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Genes control the synthesis of proteins — biology students know
this! What most do not realise is that this is often only the beginning
of the story. Many proteins have to be modified by the cell before
they become functional. This article explains how two quite different
proteins (a hormone and a fibrous protein) are first made as inactive
precursors. Specific peptide bonds have to be broken before they

become functional proteins.

rancis Crick, James Watson and Maurice Wilkins
were awarded the Nobel prize for medicine in
1962 for their discoveries relating to DNA struc-
ture and its implications in heredity. The central
dogma of genetics emerged and is summarised as:

DNA — RNA — protein

‘DNA makes RNA makes protein” is the basis of modern
molecular biology. Genes are known to be defined
sequences of nucleotides in the DNA. The complex
mechanisms by which DNA is transcribed into mRNA
and then translated on ribosomes to form proteins are
also fairly well understood. But how these mechanisms
are regulated and controlled is not nearly so clear. In the
human body, all cells carry identical DNA, so how is it
that only a liver cell makes albumin, only a pancreatic
acinar cell makes trypsinogen and only a gut epithelial
cell makes lactase, whereas virtually all cells make the
enzymes necessary for glycolysis?

Making a protein
The chemical structure of the DNA double helix has
complementary base pairs — adenine and thymine,

cytosine and guanine. This provides a mechanism for
maintaining and passing on genetic information from
one cell to another, and from one generation to another.
The genetic code, where groups (codons) of three
nucleotide bases code for specific amino acids, allows the
information in genes to be converted into a polypeptide
(see BIOLOGICAL SCIENCES REVIEW Vol. 9, No. 4, pp.
24-28).

The product of gene function is the polypeptide,
which is folded into a specific three-dimensional struc-
ture — the protein for which the gene codes. Thus,
genes code for proteins which function, for example, as
enzymes, receptors in plasma membranes, hormones,
antibodies, blood carrier-proteins (e.g. albumin and
haemoglobin), extracellular structural proteins like
collagen and fibrin, and intracellular structural proteins
like tubulin and actin.

Post-translational modifications

How ribosomes translate the information contained in
mRNA into a polypeptide sequence has been under-
stood for many years. How the polypeptide becomes
folded into its correct conformation (shape) is still the
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subject of intense research (see BIOLOGICAL SCIENCES
Review Vol. 13, No. 4, pp. 2-6).

It is often important for a protein to become func-
tional only at a specific site in the body. For example, it
is critically important that digestive enzymes (e.g.
chymotrypsin and trypsin) secreted by pancreatic cells
(see Figure 1) do not become active in the pancreas,
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Figure 2 Protein synthesis. Gene A is transcribed into
mRNA which is translated into polypeptide A.This folds to
form a functional cellular protein. In contrast, gene H codes
for a precursor protein which undergoes post-translational
modification(s) at a specific intracellular or extracellular
location to give rise to the functional protein H.
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Figure 1 Diagram of a pancreatic acinar cell, showing the arrange-
ment of the structures involved in the formation and secretion of
digestive enzymes.

otherwise the tissue itself would be digested.
Likewise, proteins destined to form insoluble
structures (e.g. collagen fibres in skin and
fibrin clots in the blood) are required to
change from soluble to insoluble in a highly
controlled manner and location.

These conversions, of an inactive
precursor to a functional protein, involve
processing steps that are not under direct
genetic control, but which depend on enzyme
action at the appropriate time and place. Such
events occur after the translation of the
mRNA to a polypeptide and are known as
post-translational modifications (see
Figure 2). This class of modification involves
the cleavage of specific peptide bonds, in
which special proteases are involved.

Proinsulin to insulin

Insulin is a small polypeptide hormone
synthesised in the B-cells of the pancreas. It is
released into the blood when the blood
glucose concentration is high, for example
1-2 hours after a meal. The active hormone
actually comprises two short polypeptide
chains (the A and B chains of 21 and 30
amino acids respectively — see Figure 3)
linked together by disulphide bonds.
However, the gene for insulin codes for a single polypep-
tide — known as preproinsulin — which has 102 amino
acids.

Preproinsulin is formed on ribosomes of the rough
endoplasmic reticulum in the pancreatic B-cells. The
first 19 amino acids at its amino terminus (the -NH,
end) form the signal peptide, which directs the protein
into the lumen of the endoplasmic reticulum. This
important step signals that the protein is destined for
secretion via the membrane network of the endoplasmic
reticulum (ER) and Golgi apparatus.

