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The elements Table 1 Some important ions in
Elements are pure substances. An element is a material that is made biological systems
up of just one kind of atom. Each element has its own unique

: : ; Name Symbol
chemical and physical properties. The most common elements found
in living things are carbon, hydrogen, oxygen and nitrogen. iron Fett ter

A very large range of elements serve roles in animals, plants and : t .
prokaryotes. Some examples are: chlorine ek

Sulfur is a component of some amino acids.

Phosphorus is a component of nucleotides in DNA and RNA.

Iron serves a role in oxygen transport in animal blood and is a

component of cytochrome proteins involved in electron transport

in plants, animals and prokaryotes. magnesium Mg+
e Sodium plays a role in nerve impulses in animals and in some

halophilic bacteria it is essential for maintaining metabolic

activities. Sodium is not essential in most plants, though for some, nitrate NO,”

it can play a role in maintaining osmotic balance. ‘

calcium Caz

Two or more atoms can chemically combine to form a molecule
through the formation of a covalent bond. If an atom or a molecule
has an electric charge, it is referred to as an ion. Table 1 shows some
important ions in biological systems.

Data-based question: elemental composition of living organisms

The bar chart (Figure 1) shows 1 State the three most frequently occurring elements in living organisms,
the amounts of eight elements in which are omitted from the bar charts. [3]

two organisms. The results are 2 State which the fourth and fifth most frequently occurring elements are in:

given as a percentage by mass of ;
the dry matter of the organisms, 8). Conis [2] _b) Charg [2,] §
so the amount of water that the 3 @) Calculate the difference in nitrogen content between Canis and Chara.
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, affect the results. The three most of question.) [2] A
: frequently occurring elements b) Suggest a reason for the difference in nitrogen content. [1] !
: have been omitted. The results 4 Using the data in the bar chart, compare the elemental composition of ]
; are for next most frequently Canis and Chara. (Hint: in a compare question you should give both ]
e elements, from the similarities and differences. Where there are many possible answers, it is .
: fourth to the eleventh. best to pick out the most significant points.) [5] !
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Activation energy and enzymes
Chemical reactions are not single-step processes. Substrates have to

substrates
pass through a transition state before they are converted into
products. Energy is required to reach the transition state, and EUHEEK
although energy is released in going from the transition state to the
product, some energy must be put in to reach the transition state.
This is called the activation energy. The activation energy is used to
break or weaken bonds in the substrates. Figure 18a shows these 4
energy changes for an exothermic reaction that is not catalysed by an ranston
enzyme.
When an enzyme catalyses a reaction, the substrate binds to the
active site and is altered to reach the transition state. It is then
converted into the products, which separate from the active site. —
The binding lowers the overall energy level of the transition state.
The activation energy of the reaction is therefore reduced (Figure e
20b). The net amount of energy released by the reaction is 3
unchanged by the involvement of the enzyme. However the
activation energy is reduced and the rate of the reaction is greatly
increased, typically by a factor of a million or more.
(a)A transition state (b)A
transition
a a state
2 2 A
o @ | activation
: energy
Csubstrate  \ Csubstrate  \ S
T product [ product
progress of reaction g progress of reaction >
Figure 20 Graphs showing activation energy (a) without an enzyme and (b) with
an enzyme
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: Data-based question: the effectiveness of enzymes :
| The degree to which enzymes increase the rate of reactions varies 1 State which enzyme catalyses the :
1 greatly. By calculating the ratio between the rate of reactions with and reaction with the slowest rate in the :
i without an enzyme catalyst, the affinity between an enzyme and its absence of an enzyme. [1] i
! substrate can be estimated. Table 2 shows the rates of four reactions 2 State which enzyme catalyses its :
1 with and without an enzyme. The ratio between these rates has been reaction at the most rapid rate. [1] 1
1 : i
; calculated for one of the reactions. SO g e E ratios betweart e !
: ‘  Rtlc hetwass esfe rate of reaction with and without an
: Rate without | Rate with with and without enzyme for ketosteroid isomerase, : 1
1 catalyst/s’ | enzyme/s' | nuclease and OMP decarboxylase. 1
' enzyme 3] !
i Carbonic anhydrase 1.3 % 107 1.0 x 100 77 x 108 4 Discuss which of the enzymes is 1
1 oy o . 7 i
;  Ketosteroid isomerase 1.7 x 107 6.4 x 10° the more effective catalyst. [3] !
i Nuclease 17x 107 95 x 10° 5 Explain how the enzymes increase 1
! OMPdecarboxylase 2.8 1% 39 x 10° the rate of the reactions that they |
1
: Table 2 catalyse. [2] i
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Osmosis (- )
Osmosis the passive

