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Figure 7 Insulin concentrations in the blood of a diabetic person v Blood
following an insulin injection (injections also contain a slow- @ —» Blood A D A > capillary
acting form of insulin which produces an effect for up to 12 hours;
afier that the insulin level falls to zero).

Figure 9 Injecting insulin. Although the insulin hexamers are too
large to pass through the blood capillary membrane, the
monomers are able to do so.

A chain S——S

Figure 11 Human insulin. The two chains are held together by —S—S—- links.
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Figure 14 Representations of the structure of RNA: (a) how groups join together; (b) a skeletal formula; and (c) two simpler ways of

showing the structure.



—~OH group forms an ester @ [clulala]ulcla]a]alalc]c] | | |

link to the amino acid — ; mRNA
/ in this case alanine (Ala) Messenger RNA (mRNA) carries

OH the code for protein synthesis

Anti-codon for binding to a codon

on mRNA: in this example it would
bind to GCC, the codon for alanine ':(>
| [afefe] [ [ mmrna Transfer RNA (tRNA) collects an amino acid
codon and takes it to the mRNA strand

Figure 15 Schematic representation of a tRNA molecule showing the
three bases which form the anti-codon. c)

' Ribosome

Ribosomes contain ribosomal RNA (rRNA)
They move along the mRNA chain, reading
the code and catalysing protein synthesis

Figure 16 The roles of the different types of RNA.
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Figure 17 Protein synthesis and the reading of codons on mRNA.
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Figure 18 Molecular recognition and bases on RNA
(the symbol === is used to represent two hydrogen bonds;

=7 represents three hydrogen bonds).
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Figure 23 A summary of protein synthesis in higher organisms.
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illustration of the
DNA double helix.
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Some bacterial cells, unlike human cells, ) Other bacterial
contain plasmids — tiny circular pieces of plasmid DNA (in reality this
DNA which are able to pass between cells is much bigger

l than the plasmid)
The human gene responsible for Plasmids can be extracted and cut
insulin production can be built up U - with restriction enzyrlnes.which break
from insulin mRNA using viruses / a sugar-phosphate link in the DNA
Humangene & — backbone
Other enzymes re-form
/ sugar-phosphate links

and ‘splice’

The modified plasmid is the hU_man gene into the
put back into bacterial cells plasmid

4 1\ 4 \ N\
The cells multiply O @ O @ O @
in the fermenter

(. J (. J (. J

The modified ( 1 1 )
bacteria produce O @ O ég O ég
human insulin () L b, L J L J The protein is
from the insulin extracted and
gene / \ modified if
Waste bacterial necessary to give
cells are destroyed the final product

Figure 29 An illustration of the general approach used to produce a sample of insulin by genetic engineering.
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Figure 34 The secondary structure of a protein involves folding C/ \C

as a result of hydrogen bonding. This figure shows the protein
chain folded into (a) a helix and (b) a sheet.



The centre of the hexamer Non-polar
contains polar groups regions are
which coordinate brought into
with Zn?* ion contact by

\' dimerisation

Remaining
non-polar
regions are
brought into
contact in
the hexamer

The outside of the hexamer Insulin
is almost totally polar and monomers
interacts strongly with water

Figure 40 A ribbon diagram of the insulin hexamer.

Figure 38 An insulin hexamer.
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Insulin gene
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Figure 45 Part of the human insulin gene which codes for the B chain around B9 (serine).



1 Synthetic DNA (shown in green)
sticks to correct sequence of

bases on Strand 2 Strand 2

LCTT TGT GGG TCC CAC CTT—]
GAA ACA CCC AGG GTG GAA

2 Normal cell processes recreate
the plasmid double helix

Strand 1 Strand 2
\

LCTT TGT GGG TCC CAC CTT—]
GAA ACA CCC AGG GTG GAA

Figure 46 The cell recognises the small piece of synthetic DNA
and incorporates it into a plasmid.

Figure 47 The cell tolerates a change to one of the bases in the
piece of DNA and incorporates the synthetic DNA into a plasmid.
When the cell divides, two different plasmids are formed — one
carries the normal human insulin gene, the other the gene for
modified insulin.
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Figure 48 Insulin concentrations in diabetic patients using
human insulin and modified insulin: human insulin is injected 30
min before the meal; modified insulin is injected immediately
before the meal.

Strand 2

Strand 1 carrying
'mistake' CTG
codon for Asp

Original plasmid
carrying codon for Ser at B9

LCTT TGT GGG TCC CAC CTT—]
GAA ACA CCC AGG GTG GAA

CTT TGT GGG '°C CcAC CTT—]
GAA ACA CCC CT& GTG GAA

Region where bases
on different strands
cannot interact

New type of plasmid
carrying codon for Asp at B9

LCTT TGT GGG GAC CAC CTT—]
GAA ACA CCC CTG GTG GAA
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E + S S ES — EP — E + P

Figure 52 Illustration of the ‘lock and key’ model of enzyme catalysis.
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Figure 53 Lowering of the activation enthalpy barrier in an

enzyme-catalysed reaction.



