3.1 Biological Molecules
3.1.2 Carbohydrates
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 the structure of carbohydrates.  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:   Carbohydrates
	Topic
	Recall activities
	Understanding
Please write down any questions you have when completing this activity.
	Completed

	Biological molecules
	On the MWB/scrap paper, list what the glucose produced in photosynthesis may be used for.
	
	

	
	On the MWB/scrap paper, name the qualitative reagents which can be used to test for a range of carbohydrates

	
	

	Enzymes
	On a scrap piece of paper/MWB make a list of the enzymes needed for the digestion of carbohydrates
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Section 2 – Independent pack framework
	Key info
	Topic:  Carbohydrates 
Synoptic Link:  Biological molecules, enzymes, transport across membranes, digestion, respiration, photosynthesis
Text book pages:  8-15


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


	Step 2

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

	
	Understand that monosaccharides are the monomers from which larger carbohydrates can be made.
	
	
	

	
	Understand that glucose, galactose and fructose are common monosaccharides
	
	
	

	
	Know that glucose has two isomers, alpha glucose and beta glucose and recall their structures.
	
	
	

	
	Understand that condensation reactions produce disaccharides through the formation of glycosidic bonds to produce maltose, sucrose and lactose.
	
	
	

	
	Understand that glycogen and starch are polysaccharides formed by the condensation of alpha glucose and that cellulose is formed by the condensation of beta glucose.
	
	
	

	
	Understand the structures of glycogen, starch and cellulose are how they are well suited to their functions.
	
	
	

	
	Recall the biochemical tests for reducing and non-reducing sugars and starch.
	
	
	

	
	Understand how to use calibration curves to provide quantitative data on the concentration of unknown solutions.
	
	
	

	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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Start by watching an introductory video on carbohydrates and answer the questions that follow:
Sweet spot: Carbohydrates by Penguin Prof
https://www.youtube.com/watch?v=M6ZLDJluj6I

Questions
1. State the 3 main functions of carbohydrates
a) _________________________________________________________________________
b) _________________________________________________________________________
c) _________________________________________________________________________
2. What does the word carbohydrate mean?

—————————————————————————————————————
3. What three elements are found in all carbohydrates?

 —————————————————————————————————————
4. What 3 letters do carbohydrates tend to end in?

——————————————————————————————-
5. What does the word monosaccharide mean?
mono = ————————————
saccharide = —————————————-
6. What is the name of the molecule made when two monosaccharides are reacted
together?

————————————————————————————————
7. What is sucrose commonly known as?

————————————————————————————————
8. Where are maltose and lactose found?

————————————————————————————————-
9. What type of carbohydrate do you make when you join many monosaccharides
together?

———————————————————————————————————
10. Which of the three polysaccharides starch, glycogen and cellulose can we digest and use for energy?
11. What is the glycemic index? (this has come up on exam questions, although not on spec)

—————————————————————————————————————
—————————————————————————————————————
12. Do foods that digest quickly releasing their glucose into the blood have a high or low GI?

————————————————————
13. Are high or low GI foods better for you?


Structure of Carbohydrates
Complete the rest of this page and the next page using the core slides. Add any additional notes as you go. Make this booklet your own.

There are three classes of carbohydrates; 1) monosaccharides 2) disaccharides and 3)
polysaccharides.
Of the three classes which are soluble in water? _______________________________________________________________________
Which are sweet tasting? ______________________________________________________________________

Monosaccharides
Monosaccharides are relatively small organic molecules that can be used as building
blocks for larger carbohydrates.
What is the general chemical formula of monosaccharides?
———————————————————————————
There are three types of monosaccharides. List them below and complete the table:
	Number of Carbons
	Name
	Examples
	Function
	Chemical formula

	


	
	
	
	

	


	
	
	
	

	


	
	
	
	



Examples of Monosaccharides
Monosaccharides can be represented as straight chains or rings. Count the number of carbon atoms and name the types of monosaccharides shown below:

[image: ][image: ]
————————————————————
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—————————————————————




Hexoses

Perhaps the most important hexose is glucose.
Go to GOL, to the Biology page and watch the video on glucose before you continue with this section.
Once you have watched the video draw the glucose molecule below, numbering the
carbon atoms from 1-6. Check you’ve drawn it correctly.
[image: ]Glucose can be represented in different ways, all of which you should recognise: 
[image: ][image: ]





The atoms shown above in the glucose molecule can be arranged in different ways.