movement of water molecules,
across a partially permeable
membrane, from a region of
lower solute concentration

to a region of higher solute
concentration

In most living cells the movement of solutes through the plasma
membrane is restricted but water is able to move in and out of the
cell freely — the membrane is partially permeable. Sometimes the
number of water molecules moving in and out are the same — there
is no net movement. If more molecules move in or out, the net
movement is osmosis. Osmosis only occurs when there are
substances dissolved in water — solutes. Substances that dissolve form
intermolecular bonds with the water molecules. The water molecules of
that bond to solutes cannot move freely, reducing the effective

concentration of water. Regions with a higher solute concentration

therefore have a lower water concentration than regions with a

lower solute concentration. This also tends to cause water to move

from regions of lower to higher solute concentration. No energy has

to be expended directly to make the water molecules move — it is a

passive process.

Animal cells can be damaged by osmosis. Figure 15 shows blood cells
that have been bathed in solutions with (a) the same solute
concentration as their cytoplasm, (b) a higher concentration and (¢) a
lower concentration.
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Data-based question: albumin in the blood
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Figure 16 shows the concentration of albumin in the blood of children in
northern Thailand. Albumin is a solute in blood. It causes 70 per cent of
the reabsorption of water into blood capillaries that occurs in healthy
tissues. Kwashiorkor is caused by a lack of proteins in the diet and
marasmus is caused by a general lack of food.

1 a) Compare the levels of albumin in the three groups of children. [3]
b) Explain the differences in the levels of albumin. [2]
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2 Explain how albumin dissolved in blood plasma causes reabsorption of
water into blood. [3]

o

Blood plasma albumin concentration / g dm~

w

3 When water is not reabsorbed into blood capillaries, tissues become
swollen by fluid retention. This condition is called edema. Deduce
which of the groups of children were most at risk of edema. [2]
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Figure 16 Albumin concentrations
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| LipidS oleic acid palmitic acid

.. : ; OH OH
Lipids are a broad category of molecules that include steroids, waxes, | |
fatty acids and triglycerides. In common language, triglycerides are fats 0=(|: 0=$
if they are solid at room temperature or oils if they are liquid at room H C/CHz . C/CHz
temperature. Three fatty acids combine with one molecule of glycerol "cH " cH
to form a triglyceride (see Figure 15). When this happens, three water HZC/ ’ HzC/ ’
molecules are produced. This is also a condensation reaction. Note that >CH2 >CH2
the breakdown of triglycerides occurs by hydrolysis. Triglycerides can HC H,C
serve as insulation, for example in the blubber of Arctic marine HC/CHz H C/CHz
mammals. They also have a role in energy storage. » g double bond 2 >CH2
Lipids and carbohydrates are both used for energy storage, but there :CH S
are several differences. Lipids are normally used for long-term energy ~ H.& H C/CH2
storage. When an animal is starved, it is likely to use stores of . C/CH2 ’ \CHz
glycogen before it calls on lipid stores. Lipids contain twice as much " eH HZC:
energy per gram as carbohydrates. Carbohydrates are more soluble Hzc: ’ CH,
and so are easier to transport. However, they also tend to have a CH

CH

ol

stronger impact on osmotic balance.

g Ester
bond

Triglyceride (fat)

Glycerol 2 Figure 14 Oleic acid and palmitic acid
= Fatty acids 2% are two examples of fatty acids
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Figure 15 Formation of a triglyceride from glycerol and three fatty acids

Data-based question: Emperor penguins

During the Antarctic winter female Emperor penguins live and feed at sea,
but males have to stay on the ice to incubate the single egg the female
has laid. Throughout this time the males eat no food. After 16 weeks the
eggs hatch and the females return. While the males are insulating the
eggs they stand in tightly packed groups of about 3000 birds. To
investigate the reasons for standing in groups, 10 male birds were taken
from a colony at Pointe Geologie in Antarctica. They had already survived
4 weeks without food. They were kept for 14 more weeks without food 04 0.4
in fenced endlosures where they could not form groups. All other
conditions were kept the same as in the wild colony. The mean air
temperature was —16.4 °C. The composition of the captive and the wild
birds' bodies was measured before and after the 14-week period of the
experiment. The results in kilograms are shown in Figure 16.

