Gene Expression and Regulation
Almost all cells in an organism have the same DNA (genetic content), but some genes are
expressed (or turned on) and some are not. In a multicellular organism, different cells may
express different sets of genes. The genes expressed in cells dictates the proteins (and
functional RNA) it contains, which determines which type of functional cell it will be. This
allows different cells to have different and unique properties and perform different jobs for the
body, e.g. skin cell elasticity versus muscles cell contractability.

For an organism’s body to function properly, it needs certain proteins to be made at certain
times. When the protein is no longer needed, it also needs the synthesis of these proteins to
stop. This regulation of gene expression for protein synthesis saves energy. It would use
a lot of energy to keep those genes turned on all the time. It also saves space as only those
areas on the very long strand of DNA with specific genes need to be unwound for translation
and protein synthesis.

For example, neurons, the cells of the brain and nervous system, send messages
using neurotransmitters, so the genes that code for the production of neurotransmitters
are expressed in nerve cells. Compare this to the cells in the pancreas that secrete insulin
to regulate glucose levels in the blood (B cells or islets of Langerhans). In the pancreas,
the genes that code for the production of insulin are expressed. Nerve cells and pancreas
cells both have the same genes on their DNA, but different genes are being expressed and
regulated to perform their specific functions.

Which genes are expressed (turned on) by the cell is regulated in different ways. Cells
may receive chemical or mechanical signals from outside the cell which affect gene
expression. From inside the cell, gene expression can be regulated by the amount of energy
that is available (ATP) or the kinds of regulating proteins that are present. The understanding
of gene expression regulation is relatively new and is still being studied by research scientists

every day.
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LS3.A: Inheritance of Traits - Each chromosome consists of a single very long DNA molecule, and each
gene on the chromosome is a particular segment of that DNA. The instructions for forming species’
characteristics are carried in DNA. All cells in an organism have the same genetic content, but the genes
used (expressed) by the cell may be regulated in different ways. Not all DNA codes for a protein; some
segments of DNA are involved in regulatory or structural functions, and some have no as-yet known

function. (HS-LS3-1)
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B Cells in the pancreas secrete insulin
to regulate glucose levels in the blood. In
the pancreas, the genes that code for the
production of insulin are expressed.
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Pancreas cells and nerve cells all have
the same genetic content, but their DNA
is expressed and regulated differently to
serve their bodily functions.
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Neurons send messages using
neurotransmitters. In nerve cells, the
genes that code for the production of
neurotransmitters are expressed.
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