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How to use this book

Chemicals are moved around living organisms. Here there

is a description of the movement of water, ions, sugars and
amino acids within a plant (involving transpiration and
translocation). This is followed by a description of the human
circulatory system and of the constituents of blood.

Carbohydrates

These are organic chemicals containing the elements carbon, hydrogen
and exygen only. The ratio of atoms of hydrogen to atoms of oxygen in a
carbohydrate molecule is always 2:1 (as in water - hence carbohydrate).

Carbohydrates with large molecules such as starch and glycogen are insoluble
(a starch ‘solution’ is in fact a starch suspension).

The cytoplasm and the
nucleus make up the
protoplasm.

important points.

cells.

Task boxes - check your own knowledge and see how well you'e getting on by answering

regular questions and doing activities.

JV Cambridge O Level Biology

L Fold a leaf (i e.g., Lantana) in half, so its upper surface comes
| into contact with itself, then tear the leaf along ils fold. With
|| practice, you should be able to leave a thin, transparent piece
|
\
|
l

Introduction - sets the scene of
each chapter, helps with navigation
through the book and gives a
reminder of what's important about
each topic.

Important terms - clear and
straightforward explanations are
provided for the most important
words in each topic.

Notes — quick suggestions to semind you about key facts and highlight

of lower epidermis along one side of the fold. Carefully remove |
this and transfer it to a drop of water on a microscope slide. . g
| Gently lower a cover slip onto the specimen, and using low -'
| power on your microscope, identify the guard cells. You may
need a higher power to see the chloroplasts within the guard
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Method: The apparatus is set up as shown in
Figure 2.2. The cork is fixed in the evening
so that the leaf has time to destarch over
night.

(
5 Aim: To show that light is necessary for photosynthesis g
Apparatus:  + awell-watered, de-starched, potted plant (for example, Pelargonium or Coleus) g
| + acork cut into two pieces ?
. sunlight for g
+ apin 8 hours g
;
4
7

pin

cork

A A I A A A AL A o A A o A A p o P A Ao

The experiment is left in sunlight for 8

hours. The cork is removed from the leaf, well-watered
potted

and the starch test is carried out on theleaf. oo, 0 0ium

Results: Where the cork covered the leaf, the leaf

stained brown. The rest of the leaf stained  Figure 2.2 Experiment to show that light is
blue/black. necessary for phatosynthesis

Conclusion: Only where light had been able to reach the leaf had starch been made; thus, light is
necessary for photosynthesis.

SOOI I O TP RO O DD DRI AW D,

Practical skills — reinforce your practical knowledge and skills with clear explanations and diagrams.

o venember — at the end of

each chapter so you can check off the

& Know the similarities and differences between plant aaul el celis, tOpiCS s vou revise them.
1 #® Know the difference between tissue, argan aiic orgez systest and be ’
able to define each.
% Be able to define diffusior and osmiosis.
% Learn what is meant by active transport.

% Be able to write down definitions of the following terms:
plasmolysis, turgor, water potential, partially permeable

membrane.

Exam-style questions for you to try

1. What is meant by Lhe term ‘dual circulation”?

i
' A. Ablood cell passes through the heart twice in one complete circulation,
B. Blood travels twice round the bady before being pumped to the lungs.

Exam-style questions — thoroughly prepare for examinations by completing the exam-style questions and
checking your answers which are provided at the back of the book.

Cambridge O Level Biology Q
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Revision Guidelines

s not usually a problem, but committing facts to memory
can often be a major obstacle to success. Many students are at a loss to know exactly how to se-t about v\.rhat
seems to them to be a task of immense proportions. I offer the following methoc.i, one which I devised
mvself when, as a student, I was faced with the same problem. It has the advantage, if followed carefully, of
inz’pmmg 01;3’5 factual knowledge as a result of time spent, rather than of any specific effort to learn.

Understanding Biology at Cambridge O Level i

All important words, terms and phrases in the text of this book have been written in bold and italics. The
greater the amount of material thus presented in the text that is committed to memory, then the greater the
chances of success in examination. The method which I offer for learning it is as follows:

1. Take a sheet of file paper and divide it with a vertical line such that three quarters of the sheet is on the
left of the line.

2. Read apage of the Revision Text, and each time you come to a word or phrase which appears in bold and
italics, then construct a simple question to which that word or phrase is the answer.

3.  Write these simple questions on the left-hand side of your sheet of file paper, leaving a space between
each, and number them. Continue on further shiectz of paper if necessary.

4. If there is a diagram in the text, then draw a « ce=wet of the diagram on the left-hand side of your
sheet with numbered label lines above each ¢ty 2v: i v <o 2 “awards the right-hand side of your sheet.

5. When you have reached the bottom of the page of i#:.. < =2 ¢ nook and see how many of the answers
you can write down on the right-hand side of youvy st vou have attempted all answers, check
them against the text. You will probably be suypiized a0 siv well you do, but since you wrote the
questions, carefully phrased around the required answer, perhaps it is not so surprising after all.

[

6. Continue until you have a list of questions and answers to the section you are trying to learn.

7.  Take a second sheet of paper (folded if writing would otherwise show through it), and use this to cover
the answers. Test yourself again, writing your answers on the folded sheet, and continue this until you

are able to score over 80%. (You can, of course, set your own target. Some will not be content until they
can score 100%.)

8.  File away your Question/Answer sheet for further revision at a later date.

9. Continue this process systematically, until you have, effectively, a full set of revision notes for later use.

10. In the last few weeks before an examination, it is better to revise by reading the text of this book
carefully, a chapter at a time. Concentrate on every sentence, making sure you understand what you
have read. It is so easy to get to the bottom of a page in a book, and realise that your mind was elsewhere
as you were reading it, and as a result, nothing registered at all. If that happens, be honest with yourself.
Go back to the top of the page and start again.

11.

In the last few days before examination, your Question/Answer sheets should now prove invaluable for
last-minute consolidation of your facts.

It cannot be stressed too strongly that examination results depend on knowledge. It is important that you

have a very good grasp of simple knowledge to do well and interpretation questions often rely heavily on a
sound knowledge of the subject matter.

Scanned by CamScanner



The advantage of this revision method i based so firmly on the student phrasing the questions to which
he or ‘she will already know the answer that it would defeat the object if more than a short example of the
technique were given. The success of the method relies only on the student following the technique c'arefully.
It does work, but you must be prepared to spend the necessary time. You may even enjoy the experience!

P I

Example

Example of a Revision Sheet, based on the beginning of Chapter 1 in this Revision Guide (Cell Biology), is
shown here,

1. What word is used for organisms containing only one cell? unicellular

/
. ) .
2. Give an example of a one-celled organism. a bacterium-—~

3. What word is used for organisms made of many cells? multicellular

4. Wha,t_s_trLCture controls the passage of substances into and out of a cell? cell membrane

5. In what state must all chemicals be before they can enter or leave a cell? in solution |
. : , , , T

6. What is the jelly-like substance where chemical reactions occur in a cell? cytoplasm

7. What is the correct term for the chemical reactions in a cell? metabolic reactions

8. Whereabouts in a cell are chromosomes found? D the nucleus
9. What do chromosocines contain? ' genes :
10. Of what chemical are chromesomes made? DNA

11. What makes up protoplasm? Tyt s i cytoplasm + nucleus

12. What is the space in the centre of a plani s : . vacuole

13. What does this space contain? celi sap

14. What is the name of the box in which a plant cell is contained? cell wall

15. What chemical is this box made of? cellulose

16. Name the green structures in photosynthesising cells. chloroplasts

17. What pigment do they contain? chlorophyll

Cambridge O Level Biology EQ :
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18-23. Add the labels to the diagram.

cell membrane

cytoplasm

chloroplast

vacuole

nucleus

In addition to producing a revision sheet, it will help to comwug faove o Loncepts to memory if, while

studying a topic, you stop occasionally to discuss or to solve & reiaissd problen. Biology is a subject that
encourages a student to conduct investigations to supplement their knowledge and understanding.
Throughout this text, there are ‘task boxes’ indicated by a tick () to the left of a pencil point. The tasks fall
into three categories: category 1is a simple mental task that will allow you to see whether you understand
the topic under consideration. If you are unable to answer any question asked in the task box, you may
consider discussing it in a small group, arriving at an answer and then checking, either with a text book
or teacher, to see whether you are correct. Categories 2 and 3 will help to supplement you knowledge of
a topic. Category 2 is in the form of a simple practical exercise that can be carried out on your own, while
category 3 may be more suited to a practical investigation that might be carried out as a class exercise or

demonstration.

Some hints on how to draw biological specimens

Drawing specimens is not an exercise in artistic ability; it is an exercise in observation. Your drawings
should therefore show the features that you have observed.

#* Your drawings should be as large as the paper you are drawing on will allow.

* They should be made using a sharp, preferably HB, pencil.

@i Cambridge O Level Biology

Scanned by CamScanner



They should have sharp outlines (not ‘sketchy’ ones).
* They should have the s
If the anther is, say, thr
filament, it should be d
and make very faint m
erased afterwards.)

ame proportions as the specimen you are drawing.
ee times wider than but only one-sixth as long as the
rawn as such. Measure the specimen before you begin
arks on your paper to guide you. (They can be carefully

If there is a clear point of structura
guides on the petal - the same
the correct place. (If the
need be drawn.)

| detail in the specimen - e.g., nectar,
points should be shown on your drawing, in:
y are alarge number of similar such points, only a few

* Avoid shading. If an area is darker than th

e rest of the specimen, draw an
outline of the area and label it. ‘

* Rule label lines in pencil and label in pencil preferably in capital letters
(pencil can be rubbed out and corrected, and capitals are usually easier to
read). Label lines should terminate exactly at the point being labelled.

* Avoid arrowheads on your labels — they can obscure an important feature
beneath them.

% Always give a magnification to your drawing. Itis a linear ma
i.e. calculated by measuring the length or width of the speci snd rhe
length or width of your drawing measured across the same striiri = -

:‘_2‘?".:‘:1 Ltic

length of drawing

= magnification (expressed as, e.g., ‘x 4.5

length of specimen

s j It would not normally be the case that your drawing Or measurements would b
accurate enough to give a magnification to more than one decimal place. Do no
When drawing from a ‘round off’ too much. x 4.6 is not x 5.

photograph, there is
sometimes a magnification

e
e
g
T

As an examination approaches and a greater amount of time is spent onrevision,
it is usually more productive to set aside a certain time each day for revision. Do

given for the photograph. not allow yourself to be persuaded to do anything else during that time,
In such cases, you must _ . .

Itiply the m);gniﬁcation Work on your own with no distractions around you. Some people say they can
multip yd ia by this work better listening to music. If that really is so in your case, then keep the
of your drawing by music quiet, and, at least, it may shut out other distractions!
figure,

e J  You may find it helpful to make a calendar by dividin

g a piece of paper into a
€ any examination. Then
parts as there are days for
endar. In this way you will
ay. Your day’s revision will
your calendar for that day.

space for each day during your revision period befoy
you can divide the syllabus into the same number of
revision, and enter one such part per day on your cal
know exactly what you are going to revise on each ¢
not be complete until you have revised everything on

People vary as to how long they can work at a stretch. It is important to have a break
from time to time (again, preferably, the same

' ly time each day). When you stop, set
yourself a time to resume your revision, and stick to it.

Finally, good luck with your revision. This method can work. I know, because it
did so for me! : ’

Ian J. Burton

Cambridge O Level Biology Lx)
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_\\J 10 ogy

In this chapter, cell structure is considered, as well as the importance
of the cell as a basic component of all living matter. Various
adaptatmns of a cell are discussed together with the adapiations

that a cell can undergo in order to perform different fruretions,

The methods used by cells to absorb chemicals avi desceiiedg, 2

 the action of enzymes which are chemicals reicascdd bv oelis

% Cell structure and organisatien

The basic unit of life is thg@'fh 51mplest lmng organisms have onecell only.
Such organisms are descri aéwilgjaﬂ 5

Bacteria (singular: bacterium) are examples of unicellular organisms.

,‘Most other hvmg orgamsms havemany ceHs, and are descnbed as muft:ceﬂulm

i ~ The cytoplasm and the
All cells have the foﬂomng structural features_ in common. nucleus make up the
’ o protoplasm.

1. A cell membrane, which controls the passage of substances into and outof . y

the cell. Qne of the most 1mportant of those substances is wat,ea:...All other

substances which pass do so in solution. Since larger maolecules are unable =t

' to pass through the cell mem ‘brane itis descnbed as MW i
DNA stands for

2. thoplasm a jelly-like substance in which the chemical reactions of the deoxyribonucleic, acid.
cell (metabohc reactlonhake place, and which contains the nucleus. (- | '

3. The nucleus contains a number of Msames largely made of the .
chemlca1l DNA. Chromosomes possess genes, which are responsible. for
programmmg the cytoplasm to manufacture vpartlcular Qrotems

Plant cells undergomg cell
When a cell dmdes, it does so by a process called mitosis, during which each division do not have
chromosome forms an exact rephca (copy) of itself. The two cells formed are a vacuole.

\

thus 1dentlcal both with themselves and with the orlgmal cell .

A

Plant cells have the followmg addltlonal structures (Figure 1.1):

1. A (large, central) vacuole, which js a space full of cell sap (and, thus,  Cellulose is a tough
sometimes called the sap vacuole), which is a SO]uthl’l mostly of sugars, It~  insoluble carbohydrate.

is separated from the cytoplasm by the vacuolar membrane, o 5\)\(;'\ ' -}

Y
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9. The cell wallis a ‘box’ made of cellulose in which the cell is contained.

3. Chloroplasts - onlyif the cell is involved in the process of photosynthesis.
These are small bodies lying in the cytoplasm They are green in colour
because of the pigment chlorophyll which they contain.

Magnesium is a necessary
component of the plgment
chlorophyll.

| )

e ey T

cellulose cell wall ,
nucleus )

cell membrane

e granules

cell membrane

S —

cytoplasm
(containing mitochondria)

chloroplast
{containing chlorophy!l)

L vacuole
(containing cell sai:

cytoplasm

nucleus
(containing chroma:s i

Figure 1.1 Animal cell (liver) and plant cells (palisade mesophyll cells from a leaf)

Similarities and differences between plant and animal cells are shown in the

table below:

Since, in plants, the cell . _

membrane fits tightly [ : —

against the cell wall, it is | s Slmﬂaﬂtles : . _ fegmgmbrane %

not usually easily visible. £ o cytoplasm -

( j e - e
. nucleus |
b : I S e T L //_,
' differences ,/no sap vacuole . sap vacuole 4 3
[ - . e, - - . b S \ o
] no cell wall 3//' cell wall N

’.—':ié.". no chloroplasts 4 ~ may have chloroplasts p/'
.. 1 ’ \, LDC) never stores starch 1Y, may store starch i
= ——mnm ‘. e L'
14m= 1000 9

' = e wlierond 10520 !r!m,."}_‘?*ar@'%?f 1 around 40-100 pm in size .

f,nbﬁ;*-g@gf .

G Cambridge O Level Biology Revision Guide
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Aim: To observe animal cells

~

. Cutacubeof fresh llver in section, approximately 1.5 cm square (Frozen liver is not suitable
as freezing damages the cells. )

—

2. Scrape one of the cut surfaces of the cube with the end of a spatula (the end of a teaspoon
would do). - . '

3. Transfer the cells removed to a clean microscope slide. Add one drop of methy[ene blu)
(a suitable stain for animal cells). and one drop of glycerme g

4. Stir the cells, stain and glycerine together and leave for 30 seconds. (This time can be
adjusted according to the depth of staining required.)

5. Carefully place a clean, dry cover slip over the preparation, and then wrap a filter paper
around the slide and cover slip. '

OO DN ;oéoo\woooaw“ooooooooooooooooo.

<

6. Place the slide on a bench and press firmly with your thumb o the Hiter naper over the

X

)

A

g the clide is

cover slip. The filter paper should absorb any surplus stain oy

.

then ready for viewing with a microscope (mediw to gl pone

The following structures (Figure 1.2) should be visible:

nuclzus
%

Y.

ORI OO A P AP o DA A e !

cell membrane  granules’ cytoplasm

Figure 1.2(b) Animal cell (liver)

Cell Biology 3) 5
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Aim: To observe plant cells

1. Peel off the dry outerleaves of an onion bulb.

2. Remove one of the fleshy leaves beneath.

3. Preferably using forceps, but fingers would do, peel away the outer skin-like covering

(epidermis) of the fleshy leaf.

solution is a suitable temporary stain for plant cells.)

5. Transfer a small piece of the epidermis (a 50-75 mm square is large enough) to the iodine
solution (make sure it lies flat and is completely covered by the iodine solution).

mﬁxwxw”mmxfxfﬁxxx/:-'ura‘//xw/rx::.{r:-aﬁma

3

; . ; g

4. Place three drops of dilute iedine-solution on a clean, dry microscope slide. (Iodine 3
¢

g

%

6. Carefully place a glass cover slip on top of the preparation, remove any excess liquid with
a piece of filter paper and transfer the slide to the stage of a microscope.

The following structural features (Figure 1.3) should be visible (owing to the large size of the onion
cells, it may not be necessary to use the high power ,Of your microscope).

cellulose cell wall

cell membrane

cytoplasm

Specialised cells, tissues and organs
In unicellulqr organisms, one cell must be able to carry out all the functions of

a living organism. In multicellular organisms, cells are usually modified to carry
out ore main function. The appearance of the cell will vary depending on what

that main function is.

bridge O Level Biology Revision Guide
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Thus, there is a relationship between the structure and the particular function
of a cell. '

Examples of this relationship are discussed here.

Root hair cell

Function Omosis P\
To absorb water and mineral ons (salts) from the soil.
—_ | ————— eI . . .

How it is adapted to this function
The outer part of its cell wall (i.e. the part in direct contact with the soil) is in
the form of a long, tubular extension (the root hair, see Figure 1.4).

This root hair is

1. able to form a very close contact with the water film surrounding many s«
particles,and -

2. itgreatly increases the surface area of the cell (Figure 1.4(b)) available for
uptake of water and ions (also for the uptake of oxygen necessary for the

respiration of all the cells in the root).

|

uptake of water and ions

soil particles

i L Sk i

T A B A R T e e

L i a3 e S A L S Lt S eSS

-* root hair: greatly
increases the
surface areain
contact with the |
water film 1

water film containing ions

(b)

P TR T R o T e e e s e Ty

Figure 1.4(a) A root tip showing root hairs
(b) A root hair cell

Cell Biology
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Xylem vessels

Functions

1. To conduct water and ions (dissolved salts) from the roots to the stem,
leaves, flowers and fruits.

2. To provide support for the aerial parts of the plant.

How they are adapted to these functions

Canducfion

Xylem vessels are long narrow tubes (see figure 1.5), stretching from the roots,
via the stem, to the leaves. They are stacked end to end like drain pipes.

Support

1. Their walls have been strengthened by the addition of the chemicz:

lignin. (As the lignin in the walls builds up, it eventually kills the xyle .
vessels. There is then no layer of cytoplasm to restrict the flow of wat::

and dissolved salts.)

2. Xylem vessels are part of the vascular bundles, which run through the
stems of plants like iron reinforcements in concrete pillars - thus resisting
bending strains caused by the wind.

4
; avascular |
: bundle
| ) cortex
; phloem
xylem

Y T
avascular .
bundle

S

_ (b) _
Figure 1.5(a) Xylem tissue in a plant stem =

(b) A section through a stem cut to show the arrangement of tissues in vascular bundles

6 Cambridge O Level Biology Revision Guide
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Red blood cells

Function

To carry oxygen around thebody. /)

How they are adapted to this function o
L. Their cytoplasm contains the pigment haemoglobin, which combines (in =£

the lungs) with oxygen to become oxy]ﬁémoglobiﬁ.
Iron is a necessary

2. They are small (7 pm x 2 um) (and there are many of them) thus giving  component of the pigment

them a very large surface area for oxygen absorption (Figure 1.6). haemoglobin.
\ )
3. 'They have a bi-concave shape, increasing their surface area for absorption
still further. A
4. They are flexible, allowing them to be pushed more easily through
capillaries.
(6” ) NGl Inacseo
i B s faceit St ~ side view ' sectional )
HEmA el AT View A ' ] view i
Al //n}/
e \{l"\*\.‘ oy '-'»"f,,{ & \ :’ %
= L ‘ ! S
| £ L |
; o ! \
\ P
\ U \

Figure 1.6(a) Red blood cells — surface, side and sectional views

Cell Biology Q
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Figure 1.6(b) Photomicrograph of red blood cells

How cells combine to improve their efficiency
One cell working on its own would achieve very little in an individual e
animal. Thus it is usual to find many similar cells lying side by side and sveiiin

together, performing the same function.

—Mqhy similar c/ells erkihé ibgéther and p‘erformihgr the same'fur:»fz
‘are called a tissue. :

Examples of tissues

* xylem tissue in the vascular bundles of a plant

& muscular tissue in the intestine wall of an animal

Different types of tissue often work together in order to achieve a combined

“function.
Several tissties working together to produce a particular function form an organ. .
Examples of organs

* the leaf of a plant - an organ for the manufacture of carbohydrates during

photosynthesis
% the eye of an animal - the organ of sight

Several different organs may be necessary in order to carry out a particular

function.

@ Cambridge O Level Biology Revision Guide
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[A'collection of different organs working together in order toperforma -

4 pamcular Junction is called an organ system. e

Examples of organ systems

* the sepals, petals, stamens and carpels (i.e. the flowers) of a plant -~

for reproduction ' '

* the heart, arteries, veins and capillaries in an animal, i.e. the

e

(v ¥ T —a e

An orgamsm |s a co”ect:on 6forga}r systems workmg tagether ISt

circulatory system

The increasing order of cell organisation found within any living organism
is thus i

f~ tissues

—~

% Movement in and out of cells

2 Diffusion and osmosis
For plants and animals to stay alive, chemicals must be able to move easily:

* from one part of a cell to another -~ \ | Sy
* into and out of a cell

* from one cell to another.

It is an advantage if this movement requires no effort (or, more correctly, no

expendlture of energy) op the part of the organism, and, so long as there is no
{

obstruction, chemical molecules carry out this process b byidtﬁusmn

- Before dlffusmn can occur, there must be a_concentration gradzent of the v -
molecules, i.e. a region of their (relatlvely) high concentration lmmedlately (

be51de a region of their (relatwely) low concentratlon

—y._M- P ATV

t'éffijﬁm ‘gmd:bnt.  ;:' ‘_ b ik i -‘.4!'

S B TR e s S AN G G RO et e e s A e L AR e e N et s i bl ard
S kd kit

\

Cell Biology ?)
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Examples of diffusion

1. Inplants: Y,
* the movement of carbon dm.xtde mto leaves during photosynthesw.
Carbon dioxide i m solutlon moves from the water film surrounding the

A simple demonstration mesophyll cells inside a leaf to the chloroplasts in the mesophyll cells.

of diffusion: Close all the .

windows in a room, and * the movement of watervapour from the water film surrounding the

then spray one comer of mesophyll cells inside a leaf through the.intercellular spaces of the

the room with an aerosol leaf and out through the stomata (during transpiration).

fly-killer or body deodorant. , = :

Measure the time it takes 2. In ammals

for the smell of the spray * the movément of a.xygen after it has dissolved in the moisture lining

to be detected by people — ‘
the air sacs of the Iungs through the walls of the air sacs (alveoli) into

sitting in different parts of “the blood.

the room. )

— * the movement of carbon dzoxzde, in solution, from the cells thre:.: ii7h

tissue fluid into the he blood i in blood capillaries.

Understanding the processes of diffusion and osmosi:

The movement of molecules by diffusion

Suppose a container is divided into two sections using a piece of cloth
(Figure 1.7). A dilute sugar solution, which contains a lot of water, is poured
into one side of the container. A concentrated sugar solution, which contains
less water, is poured into the other side. The container is left to stand for(a féw

minutes.

When checked, the concentration of the solution has changed on both sides of
the container. Each side now has the same concentration of water and sugar.

By diffusion, both the water molecules and the sugar molecules would move
down their respective concentration gradients, i.e. from high concentration to
low concentration, until both sides were at the same concentration. The pores
in the cloth would form no obstruction to the movement of the molecules in

either direction.
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solution sugar solution 8 r |
) ! ' :
N 1
r ] cloth ! {
n
s o 1, sey* 8t o A T 1 " - @ !
te ls tosld s g P I ¢ = i
] o *l. . . 5 . @ ol - ° . P !
.o . -t » ® sl .8 ]
¥ L T . . v ° 3 ]
i . le®i o s h® e, . A 1 e 5 |
'-_‘P;b a. * . 4 s a *a I " e o %
: . « =w i R g e e
1t v et IR P I N |
< - - =L a, s S fye, d . °.‘ |
Il. :n.s.,l. ¥ °'60E hu"' '“n’. o {
* N |--n¢:“:#o . o;o'qal’. n"'-w- {
, 1 e et et L P |
I‘.ﬂ’:v e o ¥ ‘.. n s o 1" ° & LA 1
» " ]
\. = I’a-‘o."."J \ *» A ] o'n'l. ® o o v ) {
)
_> . . - . {
uniform distribution |
water molecules of water and sugar
netmovementof -« ----- molecules as a
sugar molecules : : result of diffusion
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Figure 1.7 Sugar molecules moving one way and water molecules moving in the opposite direction until both sides are at the
same concentration

The movement of molecules by osmosis

A similar experiment is carried out, but this time instead of the piece of
cloth, the two sides of the container are separated using a membrane with
microscopic holes in it (Figure 1.8). The holes are so small that they allow the
passage of water molecules but not the sugar molecules. The same dilute sugar
solution is poured into one side, and the same concentrated sugar solution is
poured into the other. Again the container is left to stand fora few minutes.

S ta]

o o O !)200000000
@ o Poo@iogogo 2
QO lc;OgO 1) OOO sugarmo[ecule
Oo (—a—o@ooo !
2 Oo O water molecule 3

O
QO O

o
o ©
oo
e}

partially permeable membrane

water but not sugar molecules ; SN
pass through the membrane

L o N
B Lol

Figure 1.8 Partially permeable membrane allowing water but not sugar molecules to pass thraugh

Cell Biology 11)

Scanned by CamScanner



When checked, the dilute solution has lost water molecules, thus becoming
more concentrated, while the concentrated solution has gained water

molecules and become more dilute.

Water molecules have diffused down their concentration gradient, while
the sugar molecules stay where they are as they are unable to pass through
the membrane. This specialised case of diffusion is called osmosis, and the
separating membrane is described as partially permeable. The process will
continue until either the two solutions become equal in concentration or a
force is applied to the more concentrated solution that prevents the passage of

further water molecules.

Dilute solutions, which have a relatively large number of water molecules, are
said to have a high water potential. Concentrated solutions, with fewer water

molecules, are said to have a low water potential.

_,'Osmoms can then be deﬁned as the pa

s
'r" 4 —~
Py A ) i
A »
y 4. T‘If\\p

\ 4 @/ Try leaving a sugary sweet between your teeth and your chee;
' for 5 to 10 minutes, then remove it. You should be able to feet
with your tongue that your cheek has become wrinkled in that

area. Can you explain why this is so?

Leave a few dried raisins (or currants) in a container of water
overnight. The following day, see what has happened. Can you
explain the result?

How water is taken up by a plant.

By simple diffusion

The cell wall of a root hair cell is made of cellulose, which is a completely
permeable substance. Thus, the cell wall does not \pk)s’grggg:rthe ﬂp_ag_s,,age_qf .
‘water into the root hair cell. Where the walls of neighbouring cells touch, water
can pass into the root by simple diffusion through the cellulose of the cell
walls (known as th Eccl[ wall pathway)\ |

ibridge O Level Biology Revision Guide
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By osmosis

All cell membranes are partially permeable. The cell sap of root hair cells has
a re]atwe]y low water potential. Soil water hasa relatively. Iugh water potential.
Thus water will move into the vacuole of root hair cells by osmoszs (known as
the vacuolar pathway) as shown in Figure 1.9,

lI. e ] o ;

water following cell wall '
pathway (by simple diffusion)

e —

to xylem
of root

root hair ||
cell ‘

water following vacuolar
pathway (by osmosis)

cortex of root epidermis

AT 1 S A T SN U - S

2|
5
=

Figure 1.9 Uptake of water by osmosis (vacualar pathway) and by diffusion (cell wall pathway)

Once water molecules have entered the root hair cell, their presence increases
the water potential of that cell, compared with the next cell that is closer to the
centre of the root. Osmosis will thus cause water to move into that cell from

the root hair cell. This process continues until water molecules reach the xylem

vessels in the centre of the root, and are then transported away to the ¢ stem.
The effect of osmosis in the roots on water passage to the stem and leaves can

be demonstrated as shown in Figure 1.10.
" r

I, TG ) O pge]
| i

i
!
!“

glass tube

sucrose solution rises in the glass tube as
water passes from the beaker through the
partially permeable membrane by osmosis

Visking tubing
| (partially permeable membrane)
tightty tied at the bottom and

~sucrose solution —
: around the glass tube

water —

i A A

Figure 1.10 A demonstration of osmosis using an artificlal partially permeable memb-rém‘a," )
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The effect of osmosis on plant and animal
cells and tissues

The intake of water by osmosis

Water will always tend to enter plant (root) cells by osmosis, because the water
potential of soil water is usually higher than the water potential of the plant’s |
cell sap. As the vacuole thus increases in volume, it increasingly presses the
cytoplasmic lining of the cell against the flexible, box-like cell wall (Figure 1.11).
This pressure is called turgor pressure, and it helps to make plant cells firm.

=

water enters vacuole by osmosis 5

vacuole increases in
volume and pressure

pushes against cytorizs:« |

cytoplasm pushes against celi
wall — stretching the cellang. - -
making it flrm (turgld) - 'Li

Figure 1.11 Plant cell in water
Turgor resulting from osmosis can be demonstrated using a tightly tied bag

made of Vlskmg tube (an artificial partially permeable mernbrane) filled with
sugar solutlon and placed in water for 20 mmutes (Flgure 1.12 (a)).

i

‘sausage’ becomes turgid and swells
~

‘sausage’ becomes flaccid and shrinks

I

tightly tied—

r ~
y -

-

partially permeable
membrane
(Visking tube)

water enters by osmosis

(a)

Flgure 1.12 Demonstration of how 0SMOsis can - “r ¢

4 Cambridge O Level Biology Revision Guide

| supar(sucrose)
solution Bl
| sugar (sucrose) |
water solution |

|
water leaves by osmosis f

(b)

L turgidity

]

[~ water

Scanned by CamScanner




Turgor in plant cells helps:
1. . tokeep stems upright, and
2. tokeep .lfﬂ’fff_‘}t so they can better absorb sunlight. '

The water potential inside most animal cells is often the same as the solution
_in which the cells are naturally bathed. Thus there is little movement of water
by osmosis into or out of the cell.

However, if a red blood cell is placed in a solution with a relatively high water
potential, it starts to take in water by osmosis, and since there is no cell wall to
resist the increased pressure that results, the cell bursts.

\

The loss of water by (ex)osmosis
(When water leaves a cell by osmosis, the process is often called exosmosis.)

Plant cells placed in a solution of relatively low water potential lose water from
their vacuoles. Since the cytoplasm is no longer being forced against the cell
wall, they lose their turgor. They are said to become flaccid (Figure 1.13 (a)).
Further exposure to a ba"ch*iﬁnﬁg solution of lower water potential will draw so
much water from the vacuole that the cytoplasm is pulled away from the cell
wall. Such a condition is called plasmolysis (Figure 1.13 (b)).

SeeThe kidneys, later.
L __J

SO At

i ST

E partially permeable - celclistr,'lrmks n 5’15
| vacuole decreasesin water leaves vacuole cellmembrane pulled || 0 |oaves g (ffaccz?zf)‘s -
E. volume and pressure by osmosis away fromcellwall oo ocic -

A

L g e

P

————

T 14
: sugar solution diffuses
‘ Ptrﬁ:izrlft;s;:gr:"oellgfe{zgceézrte(?jc;n cell wall‘s - through permeable vacuole  cytoplasm pulled
; id and decreases in cellwallto occupy the .  decreases away from cell wall
i length and width. space between thewall  in volume
; and the cell membrane ;
: (a) {b) |

Figure 1.13(a) Plant cell in concentrated sugar solution (flaccid)
(b) Plant cell in concentrated sugar solution (plasmalysed)

[RERE
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Animal cells placed in solutions of lower water potential, lose their shape
and what turgidity they have, as water moves out of their cytoplasm. A
red blood cell shrinks in size and its cell membrane becomes unevenly

creased (crenated) as shown in Figure 1.14.

Py

normal red blood cell I

\'\)/

\ \ \\“\\ wmv

red blood cellin
concentrated sugar solution

= i
N Y

‘crenated’ after water
leaves the cell by osmosis

Flgure 1.14 The effect of placing a red blood cell in a concentrated sugar solutm

Figure 1.12(b) shows a demonstration of this effect using a Visking tuising
‘sausage’ containing a concentrated sugar solution when it is placed ii: a

container of water and left for 20 minutes.
~

N

Active transport

Both plant and animal cells reqLure a range of chemical molecules, other than

water, for their metabohsm but these molecules may already be in a higher
' concentration inside the cell than outside it. Under such circumstances, a

process of uptake is employed Wthh requires the expenditure of conmder’xble

amounts of energy. This process is called active transport.

This situation arises in plant roots, where the ions needed for a plant’s
metabolism may be in very short supply in the soil water. Ions are thus
absorbed by root hair cells by active transport. /

The situation also arlses in the small intestine of an ammal when digested
food (such as glucose) i is absorbed by the cells of the villi by active transport

‘ P—— IS

; Actlve transport is thus deﬁned as the movement of Ions into or out of a
icell thraugh the cell membrane from a region of their lower concentration |
A to a regron of their higher concentration, against a concentration grad:ent,
“using energy released during respiration.

The energy required is provided by the chemical reaction of respiration
occurring in all living cells. Energy not immediately used in a cell is stored in a
molecule called ATP, which then supplies the energy for active transport.

>ambridge O Level Biology Revision Guide
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Catalysts are particular chemicals that can affect how quickly chemical
reactions occur. Only very small amounts of catalysts are needed to do their
job. They are not used up or changed by the reactions they affect, which means
that they can go on working, continuously catalysing the same reaction, so long
as the reactant molecules (the substrate molecules) are present.

A catalyst is a substance that speeds up a chemfcal reactum and JSJIOt
‘,changed by the reaction.——

Y

M Sl L TN N S AN A s S S e N VR I T

Within cells, the chemical reactions occurring in the cytoplasm are also under
the control of catalysts - biological catalysts — correctly called enzymes.

Special properties of enzymes
1. They are all protein molecules. (—

2. They are made in the Cytoplasm under instruction from genes on the

h h 1
chromosomes in the nucleus. L/

3. 'There is one particular fZemperature at which each enzyme works at its

fastest rate. This is known as its_eptimum temperature, and for most
enzymes in a mammal’s body, this is around 37°C. As the temperature Egq albumen is a -
slowly approaches the optimum, the rate of enzyme activity gradually  protein.Whenitis  _, o
speeds up. Above the optimum, the rate of activity begins to slow down, heated, the protein is

until, at around 60°C, the enzyme is destroyed or denatured (notkilled —it  denatured, and remains

was never alive). Thus, the rate of the reaction falls to 0 (Figure 1.15). p-erman.ently denatured
: T (i.e. white) even when

ey the egg cools down.
A 3 | . ]
[ =
K
o
o
L
k]
2 |
: !
4
0 temperature / °C ' . 60
il Ur
b Y /
- e

Flgure 1.15 The effect of temperature on the rate of an enzyme- controiled reaction
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pH is a measure of the
degree of acidity or
alkalinity. ApH of 7 is
neutral, below 7 is acidic
and above 7 is alkaline.

L

4. There is one particular pH at which each enzyme works at its fastest rate.
This is known as the optimum pH. For most enzymes in a mammal’s
body, this is around pH 7 (or slightly above), though for the enzyme protease
in the stomach, its optimum pH is around 1.5 - created by the presence
of stomach hydrochloric acid. Either side of the optimum pH, the rate of
enzyme activity gradually decreases (Figure 1.16).

h
W stomach most

protease . enzymes
- - - optimumpH — - - ——

R e
|

1

|

ST |

rate of reaction

R e

L5 pH 7.0

[y i S 2 ol

Figure 1.16 The effect of pH on the rate of an enzyme-controlled reaction
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4

To show the effect of temperature on enzyme action

A
WW},/M’X}'?}O‘WW?M” HDOCOOFODCOTOOTOCOOTCOOCOVOOOODODVOOODOCOOOLOO00 OOOVCOOOVCOOOVOOVOOOOO0 OOOO00

water bath at 90°C (o_.r‘bea.ker of boiling water + method of heating)
a refrigerator or bath of iced water -

3 test-tubes, each with a pipette

3 beakers to support test-tubes

white spotting (or dimple) tile

2 x 5 cm?® syringes

starch solution (0.5%)

amylase solution (0.5%)

iodine solution

timer

COGOOOCOOSTOOOOOTTCOOTOTOOOOLOOOCOOOVOOOOD0OO0Y
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Method: * Ineach of the test-tubes, use a syringe to add 1 cm® amylase solution. Place
test-tube 1 in the hot water, test-tube 2 in the refrigerator or iced water, and
leave test-tube 3 at room temperature and leave the test-tubes for 10 minutes.

* In three rows, labelled 1, 2 and 3, place at least 10 separate, single drops of
iodine solution.