143

captive before captive after

71
173

11.8

a) Calculate the total mass loss for each group of birds. [2]

wild before wild after
i) wild i) captive Key
b) Compare the changes in lipid content of the captive birds with those B water
of the birds living free in the colony. [2] B lipid
b i : [ protein
) Besides being used as an energy source, state another function of oot substances
lipid which might be important for penguin survival. [1] Figure 16
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Nucleotides and nucleic acids

DNA is a polymer of nucleotides. Nucleotides are molecules that
consist of three parts: a sugar, a phosphate group and a nitrogen- H H
containing ring structure called a nitrogenous base. Figure 2 shows
these parts. A polymer of nucleotides is called a nucleic acid. In the
polymer a covalent bond links the phosphate of one nucleotide to the OH OH
sugar of the next nucleotide.

e One example of a nucleic acid is ribonucleic acid or RNA.
e Another example is deoxyribonucleic acid, or DNA.

The sugar within DNA is deoxyribose and the sugar in RNA is ribose
(Figure 1). DNA is usually double stranded and RNA is single

stranded. The bases in DNA are adenine, cytosine, quanine and OH H
thymine. In RNA uracil is present instead of thymine. Figure 1 The sugar within DNA is
s deoxyribose and the sugar in RNA is

ribose

Figure 3 A simpler representation of a

nucleotide
________________________________________________________________ .
_"@ Data-based question: Chargaff's data
DNA samples from a range of species were analysed in terms of 1 Compare the base composition of
their nucleotide composition by Edwin Chargaff, an Austrian Mycobacterium tuberculosis (a
biochemist, and by others. The data is presented in Table 1. prokaryote) with the base composition
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: Bl Wanil 310 19 2 Calculate the base ratio A+ Q/T + C, for
i : humans and for Mycobacterium

] tuberculosis. Show your working. [2]
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of adenine and thymine are equal and
271 the amounts of guanine and cytosine

Wheat Plant 273
R are equal. [2]

4 Explain the ratios between the amounts
of bases in eukaryotes and prokaryotes
in terms of the structure of DNA. [2]

5 Suggest reasons for the difference in
304 204 19.5 0.0 the base composition of bacteriophage
T2 and the polio virus. [2]

Mycobacterium ~ Bacterium 151 349 354 14.6
tuberculosis

Polio virus
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Details of translation large subunit tRNA binding sites

Translation always begins in the cytoplasm. If the proteins are
destined eventually for lysosomes or for export, then the ribosomes
bind to the endoplasmic reticulum and complete the process of
translation while bound. Proteins that are for use within the cytosol
are synthesized by unbound ribosomes.

Ribosomes are composed of ribosomal RNA, or rRNA and a large
variety of individual proteins. Each ribosome is composed of two
subunits, one larger than the other. Each ribosome has three tRNA
binding sites — the “E” or exit site, the “P” or peptidyl site and the “A”
or aminoacy] site.

Often, more than one ribosome can be actively translating the same
mRNA molecule at the same time. The resulting complex of ribosomes ~ small subunit mRNA binding site
along a single mRNA is called a polyribosome or polysome (Figure 11).  Figure 10 Ribosome structure

ribosomes mRNA ribosome
leaves «
W mRNA £h Attachment site
£ A ; C for phenylalanine
- direction of translation w 3
W ._...—-’ A =|
‘ : Hydrogen 5 E:

bonds between
complementary
bases

car, IV

polypeptide Unpaired bases
chains
amino acid completgd u
= residues polypeptide } s |
Figure 11 A polysome chain oA

Anticodon
for

Each tRNA molecule is recognized by a tRNA-activating enzyme that iheslalanios

binds a specific amino acid to the tRNA, using ATP for energy. The ]
amino acid attaches at the 3’ end of the tRNA. The 3’ end of the Figure 12 A tRNA molecule
tRNA terminates with the nucleotide sequence CCA.

Data-based questions: interpreting electron micrographs

The electron micrographs in Figure 13 show
transcription, translation and DNA replication.

Deduce, with reasons, which process is occurring in
each electron micrograph [10]

-———-——-——-—————-——--——_l
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Transcription RNA polymerase

mRNA is made in a process called transcription. There Bk

are other types of RNA such as transfer RNA (tRNA), W y m
which has a role in translation, and ribosomal RNA B ey T

(rRNA) which is a structural and functional component Lo S

of ribosomes. The production of these other forms of o She
RNA also occurs through the process of transcription. o i

T Ygs 3 ; g anti-
Because RNA is single-stranded, transcription occurs m chian

along one strand only. The RNA that is produced has a A T G CT A GG (C stand
sequence that is complementary to the DNA that is
used as a template for transcription. uACGA U

E
What follows is an outline of transcription: P ﬁ
4y

e The enzyme RNA polymerase binds to a site called
the promoter on the DNA. G «
e The DNA to be transcribed is separated by the RNA ﬁ
polymerase in the region of the gene to be ribonucleotides
transcribed. Figure 2 Transcription
e RNA nucleotides pair with their complementary
bases on one strand of the DNA only. There is no
thymine in RNA, so uracil pairs in a complementary
fashion with adenine.
e RNA polymerase forms covalent bonds between the
nucleotides.
e The RNA separates from the DNA and the double
helix reforms.

