Topic Bl — Cell Biology 11
Cells

When someone first peered down a microscope at a slice of cork and drew the boxes they saw,
little did they know that they'd seen the building blocks of every organism on the planet...

Organisms can be Prokaryotes or Eukaryotés

1) Al living things are made of cells.

2) Cells can be either prokaryotic or eukaryotic. Eukaryotic cells are complex and include
all animal and plant cells. Prokaryotic cells are smaller and simpler, e.g. bacteria (see below).

3) Eukaryotes are organisms that are made up of eukaryotic cells.
4) A prokaryote is a prokaryotic cell (it's a single-celled organism).

. Pl_a;_l_f ahd Hnimql Cg]ls have Sirﬁilarities and -Differences

The different parts of a cell are called subcellular structures.
Most animal cells have the following subcellular structures — make sure you know them all:

1) Nucleus — contains genetic material that controls the activities of the cell.

,/ 2) Cuytoplasm — gel-like substance where most of the chemical reactions happen.
\L.=" It contains enzymes (see page 25) that control these chemical reactions.

3) Cell membrane — holds the cell together and controls what goes in and out.

4) Mitochondria — these are where most of the reactions for aerobic respiration take
=
place (see page 55). Respiration transfers energy that the cell needs to work.

5) Ribosomes — these are where proteins are made in the cell.

Plant cells usually have all the bits that animal cells have, plus a few extra
things that animal cells don't have:

1) Rigid cell wall — made of celluloge. It supports the cell and strengthens it. ==

2) Permanent vacuole — contains cell sap, a weak solution of sugar and salts.

3) Chloroplasts — these are where photosynthesis occurs, which makes ===
food for the plant (see page 50). Theg containa 'V o gy
green substance called chlorophyll, which absorbg = "¢ cells of algae (eg. seaweed) also
the light needed for photosynthesis.
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= have a rigid cell wall and chloroplasts.
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You might see the sizes of cells written

in standard form (see the next page). 2
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' Ba;:ten'al Cel]s Are Much Smaller i
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Bacteria are prokaryotes. Here's what a bacterial cell might look like:

Cell membrane Bacterial cells don't have a 'true’
Cell wall nucleus — instead they have
Cytoplasm \ J a gingle circular strand of DNA
that floats freely in the cytoplasm.
; ; )
Bacteria don't have > They may also contain one or more

chloroplasts or mitochondria. small rings of DNA called plasmids.

Cell structures — become an estate agent...

You could get asked to estimate the area of a subcellular structure in your exam. If you do, treat it as a
regular shape. For example, if it’s close to a rectangle, use the area formula ‘area = length x width’.

Q1 Give two differences in structure between prokaryotic and eukaryotic cells. [2 marks]
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Mlcroscopy

Microscopes are pretty important for biology. 8o here's a couple of pages all about them...

Cells are Studied Using Mictoscqpe,s

1) Microscopes let us see things that we can't see with the naked eye. The microscopy techniques
we can use have developed over the years as technology and knowledge have improved.

2) Light microscopes use light and lenses to form an image of a specimen and magnify it (make it look
bigger). They let us see individual cells and large subcellular structures, like nuclei.

3) Electron microscopes use electrons instead of light to form an image. SR ELITL D8 1y

: ; : > _ See the next page

They have a much higher magnification than light microscopes. for how to use 5

4) They also have a higher resolution. (Resolution is the ability to distinguish = I"?f*f microscope.
between two points, so a higher resolution gives a sharper image.) O

5) Electron microscopes let us see much gmaller things in more detail, like the internal structure of
mitochondria and chloroplasts. They even let us see tinier things like ribosomes and plasmids.

suEn b g
ZARRFR IS

You Need to be Able to Usﬁé the Formula for Maghiﬁcation

You can calculate the magnification

of an image using this formula: If you want to work out :
the image size or the fiang CO):ZrtLrl;nt;iothF::g
5 : image si real size of the object, ks oM :
magnlﬁcahon = _ﬂ you can rearrange the 2125 The parts you can still
real size equation using this magni-  real see are the formula
formula triangle: fication * size you need to use.

Image size and real size should have the same units.
If they don't, you'll need to convert them first (see page 8)

3 A specimen is 50 pm wide. Calculate the width of the image of the
specimen under a magnification of x 100. Give your answer in mm.

3 = y - - Remember, to convert
1) Rearrange the formula. Image size = magmﬁcat'on x real size from micrometres (um)

to millimetres (mm)

2) Fill in the values you know. image size = 100 x 50 S
ou nee; 0 divide

3) Remember the units in your answer. 5 SOOOMY 1000 (see p8). :

4) : = Eg. 5000 pym +

Convert the units. =5 mm
1000 =5 mm

You Need to Know How to Work With Numbers in Standard Form
1) Because microscopes can see such tiny objects, sometimes it's useful to write numbers in standard form.

2) This is where you change very big or small numbers with lots of zeros into something more manageable,
e.g. 0.017 can be written 1.7 x 102,

8) To do this you just need to move
the decimal point left or right.

i E)(AN\PLE 8 A mitochondrion is approximately O.0025 mm long.
Write this figure in standard form.

4) The number of places the decimal 1) The first number needs to be between 1 and 10 so the
point moves is then represented decimal point needs to move after the 2", 0.0025
by 2 MQ_ = this is 2) Count how many places the decimal point has moved 75 x 103
positive if the decimal point's — this is the power of 10. Don't forget the minus sign 210

moved to the left, and negative

because the decimal point has moved right.
if it's moved to the right.

Your resolution to revise should be increasing right now...
Keep an eye on the units for that equation — if they’re not the same, it just won’t work.

Ql An onion cell is viewed under a microscope with x 100 magnification. The image of the cell
is 7.5 mm wide. What is the real width of the onion cell? Give your answer in pm. [2 marks]
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It's all

More on Microscopy |

very well knowing what microscopes do — you also have to know how to actually use one.

You Need to Prepare Your Slide

If you want to look at a specimen (e.g. plant or animal cells) under a light microscope, you need to put it
on a microscope slide first. A slide is a strip of clear glass or plastic onto which the specimen is mounted.

Here's how to prepare a slide to view onion cells:

1)
2)

3)
4)

5)

Use a Light Microscope to Look at Your Slide |

Add a drop of water to the middle of a clean slide. Watfi::}f Eﬁ:ﬁi;ﬂi"“’

Cut up an onion and separate it out into layers. Use tweezers to peel off Cover slip
some epidermal tissue from the bottom of one of the layers.

Using the tweezers, place the epidermal tissue into the water on the slide. Specimen
Add a drop of jodine solution. lodine solution is a gtain. Sta'izzciinf'th Slide

Stains are used to highlight objects in a cell by adding colour to them.

Place a cover slip (a square of thin, transparent plastic or glass) on top. To do this, stand the cover slip
upright on the slide, next to the water droplet. Then carefully filt and lower it so it covers the specimen.
Try not to get any air bubbles under there — they'll obstruct your view of the specimen.

To look at your prepared slides, you need to know how to use a light microscope:

1)
2)

3)
4)
5)

8)

Clip the glide you've prepared onto the stage. Eyepiece
Select the lowest-powered objective lens

(i.e. the one that produces the lowest magnification). Ghare
Use the coarse adjustment knob to move the stage up Adjstinent
to just below the objective lens.

Look down the eyepiece. Use the coarse adjustment knob to
move the stage downwards until the image is roughly in focus. Fife
Adjust the focus with the fine adjustment knob, until you get  adjustment
a clear image of what's on the slide. knoy
If you need to see the slide with greater magnification, swap

to a higher-powered objective lens and refocus.

power objective
lenses

i
L J]

.

Stage
Light

Draw Your Observations Neatly with a Pencil |

1)
2)

3)
4)

5)

6)

Draw what you see under the microscope using a pencil with a sharp point.

Make sure your drawing takes up at least half of the space i ou cell wall
available and that it is drawn with clear, unbroken lines. nicleus— =0 BOB
Your drawing should not include any colouring or ghading. TETC Ol

If you are drawing cells, the subcellular structures P R/_J magnification of

real length = 03 mm drawing = x 110
R N NN N R N AR N AN WA RR AR R AR RRRET
You can work out the real size of a cell by counting the number of cells you
can see along 1 mm (see p.234). You can work out the magnification of

L s e S your drawing using this formula: magnification = length of drawing of cell +
gnitication real length of cell. So here, magnification = 33 mm + 03 mm = x 110.

Label the important features of your drawing /' "1 rrerv v n e n S

(e.g. nucleus, chloroplasts), using straight, uncrossed lines.

should be drawn in proportion.

Remember to include a title of what
you were observing and write down the

GRS

b S o T B

Fd

A light microscbpe is better than a heavy one...

If you can use a microscope, you're halfway to ruling the world. That’s what I like to think, anyway.

Ql

Why might you add stain to the sample on a microscope slide? [1 mark]
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 Cell Differentiation and Specialisation

l}ou?\r;e:& To Know These Examples of .S'pec:al:sedC’eIIs\

Cells don't all look the same. They have different structures to suit their different functions.

 Cells Differentiate to Become Specialised

1) Differentiation is the process by which a cell changes to become specialised for its job.

2) As cells change, they develop different subcellular structures and turn into different types of cells.
This allows them to carry out specific functions.

8) Most differentiation occurs as an organism develops.
In most animal cells, the ability to differentiate is e
then lost at an early stage, after they become specialised.
However, lots of plant cells don't ever lose this ability. - _ i ;

4) The cells that differentiate in mature animals are mainly used undlfﬁ:;;\hafed w(::i?:r;::?;?i“
for repairing and replacing cells, such as skin or blood cells.

5) Some cells are undifferentiated cells — they're called stem cells. There's more about them on page 16.

SPERM CELLS are specialised for REPRODUCTION

The function of a sperm is basically to get the male DNA to the female DNA.
It has a long tail and a streamlined head to help it swim to the egg.

There are a lot of mitochondria in the cell to provide the energy needed.

It also carries enzymes in its head to digest through the egg cell membrane.

NERVE CELLS are specialised for RAPID SIGNALLING

The function of nerve cells is to carry electrical signals from one part of the body to
another. These cells are long (to cover more distance) and have branched connections

at their ends to connect to other nerve cells and form a network throughout the body.

MUSCLE CELLS are specialised for CONTRACTION

The function of a muscle cell is to contract quickly. These cells =

are long (so that they have space to contract) and contain lots
of mitochondria to generate the energy needed for contraction.

ROOT HAIR CELLS are specialised for absorbing WATER and MINERALS

Root hair cells are cells on the surface of plant roots, which grow into long “hairs" that stick out into |l
the soil. This gives the plant a big surface area for absorbing water and mineral ions from the soil.

ph
PHLOEM and XYLEM CELLS are specialised for TRANSPORTING SUBSTANCES

Phloem and xylem cells form phloem and xylem tubes, which transport
substances such as food and water around plants. To form the tubes, the cells
are long and joined end to end. Xylem cells are hollow in the centre and phloem

cells have very few subcellular structures, so that stuff can flow through them.

= There's more
= about phloem
= and xylem on

| = page 40.

You need to know how the structure of each of the cells on this page relates to its function. Lucky you.

Ql Plants transport food substances from the leaves to growing parts of the plant through phloem tubes.
Give one feature of a phloem cell that makes it specialised for its function. [1 mark]

Q2 Describe how a root hair cell is specialised for its function. [2 marks]
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Chromosomes and Mitosis

In order to survive and grow, our cells have got to be able to divide. And that means our DNA as well...

Chromosomes Contain Genetic Information ‘ p) E E{’ 11 ie §
1) Most cells in your body have a nucleus. The nucleus contains ¥c B€ 66 ¢ @i
your genetic material in the form of chromosomes. S iR 8

{r & ;aﬂ THNT

2) Chromosomes are coiled up lengths of DNA molecules. "3 12 W o
3) Each chromosome catries a large number of genes. Different genes AL gaf i
control the development of different characteristics, e.g. hair colour. B B odr At U

4) Body cells normally have two copies of each chromogsome — one from the organism'’s 'mother’, and one

from its 'father’. 8o, humans have two copies of chromosome 1, two copies of chromosome 2, etc.
5) The diagram shows the 23 pairs of chromosomes from a human cell.

The Cell Cycle Makes New Cell.s for Croﬁﬂly,ibre?glqp{pgni and Repa:r

1) Body cells in multicellular organisms divide to produce new cells as part of growth and DNA

.-{‘p\l(;ﬂ.w‘,n

a series of stages called the cell cycle.
2) The stage of the cell cycle when the cell divides is called mitosis.
3) Multicellular organisms use mitosis to grow or replace cells that have been damaged.

4) The end of the cell cycle results in two new cells identical to the original cell,
with the same number of chromosomes.

5) You need to know about these two main stages of the cell cycle:

Growth & DNA Replication
1) In a cell that's not dividing, the DNA is all spread out in long strings.
2) Before it divides, the cell has to grow and increase the amount of

subcellular structures such as mitochondria and ribosomes.
3) It then duplicates its DNA — so there's one copy The left arm has

for each new cell. The DNA is copied and forms the same DNA t;s
X- . E ‘arm’ the right arm o
shaped chromosomes. Each 'arm’' of the Bl il

chromosome is an exact duplicate of the other.

Once its contents and DNA have been copied,
the cell is ready for mitosis...

4) The chromosomes line up at the centre of the cell
and cell fibres pull them apart. The two arms of each
chromosome go to opposite ends of the cell.

5) Membranes form around each of the sets of
chromosomes. These become the nuclei of the two
new cells — the nucleus has divided.