*  Keeping the test-tubes in their respective places, use the second syringe to

“add 1 cm® starch solution to each test-tube and shake the tubes to mix.

«  After 30 seconds, using the separate pipettes, add one drop of each mixture to
the first drop of iodine solution in the appropriate row on the tile. In a table,
record the colour after each drop is added. Continue this procedure every
30 seconds until a drop from one test-tube no longer produces a blue/black
colour. Remove the other two test-tubes from water bath and the refrigerator.
Now keep both of them at room temperature and continue testing them
every minute for starch.

Results: " The first drops from each test-tube should turn blue/black, indicating the
presence of starch. After a few minutes, a drop from test-tube 3 (at room
temperature) should not turn blue/black, while drops from test-tubes 1 and
2 will continue to do so. Eventually, a drop from test-tube 2 (that was in the
refrigerator) should not turn iodine blue/black.

Conclusion: The amylase in test-tube one has been destroyed by the high temperature, and
has not digested the starch. The activity of the enzyme in test-tube 2 has been
reduced by the low temperature, but low temperature has not destroyed the
enzyme as it is still capable of digesting the starch. The enzyme has worked most
quickly at room temperature. '

oooooooooooooooooo

To show the effect of pH on enzyme action
« 3test-tubes, each with a pipette

- test-tube rack or a beaker to support test-tubes
- white spotting (or dimple) tile

« 2 x5cm?®syringes

. starch solution (0.5%)

- amylase solution (0.5%)

- iodine solution

« bench dilute hydrochloric acid + pipette
+ bench dilute sodium hydroxide + pipette

ooooo
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A hypothesis is a
proposed explanation
for a process. Further
research is necessary
before it can be

confirmed.
| )

‘Method: .

Results: The first drops from each test-tube should turn blue/black, indicating the
presence of starch. After a few minutes, a drop from test-tube 3 (neutral pH:
should not turn blue/black, while drops from test-tubes 1 (acidic) and 2 (alkalir: -
will continue to do so.

Conclusion: The amylase works best at a pH in the region of 7 (neutral), while a pH of belo+
7 (acidic) and above 7 (alkaline) prevents the enzyme from working. (This cei:
be supported by further tests over a period of several minutes.)

ooooooooooooooooooooooooooooooooooooooooooooooooooooo HEOOOOOOOOOCCOOOCOOT DU~ r 7

.......................

In three rows, labelled 1, 2 and 3, place at least 10 separate, single drops of
iodine solution.
Place five drops of dilute hydrochloric acid in test-tube 1, five drops of dilute
sodium hydroxide (an alkali) in test-tube 2, and five drops of distilled water in
test-tube 3. Add 1 cm® amylase and 1 cm? starch solution to each tube, shake
to mix and leave in the test-tube rack at room temperature.
After 30 seconds, using the separate pipettes, add one drop of each mixture
to the first drop of iodine solution in the appropriate row on the tile. In a
table, record the colour after each drop is added. Continue thus procedure
every 30 seconds until a drop from one test-tube no longer produces a blue/
black colour. g
g

How enzymes work — the ‘lock and key’ hypothesis
The job of an enzyme (e.g. those used in digestion) is often to break down a

‘ lérge molecule (the substrate molecule) into smaller molecules (the product).

The ‘lock and key’ hypothesis suggests how this may be achieved.

Each enzyme is a molecule with a specific shape. On part of its surface is the
active site (the lock’) - a section into which its substrate molecule (the ‘key’)
fits exactly (Figure 1.17). When the substrate molecule is in position in the
active site, the enzyme then slightly stresses (or ‘bends’) the substrate, splitti'ng
it into two product molecules which drift away from the enzyme molecule
leaving its active site free to operate again. Often by including a molecule of
water in this process, the newly exposed ends of the product molecules are
sealed’ so that they will not re-join. This type of enzyme-controlled reaction,
common in digestion, is known as kydrolysis.

@ Cambridge O Level Biology Revision Guide
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chemical molecule the products
(the substrate or ‘key’)

active
site

enzyme (the ‘lock’)

P T T R T T T T T T T T T

Figure 1.17 The ‘lock and key' hypothesis of enzyme action

. ;
The "lock and key’ hypothesis explains enzyme action because:
1. Only the correct enzyme-substrate combination can work. -

2.. Increased temperature increases the rates at which the molecules of
enzyme and substrate move, thus increasing the rate with which substrate
molecules enter and product molecules leave the active site of the enzvime.

3. Extreme heat causes the atoms of the enzyme molecule to move so violently
that they change position relative to one another - thus changing the shape
of the active site so the enzyme stops doing its job. _

4. Changes in pH are known to alter the shape of large molecules like proteins.
When that protein is an enzyme, and as the shape of the active site changes,
the enzyme will work less efficiently.

Points t0

// 'ememb er

B

* Know the similarities and differences between plant and animal cells.

* Know the difference between tissue, organ and organ system and be
able to define each.

Be able to define diffusion and osmosis.
Learn what is meant by active transport.

Be able to write down definitions of the following terms:
plasmolysis, turgor, water potential, partially permeable
membrane.
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Exam-style questions for you to try

1. Figure 1.18 shows a cell from the leafof a plant.

Which labelled feature is also found in an animal cell?

Figure 1.18

2. Inwhat way are red blood cells adapted to carry oxygen?

A. They have a nucleus containing haemoglobin.
@‘lhey have an increased surface area. .

C. They contain lignin which absorbs oxygen.
D. They have strengthened cell walls.

3. The following are structures found in living organisms:
P.  theeye |
Q. the muscles in the intestine wall

R. aflower

( 22 Ccambridge O Level Biology Revision Guide
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4. Figure 1.19 shows two liquids separated by a partially permeable membrane at the start of
an experiment.

partially permeable membrane

/

concentrated

t dilute sugar
sugar solution

: ' ] solution r
3 k
Figure 1.19

Which shows and explains the results 20 minutes later?

A =pr C D

i
P Q k

3.

Water movesfromP  Water and sugar move Water molecules move  Sugar moves frawn P ‘f

to Q by osmosis in both directions from Q to P by diffusion  to Q by osmosiz

:

5. Figure 1.20 shows the rate of an enzyme-controlled chemical reaction takieg piz:: n o
test-tube that is gradually heated from 0°C to 60°C. b
:

A

5 ?*

© 3

E N

— X

5 3

U L

‘r; b

= 1

b

0 temperature/°C 60 }

Figure 1.20 3

.
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a substance that allows only water molecules to pass through and enclosed it in a flexible

Which shows how the rate of reaction would change as the test-tube is then gradually : ‘1
cooled from 60°C back to 0°C? J |
. 1 A
;
&
3 E f'
;: s ;
60 temperature/°C 0 60 temperature/°C 0 3
{
A B :
|
A E
5 5 i
5 5 3
2z =
® C

60 temperature/°C 0 60 temperature/°C 0 3
<

C D =

-

6. A student was asked to make a model of a plant cell. She took a length of tubing made from E
4

permeable membrane as shown in Figure 1.21.

N

flexible, permeable membrane beads
I
tightly tied o/
4
@] O 3
. © O o ,
@) 0O
O o
\
X
tightly tied
marble dilute sugar solution

Figure 1.21
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(a) Name the structures found in a plant mesophyll cell that are best represented by the
£ following items used in her model:
the marble DUGARUR. v vuuueevvcesrreeeeeeeess s smssssssssssssrssessssssemsssssssssssesessresserssssess [
u{: the beads CLIIONC\?‘\N}’& ......................................................................................... :
'  the tubing{...-.-.'.(;«\..;.m%(. ..... 3 .C;.T_;.'.L.;.\-...-‘..',_':'.1."...-.". ..................................................... [3] §
E | i
3 (b) State a structure found in a plant cell that is not represented in the student’s model.
L O, BN AT o A =gy (]
(¢) The student then placed her model into concentrated sugar solution for half an hour.
State and explain the similarities between what might happen to her madel duringthat
7 time and what would happen to a plant cell placed in the same solution. [
\‘: l llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll .;':‘
e e S S i B
;
................................................................................................................................... 6] §
Cambridge O Level Biology 5090 Paper 22 Q1 November 2011 |
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7. With reference to a human being, explain

(a) what is meant by a cell

...............................
----------------------------------------------------------------------------------------------------
.................................
..................................................................................................

...................................
------------------------------------------------------------------------------------------------

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
.............................................................................................................................

...................................................................................................................................

...................................................................................................................................

Cambridge O Level Biology 5090 Paper 21 Q8 No vember 2010

You may need to look at
Chapter 3 to help you a
little with part b,

E
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P
MACTE,

gl Nutrition

! \ This chapter starts with an account of nutrition in

plants, and explains in detail the laboratory experiments

.} associated with photosynthesis. There follows a description
of human diet and how to test for its major components. It ,
concludes with an account of the alimentary canal and how
itis involved in the processing of food.

Nutrition is one of the characteristics of living organisms. Every organism tales
in, or makes, food which it uses for its survival.

ﬁ- Plant nutrition

:Green plants are described as autotrophic. They use small molecules readily

available around them- (curban dioxide from the air and water from the soil)
and build them up into large organic malecules (of the carbohydrate glucose)
during the chemical reaction known as photosynthesis.- The gl}ucose'that is
made is then usually turned to starck and stored. ' |

Photosynthesis

The linking together of carbon dioxide and water molecules requires, energy.
This is provided by sunlight Wh]C]l is trapped, by the green, magnesium-

containing chemical called _elzloroplzyl\! found within the chloroplasts, which )

is the site of photosynthesis inside a cell..

/

It is possible to show, experimentally, that carbon dioxide, light energy and
chlorophyll are necessary for the process of photosynthesis, using potted, plants
(e.g., Pelargonium - a member of the Geraniaceae famﬂy) Itis difficult to show

that water is necessary for photosynthesis, since the removal of water from a

plant may have serious effects other than on photosynthesis,

From the Greek:
‘auto’ = self
‘trophic’= feeding

s =)
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xr carrying out the three experiments described above, it is possible to deduce that carbohydrate
irch) is produced when a plant has access to carbon dioxide, sunlight and chlorophyll.

:re is, however, also a waste product of the process (oxygen), and this can be shown if a water plant is
»wed to photosynthesise in the laboratory.

To show that oxygen is given off during photosynthesis
1argé beaker .
+ short-stemmed funnel

Apparatus:
» two thick coins (to act as funnel supports) ‘
»  sodium hydrogencarbonate powder (to supply carbon dioxide to the plaﬁ'z":: D
« test-tube ‘ e
* water weed, e.g, Elodea (Canadian pond weed) or Hydrilla

Method: Set up the apparatus as shown in Figure 2.4, and leave it over a 2-day period ina izce
where it will receive sunlight.

Results: A gas collects at the top of the test tube which is found to relight a glowing splint.

Conclusion: Only oxygen has the power to relight a glowing splint, and thus oxygen has been
released during photosynthesis.

The control for this experiment is to place an exactly similar set-up in a dark cupboard
for the same length of time, No gas collects in the test-tube.

oxygen collects

D,

sunlight I— N—— sunlight

4

water with a little sodium
hydrogencarbonate added

/funnel Support

Flgure 2.4 Experiment to show that OXygen is given off during photosynthesis

SOV OHOOG

water plant

-----------------

.............

..................
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The release of oxygen by a water plant can be used to show what effect varying the individual requirements
for photosynthesis has on the rate at which the process takes place.

The rate of photosynthesis

We can now look at a plant’s rate of photosynthesis, that is, how quickly it photosynthesises. This rate
changes if we vary the levels of the factors that are necessary for the process: light, carbon dioxide and
temperature. The effect is shown by the amount of oxygen released by a water plant as it photosynthesises.

Aim: . To show the effect of varying light intensity on the rate of photosynthesis :
Apparatus: . short-stemmed funnel
« alarge beaker
« abenchlamp
» alength of stem from a water-plant (e.g., Elodea or Hydrilla)
« atimer
- atest-tube and sodium hydrogencarbonate powder

e »-'.*.J»c—.«'.-:ww,.-'x:fmo-c.m\vﬂg

light reaching
the plant is the
bench lamp.

water plant

Figure 2.5 Experiment to show the effect of varying light intensity
on photosynthesis

Method: The apparatus is set up as shown in Figure 2.5.
Note: It is better to M)
| | oxygen lamp b

carry out the "7 bubbles ;

experimentin a 5

darkened room ; .

water

so that the + 5 %

NaHC g

only source of ) BN | =Em o B s e e .Cs

A position of lamp &

§

As the water plant photosynthesises, bubbles are released from the cut end of the
stem. Place the bench lamp at position A. Leave the plant for about 10 minutes -
this allows the plant time to adjust to the conditions), and then count the number of 3
bubbles released by the plant for a measured period of time (e.g., 3 minutes). Move
the lamp to position B. Again leave the plant for 10 minutes before counting the
bubbles for the same measured period of time.

Move the lamp to position C, and repeat the procedure.

Results: As the lamp is moved further away, the intensity of light reaching the plant decreases.

As the light intensity decreases, so does the number of bubbles released by the cut
stemn over the same period of time,

- Conclusion: The rate of photosynthesis decreases with decreased light intensity.
Wm&m@o@mmw .......

--------------
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t Aim: To show the effect of varying the carbon dioxide concentration on the rate
: of photosynthesis

; Apparatus: - a large beaker

a bench lamp and short-stemmed funnel
« alength of water-plant stem
a timer
+ sodium hydrogencarbonate powder
Method: When sodium hydrogencarbonate dissolves in water, it supplies the water with

carbon dioxide.
NaHCO, > NaOH + CO,

5
AL OOCOOVOOOOTCTOCOOTOOOOOCOCOOCOOO0O0T o

Immerse the length of stem in a test-tube filled with tap water. The water should be a:
room temperature. Leave it for about 20 minutes to adjust to the conditions. Place .«
bench lamp about 25 cm away and direct it at the plant. Count the number of bubbit::
released by the cut stem over a period of, say, 3 minutes and record the results. :
Carefully weigh out 0.25 g of sodium hydrogencarbonate and add it to the water i
the beaker. Gently stir the water to dissolve the powder, then leave for 20 minute:.
Again place the bench lamp 25 cm away from the plant then count and record the
number of bubbles released over 3 minutes.

Repeat process for two further additions of 0.25 g of hydrogencarbonate.

Results: More carbon dioxide becomes available to the plant as more sodium
hydrogencarbonate is added. As more carbon dioxide becomes available, so the
number of bubbles released by the cut stem in 3 minutes increases.

Conclusion: As the amount of carbon dioxide available to the plant increases, so does the amount
of carbon dioxide released from it. The increased amounts of available carbon dioxide

increase the rate of photosynth

CVPIODNDOO2T

OO OO AL A D IR DA 040 4 -,

PO OONCOOITOIR OO NIG IO AR AR ISP O
P -

esis.

IHA A A OO

§
3
|
3

)VM’//VJ/MXA“/«VJWWWOOO"X = AR A ARCL0OOOOTO O OO0
To show the effect of varying the temperature on the rate of photosynthesis

B
2

a large test-tube

Apparatus:
. abenchlamp
. alength of water-plant stem (e.g., Elodea or Hydrilla)
+ 2 beakers of different sizes

a timer

« athermometer and sodium hydrogencarbonate powder

Method: Set up the apparatus as in the two previous experiments, but this time, immersed
in a larger beaker of water. This acts as a water bath, the temperature of which may
be altered using ice or warm water (e.g. from a tap). Lower the temperature of the
water bath by adding ice, then leave for 20 minutes to allow the stem to adjust to

the conditions. Count the number of bubbles released by the cut stem over a period
o p A A S 8 A o L o o o S Y A A S DD DO DD DDOBOT OO DDODDDO OO O OO OO DI O BBIOOOD

‘0\.\\%&\)&{\%\‘0{»\\\\%\\.\“'-‘\‘A.\.\.\.\}\\\\N‘OQ\.\}\.\}\\\,\
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of 3 minutes and record the results. Raise the temperature of the water bath by
adding warm water. Again give the plant time to adjust before counting the bubbles
released. With only the temperature of the water being altered, and with the plant
being left for 20-30 minutes at each new temperature to adjust to the conditions, the
effect of varying temperature on the number of bubbles released by the cut stem is

OODEOOOOCOOOOOOOCOOHOH

>

investigated. 3
Note: At temperatures above room temperature, the thermometer must be checked ,
: regularly while the plant is adjusting to the conditions, and the water bath topped
up with warm water as necessary to maintain a steady temperature.
Results: The higher the temperature (up to around 45°C), the more bubbles are released per ¢
unit time. 3
Conclusion: The higher the temperature, up to about 45°C, the faster the rate of photosynthesis. j
Sl i b R S
The importance of a control
In all of the above experiments, a comparison is made between a leaf (or
part of a leaf) which was able to function with all the requirements for
photosynthesis, and a leaf (or part of one) where one of the requirements is
missing, In this way, the results of the experiment are shown to be valid.
The apparatus and materials which provide this comparison make up the
control to the experiment. Wherever possible, all biological experiments
should have a control.
/ ks
‘ E‘f‘[ When a new drug is being tested (or ‘trialed)) on a number =
|| of volunteers, can you suggest how a control can be built into . When performing
1 the trial? _ | experiments, remember
i e e e e+ 2lWaYS 10 include a
Experimental error and the need to repeat experiments 2:;;0;;1f;iilt?ment
To reduce experimental error, each of the above experiments should, ideally, be  yjig ang repeat the
repeated several times, and an average of the results taken. experiments several
times, taking an average
/ K of your results, in order
' || Foreach ofthe experiments, or demonstrations, above, list the to reduce experimental
|| possible causes of experimental error: error to a minimum.
——)
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The concept of limiting factors

The availability of light, carbon dioxide, water and a suitable temperature all
affect the rate of photosynthesis. However, the rate of photosynthesis in a plant
at any time is governed by whichever one of these factors is in shortest supply,
i.e. that factor will limit the rate of photosynthesis, even though all other factors
may be ideal (or optimum). These are thus described as limiting factors.

How plants obtain the necessary raw materials and
carry out the process of photosynthesis

The intake of water /

For the majority of plants roots absorb the water necessary for photosynthe sis
I ———_ ——
from the soil (from where it has to be carrled to the leaves).

A few millimetres behind the tip of every root, and extending also for a fov

— mllhrnetres, lies the region of root hairs. The Very numerous root hair ¢ 3
= thus provide a very large su:_'face area for the uptake of water (and of ic: =}
Refer to Chapter 1. from the soil. The earl;er section on osmosis explains how water is absorbed iy

L ) the roothalr.cells g

The intake of carbon dioxide
For the majority of plants, leaves:

absorb the carbon dwxzde from the azr

absorb sunhght energy
manufacture qgrbghyd;al;e

% * * ®

release the waste product, oxygen.

E%# The equation for photosynthesis

The number to remember

o e : light ener
- here is’6’. Each chemical carbon dioxide + water ¢ = carbohydrate + oxygen
“inthe equahon in.symbols . ' v chlorophyll - ,
‘ begms with a 6.There are light energy
six molecules of carbon 6CO, + 6H,0 CH,0, + 60,
- dioxide, of water and of , : chlorophyll  (1,)c05e)
oxygen; and there are six
~ atoms of carbon in the Sunlight provides the energy necessary to combine carbon dioxide and water
 glucose. - molecules to form carbohydrate That energy becomes * Iocked away’ within the

 1_‘-_ |_____——-—J carbohydrate molecule as chemical energy.

ga',ﬁbﬁdge 0 Level Biology Revision‘ Guide
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Photosynthesis is thus a process in which light energy~is con into .

chemical energy. If a living organi¢m then dismantles (i.e. breaks down) the

carbohydrate molecule (during a metabolic process — usually respiration), the

energy is released. : : Think of the energy you
- would need to pull together

Untilthe moleculeis broken down, itis often stored. The first carbohydratemade ~ and tie two elastic bands

during pllotosynthe;is_ is glucose, but this is soluble, affecting concentration . fixed on hooks facing one

and thus enzyme action within a cell. It is therefore usually converted to the ~ another about 30 cm apart.

insoluble carbohydrate, starch. Starch is first stored in the chloroplast where Then. Al cuttlng i

: ; : : - b o————— =, elastic bands when tied

it has just been made by the photosynthesising cell. It is then converted to and the energy that is

_sucrose to be carried to the storage organs of the plant (usually the‘ root OF  yuieased as the cut halves

stem). Here, sucrose is reconverted to starch. A (stet) fuber of the potato spring apart.
plant is an example of a plant storage organ that stores starch. |

il

| )|
\

How plants obtain carbon dioxide from the air through their leaves
Most, and sometimes all, of a plant’s photosynthesis takes place in the leaves. B £ BB AR LY
Leaves are organs containing several different tissues with cells adapte: =

perform their own particular roles as efficiently as possible. =

Leaf structure
(The main features of which are shown in Figure 2.6)

vascular
"bundle

sub-stomal air

~ chamber
stoma -
(b)
upper
4 epu.iermls epidermal cell
‘rai/ltlesrade : - air space
S guard cell
layer
s stoma
epldermlns guardcell  stoma
(c) (d)

Figure 2.6(a) Transverse section of a dicotyledonous leaf: whole leaf showing the vascular bundle of the large central vein (the midrib)
(b) Transverse section-of a dicotyledenous leaf: stoma and sub-stomal air chamber
(c) A leaf in transverse section to show a stoma
(d) Stomata on the undersurface of a leaf

Nutrition 3‘5) :
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The structure of a leaf and how it is adapted
for photosynthesis. —

Cuticle
A waxy non-cellular covering to the leaf. It
* is waterproof v~
. ¥ * s transparent to allow light to enter

* provides some protection from mechanical forces. ~

Upper epidermis
A single layer of cells which

* secrete the cuticle

* have no chloroplasts thus allowing light ta reach the cells ben¢..: h. .~
Palisade cells
One layer (or two, depending on species) of closely packed, elongated celis tvith
a water film coating their walls. They

* are first to receive light |
%* have the greatest concentration of chloroplasts.. . .

:-, Chloroplasts

* contain chlorophyll for photosynthesis

* provide a large surface area for the uptake of carbon dioxide

* are where photosynthesis occurs in the cell, -

* usually convert glucose to starch and store it temporarily

* in dim light, may move nearer to the illuminated surface of the cell.

Spongy cells

Cells with fewer chloroplasts, they are loosely packed with many air
(intercellular) spaces between them, Their
film. They

* carry out some photosynthesis
?,_‘})t allow gases to diffuse freely throughout the leaf

: walls are again coated with a water
ophyll means middle of \

he leaf in Greek.

Note: Palisade and spongy cells are the photosynthesising cells in the middle of
a leaf. They are referred to as mesophyll cells.

Together, their walls provide an enormoys surface area for gaseous exchange
as they absorb carbon dioxide and releqse oxygen during photosynthesis, /™

The vein (vascular bundle)

The vein contains two types of tissue, the Xylem and the phloem

et
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The xylem :
% strengthens the leaf h_plﬁing to resist tearing- a

/
* transports water and ions to the leaf,
Hions ol Feam™ soafs
The phloem | o
* transports dissolved sugar (sucrose) mostly away from the leaf, as

well as amino acids both from and to the leaf as required.

The lower epidermis

It may be coated with a thin waxy cuticle. It forms the lower protecﬁve
boundary to the leaf. The cells do not contain chloroplasts except the guard
cells (Figure 2.7), which are specialised epidermal cells. Guard cells occur in
pairs, each pair controlling the opening and closing of the pore (stoma) between
them. The function of a stoma (plural: stomata) is during gaseous exchange:

* to allow carbon dioxide to enter the leaf for photosynthesis
* toallow oxygen to leate the leaf during photosynthesis
* to allow some exchange of these gases, in the opposite direction

in low light intensities when the plant is respiring faster than it is
photosynthesising.

Note: Stomata also allow water vapour (which is a gas) to leave a leaf during
transpiration. Guard cells control the stoma as a result of their degree of
turgidity (see osmosis). The asterisk relates to the note,

o) B

*The guard cells become
turgid, but the thicker
- inner wall does not stretch
- as much as the outer,
thinner one,
[ | e ‘ ]

F... iy .
fi] thick inner
: wall

4 water lost by
- 0Smosis

4 guardcell "

guard cell becomes
H becomes flaccid -

banana-shaped

(a) (/b)

walter (from xylem) enters
vacuole by osmosis* -

sugar enters the |
vacuole from the |
chloroplasts

chloroplast

" Flgure 2,7(a) How guard cells control the size of a stama in the dark
; (b) How guard cells control the size of a stoma in the light
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would be wise to collect
2veral different types of
2af before you begin, since
ome work better than
thers.

_

See the carbon cycle.

Fold a leaf (e.g, Lantana) in half, so its upper surface comes
into contact with itself, then tear the leaf along its fold. With
practice, you should be‘able to leave a thin, transparent piece
of lower epidermis along one side of the fold. Carefully remove
this and transfer it to a drop of water on a microscope slide.
Gently lower a cover slip onto the specimen, and using low
power on your microscope, identify the guard cells. You may

need a higher power to see the chloroplasts within the guard
cells.

a beaker of hot water, and watch as air bubbles form over t:
stomata as the air in the intercellular spaces expands as:::
passes out of the leaf.

How a leaf is involved in the process of photosynthesis

1.

Carbon dioxide diffuses down a concentration gradient from the
atmosphere through the stomata into a leaf.

Carbon dioxide diffuses freely throughout the leaf in the intercellular
spaces.

Carbon dioxide dissolves in the film of water which surrounds the
mesophyll cells and which has been delivered to the leaf in the xylem of
the vascular bundles. -

Carbon dioxide diffuses in solution into the mesophyll cells and passes
to the chloroplasts where photosynthesis occurs.

Sugar made by photosynthesis is carried away (translocated) from the
leaf in the phloem of the vascular bundles.
Oxygen diffuses from the mesophyll cells into the intercellular spaces

and out through the stomata, across a concentration gradient into the
atmosphere.

The importance of photosynthesis to the living universe
Photosynthesis produces the carbohydrate, with its chemical energy, upon
which almost all other forms of life rely, though plants may convert this
carbohydrate into protein or fat before it is passed on.

The oxygen produced by photosynthesis is essential for the respiration of

most life forms, and photosynthesis uses up the carbon dioxide released
by respiration, converting it into carbohydrate.

To demonstrate the presence of stomata, submerge a leaf i:. \>

o

{

|

4

3

A

Aj
g
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Mineral nutrition in a plant

The importance of nitrogen-containing ions\_—~
Living organisms need_proteins for growth and Tepair. Plants have to
manufacture (synthesise) their own proteins and this they they do by converting

1}1‘1@11‘ carbohgdrates first into amino acids and then linking the amino acids
together to form proteins. "

The additional element necegsary to convert carbohydrate into amino acid is
nitrogen and although the atmosphere is 79% nitrogen, plants cannot make
direct use of it. The nitrogen used bﬁf a plant is absorbed from the soil as the.
nitrate ion (NO,) via the root hairs. -

W

The importance of magnesium ions

As with nitrates and all other ions, magnesium ions are, also absorbed fror

the soil through the root hairs. Magnesium is the central atom in a chlorophwil
lecu]e o y .

ﬁﬁéAmmal nutrition

Carbohydrates, fats and protems are the three main classes of foods. Their

—

chermcal structures are descnbed here

[N

Carbohydrates i &

These are organlc chemicdls containing the elements carbon, hydrogen (
and oxygen only The ratio of atoms of hydrogen to atoms of oxygen in a
“carbohydrate molecule is always 2:1 (as in water - hen(.:e carbohydrate).

L
Carbohydrates with large molecules such as starch and glycogen are jnsoluble

P oy q-—O
(a starch ‘solution’ is in fact a starch suspen51on) 6 &—o— O ¢ r R .
; <) e\ (h—
. \ &2 r)’,’)‘---[’:y’, E s i -
Smaller carbohydrate molecules are soluble, and occur as: A P
: : d /’ \ ¥ ,‘-' r_r"f — - /
N A o —
*  complex sugars, such as maltose and sucrose (table sugar), all with 4 4 X)‘R;_\c‘] N
the formula C H, O, , or © P \\\U\( _s:\{.
; e &
* simple sugars, such as glucose or fructose, with the formula CH,,0.

Fats (or oils if they are liquid at 20°C)

These, too, are organic chemicals which contain the elements carbon,
hydrogen and oxygen only. This time, however, the ratio of H to O in the

Nutrition B‘ED
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molecule is very much higher than 2:1. They are all insoluble in water, and
are formed by the joining of a glycerol molecule with fatty acid molecules.

Proteins

These, again, contain the elements carbon, hydrogen and oxygen, but this

time, always nitrogen as well (and often other elements such as sulphur and
phosphorus).

They are large, usually insoluble molecules which are built up from simple, soluble
units known as amino acids. Figure 2.8 shows how amino acids link together.

Figure 2.8 Amino acids linking to form a protein molecule
(each different symbol represents one of the 22 different amino acids)

Up to 100 amino acids linked together (by chemical bonds called pepiide

bonds) form a polypeptide - many more amino acids linked together form
a protein.

Tests to show the presence of carbohydrates,
fat and protein

Carbohydrates

chemical how testis
: result
(reagent) used arried nut
N avol i 5% PR bl O

Note. Benedict’s solution does not c[xstmgmsh between the complex sugar
maltose and the simple sugar ‘glucdse. In their reaction with Benedict’s

Level_B:ology Revismn Gu1de
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solution, both sugars work as chemicals known as ‘reducing agents’, and thus
belong to a group of sugars referred to as reducing sugars, all of which react
in this way.

Fats (the ethanol emulsion test)

@mol adried” sample ofthe  the water turns cloudy
B if fat is present but

" substance to be tested
is mixed with ethanol remains clear if it is not
- which is then poured

lintoa test tube of water S

e Pt i 3o ¥ K ks i i s At il B e sa s 2 s L

Proteins (the biuret test)

reagent used how testis carried out, { | res

bnifet solunons 1 and 2 ' add equal volumes a purple colour
; ! of solutions 1 and 2 indicates that pmte'in"-{

~ to a solution of the

- 1s present

substance to be tested - a blue colour indicates

E ' A | thatproteinis absent .

Biuret 1 contains sodium hydromde which is harmful to the skin, and thus

appropriate safety precautlons should be taken.

The three classes of food described above are three of seven important
constituents of our diet. The seven are:
1. carbohydrates
fats
proteins
vitamins
mineral salts
fibre (or roughage)
water.

NNk 0N

T

I

*The test is more reliable
if a dried sample is used,
but if it is not possible to
dry the sample, then the
ethanol drained from it
may already be cloudy,
indicating the presence of
a fat.

does not biagin will »
capital letfer — uniesz it is
the first word in a sentence,
Never say that a test is
‘positive’ or ‘negative’.
State the observed colour
and the conclusion you

draw from that result.
[ | |
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The principal sources of these seven constituents, and why they are important

in our diets are shown in the table below.

carbohydrate

potatoes carbohydrate molecules contaln
beans and peas  energy which is released in cells
| yams as the molecules are broken down
cassava during respiration
L 3 cereals
L S sugars honey
| cane
f[‘l.IltS
T fats -, ‘
fat meat fat molecules contain more ex
dairy foods than carbohydrates and are sturea in ]
_egg yolk the skin and around the kidneys 1
nuts f
| . avocado
S —— ey - WS
5 protems
‘ meat - proteins are used for growth and
f peas and beans  repair .
L fish muscle is largely protein A
i egg white |
! peanuts ‘
g T e i I
‘ o wtamms e e e SR
; . C* (ascorbic citrus fruit for healthy gums and skm repair
B ac1d) (fresh)
e cabbage :
? D (calc:ferol) fish liver for the uptake of calcium from the
b egg yolk gut and for strong tooth and bone

the action of sun  formation |
on the skm |

for healthy bones and teeth ;

for muscle action and blood clottmg

for haemoglobin — the oxygen-
carrying pigment in red blood cells

13 l
b red meat 3
[ : Pald g ; T sty T R y _‘ n,'
l

P AEER PP BT NSRS R e S SRESES
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T e

i fruit forms bulk in the intestines, giving

: vegetables muscles of peristalsis something

nuts " to push against - preventing '
constipation

i water drinks solvent for chemicals in the boﬂy

; all foods it is the medium for all chemical

“reactions. It is used to cool the body
and makes up about 68% of body

mass.

e e

Plants manufacture their own food requirements; they are autotrophic. Fibre is made up largely of
cellulose from the cell walls

Animals obtain their nutritional requirements ‘second-hand’ by either eating )
. . . L i of plants. Cellulose is an
plants or animals which have eaten plants (directly or indirectly), and are insoluble-carbohydrate

described as heterotrophic. . i

The constituents of an animal’s diet are listed earlier in the chapter. However,
for the animal to be healthy, its diet must contain these constituents in their

correct amounts.

A d.l&@ht:h has the correct amount of each constituent 15 called a balanced diet i
Byl T ST e A

Balanced diets differ dependlng on the lifestyle, age and sex of the perspn.

type of person special requirements

‘reasons.

f for growth

REP A F R O

- child gg_tgipbh '
- .carbohydrate ' for energy |
' calcmm " for bones and teeth ‘ -
active adult carbohydrate : ___forenergyandto —
' ' _protein - build musclesifthe
} JOb so requires |
: pregnant woman 1ron salts | for blood
Gy o calcmm - for baby’s bones
protein. . for makingbaby’ cells

v R S VPR R

lote: The (basal) metabolic rate of males is higher than that of females, and
1us, for a man and a woman both involved in identical activities, the man will
‘quire more energy from his diet. Fats provide the greatest amount of energy
er unit mass — just over twice as much as carbohydrates and proteins. For this
ason, eating a diet rich in fats is likely to lead to obesity (overweight), when
e energy consumed exceeds the energy expended by the person.
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Deficiency diseases that occur if certain constituents are
lacking in the diet

Diet lacking in vitamin C

The person will develop bleeding gums and wounds do not heal properly The
disease is called scurvy.

Diet lacking in vitamin D

Growing bones become soft causing either bow legs or knot:k\knees The disease
is called rickets. In older people, bones have’a tendency to fracture.

Diet lacking in calcium

The skeleton does not form properly, with symptoms similar to those for laz - of
Vitamin D. Growth is stunted.

~

Diet lacking in iron

Insufficient haemoglobin is made for the carriage of oxygen. The person suffers

from anaemia. They will belacking in energy, and in severe cases, the deficiency
leads to coma and death.

The problems of an unbalanced diet

A person's diet may be unsuitable for healthy growth for two main reasons:
1. The balance of constituents is incorrect — leading to malnutrition.
2. There is insufficient quantity —leading to starvation. /

Malnutrition

Eﬁ@_ Malnutrition has many effects of which constipation, heart disease and obesity
==

are three of the more important.

*Cholesterol is a chemical 1. Constipation is .a result' of ;‘ttsu_ﬂ‘icient ﬁbr:e in the diet (see section
that is classified, along on nutrients). Diet lacking in fibre'may, over several years, lead to
with fats, as a lipid. bowel cancer.

Cholesterol is essential for 2. Heart disease can occur when animal fats and cholesterol* form
normal heaith, e.g. for cell atheroma on the walls of the coronary artery (carrying blood to the
_.membrane productu:n, b::s heart muscle). This restricts blood flow in the artery, decreasing oxygen

eposi

_m gicess ca 0 £0% supply to the heart muscle. In severe cases, the artery may become
*on artery walls. .

blocked, leading to a cardiac arrest (‘heart attack’). The risk of heart

~
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disease is increased when blood pressure is high, and since atheroma
decreases the bore of the arteries, it tends to increase blood pressure.

3. Obesity (overweight) is associated with high blood pressure and heart
disease, since it is often the result of eating too much animal fat, and
the heart has to work harder to move the increased bulk. It also may
lead to: diabetes, stress on joints and social rejection.

Starvation

- -

Starvation results in very restricted growth and dévelopment, particularly of

muscles, leadmg to weakness. Res1stance to diseaseis severely reduced, and
death eventua.lly follows

>
Famine (a lack of adequate amounts of food to support the population) may
result from
* poverty
overpopulation
drought
flooding
crop failure due to disease

* # # # #

poor farming techniques
% war/political instability
or any combination of these.

The world as a whole produces sufficient food to sustain its current population,
but some areas greatly overproduce, and the cost of transporting the food to
where it is needed is too high for those requiring it. A ‘world solution’ needs to

be sought.

Overpopulation may be overcome with education on, and availability of, birth
control methods. Education may also help to improve farming techniques, and
to help solve some of the problems of flooding, where poor farming techniques

are to blame.

Biological research is developing disease-resistant crops and improved
methods of disease control. An understanding of the effects of deforestation
may go some way to improving the problems caused by both flooding and
drought (see the section on the effects of humans on the ecosystem).

