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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book


The aim of this book is to help you prepare for the AS Unit 1 examination for CCEA Biology. It also offers support to students studying A2 biology, since topics at A2 rely on an understanding of AS material.


The Content Guidance contains everything that you should learn to cover the specification content of AS Unit 1. It should be used as a study aid as you meet each topic, for end-of-topic tests, and during your final revision. For each topic there are exam tips and knowledge checks in the margins. Answers to the knowledge checks are provided towards the end of the book. At the end of each topic there is a list of the practical work with which you are expected to be familiar. This is followed by a comprehensive, yet succinct, summary of the points covered in each topic.


The Questions & Answers section contains questions on each topic. There are answers written by two students with comments on their performances and how they might have been improved. These will be particularly useful during your final revision. There is a range of question styles to reflect those you will encounter in the AS Unit 1 exam, and the students’ answers and comments will help with your examination technique.


Developing your understanding


It is important that through your AS course you develop effective study techniques.





•  You must not simply read through the content of this book.



•  Your understanding will be better if you are active in your learning. For example, you can take the information given in this book and present it in different ways:







    –  a series of bullet points to summarise the key points


    –  annotated diagrams to show structure and function (e.g. a diagram of a cell with labelled features and brief notes on function) or annotated graphs (e.g. showing enzyme properties with notes attached explaining the trends)


    –  a spider diagram, e.g. one on enzymes would include reference to theoretical aspects, the effects of temperature and pH, the effect of inhibitors and the effect of immobilisation








•  Compile a glossary of terms for each topic. Key terms in this guide are shown in bold (with some defined in the margin) and for each you should be able to provide a definition. This will develop your understanding of the language used in biology and help you where quality of written communication is being assessed.



•  Write essays on different topics. For example, an essay on enzymes will test your understanding of the entire topic and give you practice for the Section B question.



•  Think about the information in this book so you are able to apply your understanding in unfamiliar situations. Ultimately you will need to be able to deal with questions that set the topic in a new context.



•  Ensure that you are familiar with the expected practical skills, as questions on these may be included in this unit.



•  Use past questions and other exercises to develop all the skills that examiners must test.



•  Use the topic summaries to check that you have covered all the material that you need to know and as a brief survey of each topic.








Content Guidance


Biological molecules


The chemical composition of living organisms


Only 20 different types of atom (of the 92 stable elements) occur in living organisms. The elements present in the largest proportions are carbon (C), hydrogen (H), nitrogen (N), oxygen (O), phosphorus (P) and sulfur (S). These atoms have low atomic mass and combine with one another to form molecules (many of which may be compounds) held together by strong covalent bonds. Consequently, living organisms are both light and strong. The remaining atoms occur as charged ions (e.g. Ca2+, Fe2+, K+ and NO3−).


The water content of living organisms ranges from 50% to 95%. Water is composed of hydrogen and oxygen; its formula is H2O. Water is a liquid whereas other substances of similar molecular mass are gases (e.g. CH4, NH3, O2 and CO2). The reason for this is that water is a dipolar molecule (the oxygen is slightly negative, δ−, and the hydrogen is slightly positive, δ+), so neighbouring water molecules are linked by hydrogen bonds — weak bonds between the oxygen on one water molecule and a hydrogen on another (Figure 1).
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The dry mass of living organisms is in the form of carbohydrates, lipids, proteins and nucleic acids, most of which are macromolecules.


Water is a good solvent capable of dissolving a wide range of chemical substances. This includes all ions and molecules with charged groups. Ions are charged and are surrounded by shells of water; water clusters around the charged groups of glucose and amino acids. This is shown in Figure 2.
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Knowledge check 1





a  Explain how water acts as a solvent.



b  What type of molecules will not dissolve in water?
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The biochemical reactions within the cell are carried out in solution. (Since the water content of seeds and spores is as low as 10% their biochemical activity is suspended until they become rehydrated.) Water is also used to transport nutrients and waste substances.


The hydrogen bonding of water molecules is known as cohesion. This is an important property in the flow of a continuous column of water (and dissolved nutrients) through the xylem vessels of plants. You will study this in AS Unit 2.