6) Lastly, the cutoplasm and cell membrane divide.

The cell has now produced two new daughter cells.
The daughter cells contain exactly the same DNA — they're
identical. Their DNA is also identical o the parent cell.

A cell’s favourite computéi' géfl;;;idivide and conquér...

Mitosis can seem tricky at first. But don’t worry — just go through it slowly, one step at a time.
This type of division produces identical cells, but there’s another type which doesn’t... (see page 70).

Ql Describe the events of the cell cycle that need to occur before mitosis can begin. [2 marks]

Topic B1 — Cell Biology
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Stem Cells

Stem cell research has exciting possibilities, but it's also pretty controversial.

Embryomc Stem Cells Can Turn into ANY Type of Cell |

1) Differentiation is the process by which a cell changes to become g pemahsed for its job — see p.14.

2) Undifferentiated cells, called stem cells, can divide to produce lots more undifferentiated cells.
They can differentiate into different tupes of cell, depending on what instructions they're given.

3) Stem cells are found in early human embryos. They're exciting to doctors and medical researchers because
they have the potential to turn into any kind of cell at all. This makes sense if you think about it — all the
different types of cell found in a human being have to come from those few cells in the early embryo.

4) Adults also have stem cells, but they're only found in certain places, like bone marrow. Unlike embryonic
stem cells, they can't turn into any cell type at all, only certain ones, such as blood cells.

5) 8tem cells from embryos and bone marrow can be grown in a lab to produce clones (genetfically identical
cells) and made to differentiate into specialised cells to use in medicine or research.

~ Stem Cells May Be Able to Cure Many Diseases |

1) Medicine already uses adult stem cells to cure disease. For example, stem cells transferred from

the bone marrow of a healthy person can replace faulty blood cells in the patient who receives them.

2) Embryonic stem cells could also be used to replace faulty cells in sick people — you could make
insulin-producing cells for people with diabetes, nerve cells for people paralysed by spinal injuries, and so on.

8) In a type of cloning, called therapeutic cloning, an embryo could be made to have the same genetic
information as the patient. This means that the stem cells produced from it would also contain the
same genes and so wouldn't be rejected by the patient's body if used to replace faulty cells.

4) However, there are rigks involved in using stem cells in medicine. For example, stem cells grown in the lab
may become contaminated with a virus which could be passed on to the patient and so make them gicker.

 Some PeopIe Are }Igamst .S‘tem CeII Research

1) Some people are against stem cell researoh because they feel fha‘f human embryos
shouldn't be used for experiments since each one is a potential human life.

2) Others think that curing existing patients who are gsuffering is more important than the rights of embryos.

3) One fairly convincing argument in favour of this point of view is that the embryos used in the research are
usually unwanted ones from fertility clinics which, if they weren't used for research, would probably just be
destroyed. But of course, campaigners for the rights of embryos usually want this banned too.

4) These campaigners feel that scientists should concentrate more on finding and developing
other sources of stem cells, so people could be helped without having to use embryos.

5) In some countries stem cell research is banned. 1t's allowed in the UK as long as it follows strict guidelines.

Stem Cells Can Produce Ident:cal PIan ts |

1) In plants, stem cells are found in the meristems (par’rs of the plant where growth occurs — see p.39).

2) Throughout the plant's entire life, cells in the meristem tissues can differentiate into any type of plant cell.
3) These stem cells can be used to produce clones (identical copies) of whole plants guickly and cheaply.

4) They can be used to grow more plants of rare species (to prevent them being wiped out).

5) Stem cells can also be used to grow crops of identical plants that have desired features for farmers,
for example, disease resistance.

But florists cell stems, and nobody complains about that...
' Whatever your opinion is, make sure know the uses of stem cells and the arguments for and against using them.
i Ql How can stem cells be used to preserve rare plant species? [2 marks]

Top1c Bl —Cell Blology
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Particles move about randomly, and after a bit they end up evenly spaced. It's not rocket science, is it...

Don’t Be Put Off by the Fancy Word |

1)

2)

3)

4)

5)
6)

"Diffusion" is simple. I's just the gradual movement of particles from places where there are lots of
them to places where there are fewer of them — it's just the natural tendency for stuff to spread out.

Unfortunately you also have to learn the fancy way of saying the same thing, which is this:

DIFFUSION is the SPREADING OUT of particles from an area of
HIGHER CONCENTRATION to an area of LOWER CONCENTRATION.

Diffusion happens in both golutions and gases — that's because the particles in these substances are
free to move about randomly.

The simplest tupe is when different gases diffuse through each other.
This is what's happening when the smell of perfume diffuses through the air in a room:

& 9 N o f©

e e o e perfume

& Y air & ®) (@) ol
g o © ; n particles
cog O B ), diffused
= ((O . .
perfume particles VgL e ar

The bigger the concentration gradient (the difference in concentration), the faster the diffusion rate.

A higher temperature will also give a faster diffusion rate because the particles have more energy,
so move around faster.

|

CeII Membranes Are Kind of Clever...

1)
2)
3)

4)

5)
6)

7)

——— il

They're clever because they hold the cell together BUT they let stuff in and out as well.
Dissolved substances can move in and out of cells by diffusion.

Only very small molecules can diffuse through cell membranes though
— things like oxygen (needed for respiration — see page 55), glucose, amino acids and water.

Big molecules like starch and proteins can't fit through the membrane:

oton] o, ge [

Q)

Q))
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Just like with diffusion in air, particles flow through the cell membrane from where there's a
higher concentration (a lot of them) to where there's a lower concentration (not such a lot of them).

They're only moving about randomly of course, so they go both ways — but if there are a lot more
particles on one side of the membrane, there's a net (overall) movement from that side.

The larger the surface area of the membrane, the

pass through at once — see page 20.

Revision by diffusion — you wish...
Wouldn’t it be great if all the ideas in this book would just gradually drift across into your mind...

Ql

A student adds a drop of ink to a glass of cold water.

a) What will the student observe to happen to the drop of ink. Explain your answer.
b) How might the observation differ if the ink was added to a glass of warm water?

faster the diffusion rate, because more particles can

[2 marks]
[1 mark]
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If you've got your head round diffusion, osmosis will be a breeze. If not, have another read of the previous page.

Osmosis is a Special Case of Diffusion, That's All |

08MOSIS is the movement of water molecules across a partially permeable membrane
from a region of higher water concentration to a region of lower water concentration.

1) A partially permeable membrane is just one with very small holes in it. 8o small, in fact, only
tiny molecules (like water) can pass through them, and bigger molecules (e.g. sucrose) can't.

2) The water molecules actually pass both ways through

the membrane during osmosis. This happens because o - o o[.l.* of a8 o
water molecules move about randomly all the time. 2 ‘U‘* . S orGce

3) But because there are more water molecules on one $ioo S I solution .
side than on the other, there's a steady net flow of o O i|] 5
water into the region with fewer water molecules, o O . Oy
i.e. into the stronger sugar solution. 6 oo g A]..;

4) This means the strong sugar solution gets more a9 2

dilute. The water acts like it's trying to "even up" -
the concentration either side of the membrane. L Net movement of water molecl

5) Osmosis is a type of diffusion — passive movement of water particles from
an area of higher water concentration to an area of lower water concentration.

| You can Observe the Effect of Sugar Solrtions on Plant Tissue |

There's a fairly dull experiment you can do to show osmosis at work.
1) You cut up an innocent potato into identical cylinders, —
and get some beakers with different sugar solutions

: Pure Conc.
in them. One should be pure wa+e|: and another should | water € Potato si;gfgr
be a very concentrated sugar solution (e.g. 1 mol/dm?). ~ cylinders el

Then you can have a few others with concentrations
in between (e.g. 0.2 mol/dm?, 0.4 mol/dm?, 0.6 mol/dm?, etc.)
2) You measure the mass of the cylinders, then leave W
. . ||||||ll”l"|"HI'H | J‘,’
one cylinder in each beaker for twenty four hours or so. S ; % ]lculating the percentage change =
3) Then you take them out, dry them with a (see p241), you can compare the effect -
paper towel and measure their masses again.

of sugar concentration on cylinders that =
. . : R the same initial mass.
4) If the cylinders have drawn in water by osmosis, X d,'::rzativf e will give a positive
. . n i i

fheu'" have increased in mass. If water has been drawn out, percentage change and a decrease will
they'll have decreased in mags. You can calculate the ive a negative percentage ldlw?r:?ﬁl P
percentage change in mass, then plot a few graphs and things. /it

5) The dependent variable is the chip mass and the independent variable is the concentration of the
sugar solution. All other variables (volume of solution, temperature, time, type of sugar used,
etc. etc.) must be kept the same in each case or the experiment won't be a fair test.

6) Like any experiment, you need to be aware of how errors (see p.5) may arise. Bipa e
Sometimes they may occur when carruing out the method, e.g. if some potato = v, coull:i f.also carr z
cylinders were not fully dried, the excess water would give a higher mass, or if = this experiment ujnzut =
water evaporated from the beakers, the concentrations of the sugar solutions = different salt solutions anq =

would change. You can reduce the effect of these errors by repeating the = e what effect they haye

3 3 5 on potato chj
experiment and calculating a mean percentage change at each concentration. 771111, ., gk o -

\Hllllllll”lll!

CARRNARRRN

HYerrn gy,

And to all you cold-hearted potato murderers...
Just remember, osmosis is really just a fancy word for the diffusion of water molecules. It’s simple really.
[eal Explain what will happen to the mass of a piece of potato added to a concentrated salt solution. [2 marks]
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Active Transport

Sometimes substances need to be absorbed against a concentration gradient, i.e. from a lower to a
higher concentration. This process is lovingly referred to as ACTIVE TRANSPORT.
Root Hairs Take In Minerals and Water |

Root hair cell 1) As you saw on page 14, the cells on plant roots
----- grow into "hairs" which stick out into the soil.

_ of these microscopic hairs.
% 8) This gives the plant a large surface area for

““““““ | 5) The concentration of minerals is usually higher in
the root hair cells than in the goil around them.

6) So the root hair cells can't use diffusion to take up minerals from the soil.
,._\H'IHH|||||“
*Vater is takep,
into root ha’-r
cells by Osmosis

Esee page 18)
III;I}IIIH\\\

7

N\

Root;Hf‘,,,‘?f 711§ke in Mm e_r_a_ls_ U._s;_igg_ﬂctive Transport |

}

\H;””“
Vipry g,

1) Minerals should move out of the root hairs if they followed the rules of diffusion.
The cells must use another method to draw them in.

2) That method is, in fact, a conveniently mysterious process called “active transport”.

3) Active transport allows the plant to absorb minerals from a very dilute solution, against a
concentration gradient. This is essential for its growth. But active transport needs ENERGY
from respiration to make it work.

4) Active transport also happens in humans, for example in taking glucose from the gut (see below),

and from the kidney tubules.

71

We Need Active Transport to Stop Us Starving

Active transport is used in the gut when there is a lower concentration of nutrients in the gut,
but a higher concentration of nutrients in the blood.
1) When there's a higher concentration of glucose and
amino acids in the gut they diffuse naturally into the blood.
2) BUT — sometimes there's a lower concentration
of nutrients in the gut than there is in the blood. the
3) This means that the concentration gradient is gut
the wrong way.
4) The same process used in plant roots is
used here...

Inside

..."Active transport".
5) Active transport allows nutrients to be taken into the blood,
despite the fact that the concentration gradient is the wrong way.
6) This means that glucose can be taken into the bloodstream when its concentration in the blood is already
higher than in the gut. It can then be transported to cells, where it's used for respiration (see p.54).

Active transport — get on yer bike...

An important difference between active transport and diffusion is that active transport uses energy. Imagine a pen
of sheep in a field. If you open the pen, the sheep will happily diffuse from the area of higher sheep concentration
into the field, which has a lower sheep concentration — you won’t have to do a thing. To get them back in the pen
though, you’ll have to put in quite a bit of energy.

Ql What is the purpose of active transport in the gut? [1 mark]

Topic Bl — Cell Biology
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Exchange Surfaces

MuIt:ceIIuIar Orgamsms Need Exchange Surfaces |

How easily stuff moves between an organism and its environment depends on its surface area to volume ratio.

. Organisms Exchange Substances with the:rrEnwronment

1) Cells can use diffusion to take in substances they need and get rid of waste products. For example:
* Oxygen and carbon dioxide are transferred between cells and the environment during gas exchange.

* In humans, urea (a waste product produced from the breakdown of proteins)
diffuses from cells into the blood plasma for removal from the body by the kidneys.

2) How easy it is for an organism to exchange substances with its environment depends on the
organism's surface area to volume ratio (8A : V).

You _C'an Compaxfe .S‘urface Area to Vqume Ratzos ?

A ratio shows how big one value is compared to anofher The arger an organism is, the smaller its surface
area is compared to its volume. You can show this by calculating surface area to volume ratios:

A hippo can be represented by a 2 cm X 4 cm X 4 cm block.
The area of a surface is found by the equation: LENGTH x WIDTH
8o the hippo's total surface area is:
(4 x 4) x 2 (top and bottom surfaces of block)

+ (4 x 2) % 4 (four sides of the block)

= 64 cm?.
The volume of a block is found by the equation: LENGTH X WIDTH x HEIGHT
So the hippo's volume is 4 X 4 X 2 = 32 cm®.