Nutrition @
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The human alimentary canal
“Human (heterotrophic) nutrition involves Jour basic stages:
1. _Ingestion - taking food into the digestive system - eating.,
2. Digestion-(i) mechanical - chopping and grinding food with teeth
and muscular churning of the food as in the stomach.
(ii) chemical —_breaking 1a1ge\j_gsoluble,molecules into
sr(n_all,,s;glﬂub,lgppes_ (using enzymes).
3. Absorption - t;kjng digested food into the bloodstream.
4. Assimilation - using the absorbed food in metabolic processes.

o ——— e

Any food which cannot be digested or absorbed is passed out of the alimentary
canal during egestion. The main regions of the human alimentary canal are

shown in Figure 2.9.
L - IR, 'i:
A
mouth cavity )
. miotith e — G pharynx 4
4 salivary gland ' oesophagus ~ :
g | |
: i |
B ' diaphragm ’ *
o =
3 | |
& all bladder —— '\‘ 1 |
2 9 7S \_' stomach ; :
§ bile duct 5 3 7 ' ” pylorus é |
e o
: liver G\E J\ pancreas |
i
; duodenum ] large intestine (colon) % |
1 !
3 ileum ? &
? v rectum |
appendix
/ |
anus
Figure 2.9 The human alimentary canal and associated organs ) -
1
‘0 'Level Biology Revision Guide ;

3
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The functions of the main regions of the alimentary canal
The mouth |

This is the opening through which food is mgested into the buccal cavity (or
mouth cavity). The buccal cavity processes the food as follows: ' }\ )-
* Teeth mechanically dlgest the food (seelater). O Son KL
* Sa]wary glands secrete a solution (saliva) of the enzyme amylase to
dlgest starch and the proteln mucin, which is sticky to bind the food
, together and to lubricate 1t —
* The tongue rolls the food into balls (boli - bolus in the singular) and
EESheS them to the back of the cavity for swallowing.

The oesophagus .

This is a muscular tube down which waves of muscular contractions
‘peristalsis) pass, pushing each bolus towards the stomach as shown in

Figure 2.10. _
(/
e ! ~ . ~pown ]
@7\0 g ONe ~..___circular muscle contracts
< behind the bolus -
longitudinal
. . muscle = & T2 : — i-,
intestine ) ) s S CrEAGE : o L
circular . i3
] muscle 3
wave of contraction pushing bolus along ’
i am f-ImA0 / falS aco T 5 . \
Figure 2.10 Peristalsis
[he stomach

This is a mus _qu,pag Wthh churns the food forup to around_4 hgirg:{ts yvall
secretes .

p Wthh contams. =

* te enzyme _protease for startmg the digestion of protem J\/(:hangmg
them to gg{ygpt&@es
* /hydmchloric acid-to |

» provide the correct pH for protease to worlgg
- kill potentially harmful bacteria in food

A sphincter is a ring
of muscle that, in its:.
contracted state, keeps-a |,
tube clo§ed allowing it

v , ‘to open when the muscle
* (in children only) the enzyme rennin to clot protein in milk, .~ relaxes.
| — 2

After treatment in the stomach, the food i is in the form of soup-li lke chyme),

which passes through a ring of muscle (the pylorus or pylorlc spluncter)
which relaxes to allow the food to enter the duodenum,

Nutrition 49 .
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The cork is to prevent
 the sodium hydroxide
 from coming into contact

' with your skin, If this
does happen, rinse it off
mediately with plenty of
ter under a tap,

s .
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\
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it il

The duodenum )
This is a tube abOlngQ Ocmlong It | i
1. receives bile via the bile duct from the liver | -
2. receives pancreatic juice via the pancreatic duct from the Pancreg,
3. releases a Higestive juice from its walls (called intestinal juice)
contains protease and the enzyme lipase for fat digestion,

The pancreas

whi

Lying between the stomach and the duodenum, this is an organ which SeCreteg

pancreatic juice, which it passes to the duodenum to help in digestion (

as well
 as releasing the hormone insulin - see later)

Pancreatic juice contains the following enzymes:
1. amylase for digesting starch -
——2. protease for digesting protein -
3. lipase for digesting fat.

The amylase completes the job started by the amylase in 1+ buccal céyity,
changing any remaining starch to maltose sugar.

The protease (now working in very slightly alkaline conditions, since alkaline
bile from the liver neutralises the hydrochloric acid) changes any remaiﬁjng
proteins to polypeptides.

" Fats are broken up into small droplets — emulsified — by the bile, greatly

increasing their surface area. Lipase can now work on them far more qlliCk]Y’
changing fats into fatty acids and glycerol.

R

&
®

Pour about 2 cn?® of water into a test-tube, Add about 0.5 cn?’ ’

of cooking oil. Place your thumb over the top of the test-tube

and shake the tube vigor ously for 5 seconds. Place the test-tube
in a tes ;

. t-tube rack (or beaker). Repeat the procedure, but this
time, preferably wearing rubber gloves, add about 0.25 cm?’® of

dilute sodium hydroxide, and but atightly fitting cork into the
Lest-tube before shaking it

|
o

Compare the two lest-tubes after about 5 minutes. The
alkaline sodium hydroxide mimics the alkaline bile released

onlo fals by the liver, Can You explain what has happened 10

your cooking oil in the secong lube?
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The liver

The liver is the largest internal organ and is described as the chemical factory”
of the body. Like the pancreas, it is not _technically part. of the alimentary
canal, but its function of producmg bile is closely associated with digestion.
Bile is a greenish- ~coloured fluid. It is alkaline due to the salts it contains
and is stored in the gall bladder before it is poured into the duodenum.
Its functions are: ' |

1. toneutralise acidic chyme from the stomach

2. to emulsify fat. |

Large food molecules are almost ready for absorption, but first, enzymes in
intestinal juice must change maltose to glucose (by the enzyme maltase) and
polypeptides into amino acids (by another protease enzyme). TN\

*x-\ﬂ.z
The ileum SV‘VJ\J A=

This is the region where the absorption of digested food, and a good deal of
the water, takes place. To improve its efficiency, its surface area is increased in
_ the following ways: | ' |

1. Itisabout7 mlong (in a person).,

2. Its walls are folded (‘pleated’) longitudinally.

3. Its walls have the appearance of velvet due to millions of microscopic .

finger-like projections called villi.

J\Lfr%k‘\q"
‘The colon oa? &t
Its walls are folded (transversely, this time) to increase its surface area for

_water absorption. Infectlons of the colon lead to diarrhoea. Toget her with the )

rectum it forms the large intestine.

Note: Food is moved steadily along the duodenum, ileum and colon by
peristalsis (as in the oesophagus). The indigestible fibre forms the bulk against
which the muscles of the intestines can push.

The rectum

This is a muscular storage chamber where the undigested food (faeces) is held
and moulded before being pushed out throu‘gh the anus during egestion (or
defaecation). {0 )
The anus

This is thg_ exit to the alimentary canal. It is closed by a ring of muscle (the anal
sphincter), which is relaxed to allow egestion.

Nutrition 49
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The molar teeth are part of
the permanent set only —
there are no ‘milk molars’.

| J

'j.&m

*_ A quarter-jaw is one half
of the top jaw or bottom
jaw,

L |

{50 Cambridge O Level Biology Revision Guide

X IAA summary of chemical diges

where digested

tion in the alimentary canal

enzyme _ ~
b o product
involved " Y

- ~

starch buccal cavity o Al amylase maltose
amylase
starch duodenum maltose
(from pancreas)
maltose duodenum maltase glucose
proteins stomach protease Q{,\Q‘_Jf;olypeptides :
’rotease/ oo ) -
proteins duodenum P YO\ polypeptides |
(from pancreas)
. ‘ TR iy
polypeptides duodenum protease - \{(\h amino acids
duodenum f Lh ds and
atty zcidsand |
fats (from pancreas and lipase o i
gizioro
intestinal juice) P

The need for chemical digestion

Most foods contain starch, protein and fat. These large, insoluble :niolecules
cannot be absorbed into the blood stream so they need to be broken down into
small, soluble and absorbable (diffusible) ones. Glucose, amino acids, fatty
acids and glycerol all represent the smallest forms of their 'B_a;_e'nt’ molecules.

Teeth

There are two sets of teeth in a
personss lifetime. The first set (or

milk teeth) last for around 10-12
years before they are pushed out
by the permanent teeth.

A T T TN,

In the permanent set as shown in
Figure 2.11, there are four types
of tooth:

1. Incisors: There are two
incisors in the front
of each quarter-jaw.”
'They are sharp spade-
like teeth for biting and

_cutting food. They we.|

R——— T

single-motes}.
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2. Canines: There is one canine per quarter-jaw. Although it is conical
in shape. it is sharp and again used for b]tmg and cutting fo food They
are single-rooted. '

3. Pre-molars: There are fivo premolars per quarter-jaw. The surface of Al'though everyone has
each tooth has two projections (cusps) which are used for crushing wsdor_n {EE] th'e Y
and grinding food. They are double-rooted teeth, b

the gum and therefore
4. Molars: There are three molars per quarter-jaw (though the third not visible, They can also

molars - wisdom teeth - do not usually appear until the personisat  sometimes grow sideways
least 17 years old). The tooth surface is square with four cusps again into the neighbouring

Ul

for crushing and grinding food. They are double-rooted teeth. molar teeth, causing
Mechanical digestion carried out by teeth is therefore biting, cutting, dliscomfort a_nd pain. Such
cruskmg and grmdmg (loosely called ‘chewing’). - Bpaatwsdom te.eth
may have to be surgically
. removed.
The importance of proper tooth care L )

If teeth are not properly cared for, they may suffer from dental caries (or
dental decay), the stages in which are as follows:

1. Food (particularly food containing sugar) becomes lodged between

the teeth.
2. Bacteria settle in the sugary dep051ts usmg them for their own
_metabolism.

3. 'The bacteria excrete ig_g_tjg_ which dissolve the outer non-living
covering (enamel) of the tooth.
4. A cavity develops, in which more sugary deposits collect - attracting
more bacteria. More excreted acids increase the size of the cavity.
5. Eventually, the decay reaches the living parts of the tooth - first the
dentine where there are nerve endings and the tooth begms to ache
When decay reaches the pulp cavity it leads to drak bscess Iﬁ
Toothstructureandhowitisaffected ..o
by decay is shown in Figure 2.12.

—

) decay or
Plaque | dentine dental car'es} S
If the teeth remain uncleaned, a || pulpcavity
.| containing nerves
mixture of food, saliva, cheek cells | and b|oodgve55e|5 gum ;

.~ and bacteria collect at the neck

=

f the tooth (where it enters the > root
)- This depositis called plaque, | cement
he acids released by the bacteria
3 . i jaw bone
damage the enamel of the toothin | ~
B - i 1
&

that region as well as cause gum

[ty e s i

Figure 2.12 The structure of a (molar) tocth
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Tartar

If not removed, plaque hardens to form tartar (or ‘calculus’). This forms a solid
protection for the bacteria trapped between it and the tooth allowing them to
decay the tooth without interference.

How to care for teeth

L.

Do not eat sweet (or starchy) foods before going to bed. (Saliva flow
stops when we are asleep preventing the sugar from being washed
away.) It is better to eat a raw crunchy food such as a carrot.

Brush the teeth last thing at night and first thing in the morning,
Careful brushing removes plaque.

Use dental floss regularly to remove fragments of food from betvween
the teeth.

Use a toothpaste which:

a. contains fluoﬁde to strengthen the tooth enamel

b. contains a bactericide (to kill bacteria)

c. isalkaline - to neutralise acids released by the bacteria.

Visit the dentist regularly for an examination (and have treatment if

required). <L oa(; _95 -

The absorption and assimilation of food

The villi
The villi of the ileum are specially adapted for the process of food absorption.
They are:

* extremely numerous — increasing

ﬂéii’u'm of villus

R | to hepatic portal vein

remm—y the internal surface area of the ileum

capillary network absorbs , .
glucose),’amino acids, * very thin-walled (one cell thick)

i S AL

vitamins and ions | * contain blood capillaries just
1 beneath their walls
lacteal absorbs fatty K * contain special structures (lacteals)

acids and glycerol

for absorbing fatty acids and glycerol
* able to move to bring themselves
into close contact with food.

R/ then to the liver | The structure and function of a villus are
: shown in Figure 2,13.
———— to lymphatic system 4 Amino acids and glucose, after absorption
i & p

Flgﬁre 2.13 A villus

by the blood capillaries, are carried directly
to the liver for the first stage of their

“_ g geOLevel Qibl_ogy Revision Guide
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treatment in the body, by a blood vessel called the hepatic portal vein. Fats,

after entering the lacteals, travel in the lymphatic system, by-passing the liver,
and enter the circulatory system at a vein in the neck.

Assimilation

The main food substances, absorbed as small soluble molecules, must now be
built up into the larger molecules needed by the body.

Glucose (and any other simple sugars which can be absorbed by the villi) may
be used as it is as a substrate for respiration to release energy, but, after a
meal, there will be more glucose available than is needed immediately for this
purpose. It needs, therefore, to be stored. For this purpose, it is built up into a
large insoluble molecule called glycogen (a polysaccharide, like starch). It is
stored in the cells of the liver and muscles under the effect of the hormone
insulin from the pancreas. Glucose still in excess is converted to starch and
stored (in the skin and round the kidneys). |

Amino acids are used in cells for building up proteins as the cells grow, and
also for making special proteins such as enzymes. Amino acids (as well as
proteins) are never stored. Any in excess to our needs at the time are broken
down in the liver by a process called deamination.

Two separate molecules are produced as a result of deamination:
1. acarbohydrate which can be changed to glycogen and stored
2. wurea(anitrogenouswaste product, i.e. one which contains nitrogen),
= which passes from the liver, in the blood, to the kidneys for excretion

in urine.

The role of the liver in glucose and amino acid
metabolism

The liver is involved in changing glucose to glycogen and storing it when blood
glucose levels are high. It will also reconvert the glycogen to glucose and release
the glucése into the blood when blood glucose levels are low. The liver is thus
involved in the regulation of blood glucose levels. It also removes excess
amino acids from the blood by deamination.

Note: Another major function of the liver is defoxification (the removal and
breakdown of poisons - texins - from the blood). One such toxin is alcohol.
Although the liver is able to remove small quantities of alcohol, even on a

regular basis, frequent high levels of alcohol in the blood can eventually lead to
liver disease (cirrhosis).

Nutrition @

Scanned by CamScanner



/

B

Fat metabolism

The liver does not play a major part in fat metabolism. Once in the bloog, g,
acids and glycerol recombine to form tiny fat droplets. (Fats at body temperagy,
are in liquid form and thus the word lipid is better used to cover both fats and oils))

The fat/lipid is stored in special storage cells:

L.

in the skin (‘adipose’ tissue), and

2. around the kidneys.

It is a good insulator against physical damage and low temperature, and is

very efficient energy store, but it is heavy and leads to obesity.

MOV EA=

photosynthesis, and know the terms for all the structural features
of a leaf.

Be able to state the equation for photosynthesis, either in words
on in symbols. If in symbols, then the equation musz i+:iznce.

Be able to describe the experiments that support tr:i: . - uation.

Make sure you know the differences in chemical stricir : between
carbohydrates, fats and proteins and that you know fsw to carry
out food tests for each of these chemicals (and what results you
would obtain).

Learn the constituents of a healthy diet, be able to state a source
for each one, and know their functions in the body.

Know the parts, with their functions, of the alimentary canal.

Know where amylase, protease and lipase are produced, where
they are found and what their functions are in the alimentary canal.

Know the structural features of a tooth, and how to care for your teeth.

54 Cambridge O Level Biology Revision Guide
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Exam-style questions for you to try

1. Which of the following chemicals contains nitrogen?
7 ;h\ amino acid
B fat
C. glucose
D. starch
2. Which food test requires the use of heat?
A. the test for fat
B. the test for protein .\/
@he test for reducing 'sugar
D. the test for starch
3. Which condition is the result of a lack of vitamin C i the Gl !

A. anaemia

.((B. _bleeding gums i
\ — o

C. constipation

- D. soft bones

AR ST

AP
T

e A

. Different tissues in a leaf contain different numbers of chloroplasts. Which gives these
 tissues in the correct sequence, starting with the tissue with the greatest number of

- chloroplasts?

A. lower epidermis, palisade mesophyll, spongy mesophyll, upper epidermis

r B. upper epidermis, lower epidermis, spongy mesophyll, palisade mesophyll

- C. spongy mesophyll, palisade mesophyll, upper epidermis, lower epidermis

——

D. p\ isade mesophyll, spongy mesophy'll, lower epidermis, upperepidermis
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liquid P

What is liquid P?
‘-\/A\.\' boiling water
B. cold water
C. iodine solution ﬁ

D. methylated spirits.
y. p s

6. Table 2.1 shows the masses of various substances in 100 g of banana

100 g of avocado fruit. .

substance

033g'

| o-oog” S

200g
1200 mg

055 mg

1000 mg

Table 2.1
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Table 2.2
Bananas form a significant part of the diet of some communities.

(a) Explain why bananas can be a valuable part of a person's diet.

ot e Ea. S e G A s A Sl o ¢
) PN A SR NP TR NN, TATD SIRY |

Y AR U

PR I ARSI Y Gindu
3 lll'i'!llllllc--.!!!..l’l-.-ll-ll-. --------- “essresunennnn dessswidnbswssanane ‘!/’\
ueel v NY\.'\)%LJSQGW\ Ao, S ARG N e S A N /
G 3 B e A%y w\%bﬁw”"*\\ ...... TSV IO el
C}..\J.Qw 480 ....Z.'._.;\l;.....f.‘....‘:..f.}t.:.;:—..:’.‘.;.....:\.".’... T TR

v
(b) Explain why a diet of only bananas is not suitable for a growing child.

C,,J\r\ %f\ UJ"‘fr ‘\C" ...... PN g R, eresrsarnnees FENseSEn ey st e a T STy a3 b

------------------------------------------------

cererrseasaerannes easeaensis s enaniaa? [ — —
eeeeeesesaa et srae s b e asaees s it Y S~ B e TR e
e e T S s xssaasssareasermzsmeenass i ceesvessreseessessssteesaessessassssssesnsasssens | 3]

(c) Explain which of the two fruits, banana or avocado, it would be better to eat

just before running a race.

L = v NE \& N iiinensnnens B0 W STy o 7 2 < H R 4 PSR A s, 8 ) ."{.1’.\‘..‘_..’....;‘.........

T oo st oe oot oA R AR
e e eeseeampass oo mas A OOk
rersmranans
........ eeeeessessensssssnea s sossessassssesssessssesesesss [ 3]
S

sasespssecveccissnvere
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7. Explain the importance to a plant of

(a) the distribution of its chloroplasts

Nere e MK S AL NEME e D
G\ P EANN=RE 0 A S VAN Ve RUT-L WIS, (VY \CE VIR 44 LG (31
Iy ; 3 . {:DC ~ 1Ak
N ¢ ‘ i ) ¢y dB5 ATy
.._3.&,3..\..13.\.‘.”.}[—.&? ..... LA Az QC‘L‘\"‘Q(L(\m’w’“f\[(
NG b A e N Bt
)
Lz badis b £ 20 A SN S A0 v LN Ao @)
i . B
At o it i O dnd el S5 e S ey, Loy
J A o e (e ety
(b) the presence of stomata
-~ 1
S ANOC UL e Y T T G R o B W R N s
\"L’\GC“\ ..... o "f\'BL*“F‘ (it
AN g SNE o WSS W= WP TR\ TR o O R o ,'
S e SRS o M
(,?‘AJ\C'Q&OC(QQ%D‘M(“CN it >
b ‘) llllllllllllllll rcvonss “desvens
.{;.‘.-\-ﬁp-..-u -i‘ﬁ:{ ........................................................................................................... [3]
(c) the position of its vascular bundles -

You may need to look at
Chapter 3 to help you a
little with Question 7 ©.

B o Ve s
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©) Transport

Chemicals are moved around living organisms. Here there

is a description of the movement of water, ions, sugars and
amino acids within a plant (involving transpiration and
translocation). This is followed by a description of the human
circulatory system and of the constituents of blood.

%Transport in flowering plants

The transport system of a flowering plant has to provide a means of carrying

_Elater and ions ﬁ'om therootsto the. lea aves, and of carrying sugars and., amino il help you to
acids ﬁ'am the leaves to other parts of the plant while it is photosynthesxsmg ~ remember what is carried
and, if necessary, from storage organs to the leaves when it is not. Although in the xylem and phloem
glucose is the sugar made during photosynthesmkxt is usually rapidly converted  if you think of the three

to starch and stored - first in'the chloroplasts. If it is then moved around the  Consecutive letters of tiie
alphabet ‘W, X andY’,

plant, it is changed to sucrose in which form it is conducted through the phloem ) )
i ' bhian hestheist - - standing for Water in the

— usually to be converted baqk to starch when it reaches the storage organs. Xylem. Phloem carries the

plant’s food substances

Vascular bundles contain the tissues for transport — xylem for carrying water b
' sugar and amino acids

i em for carrying sugar sucrose and amino acids. .
and s and p hlo R (, ) - (Phloem carries the plants
7112 movement of sugar and gmmo ) acids araund‘q plan’t is c.alled translocatlon ' lPhOOd!)- :;,/ |

The positions occupled by xylem and phloem in the vascular bundles of roots,
‘stems and leaves in a typical dlcotyledonous plant are shown in Figure 3.1.

r—»—a-un— sarsomy

A leaf in section

——— ~ /

A stem in cross Arootin cross
section " section

xylem

e e e i e ——

phloem

“vascular
1. bundle

\
A
~\
E
(v

i
5
L.u_—- e\ 5 s A B Y R,

Lﬂ-m:ﬁ-ﬂ-uj ) "
Figure 3.1 The position of xylem and phloem in a stem, root and leaf
*(A memory aid: 'x’ for xylem marks the centre of a circle.)

-

N\
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Xylem is in the form of long tubes held open by having their walls strengtheneq
with the chemical lignin. We are more familiar with lignin and its strength i,
the form of wood. Lignified xylem vessels therefore also:
1. help support the stem and phbtosynthesising tissues of the leaf
2. resist forces on the root which might cause the plant to be pulied out
of the ground.

O QOO0 OOOOOOOOOOOO00 OOOOOOOOOOTOOOTOOOCOOOOOODOOOORR VO COCOOOOOOOCOOCOOOTO OO OOOTOCTOCOG
0

~ Aim: To show that water travels up a stem in the xylem

ore

. § Apparatus: - abeaker
T - food colouring
- asoft-stemmed dicotyledonous plant (e.g., a broad bean)

3 Method: Cut the plant stem about 1 cm above the root and place it in water containing food
colouring and leave, as shown in Figure 3.2, for about 1 day. Remove the stem from the

beaker and carefully cut it through 2 to 3 cm from its base.

Section through stem after 6 hours

DI OIS I IO LGOI IO OO OO

2 waterplus e
gits food ——— 1548
3 colouring :

xylem stained
with food colouring

Figure 3.2 Demonstration that water travels in the xylem of a stem

_}_‘I_{esu]ts:' The vascular bundles will be seen to have been stained by the food colouring. If a very
A B thin section is carefully cut from the stem, using a razor blade, and viewed under a

- microscope, it will be seen that the coloured region of the vascular bundle is in the
position occupied by the xylem.

TCOOOOO OO II OIS IO OO

HIOOTOOLOOD

QOOOOOFO0 A RH PO I OO0 2
COOCOOCOOIOAOCICOCOCIOCOVOTITLOOTOOOBOOTOOIOIVOTOODOOOOGEOCOGGOSBOTOIBOOOFOOTIOOCO

The path taken by water through a plant

In the section on osmosis the methods by which water enters root hairs were
explained. Osmosis and diffusion also carry water across the root towards the
xylem in the centre. This causes pressure (root pressure) forcing water into the
xylem, and pushing it some way along the root towards the stem. i

160 Cambridge O Level Biology Revision Guide
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Once in the xylem of the stem, water is carried upwards by the second force at
work - that of capillarity. 'This is the tendency for liquids to travel upwards
through very narrow tubes (and can be demonstrated by dipping the end of very
narrow capillary tubing in water). Xylem vessels have a microscopic bore which
can be respoosible for carrying water 20 or more centimetres up the planl:.

The third force results from the > evaporation of water from the mesophyll cells
of the leaf and the removal of that water from the leaf through the stomata
of the leaf. This process is_franspiration, and it creates the force known
as franspiration pull as it draws up more water to replace that which has
been lost.

The three forces causing water to rise up a plant are therefore:
1. root pressure/
2. capillarity%,(jw;v
3. transpiration pull.

Transpiration pull, in particular, relies for its effectiveness on the fact tic
(water) molecules are attracted to one another and are thus not pulled apart
as they move up the plant These forces of molecular cohesion’ ensure 4

continuous stream of water and ions travellmg up the plant, known as the

transptmtwnrstream —

Transpiration

R

Transplratlon 15 the loss of water vag ou

It occurs as follows |’E
1. Water leaves the xylem vessels in the leaf where ,lf forms a water ﬁlm

on the walls of the mesophyll cells 1n31de the Ieaf This water film i is for
dissolving carbon dioxide for use durlng photosynthems

2. Water from the water film evaporates into the intercellular (leaf) spaces
- greatly increasing the humidity of the air inside the leaf.

3. ‘There is now a greater concentration of water vapour molecules inside
the leaf than in the atmosphere outside, so they dz_ﬂ-‘use out through the
- stomata into the atmosphere. _—~

So long as the stomata are open for the uptake of carbon dioxide, transpiration
is bound to occur. If its rate exceeds that at which water can be absorbed
from the soil, then water starts to be lost from the plant’s cells. The cells lose
their turgidity and the plant begins towilt.

Transport ?Q
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Conditions affecting the rate of transpiration
Those atmospheric conditions which aIfect the rate of evaporation of water alsg

similarly affect the rate of tranépiration. Thus, '

.
3 - dryair i humid air |
saneneo | hihvenponin lowtenperature
evaporation, but affects Er - e 28 émrents (wind) ‘ still .air s j
gt | bguge  amige R
‘Pour s Although transpiration can lead to wilting, it also has the following advantages:

It maintains a constant supply of ions to the leaves.

2. It brings water to the mesophyll cells for photosynthesis.

3. It helps to supi)ly water to all cells for metabolic processes and for
turgidity.

3 4. It helps to cool leaves — imp
' -

g & N, .
k- 4 If, on a hot day; the under surfaces of the leaves of ¢ ;otted

plant are covet_'ed with petroleum jeily, and the plant is left in ‘

direct sunlight, can you suggest what the short-term and long-
term effects on the plant would pe?

ortant in very hot climates,

[«

N

| RS- S

%Transport in human beings

ing plant, it comprises a system of tubes.

this time there ig 5 pump (the heart) and

he liquid within the tubes (blood) flows
n.

However, unlike the flowering plant,
a system of valves to engyre that t
E. through them in only one directiq

Double (or dual) Circulation

During one complete circy

lation of the human . blood
travels twice through the heart, (mammalian) body,

1. Blood arriveg at the heart fy

om the other then

; travels to the lungs, otgans of the body, and
2. From the lungs, blood tr
) avels back tg t her
organs of the body, 0 the heart, and then to the oth

@mbridge O Level Biology Revision Guige

Scanned by CamScanner



e — -

heart
lungs

Figure 3.3 The double circulation of the blood

Figure 3.3 shows how blood arrives at the heart from the lungs, is pumped to
the body, returns from the body, and is pumped back to the lungs.

Th\e heart is completely divided into two halves in order to play its part in the
dual circulation. One half deals with receiving deoxygenated blood from the
body and pumping it to the lungs; the other half receives oxygenated blood
from the lungs and sends it to the rest of the body.

Since the lungs lie either side of the heart, the distance the blood has to travel
is short compared with how far it may travel into order to reach other parts of
the body. Blood leaving the heart in the lesser circulation (to the lungs) is not
under so much pressure as it is in the greater circulation. (Blood must always
be able to reach the tissues of the finger tips, even when the arms are raisec )

The main blood vessels of the body

Blood always leaves the heart in arteries, which are vessels with thick
muscular walls, able to withstand the high pressure of the blood. A large
artery is called an aorta; a small one is called an arteriole.

Blood returning to the heart, under much lower pressure, does so in thinner-
walled vessels called veins. A large vein is a vena cava: a small one is a venule.

Blood passes from arterioles to venules through microscopic blood vessels

called capillaries.

Blood travels round the body as follows: \

rest of body

Transport 63)

Scanned by CamScanner



i i h
F 3.4 shows the names of the blood vessels associated with some of the
Figure 3.4

main organs of the body.

[ U = - : - 0
|
i head and
e
J a— arms

superior —

il pulmonary  pulmonary

cava l artery vein T
| inferior— +— dorsal j
¥ vena L aorta 4

g cava

epatic
artery

liver -

X ___hep;tE ot
portal vein

— kidneys —— h G
Llowerbody =
—_—

and legs

RA=rightatrium RV = right ventricle
LA = left atrium LV'=left ventricle

A A

s T e A0,

'
I3
ke
g

Figure 3.4 The mammalian circulatory system

The heart and how it functions
Important facts about the heart:

1. Itis a muscular pump.

2. Itis made of special muscle (‘cardiac’ muscle) which has the ability
to contract rhymically (even without stimulation).

3. It never tires or suffers from cramp.

4. It beats about 70 times per minute in the average adult at rest.

5.

It has four chambers, all with similar volu
top’ (in mammals which walk upright)

6. Atria (singular atrium)

mes when full - two atria ‘on
of two ventricles (see Figure 3.4).

have thin walls and receive the blood.

54 jgj;bridge O Level Biology Revision Guide
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7. Ventricles have thick muscular wails to pump the blood out of the heart

under pressure. The left ventricle having the thickest walls for sending blood
round the body.

Structural features of the heart are shown in Figure 3.5,

prmeeern —— : %
L

] aorta . g
{ a8
i pulmonary “;
] semilunar valves artery ; 5
i g

1 i 4

pulmonary vein |

Lo 5

i

] superior

vena cava left atrium

:
| rlght atr&m ’ mitral (or
| = bicuspid) valve

E tendinous

[ inferior cords

3 vena cava

5 i . papillary

tricuspid valve muscle

5 thick
3 muscular wall
! |

righf ventricle left ventricle

A e .

RNy |

Figure 3.5 The mammalian heart
v
8. A system of valves ensures one way flow of blood through the heart.

9. A wave of contraction (called systole) passes over the heart from atria '
to ventricles, it forces blood from the atria into the ventricles, then
forces blood out of the ventricles. As the ventricles contract, the mitral
and tricuspid valves are slammed shut causing the ‘lubb’ sound of the ‘
heart beat.

10. The heart muscle then relaxes (diastole). As the ventricles do so, the
semilunar valves close to stop blood being drawn back into the ventricles,
causing the dupp’ sound. There is then a pause before the next cycle of
systole-diastole (and the next ‘lubb-dupp’ of the heart).
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Each beat of the heart creates a surge of pressure in the arteries called the
pulse. There is no such surge in the veins where blood flows smo?thly under
much lower pressure. Veins, however, have semilunar valves which prevent
back-flow and ensure that blood continues to flow back towards the heart,
but, otherwise, veins rely on the movement of nearby muscles (e.g. the calf
muscles of the leg) to ‘massage’ the blood from one set of semilunar valves to

the next.

The structure and functions of arteries,
veins and capillaries

Cross section Cross section Longitudinal section Cross section
through artery through vein through vein through capillary ]

{

fairly thin |

thick outer wall outer wall

smooth lining walls one cell thic: |

thick layer of thin layer of muscles lunar gap through which
muscles and elastic fibres valve tissue fluid passes
and elastic fibres ‘ (RBC =red blood cell)
: : B 9

BT b

R A s

Figure 3.6 A comparison of blood vessels

Blood circulation is maintained by

* the force of contraction of the ventricles of the heart

* the muscles and elastic fibres in the arteries th
from ballooning as the pulse beat passes (

* valves in veins that prevent backflow

the contraction of skeletal muscles

blood from one set of valves to the

the 'suction’ (reduced pressure)

at prevent the arteries
a recoil’ effect)

fiear veins which help to push the
next

caused each time the heart relaxes.

ambridge O Level Biology Revision Guide
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A comparison of the three types of blood vessel
The differences in structure and function between arteries, veins and

capillaries are shown in Figure 3.6, and the differences in their functions are

given below.

 take blood from the takeblood fothe  take blood from arteries to |

heart heart veins i
e . s 1
 blood under high blood under low blood pressure rises then

: pressure presgnre gradually falls as blood

— _ . flows from arteries to veins
: blood flows
- blood flows in pulses smoothly -  pulse gradually disappears =~ The lumen is the hole
g no pulse - through which the blood
tl-uck muscular walls thinnér walls with wall gnecell thick, léaky ) 5::::!5. FRIGHERE
B narrow humen® wide lumen ‘and red blood cells travel L el
R in single file
. no semilunar valves |
e semilunar vales
- (except the pulmonary no semilunar valves
ar ery and the aorta) present |
Ft:al'ry qugenated blood  carry de-oxygenated ' biood slowiylosteits
(éxcegt the pulmonary blood (except the | % dxy e
SRR A

The pulse beat in an artery can be located by gently pressing on the wrist at the

base of the thumb using your middle and index fingers as shown in Figure 3.7.

Place index and middle
fingers here, and then gently
apply pressure until
pulseis felt,

Figure 3.7 Counting the pulse

Transport @
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The number of pulse beats in one minute can be counted, but it is more usyg)
to count the number of beats in a shorter period of time - say 15 seconds -
and then calculate the rate per minute.

’ The method of counting the

Can you suggest why blood samples for medical purposes are
pulse rate. ‘

usually taken from veins rather than arteries?

To investigate the effect of physical activity on pulse rate
A stop watch/clock or a clock with a sweep seconds hand. ;
The number of pulse beats is counted over three separate minutes. E:.°
recorded and an average taken. The pulse rate of a person is taken b

the number of beats in one minute, and recorded. About 5 minutes
performed (e.g,, running, or stepping on and off a stair step).

The number of pulse beats in 10 seconds is counted and recorded, then, after

Apparatus:
Method:

20 seconds, the number of beats is again counted over a 10-second period.

is continued for 10 minutes. Each recorded number is multiplied by 6 t
rate per minute. These figures can then be us

time to show how the rate of heartbeat
fitter the subject, the quicker the pulse

As shown in Figure 358, the pulse rate rises considerably and then takes several
minutes to return to itg original level,

‘The process
0 obtain the
ed to draw a graph of the rate against
gradually returns to norma] after

exercise. The
rate returns to normal.

Results:

150

100

50 —

start of 5 i
exercise 1o 15 ‘

g time/minutes |
Conclusion; Exercige requires m - 55

OO0
R e e T N N T D N T I T N i e N DM N I O IR O RO ON
heartbeats per minute

""""

e

----------
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Try sitting quietly with one leg crossed over the other. You
should be able to see the foot of the leg that is now on top
making a slight ‘kicking’ movement each time biood is forced
along the main artery of that leg.

Heart disease
To keep the heart healthy, diet is important. Like all muscles, the heart -
benefits from exercise if it is to continue to work efficiently. Apart from the =
effects of atheroma, the coronary artery may carry insufficient blood to =
the heart muscle if a person smokes (since carbon monoxide in cigarette
smoke reduces the amount of oxygen carried by haemoglobin, and nicotine
in cigarette smoke increases the tendency for blood to clot), Blockage of a
blood vessel is called occlusion.

See reference to diet and
heart disease.

w

People who lead stressful lives are also at risk of heart disease, since stress
causes the release of raised levels of the hormone adrenaline which has the
effect of constricting the arteries by contacting muscles in the artery walls
which may already be partially blocked.

To decrease the risk of heart disease, therefore:
* restrict the intake of animal fats and cholesterol
avoid obesity
do not smoke
settle for a less stressful lifestyle
take regular exercise.

* #* *

Blood

Structural features and functions of the individual
components of blood (as shown in Figure 3.9)

Red blood cells

Structure
* They are biconcave discs.
They are extremely small (2 um x 7 ym),
‘They have no nucleus.
‘They live for only 120 days,
They are made in the bone marrow,
They are destroyed in the liver,
Their cytoplasm contains the red i'ron-containi
haemoglobin. -

* O O B R »

ng protein called
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no nucleus

large nucleus

clear
cytoplasm

Red blood cell

I
D

W

White blood cell (phagocyte)

cell membrane

granular cytoplasm lobed nucleus |

cell
membrane

Their microscopic size,
biconcave shape and

very large numbers

provide an enormous
surface area for oxygen
uptake.
ﬁ

anee i

Figure 3.9 Blood

* They are flexible allowing them to pass through the very narrow
capillaries.

* There are 4-5 000 000 RBCs per mm? of blood.

Function

They carry out the uptake and carriage of oxygen, by the haemoglobin in
the form of oxyhaemoglobin.

N’

" White blood cells

There are two types of white blood cells:

1. phagocytes 2. lymphocytes
Structure of phagocytes
* ‘They are about 10 pm in diameter.
* They have a lobed nucleus.
* They are made in the bone marrow.
* They are capable of movement (‘amoeboid’ movement), and can
squeeze out of capillaries.
* 'There are about 5000 per mm?® of blood.

@ Cambridge O Level Biology Revision Guide
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. Function of phagocytes

- They carry out phagocytos:s ie. they Jingest potentially harmful bacteria,
] ﬂms preventmg or overcoming 1nfectlon

. Structure of lymphocytes
' * They, too, are about 10 um in diameter.
They have a large round nucleus occupying almost the entire cell.

*
* 'They are made in lymph nodes (sce later in the chapter).
* There are about 2000 per mm? of blood.

- Function of lymphocytes

They produce antibodies, which are proteins that ‘stick’ to bacteria and clump
. them together ready for being ingested by phagocytes. Some antibodies are in
. the form of antitoxins, which neutralise poisons (toxins) in the blood which
have been released by invading bacteria.

- Antibodies are specific to the organism against which they are produced.
~ They may stay in the blood only for a few weeks, or for a lifetime - giving
life-long immunity against the effects of that particular disease-causing agent
~ (or pathogen).

| Tissue rejection

Since our immune system is unable to distinguish between possibly harmful
~ protein, as in pathogenic bacteria, and potentially useful ‘foreign’ protein, as
" in a transplanted heart or kidney, there is always a danger of tissue rejection
~ when a transplant operation is carried out. The more similar the protein
. structure in the transplanted organ is to the proteins of the recipient, the
.iless likely are the chances of rejection. Organs, therefore, from a (close)
" relative are far less likely to be rejected, because the protein types will have a

greater similarity.
Platelets

. Structure

1. They are fragments of cells.

2. They are made in bone marrow.

3, There are 250 000 per mm? of blood.

