What is meant by the rate of absorption?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Why did the scientists keep the temperature constant?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Look at curve B on the graph.  Describe how the concentration of the glucose solution in the lumen of the small intestine affects the rate of absorption

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The rate of absorption is more or less constant above a concentration of 5 mmol dm-3    explain why.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Describe and explain the effect of stirring on the rate of absorption

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Cholera and how they cause disease.

Cholera is a prokaryotic organism that produces toxins.   The main symptom of cholera are ________________________________ and consequently dehydration. 

Vibrio cholera is transmitted by the ingestion of water that has been contaminated with faecal material containing the pathogen.  Once ingested it causes symptoms in the following ways:
· Most are killed by the acid in the stomach but some survive in pH above 4.5

· When they reach the small intestine they use their flagella to propel themselves, in a corkscrew like fashion through the mucus lining of the intestinal wall.  The cholera bacterium produce a toxin called choleragen.  

Molecules of choleragen toxin bind to the cell surface membranes of the epithelial cells lining the small intestine and bring about a huge increase in the active transport of ions into the lumen of the small intestine  (especially chloride ions)  
This result is a higher than normal concentration of ions which lowers the water potential of the intestinal lumen.  

Consequently very large amounts of water move by osmosis out of the tissues surrounding the intestine into the small intestine causing diarrhoea and dehydration
Treatment of cholera

 Just drinking water is ineffective for two reasons

1  Water is not being absorbed from the intestine but being lost from the cells

2  The drinking of water does not replace the ions that are being lost from the intestinal cells

Oral rehydration solutions are used to treat diarrhoeal diseases it is vital to rehydrate the patient.  Oral rehydration solutions contain glucose and mineral salts and are mixed with a set volume of clean water.  The patient drinks the solution and this stimulates sodium and glucose to be taken up by the co-transport protein.  Water is now absorbed from the intestine and the diarrhoea is brought under control.  
Read the article on how oral rehydration solutions were developed and improved. 
(page 68 and 69)  

Answer summary questions 1 to 4

You will need to be able to discuss

The application and implications of science in developing improved oral rehydration solutions

Ethical issues associated with trailing improved oral rehydration solutions on humans

1. The diagram represents a phospholipid molecule
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	a) Name the following parts of the molecule

A

B

C




 (b) Phospholipids are found in cell membranes. Proteins are also found in cell membranes,      Give two functions of proteins in cell membranes
 Sodium ions are actively transported out of the epithelial cells, by the sodium-potassium pump.  


This takes place by one type of carrier molecule found on the surface membrane of the epithelial cells.


There is now a higher concentration of sodium ions in the lumen of the intestine than inside the epithelial cells


The sodium ions diffuse into the epithelial cells down the concentration gradient through a different protein carried (a co-transport carrier protein) in the cell surface membrane.  


As the sodium ions flood back in through this second protein, they couple with glucose molecules which are carried into the cell with them





The co-transport proteins only transport glucose in the presence of sodium ions.  Each time a glucose molecule is transported into the cell, so is a sodium ion.  





Graph shows the effect of glucose concentration on the rate of absorption of glucose from the small intestine.  Curve A shows the results when the glucose solution in the intestines was stirred. Curve B shows the results when the solution was not stirred
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