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Digestion and Metabolism

Homework may be marked on Firefly - check your feedback
and make corrections to your work! This is your responsibiiity!
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4.2.2.1 The human digestive system

content

This section assumes knowledge of the digestive system studied In Key
Stage 3 science.

The digestive system is an example of an organ system In which several
organs work together to digest and absorb food.

Students should be able to relate knowledge of enzymes to Metabolism.

Students should be able to describe the nature of enzyme molecules
gnd relate their activity to temperature and pH changes.

Students should be able to carry out rate calculations for chemical
reactions.

Enzymes catalyse specific reactions in living organisms due to the shape
of their active site.

Students should be able to use the ‘lock and key theory' as a simplified
model to explain enzyme action.

Students should be able to recall the sites of production and the action
of amylase, proteases and lipases.

Students should be able to understand simple word equations but no
chemical symbol equations are required.

Digestive enzymes convert food into small soluble molecules that can be
absorbed into the bloodstream.

Carbohydrases break down carbohydrates to simple sugars. Amylase is
a carbohydrase which breaks down starch.

Proteases break down proteins to amino acids.

Lipases break down lipids (fats) to glycerol and fatty acids.

The products of digestion are used to build new carbohydrates, lipids
and proteins. Some glucose is used Iin respiration.

Bile is made in the liver and stored in the gall bladder. It Is alkaline to
neutralise hydrochioric acid from the stomach. It also emulsifies fat

to form small droplets which increases the surface area. The alkaline
conditions and large surface area increase the rate of fat breakdown by

Key opportunities for

skills development

MS 1a, 1¢c

WS 1.2 '

Students should be able
to use other models to
explain enzyme action.




Required practical activity 4: use qualitative reagents to test for a range of carbohydrates, lipigs ang
proteins.

To include: Benedict's test for sugars; lodine test for starch; and Biuret reagent for protein.

AT skills covered by this practical activity: AT 2 and 8.

This practical activity also provides opportunities to develop WS and MS. Detalls of all skills are given in
iti il | nt.

Required practical activity 5: investigate the effect of pH on the rate of reaction of amylase enzyme,

Students should use a continuous sampling technique to determine the time taken to completely
digest a starch solution at a range of pH values. lodine reagent Is to be used to test for starch every 30
seconds. Temperature must be controlled by use of a water bath or electric heater.

AT skills covered by this practical activity: AT 1, 2, 5 and 8.

4.4.2.3 Metabolism

Content Key opportunities for

skills development

Students should be able to explain the importance of sugars, amino
acids, fatty acids and glycerol in the synthesis and breakdown of
carbohydrates, proteins and lipids.

Metabolism is the sum of all the reactions in a cell or the body.

The energy transferred by respiration in cells is used by the organism
for the continual enzyme controlled processes of metabolism that
synthesise new molecules.

Metabolism includes:

* conversion of glucose to starch, glycogen and cellulose

* the formation of lipid molecules from a molecule of glycerol and three
molecules of fatty acids

* the use of glucose and nitrate ions to form amino acids which in turn
are used to synthesise proteins

* respiration

* breakdown of excess proteins to form urea for excretion.

‘ All of these aspects are covered in more detail in the relevant
specification section but arelmked together here.
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GCSE REQUIRED PRACTICAL 4: TESTING FOR
CARBOHYDRATES, LIPIDS AND PROTEINS

* Solid foods must be ground up in a pestle and mortar and mixed with some water for these tests to
work

* These tests are gualitative - they only tell you if a chemical is present or absent, not how much

there is. - M

* Colour changes are subjective <— o
* Wear safety goggles when handling the reagents

Carbohydrat (Sugars) F

. Carbohydrates (Starch)

Proteins

Lipids

Lipids (alternative test)

Your results:

Carbohydrates (Sugars) :

Carbohydrates (Starch)

.
Proteins - ><
|

- Lipids




¥ The

A nutritional drink was said to contain simple sugars and’pro ein.

drink.

cksolnit

Describe how you could find out if these food substances were present in the

ribe how you would safely test samples of green




Potato crops are grown for their carbohydrate content.

Describe how you could safely test the two species of potato to compare their
carbohydrate content.
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Human Digestive System

e The digestive system is an example of ano g a s ? g_t&min which several organs
work together to d lggiland aZ_SML food.

¢ Digestign can be chemical (a U'_Aand e 1\_7_\7_&@) oritcan bem g,ﬂi\gm‘_gg,l
(te.ehand mpgC bechurning food).

e Enzymes are small proteins which act as ¢ Q,t_al‘,_sjstg_ in living things — they speed
up reactions)

e Digestive enzymes convelyood into s _Q_L]_ sg _L .u.l) Le molecules that can be
absorbed intotheb | o p




Human Digestive System
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/ ' Enzymes & Proteins

Proteins: — b *f
* Proteins are really important molecules in living things - they are
skin, hair, nails, antibodies, hormones etc!
«  Protein molecules are made up of long chains of amino acids

«  There are 20 different amino acids needed to build the proteins in a human
« These long chains are folded to produce a specific shape that enables other molecules to fit into the

used to make muscle, enzymes,

protein.