Function
They play a part in blood clotting and help to block holes in damaged capillary

’i'
‘Ingest’ is the correct
term.You can also use

the term ‘engulf’ but
never ‘eat’ or ‘fight’.

(i

If @ minor injury to your
skin is not carefully
deaned, it may become
infected with bacteria.
White blood cells arriving
at the injury may be killed
by the toxins released by
the bacteria.They then
form a part of the pus
(dead cells) that collects
around the wound.

L ]
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Plasma

Structure

1. Itisa pale yellow watery fluid.

2. It contains the following in solution:
'3 Hdigested foods (amino acids, glucose)
* _vitamins
1!:‘ ions (salts) —.-
* _excretory materials (urea, carbon dioxide)
* hormones

ém * plasma (or ‘blood’) proteins (e.g, antibodies and fibrinog::)
S and also:

Fibrinogen is a soluble * fat droplets (in suspension)

protein, which, when in * heat

contact with enzymes * red and white blood cells and platelets.

released by damaged .

cells, is converted into an Function

insoluble, stringy protein The plasma carries all the materials from where they are absorbed or

‘called fibrin.This forms a produced, to the parts of the body where they are needed or excreted (e.g.

mesh which traps blood carbon dioxide from the cells of the body to the lungs).

cells and becomes a clot

N prev'enting the en‘try of How substances in the capillaries reach the cells of the body

bacteria. The clot dries and Since the walls of capillaries leak, some, but not all, of the materials in the

hardens to form a scab » s |

SHichcovers thawonnd plasma can escape. Thg blood cells are too large to leave the capillaries

until the skin beneath (though the phagocytes are able, by their own efforts, to squeeze out between
: has repaired. the cells in the capillary walls). Most plasma protein molecules are too large
|

q y  to pass out of the capillaries. All the smaller molecules in solution pass out
as shown in Figure 3.10, to bathe the cells in what is known as tissue fluid.

Tissue fluid is, therefore, blood minus red blood cells, plasma proteins and
some white blood cells. ' T

(12 cambridge O Level Biology Revision Guide
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. o .: .':':i....‘:,::-:_ ':v- -: . blOOd
) tu, 2,322 [caplliery

tissue
fluid

L 5
body cells ! . .I. I .D

white cell leaving capillary

[FSSEERIa

Flgure 3.10 The relationship between blood, tissue fluid and body cells

Tissue fluid is then collected into a system of vein-like vessels called lymphatic
vessels which take the tissue fluid and return it to the circulatory system via a
vein in the neck In certain places in the lymphatic system, e.g, the neck.and
armpit, there are structures called lymph nodes that manufacture lymphocytes.

. ¥
e ‘ V|| Ifyou suffer a graze to your arm in which only the very top ad
_ layers of skin are removed, the wound ‘weeps’a clear yellowish ‘
- fluid rather than red blood. Can you explain this? ,
bl e —————— e e —7-\;_,4_-—, - e
" % Make sure you know that evaporation occurs inside the leaf, and then : 7 |

water vapour diffuses out through the stomata during transpiration.

* Know the difference between xylem and phloem, what each of them
carries and where they are found in the different plant organs.

* Be clear on the differences between transpiration and translocation.

* Learn the difference between the pulmonary artery and the pulmonary vein, f g
* Know which valves open and which close at the different stages of a \\,h
heart cycle. X
#* Know the differences in structure and function of blood cells. E
o

* Know the difference between blood plasma and tissue fluid,

B R Y
Y
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Exam-style questions for you to try
1. What is meant by the term dual circulation?
/A Ablood cell passes through the heart twice in one complete circulation.
B. Blood travels twice round the body before being pumped to the lungs.

C. The heart contains two different types of valve.

D. There are two types of chambers in the heart, atria and ventricles.

2. Figure 3.11 shows a section through the heart (viewed from the front). Which valve closes
in order to ensure that blood flows to the lungs?

Figure 3.11

3. Which chemical is carried in the phloem?
A. glucose

B. nitrate \/

C. starch
@. sucrose
4. H6\¢)v are stomata related to the movement of water?
A. Water enters through them as water vapour,
B. Water enters through them in liquid form. _
(/—C/ }Vater leaves through them as water vapour. _
D Water leaves through them in liquid form.

5. Which shoyvs substances that pass from a capﬂlary to a nearby body cell? ,

5
R o
R o A ;i P oo
[ T Ly I N I P M Y pRtia Y
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6. Figure 3.12 shows an experiment on the uptake of water by a leafy shoot. The black cover is
placed over the leafy shoot for 30 minutes.

~

black

polythene 5

cover f

i

rubber tube i

connection !

capillary tube ’
air bubble

water

Figure 3.12 %

(a) State what is likely to happen to the air bubble in the capillary tube after 30 minutes.
..... e ﬂr%ﬁx&ff}:ﬁ%r{ﬁf\ [1]

(b) The black polythene cover is then removed from the plant. A fan and alamp are placed |
either side of the plant and both are switched on.

State what effect this will have on the bubble in the capillary tube

...................................................................................................................................

(c) Explain how each of the following effect the movement of the bubble:

(i) thefan

IR AAUN L5 NREANY . a0 TR e SRR LN (N AR -
\
S R Lsertilleganaes poeeed ) ..?-;.....H.{)...I..(.‘ ........ 3..1.6..(...(:‘..‘........}..l__f_{.\“‘_Q"_.:\"}": ______
O
Lol i ameaigtdmnantid Theson sl Ll \
(VIR )J }(__((‘ (i e \/('\’)}‘\v J & o\ l\-..' \
| v N2 b3 \
i ) 3 3
.
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(ii) the removal of the polythene cover

-----------------------------------------------------------------------------------------

--------------------------------------------------------------

------------------------------------------------------------------

----------------------------------------------------------------------------------

7. Describe how blood is made to flow in a continuous circulation around the body with
reference to '

(a) the heart

/\\‘J\ﬁ‘COA .......................................................................................................
....................... et sae s st ses s neenenensen | 4]
(b) the arteries

-----------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------
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(c) theveins i
\\ .
feese e R Goesensanasasssnsentssainat e sn s aasRe e sonsasa s eSO SRR an e R e S8 ES (3]

Cambridge O Level Biology 5090 paper 22 Q7 November 2011

8. Figure 3.13 shows the loss in dry mass of leaves, as a result of translocation and respiration,

with increasing temperature. The light intensity is kept constant.
5 a0 150+
; o
, - loss through
oo
3 £ translocation
E % 100- 3
4 .
‘u ==
E =
Fang
©
% 50 loss through
f’f respiration
o
2
£ o0 —————
5 10 15 20 25 30 35 40
- temperature/°C b
Figure 3.13 3
(a) State the chemical compound that is responsible for the loss in dry mass through
b translocation, and name the tissue in which it is carried. :
3 compound
';: .‘-/’_,L_T(C% ..................................................... SSusssasTasss XL CLrre. Fievsetannnss
tissue
E %\W ................ S SO reveeenren N 2] ¢

A
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(b) Using Figure 3.13, state the temperature at which there is the greatest total loss of dry

mass, and calculate the loss of dry mass at that temperature.

temperature
total loss of dry mass
................................................................................................................................... [3]
(c) Explain the cause of the loss of dry mass as a result of respiration.
4]

-----------------------------------------------------------------------------------------------------------------------------------

(d) Suggest and explain the effect of increasing the light intensity on the results =" own in
Figure 3.13. ' ' ‘ -

n-...-..----.---.--------.q--------..-.-.-..n---.-.......-.-..------...---.---..-------.-----.--..-.------.-.----.-.....nc .........
-----------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------

...................................................................................................................
----------------

evel Biology Revision Guide.
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9. Figure 3.14 shows part of the circulatory system, and the positions in which blood

samples were taken in order to assess the content of blood gases in different parts of a
patient’s body.

Figure 3.14 ?
Table 3.1 shows the results that were obtained. v
cm® gas per 100 cm? of blood B
sample point | carbon dioxide oxygen nitrogen - :
1 - 49 19 1
2 52 16 1
3 49 19 1
4 54 16 1 ?
b 56 12 1
(a) Name blood vessel P and organ Q
B ..o snsmsnmsmmunsnnspansspnnspyfisse AR L S Y (2]
(b) Explain why the content of nitrogen in the blood remains constant
................................................................................................................................... [2]
(¢) Explain why sample 5 still contains oxygen.
................................................................................................................................... (3]

Transport 79
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(d) Describe how blood travels from point 5 to point 1 and how the structures it Passeg
through account for the changes in its gas content.

P T T T T T L L L L E R L L PR L LR I LR L LA R A bbbt GeresseanrereetIEtITItITIIttenrana,,,,,,

N T X T L LY LT T T TT CR R CES LR AR LR LA LA L PR TTTIY L LIT TR LL L asesseenes teeseneniinia,,,
[ T LI LI L LT T P TT TR T TP LR T esvsbsnanaes sressesersasasennan esessnsssesdissnsesenansnies sensasssnnesene sresseiseanng.,,,
O T L L L L L L L T T T T R TP N R T R P R YT L L] cssasssrnrvennse CeeesaeeranENEr NNt etiintenang,.,
T T LT L L L L L LI T TP TR Y PEY P PY R tesssnsssnsnsrensenn sasense sresennursesassenise PETTTRTTTTTT resssssnessatnee veesensas voins
wsessasssesssnsaisanssnrressussnenen sescnscessscsnanasasasenesrire esbessanssasnnetansnsnane esessnsesnnees ceesniinesnnanntsennagg,
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_ @) Life Processes

e ) EIS cl"lapter deals with respiration, excretion and homeostasis.
S = :;;:1 l:ian account of holw oxygen gets into the blood and how carbon
’ - s removed frosn it. There is also an account of kidney dialysis.
e concept of a negative feedback system is described. An account
3 of c_oordjnation is given, first involving the nervous system, reflex
o actions and the structure of the eye, then involving hormonal control.

The chapter ends with a consideration of support and lo

%é‘ Respiration

Respiration is a characteristic of allliving organisms. It is the release of energy "
from food substances in all living cells. The food substance is usually glucose. 3

comotion.

.

There are two forms of respiration. Never say that respiration

‘produces’ or ‘makes’
energy. Omly the Sun
does that.

& = —

S

Aerobic respiration

large amousss

PTETETNT S g e A T ST e T ~- o N L ;
be defined as th release of relatively
sence of oxygen.

{Aerobic respiration may be ,
Jofenergy by the breakdoy o ood subsiances 1 112 IS
Aerobic respiration usually takes the form of the oxidation of glucose in the

cytoplasm of living cells, controlled by enzymes. [t unlocks the chemical energy

and releasing also

in the glucose molecule, releasing it for metabolic activities,
the waste products carbon dioxide and water.

60, > 6C0O, * 6H,0 +  energy released
(carbon 4 (water) (16.1kl/g

dioxide) glucose)

CH.O, +

6 126

(ghucose) (oxygen)

s released may be used in the following ways:

1. for muscle contraction (bringing about movement and locomotion)

2. to help link together amino acids in order to manufacture proteins .
(such as enzymes and those used for growth and repair)

3. forcell division

The energy that i

ort of chemicals through cell membranes (e.g, the

4, for active transp
uptake of glucose through the villus walls)
rical energy in the form of impulses along nerve cells

5’ conversion into elec
to maintain a constant body temperature. |
i)

6. conversioninto heat energy
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Anaerobic respiration

| Anaerobic respiration is a form of respiration in which relatively small )
.amounts of energy are released by the breakdown of food substances in [

_the absence of oxygen. f
Itis the process by which yeast cells break down glucose during fermentq tion
to produce ethanol (alcohol).

/
CH,0, —>2CHOH + 2C0, + someenergyreleased

(glucose) (ethanol) (carbon (117 KJ/g glucose)
dioxide)

Less energy is released than in aerobic respiration since the alcohol molecule
is relatively large and still contains a considerable amount of chemical energy.

Anaerobic respiration also occurs in the human body especially in muscles
It happens when there is not enough oxygen reaching the ceils for aerobic
respiration to meet the energy demands of the body and it oc«: :rs especially
during exercise when energy demands are high. Instead, the glus -2 is partially
broken down, without oxygen, to lactic acid, with only a lim;:= amount of

energy being released.
CH,0, ——= 2CHO, +  some energy released
(glucose) (lactic acid) (0.83 kJ/g glucose)

The circulatory system carries the lactic acid away from the muscle to the liver
where it is oxidised to carbon dioxide and water, but this happens after the

If the circulation is period of exercise has finished. The oxygen used for this process is said to be
inefficient, high levels of used to pay off the oxygen debt.

lactic acid in the muscles

i il y Gaseous exchange in the human

Oxygen enters the blood from the lungs. In order to move air containing oxygen
fromthe atmosphere to the exchange surfaces of the lungs, a muscular, pumping =
action called breathing must occur. Breathing in (inspiration) is respoDSible
for presenting air with its oxygen to the surfaces where gaseous exchange wil

take place. Expiration pushes the air, now containing waste carbon dioxidé
back into the atmosphere (breathing out)

bridge O Level Biology Revision Guide
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The differences between inspired and expired air

inspired air

e

expired air

21% oxygen 16% oxygen

0.04% carbon
| dioxide 4% carbon dioxide |
| relatively dry saturated
¢ ,
. atairtemperature at body temperature
i‘ 2 relatively dirty relatively clean
6, though the same amount of nitrogen is breathed
; .#__4—-*7** T ‘ '
out as is breathed in, its percentage of the air
: 78% nitrogen breathed out actually falls since there is a greater
| < _

concentration of water vapour in expired air and

L TS N

. ‘water vapour is a gas
The following are practical demonstrations to show some of these differences.
= . - BeLS

- '

.-IC.CIQQ"'O.'QQ’OQO.DOO‘OO.Q.Q.CO..O’!.O..0000000‘00000000000000.00.0'. OGO < e O e N

:  Aim: To show that animals use oxygen during respiration
: Apparatus and set-up as shown in Figure 4.1. 5
E Experiment Control :
2 X
3 e — D=C $
: P /L . ;\‘
3 § ‘ bf coloured ink dbl %
g indicator 8
invertebrate
animals RS, —

sodium 1 sodium

hydroxide U \/ hydroxide

Figure 4.1 Experiment to show that animals use oxygen during respiration

IOOOOGONICTOOOOT

The experiment: For each molecule of oxygen taken in by the animals, a molecule of carbon dioxide
is given out. The molecule of carbon dioxide dissolves in the sodium hydroxide,
decreasing the volume within the apparatus. The indicator thus moves from A to B.

SOGOOVCOOVTOOOOC

&

SO0

Note: When all the oxygen in the tube has been used up, the total volume inside the
s apparatus would have decreased by 20%.

O

3 The control: In the same period of time, the only carbon dioxide to dissolve in the sodium
o hydroxide is that already in the air. The indicator moveg only from C to D.

OO APPSO OO0

COOOO0000O0OD0O0O0DOCODOOODOCOOTOLOOOOOOCOODOROOOO0

OO0 =
OO ARSI OO0V OOOOOD IO OOBAOEEOOTOD HOOCOOOICOTTT
o
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Experiment to show that air breathed out contains more carbon dioxide than air breathed in.
Apparatus and set-up as shown in Figure 4.2

Person breathing gently

to mouth from mouth

airin 1‘ # air out turns from red to orange to yellow

l J [ T in the presence of carbon dioxide

=1

hydrogencarbonate indicator ; _J »+—— hydrogencarbonate indicator
turns from red to orange @ turns from red to yellow

hydrogencarbonate indicator §
#

3
3
3
X
X
X
“
S
3
2
{
3
3
5
X
¢
X
X
X
3
:
2
3
5
3
2
%
A
3

A B air drawn throu
apparatus

'E, o
sodium hydroxide to i

DA A A P I IO OO O :

% absorb carbon dioxide from hydrogencarbonate c:::;n soaked pea seeds hydrogencarbonate
incoming air indicator wool (or small invertebrates) indicator
Figure 4.3

A The hydrogencarbonate indicator remains red, showing that no carbon dioxide is passing on to the
next tube.
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Depel‘ldil.'lg on the need for oxygen in the body (and the need to remove waste
carbon dioxide), the rate and depth of breathing may vary.

More oxygen is used, and more carbon dioxide is released when we are active, Wy measure the rate
This can be demonstrated as follows: three times? Would once
be acceptable? Is three

times enough?
L J

anwvmmwwwmwmmmw
Aim:  To show the effect of exercise on the rate of breathing '

3 Count the number of breaths taken in one minute by a person at rest. (It is easier to count
% someone else’s breathing rate than it is to count one's own.) Do this three times and take
an average (around 15 breaths per minute).

Perform 5 minutes of exercise as when investigating pulse rate. Using the same procedure
as then, count the number of breaths in a 10-second period every 30 seconds for 10 minutes.

Calculate the rate per minute, and plot a graph of breathmg rate agambt time.

DOOCOCOGVOOTOOODOLOCTOLOOGOOOLOOOOOOOILODOCOBEHICODOCN I LD I3 = L DA A I st

B i m ol tet ool

lelelolo oleiulo ol ereth 7 e e So ST INRICIC ST R SRR et b R AP R € RN

Aim: To show the long-term effect of exercise on the depth of breathing
Apparatus and set-up as shown in Figure 4.4
The taking of regular exercise can affect the volume of air a person is able to inepire 23
then expire in one deep breath. This can be demonstrated by using the simple respicomazer

shown below.

plastic container calibrated in dm?and filled
with water before immersing in tank of water

:
¥
&
X
8
s

i

AllNNUuLuNL

tank of |

water

\

Figure 4.4 Measurement of the effective lung volume
A group of athletes and a group of non-athletes can, in turn, breathe in as far as they can,
and then breathe out through the rubber tube as far as they can. Measure, in each case, the
volume of water expelled from the container. The container will need to be refilled with
water after each deep breath out. An average per person for the athletes and for the non-
athletes can be calculated, and the results compared. Athletes will be likely to be able to
exhale a greater volume of air (and thus, be able to breathe more deeply).

OO
D e et e e OOVOOOOIIOIEIIIOVTOOOTODOOBDIOTIOOOOIOOOIIOIOCOTOTOCLIROODY
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The effect of exercise on breathing rate and depth.

The immediate effect of exercise on the depth of breathing may be successfully
'démgl;;t;;-m;d orily; with a commercial respirometer, where the person breatheg
in and 6l1t_tf;;;ﬁgll a tube connected to a piece of electronic equiplmejr‘lt f’“hich
provides a graph of thé depth (as well as the frequency) of breathing.'A graph
similar to the one shown below (Figure 4.5) would be expected if a person

measured the depth and rate of breathing before and every 30 seconds after 5
period of exercise.

period of exercise
f__Aﬁ

[N

depth of
breathing

time
Figure 4.5 Graph showing the effect of exercise on the rate and depth of bres:-
The structure of the respiratory organs

A pair of _Iung@iﬁ the/(airtigh;}{.ihoracic\(jh_(ejt) cavity, as shown in
Figure46.~ T -

| A e

During breathing, the _lungs are_
inflated and_ deflated by the action of.
] muscles which help to form the thorax.

| They are:
il the_ external and internal
trachea with | .
hoop::::::'artliTat;emPIEte ‘"‘e_""oﬁ@l_mgu_iqlgs (between, the
alveoli rib. : ribs), and
g bronchiole Intercostal muscle ' ' '
; left bronchus 2 the-muscles of the diaphragm.
i The diaphr_agm Is a sheet of muscle
et lung lying below the lungs, separating
pleural ;
membranes §

diaphragm : them from the .abdomen. When,_

relaxed, it is curved upwards

(towards the lungs) like a dome.

Flgure 4.6 The respiratory organs
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_alters the pressure within the thoracic cavity.

i

Durmgmsmr_'gpp.m Avoid saying that air is
1. The (external) intercostal muscles contract. This causes the ribs to swing ~ ‘sucked’. It is the higher

up and out - increasing the volume of the thorax (‘front’ to ‘back’). " pressure that ‘pushes’

2. Themuscles ofthe diaphragm contract, pullingit flat - increasing further  the air
the volume of the thorax (this time ‘top’ to ‘bottom’). '

The resultant increase in volume of the thorax decreases its pressure. -

T

The only connection between the thorax and the higher pressure of the outside
atmosphere is via the mouth and nose, so air from the atmosphere is forced  Remember that the cilia
towards the region of lower pressure. It passes through the nose and/or mouth,  do not act as filters for
down the trachea, through the bronchi and bronchioles and into the alveoli.  dustand bacteria.
Gaseous exchange then occurs. \ -

How air is cleaned before entering the lungs

The trachea is lined 'with_ciliated, cells an%thgt_cgll_s. Goblet cells secrete
mucus, a sticky ﬂgid containing protein that traps bacteria and dust particles Ty is sometimes

as thpy pass in inhaled (breathed in) air. The mucus is then carried towards  described as a ‘moving

the throat by the upward-beating microscopic projections (cilia) of the  carpet’ of mucus.
ciliated cells (See Figure 4.7.). t :

The mucus, plus dust particles and = ===
bacteria are then swallowed. Many | % ohia 5

_ : ; rynx
of the bacteria will perish when they PR

(throat)
meet the stomach acid. In this way, 5

the lungs are protected against many i . ‘ os/;oy/?//;///;//z//f //’/ 7 mucus

harmful (pathogenic) bacteria.
During expiration:
1. The (external) intercostal -
muscles relax - the ribs swing '.::—goblet cell
down and in (largely under ‘
gravitational force). 1 ciliated cell
2. The diaphragm muscles relax
and the diaphragm domes
upwards again. ;

Figure 4.7 Cilia lining the trachea
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N

These actions decrease the volume of the thoracic cavity, increasing its
pressure. Air is forced back out into the atmosphere.

Intercostal means ‘between’ Although gravity helps the ribs to swing down and in during expiration, there

[inter] ‘the ribs’ [costal].

M
of expiration.
. of gaseous exchange
It is estimated that the

alveoli provide the lungs
with a surface area roughly

the gases.
the same as a doubles -

* They are richly supplied with capillaries for rapid transport ot tlie gases.

tennis court. _ :
\ ) in solution. '
e
blood
single-celled wall _geplllary

of alveolus &
watery lining to
alveolus in which
red blood cells
pick up oxygen
as it diffuses
through alveolus
and capillary
wall then into
red cell to from
oxyhaemoglobin

L =

1 carbon dioxide arrives at alveolus as the

| hydrogencarbonateion in the plasma, and then diffuses into the
alveolus to be expelled during exhalation (breathing out)

3
1
bl

-~

TR A

Figure 4.8 Gaseous exchange at the alveolus wall

s
==
{ —

are also internal intercostal muscles, which relax during inspiration and
contract during expiration to help provide some additional force to the action

How alveoli are adapted for the process

* The millions of alveali provide a large surface area for gaseous exchange.
* The walls of the alveoli are covered with a layer of water to dissolve

* ".1"118 walls are only one cell thick for quick and easy diffusion of gases

:%- Excretion

The metabolic reactions within the body are
always creating waste products.

| ' toxic material from organisms, and the
' waste products of metabolism (chemical
© reactions in the cells including respiration).

There are two main sets of excretory organs
for removing metabolic waste products, the

lungs and the kidneys.

The sweat glands in the
skin also remove a little

urea since it is one of the
constituents of sweat.
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The removal of faeces from the alimentary canal is not regarded as excretion,
since the fibre which makes up the facces is not the product of a chemical
reaction in the body. Instead, it passed all the way through the intestines
unaffected by any enzymes released. (However, the pigment which colours the

faeces, which comes from the chemical breakdown of red blood cells, could be
regarded as excretory.)

The lungs

The passage of carbon dioxide from the blood capillaries, its diffusion through
the alveolus walls and then its removal from the body in expired air is described
in Figure 4.8. Carbon dioxide is an excretory product since it is a waste product
of respiration in the cells of the body.

The kidneys pim =
Cis3

The kidneys are two brown bean-shaped aorta l
o p . _renz _

organs lying dorsally (i.e. towards the back) | inferior vena cava a— l,I_‘ k X attery |

in the abdominal cavity. They are supplied | ‘ Ju_:;:i I— (

with blood along the reral artery and return | right -—ﬁ—‘*--'fﬁ r,l/g ; j kidney i

. . J , kidney 15 /
it to the rest of the circulation via the renal | |@J - S

vein. Their job is to carry out high pressure enal

filtration of the blood, during which two vein

functions have to be achieved:

1. theremoval of urea and salts and toxins
from the blood (i.e. part of excretion) |

2. the maintenance of a constant |
concentration  of blood  plasma |

(osmoregulation).

uretar

bladder

sphincter muscle
urethra

Figure 4.9 The excretory organs

Osmoregulation may be ElCh]EVCd ejther by the removal (if it is in excess) or,
the retention of water, or by the removal (if they are in excess) or the retention
of ions (salts).

The materials removed from the blood by each kidney are then sent down
the areter to the (urinary) bladder where they are stored. Relaxation of the
bladder sphincter muscle allows them to leave the body as a solution called
urinevia the urethra. Important structural features relating to the kidneys are
shown in Figure 4.9.

urine ——> urea + ions + toxins + water

ay

I

Leam to spell ‘ureter’ and
‘urethra’ correctly — and
know which is which.

! )
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In the case of a diabetic

person who has an excess
of glucose in their blood, the
kidneys will remove some of
the excess glucose as well.
In a healthy person, any
glucose filtered from the
blood is reabsorbed, along
with some of the salts, from
the kidney tissues back into
the blood before the urine
leaves the kidneys,

N

Kidney dialysis
If the kidneys fail, then there will be a build-up of urea and toxins in the blogg
which would eventually prove fatal. Subject to availability and suitability
tissue type, a kidney transplant may be possible. Otherwise, kidney dialysig
(Figure4.10) may be used. A kidney dialysis machine removes, from apatientys
blood, chemicals with small molecules (urea, toxins and ions) but doeg not
allow larger molecules (such as plasma proteins) to leave the blood.

This is achieved by passing the patient’s blood through dialysis tubing which
is partially permeable, i c. permeable only to small molecules. This tubing is
placed in a washing fluid which is continuously renewed, and which wagheg
away the substances removed from the blood. These substances include
urea, excess salts and toxins. By varying the concentration of substances
in the washing fluid, the amounts of those substances which leave the blood
(by diffusion down their concentration gradient) can }

e controlled. In this
way, the concentration of the plasma in the blood is reg:iziad before it is then
returned to the patient,

S e

P
Rt ot NS PO .. - ... ... .

bathing fluid bathing fluid

J L

- ——1— bathing}
E / % Sl o] fluid
| blood |
from patient dialysis blood urea and toxins
| tube leaving the blood
L ==
Figure 4.10 How an ‘artificial kidney' works
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::];f:::nr:;:is are ~P}i:.rtially Permeable, and then osmosis will ensure that the
S i c;\x/; within all cells is algg always constant and equal to that of the
. a TR
e it e body play a part in maintaining constant

conditions, and are described ag organs of homeostasis

A ————
{Homeostasis e P —— e ..
PSS deﬁned a§thema’nteﬂance ofa constant internal environm ent. ) wﬁx e

The skin

»

The skin is the largest organ of the human body. Its structure is shown in

Flgure 4.11.1tisan importan} sense organ, but also forms the barrier between
- bOd)_{ f— external environment. It is the organ through which we may
both gain and lose heat. This is particularly important in the homeostatic

process of temperature regulation.
/

Y ES
Y o w2 G)

. )/
RS

-

{ hair
pain skin capillary oil erector
: _receptor network gl/and i rr'lu;clg
cornified .. [T\ — —
epidermis %@—ej@), laje‘jf{' =g
ﬁalpighian
(living) layer

dermisJ

3

—

sweat gland

—~lemperatire
receptors i

- £

venule (small vein)

arteriole (small artery)

fatty tissue \

Figure 4.11 Mammalian skin

: The part played by the skin in temperature regulation

The temperature of the skin surface, which depends on the environmental

temperature as well as the blood temperature, is detected by the temperature

receptors in the skin.

When the temperature of the blogd rises aﬂaove 37C:

1. 'The sweat glands release more sweat.
2. The sweat evaporates.”
3. Arteriole

called vasodilation).

More blood is brought to the skin — blood carries heat.*

< in the skin dilate (become wider as their muscular walls relax,

*Thus more heat is lost to
the environment, cooling
the blood and allowing the
body temperature to retun
to normal.

The person may also take
cold drinks, and seek shade.

e

I

=

[l

)
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‘Thus less heat is lost to
the environment, allowing
metabolic processes to
release energy in the form
of heat to help bring the
body temperature back
to normal.

_7

2 Cambrid

When the temperature of the blood falls below 37°C:

1. Sweating is greatly reduced.”
Arterioles in the skin constrict (become narrower as their muscular
walls contract and called vasoconstriction).
Less blood flows beneath the skin surface.”

4. Fatin the dermis of the skin acts as an insulator.’

If the above measures prove inadequate, muscles in the body will start to
contract and relax rhythmically. This is called shivering. It releases heat energy.

A person may take warm drinks, increase the insulating layer of air around the
body by wearing more clothes, and do some exercise, all of which will help to
raise body temperature.

Sweating is a process that does not ‘start’ when your body temperature rises
above normal or ‘'stop’ when the temperature falls below normal. Swezting is a
continuous process that increases or decreases.

Capillaries in the skin do net move nearer to or further away from ‘i:2 . kin as
the temperature of the body changes. The muscles in the walls of the ::: Lerioles
that supply the capillaries contract or relax. When they relax, more blocd flows
into the capillaries which therefore get wider (dilate). When the muscles in
the arteriole walls contract, less blood flows into the capillaries, but it is the
arterioles that constrict net the capillaries, as capillaries have no muscles in

their walls.

Temperature recéptors in the skin

As a sense organ, one of the properties of the skin is to be able to detect
temperature change in the external environment. A change in atmospheric
temperature will thus start some of the temperature control mechanisms, even
before there is any significant change in the temperature of the blood.

Changes in the blood temperature are detected by the hypothalamus situated
on the under-side of the brain. This is the structure responsible for the
coordination of all the temperature control mechanisms.

The concept of control by negative feedback

In order to maintain a constant internal environment, it is necessary to have
receptors ('sensors)) in the body capable of detecting when the environment
fluctuates too far either side of the required state. There must then be some form
of mechanism which comes into operation in order to return the conditions
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;o normal. Such a system which automatically brings about a correction,

regardless of which side of the optimum the change has occurred, is called a
‘negative feedback system.

7_ ow the regulation of body temperature illustrates negative
e eedback

detected by the
hypothalamus

vasodilation,

(" rise in blood in the brai / S ‘
. temperature : e brain_g ~ increased J

; sweating 4

_ heat loss

* heat released
, during exercise 4
body

'temperature
37°C

“ body temperature %
. fetumsto 37°C ¢

& temperature

G, lises ‘/”

fww e /4 e
vasoconstriction, \

E shivering, decreased
S, Sweating

st

«  cold’
, envirenment

FL

£ drop in blood %
temperature &

“Tetected by rhe '
hypothalamus in
%, thebrain

Ll
L & ‘
! 73 o Can you explain why a refrigerator is an E_caryle of a negative

|

|

‘ feedback system? MO o e , . ,
! | | AL o

% Coordination and response

The brain and nervous system

The various organs of the body must work in coordination if an orgamsrn is to
survive in its environment. To achieve this, the body has a number of receptors
which pass information about the environment to a coordinating centre called

the central nervous system (or CNS).

The CNS (brain and spinal cord) receives the information (in the form of electrical
impulses), and then directs a response in the appropriate effectors (muscles
or glands). \
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The most highly developed part of the CNS is the brain (Figure 4.12.)
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Figure 4.12 The human brain

The functions of the major parts of the brain
* The cerebrum is in the form of two matching halves - i!..: cerebral
hemispheres — and is responsible for the

co-ordination of the organs of the body

control of voluntary actions

reception of sensation.

At the very front of the cerebrum is the region responsible for memory and morals
(the higher mental activities). At the back lies the region responsible for sight.

* The cerebellum is the region of balance and instinct.

* The medullajoins the brain to the spinal cord. It controls unconscious
activities such as heartbeat, peristalsis and breathing.

* The hypothalamus lies under the cerebrum and is the part of the
brain responsible for monitoring changes, particularly in the blood. It
may be regarded as the "homeostat’ of the body.

* 'The pituitary gland.

Situated beneath the hypothalamus, this gland, which is made up only partly
of nerve tissue, is sometimes called the ‘master’ gland, since it manufactures
and releases into the blood chemicals (kermones) which control many glands
and other organs throughout the body (such as those responsible for growth.
e.g. of bones, and development (e.g., sexual development). It thus has a very
important part to play in co-ordination. It regularly ‘takes instruction’ from
the hypothalamus immediately above it.
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The spinal cord
In the same way that a series of nerves (cramal nerves) serves the brain,
1mPUJ5€5 are relayed to and conducted from the spinal cord by nerves called

spinal nerves. Spinal nerves are connected with receptors and effectors in
parts of the body other than the head.

In emergency situations, the spinal cord can receive and transmit impulses
to bring about rapid, often protective responses called reflex actions. The
central region of the spinal cord (the grey matter) contains nerve cells (relay
neurones) involved solely in this process. The outer region of the spinal cord
(the white matter) contains nerve cells involved in either supplying sensory
information to the brain, or carrying impulses on their way to muscles which
will contract under instruction from the brain (i.e. voluntary actions).

Nerves

A nerve is like a telephone cable; that is, it contains a large number of smaller
‘wires’ called neurones. Each neurone is an individual nerve cell with its own
cytoplasm, cell membrane and nucleus.

Neurones which conduct impulses from sensory receptors to the brain or
spinal cord are called sensory neurones.

Neurones which then direct those impulses either to other parts of the brain or
to other parts of the spinal cord are called relay neurones.

Neurones which conduct impulses from the brain or spinal cord to effectors
(muscles or glands) are called motor (or qﬂ‘gctar) neurones.

Neurones are insulated by a fatty (myelin) sheath; They are long, they target
the exact area to be affected and they conduct their impulses very quickly.
These features are vital ifan action is to be taken very quickly to prevent damage

asin a reflex action.

The eye
The eye is_one of t

with information on ¢ dimensions, colours and distance away of objects in

our environment. Its structural features are shown in Figure 4.13.

r

How the eye produces a focused lmage N
1. Light rays from an object enter the transparent Cornea
2. 'The cornea bends (refracts) the light rays in towards one another,

he most important of the xreceptors providing us

"

Never say ‘nerve’ when you
mean ‘neurone’.

i

4
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suspensory ligaments

lens

cornea retina

pupil yellow spot (fovea)
i aqueous optic nerve
humour
iris
| circular ciliary

muscles
vitreous

humour
sclera (sclerotic coat)

Figure 4.13 The eye

3. ‘The light rays pass through the aqueous humour and pupil.
4. 'The transparent, elastic lens is altered in shape. It is made
. fatter to decrease its focal length
. thinner to increase focallength. .~
This is called accommodation. |
5. The relatively small amount of re_fracti_o_rln now produced by the lz1:s brings

-

the rays to focus on the retina. "

6. ‘The retina contains light - sensitive cells (rods, which work well when
light intensity is low, and cones, which give sharper definition and detect
colour). These cells are the receptors and are stimulated by the light ofthe
image. They convert the light energy into electrical energy.

7. Electrical energy, in the form of an impulse, travels along the optic nerve

to the brain. Lol
8. 'The brain decodes the impulses to produce the sensation of sight.

Other important facts

1. The image of objects that we are looking directly at (i.e. those that are in
the centre of our field of vision) falls on a very sensitive part of the retina -
the fovea (or yellow spot). This region has far more cones than rods. Cones
provide a picture with greater detail as well as one that is in better colour:

2. There are norods or cones at the point where the retina is joined to the
optic nerve. Images formed on this part of the retina are not converted
into impulses and relayed to the brain. This region is therefore called
the blind spot. We have blind spots in both eyes, but are not usually
aware of them. Each eye records a different part of our field of vision
and one eye covers for the blind spot of the other,
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j | L ﬁ s
E( You can demonstrate your blind spot as follows. With a marker

penf draw a cross (each line of the cross about 1 cm long) on
a piece of paper. About 8 cm immediately to the right of the
cross, draw a dot, also 1 cm in diameter: Cover your left eye
JIVI'ﬂl Your hand, and position your head so that your right eye
is about 15 cm away from the paper and directly in line with
the cross. Focus on the cross but youwill also be able to see the
dot, even though you are not looking straight at it. Keep looking
at the cross, and keeping your left eye covered, now move your
head slowly away from the paper (or the paper slowly away
JSfrom your head). After a few centimetres, you will notice that
the dot disappears, bul reappears as you continue to increase
the distance. The dot disappears as its image falls directly onto
the blind spot in your right eye.

Accommodation
The ability to change the shape and focal length of the lens to focus on obj

at different distances is called aecomsradation. This ability depends on:

1. the elasticity of the lens
9. the existence of eiliary muscles, which are used to alter the stiape ©

ecty

. the lens
3. the suspensory ligaments, which transfer the effect of the ciliary

muscles to the lens.

When viewing a near object:
The (circular) ciliary muscles contract, reducing their circumference.”

1.