2 cm

The surface area to volume ratio of the hippo can be written as 64 : 32. The cube mouse's
To simplify the ratio, divide both sides of the ratio by the volume. surface area is six times
8o the surface area to volume ratio of the hippo is 2 : 1. its volume, but the cube

hippo's surface area

is only fwice its volume.
8o the mouse has a
larger surface area
compared to its volume.

A mouse can be represented by a 1 em X 1em X 1 em block.

Its surface areais (1 X 1) X 6 = 6 cm2. S, 1em
lts volume is 1 X 1 X 1 = 1cm?®.

1 em |9
8o the surface area to volume ratio of the mouse is 6 : 1.

e e e e aei]

1) In mgle celled organisms, gases and dissolved substances can diffuse directly into (or out of) the cell
across the cell membrane. I's because they have a large surface area compared to their volume, so
enough substances can be exchanged across the membrane to supply the volume of the cell.

2) Multicellular organisms have a smaller surface area compared to their volume — not enough
substances can diffuse from their outside surface to supply their entire volume. This means they need
some sort of exchange surface for efficient diffusion (see pages 21-22 for some examples).

The exchange surface structures have to allow enough of the necessary substances to pass through.

8) Exchange surfaces are ADAPTED to maximise effectiveness:

* They have a thin membrane, so substances only have a short distance to diffuse.

* They have a large surface area so lots of a substance can diffuse at once.

* Exchange surfaces in animals have lots of blood vessels, to get stuff into and out of the blood quickly.
* Bas exchange surfaces in animals (e.g. alveoli) are often ventilated too — air moves in and out.

Not that I ’m endorsmg putting animals in boxes...
A large surface area is a key way that organisms’ exchange surfaces are made more effective,

Ql A bacterial cell can be represented by a 2 pum x 2 um x 1 um block.
Calculate the cell’s surface area to volume ratio. [3 marks]
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~ Exchanging Substances

This page is about how two different parts of the human body are adapted so that substances can diffuse
through them most effectively. The first bit is about how gases in the lungs get info and out of the blood.
The second is about how digested food gets from the gut to the blood.

Gas Exchange Happens in the Lungs

1) The job of the lungs is to transfer oxugen to the PRty

blood and to remove waste carbon dioxide from it.
2) To do this the lungs contain millions of little air sacs

% small
called alveoli where gas exchange takes place. 3

small vein

V2

Blue = blood with carbon dioxide.
Red = blood with oxygen.

8) The alveoli are specialised o maximise the diffusion
of 0, and CO,. They have:

* An enormous surface area (about 76 m? in humans).
* A moist lining for dissolving gases.
e Very thin walls.

* A good blood supply.

 The Villi Provide a Really Really Big Surface Area

1) The inside of the small intestine is covered in millions
and millions of these tiny little projections called villi.

2) They increase the surface area in a big way so
that digested food is absorbed much more quickly
into the blood.

3) Notice they have:
* a gingle layer of surface cells,

* a very good blood supply to assist quick absorption.

¢

.
i
v
4
A

ULy
= The digested food moves into
= the blood by diffusion and by

= active transport (see page 19).
AR RN AR RN RN RRERRARNAY

~

longitudinal
muscle T
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Al Veoli — the Italian gas man...

Thankfully, our bodies are well adapted for efficient diffusion of substances. But the array of life’s snazzy
exchange surfaces doesn’t stop here, oh no — just take a look at what’s coming up on the next page...

Ql Give one way in which alveoli are adapted for gas exchange. [1 mark]

Q2 Describe how the surface area of the small intestine is maximised for absorption. [1 mark]

Topic B1 — Cell Biology
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More on Exchanging Substances

More stuff on adaptations for diffusion now — only this time, it's plants and fish. Whoopee...

The Structitre of Leaves Lets Gases Diffuse In and Out of Cells

1) Carbon dioxide diffuses into the air spaces within the leaf, then it diffuses into the cells where
photosynthesis happens. The leaf's structure is adapted so that this can happen easily.

2) The underneath of the leaf is an exchange surface. It's covered in little holes called stomata
which the carbon dioxide diffuses in through. ' —

3) Oxygen (produced in photosynthesis) and water vapour
also diffuse out through the stomata. (Water vapour is
actually lost from all over the leaf surface, but most of it
is lost through the stomata.)

4) The size of the stomata are controlled by guard cells
— see page 41. These close the stomata if the plant is
losing water faster than it is being replaced by the roots. | Oxygen and water vapour
Without these guard cells the plant would soon wilt. diffucg gyt 6 the leef

5) The flattened shape of the leaf increases the area of this exchange surface so that it's more effective.

6) The walls of the cells inside the leaf form another exchange surface. The air spaces inside the leaf
increase the area of this surface so there's more chance for carbon dioxide to get into the cells.

(=) (S=5) (=3,
| CO, diffuses into Ieafj

The water vapour evaporates from the cells inside the leaf. Then it escapes by
diffusion because there's a lot of it inside the leaf and less of it in the air outside.

Gills Have a Large Surface Area for Gas Exchange

1) The gills are the gas exchange surface in figh.

2) Water (containing oxygen) enters the fish through
its mouth and passes out through the gills. As this happens,
oxygen diffuses from the water into the blood in the gills and
carbon dioxide diffuses from the blood into the water.

8) Each gill is made of lots of thin plates called gill filaments,
which give a big surface area for exchange of gases.

4) The gill filaments are covered in lots of tiny sfrucfures%as
called lamellae, which increase the gurface area even more.

5) The lamellae have lots of blood capillaries to speed up diffusion.

6) They also have a thin surface layer of cells o minimise the
distance that the gases have to diffuse.

7) Blood flows through the lamellae in one direction and
water flows over in the opposite direction. This maintains a

large concentration gradient between the water and the blood.

8) The concentration of oxygen in the water is always higher than that in the blood,
so as much oxygen as possible diffuses from the water into the blood.

In, out, in, out, shake that oxygen about...

There’s a theme here — multicellular organisms are really well adapted for getting the substances they need
to their cells. It makes sense — if they couldn’t do this well, they’d die out. If you’re asked in an exam how
something’s adapted for exchange, think about whether surface area is important — cos it often is.

Ql Give two ways in which the structure of a gill is adapted for effective gas exchange. [2 marks]

Topic Bl — Cell Biology
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~ Revision Questions for Topic Bl

Well, that's Topic Bl done and dusted. Now there's only one way to find out whether you've learnt anything
from it. And you know what that is, I'll bet. It's obvious... | mean, there's a whole load of questions staring
you in the face — chances are, it's got to involve those in some way. And sure enough, it does.

* Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Cells and Microscopy (p.11-13) [ |

1) Name five subcellular structures that both plant and animal cells have.
2) What three things do plant cells have that animal cells don't?

3) Where is the genetic material found in:
a) animal cells,
b) bacterial cells?

4) What type of organisms are bacteria — prokaryotes or eukaryotes?

5) Which gives a higher resolution — a light microscope or an electron microscope?

Differentiation and Division (p.14-15) [ ]

6) What is cell differentiation?

7) Give three ways that a sperm cell is adapted for swimming to an egg cell.
8) Draw a diagram of a nerve cell. Why is it this shape?

9) What are chromosomes?

10) What is the cell cycle?

11) What is mitosis used for by multicellular organisms?

Stem Cells (p.16) [ |

12) Give two ways that embryonic stem cells could be used to cure diseases.
13) Why might some people be opposed to the use of human embryos in stem cell research?

Exchanging Substances (p.17-22) |:|
14) What is diffusion?

15) Name three substances that can diffuse through cell membranes, and two that can't.
16) What type of molecules move by osmosis?

17) Give the two main differences between active transport and diffusion.

18) Give three adaptations of exchange surfaces that increase the efficiency of diffusion.

19) Give two ways that the villi in the small intestine are adapted for absorbing digested food.

REIREREE ER BEERRER EBREN  GEE

20) Explain how leaves are adapted to maximise the amount of carbon dioxide that gets to their cells.

Topic B1 — Cell Biology
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 Cell Organisation

Some organisms contain loads of cells, but how, you might wonder, do all these cells end up making a
working human or squirrel... the answer's organisation. Without it, they'd just make a meaty splodge.

Large Multicellular (_)rga:niszhs- are Made Up of Organ Systems |

1) Cells are the basic building blocks that make up all living organisms.
2) As you know from page 14, specialised cells carry out a particular function.

3) The process by which cells become specialised for a particular job is called differentiation.

4) These specialised cells form fissues, which form organs, which form organ sustems (see below).

5) Large multicellular organisms (e.g. squirrels) have different systems inside them Epithelial cell
. . . p
for exchanging and transporting materials. Hhelal o

‘ TR ; = 7 x g ; less than
- Similar Cells are Organised into Tissues 0.1 mm

A tissue is a group of similar cells that work together to carry out a particular function.
It can include more than one type of cell.

In mammals (like humans), examples of tissues include:

1) Muscular tissue, which contracts (shortens) to move whatever it's attached to.

2) Glandular tissue, which makes and secretes chemicals like enzymes and hormones.
3) Epithelial tissue, which covers some parts of the body, e.g. the inside of the gut.

Epithelial tissue |

Tissues are Organised into Organs

An organ is a group of different tissues that work together to perform a certain function.

For example, the stomach is an organ made of these tissues:

1) Muscular tissue, which moves the stomach wall to churn up the food.
2) Glandular tissue, which makes digestive juices to digest food.

3) Epithelial tissue, which covers the outside and inside of the stomach.

T ' 3 about 10 ¢m
Organs are Organised into Organ Systems (over 1000 fimes
4 R T S S 2 M A RTINS S BRI Ionger than an

5l ==\
An organ system is a group of organs working together Balivary glands /7

epithelial cell)
to perform a particular function. .
= Liver =
For example, the digestive system (found in humans and other mammals) Digestive

breaks down and absorbs food. H's made up of these organs:

1) Glands (e.g. the pancreas and galivary glands),
which produce digestive juices.

2) The stomach and small intestine, which digest food.

3) The liver, which produces bile.

4) The small intestine, which absorbs soluble food molecules. Large intestine

5) The large intestine, which absorbs water from undigested food, QT Ty,

Ieaving faeces. You need to know where
these organs are on a

diagram — see page 28 too.
A RN ER RV AR R ARV RN RN NATAN

NEr LRy
TRRAREA

Organ systems work together to make entire organisms.

Soft and quilted — the best kind of tissues...

So in summary, an organism consists of organ systems, which are groups of organs, which are made of tissues,
which are groups of cells working together. Now just for the thrill of it, here’s a practice question.

Ql The bladder is an organ. Explain what this means. [2 marks]

Topic B2 — Organisation
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Chemical reactions are what make you work. And enzymes are what make them work.
Enzymes Are Catalysts Produced by Living Things |
1) Living things have thousands of different chemical reactions going on inside them all the time.

These reactions need to be carefully controlled — to get the right amounts of substances.

2) You can usually make a reaction happen more quickly by raising the temperature. This would speed
up the useful reactions but also the unwanted ones too... not good. There's also a limif to how far
you can raise the temperature inside a living creature before its cells start getting damaged.

8) $8o... living things produce enzymes that act as biological catalusts. Enzymes reduce the need for
high temperatures and we only have enzymes to speed up the useful chemical reactions in the body.

A CATALYST is a substance which INCREASES the speed of a reaction,
without being CHANGED or USED UP in the reaction.

4) Enzymes are all large proteins and all proteins are made up of chains of amino acids.
These chains are folded into unigue shapes, which enzymes need to do their jobs (see below).

Enzymes Have Special Shapes So They Can Catalyse Reactions
1) Chemical reactions usually involve things either being split apart or joined together.
2) Every enzyme has an active site with a unique shape that fits onto the substance involved in a reaction.

3) Enzymes are really picky — they usually only catalyse one specific reaction. Sy,

The substa h
4) This is because, for the enzyme to work, the substrate has to fit into its I :ni;,rfe :Ccé Z:t,s
active site. If the substrate doesn't match the enzyme's active site, then called the substrate.
the reaction won't be catalysed.

NN ERN VAR
5) This diagram shows the 'lock and key'

model of enzyme action. This is simpler SRS
than how enzymes actually work. ped /*wq\
In reality, the active site changes shape Q > > S 9P”’d“”5

a little as the substrate binds to it y
to gef a iighier fit. This is called the enzyme SugRlie enzyme unchanged after reaction
‘induced fit' model of enzyme action.

FLY B BN

RUTAREN

 Enzymes Need the Right Temperature and pH |

~

N This is the optimum temp. 1) Changing the temperature changes the rate of an enzyme-catalysed reaction.
e tt ;r;z{rz:t:ze 2) Like with any reaction, a higher temperature increases the rate at first.
But if it gets too hot, some of the bonds holding the enzyme together
break. This changes the shape of the enzyme's active site, so the substrate
won't fit any more. The enzyme is said to be denatured.

0°C 45 °C Tefnp' 3) All enzymes have an optimum temperature that they work best at.
4) The pH also affects enzymes. If it's too high or too low,

the pH interferes with the bonds holding the enzyme together.
This changes the shape of the active site and denatures the enzyme.

5) All enzymes have an optimum pH that they work best at. It's often neutral pH 7,
but not always — e.g. pepsin is an enzyme used to break down proteins , —> pH
in the stomach. It works best at pH 2, which means it's well-suited to the acidic conditions there.

Rate of Reaction

Rate of Optimum
pH

reaction

If only enzymes could speed up revision...
Make sure you use the special terms like ‘active site” and ‘denatured’ — the examiners will love it.

Q1 Explain why enzymes have an optimum pH. [2 marks]

Topic B2 — Organisation
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Investigating Enzymatic Reactions

You'll soon know how to investigate the effect of pH on the rate of enzyme activity... | bet you're thrilled.

