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Special steps are needed to start the process of translation and to stop it. These steps are called initiation and termination. The
three stages of translation are thus initiation, elongation and termination.

INITIATION OF TRANSLATION

@ tRNA with the anticodon complementary to
the start codon binds to the small subunit of
the ribosome
b The small subunit, carrying the tRNA binds to
the 5" end of the messenger RNA
5
end u e —> 3‘end
The small subunit slides along the mRNA
until it reaches the start codon, which
(c) shows where translation should be started
5
end w —> 3’ end
The large subunit of the ribosome
(d) binds to the small subunit
5
end w —> 3 end

Another tRNA, with the anticodon
complementary to the next codon on
(e) the mRNA, binds to the ribosome.
Elongation of a polypeptide can now start
5
end

¢ —> ¥ end

(

TERMINATION OF TRANSLATION

The ribosome moves along the mRNA

*, T, in a 53’ direction, translating
AL ITTIL each codon into an amino acid on
(w) the elongating polypeptide
3" end
_,from5’ \_/ ., ven
end 0... -.....u-o....

R o, The ribosome reaches a
stop codon. No tRNA
molecule has the

» complementary anticodon
3’ end
_>fro(rjn 5 o N v/
*
en : o000, The large subunit advances
] /.'-,“_,ﬂ' *, over the small subunit. The
The released polypeptide has oo polypeptide is released from
usually already started folding K the tRNA
{y) up to form the protein’s final shape [
3’ end
from 5 : oy
end
The tRNA detaches and the
large subunit, small subunit
and mRNA all separate ‘
()
— 3’ end
_,froms’
end Proteins synthesized by free ribosomes mostly remain and are

used in the cytoplasm. Proteins synthesized by ribosomes bound
to the ER are mostly secreted from the cell or are used in lysosomes
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Intramolecular bonding in proteins

Polypeptides have a main chain consisting of a
repeating sequence of covalently bonded carbon
and nitrogen atoms: N-C-C~N-C-C, and

For example, if sections of polypeptide run
parallel, hydrogen bonds can form between
them. The structure that develops is called a -
pleated sheet. If the polypeptide is wound into a
right-handed helix, hydrogen bonds can form
between adjacent turns of the helix. The
structure that develops is called an o-helix.
Because the groups forming hydrogen bonds are
regularly spaced, secondary structures always
have the same dimensions.

In addition to the hydrogen bonding in B-pleated
sheets and a-helices, there are many other types
of bonding. Most of these involve the R groups
of the amino acids. The figure (below) shows
some of these bonds.

so on. Each nitrogen atom has a hydrogen atom H-N’ ‘c=0 H-N
bonded to it (N — H ). Every second carbon c-H H-C ‘c—H

atom has an oxygen atom bonded to it (C=0). o=c’ ‘N=HmmO=C
N—HmmsO=C ‘N-H

H O H- C/ \C —H s H —C/
| ” \C=Ouumunu H—- N/ \C=O

N-C-C-N-C-C H-N] = O —N
| [ c-H  H-C ‘c-H

H o-c| :N-H'"""""-'O=Ci
N—HuwnQ=C N—H

Hydrogen bonds can form between N — H and H-C 6-H H-C
C = O groups, if they are brought close together. :c=o.............H_Ni :(;:o

B-PLEATED SHEET « -HELIX

Bond angles give the
sheet a pleated shape

= o (I o)

Types of intramolecular bond in proteins.

lonic bonds can form between positively
and negatively charged R groups

Hydrophobic interactions, which are
weak bonds, can form between R
groups that are non-polar including
all those projecting inwards here

Acidic amino acids have R groups that can lose
an H* ion and so become negatively charged
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Hydrogen bonds can form
between some R groups

Disulfide bridges,
which are strong
covalent bonds can
form between pairs
of cysteines
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Proteins have a complex structure, which can be explained
by defining four levels of structure, primary, secondary,
tertiary and quaternary structure.

PRIMARY STRUCTURE

Primary structure is the number and sequence of amino acids
in a polypeptide. Most polypeptides consist of between 50
and 1000 amino acids. The primary structure is determined
by the base sequence of the gene that codes for the
polypeptide. The figure (below) shows the primary structure
of B-endorphin, a protein consisting of a single polypeptide of
31 amino acids that acts as a neurotransmitter in the brain.

Primary structure of B-endorphin
Alanine — Isoleucine —» lsoleucine —# Lysine
Asparagine —» Alanine —» Histidine —» Lysine

lysine - Glycine —p Glutamine —p Tyrosine -

- Glycine —» Glycine —p Phenylalanine -p Methionine - -,

Threonine —p  Serine —p Glutamic acid—p  Lysine

Serine  — Glutamine —p Threonine —p Proline

Leucine —» Valine —% Threonine —% Leucine - -

- Phenylalanine — Lysine —# Asparagine

TERTIARY STRUCTURE

Tertiary structure is the three-dimensional conformation of
a polypeptide. It is formed when the polypeptide folds up
after being produced by translation. The conformation is
stabilized by intramolecular bonds that form between amino
acids in the polypeptide, especially between their R groups.
These include ionic bonds, hydrogen bonds, hydrophobic
interactions and disulfide bridges. The intramolecular bonds
are often formed between amino acids that are widely
separated in the primary structure of the polypeptide, but
which are brought together during the folding process.