2. They reduce the pull on the (elastic) suspensory ligaments.

3 With less force on the lens, its elasticity allows it to become wider
(‘bulge) - decreasing its focal length.

4. Rays from the near object produce a focused image on the retina.

When viewing a distant object:
1. The (circular) ciliary muscles relax, increasing their circumference.”

2. The suspensory ligaments are pulled tight.

3 The lens is stretched to become longer and thinner - increasing its

focal length.
4, Rays from the distant object are brought to focus on the retina.

<

e Dressure of In2

.-;-II
[ }1

. e R S Y S
Vitreous amour s ngs .

the ciliery mascles a3 ey

relax, and causes fhem
to pull en the suspersciy
ligaments.

’:ammr‘.iz SO RN O vl et J

As people age, the lenses

in their eyes lose their

elasticity. 8
This makes accommodation

increasingly difficult,
and they may require
spectacles to view either
near or distant objects —
or both.

————
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The value of having two eyes

Apart from overcoming the effect of the blind spot, two eyes view the sam,q
picture from two slightly different positions. This provides vision in three
dimensions, the ability to judge distance (and therefore speed), and offer
animals a chance of survival even if one eye is damaged.

. The pupil (or iris) reflex
.EE;‘!m Bright light could seriously damage the delicate light-sensitive cells of the
Al;ou ah often referred retina. The intensity of light falling on the retina is therefore controlled by the
to as the pupil reflex, this iris. It has an antagonistic* arrangement of circular and radial muscles as
is really the iris reflex, shown in Figure 4.14.

since the iris contains the . _
muscles. The pupil is simply 12 bright light:

a space. * Light-sensitive cells in the retina detect the light intensity.
——) * Impulses are sent along a nerve cell in the optic (a sensor:) nerve to
the brain.

* The brain returns impulses along a nerve cell in the mofer: e to the
circular muscles of the iris.

, * The circular iris muscles contract while the radial iris musc.ics relax.

* ; * 'The diameter of the pupil, the hole in the centre, decreases, allowing
Muscles can do their pup
work only when they are less light to enter the eye, decreasing the risk of damage to the retina.
contracting. Thus if an e e
action is brougl;ut about In dim light In bright light !
by the contraction of one | pupil
muscle, another muscle !
. ' (@ ~\ |
must be present to bring f ) V8] i
about the opposite effect & \!s‘\‘?/"// / |
pposite effect. : LIS > ;
When one of this pair of c']_ s l ireular i l Tl A reuscion !
q circulariris radiat iris muscles circular irts muscles radial iris m ]
muscles contracts, the A muscles relaxed contracted contracted relaxed {
other one relaxes.The : _ ‘ _ |
l 1 pupil large to allow maximum pupil small to prevent light from E
two muscles together { light to enter the eye damaging the retina s
are referred to as an e =l
antagonistic pair Figure 4.14 Antagonistic muscles in the iris
of muscles. e S
q ) Indim light, the reverse of the above process occurs. The radial iris muscles

contract and the circular iris muscles relax, increasing the diameter of the pupil
allowing more light to enter the eye.

V4

v

You can demonstrate your own iris reflex by looking in a
mirror, then turning on alamp, such as a bench lamp, directed
at your face. (A bulb of low intensity is suitable and avoids any
risk of damage to your sight.)

Q)? Cambridge O Level Biology Revision Guide
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A

The definition of a reflex action is g co-ordinated response to a specific

/ stimulus.

In the example of the iris reflex, the brain was the part of the CNS involved, and
the reflex action is thus called a craniaf reflex.

When the spinal cord, alone, directs the response, then the action is described

asaspinalreflex(e.g., when we rapidly withdraw our finger from a hot object).

The sequence of events in this spinal reflex is as follows (for named structural
features see Figure 4.15):

L. A stimulus (the heat from the object) is received by the sensory
receptor (in the finger).

2. Animpulse is generated and carried along a sensory neurone.

3. The sensory neurone becomes part of a spinal nerve.

4. Impulses arrive at the nerve endings of the sensory neurone in the grey
matter of the spinal cord.

5. The nerve endings release a chemical which diffuses across a gap - the
synapse — between the sensory neurone and the nerve endings of a

relay neurone. The chemical stimulates the relay neurone to produce

an impulse.
6. Another synapse links the relay neurone with a motor neurone.
7. The impulse travels away from the spinal cord along the ventral root.

=

direction of impulse

grey spinal cord
er -

ganglion

cell body

white
matter

relay
neurone

motor (effector)
neurone

ventral root

meninges (protective
membranes)

L

Figure 4.15 The reflex arc

8. The nerve endings of the motor neurone are applied to the effector

(the biceps muscle in this case).
9. A response is produced (as the biceps muscle contracts to lift the

hand clear of the stimulus).

/

Sensory receptor
sensory neurone

muscle (the effector)

Life Processes 99
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Spedial cells in the islets of
Langerhans in the pancreas
produce a hormone — the
rest of the organ produces
digestive juice, which
contains enzymes not
hormones.

*Such emergencies would
include the moments before
the start of a competitive
event (including an
examination!), when being
chased by an angry dog, or
during a heated argument.
Other effects of adrenaline,
such as increasing blood
pressure, diverting blood
away from the intestines
and towards the muscles
about to be used, and
increasing air flow to the
lungs all help to make the
body work more efficiently
to meet the emergency.

Hormones

A hormone is a chemical s
3 . mo
the blood, which alters the activity of one or

and is then destroyed by the liver.

Hormones must be relatively sma
molecules, so that they can pass quickly from the c'e
(and later out of) blood capillaries. Blood then carries

odUCEd by ag
ubstance, pr re spe cific target organs

which they have their effect (the target organs).

Since the glands that produce hormones

land and carried by

Il, soluble, easily diffusible chemica]

1ls that make them into
them to the organs on

pass them directly into the blood,

they have no ducts (small tubes to carry the hormones away) and are thus
called ductless glands. The adrenal glands and the pancreas are examples

of ductless glands.

The adrenal glands and the islets of the pancreas are examp':.: of ductless

glands.

i

. adrenals  above the

i kidneys
islets of in the

f[Lgngerhans pancreag

S ST SRR e +
e T
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adrenaline

(the ‘fight,

fright and" -
flight’

hormone)

insulin

gland where hormone target :
situated | produced organ

liver

heart

voluntary
muscleg

liver and
muscleg

, Conversjon of glucose to

i
x

turns glicogen into
glucose to boost
blood sugar level in

emergencies®

heart beats faster -
more oxygen to brain

and muscles

tire less easily

Promotes the uptake of |
glucose by cells and the ;

|

_A'_‘_g}zcogen for storage;
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Diabetes
Ifa ?e:;m]; 151.(;'; szlls produce insufficient insulin, then the level of glucose in
their blood will rise. Glucose will be present in their urine, and the increased

conc-entr:llxon Oij their blood plasma will draw water from their cells by osmosis,
making them thirsty and tired, and causing them to urinate more frequently.

ll'insulln.p.roduction is not seriously reduced, it may be possible to treat
the condition by restricting the person’s intake of carbohydrate. In more
extreme cases, however, the treatment will include regular injections of

insulin. The carbohydrate intake must then be regulated to match the
amount of insulin injected.

% Support, movement and locomotion

Support refers to the skeleton and its role in
holding the body structure clear of the ground and
giving it shape.

Movement refers to the change in position of one ball and

part of the body in relation to another part. socket joint

Locomotion is the movement on the entire body

from one place to another. ;

In animals, movement and locomotion could | humerus
not occur without the contraction of muscles. |
Muscles provide the necessary, force, and the bones
of the skeleton to which the muscles are attached

operate as levers. !

radius

The arrangement of bones in a limb is illustrated
by the human arm (a mammalian fore-limb) in |

hinge joint

ulna

Figure 4.16.

Although bones may be strongly fused together to provide protection (as in the
skull), it is normal for them to be able to move freely on one another in order to
permit movement. The fwo main types of joint which allow this movement are

seen in the arm:
1. the ball and socket joint at the shoulder which allows free moment

in many planes (though not quite ‘all-round’ movement)
2. the hingejointatthe elbow which allows movement in one plane only.

Figure 4.16 Bones of the arm

Life Processes 199 |
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The muscles of the upper
arm are the biceps and
triceps. In the singular,
both words have an ‘s’

at the end, since biceps
means ‘two-heads’ —
referring to the two
tendons at the top that fix
it to the scapula at their
lower ends, the biceps is
fixed to the radius and

the triceps to the ulna.
[ |

How muscles move bones at a joint
Muscles work in the following way (Structures involved are shown in Figure 4.17.).

==

|

# ¥ % # »

They can pull but never push.

They pull only when they contract.

When they contract, they decrease in length.

When returning to their original length, they relax (not ‘expand’).
They are attached to bones by tendons which do not stretch. They
are arranged in antagonistic pairs, which apply their force either
side of the bone they are required to move.

One muscle of the pair (the flexor) contracts to bend the limb at the
joint. As it does so, the other muscle in the pair (the extensor) relaxes.
The extensor contracts to straighten the limb at the joint, and as it does
so, the flexor relaxes. The arrangement of the antagonistic muscles at
the hinge joint of the elbow are shown and described below.

tendons (at the origin) scapula !

biceps muscle
(the flexor)

humerus

tendons (at
the insertion)

radius
triceps muscle
(the extensor)

|t et

| SR S

Figure 4.17 The muscles of the upper arm (showing the antagonistic arrangeméﬁi) “

AN,

How many other pairs of antagonistic muscles can you

think of? Can you name a muscle that is not one of an
antagonistic pair?

@2 cambridge O Level Biology Revision Guide
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Learn the difference between aerobic and the two forms of anaerobic
respiration.

Know the difference between breathing and respiration.

Understand the mechanism of breathing.

Know the features of a respiratory gas exchange surface, and the
structure and function of an alveolus in particular.

Learn the difference between the muscles involved in the iris
reflex (the circular and radial iris muscles), and those involved in
accommodation (the ciliary muscles).

Understand what is meant by ‘negative feedback’, and be able to
describe an example.

Be able to define homeostasis and understand the terms
vasoconstriction and vasodilation.

Learn the structures and the sequence in which they are involved in
a reflex arc.

Make sure that you don't confuse hormones with enzymes.

Know that muscles contract and relax (never expand’), they do work
only when they are contracting and they pull (never ‘push’).
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Exam-style questions for you to try

1. Which substance is filtered from the blood by the kidneys but does not appear in the urjp,

of a healthy person?
A. amino acids

B. glucose

C. toxins

D. urea

2. What happens during expiration?

A. The (external) intercostal muscles contract and the diaphragm flattens.

B. The (external) intercostal muscles contract and the diaphragm relaxes.

C. The (external) intercostal muscles relax and the diaphragm contracts.

D. The (external) intercostal muscles relax and the diaphragm domes upwards:.

3. Where does the process of accommodation occur in the eye shown in Figure 4. : 3?

Figure 4.18

4. Which is the effector in the iris (‘pupil’) reflex?
A. amotor neurone
B. asensory neurone
C. the iris muscles

D. the yellow spot (fovea)
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5. Where is insulin made and what is its target organ?

- “ln.re made | target organ

£ A ; - Liver ~ iE i Kidney ]

a-Zan !f;..

L —1— B Ifjdney r

—aa® -'-!‘--,.-‘-rs £ AT
r‘_n
i 3

6. What describes how muscles work?

Pancreas £ %

It S

D ['L~ Péncreas ‘L leer i _J

Y e b it L e e Vg v e

A. they pull bones when they contract
B. they push bones when they contract
C. they pull bones when they relax

D. they push bones when they relax

7. Figure 4.19 shows some structures in a section through human skin.

I T e A o

Figure 4.19

(a) The body is able to maintain its internal environment within narrow limits. Staie ihe

term for this process.

(b) Structures C and D, in Figure 4.19, are involved in the process of temperature regulation.
Identify structures C and D and state the part they play in the process.

Life Processes 1@
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(¢) The consumption of alcohol causes the muscles in artery walls to relax. :
Taking this into consideration, suggest why people who work in environmenta]
temperatures below 5°C might be advised not to drink alcohol before or during work,

3
................................................................................................................................... [3]
8. (a) Define the term hormone.
................................................................................................................................... (4]
(b) Describe how insulin is involved in maintaining constant conditions within the body.
4
............................................................................................ eeeeeeesseeseeseseessssssssssessenses 6]




v 9. Figure 4.20 shows the pressure changes in a person's lungs during one complete breath out
V4 and in.
Y
iad
v 102
[
& Atmosphere
Py pressure is
g 101 kPa
3
= 101
@
3
wv
o
o
100
0 2 X 4
time/s
Figure 4.20 {
(a) Calculate the breathing rate of the person in breaths per minute {
.......................................................................... N NP RS~ W
(b) Describe, and explain with reference to the muscles involved, what is happening at time |
X on the graph. E
¥
.................................................................................... b
......... e T L T T T PR TSP T 1
S— vreenreeneraes verereee e anenes SRt S b T .[8]
e ’fxflg hha s L AT e Bl i e o H"W e ——
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10. Figure 4.21 shows a person’s rate of urine prod

campide O Leve By Relon Gice

Pl it itidisns' s an

uction in the 180 minutes after taking a drin)

of water.

Ly [
w [=1 m

—
(=]

rate of urine
production / cm? per minute

40 80 120 160 200
time after drinking water / minutes

Figure 4.21

(a) State where most water is absorbed into the blood
(1]

-----------------------------------------------------------------------------------------------------------------------------------

(i) estimate the length of time, after taking thedrink, before « -.cess water

--------------------------------------------------------------------------------

(b) Usingthegraph,
starts to be expelled from the blood

(ii) calculate the rate of urine production after 108 minutes.

-----------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------
------------------
--------------------------------------------------------------
-------------------------
--------------------------------------------

-------------------------------------------
---------------------------------------------------------
----------------------------

------------------------------------
--------
-----------------------------------------
-----------------
------------------------
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Z=’ Drugs, Microorganisms and the
\&%/ Environment

: This chapter considers topics that are not centered on the biology of
the plant or the human being, and take a wider view of life. There is a
description of drug abuse and of biotechnology, followed by a section
that covers topics that are, for the most part, more ccologically based,
such as feeding relationships, natural cycles and how the human
animal affects the environment in which it lives.

%The use and abuse of drugs

Hormones are chemicals manufactured by, and within, a living organism,

which have a specific effect on that organism’s metabolism.

Chemicals, not made by the organism, may be introduced into the body of the
organism for a specific effect. Such chemicals are called drugs.

{Adrugis an externally administered substance which madifies or affects
“ chemical reactions in the body.

< h

Drugs may be used for beneficial effects:
* For pain relief (e.g. aspirin, paracetamol and morphine).
* TFor treatment of disease. Diseases caused by bacteria, such as
syphilis, are treated with drugs called antibiotics, of which a well-
known example is penicillin.

r mood-influencing effects. This can be

* Drugs are also used for thei
useful for treating patients with emotional disorders such as depression.

Drug abuse

If a drug is taken simply fo
and often therefore in high dosage. 1
sed in this way. It is a powerful depressant.
he central nervous system slowing (or

r enjoyment (i.e. it is used as a ‘recreational’ drug),
t can lead to addiction.

Heroin is a drug which is abu

Depressants are drugs that affect t
depressing’) the rate at which impulses are conducted and removing all

feelings of anxiety and creating 2 feeling of extreme well-being. Heroin is a

h the body shows tolerance, as a result of which progressively

drug to whic _
order to give the same effect.

increased dosages are required in
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The person using the drug (‘user’) may end up in a state of dependence i
which they cannot face life without the drug. The user begins to crave tp,
drug, and if unable to obtain further supplies, suffers severe withdrawg;
symptoms which include diarrhoea, vomiting, muscular pain, shaking anq
hallucination. These are signs that abuse of the drug has led to addiction,

Addiction can lead the user into a life of crime in order to obtain money and/
or regular supplies of the drug. Heroin is a drug normally taken by injectiop,
into a vein. If several addicts use the same unsterilised needles, they are at 5
high risk of contracting blood-borne diseases such as hepatitis and AIDS,

Alcohol is a more widely available and more widely used drug. It is generally
regarded as a more ‘socially acceptable’ drug by many societies, but its effects
are as follows:

* Itis a depressant, creating a feeling of well-being.

4 * It slows reaction times (increasing the risk of accident).

* When consumed in excessive quantities, it leads to ez of self-
control. Many people under the influence of alcohol behs " in a way
of which they would be ashamed of when sober.

* It also leads to liver damage (‘cirrhosis’) which can eventually , rove fatal.

Like heroin, alcohol is a drug of addiction, and thus, to prevent withdrawal
symptoms (which are not as severe as those for heroin), considerable amounts
of money are spent to satisfy the cravings. Often a person’s family suffers,
not only from a lack of financial support, but also from physical violence
which often accompanies alcoholism.

Nicotine is the drug of addiction present in cigarette smoke. A person suffers
(relatively) mild withdrawal symptoms if the craving is not satisfied. Nicotine
has the following effects:

* Itis a poison which increases heart rate and blood pressure.
* It may cause blood clotting increasing the risk of thrombosis (which
' if in the coronary artery of the heart will result in a heart ‘attack)-
Other harmful components of cigarette smoke:

* Tar forms a layer over the walls of the alveoli, restricting gaseous
exchange, It is also a carcinogen (ie. a cancer producer) an
prolonged exposure to it may lead to lung cancer. _

* Carbon monoxide is taken up, permanently, by haemoglobin 1"
preference to oxygen (forming carboxyhaemoglobin). It thus grea.tly
reduces the ability of the blood to carry oxygen to the extremities

;Bﬂdge, 0 Leve! Biology Revision Guide
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ers and i i

e toes), which can be especially affected, as can those parts
A require a lot of oxygen to keep working
o drritant chemicals and particles in smo

".al
- such as the heart.

Bronchi _ ke cause cells lining the
bronchi and bronchioles to increase thei

f chemicals also destroy the cilia
\"é{eep away the dirt in g 'moving carpe
o the throat for swallowing, The build
: only by continual coughing (smoker’s cough). Persistent coughing
: ?Ventually damages the walls of the alveoli (emphysema).

® 4 pregnant woman who smokes also risks the health of her baby.
Eess oxygen reaches the baby as a result of the effects of carbon
- monoxide, and nicotine can pass from mother's to baby's blood.

1 production of mucus.
lining the trachea. Cilia
t' of mucus and carry it
-up of mucus is relieved

8

habies born to mothers who smoke during pregnancy have been
g_hown to be underweight, perhaps less intelligent, and there is a
greater risk of miscarriage.

Passive smoking. Evidence now exists that breathing the smoke
|ffmm other people can be harmful, and cigarette smoke is certainly an
irritant to the eyes and leaves alingering smell in clothes. Smoking is
 therefore increasingly becoming a socially unacceptable habit.

4
+

Diseases associated with smoking
Other than the risk of heart disease mentioned above, smoking greatly increases
he chances of suffering from the following diseases:

1. Chronic bronchitis: Bronchitis is an inflammation of the airways
'_('chroniC' means extending over a long period of time). It leads to
an overproduction of mucus which tends to block the bronchi and
‘bronchioles, making breathing difficult, and decreasing the efficiency
Sfthe gaseous exchange process. Less oxygen reaches the blood, with
fconsequent effects on organs such as the heart muscle, the brain and
' the extremities. It also causes a distressing cough.
9. g Em physema: Emphysema is a condition often associated with
chronic bronchitis. The walls of the alveoli become stretched and
"1033 their elasticity. They do not empty properly creating a build-up of
':’“ai'bon dioxide in the lungs. The patient suffers from breathlessness,
and decreased efficiency of heart, brain, etc, through too much
ﬁarbon dioxide (and insufficient oxygen) in the blood.
o ilung cancer: Cells in the lungs begin to divide uncontrollably, forming
thickened tissues through which gases cannot pass, and which may
1ock airways. Unless treated early, it is likely to be a fatal conditjon,

In total, there are over
4000 different chemicals
in smoke, of which at
least 50 are known to
cause cancer.

e

SENOTE
==

Drugs, Microorganisms and the Environment 19
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*Like DNA, RNA is

a nudleic acid. It is
important in the process

by which proteins are

made in cells of higher
organisms.

— y

%" Microorganisms and biotechnology

All organisms are collections of chemical molecules which, when working
together, show what are recognised as the ‘characteristics oflife’ (respiration,
reproduction, excretion, nutrition, sensitivity, growth, movement ang
a cellular structure). Microorganisms are organisms which are studieq

only with the aid of a microscope. Often, they are made up of one cell only
(ie. unicellular).

Viruses

Viruses are the simplest of all forms of life - so simple, in fact, that biologists do
not regard them as truly living, They have the following main characteristics:

1. They are less than 300 nm in size - around 50 times smaller than a

bacterium (1 nm or nanometre, is one thousand millionth ¢ a metre).
They can be seen only with an electron microscope.
2. They contain nucleic acid (DNA or RNA¥).

3. The nucleic acid is surrounded by a coat of protein (two suc!: coats in
the case of HIV - known as the capsid).

4. 'They can reproduce only inside living (‘host’) cells.

5.

Since they are parasites, they cause disease (ie. they are pathogenic).

Examples of diseases caused by viruses are influenza, measles and AIDS.
6. Viruses are not affected by antibiotics.
Structural features of a virus are shown in Figure 5.1.

|

protein coats outer membrane derived

from the cell membrane
of the previous host cell

virus enzymes

DNA or RNA

T ————— A ——

i
i
[
o

additional
protein
molecules

| Se————————rr

Figure 5.1 The structure of a virus (the human

immuy

» Cambridge O Level Biology Revision Guide

has RNA as its nucleic acid)

nodeficiency virus, or HIV,
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Bacteria
Bacteria are the simplest of the truly living organisms. They have the following
characteristics:

They have a size in the range of 0.5-5 pm.

They are unicellular (made of one cell only).

They have no true nucleus (their DNA lies 'loose’ in the cytoplasm).
They have a cell wall.

They may be (pathogenic) parasites or they may be saprotrophs
- feeding on dead organic matter causing it to decay. Some may be

SR SR S

involved in nitrogen fixation (see the nitrogen cycle).
6. They are killed by antibiotics.

Structural features of a bacterium are shown in Figure 5.2.

e - ; ‘
{cytoplasm (with protein-manufacturing DMA strand not within a J
structures called ribosomes - as in clearly defined nuciaus
more advanced organisms) - i

S A whip-iike flagetium, or
liwall = smaier versions called

Y giiiz, may alsa be oresent

for lacomation.

o A AN A F T AR A

capsule ;

e 1pm (not always present) |

Figure 5.2 A bacterium (generalised)

L
Fungi
These are much larger organisms an

1ave the following characteristics:

1. They have no chlorophyll, and thus have heterotrophic nutrition

(i.e. they digest large molecu
products). They are thus parasi

2. They have a ‘cell’ wall made of chitin.
number of tubular threads (hyphae)

d usually visible to the naked eye. They

les with enzymes and absorb the soluble
tes or saprotrophs.

3. They are usually made of alarge

intertwined to form a mycelium. B
4. Hyphae are not divided into individual cells. The lining of cytoplasm

has manynuclei and the central space in the hyphae is a vacuole fij]]

of (vacuolar) sap-
5. Ifthey store carbohydrate, they store glycogen.

6. They reproduce by producing spores.
Drugs, Microorganisms and the Environment 1@
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The role of microorganisms in decomposition

When microorganisms such as bacteria and fungi feed as saprotrophs, they
use external digestion. They bring about decomposition of dead organic
matter by releasing enzymes onto their dead organic substrate (‘food’).
These enzymes are:

® protease, which digests proteins to amino acids (amino acids are
then further broken down to ammonium ions)

* amylase, which digests starch to simple sugars

* lipase, which digests fats to fatty acids and glycerol.

Some of the end products are absorbed by the microorganisms for use in their
own metabolism. E.g., amino acids for building up proteins during growth;
sugars for energy release during respiration — with CO, and H,0 as waste
products; fats for energy storage. Gradually, the dead matter is broken down,
releasing its mineral ions which are returned to the soil for recycling as they
are taken up for use by plants.

The roles of bacteria and fungi in food production

Bacteria and yoghurt

Milk is heated to 90°C, and then cooled to between 40°C and 45°C, The -+ rect
species of bacterium (e.g., Lactobacillus) is added and the milk is kept at
this temperature for 24-36 hours. Over this time, the bacteria convert milk
sugar into lactic acid by anaerobic respiration. The acid curdles the milk
to produce the characteristic texture and sharp flavour of yoghurt,

Bacteria and cheese

Milk, is warmed to 40°C, inoculated with bacteria (Streptococcus) and
mixed with rennin, an enzyme found in the stomachs of young mammals to
speed up the curdling of milk. Lactic acid produced by the bacteria creates
the correct pH for the rennin to work. The milk curdles (or ‘clots’). The solid
part (the curd) is separated from the liquid (the whey). The curd is pressed
and moulded and left to mature (or ripen). Sometimes, further bacteria are
added to provide flavour, e.g., from copper wires which are drawn through
the dried curd.

Yeast and alcohol
Yeast is a fungus. It is added to a sugar solution to make alcohol, E.g., yeast
is added to fruit sugar such as from grapes to make wine; yeast is added to

"’c;.,"" dge O Level Biology Revision Guide
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- maltose obtained {rom barley to make beer. The yeast is allowed to ferment
the sugar at a controlled temperature - the optimum for the growth of yeast
(around 20°C) in a vessel (the fermenter). By anaerobic respiration the
yeast converts the sugar to alcohol with carbon dioxide evolved as a waste
product. As the concentration of alcohol rises, it eventually kills the yeast
which must then be filtered from the liquor to produce a yeast-free alcoholic
drink. Drinks with a higher alcoholic content such as spirits are produced by
distillation of the original alcoholic drink (brandy is distilled wine).

Yeast and bread

A process similar to the one described above occurs in bread-making. This
time, though, flour and water are used to make a dough, to which yeast
and a little sugar are added. Although alcohol is produced by the anaerobic
respiration of the yeast, it is the carbon dioxide which is now important.
The mixture is left in a warm place for around half an hour (depending
on temperature) for the dough to ‘prove’. The carbon dioxide gas causes
the dough to rise, giving it a light texture. The dough is then baked at
high temperature in an oven. The high temperature cooks the bread and
evaporates the alcohol produced during fermentation and kills the yeast.

Industrial biotechnology

Biotechnology is used in many industrial processes, e.g. in the manufacture
of antibiotics and of single-cell protein (SCP). Since large quantities of
end product are required, the microorganisms involved are grown in very
large containers called fermenters. A maximum rate of growth of the
microorganism within the fermenter can be achieved by careful control of

*x the temperature

* the type and concentration of substrate (i.e. the substance on which
the microorganism works)

* the oxygen availability.

Thus, fermenters are not affected by climate, soil type or, in temperate regions,
time of year, though they must be kept sterileto prevent the growth ofunwanted
species of microorganism which might contaminate the end product.

The manufacture of the antibiotic penicillin

Pathogenic (disease-causing) bacteria are known to be killed by certain

chemicals (antibiotics) released by other microorganisms — especially fungi,
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hich grows naturally on stale bread, jg firgt
w.

The mould fungus Pcnicﬂlr'm-n. frelicdiod
cultured on a sterile medium in a

d into a fermenter (Figure 5.3) for COmmerCia]

=

Al"(hough the word'l)?‘m The fungus is then introduce o 100 000 dm? in volume) contains g Suitah],
i in common use, it s roduction. The fermenter (up One medium used is ‘cor
considered better to use the Pt i dium on which the fungus can grow. 7T PEGen -
temn ‘aibic decmetre’which  Sterile medi duct from the milling of maize. It p aming
is abbreviated to dm? steep liquor’ - a waste pro : for respiration and therefore energy,
i tes

e ) ids for growth and carbohydra

acids for gr ——

organisms in a solution of == ;
amino acids and glucose LI f_:——_—> QDL
r \/“—““ ____________ )
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i B i
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i jacket through which
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/_ri 80,006 0 ;?_f_-—]-""":: containing oxygen
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tL : forremoving contes:

of container
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Figure 5.3 A fermenter

After an appropriate period of time (when the rate of fungal growth becomes
limited by the amount of food available), the contents of the fermenter are

! part contains the antibiotic (in this case,
penicillin), which isg separated and purified, while the rest of the material
may be dried and used as catt]e feed

3
3]
3
o &
g
g
S
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Single-cell protein production

gince pacteria and fungi contain cytoplasm, and since a major tituent
4f Cytoplann is Protein, it follows that large-scale prod?StioC; rlosf 1tllfllzse
microorganisms involves the large-scale production of protein. The process
s carried out in a fermenter and the microorganisris thu:t: rofm can
pe harvested and used as a protein source. Such protein is kno%\m as SCP
(Single—cell protein). If the microorganisms concerned are fungi, then, more
accurately, the protein is known as mycoprotein. > |

Many microorganisms will grow successfully on industrial waste materials as
2 substrate, e.g. waste from oil refining, waste from sugar refining (molasses)
whey from cheese manufacture, and straw. |

3« The relationships of organisms with each
other and the environment

Energy flow
‘1 3ife on the planet is the Sun. Living organisms use

The source of energy fox
that energy for thelr activities. and so long as the Sun continues to shine life

can continue.
The heat energy from the Sun is used by organisms such as ‘cold-blooded’
arm. The Sun also supplies the light energy

animals to keep their bodies W
which is locked away by plants during photosynthesis to form chemical
ten by animals, which may

energy in food mple_cules. If those plants are ea
themselves be eaten by other animals, the energy is passed on again. In this

way, the sun’s energy enters and then flows through biological (eco)systems,

and is gradually Jost to the environment as it passes from one organism to the

next. It is never recycled.

Food chains and food webs
Starting with the plant that locks t
synthesises, the energy then passes throu
make up a particular food chain.
wmzsa'chartshowmg the flow of energy (food ) fromone .’
i to the niext beginning With aproducer . S

L R A e . =

he light energy away as it photo-
gh successive organisms which

A

SO N e L

some forms of
mycoprotein are sold

as a meat substitute

as it can have a similar
texture to meat. It has the
advantage of being free
from fat and cholesterol,
and is a suitable
alternative to meat for

vegetarians.
| I —‘

~
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' "o li ' ke
Below is an example o d food chain i lak

e ——
e & O
P - larvae -

(Example. Anopheles) (Example: small THapla)

anisms which contain chlorophyll and photosynthesise,

d or mangrove swamp. there will be
The food chains

Algae are unicellular org

In any one habitat. such as a lake, pon
anisms living together forming an ecosystem.

many Org
involving all of these organisms will be interconnected.
ries of interlinked food chains involving 7

-4

A food web, therefore, is a se
/ organisms within one ecosystem.
n with a photosynthesising

All food chains, and thus all food webs, begi
t rely on energy supplied by

organism, the producer. All those organisms tha
the producer are known as consumers.
in/web die, they are decomposed by

example

green algae, plants

When all organisms in a food cha

saprotrophic organisms - usually bacteria and fungi.

* " transpiration slowed down by
an organism that makes its own organic nutrients using
energy from sunlight through photosynthesis

producer

an organism that gets its energy by feeding on other mosquito larvae,
organisms small fish, heron

an animal that obtains its energy by eating plants. mosquito larvae

consumer

herbivore (or

L

primary consumer)
secondary consumers that feed directly on the herbivore small fish =
consumers
tertiary consumers  consumers that feed directly on the secondary consumer heron
carnivore an animal that obtains its energy by cating other animals small fish, heron
e oriposer an organism that obtains its energy from dead or waste
bacteria, fungi

orgqnic matter

=

! ;;J;]f(} cazstdruct three food chains for different environments.
1 food chain should begin with a pro
1 eEL o0 Cuet producer and have at ;
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Energy loss along a food chain
Some of the energy locked away by
producer itself through the proce;s
is used by the producer, e.g., for cell
Alot of the energy is stil] present whe

to decomposers, Only some of it (around 10%) is passed on to the herbivores
that eat the plants. This is shown in Figure 5.4.

producers (plants) is released by the
of respiration. Some of the energy
division, growth and reproduction.
n the plant dies, and is then available

Herbivores then release the energy by respiration, and use it for

growth

movement (muscle contraction)

to generate electrical nerve impulses

for active transport of chemicals through cell membranes
as heat, to maintain body temperature.

# # % # B

Much of the energy is still present in the facces and some in the nitrogenous
waste. This is available to decomposers. Not all herbivores are eaten; thus, the
amount of energy left within herbivores to be passed on to carnivores is small
- 20% (only 2% of the original amount in the producer).

r- ] s = ]
i| energyinputfrom
i{ the Sunduring energy lost in energy lostin energy lostin energy lostin

photosynthesis respiration respiration respiration respiration

«

e e e

herbivores carnivores

producers top camivores

excretion and
defaecation

excretion and
defaecation

excretion and
death defaecation

T ———

e

energy lostin
respiration
death

=i s

Decomposition

e paf SR

Flgure 5.4 Energy flow in an ecosystem

The longer the food chain, the less energy is available to the top carnivore at the
end of the chain. Short food chains are therefore much more energy efficient
than long ones. In order to supply enough energy in food to maintain an ever-
increasing world population, it must be realised that far less energy is lost when
humans eat green plants than when crop plants are fed to animals which are

then eaten by humans.
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Pyrarmds of numbers and biomass
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(plants) than primary consumers (herbivores). = 38 LI TE8 s s
would expect there to be more primnary convumers than Youmnlas § sy
2nd so on. These decreasing numbers zlong a fovd web) cun b2 seprevesies
the form of z pyramid of nambers 23 shown G (Figurz33)

]

: 2rd consunmer

! 2nd consumer

:

i e

| 1st consumer :

. Producer

:'

§

Figure 5.5 Pyramid of nurnbess for 2 food wed
However, this representation of feeding relationships can be mislezding <ir -
e1DTv Ore

one large plant may sustain a large number of very smzll herbivores,

secondary consumer may sustain a large number of third order consumer:.
This then leads to a top heavy’ pyramid as shown below (Figure 5.6).

m—

! 3rd consumer eg flezs
)

Il 2nd consumer e.g birds
! :

i

| Istconsumer e.g caterpillars
|

i Producer e.g trees
;

£

[

Figure 5.6 ‘Top heavy pyramid of numbers for a particular food chain

A pyramid of biomass is a pyramid constructed using the dry mass o

organisms at each trophic level in a food chain (or food web). It produces
pyramids of a more familiar shape (as in Figure 5.5) and can be constructed by
collecting data from population estimates in any particular habitat. Dry mass
is the mass of an organism, minus the mass of its water content.

,B:omass is the total dry mass of a population, i.e. the theoretical mass of
\chemiicals other than water in the organisms under consideration (water being
liableto considerable variation).
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The carbon cycle

When decomposition occurs, carbohydrates in the dead organic matter are

used as the substrate for respiration by decomposers (bacteria and fungi).

Carbon dioxide is released into the atmosphere, as it is in all cases of aerobic
respiralion.

Combustion - the burning of fuels also releases carbon dioxide into the
atmosphere. Many of these fuels are fossil fuels such as coal, gas and oil.

Photosynthesis - absorbs that carbon dioxide and converts it into
carbohydrates (which may then be used to make fats or proteins) in a plant.

Animal nutrition involves the transfer of these carbon-containing molecules
toanimals, Animals and plants respire, and eventually die and are decomposed,
releasing the carbon dioxide back into the atmosphere, and so the cycle
continues, Figure 5.7 shows how the processes in the carbon cycle are linked.

carbon dioxide in

photosynthesis}
the atmosphere 4
e

carbon compounds

T Combustiony ~ Inplants
did (wood) i e
e’ "'

fossil fuels (e.g.

oil, coal) eaten by

/ T S —— animals

' (D

carbon
compounds in
animals

respiration

13

carbon compounds
In nitrogenous
~ excretory chemicals
(e.g. urea)

Flgure 5.7 The carbon cycle
The nitrogen cycle
Decomposition includes the conversion by bacteria of proteins to amino

acids, and the conversion of amino acids and urea to ammonium ions. 'This
process usually takes place in the soil.

Ammonium ions contain mitrogen atoms, but before plants can absorb
nitrogen from the soil, it must be in the form of nitrate ions.

Nitrifying bacteria convert ammonium ions first into mitrites, and then into
nitrales,

Drugs, Microorganisms and the Environment 712{3#

Scanned by CamScanner



sz Cambridge O Lewe Bology

Plants absorb the nitrates and use them. together with the carbohydrates
made by photosynthesis. to make amino acids and then profeins.

Animals eat the protein in the plants and excrete, e.g.. urea. Both plants and
animals die and their decomposition releases ammonium ions again.

Atmospheric nitrogen (78% of the air) cannot be used either by plants or by
animals in its gaseous form. but some bacteria (the nitrogen-fixing bacteria)
can do so. These bacteria are found in two forms:

*  those which live in swellings called nodules on the roots of peas, beans
and other plants in this family (xnown as leguminouns plants)
*  those which live freely in the soil

Nitrogen fixation by these bacteria changes the atmospheric nitrogen. via

ammonia. into proteins. The nitrogen becomes available to other organisms
when these proteins later decompose.

Nitrogen fixation also occurs when lightning passes through the nitrogen in
the air. converting it to nitric acid. which forms nitrates in the soil.

I the processes ahove are Iinked in the nitrogen cvcle as shown in Fioure 5

2

niregen in the air
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Parasitism

A parasite can be defined as an organism which obtains its food from

another, usually larger living organism (*host’); the host always suffers in
the relationship.

Pathogens (disease-causing organisms) are therefore parasites, one such

pathogen being the unicellular organism Plasmodium which causes malaria.

