Optional Exercise — Concept Mapping

“"Regulation of Insulin Secretion”

By John Pelley, PhD, Texas Tech University t

Directions: Prepare an overview map and an expanded map patsage belov Work alone
or in teams.

We will discuss:

1. Was it easy tpick out terms for your initial list? If it was fth why? Problems with whic
terms most important?

2. Were the groupinterms easy to identify
3. Did you findmore than one w: of grouping the facts?
4. Did the topic become more organized in youn mind?If so, how? If not, what blocked

Regulation of Insulin Secretion

Structure of Insulin

Insulin is a rather small protein, with a moleculaight of about 6000 Daltons. It is compo:
of two chains held together by disulfide bonds. Tigere o the right shows a molecular mo
of bovine insulin, with the A chain colored bluedahe larger B chain gree

The amino acid sequence is highly conserved amertghrates, and insulin from one mami
almost certainly is biologically active in anor. Even today, many diabetic patients are tre
with insulin extracted from pig pancreas

Biosynthesis of Insulin

Insulin is synthesized in significant quantitiedyoin B cells in thepancreas. The insulin mRN
is translated as a single chain pirsor called preproinsulin, and removal

of its signal peptide during insertion into the eplsmic reticulun % §
generates proinsulin. T —
Proinsulin consists of three domains: an ar-terminal B chain, a preingulin
carboxyterminal A chain and a connecting peptide inmiddle known

as the C peptide. Within the endoplasmic reticulproinsulinis ';&ﬂﬂﬁ
exposed to several specific endopeptidases whiciseexhe C peptide :

thereby generating the mature form of insulin. limsand free C peptid i oy
are packaged in the Golgi intesetory granules which accumulate mepp——  inslin
the Cytoplasm. free C peptide

When the B cell is appropriately stimulated, insud secreted from tt
cell by exocytosis and diffuses into islet capylatood. C peptide is also secreted into blc
but has no known biologicatavity.
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Control of Insulin Secretion

Insulin is secreted in primarily in response tovated blood concentrations of glucose. 1
makes sense because insulin is "in charge" ofiti@aig glucose entry into cells. Some net
stimuli (e.g. site anthste of food) and increased blood concentratidsher fuel molecules
including amino acids and fatty acids, also promiagelin secretion

Our understanding of the mechanisms behind ins@anetion remain somewhat fragment:
Nonetheless, certaifeatures of this process have been clearly greatedly demonstrate
yielding the following model:

« Glucose is transported into the B cell by faciethtliffusion through a gluco:
transporter; elevatetbncentrations of glucose in extracellulard lead to elevate
concentrations of glucose within the B ¢

- Elevated concentrations of glucose within the B akiimately leads to membrat
depolarization and an influx of extracellular caloi. The resulting increase
intracellular calcium is thcght to be one of the primary triggers for exocydas insulir-
containing secretory granules. The mechanisms hghndlevated glucose levels witt
the B cell cause depolarization is not clearlyldsghed, but seems to result frc
metabolism of glucosand other fuel molecul within the cell, perhaps sensed as
alteration of ATP:ADP ratio and transduced int@@dtions in membrane conductal

+ Increased levels of glucose within B cells alsoespp to activate calcit-independent
pathways thaparticipate in insulin secretic

Stimulation of insulin release is readily obserue@vhole animals or people. The normal fast
blood glucose concentration in humans and most masis 80 to 90 mg per 100 ml, associe
with very low levels of insulirsecretion

The figure to the right depicts the effects on iimssecretior
when enough glucose is infused to maintain blowdlgetwo 5
to three times the fasting level for an hour. Alir E
immediately after the infusion begins, plasma imsldvels g
increase dramatically. This initial increase is dusdoretior &
of preformed insulin, which is soon significantlgpleted. R
The secondary rise in insulin reflects the considler amoun -
of newly synthesized insulin that is released imiaiedly. 010 20 30 40 30 &l
Clearly, eleated glucose not only simulates insulin secre! Gl“‘gse mﬁfﬁ:;md

but also transcription of the insulin gene andstatmon of its

MRNA.

(Used with permission. Adapted from “The Endocitancreas” by Dr. R. Bowen, Colora
State Univ., Fort Collins, CO, )
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