3.3.4.3. Digestion and absorption 
Section 1 – Recall

What does this section contain and why?  Activities to develop your recall of information you covered in the previous topics that are linked to digestion and absorption.  If you don’t have a mini whiteboard (MWB) please do invest in one, they are great for revision and recall.  You should do this before you start the work on digestion and absorption.  Once you have done the recall activity quickly check what you have done with the student booklets from that topic.

Topics covered:   Biological molecules, enzymes, transport across membrane
	Topic
	Recall activities
	Understanding
Please write down any questions you have when completing this activity.
	Completed

	Biological molecules
	On the MWB/scrap paper, draw a maltose molecule, naming the bond between the glucose molecules and show how it is hydrolysed.  Then write a paragraph describing the structure of starch

	
	

	
	On the MWB/scrap paper, draw a triglyceride naming the bonds 

	
	

	
	On the MWB/scrap paper, draw 2 amino acids and show the condensation reaction that would joining them together naming the bond 

	
	

	Enzymes
	On a scrap piece of paper/MWB make a list of the key words for enzymes and inhibitors.  Sketch the graphs to show the effects of substrate concentration, pH, temperature and enzyme concentration on the rate of reaction.  Now explain the shape of the graphs

	
	

	Transport 
	On the MWB/scrap paper define simple diffusion, facilitated diffusion, active transport and co-transport.  Draw simple diagrams to demonstrate each type of movement

	
	



[image: See the source image]




[bookmark: _GoBack]Section 2 –Pack framework
	Key info
	Topic:  Digestion and absorption 
Synoptic Link:  Biological molecules, enzymes, transport across membranes
Text book pages:  151-157


	Step 1
	Use the tutorial (GOL), presentation (GOL), video links and text book to complete the independent pack.


	Step 2

	Learning outcome
	I understand this
	I can recall this
	I need to revisit this

	
	Describe the structure and function of the major parts of the digestive system

	
	
	

	
	Explain how the digestive system breaks down food both physically and chemically

	
	
	

	
	Name and explain the roles of enzymes in the digestion of carbohydrates

	
	
	

	
	Name and explain the roles of enzymes in the digestion of lipids

	
	
	

	
	Name and explain the roles of enzymes in the digestion of proteins

	
	
	

	
	Describe the structure of the ileum

	
	
	

	
	Explain how the ileum is adapted for the function of absorption

	
	
	

	
	Explain how amino acids and monosaccharides are absorbed

	
	
	

	
	Explain how triglycerides are absorbed

	
	
	

	Step 3
	In lesson:  you will be undertaking activities to develop your understanding of the learning objectives and able to add to your notes.
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3.3.3 Digestion and Absorption
Specification
During digestion, large biological molecules are hydrolysed to smaller molecules that can be absorbed across cell membranes. Digestion in mammals of: 
• Carbohydrates by amylases and membrane-bound disaccharidases 
• Lipids by lipase, including the action of bile salts
 • Proteins by endopeptidases, exopeptidases and membrane-bound dipeptidases. 
Mechanisms for the absorption of the products of digestion by cells lining the ileum of mammals, to include: 
• Co-transport mechanisms for the absorption of amino acids and of monosaccharides 
• The role of micelles in the absorption of lipids.

Resources
· AQA Biology,  Toole & Toole:  Pgs 151 – 157
· Digestion & Absorption powerpoint GOL
· Biological Sciences Review, Volume 22 2009-2010:  The Anatomy of Digestion
· Biological Sciences Review, Volume 14, 2001-2002:  Diarrhoea, digestion and dehydration

Glossary
	Term
	Definition

	Ingestion
	

	Digestion
	

	Absorption
	

	Egestion
	

	Peristalsis
	

	Ileum
	

	Disaccharidase
	

	Micelle
	

	Emulsification
	

	Villi
	

	Lumen
	

	Chlylomicrons
	

	Lacteal
	

	Bile salts
	


Structure of the digestive system
Label the diagram below and annotate the main functions of each part of the digestion system.




















Digestion

Digestion takes place in two stages:
1. Physical breakdown
2. Chemical digestion

Physical breakdown 
The physical breaking up of large pieces of food into smaller pieces starts in the mouth with the slicing and chewing action of the teeth.  This increases the surface area for enzyme action.  Physical breakdown continues in the stomach by the churning action caused by the contraction of muscles in the stomach wall.

Chemical digestion
Chemical digestion is the chemical breakdown of food molecules into smaller, soluble molecules by enzymes.   All digestive enzymes are hydrolases i.e. they break chemical bonds by the addition of water.  As enzymes are specific more than one enzyme is needed to hydrolyse a large molecule. One enzyme will hydrolyse a large molecule into sections and then other enzymes hydrolyse these sections into their monomers

Enzymes used in digestion
1. Carbohydrases which hydrolyse carbohydrates ultimately to monosaccharides
2. Lipases which hydrolyse lipids into glycerol and fatty acids
3. Proteases which hydrolyse proteins ultimately to amino acids

Enzymes and their action
Carbohydrate Digestion
[image: ]




Using the diagram below, make appropriate notes to produce a flow diagram of starch digestion.  
[image: http://1.bp.blogspot.com/_aaY5FBORLm8/TLH3HR6U8_I/AAAAAAAAACY/Gep1FHZUIbs/s320/Digestive_system_whitout_labels_xxl.png]










Membrane-bound disaccharidases
In the space below, explain what a membrane-bound disaccharidase is and outline the 3 disaccharidases you need to know for A ‘level.