Water also has an important role in temperature regulation since evaporation of water from a surface cools it down. The energy required to break the hydrogen bonding in liquid water is known as the latent heat of evaporation.
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Knowledge check 2


What type of energy can break hydrogen bonds easily?
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Since ions are soluble in water this is the way in which living organisms absorb certain elements. The atoms contained within the ion have specific roles (Table 1). Some ions maintain osmotic balance (e.g. potassium ions, K+) while some act as pH buffers (e.g. hydrogen carbonate ions, HCO3−).


Table 1 The role of ions and their atoms as components of biologically important molecules






	Ion

	Chemical symbol

	Role in biological molecules






	Nitrate

	NO3−


	Nitrogen in the amino group of amino acids and in the organic bases of nucleotides produced in plants






	Sulfate

	SO42−


	Sulfur in the R group of the amino acid cysteine






	Phosphate

	PO43−


	In a range of important molecules: adenosine triphosphate, ATP; nucleotides and so nucleic acids; phospholipids






	Calcium

	Ca2+


	In calcium pectate, which contributes to the middle lamella of plant cell walls; in calcium phosphate in the bone of vertebrate animals






	Magnesium 	Mg2+


	In the chlorophyll molecule; in magnesium pectate; also present in the middle lamella of plant cell walls






	Iron

	Fe3+


	In the haemoglobin molecule







Since ions and polar molecules (e.g. glucose and amino acids) are charged and have shells or clusters of water, this influences how they pass through cell-surface membranes (pp. 42–45).



Carbohydrates


Carbohydrates contain carbon, hydrogen and oxygen. They have the general formula Cx(H2O)y. The simplest carbohydrates are single sugars (monosaccharides) with the formula (CH2O)n, where n can vary from 3 to 9. The important types of monosaccharide are trioses (n = 3), pentoses (n = 5) and hexoses (n = 6). Two hexose sugars bond together to form a disaccharide (double sugar) via a condensation reaction (a chemical reaction in which two molecules are joined together and one molecule of water is released). Polysaccharides are formed when many hexose sugars are linked by condensation reactions. Disaccharides and polysaccharides release hexose sugars via hydrolysis.
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Knowledge check 3


A heptose is a monosaccharide with seven carbon atoms. One example is sedoheptulose, which is produced during photosynthesis. What is its molecular formula?


[image: ]





Important monosaccharides include:





•  the pentose sugars ribose and deoxyribose — these are constituents of nucleotides that form the nucleic acids RNA and DNA



•  the hexose sugars α-glucose, β-glucose and fructose (Figure 3)
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The carbon 1, carbon 4 and carbon 6 positions are indicated in the glucose molecules shown in Figure 3. These are important since it is at these positions that different glucose molecules bond together. The subtle but important distinction between α-glucose and β-glucose is that the −H and −OH groups at the carbon 1 position are reversed. This means that the two types of glucose bond slightly differently.


The hexose sugars can bond together to produce disaccharides:





•  α-glucose and fructose form sucrose — sucrose (cane sugar) is the form in which carbohydrates are transported in plants



•  α-glucose and α-glucose form maltose — the product of starch digestion





The formation of maltose is a condensation reaction since water is removed in the process. The bond formed is an α-1,4-glycosidic bond (Figure 4). Note that the two α-glucose molecules are not in the same plane.


The breaking of a glycosidic bond is a hydrolysis reaction. In this case, maltose would be hydrolysed to its constituent α-glucose molecules. The formation and hydrolysis of maltose are shown in Figure 4.
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Exam tip


Be careful not to confuse the terms ‘maltose’ and ‘maltase’. The ending ‘-ose’ tells you that the molecule is a carbohydrate; the ending ‘-ase’ tells you that the molecule is an enzyme. Maltase is the enzyme that catalyses the hydrolysis of maltose.
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Many α-glucose molecules can bond to produce polysaccharides, which are examples of polymers. The simplest is amylose, a constituent of starch in plants (Figure 5). Only α-1,4-glycosidic bonds are involved and a helical structure results since the α-glucoses join at slightly different angles to each other.
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Two other polysaccharides are produced when α-1,6-glycosidic bonds are added at regular intervals to produce branches. In amylopectin, also a constituent of starch, α-1,6 bonds occur every 24–30 glucose units; in glycogen, found in the liver and muscle cells of mammals, α-1,6 bonds occur every 8–10 glucose units, resulting in more frequent branching. The structure of a branched polysaccharide is shown in Figure 6.
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Knowledge check 4