Enzymes:

* Biological catalysts that increase the rate of chemical reactions in living organisms

* Enzymes are large proteins.
* Enzymes catalyse (speed up) a specific reaction due to the shape of their active site

Lock and Key Theory:
Products

Substrate .
b

Actlve site

Enzyme-substrate
Enzyme complex Enzyme

Enzymes are denatured by high temperature and extremes of pH due to changes in the shape of

the active site.
» They have an optimum temperature and an optimum pH
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The effect of temperature and pH on enzyme activity: w«z*f ?:““"7"'D
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. Trypsin is a protease enzyme. Trypsin will digest a protein called gelatine which covers
the surface of photographic film.

Some students investigated the time taken to digest the gelatine with trypsin.
The sludents used five different concentrations of trypsin.

The rate of reaction was calculated from the time taken for the gelatine to be digested.

The graph shows the students' results.

0.7
0.6+ -
0.5{HH ]
rezgtt;r?fin L
arbitrary
units 0.3
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0.1
0.0

e 5 et SR i R
Percentage concentration of trypsin

2 (a) () Describe the relationship between the concentration of trypsin and the rate of reaction.

............... vaeh e ]
Otz
S«P@/c*, N SR,

2 (a) (i) Use the graph to predict the rate of reaction with 6% trypsin.

O E /’
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i (1 mark) |
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3 (a)  The graph shows the effect of pH on the activities of three enzymes, X, Y and Z.
These enzymes help to digest food in the human digestive sysfem.
Each enzyme is produced by a different part of the digestive system.
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3 (a) () What is the optimum (best) pH for the action of enzyme 2?

k.o

3 (a) (i) The stomach makes a substance that gives the comrect pH for enzyme action in the
human stomach. .

\‘ \ : "
Name this substance. P(’UEAL)/ ....... F)WJ!”MW’VM’: ..................

(1 mark)




GCSE REQUIRED PRACTICAL 5: |
INVESTIGATING THE EFFECT OF PH ON THE RATE
OF REACTION OF AMYLASE ENZYME

| _J
In this practical you will: . ’J
« use the enzyme amylase to break down starch at different pH values V- f s Ld Lk
h H f a % v - g’r,j, ’k’ :r' o
» measure the pH of different solutions [ ¥ bate deom
er i i vV
e use a wat . bath to keep reacting solutions at a constant temperature CU e w’iv’!,
» use a continuous sampling technique “ Vel 2 % L
« use iodine solution as an indicator of the breakdown of starch into sugars. - '
e dii
Method

1. Heat your water bath to 35 °C.
2. Put 2 cm3 of each buffered solution into individual, separate test tubes. Label each tube with the pH of
the solution.
3. Label 5 test tubes ‘Starch’ and add 4 cms3 of starch solution into each tube.
4. Put a thermometer in one of the starch test tubes to monitor the temperature. Leave the thermometer
in this tube throughout the experiment.
5. Add 10 cm3 of Amylase solution into another test tube. Label the tube ‘amylase’.
6. Put all the test tubes into the water bath.
7. Allow the solutions to reach 35 °C.
8. While the solutions are reaching the required temperature, put one drop of lodine selution into each
depression on your spotting tile. Put a drop of starch solution in the first depression of the tile. This is your
" ‘zero time’ mixture. You will use this as a comparison of colour for your test buffers. Starch gives a blue-
black colour with iodine, and the iodine stays brown if all the starch has broken down to glucose.
9. When all the tubes have reached 35 °C take one of the tubes of starch from the water bath and add the
2 cm3 of your first pH buffered solution. Stir the mixture with a glass rod.
" 10. Use the pipette to add 2 cm3 of amylase solution to the mixture. Start the stopclock as soon as you add
the amylase. Keep stirring the mixture with the glass rod.
11. After 10 seconds, remove one drop of the mixture with a glass rod.
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Drop of starch
solution added at
zero time
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©OE

12. Put this drop on the second depression of your spotting tile.

13. Rinse the glass rod with water.

14. Every 10 seconds, use the glass rod to remove one drop of the mixture. Put each drop onto the iodine

solution in the next depression on the spotting tile. Remember to rinse the glass rod with water after
putting each drop on the spotting tile,

15. Keep sampling every 10 seconds until the iodine does not change colour.

16. Record your results in a table

Pn ! Buﬁv“ o

5

Tow Bke ¢ Tarch B be

<+

36

574




yestions to think about:
hat is @ buffer?

/JMMMAM WPH

at is a water bath? Why are they used? Different types?

o] whoh wputhun o eonerd i
%%ﬁmw i

poes t |od;;£\;‘zou quanti&afive or qualitative information about the presence of starch?