[image: ]









Protein digestion
[image: ]Proteins are large complex molecules that are hydrolysed by a group of enzymes called peptidases (proteases). These are:- 




1. Endopeptidases which hydrolyse peptide bond between amino acids in the central region of the molecule forming a series of peptide molecules. Found in the stomach e.g. Pepsin

2. Exopeptidases which hydrolyse the peptide bonds on the terminal amino acids of the peptide molecules to release dipeptidases and single amino acids.  Found in the duodenum.

3. [image: ]Dipeptidases which hydrolyse the bond between the dipeptide to release amino acids-these enzymes are membrane bound and found on epithelial cells lining the ileum


Lipid Digestion
· Lipids are hydrolyses by lipases that are produces in the pancreas
· Lipase hydrolyses the ester bond to form fatty acids and monoglycerides
· Monoglyceride is glycerol with one fatty acid attached
· Bile (not an enzyme) emulsifies (splits up) large fat droplets to small droplets called micelles.  This increases the surface area of the lipids.
· Bile salts are made in the liver and stored in the gall bladder
[image: ]







Complete the table below to summarise all of the digestive enzymes, where they are produced, where they hydrolyse molecules and the products of the hydrolysis reaction
	Enzyme family
	Enzyme name
	Where enzyme is made
	Where it works
	Substrate
	Product

	Carbohydrase
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Protease
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Lipase
	
	
	
	
	


Absorption
Absorption of hydrolysed products of digestion occurs in the ileum which is adapted for this function. The wall of the ileum is folded and possess finger like projections, about 1mm long called villi. They have thin walls, lined with epithelial cells on the other side of which is a rich network of blood capillaries. The villi increase surface area which in turn increases rate of absorption.
Villi are situated at the interface of the lumen (cavity) of the intestines and the blood and other tissues of the body. They are a specialized exchange system adapted for the absorption of the products of digestion.
Structure of the small intestine
[image: ]The ileum is well adapted to its function. List the 5 things that increase the efficiency of villi for absorption of digested products:-
1.

2.

3.

4.

5.


Absorption of Amino Acids and Monosaccharides
Digestion of proteins produces amino acids while the digestion of carbohydrates produces monosaccharides such as fructose, glucose and galactose. The method of absorbing these products are the same namely diffusion and co-transport. Glucose and amino acids are absorbed by co transport into the epithelial cells lining the ileum while facilitated diffusion moves glucose and amino acids from the ileum epithelial cell to the blood. The movement of blood maintains a concentration gradient.
Fill in the boxes in the diagram. Please state whether the concentration of amino acid/glucose is high or low.
[image: ]Type of transport-








Type of transport-


Type of transport-






Describe and explain the transport of amino acids/glucose from the lumen of the ileum into the blood stream.
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[image: ]Lipid absorption
Unlike amino acids and simple sugars, fatty acids and monoglycerides are transformed (changed) as they are absorbed through epithelial cells. Remember lipids are digested by lipases which act on lipids to hydrolyse them to monoglycerides and fatty acids. Once inside the cell they reform to form triglycerides and are then transformed into Chylomicrons inside the Golgi and Endoplasmic reticulum.








Fill in the missing gaps using the following words. 
Monoglyceride, micelle, endoplasmic reticulum, lacteal, exocytosis, thoracic duct, triglycerides, water soluble, and diffuse 
Triglycerides once digested to _____________ and fatty acids by pancreatic lipase remain in association with the bile salts. The structures formed are called ___________. 
Once the micelle comes into contact with the epithelial cell lining the ileum they break down and release the non-polar monoglycerides and fatty acids which _____________across the cell-surface membrane into the epithelial cells. 
They are then transported to the __________ ___________where they are recombined to form _____________. In the endoplasmic reticulum and Golgi apparatus the triglycerides associate with cholesterol and lipoproteins which become surrounded by a protein coat to form structures called chylomicrons. The chylomicrons are ___________ _________lipoproteins and are too big to pass into blood capillaries but can enter the large pores of the__________. Thus the chylomicrons move out of epithelial cell by ________________and enter the lymphatic capillaries called lacteals. They are then transported in the lymphatic vessels which eventually empty through the ___________  _________and into circulatory system.

[image: http://image.slidesharecdn.com/thelymphaticsystem08-130408050126-phpapp01/95/the-lymphatic-system-08-10-638.jpg?cb=1365397349]A diagram to show the lymphatic system (in green). Lipids are transported into the lacteals found at the centre of the villi in the ileum. They enter the blood stream via the thoracic duct.