Identify two ways in which starch molecules from different plants can differ from each other.
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Glucose is an important respiratory substrate. The polysaccharides amylose and amylopectin in starch, and glycogen, are the means by which glucose is stored in organisms (so they are regarded as energy stores). They are well adapted as storage molecules because:





•  many glucose molecules can be stored in a cell (amylose molecules are coiled and so are compact)



•  they are readily hydrolysed to release glucose molecules (especially amylopectin and glycogen, which are branched and so have many terminal ends on which hydrolytic enzymes may act)



•  they are insoluble and so cannot move out of cells



•  they are osmotically inert (only soluble substances affect the water potential of a cell — pp. 44–45)
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Knowledge check 5


Glycogen is significantly more branched than amylopectin. Explain how this difference is important in animals, which have a much greater metabolic rate than plants.
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Many β-glucose molecules bond to produce the polysaccharide cellulose. Due to the way in which the β-glucose molecules are orientated cellulose molecules are straight chains. Adjacent cellulose molecules are linked by hydrogen bonds and grouped to produce microfibrils. Each microfibril consists of hundreds of cellulose molecules and is a structure of immense tensile strength. Cellulose microfibrils mesh to form the cell wall of the plant cell and prevent the cell from bursting in dilute solutions. The structure of cellulose is shown in Figure 7.




[image: ]




Some polysaccharides are compared in Table 2.
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Knowledge check 6


Give two structural differences between amylose and cellulose.
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Lipids


Lipids contain mostly carbon and hydrogen with a few atoms of oxygen; they may contain other types of atom. They are macromolecules, but they are not polymers. They are a diverse group structurally, the common feature being their insolubility in water. They can be extracted from cells by organic solvents. Examples include triglycerides (fats and oils), phospholipids, steroids (e.g. cholesterol) and waxes.


Fatty acids are an important constituent of triglycerides and phospholipids. They are essentially long hydrocarbon chains with a carboxylic acid group at one end. They can vary according to:





•  the length of the hydrocarbon chain



•  whether the hydrocarbon chain contains double bonds — a hydrocarbon with double bonds is described as unsaturated in comparison with chains with only single bonds that are saturated with hydrogen (Figure 8)
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Exam tip


Be careful not to confuse the terms ‘fatty acid’ and ‘fat’. A fatty acid is one product of lipid hydrolysis; a fat is a lipid in solid form.
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Triglycerides consist of a glycerol molecule bonded by condensation reactions to three fatty acids. Ester bonds are formed. The constituent molecules of a triglyceride are released by hydrolysis reactions. The formation and hydrolysis of a triglyceride are shown in Figure 9.
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Knowledge check 7


Triglycerides are macromolecules but are not polymers. Explain why triglycerides are not polymers.
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Triglycerides with unsaturated hydrocarbon chains (and/or with shorter chains) have lower boiling points than those with saturated hydrocarbon chains. Therefore:





•  triglycerides with unsaturated hydrocarbon chains (and shorter chains) tend to be liquid at room temperatures — oils



•  triglycerides with saturated hydrocarbon chains (and longer chains) are solid — fats
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Exam tip


The initial letters SSS and DUL are useful memory aids: SSS — Single (bonds), Saturated (triglyceride), Solid (at room temperature); DUL — Double (bonds), Unsaturated (triglyceride), Liquid (at room temperature).
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Oils tend to be found in plants while fats occur in animals.


Like polysaccharides, triglycerides represent energy stores (particularly the constituent fatty acids). They are energy-rich and, gram-for-gram, they release more energy than carbohydrates. As a mass-efficient means of storing energy, lipids are found in seeds (e.g. linseed oil), migratory birds (e.g. geese) and in the camel’s hump.


Fatty acids may only be respired aerobically.


Fats are also important in providing:





•  a thermal insulating layer in mammals, since they are poor heat conductors



•  buoyancy in marine mammals such as dolphins and whales



•  a cushioning layer around and, therefore, protection to internal organs such as the kidneys



•  water when respired — this is metabolic water, which is important for desert animals such as gerbils and camels





A phospholipid consists of a glycerol molecule, two fatty acid residues and a phosphate group (Figure 10). The phosphate causes the glycerol end (the ‘head’) to be polarised and, therefore, soluble in water (hydrophilic or ‘water-loving’); the long hydrocarbon chains (the ‘tails’) are non-polar and insoluble in water (hydrophobic or ‘water-hating’).
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Knowledge check 8


Distinguish between a triglyceride and a phospholipid.
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In an aqueous environment, phospholipids automatically form bilayers. The phospholipid bilayer represents the basis of membrane structure in the cell (pp. 40–41).