You Can Investigate the Effect of pH on Enzyme Activity

The enzyme amuylase catalyses the breakdown of starch to maltose. I's easy to detect starch using iodine

solution — if starch is present, the iodine solution will change from browny-orange N
> ”lIHI“U/
= You could use an electric

water bath, instead of
a Bunsen and a beaker
of water, to control the

Bunsen burner. Put a beaker of water on top of the tripod and heat the water i Vs i O
Iy

to blue-black. This is how you can investigate how pH affects amylase activity:

1) Put a drop of iodine solution into every well of a spotting file.
2) Place a Bunsen burner on a heat-proof mat, and a tripod and gauze over the

MUt

until it is 35 °C (use a thermometer o measure

mixture sampled

the temperature). Try to keep the temperature of
(R every 30 seconds

the water constant throughout the experiment. |
amylase,

3) Use a syringe to add 1 ecm? of amylase solution starch and =8
and 1 cm?® of a buffer solution with a pH of 5 to a buffer
boiling tube. Using test fube holders, put the tube solgbien
into the beaker of water and wait for five minutes.

4) Next, use a different syringe to add 5 ecm?®

5) Immediately mix the contents of the boiling tube and start a stop clock.

dropping
% pipette

d

! / solution
W spotting tile

AN RN ETIRNT

rop of iodine

6) Use contfinuous sampling to record how long it takes for the amylase to break down all of the starch.

To do this, use a dropping pipette to take a fresh sample from the boiling tube every 30 seconds and
put a drop into a well. When the iodine solution remains browny-orange, starch is no longer present.

7) Repeat the whole experiment with buffer solutions of different pH values
to see how pH affecis the time taken for the starch to be broken down.
8) Remember to control any variables each time (e.g. concentration
and volume of amylase solution) to make it a fair test.

AR RY

AV

Here’s How to Calculate the Rate of Reaction |
1) It's often useful to calculate the rate of reaction after an experiment.
Rate is a measure of how much something changes over time.

2) For the experiment above, you can calculate the rate of reaction using this formula: 2

Eg.
g At pH 6, the time taken for amylase to break down all of the starch in a solution
was 90 seconds. 8o the rate of the reaction = 1000 + 90 = 11 s (2 s.f.)

3) If an experiment measures how much something changes over time, you calculate the
rate of reaction by dividing the amount that it has changed by the time taken.

and oxygen. During an investigation into the activity of catalase, 24 cm? of oxygen was

= per unit time,
RN VEREVERR!

I
My,
ou could use 4 pH meter
to accurately Measure the

{DH of your solutions,
nuluuuunul\\

_\\\”Illl.l'lllf//
= The units are

*' The enzyme catalase catalyses the breakdown of hydrogen peroxide into water

Il'l”/,

g

in s since
rate is given

AARRETERR

released in 50 seconds (s). Calculate the rate of the reaction. Write your answer in cm? s™.
Amount Of PrOdUCt formed =Change= 24 Cm3 \lllll|\l|\|ll|ll|||\||I-I!I|\l|_!|ll/:
= her way of writing cm [s. =

- cm3 5’1 is anot

Rate of reaction = change + time = 24 cm® + 50 s = 048 cm® s B r i LU LR LR V1]

Mad éciehtists — they’re ejcpéri-mental...

prnas

You could easily adapt this experiment to investigate how factors other than pH affect the rate of amylase activity.
For example, you could use a water bath set to different temperatures to investigate the effect of temperature.

Ql An enzyme-controlled reaction was carried out at pH 4. After 60 seconds,
33 cm?® of product had been released. Calculate the rate of reaction in cm® s

Topic B2 — Organisation
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- Enzymes and Digestion

The enzymes used in digestion are produced by cells and then released into the gut to mix with food.

Digestive Enzymes Break Down Big Molecules |

1) Starch, proteins and fats are BIG molecules. They're too big to pass through the walls of the digestive
system, so digestive enzymes break these BIG molecules down into smaller ones like sugars (e.g. glucose
and maltose), amino acids, glycerol and fatty acids. These smaller, soluble molecules can pass easily
through the walls of the digestive system, allowing them to be absorbed into the bloodstream.

. Carbohydrases Convert C'arbohydrates into Simple Sugars |

NERNEERRRRNE
Starch is a

carbohydrate.
Zrrrannnnnng

[P

e

[ and other sugars, e.g. dextrins |

Amylase is made in 1_h[§_g places:
1) The salivary glands 2) The pancreas 8) The small intestine

; Proteases -Con-ve“rt Proteins m to Ammo Aéids |

Proiease
| Proteins| D‘,§1
4

Proteases are made in three places. 1) The stomach (it's called pepsin there)

2) The pancreas

8) The small intestine

; Ir.'ibasres Convert Lripidsiinto nyéerol and Fatty Acids

pase & %\& :\\ Remempber,
q@’@/ 909 - lipids are fats

= and oils,

LERTTRNS

enzgmes :
(Glycerol & fatty acids| L
Lipases are made in two places: 1) The pancreas 2) The small intestine

2) The body makes good use of the products of digestion. They can be used to make new carbohuydrates,
proteins and lipids. Some of the glucose (a sugar) that's made is used in respiration (see p.54).

Bile Neutralises the Stomach Acid and Emulsifies Fats

1) Bile is produced in the liver. It's stored in the gall bladder before it's released into the gmall intestine.

2) The hydrochloric acid in the stomach makes the pH too acidic for enzymes in the small intestine
to work properly. Bile is alkaline — it neutralises the acid and makes conditions alkaline.

The enzymes in the small intestine work best in these alkaline conditions.
3) It emulsifies fats. In other words it breaks the fat into tiny droplets. This gives a much
bigger surface area of fat for the enzyme lipase to work on — which makes its digestion faster.

What do you call an acid that’s eaten all the pies...
Make sure you know the examples of amylase, protease and lipase, and the reactions that they catalyse.

Q1 Bile is a product of the liver. Describe and explain its role in digestion. [4 marks]

Topic B2 — Organisation



More on Enzymes and Dlgest__lo_n

8o now you know what the enzymes do, here's a nice big picture of the whole of the digestive sgsiem

The Breaii&bwn of Food is Catalysed by Enzymes }

1) Enzymes used in the digestive system are produced by specialised cells in glands and in the gut lining.
2) Different enzymes catalyse the breakdown of different food molecules.

Tongue

i )

Salwary gIands 1

These produce amylase Stomach i

enzyme in the galiva.

I) It pummel s the food with its
muscular walls.

- Guﬂet | lﬁl 2) It produces the protease
Liver '(Oesophagus) (W enzyme, pepsin.

- 3) It produces hydrochloric acid
Where blle

for two reasons:
is produced. a) To kil bacteria

Bile neutralises
stomach acid and
emulsifies fats.

b) To give the right pH for the
protease enzyme to work
(pH 2 — acidic).

GaH bIadder

Where bile is siored.
before it's released
into the small intestine.

V Pancreas [

Produces profeas , amylase
and lipase enzymes. It releases

these into the small intestine.

Large in testme

e ot

SmaH mtestme

1) Produces profease, amylase
and lipase enzymes to
complete digestion.

2) This is also where the
digested food is absorbed
out of the digestive system
into the blood.

Where excess waier
is absorbed from

the food.

Where -i—he faeces (made up mainly of indigestible food) are
stored before they bid you a fond farewell through the anus.

Mmmm — so who’s for a chocolate digestiire...

Did you know that the whole of your digestive system is actually a hole that goes right through your body.
Think about it. It just gets loads of food, digestive juices and enzymes piled into it. Most of it’s then absorbed
into the body and the rest is politely stored for removal.

Ql Name the three parts of the dlgestlve system that produce protease enzymes [3 marks]

TOplC B2 — Orgamsatlon
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There are some clever ways to identify what type of food molecule a sample contains. For each of the tests,
you need to prepare a food sample. It's the same each time though — here's what you'd do:

1) Get a piece of food and break it up using a pestle and mortar.
2) Transfer the ground up food to a beaker and add some distilled water.

3) Give the mixture a good stir with a glass rod to dissolve some of the food.
4) Filter the solution using a funnel lined with filter paper to get rid of the solid bits of food.

Use the Benedict’s Test to Test for Sugar.é

Bugars are found in all sorts of foods such as biscuits, cereal and bread. There are two types of sugars
— non-reducing and reducing. You can test for reducing sugars in foods using the Benedict's test:

1) Prepare a food sample and transfer 5 cm?® to a test tube.
2) Prepare a water bath so that it's set to 75 °C.
3) Add some Benedict's solution to the test tube (about 10 drops) using a pipette.

4) Place the test tube in the water bath using a test tube holder and leave it in there for 5 minutes.
Make sure the tube is pointing away from you.

5) If the food sample contains a reducing sugar, the solution in the test tube will change from the normal
blue colour to green, yellow or brick-red — it depends on how much sugar is in the food.

Use Iodine Solution to Test for Starch |

You can also check food samples for the presence of starch. Foods like pasta, rice and potatoes contain
a lot of starch. Here's how to do the test:

1) Make a food sample and transfer 5 cm?® of your sample to a test tube.

2) Then add a few drops of iodine solution and gently shake the tube to mix the contents. If the sample
containg starch, the colour of the solution will change from browny-orange to black or blue-black.

Use the Biuret Test to Test for Proteinsr

You can use the biuret test to see if a type of food contains protein.
Meat and cheese are protein rich and good foods to use in this test. Here's how it's done:

1) Prepare a sample of your food and transfer 2 cm?® of your sample to a test tube.
2) Add 2 cm?® of biuret solution to the sample and mix the contents of the tube by gently shaking it.

3) If the food sample contains protein, the solution will change from blue to purple.
If no protein is present, the solution will stay blue.

Use the Sudan III Test to Test for Lipids

Lipids are found in foods such as olive oil, margarine and milk.
You can test for the presence of lipids in a food using Sudan Il stain solution.

1) Prepare a sample of the food you're testing (but you don't need to filter it).
Transfer about 5 cm?® into a test tube.
2) Use a pipette to add 3 drops of Sudan lll stain solution to the test tube and gently shake the tube.

8) Sudan Ill stain solution staing lipids. If the sample contains lipids, the mixture will separate out into
two layers. The top layer will be bright red. If no lipids are present, no separate red layer will form at
the top of the liquid.

All this talk of food is making me hungry...
Make sure you do a risk assessment before starting these tests — there are a lot of chemicals to use here.
Q1 Name the chemical that you would use to test a sample for the presence of starch. [1 mark]
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et ‘The Lungs

You need to get oxugen into your bloodstream to supply your cells for respiration. You also need to get rid
of carbon dioxide from your blood. This all happens in your lungs when you breathe air in and out.

: Theipupgs Are in the Thorax

1) The thorax is the top part of your body.

2) W's separated from the lower part of the body by the diaphragm.

3) The lungs are like big pink sponges and are protected by the ribcage.
They're surrounded by the pleural membranes.

4) The air that you breathe in goes through the trachea.
This splits into two tubes called bronchi (each one is
a bronchus), one going to each lung.

5) The bronchi split into progressively smaller tubes
called bronchioles.

6) The bronchioles finally end at small bags called alveoli Fieural
where the gas exchange takes place (see below). insnbratGe]

oesophagus
_» (food pipe)

s trachea
~ | (windpipe)

Alveoli Carry Out Gas Exchange in the Body |
1) The lungs contain millions and millions of little air sacs called alveoli, surrounded
by a network of blood capillaries. This is where gas exchange happens.
2) The blood passing next to the alveoli has just returned to the lungs from
the rest of the body, so it contains lots of carbon dioxide and very little
oxygen. Oxugen diffuses out of the alveolus (high concentration) into the
blood (low concentration). Carbon dioxide diffuses out of the blood (high
concentration) into the alveolus (low concentration) to be breathed out.
3) When the blood reaches body cells oxygen is
released from the red blood cells (where there's a high concentration)
and diffuses into the body cells (where the concentration is low).
4) At the same time, carbon dioxide diffuses out of the body cells (where
there's a high concentration) into the blood (where there's a low
concentration). It's then carried back to the lungs.

' You Can Calculate the Breathing Rate in Breaths Per Minute |
Rate calculations pop up all the time in biology, and you're expected to know how to do them — thankfully
they're pretty easu. Breathing rate is the sort of thing that you could get asked to work out in your exam.

Bob takes 91 breaths in 7 minutes. Calculate his average breathing rate in breaths per minute.
breaths per minute = number of breaths + number of minutes
=9 +7

=13 breaths per minute

Stop huffing and puffing and just learn it...
Alveoli are really well adapted for carrying out gas exchange. It could be a wise move to learn all about exactly
how they’re adapted. You met them back on page 21, so head back there if you need a reminder.

Q1 During a 12 minute run, Aaqib took 495 breaths.
Calculate his average breathing rate in breaths per minute. [1 mark]
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Circulatory Svstem— The I-Ieart

The circulatory system carries food and oxygen to every cell in the body. As well as being a delivery service,
it's also a waste collection service — it carries waste products to where they can be removed from the body.

The DOUBLE Circulatory System, Actually |

The circulatory system is made up of the heart, blood vessels and blood.
Humans have a double circulatory system — {wo circuits joined together:

)

2)

In the first one, the right ventricle (see below) pumps deoxygenated blood (blood
without oxygen) to the lungs to take in oxygen. The blood then returns to the heart.