Is this test objective (always true — no matter who does it) or subjective (open to peoples’ interpretation)?
W

 This is a continuous sampling technique — what is z:l advantage to this? What is a disadvantage of this?
= %

M~ Lo cpignt ok

What can you do to ensure the drop of liquid you take from the reaction tube is representative of the contents of
the tube?

B Ko dhirg ot

What health and safety issues might there be with this experiment?
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Calculating the rate of reaction
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GCSE Biology required practical:
enzymes (Effect of pH on digestion of starch by amlyase)

6 Starch is broken down into sugar by amylase. Amylase is produced in the salivary glands.

6 (a) Name two other organs in the digesti e system which prodyce amyl

6 (b) A colorimeter measures colour intensity by measuring the percentage of light that
passes through a solution.
f light passing through sugar solutions of different

Graph 1 shows the percentage 0
concentrations to which a test reagent has been added.

W Graph 1
100

80

Percentage 60
of light
passing
through
solution 44

20

darkc 0 %
0.0 02 0.4 0.6 0.8

Concentration of sugar in mol per dm?
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Students used a colorimeter to compare the starch-digesting ability of amylase enzymes
obtained from two organs, P and Q.

into
 The students collected Scm? samples of amylase from P and Q and placed them
a water-bath at 40°C ;
. to the
¢ Two test tubes containing 1 ere also placed in
water-bath.
All the tubes were lefl in the water-bath for 10
Each amylase sample was added to one of the

0Ocm? samples of starch solution W

minutes.

tubes containing the starch solution.

The test tubes were placed back into the water-bath.
Every minute, a few drops were taken from each tube, the test reagent was added
and the percentage of light passing through this solution was measured in the
colorimeter.

bath

The tubes containing amylase samples
for ten minutes before the amylase was added to the starch.

and starch solution were lefi in the water-

—for a j‘f . oL
6 (c) Graph 2 shows how the readings from the colorimeter changed over the next
20 minutes.
Graph 2
100
80
Percentage 60
of light
passing
through
solution 40 3
S : Mixture containing
amylase from organ Q
20
Mixture containing
amylase from organ P
0
0 4 8 12 16 20
Time in minutes




6 (c) (i) UseGraph I and Graph 2 to determine the concentration of sugar in the mixture
from organ Q afler 20 minutes.

o L A MZL/‘SZ/%M?W D42,

6 (c) (ii) Use your answer to 6(c)(i) to calculate the(fate)at which sugar was produced in the
mixture containing amylase from organ Q.

Show clearly how you work out your answer.

~ ‘ 2
B0 = 051 47,60 ndpcth'.
O T R S S S —————
“g: 3 = 0. Uy
. Answer........ L‘t7l.[7/ ................... mol per dm> per minute

6 (c) (iii) Suggest why the amount of light passing through the mixture from organ P did
not change afier 16 minutes.

6 (c) (iv) One of the students suggested that they could have completed their experiment
more quickly if the temperature of the water-bath had been set at 80°C.

., This would not have been the case.
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1 Some siudents investigated the effect of pH m@ﬁﬁm

enzyme called pepsin. Egg white contains protein.

The students:

. Pmﬂglasstl.lbeoontalmngbouedeggwhltalrmatesttube

» added a solution containing pepsin at pH 7

o set up six more tubes with solutions ofpepolnaidmarempH values
o left the test tubes for 24 hours at room temperature.

Figure 1 shows one of the test tubes, atthemnandattheend of the 24 hours.

Figure 1
Solution of pepsin

Glass tube

Boiled egg white

1 (a) (i) What type of enzyme digests protein?
Tick (v') one box.

amylase

lipase




4 (b)  The egg white in each tube was 50 mm long at the start of the investigation.
Table 1 shows the students’ results.

Table 1

pH

1

2 20
3

4

5

6

7

. 1 (b) (i) Atwhich pH did the pepsin work best?
[1 mark]

1 (b) (ii) The answer you gave in part (b){i) may not be the exact pH at which pepsin works
best.

What could the students do to find a more accurate value for this pH?

Explain why.
f2marks]
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4.4.2.3 Metabolism

Content Key opportunities for
g skills development

Students should be able to explain the importance of sugars, amino
acids, fatty acids and glycerol in the synthesis and breakdown of
carbohydrates, proteins and lipids.

Metabolism is the sum of all the reactions in a cell or the body.

The energy transferred by respiration in cells is used by the organism
for the continual enzyme controlled processes of metabolism that
synthesise new molecules.

Metabolism includes:

* conversion of glucose to starch, glycogen and cellulose

* the formation of lipid molecules from a molecule of glycerol and three
molecules of fatty acids

* the use of glucose and nitrate ions to form amino acids which in turn
are used to synthesise proteins

¢ respiration

* breakdown of excess proteins to form urea for excretion.

All of these aspects are covered in more detail in the relevant
specification section but are linked together here. St , e
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