The steroid cholesterol is essentially a molecule with a hydrocarbon chain and four carbon-based rings. It is found in cell membranes and, since it is hydrophobic, is located among the hydrocarbon chains of the phospholipid bilayer. A number of steroid hormones are synthesised from cholesterol, including the sex hormones oestrogen and testosterone.



Proteins


Proteins make up about two-thirds of the total dry mass of a cell. They contain carbon, hydrogen, oxygen, nitrogen and usually sulfur. Proteins are chains of amino acids. Since there are 20 different amino acids, which can be arranged in many different sequences, a huge variety of proteins is possible. Proteins have a highly organised structure with up to four levels of organisation. The overall shape is precise and integral to the function of the protein in the cell.


Amino acids consist of a carbon atom with four groups attached:





•  an amino group



•  a carboxylic acid group



•  a hydrogen atom



•  a residue (R-group)





It is the residue that differs to form the 20 different naturally occurring amino acids. Some of the residues carry a charge and so may be involved in hydrogen bonding, some are hydrophobic and a few contain sulfur (e.g. cysteine). The general structure of an amino acid is shown in Figure 11.
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Exam tip


With the exception of a generalised amino acid, you will not be asked to draw molecular structures from scratch. However, you may be required to recognise structures, or complete diagrams of carbohydrates, lipids or protein molecules, or their constituents.
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Amino acids can bond together to form a dipeptide. A condensation reaction is involved and the amino acids are linked by a covalent peptide bond. A hydrolysis reaction breaks the dipeptide down to release the two amino acids. The formation and hydrolysis of a dipeptide are shown in Figure 12.
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Many amino acids are peptide-bonded together to form a polypeptide. The primary structure of a polypeptide is the sequence of amino acids in the chain. The polypeptide has an amino group at one end and a carboxyl group at the other.
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Exam tip


Be careful to distinguish the terms polypeptide and protein. A polypeptide represents a protein if it lacks a quaternary structure; however, if the finalised protein has a quaternary structure then it consists of more than one polypeptide.
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The secondary structure is either an α-helix or a β-pleated sheet. The structures are held in place by hydrogen bonds between peptide links in adjacent parts of the chain.


Globular proteins have a tertiary structure. The polypeptide folds over on itself in a precise way to produce a specific three-dimensional shape. This is due to interaction between the free R-groups of the amino acids. Different R-groups produce specific links with each other: hydrogen bonds between polar R groups; hydrophobic interactions between non-polar R-groups; ionic bonds between ionised R-groups; and disulfide bonds between the sulfur-containing R-groups of cysteine residues. A different order of amino acids means that the R-group interactions are different and so a different three-dimensional shape is generated. Fibrous proteins lack a tertiary structure.


Some proteins consist of two or more polypeptide chains bonded together. This is the quaternary structure.
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Exam tip


The tertiary structure is formed as a result of interactions involving the R-groups of amino acids within a single polypeptide chain. The quaternary structure is the result of interactions between different polypeptides and occurs in the Golgi body as polypeptides arrive there in vesicles from the rough ER, where polypeptides are synthesised.
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The levels of organisation in a protein molecule are shown in Figure 13.
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Haemoglobin is a globular protein found in large quantities in red blood cells. Each molecule consists of four polypeptides: two α-chains and two β-chains (Figure 14a). Each polypeptide has an iron-containing haem group attached. Haemoglobin is important in the transport of oxygen in animals. An oxygen molecule can associate with each haem to form oxyhaemoglobin.
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Knowledge check 9


List the types of bond that form each of the following levels of protein structure: primary structure, secondary structure and tertiary structure.


[image: ]





Collagen is a fibrous protein. Each molecule consists of three similar polypeptides coiled round each other and held together by hydrogen bonds (Figure 14b). Collagen molecules are bonded together to form the strong fibres found in the skin, tendons and ligaments.
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Knowledge check 10


Describe the similarities and differences between haemoglobin and collagen.
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Conjugated proteins have a non-protein part attached. The non-protein component is called a prosthetic group. Some conjugated proteins are given in Table 3.