The figure below shows the tertiary structure of lysozyme
using the sausage model.

Sausage model of lysozyme

SECONDARY STRUCTURE

Secondary structures are regular repeating structures,
including B-pleated sheets and a-helices stabilized by
hydrogen bonds between groups in the main chain of the
polypeptide. In many proteins, parts of the polypeptide form
secondary structures and other parts do not. In some proteins
secondary structures do not form at all. In a few proteins
almost all of the polypeptide forms secondary structures.

For example almost all of myosin molecules is a-helix and
almost all of fibroin (silk protein) is B-pleated sheet.

The figure (below) shows the position of secondary structures
in lysozyme, using the ribbon model. Sections of a-helix are
represented by helical ribbons and sections of B-pleated
sheet are represented by arrows.

Ribbon model of lysozyme

QUATERNARY STRUCTURE

Quaterriary structure is the linking together of two or more
polypeptides to form a single protein. For example, insulin
consists of two polypeptides linked together, collagen consists
of three polypeptides and hemoglobin consists of four.

In some cases proteins also contain a non-polypeptide
structure called a prosthetic group. Each of the four
polypeptides in hemoglobin is linked to a heme group,
which is not made of amino acids. Proteins with a

prosthetic group are called conjugated proteins.

The figure (below) shows the quaternary structure of hemoglobin.

Sausage model of hemoglobin

alpha chain alpha chain

beta chain
beta chain
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Protein functions

Proteins have a huge range of functions in living organisms. Some proteins are located in membranes. The functions of
membrane proteins are listed on page 7. Six of the functions of non-membrane proteins are listed (below). Proteins

can also be used as food stores, for example, casein in milk, as pigments, for example, opsin in the retina and as toxins as in
some snake venom,

Function Example Details Shape

Enzymes Catalase The function of catalase is to catalyse the conversion of hydrogen Globular
peroxide, a toxic waste product of metabolism, into water and oxygen

Structural Collagen The function of collagen is to strengthen bone, tendon and skin. These Fibrous
tissues all produce tough collagen fibres in the spaces between their
cells

Transport Hemoglobin The function of hemoglobin is to bind oxygen in the lungs and to Globular

transport it to respiring tissues

Movement Myosin The function of myosin (with another protein called actin) is to cause Fibrous
contraction in muscle fibres and as a result cause movement in animals

Hormones Insulin The function of insulin is to bind to receptors in the plasma membranes  Globular
of target cells and stimulate them to remove glucose from the blood

The function of immunoglobulin is to act as antibodies. Part of the
Defence immunoglobulin  immunoglobulin molecule can be varied, so that an almost endless Globular
variety of different antibodies can be produced

FIBROUS AND GLOBULAR PROTEINS

The table (above) indicated the shape of each of the named proteins. Proteins can be divided into two types according to their
shape, fibrous or globular. Fibrous proteins have a long and narrow shape. They are mostly insoluble in water. Globular proteins
have a rounded shape. They are mostly soluble in water.

POLAR AND NON-POLAR AMINO ACIDS IN PROTEINS ]
Amino acids can be divided into two types according to the chemical characteristics of their R group. Polar amino acids have
hydrophilic R groups and non-polar amino acids have hydrophobic R groups. The distribution of polar and non-polar amino
acids in a protein molecule influence where the protein is located in a cell and what function it can carry out.

The figures (below) show examples of this.

Superoxide dismutase - an enzyme found
in all aerobic organisms

Positions of proteins in

and out of membranes A ring of amino acids
with negatively
charged R-groups
repel the negatively
charged superoxide
ions and help to

Non-polar amino acids direct them to the

The active site is a
cleft containing
amino acids with
positively charged
R-groups which
attract the
negatively charged
superoxide ions that

Non-polar amino acids
in the centre of water-
soluble proteins stabilise
their structure.

Polar amino

acids on the cause proteins to remain active site. a':e the substrate of
surface of embedded in membranes. the enzyme.
proteins make

them water

soluble.

Lipase — an enzyme that
works in the small intestine

S

Part of the enzyme molecule
acts as a hinged lid which
can cover the active site
when not in use, hiding the
non-polar R-groups.

Polar amino acids
create channels
through which polar
hydrophilic region
substances can
diffuse. Positively

The active site is a

charged R groups Polar amino acids cause cleft containing non-polar region

allow negatively charged parts of membrane proteins amino acids with A protein cofactor binds to the enzyme,

ions through and vice versa. to protrude from the non-polar R-groups and helps lipase to bind to the surface
membrane. Transmembrane which bind non-polar of lipid droplets because it has non-

proteins have two such regions. triglycerides. polar R-groups on its surface.
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ENERGY CHANGES DURING
CHEMICAL REACTIONS

During chemical reactions, reactants are converted into
products. Before a molecule of the reactant can take part in
the reaction it has to gain some energy. This is called the
activation energy of the reaction. The energy is needed to
break bonds within the reactant. Later, during the progress
of the reaction, energy is given out as new bonds are made.
In exergonic reactions this amount of energy is greater than
the activation energy. In endergonic reactions it is less.
Enzymes reduce the activation energy of the reactions that
they catalyse and therefore make it easier for reactions

to occur.