The transmission of malaria

Malaria is a disease caused by a single-celled microorganism called
Plasmodium that lives in red blood cells. It is carried from person to person

(host to host) by the female Anopheles mosquito. The mosquito is thus

described as the vector (i.. carrier) of the microorganism. Usually at night,

while the host is asleep, she injects her saliva into a (healthy) person before
she starts to suck the blood which she needs for her developing eggs. The
saliva contains a chemical to stop the blood from clotting. If the mosquito has
recently taken blood from a person infected with malaria it may also contain
the parasite Plasmodium. The parasite has now been transferred from the
blood of one host, where it lives and develops, to the blood of a second host.

Control of malaria

Malaria can be controlled in three ways:

1. by controlling the mosquito vector
2. by avoiding mosquito bites
3. by treating the parasite in the blood.

Controlling the mosquito

* Cover water tanks with netting to stop mosquitoes laying their eggs

in the water.

Drain swamps and areas of stagnant water where mosquitoes lay
their eggs.

Introduce fish such as Tilapia into the swamps to feed on mosquito
larvae.

Cover the surface of the water with light oil. Larvae cannot then use

the water film from which they hang as they breathe air from the
atmosphere. The larvae therefore suffocate.

Use insecticides or mosquito coils to kill adult mosquitoes
inside buildings.

Drugs, Microorganisms
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Avoiding mosquito bites

* Place nets over doors and windows.
.

Wear clothes which cover wrists and ankles, especiallyin the evenings,
when mosquitoes are most active,

» Useinsect repellent sprays.

Sleep under mosquito nets,

»*

Protection against the parasite Plasmodium

* Take drugs regularly to kill the parasite if it enters the bloodstream
(e.g,, Paludrine, but the correct drug must be taken for the particulzr
type of Plasmodium found in any particular region).

* Treat patients suffering from malaria with a higher dosage of anti-

malarial drug, and isolate them to prevent spreading of the disease,

The effects of humans on the ecosystem

The human animal is as much part of the ecosystem in which it lives as any

other organism in that ecosystem, But humans can be far more destructive
than any other of their fellow organisms.

Deforestation

A great deal of natural woodland has been (and is being) destroyed for the
following reasons:

# Lo harvest timber for building houses and making furniture
* to make way for motorways and industrial development
* locreate agricultural land for the growth of crops and the rearing of cattle.

‘The dangers of deforestation
The loss of soil stability

1. "Theloss of humus in the soil - leaves from the trees fall to the ground

where they decompose forming humus in the soil.
Humus:

d,

provides a steady supply of ions
b.

acts as a sponge, soaking up and holding water in the soil

¢ helps to bind the soil together thus preventing soil erosion.

Ihe loss of protection from excessive sun, wind and rain - trees form
4 canopy which keeps the powerful Sun’s rays off more delicate
organisms. The canopy also protects the soil from the force of tropical
rainfall, and protects the soil as well as smaller plants and animals

2,
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from the full force of high winds. Tree roots also help to bind the soil.

Removal of the trees therefore leads to soil eresion caused by wind
and water, and soil carried into rivers may lead to flooding further
downstream as it is deposited on the bed of the river as silt.

The cffect on climate

Trees supply enormous quantities of water vapour to the atmosphere as a
result of transpiration. Transpiration leads to the formation of clouds. Clouds
are carried by the prevailing winds and eventually produce rain, usually in an
arca some distance away from where the vapour was released. Deforestation,
therefore, can lead to distant regions receiving reduced rainfall. At its most

extreme, relatively fertile areas can become deserts.

On a global scale, deforestation can reduce the amount of carbon dioxide taken
in for photosynthesis. The levels of carbon dioxide in the atmosphere rise,
acting as a ‘thermal blanket’ over the planet, preventing the natural escape of
heat from our atmosphere (the greenhouse effect). This is believed to lead to
global warming which may affect the distribution of plants and animals (and

eventually melt the ice caps).

The effect on local human populations

Deforestation is usually motivated by financial gain. Those
outside the country where the deforestation is occurring, Many |
lose their homes and see their culture destroyed along with the trees. Many
find it difficult to adapt to lifestyles which are geared to commercial success.
These problems are being faced by people living in the Amazon Rain Forest of
South America, which is one of the largest areas of deforestation in the world.

who benefit often live
ocal residents

Pollution

Apart from the effects of deforest
polluting the environment in a number of ways. These are discussed here.

ation, humans are also responsible for

The pollution of water by sewage
Large human settlements create a considerable amount of sewage. Tipping

sewage directly into streams and rivers can have the following harmful effects:

* Sewage contains pathogenic organisms. If the water is used for
human consumption, then diseases, such as cholera, can be spread.
*  Very high levels of sewage contain very large numbers of bacteria which
use up the oxygen in the water for their own respiration. This leaves
insufficient oxygen for other forms of water life, so many organisms die.
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# Smaller quantities of sewage release ions as it decomposes. ‘These
ions encourage rapid growth of water plants (eutrophication), whicl,
eventually die and decompose (see ‘Water pollution by nitrogen-
containing fertilisers’).

Water pollution by inorganic waste
* Household detergents, discharged into rivers along with sewage,
often contain phosphates. These encourage the growth of small

(photosynthesising) water organisms (green algae), leading to possible
eutrophication.

* Industrial wastes such as those which contain mercury (eg,
from paper mills) and copper (‘heavy metals’) are highly toxic to all
organisms. It is expensive to remove these wastes in a completely safe
way, and thus they too may be discharged into rivers.

Polluted rivers discharge into seas. Polluted seas lead to contamination of
producers in the sea’s food chains. One small fish consumes many smaller
contaminated food organisms. One large fish eats many smaller fish, and in
this way, the amount of poison gradually increases in the organisms along

the food chain. When contaminated fish is used as food for humans, h
levels of poison can be consumed,

T e — T

armful

Water pollution by nitrogen-containing fertilisers
The removal of trees and the loss to the soil of decaying organic matter (

humus)

The term ‘eutrophication’ encourage the use of artificial fertilisers to obtain the maximum crop yields.
| refers onlyto the However, we have also seen that deforestation leads to flooding and water is
i abundant growth of plant washed from the loose soil into rivers. This water takes with it the dissolved
i matter in natural bodies 8 ; :
of waieETevees t fertilisers (nitrates and ammonium salts) and these encourage the growth
| water.The subsequen . :
r .
I changes Do sy of green algae and.water plants in the rivers (eutrophication). The algae and
E result of this enhanced plants can block rivers and prevent light from penetrating to lower depths.
4 growth (such as depletion Eventually, the algae and plan‘,cs die, and bacteria begin to decompose them.
l of oxygen) do not form The bacteria respire aerobically, extracting large quantities of oxygen from the
;_ part of eutrophication. river water. A lack of OXygen prevents aquatic animals such as fish and insect
B [ ) larvae from respiring, so they, too, die.

Air pollution b
and methane)

The effect of a build-up of carbon dioxide has been discussed earlier under
deforestation above. Carbon dioxide is also released during the burning of fossil

y greenhouse gases (carbon dioxide
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fuels: thus, factories and motor vehicles add to the problem of global warming. 2
Carbon dioxide is not the only greenhouse gas. The intensive farming of food %:’m

animals such as cows and sheep also contributes the greenhouse gas methane.

A cow releases between 60 kg and 120 kg methane per year, and a sheep, 8 kg A human ma!(ﬁ .the :
per year from their digestive systems. :Jm;gakt contn:::on 0
.12 kg per year!
L

Air pollution by acidic gases (sulphur dioxide and
oxides of nitrogen)

Sulphur dioxide and oxides of nitrogen (e.g., nitrogen dioxide) are gases which
are released whenever Jossil fuels are burnt. In industrial areas, the amounts
of these gases released into the air can be high. Sulphur dioxide is a gas that is
harmful to humans, and is linked to bronchitis and heart disease.

In the air, it dissolves in rain to fall to earth as a dilute solution of sulphuric
acid. Nitrogen dioxide dissolves in rain to form nitric acid. Rain containing
these dissolved gases is known as acid rain, which has the following effects:

* Itkills the leaves of some species of plant (fe.g., wheat).

* It makes the water of lakes acidic. This acidic water now dissolves
toxic chemicals (such as salts of aluminium) present in the mud of the
lake and which are insoluble in neutral or alkaline solutions. Fish, eg,
are killed by aluminium.

Pollution due to insecticides

Insects cause considerable harm to the economy, either as pests on crops or
as vectors of disease. They can be killed very effectively by insecticides, but
insecticides may pollute the environment with the following harmful effects:

*  Useful insects, such as those needed for pollination, may be killed
as well.

* Ifthe livers of animals are unable to break down the insecticide, it may
be passed from animal to animal along food chains. Since animals at
any trophic level may eat many animals from the trophic level
immediately before it (which may have been insects affected by
insecticide) animals at the end of a food chain can receive a very high,
and perhaps very harmful, level of insecticide. E.g, some birds are
known to have been made sterile.

* Agricultural pesticides can be washed into rivers, thus entering food
chains in the water as well as on land.
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The need for conservation

The threat of extinction

-

removal of orcznisms from an environment at a faster rate than the
40T ieSiagval 7| S=allNIL

P S
= <

czn reproduce itself leads to extinction of the species. Widespread

Ceforestation can therefore lead to extinction of plant species; uncontrolled

Sshing can lezd to the extinction of species of fish.

Destruction of habitats, however it may occur, may also lead to the extinction
of zmimal species which live amonsst the plants, are protected by them and are
Iinked to them through food chains.

Planisarethesourceofmanvvaluable productssuchasdrugs. Aspirin(for pain

h HP o - s
renigs angd ireztme

ie tment of circulatory disorders), quinine (for the treatment of
mzlzriz) znd many other drugs were first obtained from plants. Deforestation

could rob humans of the plant which might bring a cure for diseases such
as AIDS.

Maintaining a continuous supply of commodities
from trees
Timber, rubber znd oils zre

commodities, or useful products, supplied by
trees. Most tree

5 that supply commodities grow very slowly: the product t}

1ey
supply may not be ready to harvest until many ye

ars after planting. A system
of sustainable management must therefore be use

d, this means harvesting
only the number of trees that can be

replaced by planting,

Maintaining fish supplies

The oceans supply many communities with a

large part of their food
requirements, Over-fishing

can reduce fish populations to a point where
they are not able to maintain their numbers, Fishing quotas (legally enforced
limits on the mass of fish that can be caught) make sure that stocks remain at
sustainable levels, but they must be adhered to,

The conservation of other species

In order to maintain the wide variety (blodlversuy) of living species on the
planet, it is important to identify threatened species so that their needs can be
addressed before it is Loo Jate, ‘This work is carried out by Ww (the Worldwide
Fund for Nature) and CITES (the Convention o International Trade in
Endangered Species). Countries throughout the

world must then support such
organisations with legislation,
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The importance of recycling materials
Pressure is taken off endangered species if countries encourage a policy of
recycling,

* Many car parts and drinks cans are now made of recycled metal.
This reduces the need for mining activity and consequently the effect
that mining has on the environment. The burning of fossil fuels used to
produce the heat needed to extract metals from their ores is also reduced.

* Bottles are made from recycled glass.

* Paper is also recycled, reducing the number of trees that need to be
cut down for fibres that are used to make paper products.

* Litter is also reduced by recycling, making our environment a more
pleasant place in which to live, but an ever-increasing component
of everyday litter is plastic. Most plastics are non-biodegradable,
which means that, though they may well be made of organic chemicals,
they are not decomposed by bacteria or fungi. It is therefore important
that they are recycled whenever possible. Another problem is the
very high temperatures necessary to melt the plastic — as this tends
to use up valuable fossil fuel resources.

% When sewage is properly treated, it can be recycled to provide an
effective fertilizer. The large amounts of water used to carry away
the sewage, and which would otherwise be wasted, can be purified
even to the extent that it can be returned to drinking water supplies!

% Be sure that you know exactly what the harmful substances in tobacco smoke are, and the

effect of each one.
Learn the characteristic features of viruses, bacteria and fungi.

*

Know that energy flows through a food web and is used by each member of the web for

metabolic purposes. It is never recycled.

Learn that energy is never manufactured’, or ‘made’ (except by the Sun) - it is released by respiration.

=%

Know the difference between a pyramid of numbers and a pyramid of biomass, Make sure you
know the difference between nitrification, denitrification and nitrogen fixation.

*

*

Make sure you are clear about the difference between pollution due to use of fertilisers and

pollution due to the use of pesticides.

*

Be able to name the ‘greenhouse gases’ and know how they may be responsible for global

temperature rise.

*

Know the ways in which air and water can be polluted,
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i;‘ Exam-style questions for you to try

; J L. With which type of organism do all food chains begin?
v

A. carnivore

B. decomposer

C. herbivore

D. producer

2. The diagram shows a food chain,

Which will be represented by the smallest block in a pyramid of numbers?
A. bird of prey
B. insecct larva
C. small bird
D. tree
3. For the food chain shown in Q2, which of the organisms will be represented by the smallest
block in a pyramid of biomass?
A. bird of prey
B. insectlarva
C. small bird
D. tree

4. During the manufacture of yoghurt, which type of organism is used, and which chemical
does it produce?

| [itypeoforganism | ichemical produced

' A bacterium | lacticacid
B i  fungus | hydrochloric acid |
LT T oo
B P yeast T alcohol

5. What s the cause of malaria?
A. afemale Anopheles

a male Anopheles

a single-celled organism

stagnant water g
R

o 0@

s
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6. Over a period of several months, a student recorded some activities of the wild life in a
particular habitat. The following observations appeared in her notebook.

1. Young shoots of a crop of bean plants covered with greenflies (aphids) sucking food from

the stems.

Saw z large bird (hawk). which usually catches mice, swoop to take a small yellow bird

clinging to a bean stem. Noticed that these small birds often visit the bean field to eat some

of the aphids or butterflies.

Flowers of beans being visited by many different species of butterfly.

Mice seen nibbling at some dispersed bean seeds.

5. Spiders web constructed between two bean plants with five large black flies caught in it.
Rotting body of 2 mouse nearby attracting similar flies.

|

:‘— PJ

(a) Complete Figure 59 by filling in the names of the organisms to show the feeding

relationships in this community.

[4]
o "\
] »* A
/ \ l
/ |
¥ Iy ”
i
bean plants
Figure 5.9
(b) (i) What name is given to a chart of feeding relationships as shown in Figure 5.9?
................................................................................................................................... (1]
(ii) Name two top carnivores observed by the student.
OO .- - S
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t’ (c) In each space below,

[ { (i) draw and label a pyramid of biomass for the hawks, mice and bean plants in 1};q
f\:" habitat.
\
(2]

(ii) draw and label a pyramid of numbers for a bean plant, small birds and aphids,

(2]

Cambridge O Level Biology 5090 Paper 02 Q3 June 2008 |
7. (a) Define the term drug. |
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Development of Organisms
and the Continuitly of Life

.. This chapter deals in detail with the way that life is handed on from one

2‘ generation to the next. First it considers the process as it occurs in plants. and
+) then how it occurs in human beings. There are detailed descriptions of the

4 reproductive organs of both plants and humans, together with how humans can
‘< control the birth rate (and avoid sexually transmitted diseases). There follows

>( a section on genetics and how genetics and the environment are responsible

/' for variation and for the process of natural selection. The chapter ends witha

.y consideration of some aspects of genetic engineering.

;= Reproduction

B
As organisms grow, they increase in the number of cells thev possess. Cells,
therefore, need to be able to reproduce. Each new cell must be able to carry
out the functions of the cell from which it arose. Therefore, each new cell
must have the same genetic make-up as the cell that produced it. This is
achieved by a controlled process of cell division known as mitosis. In mitosis
the cell’s chromosomes first make exact copies of themselves (and therefore,
also, of the genes they possess) and then the identical sets of chromosomes

separate and each enters one of the two new cells produced.

Mitosis is therefore defined as cell division that gives rise to genetically
identical cells in which the chromosome number is maintained.

Mitosis is responsible for making new cells during:

* growth
# replacing the cells that are damaged, and
* the cells that have become worn out.

Asexual reproduction

Asexual means ‘without sex’, and asexual reproduction involves the production

of an offspring as the result of cells dividing by mitosis.

Asexual reproduction is defined as the pfoducﬁon of géneﬁc;zﬁ;i :dentlca-l,)
offspring from one parent. ‘

ol RSN
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A population of organisms thus produced, and all genetically identica], j

known as a clone.
The advantages to an organism of asexual reproduction are:

1. Only one parent organism is required.

2. Itis a relatively certain method of reproduction.

3. Since the parent can survive in that particular habitat, the genetically
identical offspring are bound to be suited to the environment as well,

The disadvantages are:

1. Alack of variation in offspring limits the process of evolution.
9. Adverse conditions and disease will be likely to affect all members of
the population.
3. Overcrowding causes competition for resources (water, nutrients
and, important in plants, light).
4, Distribution of the species is likely to be limited. However, asexual
reproduction in plants is an important commercial procoss, since
a. it produces large numbers of offspring
b. it produces them quickly, and
c. they are all of known characteristics (suc: 2s flavour,
appearance, yield and disease resistance).
A commercial application of asexual reproduction in plants is the use of a
technique called tissue culture.

Plants reproduced by this method of asexual reproduction include food plants
(the oil palm, the date palm and the banana) and horticultural plants such

as Begonia.

A method for reproducing plants, commercially using asexual reproduction

Method: Some actively dividing cells (e.g. from near the tip of a root, or from the cambium cells
that lie between the xylem and phloem in the stem) are taken from the parent plant.
These cells are placed on a culture medium in many separate dishes. The culture
medium is a jelly-like substance called agar containing plant growth hormones and
the ions necessary for healthy growth.

The dishes are kept in a suitable temperature and are covered to prevent the plants
drying out.

£ 3 Results: The cells continue to divide and then some of them become modified to produce
" small (adventitious) roots and some become modified to produce small shoots
bearing lateral buds.

; WWMWW/WWWWWWWWWM
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These plantlets can then be transferred to compost and will develop into clones
of their parent. The commercial advantages ares

It is quick.

It is reliable.

It gives plants of guaranteed type.
It is profitable.

_/‘,,r\’ '\

™ | Makealist of plantswithwhichyouarefamiliar that reproduce
using asexual reproduction.

* * % =

Sexual reproduction

In sexual reproduction, two nuclei fuse together to form a new individual.
Each of those nuclei must contain only Aalf the full number of chromosomes
for that species. (Each species has its own fixed number of chromosomes -
which is 46 in the human, of which 23 come from the mother and 23 matching
chromosomes from the father.)

In order to reduce the number of chromosomes by a half, those cells (known
as gametes) that are used in the process are made by a special type of cell
division know as mieiosis (or ‘reduction division’). Having the full number of
chromosomes is described as the diploid condition; having half the number of

chromosomes is described as the haploid condition.

Meiosis is therefore defined as a reduction division in which the
chromosome number is halved from diploid to haplo_id.m

A further advantage of meiosis is that, during the process, genes are ‘shuffled’
so that no two gametes possess identical sets of genes, thus no two offspring

will be genetically identical (except in the special case of identical twins). (See
the section on ‘variation’)

Sexual rébfoddcﬁdn is defined as the fusi'oh of haploid nuclei to forma !
diploid zygote and the production of genetically dissimri!ar qﬁspn‘ng. {

b 4

Development of Organisms and the Continuity of Life 139
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Sexual reproduction in plants
‘he flawers of plants are the organs of sexual reproduction. Vlovrers have: (1
following parts;

1. Ihe sepals are (usnally) green, leaf-like structures which protect (.,
flower when it is in bud.

2. 'Ihe petaly may be large, colourful, seepted with lines on themn (nectay
puides) i the flower s pollinated by insects, but small, green or cyey,
absent entirely if the flower is wind pollinated,

3 'The anthers are situated at the end of fHaments (anther + filament, -

(™ stamen). ‘Ihey contain pollen sacs, which make and then release
S ﬂ_ pollen grains, cach of which containg the male gamete(s),
Pollen gralns are not A, "The carpels are the female part of the flower, Yach carpel is made )

the male gametes, They

contaln the male gametes,
L | )

of a (sticky) sthgma (for receiving pollen during pollination), connected

by a style to the ovary, in which lic the ovules, which contain the
female gamete,

“Pollination is the transfer of pollen from an anther to a stigma.

- ' SUURTTI ¢ i
[—}m Ihig may be self-pollination when the anther and stigma are either in the same

flower, or in different flowers on the same plant,

&
It still sexual Or it may be cross-pollination when the anther and stigma are in flowers on
reptoduction, even though

pollinatlon tmay occur different plants of the same species,

within the same flower or

Pollination may be brought about using different agents for carrying the
plant, It still involves the

(uslon of gametes = il o pollen. ‘The two most common are wind and insect, Wind- and inscct-
3 h es5 = a o )

Wl:l(h will e genetlcally pollinated flowers show structural differences which are adaptations to their
unlee, method of pollination.

| J

'The differences between wind- and
insect-pollinated {lowers

‘

petals :lmnll or absent tlargc (to act as landing platform for insects)
[d ;co]ourful “
no.@iﬂ scented
nectar gul ‘nectar guides present

nectar present to attract insects

(1:3() Cambiidge O Level Blology Revislon Guide
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- wind:pollinated insect-pollinated

pollen grains ~ small

dry and dusty
smooth-coated
light

more casily carried by wind

vast quantities (greater wastage)

anthers held outside the flower in the wind
relatively large
stigmas large surface area

outside flower

larger

sticky

rough-coated

relatively heavy

more easily carried by insects

smaller quantities (much more certain)

protected within the flower where insects will
touch them

relatively small
smaller surface area

inside flower

Examples of wind-pollinated flowers: maize and grasses (see Figure 6.1).

exposed anther, large and

of pollen

. ovary
exposed feathery stigma

giving a large surface
‘| area for catching pollen

(a)
s

producing great quantities F

When pollen from wind-
pollinated plants is
breathed in, the human
body can ‘mistake’ the
foreign chemicals on the
coat of the pollen grains
for potentially harmful
pathogens. The result is
that they cause a reaction
similar to that experienced
when a virus for the

| common cold is inhaled.
(b) i This leads to a runny nose

q

Flgure 6.1(a) A wind-pollinated flower (grass flower)

(b) Pollen grains of a wind-pollinated plant on a stigma

Development of Organisms and the Cont[

and sneezing — typical

signs of ‘hay fever'.
{

0
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Exarmples of insect-pollinated flowers: beans and black-eyed Susan (See Figure 6.2).

m pEe——

Ser Hotx 28 e font of !
e hook o Row 10 S [
™ e o It - '
noliraiad fower

large colourful
petals

pollen grain

. " sepal

i "\

] -

fower \b

st / | | b |
C owle || anther style
| filament

! ovary stigma

| (protected

| within petals)

| (a)

Figure 6.2(a) An insect-pollinated flower (black-eyed Susan)
(b) Pollen grains of an insect-pollinated plant on a stigma
N \
& Q R
(,’//" ‘& O .
: v Using a lage insect-pollinated flower, carefully remove the

sepals. petals and stamens. Depending on the size of the flower;
you may be able to remove the parts quite easily using your
fingers, otherwise you may find a pair of forceps helpfiul.
Usingamagnifying glass (x8 orx10) make large drawings ofone

|

|
|
|
|

|
¢
|
|
|

= 0 Level Biology Revision Guide
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of each of the type of structure you have removed. Also, make a
large drawing of the carpel still attached to the flower stalk.

Use a hand lens to identify the structural features of a wind-

pollinated flower (eg, a grass). Check against the list of
differences between insect- and wind-pollinated flowers above
to see how many of the differences you can observe in your

two flowers.

0 b

Using two clean glass slides, gently tap a mature anther from
the insect-pollinated flower on one slide, and gently tap the
entire wind-pollinated flower on the other slide. View both
under the microscope (the use of low power will probably be
sufficient). Compare the appearance of the pollen grains from
the two different types of flower.

{ A
Scanned by CamScanner



Fertilisation in flowering plants
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Figare 6.3 A 6030 bean seed out i hatf (with one cotyledon
removed)
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Seed dispersal

Once it has developed within the fruit, the sced containing the embryo plant
must break free from the parent and be dispersed. In this way, the plant species
is able to colonise new areas. his also prevents overcrowding and avoids
competition with fellow offspring for light and for nutrients.

\ /////

_/— parachute of sepals

/2 \\

=%}’

|
l
!

=

to delay descent of
seed, allowing wind to
carry it away

seed inside pericarp

Figuré 64 A wind-dispersed fruit

e

Cross section through
tomato fruit

|

ey

seeds with
testas which
are resistant
to enzymes of
digestion

s VL it G o AL i L s i

fruit wall (pericarp)
colourful, sweet and
fleshy to attract

animals J
E— =~ ‘.

Figure 6.5 An animal-dispersed fruit

| @0 Cambridge O Level Biology Revislon Guide

It may be some time before the seed is in a suitable
environment for growth. The food stored in the
cotyledons will keep it alive, though many seeds
never find a suitable environment and there is great
wastage. There are two main agents of dispersal
responsible for carrying away the seed (often stil|
part of a fruit and thus still inside its pericarp).
These are wind and animals.

Wind-dispersed seeds (or fruits) are usually:

* light in weight, and

* have their testa (if it is a seed) pericarp or
sometimes the sepals (if it is a fruit) extended
to provide a large surface area first to catch
in the wind to pull the seed or fruit clear of
the parent, and then to slow down its rate
of fall allowing the wind to carry it some
considerable distance away (See Figure 6.4.).

Animal-dispersed seeds (or fruits) (e.g. Figure 6.5):

* may rely on coloured, sweet and juicy

pericarps around them to attract an animal
(often a bird)

may rely on enzyme-resistant testas so that
the seed can pass through the intestines and
leave the animal in the faeces at a distance
from the parent plant, or

may be dry, with hooks on their testas or
on the surrounding pericarps, which catch
a small mammal’s fur and are carried some
distance before being removed.
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Germination of seeds
7 1 3 1 1t
When suitable environmental conditions are available, the seed will germinate.

The conditions necessary for seed germination are:

I.-watler (to activate the enzymes)
oxygen (to allow for the release of a great deal of energy from
respiration to fuel the greatly increased growth rate)

a suilable temperature (enzymes operate efficiently only if the
temperature is suitable for them).

Light is not necessary, except in a very few cases.

So long as conditions are suitable, the enzymes work to digest the food stored
in the cotyledons (see section on enzymes in germination), which can then be
carried to the growing regions of the embryo.

Aim To demonstrate the conditions necessary for seed germination
. Apparatus: - four test-tubes ¢
; « cotton wool
«+ rubber bung ;
- ignition tube :
. alkaline pyrogallol
. cotton, dry seeds (e.g. cress) :
/ Method: Set up the experiment as shown in Figure 6.6, and leave the test-tubes for 2— days.
// A cotton B C D
7 - wool IS
£} ..--"~-".-/(allows ah P i il A r::rl‘);r
Y. { withoxygen Y_-l-.f b e PO <
7 to enter
% freely)
7
g seeds 7 seeds _@3 seeds v seeds Y
2 ondamp '@’ ondamp-” [~ ] ondry @ ondamp LY
% cotton wool cotton wool cotton wool cotton wool )
5 alkalin2
7 pyrogallel
Z C 1 to absorb ‘
4 water — water v : e :
/ . . = Q
7 A — Control. Seeds leftin B — Seeds leftin C—Seedsleftinairat D — Seeds left at room
2 air at room temperature refrigerator (4°C) (nota  room temperature. temperature. ¥
4 (a suitable temperature suitable temperature for 3
/j for germination). germination).
; Figure 6.6 To demonstrate the conditions necessary for seed germination
;’ Results: Only the seeds in the tube which has access to all the three conditions (tube A) will
4 a . 3 ~ 2
% gerrmnate.Thusasultabletemperatum,waterandoxygenaneallnecesscm'forgemunanon.

N AL

e VYT te e Te o s o e too et e clalal et sle e gues s e e ol S S U e S Sy ANOOCDNERNR

A .

Jﬁ

Make sure that you do not
confuse wind- and insect-
pollination with wind and

animal dispersal of seeds.
1 J

Jﬁb

|

It is sdentifically more
accurate to refer to water,
oxygen and suitable
temperature as the required
conditions for germination
than to say ‘moisture, air
and warmth’.

A A S
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The use of enzymes in the germination of seeds_ .
Food is stored in seeds in the form of large. insoluble, organic molecules,
cither in cotyledons, or in a special storage tissue called endosperm. These

large molecules are usually:

* carbohydrate (often in the form of starch)

* protein, and sometimes

* fal.
When a sced germinates, these food stores must be changed into smaller
molecules which can dissolve in the water which has been absorbed by the
seed. They are then transported, in solution, to the growing regions of the

seedling in order to make new cells.

Enzymes, presentin the seeds, and activated by the absorbed water, bring about
these chemical conversions.

winne——Jomme ot

starch amylase glucose
_protein protease amino acids
fats . lipsse fattyacidsand glycerol

The glucose is used in respiration to provide the energy for the process of
growth,

'The amino acids are used to build up proleins in the cytoplasm of the new
cells,

Ihe fatty acids and glycerol recombine to form Jats which are used as an

energy store and to make important components of cell membranes. Fats also
provide a considerable amount of energy.

The above enzymes, in common with many others, work by digesting the larger

molccules. 'This is a process in which molecules of water are used to split (or
hydrolyse) large substrate molecules into smaller product molecules. The
enzymes are said Lo bring about hydrelysis of (he larger molecules

Sexual reproduction in human beings

Although a baby is born with a full set of reproductive organs they are not
functional during the first 12 (or $0) years of life, Under the influence of
hormones from the Pltuitary pland, the organs become

active at the time
known as puberty.

12 Cambridge O Level Biology Revision Guide
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The male reproductive system
The male nuclei involved in (e pProcess ol human sexunl reproduction are
located within male gameres (sex cells) ealled sperms (an abbreviation for
system is desipned (o manufactire

Place where they will e able 1o fuse with a

spermatozoa). The male reproduct ive
sperms and to deliver them to ()ye
female nucleus.

Testes
(Singular - testis)
stes are Lhe g s of ales (hal e Areo p— :
Testes are the gonads of the male: (hat is, they are the organs which produce
the gametes - in this case the sperms. ‘They are made of millions of tiny coiled

tubes. The cells forming the walls of (ese tubes are constantly dividing first by

mitosis, and finally by meiosis 10 produce up 1o 100 000 000 sperms per day.

The testes work more efliciently at just below body Lemperature, thus testes are

held outside the body in the scrotum (or scrotal sac),

Testes also begin to make and release the hormone testosterone al puberty.

This hormone is responsible for secondary sexual characteristics of males,
These are:

* the growth of hair on the face, under the arms and above the
reproductive organs

the increase in size of the larynx and the deepening of the voice
the increase in strength of the muscles

the increase in size of the testes and the penis

#* # * #

the production of sperms,

Sperm ducts

Sperm ducts are tubes which carry the sperms away from the testes, ‘They join
with one another and with the tube bringing urine, at a position just under the
bladder.

Prostate gland

The prostate gland is about the size of a golf ball, which surrounds the junction
between the sperm ducts and the tube from the bladder. It manufactires and
adds to the sperms a nutrient fluid (seminal fluid) in which the sperms are

able to swim.

o

sperms +  seminal fluid = semen |

e P . R i - -

Development of Organisms and the Continuity of Life
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Urethra

The urethra is a tube that carries both urine and semen along the penis to be
released from the body.

Penis
The penis is the organ for introducing sperms into the female. It contains
spongy tissue which fills with blood to make the penis firm (an erection’) so

that it can more easily be guided into the female. These structural features are
shown in Figure 6.7.

bladder
seminal vesicle
prostate gland

sperm duct

penis

)

‘ urethra

l

r

: epididymis
testis

scrotal sac

P~ 1

Figure 6.7 The human male reproductive organs

The female reproductive system
The female nuclei which are involved in the process of sexual reproduction are

located in the female gametes called ova (singular - ovum). The function of the
female reproductive system is to

* produce ova and to ensure that they are fertilised by the male gametes
* protect and nourish the embryo until it is born.

s

£ aiy

Ovaries !

Ovaries are the female gonads, making and releasing the female gametes (ova).
There are two, each a little smaller than a ping-pong ball, lying in the lower
abdomen. The female releases one ovum every 4 weeks from alternate ovaries:
that is, each ovary releases one ovum every 8 weeks.

QA-A Cambridge O Level Biology Revision Guide
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The ovaries

also release the hormones pProgesterone, which maintains the
spongylmngofthcutemsduringpregnancy.

and oestrogen, whichis responsible
for the secondary sexual characteristics t

hat develop at puberty and are:
the widening of the hips to give su

pport to a baby during pregnancy
the grow

th of hair under the arms and above the reproductive organs
the development of mammary glands (breasts)

the development and release of ova (eggs)

the onset of menstruation (the monthly period)

the depositing of fat. to give the body a more rounded figure.
Oviducts
Oviducts are

# B O ® # # »

the tubes which carry the ova away from the ovaries. They are
lined with cilia which, together with a little muscular assistance, help to move

the ova gently along, If fertilisation is to occur, it does so about one-third of the
way along the oviduct.

Uterus

This is a pear-shaped organ lying behind and slightly above the bladder. Its
walls contain inveluntary muscle (i.e. muscle that cannot be consciously
controlled). It is where the embryo develops during pregnancy.

Cervix

This is the neck’ of the uterus, where the uterus joins the vagina. It supplies
mucus to the vagina.

Vagina

The vagina is the part of the female system which receives the penis during
copulation. It is muscular and stretchable (it forms part of the birth canal) and

it connects the cervix with the slit-like valva opening to the outside. The main
features of the female reproductive system are shown in Figure 6.8.

sy

Fra e

oviduct

ovary

PR AT |

cervix

vagina

vulva

Loy ——— T T

Figure 6.8 The human female reproductive organs

Development of Organisms and the Continuity of Lif
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See ‘How air is cleaned
before entering the lungs’
onp. 83.
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A comparison of male and female gametes is given in the table below and

in Figure 6.9.
Rt S S | aniale gasaeles
released oneatatime

released in millions : —

able to move (are motile) | unable to move on theirown

very small (0.05 mm - of which around 80% is tail)  comparatively large (0.1 mm in diameter)

i —————=

very little cytoplasm alot of yolky cytoplasm 1o Mt
 nucleus contains either an X or Y chromosome ' nucleus always contains an X chromosome
. |head ]:G_/ nucleus cytoplasm
% | middle
See later for more % | piece
information on X andY | ‘ s
nucieu
chromosomes. ' ( 3
L J
il membrane which
quickly changesits |
nature after the entry |
10 pym of one sperm to ‘
prevent any more from |
passing through i
(a) (b) |

ngm 6.9(a) A human sperm
(b) A human ovum

The menstrual cycle

Once a female reaches puberty, she will start to ovulate (release ova from her
ovaries). Ovulation is one stage in her menstrual or monthly cycle. This cycle
is associated with the production of a spongy lining to the walls of the uterus
in which the embryo will develop. As shown in Figure 6.10:

* Over a period of about 14 days, the walls of the female's uterus develop a
spongy lining containing many blood capillaries.

* When the spongy lining is ready, ovulation occurs. The ovum passes down

the oviduct, but if the ovum is not fertilised by a sperm, it continues its

journey through the uterus and vagina and out of the vulva.

The spongy lining then peels away from the uterus wall, damaging the

blood capillaries, and is passed out of the vagina and vulva, together with

blood. This is menstruation or the monthly period, which lasts for a few
days, and occurs about 2 weeks after ovulation,

Qﬂs Cambridge O Level Biology Revision Guide
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3 * Once the uterus wall has recovered, it

I
begins to rebuild its spongy lining under
the influence of hormones (See below).

Meanwhile a new ovum is maturing in the

ovary.againunderhormonalinfluence.When time when sexual
. . Intercourse ;
mature, the ovum is released (ovulation), is most likely |
5 . i ) to lead to i
around 2 weeks after menstruation. * :

pregnancy

If an ovum is fertilised and the woman becomes
pregnant, her menstrual cycle stops until after
the baby is born. When a female reaches the
menopause, usually around 50 years of age, ovulation

she stops ovulating, and thus can now longer " Figure 6.10 The human female menstrual cycle
become pregnant.

O menstruation

O spongy lining of the
uterus developing
@ spongy lining of the
uterus at its thickest

Factors affecting the menstrual cycle

* Stress - Attimes of emotional stress, the menstrual cycle may become |
irregular.

* Diet-Aninadequatedietcanlead toanirregular cycle,and starvation
can suppress the cycle completely.

Hormonal control of the menstrual cycle

The control of the menstrual cycle involves several hormones, some produced
by the pituitary gland under the brain, and some by the ovaries.

The four significant hormones and their functions are as follows:

FSFTon e e prodiceil oo M

/ FSH pituitary gland promotes the ripening and release of eggs from the ovary
| LH | pituitary gland works with FSH to help ripen and release eggs, also prompts the
V,/ _ ; 7 | ovary to release progesterone and oestrogen |
oestrogen ovary

helps to create spongy lining to uterus wall aftér menstruation
and before ovulation

progesterone  ovary secreted after ovulation to maintain the spongy lining to the;i

uterus throughout pregnancy. It stops ovulation by inhibitingg

 the release of FSH. The ovary ceases to produce pro,‘;eesterone_.ifz..l
... [fertilisation does not occur, '
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e cells in the ovary that surround and nourish each egg before it is releaseq
(follicle cells) are the ones that become a temporary ductless gland after jtg
release, This temporary ductless (or ‘endocrine) gland is called the yellow body
and, under stimulation from LH, releases progesterone. If fertilisation does not
oceur, the yellow body breaks down after about 2 weeks; thus, progesterone js
no longer produced. The production of FSH is thus no longer inhibited so the

cycle begins again.