In the second one, the left ventricle (see below) pumps oxygenated blood around all
the other organs of the body. The blood gives up its oxygen at the body cells and
the deoxygenated blood returns to the heart to be pumped out to the lungs again.

Rest of Body

'The Heart Contracts to Pump Blood Around The Bqdy |

1) The heart is a pumping organ that keeps the blood flowing around

the body. The walls of the heart are mostly made of muscle tissue.

2) The heart has valves to make sure that blood flows in

the right direction — they prevent it flowing backwards.

3) This is how the heart uses its four chambers (right atrium,

¥

|||If|f||I|||lHJ||_tl
Atrium is when there is

just one. Atria is plural.
AR RN AR R

right ventricle, left atrium and left ventricle) to pump blood around:

sV e
AN

1) Blood flows into the two atria from the
vena cava and ihe pulmonarg vein.
2) The atria contract, pushing

pulmonary
artery

the blood into the ventricles. {4/ pulmonary vein

8) The ventricles contract, forcing the Right 2 Left
blood into the pulmonary artery and Side . Qide
the aorta, and out of the heart.

4) The blood then flows to the organs through
arteries, and returns through veins (see next page).

(No, we haven't
made a mistake
— this is the
right and left side
of the person
whose heart it is.)

5) The atria fill again and the whole cycle starts over.

The heart also needs its own supply of oxygenated blood.
Arteries called coronary arferies branch off the aorta and surround
the heart, making sure that it gets all the oxugenated blood it needs.

The Heart Has a Pacemaker

1)
2)

3)

Your resting heart rate is controlled by a group of cells in the right atrium wall that act as a pacemaker.
These cells produce a small electric impulse which spreads to the
surrounding muscle cells, causing them to contract.

An arfificial pacemaker is often used to control heartbeat if the natural pacemaker cells don't work properly
(e.g. if the patient has an irregular heartbeat). It's a little device that's implanted under the skin and has
a wire going to the heart. It produces an electric current to keep the heart beating regularly.

Okay — let’s get to the heart of the matter...

Interesting fact — when doctors use a stethoscope to listen to your heart, it’s the valves closing that they hear.

Q1
Q2

Which chamber of the heart pumps deoxygenated blood to the lungs? [1 mark]

What is the function of the coronary arteries? [1 mark]
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_ Circulatory System — Blood Vessels

Want to know more about the circulatory system... Good. Because here's a whole extra page.

Blood Vessels are Designed for Their Function |

There are three different types of blood vessel:
1) ARTERIES — these carry the blood away from the heart.
2) CAPILLARIES — these are involved in the exchange of materials at the tissues.
3) VEINS — these carry the blood o the heart.

. Arteries Carry Blood Under Pressure | dlao free
X 17 S 7 ey - — b and smoot|
1) The heart pumps the blood out at high pressure so the S musdlo

artery walls are strong and elastic.

2) The walls are thick compared to the size of the hole
down the middle (the "lumen" — silly name!).

3) They contain thick layers of muscle to make them strong,
and elastic fibres to allow them to stretch and gpring back.

Capillaries are Really Small ‘
S RN e URC s e i e 1) Arteries branch into capillaries.
thin wall — only , 2) Capillaries are really tiny — too small to see.
one cell thick l 8) They carry the blood really close to every cell in the
/ body to exchange substances with them.
4) They have permeable walls, so substances can diffuse in and out.

5) They supply food and oxuygen, and take away waste like CO,.

| 8) Their walls are usually only one cell thick. This increases the rate
nucleus of cell of diffusion by decreasing the distance over which it occurs.

b Veins Téké-floo&- Eac_]_ctoitheiﬂei{tj‘

|e|asfie ﬁbr_es and smooth muscle[

1) Capillaries eventually join up to form veins.
The blood is at lower pressure in the veins so the
walls don't need to be as thick as artery walls. |

2) They have a bigger lumen than arteries to
help the blood flow despite the lower pressure.

3) They also have valves to help keep the blood
flowing in the right direction.

_You Can C’alculate_ the Baté of Blood Flow i

You might get asked
to calculate the rate of " 1464 ml of blood passed through an artery in 4.5 minutes.
blood flow in your exam. Calculate the rate of blood flow through the artery in ml/min.

Thankdully, i's n?i too tricky. rate of blood flow = volume of blood + number of minutes
Take a look at this example: = 1464 = 45 = 325 ml/min

Learn this page — don’t struggle in vein...
- Here’s an interesting fact for you — your body contains about 60 000 miles of blood vessels.
‘ Ql Describe how veins are adapted to carry blood back to the heart. [2 marks]
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Blood is a tissue. One of its jobs is to act as a huge fransport system. There are four main things in blood...

 Red Blood Cells Carry Oxygen |

1)
2)
3)

4)
5)

The job of red blood cells is to carry oxygen

from the lungs to all the cells in the body.

Their shape is a biconcave disc (like a doughnut) — . ‘
this gives a large surface area for absorbing oxugen.

They don't have a nucleus — this allows more

room to carry oxygen.
They contain a red pigment called haemoglobin.

In the lungs, haemoglobin binds to oxygen to become

oxyhaemoglobin. In body tissues, the reverse happens —
oxyhaemoglobin splits up into haemoglobin and oxygen, to
releagse oxygen to the cells. é{/

RN AN N AR NN AN AN AR RN R AR NARNNYY)
The more red blood cells you've got, the more
oxygen can get to your cells. At high altitudes

there's less oxygen in the air — so people who live

there produce more red blood cells to compensate.
AR RN RN AN RN RN AR NN RN RNAN

NELLE Y

ORI N

White Blood Cells Defend Against Infection B

1) Some can change shape to gobble up unwelcome
@ microorganisms, in a process called phagocytosis.
2) Others produce antibodies to fight microorganisms, as well as antitoxins

to neutralise any toxins produced by the microorganisms.
3) Unlike red blood cells, they do have a nucleus.

' Platelets Help Blood Clot |

1)
2)

3)

These are small fragments of cells. They have no nucleus.
They help the blood to clot at a wound — to stop all your

blood pouring out and to stop microorganisms getting in.
(So basically platelets just float about waiting for accidents to happen.)

Lack of platelets can cause excessive bleeding and bruising.

Plasma is the Liquid That Carries Everything in Blood ‘

This is a pale straw-coloured liquid which carries just about everything:

1)
2)

3)
4)
5)
6)
7)

Red and white blood cells and platelets.

Nutrients like glucose and amino acids.
These are the soluble products of digestion which are
absorbed from the gut and taken to the cells of the body.

Carbon dioxide from the organs to the lungs.
Urea from the liver to the kidneys.

Hormones.

Proteins.

Platelets — ideal for small dinnetrs...

When you’re ill the doctor often takes a blood sample for analysis. Blood tests can be used to diagnose loads of
things — not just disorders of the blood. This is because the blood transports so many chemicals produced by so
many organs... and it’s easier to take blood than, say, a piece of muscle.

Q1
Q2

Describe the purpose of platelets in blood. [ mark]

Outline three ways in which red blood cells are adapted to carry oxygen. [3 marks]
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Cardlovascular Dlsease

Cardiovascular disease is a term used to describe diseases of the heart or blood vessels, for example coronary
heart disease. This page tells you all about how stents and stating are used to combat coronary heart disease.

outside of

Stents Keep Arteries Opeh |

1) Coronary heart disease is when the coronary arteries that supply the blood to hesr)
the muscle of the heart get blocked by layers of fatty material building up. cororis
This causes the arteries to become narrow, so blood flow is restricted and artery

there's a lack of oxygen to the heart muscle — this can result in a heart attack.

2) Btenis are fubes that are inserted inside arteries. They keep them open, making
sure blood can pass through to the heart muscles. This keeps the person's heart beating
(and the person alive).

stent pushes
- artery wall out,
“”\\ squashing fatty deposit

deposits of fat
build up [

space in centre
) of artery shrinks,

so it's harder -{>

for blood to
pass through

< E}
"
\!

‘- more space in the

normal arten 7/ g
s =” centre of the artery

3) Stents are a way of lowering the rigk of a heart attack in people with coronary heart disease.
They are effective for a long fime and the recovery time from the surgery is relatively guick.

4) On the down side, there is a risk of complications during the operation (e.g. heart attack) and a risk
of infection from surgery. There is also the risk of patients developing a blood clot near the stent —
this is called thrombosis.

Statins Reduce Cholesterol in the Blood |
1) Cholesterol is an essential lipid that your body produces and needs to function properly. However, too
much of a certain type of cholesterol (known as 'bad' or LDL cholesterol) can cause health problems.

2) Having too much of this 'bad’ cholesterol in the bloodstream can cause fatty deposits
to form inside arteries, which can lead to coronary heart disease.

8) Statins are drugs that can reduce the amount of 'bad' cholesterol present
in the bloodstream. This glows down the rate of fatty deposits forming.

Statms Have Advantages and DJSadvantages

Advantages Disadvantages

1) By reducing the amount of 'bad’ cholesterol in 1) Stating are a long-term drug that must
the blood, statins can reduce the risk of strokes, be taken regularly. There's the risk that
coronary heart disease and heart attacks. someone could forget to take them.

2) As well as reducing the amount of 'bad’ 2) Statins can sometimes cause
cholesterol, statins can increase the amount negative side effects, e.g. headaches.
of a beneficial type of cholesterol (known as 'good' 8ome of these side effects can be
or HDL cholesterol) in your bloodstream. This type serious, e.g. kidney failure, liver
can remove 'bad' cholesterol from the blood. damage and memory loss.

3) 8Bome studies suggest that stating may also help 3) The effect of statins isn't instant.
prevent some other diseases. It takes time for their effect to kick in.

Unlike sten'tsﬂ and éfétins, using CGP books only has advaniages...

Stents and statins might be good treatments for coronary heart disease, but they’re not perfect. Make sure you’re
aware of the drawbacks as well as the advantages of each. That way, you’ll be covered if they come up in the exam.

Ql a) How can stents be used to reduce the risk of heart attacks
in people with coronary heart disease? [2 marks]
b) Suggest two disadvantages of treating patients using stents. [2 marks]
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More on Cardiovascular Disease

and replacing heart valves. All a bit gruesome, I'll admit — but it's life-saving stuff.

An Artificial Heart Can Pump Blood Around the Body

1) If a patient has heart failure, doctors may perform a heart transplant (or heart and lungs transplant if
the lungs are also diseased) using donor organs from people who have recently died. However, if donor
organs aren't available right away or they're not the best option, doctors may fit an artificial heart.

2) Artificial hearts are mechanical devices that pump blood for a person whose own heart has failed.
They're usually only used as a temporary fix, to keep a person alive until a donor heart can be found or
to help a person recover by allowing the heart o rest and heal. In some cases though they're used as a
permanent fix, which reduces the need for a donor heart.

3) The main advantage of artificial hearts is that they're less likely to be rejected by the body's immune
system than a donor heart. This is because they're made from metals or plastics, so the body doesn't
recognise them as 'foreign' and attack in the same way as it does with living tissue.

4) But gurgery to fit an artificial heart (as with transplant surgery) can lead to bleeding and infection.
Also, artificial hearts don't work as well as healthy natural ones — parts of the heart could wear out or
the electrical motor could fail. Blood doesn't flow through artificial hearts as smoothly, which can cause
blood clots and lead to strokes. The patient has to take drugs to thin their blood and make sure this
doesn't happen, which can cause problems with bleeding if they're hurt in an accident.

Faulty Heart Valves Can Be Repla_c_ed With Biological or Mechamca] Valves |

1) The valves in the heart can be damaged or weakened by heart attacks, infection or old age.

2) The damage may cause the valve tissue to stiffen, so it won't open properly. Or a valve may
become leaky, allowing blood to flow in both directions rather than just forward. This means that
blood doesn't circulate as effectively as normal.

3) Severe valve damage can be treated by replacing the valve. Replacement valves can be ones taken
from humans or other mammals (e.g. cows or pigs) — these are biological valves. Or they can be
man-made — these are mechanical valves.

4) Replacing a valve is a much less drastic procedure than a whole heart transplant. But fitting
artificial valves is still major surgery and there can still be problems with blood clots.

Artificial Blood Can Keep You Alive In An Emergency

1) When someone loses a lot of blood, e.g. in an accident, their heart can still pump the remaining red blood
cells around (to get oxygen to their organs), as long as the volume of their blood can be topped up.

2) Artificial blood is a blood substitute, e.g. a salt solution ("saline"), which is used to replace the
lost volume of blood. It's safe (if no air bubbles get into the blood) and can keep people alive even if
they lose %/3 of their red blood cells. This may give the patient enough time to produce new blood cells.
If not, the patient will need a blood transfusion.

3) Ideally, an artificial blood product would replace the function of the lost red blood cells, so that there's
no need for a blood transfusion. Scientists are currently working on products that can do this.

Pity they can’t fit me an artificial brain before the exam...

Make sure you know about the consequences of faulty heart valves or heart failure, as well as the advantages and
disadvantages of the treatments on this page. Obviously if someone is really ill, it’s unlikely that they’'d turn down
an artificial heart, artificial blood or a valve replacement — but these treatments aren’t perfect.

Ql a) Describe how faulty heart valves can lead to poor blood circulation. [2 marks]
b) Suggest how severe damage to a heart valve can be treated. [1 mark]
Q2 Suggest one disadvantage of treating coronary heart disease with an artificial heart. [1 mark]
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There's not a great deal about diseases and health problems that you can Iaugh about, so excuse me
if this page is a bit dull. It's important stuff to know about though, so you'd best get cracking.