Research Task:  Common diseases of the digestive system
Research and make notes on the following diseases. You will need to bring these with you for a class discussion:-
1. Lactose Intolerance
2. Coeliac Disease
Video links:
https://www.youtube.com/watch?v=_i2cclGYPx0 (lactose intolerance)
https://www.youtube.com/watch?v=nXzBApAx5lY (Coeliac disease)

Add a paragraph on each disease to the end of your booklet or use the space below to make notes.
Answer the following questions using precise and concise language. Remember to use diagrams and reference.
· Who is at risk?
· What are the causes?
· What are the symptoms?
· What are the effects on the digestive system?
Lactose Intolerance




















Coeliac Disease
















Summary Activity
Produce a revision resource (flash cards, mind map, large annotated diagram) for the digestion and absorption topic.  
Tips:
· Make questions that you can answer and test your knowledge
· Use the resources available on GOL to help you
· Watch the animations and videos from the presentation from GOL
· Ensure that you are not just copying information from one place to another
· Condense down any writing into note form using just key words	
· Use diagrams 







Exam Questions
Q1.
A student investigated the effect of chewing on the digestion of starch in cooked wheat.
He devised a laboratory model of starch digestion in the human gut. This is the method he used.
1.      Volunteers chewed cooked wheat for a set time. The wheat had been cooked in boiling water.
2.      This chewed wheat was mixed with water, hydrochloric acid and a protein-digesting enzyme and left at 37 °C for 30 minutes.
3.      A buffer was then added to bring the pH to 6.0 and pancreatic amylase was added. This mixture was then left at 37 °C for 120 minutes.
4.      Samples of the mixture were removed at 0, 10, 20, 40, 60 and 120 minutes, and the concentration of reducing sugar in each sample was measured.
5.      Control experiments were carried out using cooked wheat that had been chopped up in a blender, not chewed.
(a)     What reducing sugar, or sugars, would you expect to be produced during chewing?
Give a reason for your answer.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(2)
(b)     In this model of digestion in the human gut, what other enzyme is required for the complete digestion of starch?
_________________________________________________________________
(1)
(c)     What was the purpose of step 2, in which samples were mixed with water, hydrochloric acid and pepsin?
_________________________________________________________________
_________________________________________________________________
(1)
(d)     In the control experiments, cooked wheat was chopped up to copy the effect of chewing.
Suggest a more appropriate control experiment. Explain your suggestion.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(2)
(e)     The figure below shows the student’s results.
 [image: ]
                               Incubation time / minutes
Explain what these results suggest about the effect of chewing on the digestion of starch in wheat.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(3)
(Total 9 marks)
Q2.
The diagram shows one method by which amino acids are absorbed from the small intestine into the blood. They are co-transported into the epithelial cell with sodium ions (Na+) at point X on the diagram. Normally, the concentration of sodium ions inside the epithelial cell is low.
[image: ] 
Source: adapted from M. ROWLAND,
Biology (University of Bath Science 16-19) (Nelson Thornes) 1992.
Dinitrophenol (DNP) prevents oxidative phosphorylation. When treated with DNP, the sodium-potassium pump at Y no longer works. As a result, the concentration of sodium ions in the cell rises and amino acid absorption stops.
(i)      Explain why pump Y will not work in the presence of DNP.
_________________________________________________________________
_________________________________________________________________
__________________________________________________________________________________________________________________________________
(2)
(ii)      Explain why sodium ions and amino acids are not absorbed from the lumen of the small intestine in the presence of DNP.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(2)
(iii)     By what mechanism would amino acids leave the epithelial cell at point Z?
_________________________________________________________________
(1)
(Total 5 marks)
Q3.
The diagram shows an epithelial cell from the small intestine.
[image: ] 
(a)     (i)      Name organelle Y.
_____________________________________________________________
(1)

(ii)     There are large numbers of organelle Y in this cell. Explain how these organelles help the cell to absorb the products of digestion.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
(2)
(b)     This diagram shows the cell magnified 1000 times. Calculate the actual length of the cell between points P and Q. Give your answer in µm. Show your working.
 
 
 
Answer ____________________ µm
(2)
(c)     Coeliac disease is a disease of the human digestive system. In coeliac disease, the structures labelled Z are damaged.
Although people with coeliac disease can digest proteins they have low concentrations of amino acids in their blood.
Explain why they have low concentrations of amino acids in their blood.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(2)
(Total 7 marks)




Q4. 
(a)     Describe the role of the enzymes of the digestive system in the complete breakdown of starch.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(5)
(b)     Describe the processes involved in the absorption of the products of starch digestion.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(5)
(Total 10 marks)



Q5.
Scientists investigated the effect of lipase and a 3% bile salts solution on the digestion of triglycerides. The graph below shows their results.
[image: ] 
(a)     Describe what curve Y shows about the effect of lipase and bile salts on the pH of the mixture.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(2)
(b)     The concentration of lipase did not change during the course of the investigation.
Explain why.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(1)
(c)     One of the scientists decided to repeat the investigation at a temperature 10°C below the original temperature.
Describe how you would expect his plotted curve to be different from curve Z.
_________________________________________________________________
_________________________________________________________________
(1)
(Total 4 marks)
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