Fertile and infertile phases of the menstrual cycle

When there is no ovum in the oviducts, fertilisation cannot occur. It is unlikely
to occur if the ovum is not in the correct position in the oviduct, though this is
affected by the fact that sperms can live in the oviduct for a few days, allowing
the ovum chance to arrive. A woman'’s most fertile period is therefore from a
Sfew days before ovulation (allowing for the possible survival of sperms in the
oviduct) to a few days after ovulation. Outside this time, she is less likely to

become pregnant.

Human fertilisation

During copulation, sensitive cells near the end (glans) of the penis are the
receptors for a reflex action leading to the release (ejaculation) of semen. The
sperms are deposited near the cervix of the female, and then swim through the
uterus and up the oviducts. If they meet an ovum, around one-third of its way
from the ovary, one of the sperms will fuse with the ovum to form a zygote. This
is the moment of fertilisation.

Development of the embryo

The zygote, a single cell formed from equal nuclear contributions from both
parents, now begins to divide, eventually to form a hollow ball of cells. 'This
stage in embryonic development is called the blastocyst.

At first the embryo absorbs nourishment secreted by the cells of the uterus, but
it soon embeds itself (implantation) in the spongy lining of the uterus. Further
division of the cells turn the blastocyst into a fetus. As shown in Figure 6.1, the
Jetus is surrounded by a membrane (the amnion) which forms the amniotic
sac enclosing the fetus in a water bath (the amniotic fluid).

Functions of the amniotic fluid
* To protect the embryo from physical damage, e.g., if the mother
falls over
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o n gt the et yo, keeping pressure even all round it, allowing
trgptis Ay desebens writhienst restriction

s Tl the fetins sone restricted tmovement.

The nutrition and excretion of the fetus
Pt ot et i aned ezcpedion are caeried out through a special structure called
(e plae entan, “Thils is snmde g partly of material from the fetus, and partly of
patetial from the sgrmgy lining of the uterus, In the placenta, blood in mother’s
cupillaties s very close to blood in the capillaries of the fetus, Diffusion of
cubstaniees faves place betyeen the two blood systems,

diffusing from fefiis to mother

“nitrogenons wasl e’

g from mother Lo fetus
il ved it piente

e

i neids

(e

(reu
Yilmming
Yl
dinenlved g
Ry carbon dioxide

e placentn s connected

i

’

'f” =

The separate bloods do
not mix — they may be
different blood groups, and
they would be of different
pressures which would
harm the fetus’s developing

circulatory system.
|

o Ahe fetus by the
|

umbitleal — cord, Inside
|

vl ran fetal - Dlood

placenta

p——

vostels, ' the wmbllleal veln
biings substances fo (e
Febors, el e ombilien
ey cinrden sbatoncen
Jrom e (elu,

umbilical cord

uterus

~amnion..
amniotic fluid

cervix

vagina

SE—

Flguro 6.1 A fetus inside a pregnant woman
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‘The dictary needs of a pregnant woman
P An embryos development depends on the food eaten by its mother, so
[ : ’m pregnant woman must adjust her diet accordingly. She should ensure that th..
o levels of the following constituents are higher than in her normal intake:

* These should be raised

; *  protein” for the manufacture of embryonic tissues
10 the approximale

levels required by a very * carbohydrate® for additional respiration in embryonic tissues
active woman who is not

pregnant, * vitamin Cfor making proteins in the embryo

1 )

* vitamin I) and calcium for making bones and teeth of embryo
* iron for making embryos blood.
The value of breast feeding

Ater the birth of the baby, milk from the mammary glands supplies the idez]
food for the first months of development, since it

* ischeap

* isreadily available

* contains all the necessary constituents, in the correct proportions
* jsatthe correct temperature

* contains some antibodies which protect the baby against disease

* develops the mother/baby bond through breast feeding,

Some babies have suffered reactions to the substitute formula milk powders
which are used in bottle feeding,

Birth control

The world population has risen alarmingly over the last few decades. It is
already difficult to supply enough food to all areas of the world. A solution lies
in birth control. The main methods are discussed here.

The ‘natural’ or rhythm method

The rhythm method limits sexual intercourse (copulation) only to those times
in the menstrual cycle when fertilisation is less likely. However, a womans
menstrual pattern may not be a reliable indicator of her fertility. Severe anxiety

@0 Cambridge O Level Biology Revision Guide
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and malnutrition can suppress the menstry

al cycle completely. Varying degrees
of anxiety and dietary de

ficiency can lead to an erratic menstrual pattern.

Al v - -

Not all healthy and perfectly happy women have predictable and regular
periods — particularly whe
when eggs are no longe
be that ovulation usy

before the start of men

n feenagers or when approaching the menopause
rreleased. Often the most accurate prediction can only
ally occurs somewhere between 12 days and 16 days

struation. The rhythm method is therefore not a reliable
method of avoiding pregnancy.

The chemical method
In the chemical method, chemicals that kill sperms (spermicides) are put into
the vagina of the female before intercourse, This is not

avery cffective method
of birth control when used on its own.

Mechanical methods

In mechanical methods, some form of barrier is put between the sperms and
the ova. The barrier may take the form of

* acondom, asheath placed over the penis before intercourse to catch

the sperms when cjaculated
a femidom, which lines the vagina of the female with the same result,

* adiaphragm, which [its over the cervix of the uterus, preventing the
entry of sperms. It is usually used with a spermicide.

Barrier methods are popular and quite effective.

An intra-uterine device (1UD) is a contraceptive which is filted inside the
uterus. ‘There is no barrier between the sperm and the ovum. It does not stop
fertilisation, but it prevents implantation of the blastocyst. ‘This is an effective
method of birth control but it has to be fitted by a qualified person.

The hormonal method

The hormonal method is otherwise known as the pill. The woman takes a
tablet which contains a hormone (similar to oestrogen and/or progesterone),
When taken regularly the pill prevents ovalation; (herefore, no ova are
present to be fertilised. This is an effective method of birth control if the routine
is followed carefully.
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Surgical methods

» In the male: Cutting the spe
1t is effective but rarely reversible.

* In the female: Tying the oviducts to prevent the passage of ova

effective and usually reversible.

rm ducts (the operation is called yqg,,

Cl"'"y)

Abstinence
Abstinence is another method of birth co
sexual intercourse except when intending to create a baby.

ntrol. It involves not engaging
n

Sexually transmitted diseases

During the act of sexual intercourse, the bodies of the partners are broygy
into close contact during which pathogens can easily pass from one host t,

It is inaccurate to refer to g
the HIV virus. another. Sexually transmitted diseases (STDs, or sometimes referred to as STJs

L ,  where theI stands for Infections) include syphilis and AIDS.

i Syphilis is caused by a bacterium. AIDS is caused by HIV (the Human Immuno
deficiency Virus). The table shows the features of syphilis.

M signs and symptoms

treatment and control

ELE o TR S e TS T AR TS PSR ST AT T T

s

. syphilis sores on penis, around vdlva, ; ‘destruc;tion of the antibiotics,

, slightly raised temperature, | tissues of braln. limitation to one sexual partner,

| ‘arash, headache - |skeleton, skin andg '‘use a condom

e .“.JL o, ~____|lother major o‘rgaris-f“i il , S
AIDS
The AIDS virus (HIV) lives in body fluids such as blood and semen.1t '+ thus
transmitted from host to host when drug users share unsterilised nee: = 10
inject themselves, since there is usually a little blood from the previc:
which is injected along with the drug into the second (and subsequent’

N i e

ol

* Itis transmitted in semen from one partner to the blood of a©
there is any tearing of tissues during intercourse.

* Itis transmitted from an infected mother's blood to her baby
during the birth process.

It may be accidentally transmitted in untreated blood
blood transfusion,

{\lthough drugs can slow the progress of the disease, there is, as yet: 1o ¢t
it. It can, however, be controlled by several measures:

y Revl ""’uide
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I Educating the public about how it is spread and what precautions
can be taken.

Never sharing needles.

LR

Avoiding sex with Pprostitutes since they are often carriers of the
disease. Stay with one STD-free partner.
If in doubt, always wse a condom or other barrier method of

contraception which prevents direct contact between the body fluids
of the two partners, ‘

5. Treat all blood and blood products used in tr
HIV.,

ﬁ. Inheritance

Sexual reproduction leads to variation in the offspring. No two offspring from
the same parents, produced by sexual reproduction, are genetically identical.
An exception occurs when the offspring develop from the same ovum and
sperm, in which case they are ‘identical twins.

da

ansfusions to destroy

Two types of variation are seen:

1. continuous and
2. discontinuous.

Continuous variation

Continuous variation is the result of the interaction of two factors:

* the genes that are inherited by an individual | et
* the effect of the environment on the individual.

The environmental factors involved might include

* the availability and type of food (in animals)

% disease and

* the climate
+ amount of sunlight
+ temperature
+ amount of available water

#* theions present in the soil (in plants)

* competition from other organisms in the environment,

In continuous variation, individuals show a range between the two extremes,
Every possible intermediate between the two extremes will exist.

: v 15
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Examples of continuous variation:

* body mass
* height
* foot size.

Discontinuous variation

This is the result of inheritance only. There are few types, with no inter-
mediates.

Examples of discontinuous variation:
* Dblood groups

¥ the ability to roll the tongue into a ‘U’ (either you can or you cannot!).

e (b

number of people in a population
with each blood group

number of people in population at each height

| ! | '
height/metres 25 A B AB 0
blood group

L
tn

Figure 6.12(a) C(_Jnﬁnu_ous vaniation (with every possible intermediates between two mehes) :
(b) Discontinuous varations (no intermediates) .

The chemical structure of chromosomes |

BT RTINS TR W

. Chromosomes, situated in the nuclei of all living cells (except bacteria which

7 have no true nucleus), are made of the chemical substance DNA. The DN

? molecule, looking rather like a very long, twi i
| N , y twisted rope la C:
; The Greek word ‘helix = IS 1D

means a spiral.

| two strands (of alternating sugar and phosphate units) held together by pair:
i w

:

l

of chemical units called bases. (These bases form the Tungs’ of the ladder.) Th¢
molecule is described as a double helix.
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There are only four bases, but the se
two DNA strands is responsible
molecules which are m
molecule is likely
follows th

quence in which they occur in one of the
for the sequence of amino acids in the protein
ade in the cell. Since the sequence of bases on a DNA

to be different for each (sexually produced) individual, it

at no two individuals will make protein molecules wi

th exactly the
same sequence of amino acids,

The length of chromosome which contains the bases necessary to make
one protein molecule is otherwise known as a gene,

Thelnﬂtofinherhance

A gene is defined as a unit of inheritance.

Each gene is responsible for making one particular proteinin a cell.

For the purposes of understanding the mechanism of inheritance, it is
convenient to imagine a chromosome as a string of be
Figure 6.13. Each bead represents one gene.

=

ads, like that shown in

gene

OO 461 e% 5

Figure 6.13 Representation of a chromosome

During cell division, genes are copied and these copies are passed on from
parent to offspring, via chromosomes in the nuclei of the parents” gametes.

Genetic inheritance

Chromosomes in a healthy cell exist in matching pairs. E.g, humans have
23 matching (or homologous) pairs. Of each matching pair, one is inherited
- from a persc;n’s mother and one is inherited from their father. The genes on
homologous chromosomes also match. Look at two strings of beads, like those
shown in Figure 6.14. The order of the different shapes of beads is the same on

both strings, i.e. the genes also exist in matching pairs. Matching genes on
homologous chromosomes are called alleles.

—

a pair of alleles chromosome |1
WO 00— inheited |

Key: et from mother

dominant alleles @|:

recessive alleles Q|

chromosome
_._—O'_A_'_’—'D—G"%ﬂ— inherited
position: 1 2 3 from father

Figure 6.14 Representation of alleles on homologous chromosomes v

L e
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i indiiduzl zee the e
Most features (characters) found in zn inGiiGu - R A,
inherited from the f2ther, 204 oo
interaction between one allele inherited from the / , h o
it zetly mztening (o by
occupying exactly the same position on the exactly mziaiing L7

chromosome, inherited from the mother.

. a w arpinbiomm ] g e Zed 2
A character(istic) which shows discontinuous variation will efen ex: - .

7

two forms. The alleles that control it also exist in two forms, czle2 dr/minax;f

and recessive.

In Figure 6.14, the alleles in position 1 are both dominant, in position 2 <.

both recessive and in position 3 there is one of ezch.
An offspring may therefore inherit

* two dominant alleles, one from each parent. and is then descr-.
as homozygous dominant

* tworecessive alleles, one from each parent, and is then descrin--
homozygous recessive

* one dominant and one recessive allele, and is then describeg z;
heterozygous.

These are the three possible genotypes of the individual.

If at least one dominant allele is present in the genotype, then the indivigns!
will show the dominant feature in their appearance (or phenotype). Tn

us

the homozygous dominant and heterozygous genotypes will give the sam

phenotype. The homozygous recessive individual will have the alternative

(or
contrasting) phenotype.

Variation as a result of mutation

Genes and chromosomes are always subject to change (or mutation) as =

result of environmental forces acting upon them. These forces are kno
mutagens, and include

* X-rays

WI1 as

¥ atomic radiation
* ultra-violet light and
¥ some chemicals.

Exposure to higher doses of any of these muta

gens will lead to a greater rate
of mutation,

{A mutation is a spontaneous change in the structure of a gene or
{&hromosome.

s RN e

Sickle-cell anaemia is an example of a condition caused by a gene mutatioi:
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Both parents hand on mutated (and recessive) allele for making

lmt;mogmb.m in red blood cells, The homozygous recessive offspring cannot
make effective haemoglobin, ang cannot carry sufficient oxygen (and the red

b?ood cells take on a distorted shape). A person with this condition is likely to
die at an early age.

) .
Down’s syndrome is an example of

a condition caused by a chromosome
mutation,

There are 46 (23 pairs) of chromosomes in every normal cell of the human body

(but there are 23 unpaired chromosomes in each gamete); 46 is known as the
diploid number, and 23 as the haploid number,

If, in the cell divisions that produce the gametes in one of the parents, one
extra chromosome enters one of the gametes, then there will be 24 (instead of
23) chromosomes in that gamete, and 47 (instead of 46) chromosomes in the
zygote if this gamete is involved in the process of fertilisation. In older parents,
thereis a greater tendency for chromosome number 21 not to separate properly
as gametes are being made. The child inheriting the extra chromosome will

suffer from Down’s syndrome, with consequent retarded physical and mental
development, and characteristic facial appearance.

Monohybrid inheritance

Organisms inherit alleles for thousands of different contrasting characters. E.g,,
human hair is either curly or straight, and we either can or cannot smell the
scent of certain flowers. If only one pair of contrasting characters, controlled in
the individual by one pair of alleles is being considered, then this is described
as monohybrid inheritance, of which there are two types:

1. with complete dominance
2. with codominance.

Inheritance with complete dominance

This is where the presence of only ene dominant allele will decide the
appearance (i.e. phenotype) of the individual.

Example: The colour of fur (coat colour) in mice

In mice, brown coat colour is dominant over grey coat colour. In an experiment,
a homozygous dominant (or ‘pure-breeding’) brown male mouse mated with
a homozygous recessive (also pure-breeding) grey female mouse. All their
offspring (i.e.theF ,or first filial generation) were found to be brown.

Development of Organisms and the Continuity of Life 1@
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The offspring of the F, generation were then allowed to freely interbreed. It
found that their offspring (the F, gen eration) were brown to grey ina 3:1 ratio, Th;s
can be explained in a genetic diagram which must be set out as shown beloy;

Genetic diagrams

Genetic diagrams are a way of looking at the combinations of alleles that cap
be produced by two parents. In constructing genetic diagrams, the letters of the
alphabet (rather than beads) are used to represent alleles. A dominant alle|e
is represented by a capital (upper case) letter (like A, B or C) and its recessive
allele is represented by a small or lower case version of the same letter (like a, b

or c) as shown in Figure 6.15.

|

. ._A_ may be —‘— may be ﬂ— may be 1

represented by represented by represented by |
BB Bb bb 1

Figure 6.15 How letters are used to represent alleles

Full genetic diagram to show a cross betweena e
homozygous brown-coated mouse and a homozygous
grey-coated mouse

Key to alleles

‘B’ represents the dominant allele for brown coat colour in mice.
‘b’ represents the recessive allele for grey coat colour in mice.

Parents male X female
genotypes: BB bb
phenotypes: brown grey
Alleles found in gametes: B B b b

(Note: Statistically, there is an exactly equal chance of either of the alleles from the
male combining with either of the alleles from female at the time of fertilisation).

F, generation of the male
Gametes
B B
of the female b L L)
b Bb Bb
genotype: all Bb
phenotype: brown
F 'selfed’ (allowed to interbreed) Bb X Bb
gametes: B b B b

(Note: Again, statistically, there is an exactly equal chance of either of the alleles from
the male combining with either of the alleles from female at the time of fertilisation).
F, generation

Gametes of the male
B b
of the female ) = =
b Bb bb
possible genotype: BB Bb Bb bb
o phenotype: brown brown brown grey
Ratioina la'rge sample: 3 brown : 1 grey
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The results are given as a statistical ratio in a large sample. The smaller the
sample. the less likely that the ratios will be as shown.

In humans, where only one oftspring is likely to be produced at a time, the
probability of that offspring inheriting a particular feature is often given.
Probability is usually expressed as a percentage.

Example: Cystic fibrosis in humans

Most people produce normal protein in the mucus found in their lungs. This is
due to the possession of at least one dominant allele F. The homozygous recessive
person has the genotype ff, and their lungs contain a particularly thick and sticky
mucus, making gaseous exchange difficult. The person suffers from cysticfibrosis.

If two parents, both heterozygous for this condition (Ff) have a child, then the
probability of this child having the genotype ff, and therefore suffering from

cystic fibrosis, is 25%.

PE R T

(e B
The test (or back-) cross
Ofthe brown mice in the F, generation shown above, approximately one-third of
them will be homozygous dominant (BB), and two-thirds will be heterozygous
(Bb). There is no way of telling from their phenotype which type they are. Thus
a test (or back-) cross is performed.

In a test cross, the individual is mated with a homozygous recessive partner.

If the individual is heterozygous (Bb):

Parents
genotypes: Bb X bb
phenotypes: brown grey
gametes: B b b (b)
B b
b Bb bb
Offsprin
ﬁpgengones: Bb x bb
phenotypes: brown grey
Ratio in a large sample: 1 brown : 1 grey
If the individual is homozygous dominant (BB):
Parents
genotypes: BB X bb
phenotypes: brown grey
gametes: B (only) b (only)
B
Bb
Offspring >
genotypes: All Bb
phenotypes: brown

e ——— S
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Inheritance with codominance o
Sometimes both alleles have an equal effect on the phenotype of an individua),
When this happens, the alleles are said to be codominant. The individug]

which is heterozygous will therefore show a third phenotype - different from
the two homozygous possibilities.

Example: The inheritance of human blood groups
This is still an example of monohybrid inheritance, but this time, there exist
three possible alleles. Only two of them are possessed by any one person.

The alleles are 14, I® and I°.

Both I* and 1" are dominant over I°, but are codominant to one another.
Thus, the following possible genotype combinations with their blood group

phenotypes are shown below:
ISTA blood group A
IS blood group -A
IR ° blood group B
It blood group B
212 blood group O
ALY blood group AB

An example of the inheritance of blood groups in humans can be shown in the
following genetic diagram:

Parents
genolypes: PR
phenotypes: group A
gameles: o

X l'l\l\\
group B
l“ IC

" 1 *1

& 1N

Offspring
possible genotypes: e
phenotypes:
- blood groups AR
- probability 259 '

'lu ln

0

25%

Q?O Cambridge O Level Biology Revision Guide

Scanned by CamScanner



Key terms

: . 1 & ) ., I .4 ) - - L e o AN 0L al

variation the different characteristics produced in an individual by sexuat
reproduction ;

continuous variation where both inherited and environmental factors determine the

characteristics of an individual (e.g. body mass, height)

discontinuous variation where inheritance alone determines the characteristics of an individual

(e.g., blood group)

gene a unit of inheritance, forming part of a chromosome, passed on from,
parent to offspring via chromosomes in the nuclei of the parents’ gamete$
‘gametes male or female sex cells
alleles different forms of the same gene
dominant alleles the presence of a single dominant allele will have the same effect on the |
phenotype of an individual as the presence of an identical pair ofthem
recessive alleles characters determined by these genes will not appear in an indmdual';
unless two recessive (no dominant) alleles are present
genotype the genetic combination of an individual :

homozygous dominant  individuals with two dominant alleles for a particular character, one from
each parent

homozygous recessive  individuals with two recessive alleles for a particular character, one from

each parent
heterozygous individuals with two different alleles fqr a particular character
lphenotype an inherited feature in an individual's appearance. The homozygous

dominant and heterozygous genotypes give the same phenotype. The
homozygous recessive individual will have a contrasting phenotype.

mutation a change in genes or chromosomes through environmental forces
(mutagens), e.g., X-rays, atomic radiation

monohybrid inheritance  inheritance involving only one pair of alleles

complete dominance ~ when the presence of a single, dominant allele will 'héve the same effect
on the phenotype of an individual as the presence of an identical pair of
them

codominance when, in the heterozygous condition, both,alleles have an effect on the

h e of the mdmdual
phenotyp *_‘.éii‘__ v
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The inheritance of sex

)i ined at the momens ..
Whether a child is born male or female is determ nt o
fertilisation,

man nucleus, one pair is known as 1,

‘ ' inahu

Of the 2% pairs of chromosomes in a ‘ '

' : are identical an .,
sex chromosomes, In the female, the sex chromosOmes & fand are

called X chromosomes.

In the male they do not exactly match one-another. One o.f them is an y
chromosome, exactly like those in the female, but the other is a (shorter) y

chromosome, ‘Thus, the sex chromosomes are
XX for a female, XY for a male

‘The gametes contain 23 single chromosomes, and thus only one of the two sex
chromosomes that exist in normal body cells.

In females, all gametes contain an X chromosome (she has no other type
Lo give).

In males, 50% of the gametes contain an X chromosome and 50% contain a
Y chromosome.

Thus there is an exactly equal chance of the X chromosomes in the ovum

fusing with an X carrying sperm to produce a daughter, or a Y carrying sperm
to produce a son.

Parents father X mother
sex chromosomes
in body cells: Xy ' 4
in gametes: X p i X (only)
At fertilisation:
X Y
X XX XY
Offspring
chromosomes: XX XY
female male
probability: 50% 50%
v ity ﬁ

Scanned by CamScanner




There is not only a wide v
but from the section on

wide variety shown betw,

ariety of different animals and plants on the planet,
variation and genetics, it can be seen that there is a
een members of the same species.

Examples of the variation shown by members of a population in a given habitat
include:

* the shade of coloyr ofaleaf-eating insect

* the sharpness of birq of prey’s vision

* the speed at which g gazelle can run.

Selection

In all these examples, the variation

can have some effect on the success or even
on the chances of survival of that o

Iganism in its environment.

* The leaf insect with better camouflage may escape the notice of a
hungry predator.

* The bird of prey with the sharper vision is more likely to find a meal -
particularly important when food js scarce.

*

The faster the gazelle can run, the mor

e chance it has of escaping
from a hungry lion,

All organisms are therefore in competition with oth

er members of their species
in that p

articular environment. The winners in that competition survive to

reproduce. The losers provide food for predators, or fail to o

btain enough food
to remain alive.

It is the environment which ‘decides’ which or

ganisms survive. The process is
called natural selection.

Since the variation is controlled by the genes possessed by the organisms, the

surviving individuals are able to hand on their advantages, via their genes, to
the next generation.

Evolution

The offspring of the survivors also show variation, and so the process is
repeated over many generations. By natural selection, lions will improve thejr
stealth, and camouflage. Other species may now become threatened by the
lion. Ecosystems are thus constantly in a state of change, and all organisms in
it may also have to adapt to gradual climatic change as well.
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« known as evelution. I during 1),
i padual chiange by natural selection is known

Wl into lwo isolated branches, cach
Process, o popilation becomes separated

Vs sivironme
Braneh will then adapt to different envin

species,

ntal changes and evolve into pey,.

Artlﬁclal SBlCC“O“ st the environment - who
W the process ol artifictal selection, it is humans = ne e to breed organism.
pertorm the selection, ‘that is, people deliberately choose Sanisms
with pacticular characteristics,

. ; » selective breeding
Many crop plants and farm animals of today are the result of g

programmes, Examples include:

tnereased milk production in goats or cows
increased meat or wool production from sheep
increased vield from cereals

s = & &

increased disease resistance in many crops.

As wresult, greater profits are made from greater quantities of better quality
4 produce,

tall cases, the following procedure is followed:

o

+The individuals showing the quality required are selected.
| 2 Those individuals are used as breeding stock.
3. From their oflspring, only those showing the desired quality to the
greatest extent are selected.
L These selected individuals are used for breeding,
5 'Ihis process is continued over many generations.
‘There is u danger, however, that this form of ‘inbreeding’, will increase the
alleles coming together, This may giv
lorm of genetically controlled deformity (e.g. a heart defect),

chanees of two recessive e rise to some

.
Genetic engineering
Since we are now able to identify
encode for the production of a cert
and inserted into the cell of anothe

specific genes (je. lengths of DNA which
ain protein), that gene ¢
I organism,

an then be isolated

; @4 Cambridge O Level Biology Revision Guide
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Gene transfer

A particular gene, even when transferred to anothe
as it would do in its original cell. Thus, it is
proteins ofatype which it would not normall
other cells. In thig way, ge
low yield can be

r cell, will continue to operate
possible to cause a cell to produce
y produce, by introducing genes from
ase resistance existing in a crop plant with
rop plant with a high yield, but low disease
a genetically controlled condition like cystic
tby the introduction of genes from a healthy person.
amples, gene transfer is between organisms of the same species.

nes for dise

Introduced into a ¢
resistance, A person who inherits

fibrosis may be able to benef;
In both these ex

Gene trar o .
a 1sf'er between organisms of different species is commonly used as in
the production of the hormone insulin

Commercial manufacture of insu

' : lin using genetic
engineering

The gene for the production of human insulin (a protein) may be taken from a
healthy person and inserted into a bacterial cell. The human DNA operates

within the bacterial cell just as if it was in a human cell, and causes the

cytoplasm of the bacterium to manufacture insulin.
The process of gene transfer is carried out as follows:

* The gene for insulin production is ‘cut’ from the appropriate human
chromosome that carries it. The DNA is broken precisely at the
required points using enzymes known as restriction enzymes.

* A circle of DNA found in a bacterium (commonly a bacterium called
E. coli), known as a plasmid, is ‘cut’ open - again using a restriction
enzyme.

# The human insulin gene is inserted into the cut plasmid, and its ends
are joined to the cut surface, this time using enzymes called ligases.

The ‘genetically engineered’ bacterium is then given optimum conditions for
growth and reproduction (using a vat, similar to a fermenter, at a suitable
temperature and containing a suitable substrate solution on which the
bacteria can feed). The genes in the bacterial DNA not only manufacture all the
proteins that the bacterium requires for reproduction and growth, but alsoe the

hormone insulin.

After a period of time, the solution (which contains the insulin) and the bacteria

are separated, and the insulin is purified.

In this process, the plasmids are referred to as vectors and the process of
insertion of the gene into the plasmid as gene splicing (Figure 6.16.),

Development of Organisms and the Continuity of Life 1@
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The advantages of using this method of insulin production are:

* No animals are hurt during the process.

* A large amount of insulin can be harvested.

* The insulin is human insulin and not the insulin of another mammal.
* [t is a relatively quick process.

Some advantages of genetic engineering
1. Chemicals with medical applications may be made cheaply and on 2
large scale, e.g, insulin, growth hormones.
2. Defective genes maybereplaced with normal ones (asin the treatment
of cystic fibrosis).
Disease resistance (and resistance to herbicides) may be introduced

W

into crop plants.

4, If aparticular form of the gene which controls ripening is introduced
into fruit and vegetables, they can be displayed for longer in shops
before they go rotten.

5. The enzyme rennin, used in cheese-making, may be made using
genetic engineering, and not extracted from the stomachs of calves.
thus making the cheese acceptable to vegetarians.

6. Cures for diseases may be found where none at present exist.

7. Disease-resistant crops avoid the need for pesticides and also avoid
the pollution which pesticides cause.

N _ SRR 03 Tk m*s:l‘
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Some possible dangers of genetic engineering

* # *

3*

#

1.

1o

Genetically i i

el cally engineered organisms may become disease-causing and
resistant to control measures.
Engineer B

] g ed genes from, say, crop plants may accidentally pass into
closely related wild species.
1 _ .
' 1¢ possibility arises that an organism (including a human) may be
made to order’, raising ethical arguments.

Learn the advantages and the disadvantages of sexual and asexual reproduction.

Know the structural features of a flower, and their functions.

Know the difference between pollination and fertilisation in a flower.

Be absolutely certain that you can distinguish between pollination and fruit and seed
dispersal - particularly between wind pollination and wind dispersal.

Know the names and functions of the parts of the human male and female reproductive systems.

Learn the names and functions of the hormones that control the menstrual cycle.

Be sure that you can distinguish between the functions of an artery and the vein in the umbilical
cord, and know what happens in the placenta (especially that the embryo's and mother’s bloods

do not mix).
Know how to prevent STDs (STIs).

Know the conditions necessary for germination of seeds.

Learn the difference between the term, gene and allele.

Make sure you know that the sex of a person is the result of the presence of X and Y
chromosomes, not X and Y genes.
Know the difference between mitosis and meiosis, and be able to speli both words.
Know the difference between genotype and phenotype and between homozygous and heterozygous

o draw a full genetic diagram, including the words parents, gametes, F, or offspring F,

Be able t

and showing the expected ratios.
stinguish between continuous and discontinuous variation, and that you

Make sure you can di
can give examples of each.

Know the difference between natural selection and artificial selection, and give examples of each.
Be clear on how genes are transferred from one species to another during the process of genelic

engineering.

. . 7
Development of Organisms and the Continuity of Life 15)
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Exam-style questions for you to try

1. What happens during sexual reproduction?

A. two diploid gametes fuse to form a diploid zygote
B. two diploid gametes fuse to form a haploid zygote
C. two haploid gametes fuse to form a diploid zygote
D. one haploid gamete and one diploid gamete fuse to form a diploid zygote

Ina developing flower, where is the pollen grain found?

A. anther
B. filament
C. ovary

D. style

What process indicates the moment of pollination in a flowering plant?
A. theentry of the pollen tube into the ovule

B. the germination of a pollen tube

C. thelanding of a pollen grain on a stigma

D. the release of pollen by a flower

4. If a heterozygous black-haired mammal breeds with g homozygous white-h

of the same species, what percentage of the offspring will be homozygous d

A. 0

aired mammal
ominant?

B. 50
C. 75

D. 100

+

el

Scanned by CamScanner



“n I‘H“' ”'f‘“\J ] I“””“lll“l“llll i '“””" 1” ”'“ l”“'y '."”H ”f i l"frb'“” Wi”] l)ﬂwn's Syndrnmc?

Ayl

l" 'J‘

O T 7 sl men o Hicongh twa different flowers, A and B, that are found on the
nnHunthiLilnulhnyu|“,““””‘”“,“””ﬂwﬁl””””“

flowe) A

Figure 6,17
flower B
(n) Lilontify Chon Mg, O,
u|||lu||llull|rllnlluIIll.lIIJHlllHlIIJrllllrfluHllnluun-rlnrnlrnnn lllllllllll PP PRI R RN IR e R e e st ananssost [1]
(W) Lt which fower 1 (e mnle ower and give a reason, |
“HWHI I R L L T L L T T T P PP T FeaeiRrrrarnrarrtarraasinnentes
I T L L T T T TS T PP TIee Perrerernrsresarrnsesennane [l]

Davalopmant of Organisms and the Continulty of Life 1@

Scanned by CamScanner

I EEE————.




(c) (i) State the method of pollination in this plant and give two reasons for your ansuer,

.‘
Method of pollination ............. R — rosnssrsinasinite oS ATBRIT AR R SRR SRS crnene[]]
Reasons i, ... 4R 8 ST 608 8 SRR trosssssrssressearss voisiisrnsase
T evsssssssssssssssssssssasssssssessss 2]

(ii) State two other possible features, not visible on Figure 6,17, that are likely to be

present in these flowers,

(d) In some species, plants with only male flowers occur while other plants have only fernale
flowers. Explain the advantages of this to the species.

...................................................................................................................................

----------------------------------------------------------------------------------------------------------------------------------

Cambridge O Level Biology 5090 Paper 2 Q1 June 2007

7. Some people are unable to smell the scented flowers of a certain species of plant. The ability
to smell these flowers results from the possession of a dominant allele M.

Figure 6.18 represents a cross between a heterozygous father and a female who lacks the
ability to smell the flowers.

father mother

parents

gametes

children

Figure 6.18

170 Cambridge O Level Biology Revision Guide
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Answers to Questions

For the exam-style questions with allocated marks, answers are provided in the form of a guide to marking

your answers. The answers have been presented as a list of statements that could gain marks, but are not

the complete answer. When you are checking your own answers, please note:

«  Where answers are given in bullet lists, cach bullet point is worth a potential mark.

«  Theremay sometimes be more than one way of making the scoring point. These alternatives are shown by
an oblique line (/) or by the word OR. However, you can only give yourself one mark for each alternative.

»  For some answers, there are more points for which you can get a mark than the total number of marks
available for the question. For these, any combination of marking points is acceptable - up to that total
number of marks.

« Ifaword is underlined, then that word should appear in the answer or you cannot give yourself the
mark,

o Ifthe statement includes AND, both parts of the statement should be included to give yourself a mark.

Chapter 1

1 B
2 B
3 D
4 C
5 D
6 (a) nucleus, chloroplasts, membrane
3 marks
(b) vacuole OR ribosomes OR starch grains OR mitochondria or tonoplast -
mark

(¢) (Although the good answer will describe the effect on the model and on a plant cell as water leaves them
by osmosis, since the question asks for similarities’ then mention of either the cell or the model would be
acceptable. References to the cell have been used for this example.)

« water would leave the plant cell

« by osmosis or diffusion

. because there is a higher water potential in the cell than there is in the solution outside /
because there is a higher concentration of water molecules inside the cell than in the solution
outside / because there is a lower water potential in the solution outside than in the plant cell
/ because there is a lower concentration of water molecules in the solution outside than in the
cell / because there is a more concentrated solution outside than in the plant cell / because
there is a more dilute (OR less concentrated) solution inside the cell than in the solution outside

. the cell OR cytoplasm OR protoplasm + shrinks, m?_pssﬁe% e the cell decreases /

or model loses turgidity (OR firmness) / the cell becon cil

the tubing pulls away from the membrane / the cell membrane p ay from the cell wall

this results in a condition in cells called p
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* no sugar leave

s the cell / sugar enters the s
enters the sp

pace between the membrane and cell wall / sugar
ace between the tubing

and the permeable membrane

6 marks maximum
7 (@)= itisthe unit of life

* itcanundergo division / it is formed by division

it is a means 0ftrans_ﬁc_erring genetic information

» itisoften Incapable of—irlaéi)elldexlt existence

* itcan be modified to dg many different jobs OR mention two different functions performed by
cells

* acell containg

* metabolic pro

respiration)

anucleus + cytoplasm + membrane
cesses occur in cells (OR any one named met

abolic process mentioned e.g.

3 marks maximum

(b) (You will need to show that you understand the difference between a tissue and an organ and then to
explain how these help to keep the blood circulating)
* muscleis a tissye

* itisfoundin artery walls

where it maintains pressure of the blood
heart muscle is for pumping, it kee
* nerves (in the heart) form a tissue
* blood is a tissue for transport

+ blood vessels are tubes for blood

ps the blood moving

any two organs identified or named (e.g- heart / arteries / veins / any named blood vessels)

7 marks maximum

Chapter 2

1 A
2 C
3 B
4 D
5 D
6

(The question is not asking you to list nutritional components and their functions, J requires you to link your
answers specifically to the nutritional componen_ts of the banana and the avocado)
(a) (The value of each component must be mentioned before a mark can be scored.)

 carbohydrates are required for energy

+ low fat avoids obesity or circulatory disease

* no cholesterol avoids circulatory disease

+ vitamin C is for avoiding scurvy (OR for good skin healin

« fibre helbs peristalsis OR helps to avoid constipation

» calcium is for good (or strong) bones or teeth

g/ avoiding bleeding gums)

Answers to Questions 1@
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+ ironis needed for blood (OR for haemoglobin)
« protein is needed for growth / repair / enzyme production
4 marks maximum

(b) (Again the deficient component must be linked to the effect of its deficiency.)
« not enough protein for growth
+ not enough calcium for bones or teeth
» not enough iron for blood OR for haemoglobin
3 marks

T

() (The guestion asks for an explanation, so no mark is available just for naming the banana, but for
explaining why it is better to eat before a race.)
+ the banana provides glucose
» f{orenergy
» which is available more quickly than avocado
+ avocado supplies more total energy
« but not so readily

3 marks maximum

7 (@) (Note that the question asks about the distribution of chloroplasts - not simply about their function.)
« there are no chloroplasts in the epidermis
+ theyv are mostly in the palisade mesophyll
« and spongv mesophyll
+ theyvare found near the leaf surface OR where they can most easily obtain most light
« chloroplasts can move within the cell to be nearer leaf surface
« they are present in guard cells
« that control the size of stomata

4 marks maximum

(b) « stomata allow carbon dioxide into the leaf
+ for photosynthesis
+ they allow oxygen to leave
+ and water vapour to leave
» this helps to cool the leaf OR to bring water OR salts to the leaf

3 marks maximum

(c) (Again, the question is asking about the position, not just about the function of the vascular bundles.)