The chemical environment provided by the active site for
the substrate causes changes within the substrate molecule,
which weakens its bonds. The substrate is changed into a
transition state, which is different from the transition state
during the reaction when an enzyme is not involved. The
transition state achieved during binding to the active site has
less energy and this is how enzymes are able to reduce the
activation energy of reactions.

THE INDUCED FIT MODEL OF
ENZYME ACTIVITY

Biochemists have investigated many enzymes and found that
the lock and key model does not fully explain the binding of
the substrate to the active site. Until the substrate binds, the
active site does not fit the substrate precisely. As the substrate
approaches the active site and binds to it, the shape of the
active site changes and only then does it fit the substrate.

The substrate induces the active site to change, weakening
bonds in the substrate during the process and thus reducing
the activation energy. The figure (below) shows the induced
fit model of enzyme activity.

Some enzymes can have quite broad specificity, for example
some proteases. The induced fit mode! explains this better
than the lock and key model — if the shape of an active site
alters when substrates bind, several different but similar
substrates could easily bind successfully to it.

Energy changes during exergonic reactions

Activation
energy

with no
enzyme

Activation energy
with enzyme

Energy

substrate

} Net energy

__________________________________ released by
product the reaction

is not changed

by the enzyme

Progress of reaction

Energy changes during endergonic reactions

Activation
energy

with no
enzyme

Activation energy
with enzyme

>
po
el 27 N\ duct
roduc
= P } Net energy
----------------------------------- taken in by
substrate the reaction

is not changed
by the enzyme

Progress of reaction

In living organisms, endergonic reactions are coupled with
exergonic reactions, for example hydrolysis of ATP. The
endergonic reaction can then occur more easily.

substrate active site
of enzyme

As the substrate binds,
the conformation of the
protein is altered and the
shape of the active site
becomes complementary
to that of the substrate

substrate bound
to active site
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METABOLIC PATHWAYS initial Chains and cycles of reactions
Metabolic pathways have these features: substrate
* They consist of many chemical reactions that are carried substrate

out in a particular sequence.
+ An enzyme catalyses each reaction. intermediate
+ All the reactions occur inside cells. intermediate end product / substrate
» Some pathways build up organic compounds (anabolic

pathways) and some break them down (catabolic intermediate

pathways). intermediate intermediate

* Some metabolic pathways consist of chains of reactions.
Glycolysis is an example of a chain of reactions—a chain
of ten enzyme-controlled reactions converts glucose into
pyruvate. intermediate intermediate

+ Some metabolic pathways consist of cycles of reactions,
where a substrate of the cycle is continually regenerated intermediate
by the cycle. The Krebs cycle is an example.

The figure (opposite) shows the general pattern of reactions

in a chain and a cycle. end product

intermediate

product

ALLOSTERY AND THE CONTROL OF
METABOLIC PATHWAYS

In many metabolic pathways, the product of the last End-product inhibition

reaction in the pathway inhibits the enzyme that catalyses

the first reaction. This is called end-product inhibition. Substrate binds Substrate could Substrate is not likely
The enzyme that is inhibited by the end products is an to the active site bind to the active to bind to the active
example of an allosteric enzyme. Allosteric enzymes have and is converted site as the allosteric ~ site as the inhibitor
two non-overlapping binding sites. One of these is the to the product. site is empty. has bound to the
active site. The other is the allosteric site. allosteric site.

In this case the allosteric site is a binding site for the end

product. When it binds, the structure of the enzyme is

altered so that the substrate is less likely to bind tothe ~ —-----

active site. This is how the end-product acts as an inhibitor.
Binding of the inhibitor is reversible and if it detaches, the
enzyme returns to its original conformation, so the active
site can bind the substrate easily again (right).

The advantage of this method of controlling metabolic
pathways is that if there is an excess of the end-product the
whole pathway is switched off and intermediates do not build

up. Conversely, as the level of the end-product falls, more ‘_’. _____ > . ''''' > ’ _____ > ’

and more of the enzymes that catalyse the first reaction will The substrate of the first enzyme in the metabolic
start to work and the whole pathway will become activated. pathway is converted by the pathway into an
End product inhibition is an example of negative feedback inhibitor of the enzyme.

(see example below).

An example of end product inhibition

CH,

H ﬁ) C=0 H (0] H

NH,—C—COOH ——— > C—COOH —» OH—C—COOH —> OH—C—COQOH —> C—COOH — NH,—C—COOH

threonine
‘ dehydratase | I ’ ’
H—CH—OH A CH, CH, C—OH CH CH

] | / /N /N

CHa | CH, CH, CH; CH, CH; CH, CH; CH,
i

threonine i CH, CH, CHg
[} . .
I

l; isoleucine is the end product of the pathway and inhibits threonine %0 el'Jcme
Y dehydratase which catalyses the first step J
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