Diseases are a Major Cause of 111 Health

Health is the state of physical and mental wellbeing. Dlseases are often responsible for causing ill health.

steases Can be Commumcable or Non Commumcab]e 3

1) Commumcable diseases are those that can gpread from person to person or between
animals and people. They can be caused by things like bacteria, vituses, parasites and
fungi. They're sometimes described as contagious or infectious diseases. Measles and
malaria are examples of communicable diseases. There's more about them on pages 43-45.

2) Non-communicable diseases are those that cannot spread between people or between animals
and people. They generally last for a long time and get worse slowly. Asthma, cancer and
coronary heart disease (see page 34) are examples of non-communicable diseases.

\ D1fferent Types of Dzsease Sometzmes Interact

VLAY
Sometimes diseases can interact and cause other phgslcal dnd mehrtal hadlth \"P;;}:;g'e‘n' l'S'J'u‘St' Vot
issues that don't immediately seem related. Here are a few examples: = term for a microorganism

= that can cause a disease

1) People who have problems with their inmune sustem (the system = when it infects its host.
that your body uses to help fight off infection — see p.46) have an =iy
increased chance of suffering from communicable diseases such as influenza (flu), because their
body is less likely to be able to defend itself against the pathogen that causes the disease.

2) Some types of cancer can be triggered by infection by certain viruses. For example, infection
with some types of hepatitis virus can cause long-term infections in the liver, where the virus lives
in the cells. This can lead to an increased chance of developing liver cancer. Another example
is infection with HPV (human papilloma virus), which can cause cervical cancer in women.

8) Immune system reactions in the body caused by infection by a pathogen can sometimes trigger
allergic reactions such as skin rashes or worsen the symptoms of asthma for asthma sufferers.
4) Mental health issues such as depression can be triggered when someone is suffering
from severe physical health problems, particularly if they have an impact on the person's
ability to carry out everyday activities or if they affect the person's life expectancuy.

flll|l|F|l\

i Other I'aqtgr_s Can AJso Affect Your Health

There are plenty of facfors other ihan diseages ihai can also affect your health. For example:

1) Whether or not you have a good, balanced diet that provides your body with everything it
needs, and in the right amounts. A poor diet can affect your physical and mental health.

2) The stress you are under — being constantly under lots of stress can lead to health issues.
3) Your life situation — for example, whether you have easy access to medicines to treat
illness, or whether you have access to things that can prevent you from getting ill in the first

place, e.g. being able to buy healthy food or access condoms to prevent the transmission of
some sexually transmitted diseases.

If stress can affect yoﬁr health, wh.y do we have exams...

You really need to get the terms communicable and non-communicable disease into your head.
They could come up in the exam and you'd be really sad if you didn’t understand the question.

Ql What is meant by ‘health’? [1 mark]

Q2 Why is influenza classed as a communicable disease? [1 mark]
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Risk Factdrs for Non-Commt_;nicable Diseases

You've probably heard the term 'risk factor' before. This page has all the info you need to know about them.

Risk Factors Increase Your Chance of C’ettihg a Disease

1) Risk factors are things that are linked to an increase in the likelihood that a person will develop a
certain disease during their lifetime. They don't guarantee that someone will get the disease.

2) Risk factors are often aspects of a person's lifestyle (e.g. how much exercise they do). They can also
be the presence of certain substances in the environment (e.g. air pollution) or substances in your body
(e.g. asbestos fibres — asbestos was a material used in buildings until it was realised that the fibres
could build up in your airways and cause diseases such as cancer later in life).

3) Many non-communicable diseases are caused by several different risk factors interacting with each other
rather than one factor alone.

4) Lifestyle factors can have different impacts locally, nationally and globally. E.g. in developed countries,
non-communicable diseases are more common as people generally have a higher income and can buy
high-fat food. Nationally, people from deprived areas are more likely to smoke, have a poor diet and not
exercise. This means the incidence of cardiovascular disease, obesity and Type 2 diabetes is higher in
those areas. Your individual choices affect the local incidence of disease.

Some Risk Factors Can Cause a Disease Directly |

1) Some risk factors are able to directly cause a disease. For example:

1) 8moking has been proven to directly cause cardiovascular disease, lung disease and lung cancer.
It damages the walls of arteries and the cells in the lining of the lungs.

2) It's thought that obesity can directly cause Tupe 2 diabetes by making the body less sensitive or
resistant to insulin, meaning that it struggles to control the concentration of glucose in the blood.

8) Drinking too much alcohol has been shown to cause liver disease. Too much alcohol can affect
brain function too. It can damage the nerve cells in the brain, causing the brain to lose volume.

4) 8moking when pregnant can cause lots of health problems for the unborn baby.
Drinking alcohol has similar effects.

5) Cancer can be directly caused by exposure to certain substances or radiation. Things that
cause cancer are known as carcinogens. loniging radiation (e.g. from X-rays) is an example

of a carcinogen.

2) However, rigk factors are identified by scientists looking for correlations in data, and correlation
doesn't always equal cause (see p.9). Some rigsk factors aren't capable of directly causing a disease.
For example, a lack of exercise and a high fat diet are heavily linked to an increased chance of
cardiovascular disease, but they can't cause the disease directly. It's the resulting high blood pressure

and high 'bad’ cholesterol levels (see p.34) that can actually cause it.

Non-Communicable Diseases Can Be Costly

1) The HUMAN cost of non-communicable diseases is obvious. Tens of millions of people around the world
die from non-communicable diseases per year. People with these diseases may have a lower quality of
life or a ghorter lifespan. This not only affects the sufferers themselves, but their loved ones too.

2) It's also important to think about the FINANCIAL cost. The cost to the NHS of researching and freating
these diseases is huge — and it's the same for other health services and organisations around the world.
Families may have to move or adapt their home to help a family member with a disease, which can be
costly. Also, if the family member with the disease has to give up work or dies, the family's income will
be reduced. A reduction in the number of people able fo work can also affect a country's economu.

Best put down that cake and go for a run...
You might be asked to interpret data about risk factors. See p.9 for a few tips on what you can and can’t say.
Ql Give an example of a type of risk factor other than an aspect of a person’s lifestyle. [1 mark]
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Cancer

Cancer's not a pleasant topic, but the more we understand about it, the better our chances of avoiding and
beating it (and getting good marks in the exam). You're a good way through the topic, so keep going.

Cancer is Caused by Uncontrolled Cell Growth and Division

This uncontrolled growth and division is a result of changes that occur to the cells and results in the
formation of a tumour (a mass of cells). Not all tumours are cancerous. They can be benign or malignant:

1) Benign — This is where the fumour grows until there's no more room. The tumour stays
in one place (usually within a membrane) rather than invading other tissues in the body.
This type isn't normally dangerous, and the tumour isn't cancerous.

2) Malignant — This is where the tumour grows and gpreads to neighbouring healthy tissues.
Cells can break off and spread to other parts of the body by travelling in the bloodstream.
The malignant cells then invade healthy tissues elsewhere in the body and form
secondary tumours. Malignant tumours are dangerous and can be fatal — they are cancers.

Risk Factors Can Increase the Chance of Some Cancers

Anyone can develop cancer. Having risk factors doesn't mean that you'll definitely get cancer.

It just means that you're at an increased risk of developing the disease. Cancer survival rates have
increased due to medical advances such as improved freatment, being able to diagnose cancer earlier
and increased screening for the disease.

Risk Factors Can Be Associated With Lifestyle

Scientists have identified lots of lifestyle risk factors for various types of cancer. For example:

1) Smoking — It's a well known fact that smoking is linked to lung cancer, @

but research has also linked it to other types of cancer too, including
mouth, bowel, stomach and cervical cancer.

2) Obesity — Obesity has been linked to many different cancers, including bowel, liver
and kidney cancer. It's the second biggest preventable cause of cancer after smoking.

3) UV _exposure — People who are often exposed to UV radiation from the Sun have an
increased chance of developing skin cancer. People who live in sunny climates and people
who spend a lot of time outside are at higher rigk of the disease. People who frequently use
sun beds are also puting themselves at higher risk of developing skin cancer.

4) Viral infection — Infection with some viruses has been shown to increase the chances of
developing certain types of cancer. For example, infection with hepatitis B and hepatitis C
viruses can increase the risk of developing liver cancer. The likelihood of becoming infected
with these viruses sometimes depends on lifestyle — e.g. they can be spread between people

through unprotected sex or gharing needles.

Risk Factors Can Also Be Associated With Genetics |
1) Sometimes you can inherit faulty genes that make you more susceptible to cancer.

2) For example, mutations (changes) in the BRCA genes have been linked to an increased likelihood
of developing breast and ovarian cancer.

At least our rubbish summers reduce our UV exposure...

Joking aside, UV radiation can still reach us through the clouds, and like many other lifestyle risk factors,
we can take steps to reduce the risk, e.g. by keeping covered up outside and wearing sun block.

Ql What are tumours the result of? [1 mark]

Q2 List three lifestyle factors that can increase the risk of developing cancer. [3 marks]
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el PlantCell Organisation

You saw on page 24 how animals keep their specialised cells neat and tidy — plants are in on the act too.

Plant Cells Are Organised Into Tissues And Organs

Plants are made of organs like stems, roots and leaves. Plant organs work together to make organ systems.
These can perform the various tasks that a plant needs to carry out to survive and grow — for example,
transporting substances around the plant. Plant organs are made of tissues. Examples of plant tissues are:

1) Epidermal tissue — this covers the whole plant.
2) Palisade mesophyll tissue — this is the part of the leaf where most photosynthesis happens.

QML Ty,

3) Spongy mesophyll tissue — this is also in the leaf, and contains big air spaces to allow > ' = """
gases to diffuse in and out of cells. = photosynthesis,

. . . . = 50.

4) Xuylem and phloem — they transport things like water, mineral ions and food e l?. 5
around the plant (through the roots, stems and leaves — see next page for more).

5) Meristem tissue — this is found at the growing tips of shoots and roots and is able to
differentiate (change) into lots of different tupes of plant cell, allowing the plant to grow.

vy

The Leaffs_ an Organ Made Up of Several Types of Tissue - me' i

Leaves contain epidermal, mesophyll, xylem and phloem tissues.

epidermal
tissue
palisade
mesophyll ;
tissue :
spon,
meliop%" :\\ll'n|ff|[|rllflll|||l||i|f/
tissue = Funny names here — ke =
: = mesophyll. Mesophyll just =
ear;iermal = means ‘middle of a leaf’. (So =
issue 5 why can't they just say that?) =

fIIII|'|Ilfllf!f'|fff]lll'|l\

You need to know how the structures of the tissues that make up the leaf are related to their function:
1) The epidermal tissues are covered with a waxy cuticle, which helps to reduce water loss by evaporation.
2) The upper epidermis is transparent so that light can pass through it to the palisade layer.

3) The palisade layer has lots of chloroplasts (the little structures where photosynthesis takes place).
This means that they're near the top of the leaf where they can get the most light.

4) The xylem and phloem form a network of vascular bundles, which deliver water and other nutrients to the
entire leaf and take away the glucose produced by photosynthesis. They also help support the structure.

5) The tissues of leaves are also adapted for efficient gas exchange (see page 22). E.g. the
lower epidermis is full of little holes called stomata, which let CO, diffuse directly into the leaf.

The opening and closing of stomata is controlled by guard cells in response to environmental
conditions. The air spaces in the spongy mesophyll tissue increase the rate of diffusion of gases.

Plant cell organisation — millions of members worldwide...

There are a lot of weird names here, so make sure you spend plenty of time on this page. Maybe you
could draw your own leaf diagram and label it with descriptions of the different tissue types. It would

make an excellent Christmas present for someone, or an art collector might even want it.

Ql Describe the characteristics of meristem tissue. [2 marks]
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Transpiration and Translocation
You might be surprised to learn that there aren't tiny trucks that transport substances around plants.
Then again, you might not be — either way, you need to learn the stuff on this page...

Phloem Tubes Transport Food: ]

1) Made of columns of elongated living cells with small pores
in the end walls to allow cell sap to flow through.

2) They transport food substances (mainly dissolved sugars)
made in the leaves to the rest of the plant for immediate
use (e.g. in growing regions) or for storage.
Vs
3) The transport goes in both directions. "' .0 L

Cell sap is a liquid thats E
4) This process is called translocation. made up of the substances =
being transported and water. =

HfIlIHllIlHllllllIlll\

=

 Xylem Tubes Take Water Up:

1) Made of dead cells joined end to end with no end
walls between them and a hole down the middle.
They're strengthened with a material called lignin.

2) They carry water and mineral ions
from the roots to the stem and leaves.

3) The movement of water from the roots, through

the xylem and out of the leaves is called the
transpiration stream (see below).

Transp:ratmn is ; the Lo.ss of Water from the PIant

1) Transpiration is caused by the evaporation and
diffusion (see page 17) of water from a plant's surface.
Most transpiration happens at the leaves.

(AU / 2) This evaporation creates a slight shortage of water in
the leaf, and so more water is drawn up from the rest
of the plant through the xylem vessels to replace it.

8) This in turn means more water RSULERARER R RRRRART
s crawn up from fho roots, and = " it e 7 -
water evaporates so there's a constant transpiration = e adapted for =
m-the leaves stream of water through the plant. = taking up water. 5
ARV RRUARRARRRANARY
» Transpiration is just a side-effect of the way

leaves are adapted for photosynthesis.

They have to have stomata in them so that
gases can be exchanged easily (see page 22).
Because there's more water inside the plant
than in the air outside, the water escapes from
the leaves through the stomata by diffusion.