Table 3 Some important conjugated proteins






	Name

	Prosthetic group

	Location






	Glycoprotein

	Carbohydrate 	Mucin (component of saliva); cell-surface membrane






	Lipoprotein

	Lipid

	Membrane structure






	Nucleoprotein

	Nucleic acid

	Chromosome structure; ribosome structure






	
Haemoglobin

	Haem (iron-containing)

	Red blood cells








Prions: disease-causing proteins


Malformed (misfolded) proteins called prions are the agents that cause diseases known as transmissible spongiform encephalopathies (TSE) — diseases in which the brain tissue becomes spongy with holes where there were once groups of neurones. The afflicted mammal — sheep (with scrapie), cattle (with bovine spongiform encephalopathy, BSE, or ‘mad-cow disease’) or human (with Creutzfeldt-Jacob disease, CJD) — loses physical coordination. In humans, memory and body control are lost prior to death.
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Exam tip


The term ‘prion’ is derived from the words protein and infection.


Prions are pathogens (disease-causing agents) and are different from other pathogens, such as viruses and bacteria, which possess nucleic acid. It is the nucleic acid in viruses and bacteria that allows them to reproduce. Prions replicate by converting the normal PrPC into the abnormal PrPSc.
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These diseases involve the replacement of a normal, cell-surface glycoprotein (PrPC — C for cellular) that is located on the cell surface of a variety of cells, particularly neurones within the brain and spinal cord, with a structurally altered prion form (PrPSc

OEBPS/OEBPS/images/title.jpg
STUDENT GUIDE

CCEA

Biology

Molecules and cells

John Campton

PHILIP ALLAN FOR

{+ HODDER
7 EDUCATION
AN HACHETTE UK COMPANY





OEBPS/OEBPS/images/cover.jpg
STUDENT GUIDE

AS UNIT1

John Campton





OEBPS/OEBPS/images/9-2.jpg
HO

14 linkage

CH,OH CH,0H
0, —q
OH
| |
OH OH

CH,OH CH,OH
—Q —Qq

OH 1 OH OH
yt—o- o o

OH OH
Figure 5 The structure of amylose

OH





OEBPS/OEBPS/images/13-1.jpg
e Two hydrocarbon chain ‘tails’

Glycerol-phosphate ‘head"
Figure 10 A phospholipid





OEBPS/OEBPS/images/9-1.jpg
CH0H CROH

H H H H
o-Glucose o-Glucose
HO OH HO OH
Condensation Hydrolysis
1,0 H,0
ROt CHyon

" & " 4 Notethatthe
bond causes
Maltose o the avglucoses
to lie at different
HO T OH

-1, 4-glycosidic bond angles
Figure 4 The formation and hydrolysis of maltose





OEBPS/OEBPS/images/13-2.jpg
Residual group

Amino group Carbowyl group

Figure 11 The general structure of an amino acid





OEBPS/OEBPS/images/14-1.jpg
Alanine 1 Hs Cysteine
N | s (@sulfur-
e containing
W ! Sou amino acid)
Condensation Hydrolysis
H0 H,0
SH
|
CH; O H CH,
R
N=—=C=—=C=—N=—C—C A dipeptide
2T TN
H H Peptide H OH
bond

Figure 12 The formation and hydrolysis of a dipeptide





OEBPS/OEBPS/images/8-1.jpg
6
H O H
H
NS
HO oH
H OoH
o-Glucose

ChOR
° 1

H O\ oH CH,0H 0.
H

NG H

Ho H HO 4
Ho oM OH
p-Glucose Fructose

Figure 3 a-glucose, B-glucose and fructose

OH

H

H

CHyor





OEBPS/OEBPS/images/15-1.jpg
Tertiary structure e .
lonic bonds between E:u"lde bzdgerf
iti tween side chains
e containing ~SH
Secondary structure
ovhelix formed by \
twisting the chain into -
a coil held together by sl = |
hydrogen bonds % NN 4
between peptide links a A
= H Hydrogen S
ly S: % « | bonds H
e A between ! &
T L certainside |5 £
o = chains
H “& !
I—‘l
\N*C o
Il
H "
o
« W
Primary structure R \R
*
R
& Amino acid side i
Peptide | chain — 20 different
N-terminal bond | types found in proteins \