Glucose has two important isomers; alpha glucose and beta glucose.
Define an isomer:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The two isomers of glucose are shown below. [image: ]







What is the chemical formula of both forms? ___________________________

What is the structural difference between both forms? ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

How can you remember the difference? ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Two further isomers of glucose are shown below
[image: ]







Which isomer looks most structurally different? Where can it be found?
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Disaccharides 

Disaccharides are double sugars composed of pairs of __________________________ joined by a ________________________ bond. What type of reaction joins the monomers? __________________________________________________________________________

Condensation reaction between monosaccharides to form a disaccaharide
Learn to draw this reaction.






[image: ]What is the precise name of each monosaccharide taking part in the reaction?
__________________and ____________________ 
From which carbon atoms is a molecule of water released? _____________________________
[image: ]
What is the name of the disaccharide formed?
_____________________________
What is the formula of the disaccharide formed? 
_____________________________

Below are pictures of two monosaccharides. Using the diagrams to help you, Draw the structure of the disaccharide that would result from condensation. The name of the disaccharide is sucrose. What is its chemical formula?
[image: ]




Chemical formula =
The third disaccharide that you should know about is lactose, composed of galactose and glucose.
Write a word equation for the reaction


Hydrolysis
Condensation reactions can be reversed through a reaction called hydrolysis. Define hydrolysis below. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



Hydrolysis takes place when food is digested.
[image: ][image: ]










You will return to the idea of hydrolysis of food in the topic of digestion later this year.
What enzymes are involved in hydrolysis? 
———————————————-----
———————————————-----
———————————————-----

Biochemical Tests for Sugars: Reducing Sugars 

What are reducing sugars? __________________________________________________________________________________________________________________________________________________________________
Why are they described as reducing sugars? ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Method: 
[image: ](Benedict’s reagent is an aqueous solution of copper (II) sulphate, sodium carbonate and sodium citrate.) 
1. Add an equal quantity of Benedict's reagent to approximately 2 cm³ of test solution. 
2. Shake, and heat for a few minutes at 95°C in a water bath. 
3. A precipitate indicates reducing sugar.

Is the Benedict’s test a quantitative or qualitative test? 
_______________________________________
Using the diagram above, estimate the concentration of reducing sugars in the three test tubes in the picture below.
1.
2.
3.
[image: ]

Which one of the 3 test tubes contained sucrose?
____________________________________
Why is it not possible to distinguish between very concentrated samples, even when their concentration is different?
__________________________________________________
__________________________________________________

One of the downsides of the aforementioned test is that it produces qualitative data.
Calibration Curves can be used to provide quantitative data on the concentration of unknown glucose solutions. Read the information that follows, then plot the graph and answer the questions.

Many people like to know how sweet the wine they are buying is, and a glucose calibration curve can be used to measure the amount of glucose in wine. Medium sweet wines have a sugar content between 18 g dm−3 and 45 g dm−3, while those with a concentration greater than 45 g dm−3 are classified as sweet.
Manufacturers of sugar-free and low sugar foods and drinks will regularly test their products to ensure they fall within a narrow range of acceptable values.
The glucose concentration of a solution can be measured using potassium permanganate solution, which is pink. Glucose easily donates electrons to permanganate ions in a redox reaction. The rate of this reaction depends on the concentration of glucose in solution.
When potassium permanganate is reduced by accepting electrons, it becomes colourless, and by measuring the time taken for different known concentrations of glucose to turn the solution colourless you can generate the data to produce a graph of glucose concentration against time.

To produce a glucose calibration curve, you first need to make up a range of
glucose solutions of known concentration. For example, to prepare a 1% solution, you dissolve 1g of glucose in 100 cm3 of water. If you make up a range of different
concentrations, and time how long it takes for a standard volume of standard concentration potassium permanganate solution to be decolourised, you can then plot a calibration curve.

After generating a calibration curve using a standard glucose solution and potassium permanganate, you can then determine the concentration of glucose in an unknown solution.
[image: ]Questions
1. On graph paper plot the data in the table to 	produce a calibration curve.

2. Use your curve to determine the glucose 	concentration of a sample which took:
a. 32 seconds to go colourless
b. 10 seconds to go colourless.

3. How long would it take a glucose solution with a 	concentration of 160 mg 100 cm−3 to

4. go colourless?


Record your answers on the graph paper, showing how you arrived at your answers

Biochemical Test for sugars: The Non Reducing Sugar Test 

Some sugars are not readily oxidised and so do not reduce other substances. These are non reducing sugars. The disaccharide sucrose is a non reducing sugar.