Preproinsulin is converted to proinsulin very soon
after the polypeptide crosses into the ER. Proinsulin is
transported through the ER to the Golgi apparatus and
then to secretory granules where a special enzyme
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Figure 3 A diagram of the chain structure of insulin,
showing the disulphide bonding.
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[image: image3.jpg]Figure 4 Enzymic conversion of preproinsulin into proinsulin
and then into insulin. The gene for insulin codes for a single

polypeptide called preproinsulin. A short sequence at the amino
terminus is removed to form proinsulin, the structure of which is

NHz" stabilised by disulphide bonds. The conversion of proinsulin to
the functional hormone occurs in the Golgi apparatus.
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breaks two specific peptide bonds to release the C
peptide and the functional protein (see Figure 4). The
insulin remains in the storage granules until a high
blood glucose concentration prompts the cells to release
the hormone. The post-translational modification of
proinsulin, therefore, converts an inactive hormone

precursor into its active form, ready for secretion.

Another important example is collagen — the major
protein component of connective tissues (e.g. skin,

Molecular graphic of triple-
helical collagen molecules.
The three polypeptides (red,

orange and purple) are
wound around each other to
form the molecule that
assembles into fibres.
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tendon and bone). This fibrous protein forms long, inex-
tensible fibres, giving tensile strength to the tissues. Such
fibres are highly insoluble and behave like high-tensile
steel wires. To assemble them, cells such as skin fibro-
blasts and osteoblasts found in bone must first make a
soluble precursor protein.

The collagen fibril precursor has three polypeptide
chains that wind around each other to form a triple-
helical procollagen molecule (see Figure 5). This mole-
cule is soluble under physiological conditions because of
the presence of extensions at both ends of the polypep-
tides. Only when the procollagen molecules are secreted
from the cells do special enzymes come into action to
chop off the globular extensions. This process generates
rod-like triple-helical molecules, which are insoluble at
pH 7.4, 37 °C and physiological ionic concentrations.

The rod-like molecules then assemble in a defined
pattern to form fibres in which the molecules overlap
each other by approximately three-quarters of their
length (see Figure 5). Further stabilisation of the fibre
occurs when cross-links are formed between the indi-
vidual molecules — the molecules are prevented from
sliding past one another (stretching) when the fibre is
under tension.

Collagen formation is an important process during
growth and development and in wound healing. The
site at which the procollagen conversion occurs needs to
be carefully regulated, but clearly needs to be extra-
cellular. Formation of large numbers of highly insoluble
collagen fibres inside cells would not be a sensible
strategy!

In the above two examples, post-translational
processing of particular proteins requires different
enzymes at various locations to solve different prob-
lems. There are, however, other mechanisms that
modify the structure and function of proteins. These
involve the addition of different carbohydrate groups to
the protein precursor and will be explained in an article
in the next issue of BIoLOGICAL SciENCES REVIEW. B

‘DNA makes RNA makes protein makes money’ is a
modern version of the central dogma often applied to
the biotechnology industry. Try to discover examples
of gene cloning leading to the production of commer-
cially important proteins.

» The discovery of retroviruses such as HIV-1 has
required us to rethink the central dogma of
DNA——> RNA— protein. Why don’t these
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viruses fit the original theory? Find out about reverse
transcriptase and why it is so important in molecular
biology procedures.

' Find out what roles vitamin C and vitamin K play in
post-translational modifications of procollagen and
prothrombin, respectively. Which amino acids are
modified and what is the biological significance of
these modifications?
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KEYpoints

® The ‘recipe’ for protein structures — the sequences
of amino acids — is encoded in the DNA sequences
of genes.

® Ribosomes, in the cytoplasm and on membranes of
the endoplasmic reticulum, make the proteins.

® The ‘recipe’ for the protein is taken from the gene to
the ribosomes by mRNA.

® Some proteins are inactive when they have been
synthesised. They need to undergo further changes
to be converted into the functional protein.

® The conversion of the inactive precursor molecule to
the active protein is known as post-translational
modification. It is carried out by specific enzymes
which may be intracellular or extracellular, depending
on the particular protein.

25