« vascular bundles form a network throughout the leaf OR form a central vein (midrib) OR they
lie near the photosynthesnsmg cells

« they help to prevent tearing of the leaf OR they are positioned to bring water / salts OR take
away sugars

« xylemisstrengthened / contains lignin

« forms aring around the stem

» which gives support OR resists bending

. inthe rootit helps to anchor the plant

3 marks maximum

EEFC SR ST v wn. wuarr ¥R
Scanned by CamScanner



Chapter 3

1

2

4

A
A
D
C
B

Although th i , ) ' ‘
(. z{gh (he question refers to the ‘uptake of water by the plant material, since most of it is involved in the
transpiration stream, th

enit is really a question on transpiration and the factors that affect it.)
(a) Bubble Stops moving / remaing stationary

1 mark
(b) « starts to move / moves

* upwards / towards the leafy shootgradually

2 marks
(c) in either (i) or (ii):

It increases concentration gradient
* around leaves / stomata

* causing a faster rate of water loss / transpiration
» by diffusion

(i) » the movingair e
» takes away the vapour
(ii)

there is a decrease in humidity / concentration of water vapour in the air
+ and removing the cover allows light to reach shoot

(iii) « the stomata open
 and allow water vapour to leave
+ thereisalso an increase in temperature
 which causes a faster rate of evaporation

8 marks maximum
(This is not a question on how the heart works, it is about its role in making the blood flow round the

body.)
(a) (In view of the note above, you cannot simply describe the structure of the heart but need to relate it to
the role in blood flow)

e valves in the heart
+ prevent backflow of blood
¢ theheart has muscles that contract

+  the ventricles have thick walls / the ventricles have thick muscles / the ventricles contract
powerfully OR strongly

+ to pump the blood / push the blood / squeeze the blood, the heart creates
create) pressure in the blood system

« the heart never tires or suffers from cramp / it is rhythmic / keeps going

(OR the ventricles

4 marks maximum

] Answers to Questions 1@
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_ _ e always carry blood under pressure
(1)« arteries always carry blood away from heart / arteries always Carry I

o arteries are thick walled

« arteries are muscular (OR have muscles)

« they have a narrow lumen or central space

«  (the muscles) help to maintain pulse heat / allow recoil of the walls

« arteries link to capillaries / veins Y .
3 marks maximum

(¢) » veins return blood to the heart / veins have low pressure OR alarge lumen

« veins have valves

« atintervals, to prevent backflow

« they arce thin-walled

« (skeletal) muscles push the blood (e.g. the leg muscles push against the veins and that in turn

pushes the blood up from one set of valves Lo the next)
3 marks maximum

8 (a)+ compound:sucrose / sugar OR carbohydrate (not glucose)

« tlissue: phloem
2 marks maximum

(b) 2 marks for correct figures, and one mark for both units correctly expressed. 40°C, 155 mg per

g, (units)
3 marks maximum

(c) « glucose (the correct sugar should be mentioned)
« broken down or oxidised

« water + CO, is produced

« and lost to the atmosphere

4 marks maximum

(d) « more starch or carbohydrate is made
« by faster photosynthesis
. there is a possible an increase in loss by translocation
« there no change if photosynthesis was already at a maximum / or other limiting factors may be
controlling the photosynthesis rate
« no change in rate of loss by respiration OR respiration is not being affected by light intensity
4 marks maximum

9 (a) P: hepatic portal vein
Q: intestine / gut / alimentary canal
2 marks maximumn

(b) + nitrogen is not taken up or used by the body / cells / tissues / organs
. nor released by the body / cells / tissues / organs
2 marks maximut!

(c) » haemoglobin
. absorbs oxygen
which is not all released on one circulation

[
RRILUL
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(d) = thenames of the heart ch
« inthe correct se
« pulmonary

ambers (left and right

atria + left and right ventricles)
quence (right atrium -

right ventricle - left atrium - left ventricle)
artery (to the lun gs)

P mons and pulmonary vein ( from the lungs) both correctly mentioned
gas exchange occurs QR OXygen is absorbed and carbon dioxide is released
+ by the lungs OR by the alveol;

5 marks maximum

Chapter 4

1 B

[ ]

- W
O 0 0D

511

~1

(a) homeostasis

1 mark
(b) «  (C) receptor or sensor

detecting changes in temperature

(D) sensory neurone OR sensory nerve cell OR afferent neurone

(not nerve - as this is a collection
of cells) carries impulses (not messages’) to the CNS (OR central nervous system) OR brain OR
spinal cord

» carried impulses

to CNS (OR central nervous system) OR brain OR spinal cord

4 marks
() (You have first to consider the effect on the circulato

Ty system of a cold environment, and thys realise
that this would be the opposite of the effect on it of alcohol. Thus alcohol is working against the natural
response of the body.)

« more blood
 iscarried to capillaries
+ which dilate OR get wider
» blood carries heat
» therefore more heat is lost

» lowering the body temperature even more

3 marks maximum

Answers to Questions 1@ :
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wilh an enzyme, or, perhaps, a drug, )

3 nk care o that vou are not confusing a hormone
8 (Think carcfully here that yot yusing of a term. It would not be

(a) (Part (b) asks about a specific hormone, but this /)n:rt asks about the mgafziu'lg ot
acceptable to describe the production and effect of a named hormone in this part
+ ahormone is a chemical
+ produced by a gland
« thatis carried by blood
« affects target organ

« is then destroyed by the liver _
4 marks maximum

(b) + glucose is absorbed from the intestine / from a meal
« causingan increased concentration in blood
« insulin is released from islets
« which are found in the pancreas
« and it converts glucose to glycogen
« which is then stored in liver
« the permeability of cell membranes to glucose is increased by insulin

« insulin secretion then decreases as glucose concentration drops
6 marks maximum

9 (a) 15 (60 divided by 4)
1 mark

(b) « pressure decreasing

« breathingin
« external intercostal muscles contracting
» diaphragm contracting
+ volume of thorax increasing
» internal intercostal muscles
+ relaxing

8 marks maximum

10 (a) ileum / small intestine
I mark maximum

b) (i) any stated time between 36 and 52 minutes (no mark without units)
(ii) 17.5 cm® per minute (no marks without units)

2 marks
(c) « waterislost
» insweat

o less urine (is filtered OR produced)
« curverises later

« peaks at lower figure
« returns to original level sooner

5 marks maximum

_@8 Cambridge O Level Biology Revision Guide
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Chapter 5

D

| ]

511
@]

large bird )

(OR hawk) spider
/4 . S
small (OR yell \

(birdy ow) (black) flies
A \\ A

greenflies - .
OR aphids) butterflies mice (OR mouse)
= A v

(

bean plants

* greenflies (OR aphids) and butterflies can be either way round
= one mark for each correct line and one extra mark if all three lines are correct

4 marks
(b) (i) food web,
I mark
(ii) « hawk OR large bird
« spider
2 marks

Answers to Questions 179
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(e) (1) -+ correct overall shape (bean plants the widest and hawks the narrowest - the exacy width of
cach block is not crucial)

« allthreelevels correetly labelled as in the diagram below (large bird is an alternative to hawks)

HAWKS

MICE

BEAN PLANTS

2 marks

(i)« correct overall shape (the block for the bean plant must be the smallest and the block for
aphids must be the widest)

all three levels correctly labelled (yellow birds and greenflies are acceptable alternative
small bivds and aphids)

APHIDS

sto

BEAN PLANT

2 marks
7 (o) (tisimportant to know the definition of a drug’)
externally administered OR taken

« chemical OR substance
o alleets OR modities OR alters
L ]

metabolism OR chemical reaction in the body

3 marks maximum
() (Heroin is referred to in the answer, but any drug of abuse would be
« named drug (e.g. heroin)
» reason for taking it (e.g. creates a feeling of well-being)
tolerance OR over time more has to be taken for the same effect
dependence OR addiction / craving / cannot manage without it

« withdrawal symptoms - at least one deseribed for the name
diarrhoea)

acceptable.)

d drug (shaking / hallucination /

+  (inancial implications (e.g. expense to fund the habit )
« crime related to the drug (e.g. theft to buy more drug)
L

eflects on the family (eg neglect) OR on society (e, unreliability at work)
o adverse effect on health (e.g. weight loss / ment

al confusion - not death as this can be caused
by an adverse effect)

7 marks maximun
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Chapter 6

1

15

“i

G
A
C
A
A

(a) sepals OR calyx

(b) flower A AN

(c) (i)

1 mark

D presence of stamens or anthers (it is not usually good practice to give negative answers,

but in this case, credit can be given for stating that there are no named female parts e.g. 'no stigma)

1 mark

insect
1 mark

»short or protected filaments OR stamens OR anthers
* prolected stigma, large petals, (nectar) guides

+  stigma compact OR not feathery

+  petals form a landing platform

2 marks maximum

(ii) (7his time, the question asks for positive’ features, so we cannot accept ‘no light pollen’etc.)

+ any two from: scent, colour, nectar, pollen grains are rough OR pollen grains are sticky
2 marks maximum

(d) (This is really asking what the advantages are of cross-pollination over self-pollination. By examining
the diagrams of the flowers, it is clear that self-pollination is not likely, and thus cross-pollination has to
be employed by the plant.)

cross-pollination must occur

alleles OR genes therefore come from two parents OR two plants

this causes greater variation (in offspring)

variation allows disease resistance OR colonisation of (OR adaptation to) a wider range of
habitats

as a result of natural selection OR evolution

3 marks maximum

Answers to Questions 1?9

Scanned by CamScanner



(a) Mm mm
M m m m OR
Mm Mm mm mm

3 4 5 6
(b) %2/ 50% /22 / 1:1/ 1 out of 2
(c) (Option1)2+5+<6 OR (Option 2)

(The option here must match the option 1 in (@) above)

(d) %4/ 75% / 3 out of 4 / 3 smellers: 1 non-smeller

smell or cannot smell)

(e) same / similar / no change. or same correct answer as in (b)

@2 Cambridge O Level Biology Revision Guide

Option 2
mAMI mm
m M m m
mm mm Am Mm
3 4 5 6
2+3+4

(if you give the 3:1 ratio you must say which one
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Vs CC avly \f i .
\.- : ‘O\I\IODATIO‘.\. The changing of the shape and therefore the focal length of the lens in the eye in
order to focus on objects at different distances.

ACID RAIN: A dilute solution of acids that falls to earth when mainly oxides of nitrogen and sulphur in the
atmosphere dissolve in rain.

ACTIVE SITE: Section on the surface of an enzyme where a substrate molecule fits exactly and is split into
product molecules. The ‘lock’ in the ‘lock and key hypothesis'.

ACTIVE TRANSPORT: An energy-consuming process where substances are transported through living
membranes against a concentration gradient.

ADRENAL GLAND: Gland situated above the kidneys. Produces the hormone adrenaline.

ADRENALINE: Hormone produced by the adrenal glands that produces the body’s response in times of
fear or anger.

AEROBIC RESPIRATION: The release of relatively large amounts of energy by using oxygen to break down
foodstuffs. Usually takes the form of the oxidation of glucose in the cytoplasm of living cells.

AIDS: Acquired immune deficiency syndrome. Caused by HIV, a virus that affects the body's ability to fight
infection.

ALLELES: A pair of matching genes.
ALVEOLI (SINGULAR: ALVEOLUS): Air sacs of the lungs.

AMINO ACIDS: Simple, soluble units. A few linked together form a polypeptide; many linked together
form a protein. Used in cells for building up proteins as the cells grow, and for making special proteins such

as enzymes.

AMNION: Membrane that surrounds a developing fetus. It forms the amniotic sac, enclosing the fetus in
amniotic fluid.

AMNIOTIC FLUID: A water bath that encloses a developing fetus.
AMYLASE: An enzyme that digests starch to sugars.
ANAEMIA: A lack of haemoglobin, often caused by low levels of iron in a person’s diet.

ANAEROBIC RESPIRATION: The release of relatively small amounts of energy by the breakdown of food
substances. Occurs in the absence of oxygen.

ANTAGONISTIC MUSCLES: Two muscles that provide opposing forces for movement. One of the pair
contracts while, at the same time, the other relaxes.

ANTIBIOTICS: Drugs (e.g. penicillin) used to treat diseases caused by bacteria.

ANTIBODIES: Chemicals, produced by lymphocytes, that ‘stick’ to bacteria and clump them together,
ready for ingestion by phagocytes.

)
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ANTITOXINS: Types of antibodies produced by lymphocytes. They neutralise toxing in the blood.
blood, unde
arleriole.

ARTERY: Vessels with thick, muscular walls that carry r high pressure, away from the heart.
Alarge artery is called an aorta; a small one is called an
ARTIFICIAL SELECTION: The deliberate breeding of organisms with particular characteristics.
tically identical offspring from one parent.

ASEXUAL REPRODUCTION: The production of gene
5. produced by a combination of saturated

ATHEROMA: Fatty deposits that form on the walls of arterie
(animal) fats and cholesterol.
ATRIA (SINGULAR: ATRIUM): Two upper chambers of the heart that receive blood from the body and

the lungs.
able to produce their own food by using small molecules

AUTOTROPHIC: Describes organisms (c.g. plants)
in the environment Lo build large organic molecules.
BACTERIA (SINGULAR: BACTERIUM): Unicellular organisms.

BALANCED DIET: Food and drink consumed by a person which has the correct amount ofeach constituent

g (e.g proteins, carbohydrates) to enable them to be healthy.
: BALL AND SOCKET JOINT: Type of joint which allows free movement in many planes (e.g. at the

shoulder).
BENEDICT'S SOLUTION: Used to test for the presence of certain sugars including maltose and glucose

(i.e. reducing’ sugars),

BIRTIT CONTROL: Methods of preventing pregnancy (e.g. through the use of contraceptives).

BIURET SOLUTIONS: Used to test for the presence of proteins.

BLASTOCYST: A stage in embryonic development after the zygote has divided to form a hollow ball

of cells.
BLIND SPOT; The point in the eye where the retina is joined to the optic nerve. There are no rods or cones
so images formed here are not converted into impulses and relayed to the brain ;

CAPILLARIES: Microscopic blood vessels that carry blood from arterioles to venules
CAPILLARITY: The movement of liquids upward through very narrow tubes

C :»\lm()l IYDRATE: Organic chemicals containing only the elements carbon, hydrogen and oxygen. Ratio
of hydrogen atoms to oxygen atoms is always 2:1. ) RUE G
CARNIVORES: All consumers above the level of herbivore, i.e. all meat eaters

CARPELS: The female parts of a flower - a stigms

ARPELS: ale parts of ¢ - a stigma, connected by a style to the ovary, i ich li
_ _ : £ vast) ary, in whic >
which contain the female gamete. Ll
¥ T b i e . ‘
CATALYSTS: Particular chemicals that can affect how quickly chemical reactions occur (usually speed
- o . .

up reactions)
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CELL MEMBRANE: Outer covering of the ol thut comtrols the passage of sibptances intn and ot of
f 15 V2 Pas £ ’ 7/ A

(e ol
CLELWALLEA oot made of cellulose that endloses the plant cell - not present zround amimal cdis.

CENTRAL NERVOUS SYSTEM (CNS): “The body coordinating centre, made up of the brain and the
splilcord Receivesinformation shout the environment from recepitors and directs a response (o €2eCUOTS
G Jes or planedy),

/ ¢ - - gy i #
CHLOIOPIY A ey ]ll/f’,HJ"lH foined '//1”]”1 the f.}l}’ﬂ(},’)}i:',’,,', {,,‘pl"/“r;f_ cells, rfa;f‘.,:::_;::;rjf‘f_‘r)";;g“, {he

process ol photonynthesis, Containg magn e,

CHLOROPLASTS: Small bodies lying in the cytoplasm of those plant cells involved in photosynthesis.
Creenin colonr beciune they contain r,hlump};-}'fl,

CHROMOSOMI: Poueensies penes which are responsible for programming the cytoplasm to manufacture
patticulin proteing,

CLONES: A population of organisme produced by asexual reproduction, and all genetically identical.

CLOTEA clump of blood cells trapped in a mesh of fibrin, It prevents the entry of bacteria at 2 wound.
On the skin surface it dries and hardens to form 4 scab,

CNS: Central Nervous System.

CODOMINANCE: A type of monohybrid inheritance, when both alleles have an equal effect on the
phenotype of the offspring,

COMPLETE DOMINANCE: When the presence of a single allele will have the same effect on the phenotype
ol an individual as the presence of an identical pair of alleles.

CONCENTRATION GRADIENT: When a region of (relatively) high concentration of molecules or particles
is next to aregion of (relatively) low concentration. Must be present for diffusion to occur.

CONES: Lipht-sensitive cells in the retina of the eye that provide a picture with greater detail and in colour.
‘They convert light energy into electrical energy.

CONSUMLER: Any organism which relies on the energy supplied by the producer in its food chain.

CONTINUOUS VARIATION: Where both inherited and environmental factors determine the
characteristics of an individual (e.g. body mass, height).

CONTROL: Apparatus and materials identical to those in an experiment but lacking in the one feature
being investigated. Used to make a comparison with the experiment in order to make the results of the
experiment valid.

CORNEA: Transparent part of the eye that allows light rays to enter and refracts them towards
cach other,

CORONARY ARTERY: Vessel that supplies oxygenated blood to the heart muscle,
COTYLEDONS: Organs in seeds, often used for storing starch and protein.

CYTOPLASM: A jelly-like substance in which the chemical reactions of the cel] take place.
Glossary 159
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DEAMINATION: Process by which excess amino acids are Lroken down in the liver to produce the
exeretory chemical nrea,

DECOMPOSERS: Organiama which release enzymes to hreak down Targe molecules in dead organic malter
to nialler ones which can then be reeyeled,

DEFICIENCY DISEASE: Conditions caused by a ek of o constitnent (e vitamin C, vitamin D, calcium
oriron)in a person’ diet,

DERMIS: Lower Tayer of skin containing most ol the skin structures (e sweal glands, venules,
arteriolen),

DETOXHTCATION: The removal and breakdown of toxing (e, alcohol) from the blood. A major function
of the liveer,

DIFFUSION: ‘The movement of molecules from a region of higher concentration to a region ol lower
concentration, down o concentration pradient,

DISCONTINUOUS VARIATION: Where inheritance alone determines the characteristics ol an individual
(. bload gronp).

DISSOLVE; Mix o snbatance into aliguid so that itis absorbed into the liquid.
DROUGS: Externally administered sabstances which modify or afteet chemical reactions in the body,
ECOSYSTEM: A community ol organisms living together inachabitat and connected through food webs,

ENZYMUES: Biological catalysts that control chemical reactions in living organisms, Each has a specitic
nhape und worle most elffectively at o particular temperature and pll,

FTHANOL: Alcohol tsed to test for the presence of fats, A waste produet of anaerobic respication in yeast,

EUTROPTHCATTION: ‘The ubundunt growth of water plants, Aceelerated when nitrate levels increase in
WiHLETWIYH,

EVOLUTION: Gradoal chiange in the characters of aspecies through natural selection, ‘Takes place over
Ny penerations,

EXCRETTON: The removal ol waste products of metabolism from organisims,
ENPIRATTON: The breathing ont ol abe into the atmosphere,

EXTENSOR Onemusele bnan antagonistic paie that contracts to stralghten a imb at ajoint, As it does so,
the antagonistie floxor mnscle reluxes,

EXTERNAL DIGESTION: Method ol nutrition, characteristic of saprotrophs, by the release of enzymes
onto an organic substrate (food’),

FATS: Insoluble organte molecules containing the elements carbon, hydrogen and oxygen only, Ratio
of hydrogen to oxypen bs much higher than 2+ 1 Formed by the joining of a glycerol molecule with fatty
acld molecules.

FATTY ACIDS: Soluble molecules that, when joined with glycerol, form fat,
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FERMENTATION: ‘The anaerobie decompo

‘ ) sition of some organic substances (e.g. of sugar to alcohol).
Carbon dionide is awaste product,

FETUS Adeveloping embryo inits mother's uterus,

l\-lIH\lN: An insoluble, stringy protein formed by fibrinogen and enzymes released by damaged cells. It
forms a mesh which traps blood cells and becomes a clot.

FIBRINOGEN: A soluble protein found in blood that plays a part in blood clotting,
FLACCID: Used to describe cells, tissues or organs when they lose their shape and firmness (turgor).

FLEXOR: One muscle in an antagonistic pair that contracts to bend a limb at the joint. At the same time,
the extensor muscle relaxes.

FOLLICLE STIMULATING HORMONE (FSH): A hormone released by the pituitary gland that stimulates
the ovaries to produce and release ova (eggs)

FOOD CHAIN: A sequence of organisms, starting with a photosynthesising organism (usually a green
plant). through which energy is passed as one organism is eaten by the next in the sequence.

FOOD WEB: Interlinked food chains involving organisms within the same ecosystem.
FOVEA: A very sensitive part of the retina that has far more cones than rods. Also called the yellow spot.

FUNGI (SINGULAR: ‘FUNGUS): Parasitic or saprotrophic multicellular organisms that feed on organic
matter by digesting and absorbing it. They do not photosynthesise.

GAMETES: Male or female sex cells.

GASEOUS EXCHANGE: The simultaneous absorption and release of gases by an organism. E.g., mesophyll
cells in plants absorb carbon dioxide and release oxygen during photosynthesis; cells of the alveoli pass
oxygen from the lungs into the blood and carbon dioxide in the opposite direction.

GENE: A unit of inheritance, part of a chromosome.
GENETIC ENGINEERING: Artificially changing the genetic make-up of cells.

GENOTYPE: Genetic combination of an individual. Three possibilities are: homozygous dominant,
homozygous recessive, heterozygous.

GLYCEROL: Molecule that, when joined with fatty acids, forms fat.

GLYCOGEN: A carbohydrate with large, insoluble molecules. It is stored in the cells of the liver and muscles
and in fungal cells. The conversion of glucose to glycogen takes place in the liver of mammals. This process
is controlled by the hormone insulin, secreted by the pancreas.

GONADS: The organs which produce gametes (reproductive cells): the testes in males; ovaries
in females.

HAEMOGLOBIN: Iron-containing pigment found in the cytoplasm of red blood cells. It carries 0Xygen
around the body by combining with it in the lungs to become oxyhaemoglobin.

Glossary 18_7)
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HERBIVORES: Concurmners «ihio by 1.
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HYDROLYSIS: Enzyme-controlled chemical reaction tha: imoives th

order to split 2 substrate molecule. The :e'.'r?.' exposed ends of product molecules are sezlad so they wil
not re-join after being split. common in digestion. '
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INSULIN: Hormone produced by the islets of Langerhans in the pancreas, involved in the uptake of gucose
by cells and its conversion into glvcogen.

IODINE SOLUTION: Used to show the presence of starch (by turning blue/black), also as 2 temporary
stain for plant cells.

ION: A charged atom or group of atoms formed when a molecule dissolves in water (e potassium nitrate
dissolves to form potassium- and nitrate” ions).

IRIS: Part of the eve that controls the intensity roflight fallingontheretina.lthasan anantagonistic arrangement
of circular and radial muscles.

IRON DEFICIENCY: Low levels of iron in a persons diet. Leads to a lack of haemoglobin, which is
necessary for carrying oxygen around the body.

ISLETS OF LANGERHANS: Cells in the pancreas that produce insulin.
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KIDNEY DIALYSIS: ‘The use of a machine (o perform the functions of a kidney, It removes chemicals

with small molecules (urea, toxins and ions) from blood but does not allow larger molecules (e.g plasma
proteins) to leave,

LENS: Transparent, elastic part of the eye responsible for focusing an image on the retina.
LIGNIN: Chemical that helps to strengthen the walls of xylem vessels in plants,

LIMITING FACTORS: Particular factors that limit the rate of photosynthesis in plants, even when all other
factors may be oplimum, Examples are light, carbon dioxide, water and temperature,

LIPASE: An enzyme that digests fats o fatty acids and glycerol,

LIPIDS: Organic chemicals including fats and oils, Stored in special storage cells in the skin and around
the kidneys.

LOW WATER POTENTIAL: Concentrated solutions with fewer water molecules,

LUTEINISING HORMONE (LH): A hormone released by the pituitary gland that stimulates the ovaries to
produce ova, After the release of an ovam, it then stimulates the follicle cells in the ovary to produce the

hormone progesterone, (Follicle cells were the cells that, nourished the ovum during its development in
the ovary.)

LYMPHATIC SYSTEM: A system of vessels for returning lymph (tissue fluid plus fats absorbed by the
lacteals of the villi) to the blood system,

LYMPHOCYTES: A type of white blood cell, made in the lymph glands, ‘They produce antitoxing and other
antibodies which 'stick” to bacteria and clump them together for ingestion hy phagocytes,

MAGNESIUM TONS: A form of magnesium absorbed by plants from the soil through the root hair,

MENOPAUSE: When a female stops ovulating and can no longer become pregnant, Usually occurs at
around 50 years of age,

MENSTRUATION: Stage in the menstrual cycle when blood and the lining of the uterus are passed out of
the vagina and vulva,

MESOPHYLL CELLS: Palisade and spongy cells in i leaf, involved in photosynthesis,
METABOLISM: All the chemical reactions oceurring in cells,

MEIOSIS: (Also known as ‘reduction division), It is a form of cell division that occurs during gamete
production, in which the chromosome number Is halved (is changed from the diploid number to the
haploid number). It also produces gametes that are all genetically unique,

MICROORGANISMS: Organisms so small that they can be studied only by usinga microscope (e, virnses,
bacteria and some fungi).

MILK TEETH: A person’s first set of Leeth that last for around 10-12 years, then are pushed out by the
permanent teeth,

A —
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MITOSIS: A process of cell division when each chromosome forms an exact replica of itself. The two cells
formed are identical to cach other, and to the original cell.

MOLECULAR COHESION: The tendency for molecules to attract one another and thus stick together -
particularly the case with water molecules. :

MONOHYBRID INHERITANCE: Inheritance involving only one pair of contrasting alleles.
MULTICELLULAR: Living organisms that have many cells.
MUTATION: A spontancous change in the structure of a gene or chromosome.

NATURAL SELECTION: The survival of those organisms most effectively adapted to their environment.

NEGATIVE FEEDBACK: A system which automatically brings about a correction in the body’s internal
environment (e.g. temperature). regardless which side of the optimum the change has occurred.

A

i . - : : '
:,’f« NEURONES: Individual nerve cells with their own cytoplasm. cell membrane and nucleus. l
E;’ NITRATE ION: A form of nitrogen that plants absorb from the soil through root hairs.

E NITROGEN FIXATION: Conversion of atmospheric (gaseous) nitrogen into nitrogen compounds which
e can be used by living organisms.

NUCLEUS: The part of the cell that controls its growth and development. It contains a number of
chromosomes made of the chemical DNA.

OESTROGEN: A hormone released by the ovaries that is responsible for the development and maintenance
of the female secondary sexual characteristics.

OPTIMUNM: The best; particularly refers to a state (e.g. temperature, pH level) when processes can take
place most efficiently.

ORGAN: Several tissues working together to produce a particular function.
ORGAN SYSTEM: A collection of different organs working together to perform a particular function.
ORGANISM: A collection of organ systems working together.

OSMOREGULATION: The maintenance of a constant concentration (e.g. of blood plasma, performed by E
the kidneys).

OSMOSIS: The passage of water molecules from a region of high water potential, to a region of lower water
potential, through a partially permeable membrane.

OVA (SINGULAR: *OVUM’): Female gametes produced in the ovaries.

OXYHAEMOGLOBIN: Constituent of red blood cells, formed by the combination of oxygen and
haemoglobin,

PARASITE: An organism which obtains its food from another, usually larger living organism (Chost'), the
host always suffering in the relationship.

PATHOGEN: A discase-causing organism (e.g. virus, bacterium),

@0 Cambridge O Level Biology Revision Guide
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PENTS: Male organ for introducing sperms into the female,
PERICARP: Ovary wall that proteets a fertilised plant seed. A pericarp with a seed(s) inside is a fruit.

PERISTALSIS: Waves of muscle contractions, Occursin the oesophagus (pushing boli towards the stomach).
and through the duodenum, ilenm and colon (pushing food towards the rectum).

PHAGOCYTE; A type of white blood cell, made in the bone marrow. It has a lobed nucleus and is capable
obmovement, Its function is to ingest bacteria,

PHAGOCYTOSIS: ‘The ingestion of potentially harmful bacteria by phagocytes. Prevents or helps to
overcome infection,

PHENOTYPE: Inherited feature in an individual's appearance.
PHEOEM: Tissue for transporting sugars and amino acids within a plant.

PHOTOSYNTHESIS: A process performed by gree

n plants, in which light energy is converted into
chemical energy,

PLACENTA: A special structure which carries out the exchange between the mother and fetus of the
chemicals involved in the fetuss nutrition, respiration and excretion.

PLASMA: Walery component of blood that carries dissolved chemicals, blood cells and heat.
PLASMID: A separate strand of DNA, often circular in shape, that occurs naturally in bacteria.
PLASMODIUM: A single-celled organism, parasitic in human blood, which causes malaria.

PLASMOLYSIS: When a cell’s cytoplasm is pulled away from the cell wall as a result of osmosis, Occurs
when the cell is placed in a solution of lower water potential, and water is drawn from the vacuole.

PLATELETS: Fragments of cells made in the bone marrow. They play a part in blood clotting and help to
block holes in damaged capillary walls,

POLLEN TUBE: Structure produced by a germinating pollen grain. The pollen tube grows down the style

towards the ovary by releasing enzymes at its tip to digest the cells of the style beneath.

POLLINATION: 'Ihe transfer of pollen from an anther to a stigma,

POLYPEPTIDES: Formed by a few amino acids linked together, Enzymes in the body break down proteins
Lo polypeptides, and polypeptides to amino acids.

PRIMARY CONSUMER: (also ‘herbivore)

A consumer which feeds directly on the producer in its
food chain,

PRODUCERS: Organisms which manufacture and suppl

y energy-rich foods, made by photosynthesis, to all
organisms in their food chain,

PRODUCT: The molecules produced as a result of enzyme action on substrate molecules.

PROGESTERONE: A hormone produced by the follicle cells, after the release of an ovum, that maintains
the spongy lining of the uterus and stops the pituitary gland producing FSH,

Glossary 1@ ;
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PROTEASE: An enzyme that digests proteins to amino acids.

ain other elementg
sty o itrogen. Often conta
PROTEINS: Contain the elements carbon, hydrogen, oxygen and nitroge
such as sulphur and phosphorus. Built up from amino acids.

PROTOPLASM: The cytoplasm and the nucleus of a cell.

o~ . ive organs. In humans, thig
PUBERTY: A stage in life when the release of hormones activates the reproductive org
occurs around the age of 12 years,

PYRAMID OF BIOMASS: Adi

: ophic leve] i
agram constructed using the dry mass of organisms at each trop in
a food web, with the producer

at the base of the pyramid and the top consumer at the apex (top).

PYRAMID OF NUMBERS: A pyramid-shaped diagram composed of blocks similar to a pyramid of biomass
> but, this time, the width of ¢

ach block indicates the number of organisms at each trophic level.
8 RBC: Red blood cell.

RECESSIVE GENES: Characters detert

mined by these genes will not appear in an individual unless two
recessive (i.e. no dominant) alleles are p

resent,

G
E RED BLOOD CELLS: Small, biconcave and flexible cells that carry oxygen around the body.

REDUCING SUGARS: A
solution, act as chemical

group of sugars, including maltose and glucose, that, when reacting with Benedict's
s known as ‘reducing agents'.

REFLEX: A fast, coordinated, automatic response to a specific stimulus,

RESPIRATION: The release of ener

gy from food substances, that takes place in all living cells to perform
all their functions.

RETINA: The innermost, light-sensitive layer of the eye.

RICKETS: A deficiency disease of bones caused by alack of vitamin D in a person’s diet.

RODS: Light-sensitive cells found in the retina o
convert light energy into electrical energy.

ROOT HAIR CELL: Plant cell special

f the eye. Important when light intensity is low. They
ly adapted to absorb water and mineral

ROOT PRESSURE: Created by the process of osmosi
the stem. The pressure forces water into t}

lons (salts) from the soil.

$ carrying water acro

55 the root to the vascular bundle of
1e xylem, and pushes it along t

he root towards the stem.
SAPROTROPH: Organism that feeds on dead organic matter through externg] digestion,

SCAB: A dried and hardened clot which covers a wound until the skin beneath hqs repaired,
SCURVY: A deficiency disease of the gums and skin caused by a lack of vitamin C in

a persons diet.
SECONDARY CONSUMER: A consumer which feeds directly on the herbivore ip its

food chain,
SEMEN: Sperms and seminal fluid.

SEMINAL FLUID: A nutrient fluid in which sperms are able to swim,
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SEX CHROMOSOMES: One pair of chromosomes that determine the sex of an offspring.

Rt 5 NORC 6 . .
Sl-,‘.\L./\L lll.l’l{()l)ll(..l F()N: Ihe fusion of male and female nuclei to form a zygote, Zygotes develop into
offspring genetically different from each other, and from their parents,

PI° . : oVt Mearss oo . *
SPERM: An abbreviation for ‘spermatozoon’ - the male gamete (or sex cell).
STAMEN: The anther and filament of a flower, involved in the production of pollen grains.

STARCH: Ins.ollublc carbohydrate produced by plant cells from glucose. Stored in the chloroplasts of
photosynthesising cells and many storage organs of plants.

STOMATA (SINGULAR: STOMA): Pores through which gases diffuse into and out of a leaf.

SUBSTRATE: Molecule on which a catalyst works, changing it into product molecules. The 'key' in the
lock and key hypothesis’. Also, the food on which organisms such as bacteria and fungi grow.

SYNAPSE: The gap between the dendrites (nerve endings) of neighbouring neurones.

TEMPERATURE REGULATION: Function performed by the skin to maintain body temperature, in
humans, at 37°C. Includes sweating, dilation or constriction of arterioles, and the control of blood flow to
the skin.

TENDON: A cord of connective tissue that attaches muscle to bone.
TERTIARY CONSUMER: A consumer which feeds directly on the secondary consumer in its food chain.

TESTOSTERONE: A hormone produced by the testes in males from the age of puberty. It controls the
development and maintenance of secondary sexual characteristics.

TEST CROSS: A genetic cross involving one homozygous recessive parent.
TISSUE: Many similar cells working together and performing the same function.

TISSUE CULTURE: Commercial application of asexual reproduction in plants, in which pieces of tissue are
removed from an organism and grown in an artificial medium in sterile conditions.

TISSUE FLUID: Blood without red blood cells, plasma proteins and some white blood cells. It bathes the
body’s cells.

TISSUE REJECTION: When the body’s immune system fails to accept a transplanted organ (e.g. heart or
kidney) and attempts to destroy it asa harmful protein.

TOLERANCE: The ability of an organism to take progressively increased dosages of a drug.

TOXINS: Poisons.
TRANSLOCATION: The movement of chemicals around a plant.

TRANSPIRATION: The evaporation of water from the mesophyll cells of a leaf, and the removal of that

vapour through the stomata of the leaf.
TRANSPIRATION PULL: A force created by transpiration, where water is drawn up to the leaf to replace
the water that has been lost.

Glossary 199
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TRANSPIRATION STREAM: A continuous stream of water and ions that travels up a plant.

TURGOR: The pressure created as water enters a plant cell, causing the cytoplasmic lining of the cell to

press against the cell wall. Helps to make plant cells firm (turgid).
LMBILICAL CORD: Connection between placenta and fetus. The fetal blood vessels run within it.
UNICELLULAR: Made up of one cell only, as in the simplest living organisms.

UREA: A nitrogenous waste product which passes in the blood from the liver to the kidneys for excretion
in urine.

URINE: Waste solution containing urea, ions, toxins and water.

VACUOLE: A large, central space in plant cells that contains cell sap, a solution made up mostly of sugars,
Also called the ‘sap vacuole,

VASCULAR BUNDLES: Contain the tissues for transport within a plant — xylem (for carrying water and
ions) and phloem (for carrying sugar and amino acids).

VEIN: Vessel which carries blood under low pressure towards the heart — thinner walls than arteries.
Alarge vein is a vena cava; a small one is a venule,

VENTRICLES: Two lower chambers of the heart that pump blood out of the heart.

VILLI: Microscopic finger-like projections found on the walls of the ileum. Designed to maximize surface
arca 1o allow food absorption,

VIRUSES: Very small, parasitic organisms that cause disease. They cannot be treated with antibiotics.
‘They do not possess all the characteristics of living organisms,

WILT:When a plant]oses its rigidity as aresult of aloss of turgidity inits cells. Occurs when the transpiration
rale exceeds the rate that water can be absorbed from the soil, and water starts to be lost from the
plant’s cells,

WITHDRAWAL SYMPTOMS: Unpleasant effects that result when someone stops taking a drug to which
they are addicted (e.g. heroin).

XYLEM VESSELS: Tube-like structures in plants specially adapted to conduct water and ions from
the roots Lo the stem, leaves, flowers and fruits. Also provide support for the parts of the plant above
the ground.

ZYGOTE: Formed by the fusion of male and female nuclei during sexual reproduction, Zygotes develop
into offspring penetically different from each other, and from their parents.
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