Insulin Synthesis and Secretion

Endocrine I ndex Glossary

¥ Insulin Synthesis and Secretion

Structure of Insulin

Insulin isarather small protein, with a molecular
weight of about 6000 Daltons. It iscomposed of two
chains held together by disulfide bonds. The figure to the
right shows a molecular model of bovine insulin, with the
A chain colored blue and the larger B chain green. You can
get a better appreciation for the structure of insulin by

manipulating such a model yourself.

The amino acid sequence is highly conserved amoung
vertebrates, and insulin from one mammal almost certainly
isbiologically active in another. Even today, many diabetic
patients are treated with insulin extracted from pig
pancreases.

Biosynthesis of Insulin

Insulin is synthesized in significant quantitiesonly in B cellsin the pancreas. The insulin mRNA
istranslated as a single chain precursor called preproinsulin, and removal of its signal peptide during
insertion into the endoplasmic reticulum generates proinsulin.

Proinsulin consists of three domains: an amino-termina B
chain, a carboxy-terminal A chain and a connecting peptide $ 3
in the middle known as the C peptide. Within the w
endoplasmic reticulum, proinsulin is exposed to several
specific endopeptidases which excise the C peptide,
ther eby generating the mature form of insulin. Insulin B cel
and free C peptide are packaged in the Golgi into secretory . peptidases
granules which accumulate in the cytoplasm.

When the B cell is appropriately stimulated, insulinis w insuilin
secreted from the cell by exocytosis and diffusesinto islet
capillary blood. C peptide is also secreted into blood, but
has no known biological activity.

free C peptide

Control of Insulin Secretion
Insulin issecreted in primarily in response to elevated blood concentrations of glucose. This
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makes sense because insulinis "in charge" of facilitating glucose entry into cells. Some neural
stimuli (e.g. site and taste of food) and increased blood concentrations of other fuel molecules,
including amino acids and fatty acids, also promote insulin secretion.

Our understanding of the mechanisms behind insulin secretion remain somewhat fragmentary.
Nonetheless, certain features of this process have been clearly and repeatedly demonstrated, yielding
the following model:

. Glucoseistransported into the B cell by facilitated diffusion through a glucose
transporter; elevated concentrations of glucose in extracellular fluid lead to elevated
concentrations of glucose within the B cell.

. Elevated concentrations of glucose within the B cell ultimately leads to membrane
depolarization and an influx of extracellular calcium. The resulting increasein intracellular
calcium isthought to be one of the primary triggersfor exocytosis of insulin-containing
secretory granules. The mechanisms by which elevated glucose levels within the B cell
cause depolarization is not clearly established, but seems to result from metabolism of
glucose and other fuel molecules within the cell, perhaps sensed as an alteration of ATP.ADP
ratio and transduced into alterations in membrane conductance.

. Increased levels of glucose within B cells also appears to activate cal cium-independent
pathways that participate in insulin secretion.

Stimulation of insulin release isreadily observed in
whole animals or people. The normal fasting blood
glucose concentration in humans and most mammalsis 80
to 90 mg per 100 ml, associated with very low levels of
insulin secretion.

Plasma Insulin

The figure to the right depicts the effects on insulin
secretion when enoggh glucose is infused to maintain blood 0 10 20 30 40 50 Eo
levels two to three times the fasting level for an hour. srittes

Almost immediately after the infusion begins, plasma Clucose infusion initiated

insulin levelsincrease dramatically. Thisinitial increaseis

due to secretion of preformed insulin, which is soon significantly depleted. The secondary risein
insulin reflects the considerable amount of newly synthesized insulin that is released immediately.
Clearly, elevated glucose not only simulates insulin secretion, but also transcription of the insulin

gene and trandation of its MRNA.
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