Method: 
1. First test a sample for reducing sugars, to see if there are any present. If negative continue with the method below. 
2. Add 2cm3 dilute hydrochloric acid to 2cm3 of the sample solution and boil for a few minutes to hydrolyse the glycosidic bond. 
3. Add sodium hydrogen carbonate solution to neutralise the hydrochloric acid (Benedict’s reagent will not work in acidic conditions).
4. Re-test the solution with Benedict’s reagent. 
5. If a non reducing sugar was present in the original sample the solution will now change colour. This is due to the reducing sugars that were produced from the hydrolysis of the non reducing sugar.


Polysaccharides
What is a polysaccharide? 

_________________________________________________________________________________

There are two types of polysaccharide. What are they? 

1. _____________________________________________

2. _____________________________________________



Storage Polysaccharides

Storage polysaccharides are hydrolysed to provide glucose to respiring cells. There are two types of storage polysaccharide. What are they? 

1. ___________________________________________________
2. ___________________________________________________
Watch how a polysaccharide is formed on the power point.
Starch
What is the role of starch? _____________________________________________

Starch is a mixture of two polypeptides. What are the names of the two polymers that make up starch?_____________________ and ________________________

Amylose 
Amylose is a polymer made up of glucose monomers. It is a linear molecule with no
branches.
[image: ]





What isomer of glucose is the monomer that makes up amylose? ___________________________
[image: ]

The Amylose molecule coils into a helix. Why does the polysaccharide form this shape and what bonds hold the shape in place?
__________________________________________________________



Amylopectin 
A branched polysaccharide that fits inside the amylose helix.
[image: ]What glucose monomer forms amylopectin? _____________________

You know that 1,4 glycosidic bonds produce a straight molecule. 1,6 bonds cause the molecule to branch. Look carefully at the diagram. Why is the bond called a 1,6 bond?
____________________________________
____________________________________
____________________________________
Starch is found in many parts of the plant in the form of small grains. Especially large amounts occur in seeds and storage organs such as potato tubers, providing glucose stores that can be released when required.
How is the structure of starch suited to its function? 
1.  ______________________________________________________________________
_________________________________________________________________________
2. _______________________________________________________________________
_________________________________________________________________________
3. _______________________________________________________________________
_________________________________________________________________________
4. _______________________________________________________________________
_________________________________________________________________________
Biochemical test for starch - The Iodine test
[image: ]Describe how you would carry out the iodine test.
What colour change would be observed? 





Glycogen
Glycogen is found in animals and bacterial cells. In animals it is stored as small grains mainly in the muscles and the liver. The mass of glucose stored is relatively small because fat is the main storage molecule in animals
[image: ]

What glucose monomer forms glycogen?  ___________________

What type of bonds are found in the molecule? ______________________

State two ways glycogen differs to starch. 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Explain how the glycogen molecule is suited to its function.
1.


2.


3.


4.
Cellulose 
Cellulose is the most common polysaccharide in the world and a major component of plant cell walls providing rigidity to the plant cell.
A common question on exam papers is to explain how the cellulose structure provides such strength.
Look at the image of a cellulose molecule below (red) sitting next to an image of a starch polymer. What do you notice about the glycosidic bonds as you move along the cellulose polymer as compared with the starch polymer?
[image: ]
[image: ]
[image: ]
You should observe that as you move along the polymer that in every second monomer the glycosidic bond points downwards.
Look again and now you will see that each second glucose monomer is rotated by 180 degrees.
Why is this?


What glucose monomer forms cellulose? _______________________________
Are there any branches shown in any of the diagrams (in other words are there any 1,6 glycosidic bonds)? ___________________

In the space below draw two beta glucose molecules side by side, waiting to react through a condensation reaction. Check that the hydroxyl group on C1 is in the correct position.
Now try and react the molecules. What’s the problem? Remember a water molecule must be released and an oxygen must be left behind to form a glycosidic bond.





Check you understand why every second monomer must rotate by 180 degrees. This difference is what allows cellulose to be an excellent structural molecule. Long straight chains can be formed that allow H bonds to be set up between polymers.

Summary of Cellulose Structure and Function
[bookmark: _GoBack]
Rather than forming a coiled chain like starch, cellulose has straight unbranched
chains that run parallel to one another. The chains are held together by hydrogen bonds forming groups of molecules called microfibrils. Although an individual hydrogen bond is very weak, the large numbers of them mean that the microfibrils have great strength. They are also difficult to digest; relatively few organisms have enzymes (cellulase) that can break β-4 glycosidic bonds. So cellulose is an excellent structural substance, rather than an energy storage substance like starch and glycogen. The cellulose cell wall also prevents the cell from bursting as water enters it by osmosis. It provides structural stability but it is also freely permeable allowing water and solutes to penetrate the cell membrane.
[image: ]
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3.1.2 Carbohydrates

Content
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« maltoss is a disaccharide formed by condensation of two
glucoss molecules
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