Data-based questions: DNA and RNA structure

Figure 3 shows the structure of DNA and RNA molecules. 1 State two differences

Only a small part of each molecule is shown. between the structures of
DNA and RNA that are

| - ke < ke shown in Figure 3. [2]
0 N : o) SN : .
E € :(: adenine o 9 :(: adenine 2 State one difference
5 N° °N O=F!’—OCH2 N °N

o=1|>4—ocr1 ] between the structures of
» i s S o - 2 > DNA and RNA that is not
i ol 2 T shown in Figure 3. [1]

3 3 2
XN Cytosine 0 XN Cytosine i -
A ik i f\\ 3 Distinguish between the
N "o

]
]
i
]
]
i
]
1
]
]
I
I
]
]
1
]
i
1
: | z L) structures of DNA and
! . o o 9 RNA. (Hint: it is often best
i 9 0 to use a table to answer
i
]
]
i
1
1
]
i
i
]
I
]
]
I
]
i
]
I
i

N ! : . : .
P ﬁi“ guanine AL ¢ NH  guanine this type of question, with
0—P—OCH, N R ONH, 0=P—OCH, NN ONH, a column for DNA and for
o o 0 o RNA and one row for each
o) o difference.) [3]
H,C
XNH >N XNH imilariti
0 OH C i c|> H W tyinine 4 State four similarities
0=P—OCH, N Yo 0=P—OCH, NN between DNA and RNA.
o 0 o 0 [4]
OH Q:F 5 H
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Figure 3 RNA DNA
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DNA replication in prokaryotes

There are a few differences in the details of DNA replication in
prokaryotes and eukaryotes, but in outline the processes are very
similar. Replication begins at sites called origins of replication.

In prokaryotic cells there is one origin and in eukaryotic cells there
are many. Replication proceeds in both directions from the origin and
on both strands.

During replication, each new unit added to the growing nucleic acid
is a nucleoside triphosphate. A nucleoside is a sugar and a base. A
synonym for a nucleotide is “nucleoside monophosphate”. A
nucleoside triphosphate hydrogen bonds to its complementary base
in the exposed DNA molecule. The hydrolysis of two molecules of
phosphate occurs to convert the nucleoside triphospate to a
nucleotide. The hydrolysis of the two molecules of phosphate
provides the energy necessary to add the nucleotide to the growing
polymer. Replication is catalysed by the enzyme DNA polymerase III.
It requires a short sequence called a primer to start the process. The
primer is made of RNA and is made by an enzyme called primase.
DNA polymerase I, is the enzyme that later digests away the RNA
primer and replaces it with DNA.

The nucleoside triphosphates can only be added at the 3" end of the
nucleotide before it. Because the DNA strands are organized in an
anti-parallel fashion, the result is that DNA must be synthesized
either in a continuous fashion, creating a leading strand, or in
fragments, creating a lagging strand.

These fragments on the lagging strand are called Okazaki fragments
(see Figure 15). The fragments are later joined together by the
enzyme DNA ligase.

Different samples of bacteria were supplied with radioactive nucleoside
triphosphates for a series of times (10, 30 or 60 seconds). This was the
“pulse” period. This was followed by adding a large excess of non-radioactive
nucleoside triphosphates for a longer period of time. This is called the
“chase” period. The appearance of radioactive nucleotides (incorporated
during the pulse) in parts of the product DNA give an indication of the
process of converting intermediates to final products.

DNA was isolated from the bacterial cells, denatured (separated into two
strands by heat) and centrifuged to separate molecules by size. The closer to
the top of the centrifuge tube, the smaller the molecule.

1 Compare the sample that was pulsed for 10 seconds with the sample
that was pulsed for 30 seconds. [2]

2 Explain why the sample that was pulsed for 30 seconds provides
evidence for the presence of both a leading strand and many lagging
strands.

3 Explain why the sample that was pulsed for 60 seconds provides
evidence for the activity of DNA ligase.

Data-based question: evidence for discontinuous synthesis

Template
strands

fork

DNA
polymml DNA

4« polymerase
DNA
ligase

Okaza/ki/r

fragments

N\

5¢ Leading strand

Lagging strand
-3 3 5
Figure 15 Because new nucleotides
are always added at the 3" end of the
molecule, replication is continuous on
the leading strand but discontinuous on

the lagging strand
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Figure 16

Replication
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