Don’t let revision stress you out — just go with the phloem...
Phloem transports substances in both directions, but xylem only transports things upwards — xy to the sky.
Q1 Describe the structure of xylem [3 marks]
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Transpiration and Stomata

Sorry, more on trangpiration. But then it's a quick dash through stomata and out of the other end of the topic.

Transpiration Rate is Affected by Four Main Things

1

2)

3)

4)

LIGHT INTENSITY — the brighter the light, the greater the transpiration rate.

Stomata begin to close as it gets darker. Photosynthesis can't happen in the dark, so they

don't need to be open to let CO, in. When the stomata are closed, very little water can escape.
TEMPERATURE — the warmer it is, the faster transpiration happens.

When it's warm the water particles have more energy to evaporate and diffuse out of the stomata.

AIR FLOW — the better the air flow around a leaf (e.g. stronger wind), the greater the transpiration rate.
If air flow around a leaf is poor, the water vapour just surrounds the leaf and doesn't move away.

This means there's a high concentration of water particles outside the leaf as well as inside it, so
diffusion doesn't happen as quickly. If there's good air flow, the water vapour is swept away,

maintaining a low concentration of water in the air outside the leaf. Diffusion then happens quickly,
from an area of higher concentration to an area of lower concentration.

HUMIDITY — the drier the air around a leaf, the faster transpiration happens.
This is like what happens with air flow. If the air is humid
there's a lot of water in it already, so there's not much of a
difference between the inside and the outside of the leaf.

Diffusion happens fastest if there's a really high concentration

reservoir of water

As the plant Tap is shut off

in one place, and a really low concentration in the other. takes up water, during experiment.
the air Eubbfe
£ ERR ’ moves alon
You can estimate the rate of transpiration by measuring eaoae

Water moves

the uptake of water by a plant. This is because you can

assume that water uptake by the plant is directly related this way.

to water loss by the leaves (transpiration). p I

Set up the apparatus as in the diagram, and then record — e

the starting position of the air bubble. Start a stopwatch Bubble moves this way. :ﬁm":'élcgli:e

and record the distance moved by the bubble per unit time, ,‘j%feﬁ'ie.' lo|€lvr.u|af's.-lr.l f i ol (AL
T 0 T A B T T A -

e.g. per hour. Keep the conditions constant throughout

: 4 B This piece of apparatus is called a potometer. Setting it
the experiment, e.g. the temperature and air humidity. P h

up is quite tough — there are some tips on page 236.
R N R AR R AR RN ARV RN AR AR RN R ANR
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Guard Cells Are Adapted to Open and Close Stomata

guardcell 1)  They have a kidney shape which opens and closes the stomata (page 22) in a leaf.
2) When the plant has lots of water the guard cells fill with it and go plump and furgid.
This makes the stomata open so gases can be exchanged for photosunthesis.

3) When the plant is short of water, the guard cells lose water and become flaccid,
making the stomata close. This helps stop too much water vapour escaping.

4) Thin outer walls and thickened inner walls make the opening and closing work.
sl Bl 5) They're also sensitive to lisht and close at night to save water without losing out
(plurel — stomata) on photosynthesis.

6) You usually find more stomata on the undersides of leaves than on the top. The lower surface is shaded

7)

and cooler — so less water is lost through the stomata than if they were on the upper surface.
Guard cells are therefore adapted for gas exchange and controlling water loss within a leaf.

I say stomaaarta, you say stomaaayta...

Different leaves will have different distributions of stomata. You can peel the epidermal tissue off some
leaves and mount them on microscope slides (see page 13) to compare them. It’s thrilling stuff.

Q1

Explain how low light intensity affects the rate of transpiration. [3 marks]
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Revision Questions for Topic B2

Well, that's Topic B2 finished. Now it's time for the greatest quiz on Earth. Please hold your excitement in.
* Try these questions and tick off each one when you get it right.
e When you've done all the questions under a heading and are completely happy with it, tick it off.

Cell Organisation (p.24) | |

1) What is a tissue?
2) Explain what is meant by the term 'organ system'.

The Role of Enzymes and Food Tests (p.25-29) D

3) Why can enzymes be described as biological catalysts?

4) Why do enzymes only usually catalyse one reaction?

5) What does it mean when an enzyme has been 'denatured'?

6) Describe how you could investigate the effect of pH on the rate of amylase activity.

7) List the three places where amylase is made in the human body.

8) What is the role of lipases?

9) Where is bile stored?

10) Name the solution that you would use to test for the presence of lipids in a food sample.

The Lungs and Circulatory System (p.30-33) D

11) Name the tubes that split off the trachea.

12) Explain the role that alveoli play in gas exchange.

13) Explain why the circulatory system in humans is described as a 'double circulatory system'.
14) Why does the heart have valves?

15) Name the four chambers of the heart.

16) How is the resting heart rate controlled in a healthy heart?

17) How are arteries adapted to carry blood away from the heart?

18) Why do red blood cells not have a nucleus?

Diseases and Risk Factors (p.34-38) [ |

19) Give two advantages and two disadvantages of statins.

20) What is the difference between biological and mechanical replacement heart valves?
21) What is meant by a non-communicable disease?

22) Give an example of where different types of disease might interact in the body.

23) What is meant by a risk factor of a disease?

24) Which type of tumour is cancerous?

Plant Cell Organisation and Transport (p.39-41) [:|

25) List the tissues that make up a leaf.

26) Explain how the structure of the upper epidermal tissue in a leaf is related to its function.
27) What is the function of phloem?

28) What is transpiration?

29) List the four main things that affect transpiration.

30) How could you measure the rate of transpiration?

FNERENRNN - FRRREER ERREREREREN . ARRERREE EE

31) Name the type of cell that helps open and close stomata.
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Communicable Disease

If you're hoping I'll ease you gently into this new topic... no such luck. 8traight on to the baddies of biology.

There Are Several Types of Pathogen

1) Pathogens are microorganisms that enter the body and cause disease.
2) They cause communicable (infectious) diseases — diseases that can easily spread (see p.36). *
3) Both plants and animals can be infected by pathogens. :

1. Bacteria Are Very Small Living Cells

1) Bacteria are very small cells (about 1/100th the size of your body cells),
which can reproduce rapidly inside your body.

2) They can make you feel ill by producing toxins (poisons) that damage your cells and tissues.

2.Viruses Are Not Cells — They’re Much Smaller
1) Viruses are not cells. They're tiny, about 1/100th the size of a bacterium. é;‘,@\

5

2) Like bacteria, they can reproduce rapidly inside your body. (6 w 0

3) They live inside your cells and replicate themselves using | [Abodycell] - "QIEI? ‘?’é"
the cells' machinery to produce many copies of themselves. / —= —Q?b’@ b—@
The cell will usually then burst, releasing all the new viruses. . @ =Y Y

4) This cell damage is what makes you feel ill. A _Q ‘3::? o R

3. Protists are Single-Celled Eukaryotes

1) There are lots of different types of protists. But they're all eukaryotes (see page 1)
and most of them are single-celled.

2) Some protists are parasites. Parasites live on or inside other organisms and can cause them damage.
They are often transferred to the organism by a vector, which doesn't get the disease itself
— e.g. an insect that carries the protist.

4. Fungi Come in Different Shapes |

2) These hyphae can grow and penetrate human skin and the surface of plants, causing diseases.
8) The hyphae can produce spores, which can be spread to other plants and animals.

Pathogens Can Be Spread in Different Ways

Pathogens can be spread in many ways. Here are a few that you need to know about.

1) WATER — Some pathogens can be picked up by drinking or bathing in dirty water. E.g. cholera is a
bacterial infection that's spread by drinking water contaminated with the diarrhoea of other sufferers.

2) AIR — Pathogens can be carried in the air and can then be breathed in. 8ome airborne pathogens are
carried in the air in droplets produced when you cough or sneeze — e.g. the influenza virus that causes
flu is spread this way.

3) DIRECT CONTACT — Some pathogens can be picked up by touching contaminated surfaces, including
the skin. E.g. athlete's foot is a fungus which makes skin itch and flake off. It's most commonly
spread by touching the same things as an infected person, e.g. shower floors and towels.

Hooray, I’'ve avoided the classic ‘he was a fungi to be with’ joke...
Yuck, lots of nasties out there that can cause disease. Plants need to be worried too, as you’ll find out.
Ql Describe how viruses cause cell damage. [2 marks]
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Viral, Fungal and Protist Diseases

There are heaps of diseases caused by viruses, fungi and protists, but you just need to know about these ones.

You Need to Know About Three Viral Diseases...

1) Measles is a viral disease. It is spread by droplets from an infected person's sneeze or cough.
2) People with measles develop a red skin rash, and they'll show signs of a fever (a high temperature).

3) Measles can be very serious, or even fatal, if there are complications. For example, measles can
sometimes lead to pneumonia (a lung infection) or a brain infection called encephalitis.
4) Most people are vaccinated against measles when they're young.

1) HIV is a virus spread by sexual contact, or by exchanging bodily fluids such as blood.
This can happen when people share needles when taking drugs.

2) HIV initially causes flu-like symptoms for a few weeks. Usually, the person doesn't
then experience any symptoms for several years. During this time, HIV can be
controlled with antiretroviral drugs. These stop the virus replicating in the body.

3) The virus attacks the immune cells (see page 46).

4) If the body's immune system is badly damaged, it can't cope with other infections
or cancers. At this stage, the virus is known as late stage HIV infection, or AIDS.

1) Tobacco mosaic virus (TMV) is a virug that affects many species of plants, e.g. fomatoes.
2) It causes a mosaic pattern on the leaves of the plants — parts of the leaves become discoloured.

3) The discolouration means the plant can't carry out photosynthesis as well, so the virus affects growth.
\1|\|1\'.'|\llllrlll//
Photosynthesis is

a Fungal Disease = important for plant

= growth because it

=: duces glucose
1) Rose black spot is a fungus that causes purple or black spots to develop on the leaves = 77" a%e 50.

of rose plants. Who'd have guessed. The leaves can then turn yellow and drop off. EATHNITN
2) This means that less photosunthesis can happen, so the plant doesn't grow very well.
3) It spreads through the environment in water or by the wind.
4) Gardeners can treat the disease using fungicides and by stripping the plant

of its affected leaves. These leaves then need to be destroued so that the
fungus can't spread to other rose plants.

1y,
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...and a Disease Caused by a Protist

1) Malaria is caused by a protist (see the previous page).

2) Part of the malarial protist's life cycle takes place inside the mosquito. The mosquitoes are vectors
(see the previous page) — they pick up the malarial protist when they feed on an infected animal.

3) Every time the mosquito feeds on another animal, it infects it by inserting the protist into the
animal's blood vessels.

4) Malaria causes repeating episodes of fever. It can be fatal.

5) The spread of malaria can be reduced by stopping the mosquitoes from breeding.
6) People can be protected from mosquitoes using ingecticides and mosquito nets.

I’ve heard this page has gone viral...
The examiner could grill you on any one of these diseases, so make sure you know them all inside out.
Q1 What symptom of measles is shown on the skin? [1 mark]

Q2 How can rose black spot be treated so that it doesn’t spread to other plants? [2 marks]
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Sorry — I'm afraid there are some more diseases to learn about here. This time, they're diseases
caused by bacteria. | don't know about you, but I'm starting to feel a bit itchy all over...

You Need to Know About Two Bacterial Diseases |

1)

2)
3)
4)

5)

1)
2)
3)
4)

5)

6)

Salmonella is a type of bacteria that causes food poisoning.
Infected people can suffer from fever, stomach cramps, vomiting and diarrhoea. Pleasar.
These symptoms are caused by the foxins that the bacteria produce (see page 43).

You can get Salmonella food poisoning by eating food that's been contaminated with
Salmonella bacteria, e.g. eating chicken that caught the disease whilst it was alive, or
eating food that has been contaminated by being prepared in unhygienic conditions.

In the UK, most poultry (e.g. chickens and turkeys) is given a vaccination
against Salmonella. This is to control the gpread of the disease. -

Gonorrhoea is a gexually transmitted disease (8TD).
8TDs are passed on by sexual contact, e.g. having unprotected sex.
Gonorrhoea is caused by bacteria.

A person with gonorrhoea will get pain when they urinate. Another symptom is a thick
yellow or green discharge from the vagina or the penis.

Gonorrhoea was originally treated with an antibiotic called penicillin, but this has becon:z
trickier now because strains of the bacteria have become resistant to it (see page 48).

To prevent the spread of gonorrhoea, people can be treated with antibiotics and should
use barrier methods of contraception (see page 65), such as condoms.

The Spread of Disease Can Be Reduced or Prevented

There are things that we can do to reduce, and even prevent, the spread of disease. For example:

1) Being hygienic — Using simple hygiene measures can prevent the spread of disease.
For example, doing things like washing your hands thoroughly before preparing food
or after you've sneezed can stop you infecting another person.

2) Destrouing vectors — By getting rid of the organisms that spread disease, you can
prevent the disease from being passed on. Vectors that are insects can be killed
using insecticides or by destroying their habitat so that they can no longer breed.

3) lsolating infected individuals — If you isolate someone who has a
communicable disease, it prevents them from passing it on to anyone else.

4) Vaccination — Vaccinating people and animals against communicable
diseases means that they can't develop the infection and then pass it on
to someone else. There's more about how vaccination works on page 47.

The spread of disease — mouldy margarine...

OK, I promise, that’s it. No more diseases to learn about in this Topic. You may be sick of them already (geddit?)
but don’t turn this page until you’ve got all the facts firmly attached to your cranial material.