Secondary structure
B-pleated sheet formed by
regions of chain lining up —

held together by hydrogen
bonds between peptide finks

N

H-N c=0
J

C=0mmH-N
/ N
RCH RCH

®

C-terminal

Figure 13 The different levels of structure in a protein molecule





OEBPS/OEBPS/images/7-1.jpg
(a) s %o (b) HsoH

Figure 2 (a] K* with a shell of water molecules
(b) Glucose with clusters of water molecules





OEBPS/OEBPS/images/rules.jpg





OEBPS/OEBPS/images/15-2.jpg
(a) Haemoglobin Haem groups (b) Collagen

Polypeptide

B-chain
chains

a-chain

a-chain
K B-chain

Figure 14 Haemoglobin (a) and collagen (b) are quaternary proteins





OEBPS/OEBPS/images/6-1.jpg
(@ & & (b)
& 5
w( )-£ &
5 Hydrogen bond ' O%

,

Figure 1 (a) The charges on water molecules. [b) A cluster of water molecules





OEBPS/OEBPS/images/10-1.jpg
HO

0
O FHy0y
e 0 ¢
H,
o_Kow 2;7**(
0
H:d 0 N\
e 0
hain - H 1,6 linkage (branch point)
a4 linkage d,
CHOH CH,OH CH,OH CH,OH
o 0 0 0
oH oH oH oH oH oH
o - - o]
oH
oH oH oH oH oH oH

Figure 6 The structure of branched polysaccharides: amylopectin and glycogen





OEBPS/OEBPS/images/4-1.jpg
Gution & Anewsrs

EXam-style QUESHONS it

Commentary on the
questions
Tips on what you need to do

to gain full marks, indicated
by the icon @

S ——

Sample student
answers
Practise the questions, then

look at the student answers
that follow.

Commentary on sample
student answers

Read the comments (preceded
by the icon @) showing how
many marks each answer
would be awarded in the
exam and where marks are
gained or lost.





OEBPS/OEBPS/images/10-2.jpg
Molecules are
hydrogen bonde
together

Cellulose fibre
Microfibri
B-1.4linkage

CH,0H oH CH,0H oH CH,0H

o Q—o— Q —o—

oH g oH H oH
HO - (—d—0°

OH H,0H OH H,0H OH H,0H

Figure 7 The structure of cellulose





OEBPS/OEBPS/images/11-1.jpg
lable 2 A summary of different polysaccharides

Polysaccharide Monomer Glycosidic Shape of Location Function
bond(s)  polymer
Amylose a-glucose [o-1,4 Unbranched, | Starch grains | Store of
bonds only | helical in living plant | glucose
molecule cells [energy)
Amylopectin | a-glucose |o-1,4 Branched, Starch grains | Store of
anda-1,6 | helical in living plant | glucose
bonds molecule cells lenergy)
Glycogen a-glucose [o-1,4 Branched, Granules | Store of
and a-1,6 | helical inliverand | glucose
bonds molecule muscle cells | [energy)
of mammals
Cellulose B-glucose |B-1,4 Straight chains | Cellwalls of |Structural
bonds only | cross-linked to | plant cells | support to
parallel chains. plant cell






OEBPS/OEBPS/images/11-2.jpg
LR < < N N L N < N < o =] B 0
[ | | | 7

H—C—C—C—C—C—C—C —C—C—C C C—c
T R A I R A | | Non
H H H H H H H H H H H H

Saturated fatty acid

T—A—x

Unsaturated fatty acid

Figure 8 A saturated fatty and an unsaturated fatty acid with one double bond






OEBPS/OEBPS/images/12-1.jpg
Glycerol Fatty acids

0
H \C
AV Ve Ve VAV VE VA Va Ve
HO/
H—C—OH o
| \.
H—C—OH A0 YV Vo Ve Ve vV Vo v
\ v’
H—C—OH 0
\\c
H S A2 YV Vv Ve Ve vV Vo Ve
HO
Condensation Hydrolysis
3H,0 3H,0
n
| o
1 N
H—C—0—C\ANANANANS

Three hydrocarbon
? chain "tails’

o J

| Esterbond
H

Figure 9 The formation and hydrolysis of a triglyceride