Q1
Q2

What has made it harder to treat gonorrhoea? [1 mark]

It is important for chefs to wash their hands thoroughly before cooking. Suggest why. [1 mark]

Topic B3 — Infection and Response



~ Fighting Disease

The human body has some pretty neat features when it comes to fighting disease.

} Your Body Has a Pretty Sophisticated Defence System |
1) The human body has got features that stop a lot of nasties getting inside in the first place.
2) The gkin acts as a barrier to pathogens. It also secretes antimicrobial substances which kill pathogens.
8) Hairs and mucus in your nose trap particles that could contain pathogens.
4) The trachea and bronchi (breathing pipework — see page 30) secrete mucus to trap pathogens.
5) The trachea and bronchi are lined with cilia. These are hair-like structures, which waft the mucus up to the
back of the throat where it can be swallowed.

6) The stomach produces hydrochloric acid. This kills pathogens that make it that far from the mouth.

 Your Immune System Can Attack Pathogens |

1) If pathogens do make it into your body, your immune system kicks in to destroy them.

2) The most important part of your immune system is the white blood cells. They travel around in your
blood and crawl into every part of you, constantly patrolling for microbes. When they come across
an invading microbe they have three lines of attack.

pathogen

White blood cells can engulf foreign cells and digest them. .\
This is called phagocytosis. Waad aall

2. Producing Antibodies |

1) Every invading pathogen has unique molecules (called antigens) on its surface.

2) When some types of white blood cell come across a foreign antigen (i.e. one they don't recognise),
they will start to produce proteins called antibodies to lock onto the invading cells so that they can be
found and destroyed by other white blood cells. The antibodies produced are specific to that type of
antigen — they won't lock on to any others.

3) Antibodies are then produced rapidly and carried around the body to find all similar bacteria or viruses.

4) If the person is infected with the same pathogen again the white blood cells will rapidly produce
the antibodies to kill it — the person is naturally immune to that pathogen and won't get ill.

antigens

- . SV gy,
antibodies = The white blood cells that

w l:"/Oduced produce antibodies are also

known as B-lymphocytes.
8 1~
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~ white blood cell

' 3. Producing Antitoxins ‘ These counteract toxins produced by the invading bacteria.
Fight disease — blow your nose with boxing gloves...

If you have a low level of white blood cells, you’ll be more susceptible to infections. HIV attacks

white blood cells and weakens the immune system, making it easier for other pathogens to invade.

Ql What is phagocytosis? [1 mark]
Q2 How are the trachea and the bronchi adapted to defend against the entry of pathogens? [3 marks]
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Fighting Disease —Vaccination

Vaccinations have changed the way we fight disease. We don't always have to deal
with the problem once it's happened — we can prevent it happening in the first place.

Vaccination — Protec'tsfrom _futi:re Infections

1) When you're infected with a new pathogen, it takes your white blood cells a few days to learn
how to deal with it. But by that time, you can be pretty ill.

2) Vaccinations involve injecting small amounts of dead or inactive pathogens. These carry antigens,
which cause your body to produce antibodies to attack them — even though the pathogen is harmless
(since it's dead or inactive). For example, the MMR vaccine contains weakened versions of the viruses
that cause measles, mumps and rubella (German measles) all in one vaccine.

3) But if live pathogens of the same type appear after that, the white blood cells can rapidly
mass-produce antibodies to kill off the pathogen. Cool.

weakened measles

If live measles
pathogens
try to attack...

i~

... they are quickly
recognised and attacked

white blood cell by antibodies...

... S0 you
don't get ill.

There are Pros and Cons of Vaccination |

PROS

1) Vaccines have helped control lots of communicable diseases that were once common
in the UK (e.g. polio, measles, whooping cough, rubella, mumps, tetanus...).
8mallpox no longer occurs at all, and polio infections have fallen by 99%.

2) Big outbreaks of disease — called epidemics — can be prevented if a large
percentage of the population is vaccinated. That way, even the people who aren't
vaccinated are unlikely to catch the disease because there are fewer people able to
pass it on. But if a significant number of people aren't vaccinated, the disease can
spread quickly through them and lots of people will be ill at the same time.

CONS
1) Vaccines don't always work — sometimes they don't give you immunity.

2) You can sometimes have a bad reaction to a vaccine (e.g. swelling, or maybe
something more serious like a fever or seizures). But bad reactions are very rare.

Prevention is better than cure...

Deciding whether to have a vaccination means balancing risks — the risk of catching the disease if you don’t
have a vaccine, against the risk of having a bad reaction if you do. As always, you need to look at the evidence.
For example, if you get measles (the disease), there’s about a 1 in 15 chance that you’ll get complications

(e.g. pneumonia) — and about | in 500 people who get measles actually die. However, the number of people who
have a problem with the vaccine is more like 1 in 1 000 000.

Ql What do vaccinations stimulate white blood cells to produce? [1 mark]
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Fighting Disease — Drugs

...a biscuit, nurse? Thanks very much. Sorry, couldn't face that last page — I'm squeamish about needles.*

| SomeDrugs Reheve Symptoms — Others Cure the Problem |

1) Painkillers (e.g. aspirin) are drugs that relieve pain (no, really). However, they don't actually
tackle the cause of the disease or kill pathogens, they just help to reduce the symptoms.

2) Other drugs do a similar kind of thing — reduce the symptoms without tackling the
underlying cause. For example, lots of "cold remedies" don't actually cure colds.

3) Antibiotics (e.g. penicillin) work differently — they actually kill (or prevent the growth of)
the bacteria causing the problem without killing your own body cells. Different antibiotics kill
different types of bacteria, so it's important to be treated with the right one.

4) But antibiotics don't destroy viruses (e.g. flu or cold viruses). Viruses reproduce using your body cells,
which makes it very difficult to develop drugs that destroy just the virus without killing the body's cells.

5) The use of antibiotics has greatly reduced the number of deaths from communicable diseases
caused by bacteria.

j__-_#ac_terjamc_'aﬁ Become_Reszstant to Antibiotics

1) Bacteria can mutate (change). This can cause them to be resistant to (not killed by) an antibiotic.
2) If you have an infection, some of the bacteria might be resistant to antibiotics.
3) This means that when you ireat the infection, only the non-resistant strains of bacteria will be killed.

4) The individual resistant bacteria will survive and reproduce, and the population of the resistant strain
will increase. This is an example of natural selection (see page 76).

5) This resistant strain could cause a gerious infection that can't be treated by antibiotics.
E.g. MRSA (meticillin-resistant Staphylococcus aureus) causes serious wound infections
and is resistant to the powerful antibiotic meticillin.

6) To slow down the rate of development of resistant strains, it's important for doctors to avoid
over-prescribing antibiotics. 8o you won't get them for a sore throat, only for something more serious.

7) It's also important that you finish the whole course of antibiotics and don't just stop once you feel better.

 Many Drugs Originally Came From Plants |

1) Plants produce a variety of chemicals to defend themselves against pests and pathogens.

2) Some of these chemicals can be used as drugs to treat human diseases or relieve symptoms.
A lot of our current medicines were discovered by studying plants used in iraditional cures. For example:

s Digitalis is used to treat heart conditions. 1t was developed from a chemical found in foxgloves. el

3) Some drugs were extracted from microorganisms. For example:

* Alexander Fleming was clearing out some Petri dishes containing bacieria. He noticed that one of
the dishes of bacteria also had mould on it and the area around the mould was free of the bacteria.

* He found that the mould (called Penicillium notatum) on the Petri dish was
producing a substance that killed the bacteria — this substance was penicillin.

4) These days, drugs are made on a large scale in the pharmaceutical industry — they're synthesised by
chemists in labs. However, the process still might start with a chemical extracted from a plant.

Ahh...Ahh... Akhhhh Ch00000000 — urghh, this page is catching...

Drug development is a big industry. And guess what — you’re about to find out some more about it.
i Q1 Which type of pathogen can antibiotics be used to kill? [1 mark]

Topic B3 — Infection and Response *That's my excuse, you'll have to think of your own.
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_Devsiopiag Drugs

New drugs are constantly being developed. But before they can be given to the general public,
they have to go through a thorough testing procedure. This is what usually happens...

There are Three Main Stages in Drug Tesfiﬁé

@

2)

@

2)

2)
3)
4)

5)

6)

In preclinical testing, drugs are tested on human cells and tissues in the lab.

However, you can't use human cells and tissues to test drugs that affect
whole or multiple body systems, e.g. testing a drug for blood pressure must
be done on a whole animal because it has an intact circulatory system.

The next step in preclinical testing is to test the drug on live animals.

This is to test efficacy (whether the drug works and produces the effect
you're looking for), to find out about its toxicity (how harmful it is) and

to find the best dosage (the concentration that should be given, and how
often it should be given).

The law in Britain states that any new drug must be tested on two different
live mammals. Some people think it's cruel to test on animals, but others
believe this is the safest way to make sure a drug isn't dangerous before
it's given to humans.

QUETTE L U TV e
= But some people think that animals are so different from humans that testing on animals is pointless. =
LU L e e ®

If the drug passes the tests on animals then it's tested on human volunteers in a clinical trial.

First, the drug is tested on healthy volunteers. This is to make sure that it doesn't have
any harmful side effects when the body is working normally. At the start of the trial,
a very low dose of the drug is given and this is gradually increased.

If the results of the tests on healthy volunteers are good, the drugs can be tested on people
suffering from the illness. The optimum dose is found — this is the dose of drug that is the
most effective and has few side effects.

To test how well the drug works, patients are randomly put into fwo groups. One is given the
new drug, the other is given a placebo (a substance that's like the drug being tested but
doesn't do anything). This is so the doctor can see the actual difference the drug makes

— it allows for the placebo effect (when the patient expects the treatment to work and so
feels better, even though the treatment isn't doing anything).

Clinical trials are blind — the patient in the study doesn't know whether they're getting the drug
or the placebo. In fact, they're often double-blind — neither the patient nor the doctor
knows until all the results have been gathered. This is so the doctors monitoring the patients
and analysing the results aren't subconsciously influenced by their knowledge.

The results of drug testing and drug trials aren't i,

published until they've been through peer review. = Peer review is when
This helps to prevent false claims.

PV iy,
other scientists check
that the work is valid and has been
carried out rigorously — see page 1
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The placebo effect doesn’t work with revision...

... you can’t just expect to get a good mark and then magically get it. I know, I know, there’s a lot of information to
take in on this page, but just read it through slowly. There’s nothing too tricky here — it’s just a case of going over
it again and again until you’ve got it all firmly lodged in your memory.

Ql What is meant by the efficacy of a drug? [1 mark]
Q2 Why do clinical trials of a new drug begin with healthy volunteers? [1 mark]
Q3 Why must the results from drug testing be assessed by peer review? [1 mark]
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so ~ TopicB4—Bioenergetics
 Photosynthesis and Limiting Factors

First, photosynthesis equations. Then there are some more bits ‘n' bobs you should know...

 Photosynthesis Produces Glucose Using Light |

1) Photosynthesis uses energy to change carbon dioxide and water into glucose and oxygen.

2) It takes place in chloroplasts in green plant cells — they contain pigments like chlorophyll that absorb light.
3) Energy is transferred to the chloroplasts from the environment by light.

4) Photosynthesis is endothermic — this means energy is transferred from the environment in the process.
5) The word equation for photosynthesis is:

light
carbon dioxide + water -L—b glucose + oxygen

6) Here's the symbol equation too:

light
6CO, + GHQO—-—g-—>CH 0, + 60,

6 1276

‘ Plants Use Glucose in Five Main Wéys... 1I

1) For respiration — This transfers energy from glucose (see p.54) which enables the plants to
convert the rest of the glucose into various other useful substances.

2) Making cellulose — Glucose is converted into cellulose for making strong plant cell walls (see p.11).

8) Making amino acids — Glucose is combined with nitrate ions (absorbed from the soil) to make
amino acids, which are then made into proteins.

4) Stored as oils or fats — Glucose is turned into lipids (fats and oils) for storing in seeds.

5) Stored as starch — Glucose is turned into gtarch and stored in roots, stems and leaves,
ready for use when photosynthesis isn't happening, like in the winter. Starch is insoluble,
which makes it much better for storing than glucose — a cell with lots of glucose in
would draw in loads of water and swell up.

. Limiting Factors Affect the Rate of Photosynthesis |

1) The rate of photosynthesis is affected by intensity of light, concentration of CO, and temperature.

2) Any of these three factors can become the limiting factor — this just means that it's stopping
photosynthesis from happening any faster.

8) These factors have a combined effect on the rate of photosynthesis, but which factor is limiting at a
particular time depends on the environmental conditions:
* at night it's pretty obvious that light is the limiting factor,
* in winter it's often the temperature,
¢ ifit's warm enough and bright enough, the amount of CO, is usually limiting.

4) Chlorophyll can also be a limiting factor of photosynthesis.

The amount of chlorophyll in a plant can be affected by disease (e.g. infection with

the tobacco mosaic virus) or environmental stress, such as a lack of nutrients. These
factors can cause chloroplasts to become damaged or to not make enough chlorophyll.
This means the rate of photosynthesis is reduced because they can't absorb as much light.

Now you’ll have something to bore the great-grandkids with...
. You’ll be able to tell them how, in your day, all you needed was a bit of carbon dioxide and some water
. and you could make your own entertainment. But at the moment you need to learn this page...

| Q1 Name the products of photosynthesis. [2 marks]

[
| Q2 Apart from temperature, name three other limiting factors of photosynthesis. [3 marks] |
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