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What does 
Insulin do?
◦ Our normal premeal blood 

glucose level sits close to 5mMols, 
but what happens when we raise 
this level by ingesting a 
carbohydrate rich meal?

◦ Insulin! Insulin is a hormone 
released from our pancreas to 
maintain proper levels of glucose 
in our blood stream. It does so 
through uptake glucose from our 
blood to inside the cell where it 
can be converted to glycogen 
(chain of polymers of glucose).

◦ Insulin then travels through our 
bloodstream, until it can attach 
to alpha subunit portion of insulin 
receptors found on Hepatocytes 
(liver cells)!



How does the 
Insulin Receptor 
work?
◦ Insulin receptors are composed 

of two alpha subunits (outside 
the membrane) and two beta 
subunits (inside the membrane) 
and will begin the uptake of 
glucose into the cell to begin 
its conversion into glycogen.

◦ Once insulin attaches to the 
outer alpha subunits, our insulin 
receptor is activated and 
begins to auto phosphorylate. 
This changes the conformation 
of the Beta subunit, which then 
turns our IRS (Insulin Receptor 
Substrate) from inactive, to 
active (by being 
phosphorylated). This leads to 
a signaling cascade.



Signal 
Cascade, what 
happens!

◦ Our now 
phosphorylated IRS 
can now activate PI-
3K (Phosphoinositide-3 
kinase). 

◦ PI-3K phosphorylates 
PIP2 to change to 
PIP3. 

◦ PIP3 attaches and 
activates PKB (Protein 
Kinase B, or AKT),



Signal 
Cascade 
Cont.
◦ PKB phosphorylates  GSK3 

(Glycogen synthase 
kinase). This step makes 
GSK3 inactive.

◦ This is an important step, 
because GSK3 keep 
Glycogen Synthase in the 
b form (inactive) instead of 
the a form (active).

◦ Even though GSK3 is now 
inactive, we are still left 
with Glycogen synthase in 
the b form. 

◦ So how do we change 
Glycogen synthase b to 
Glycogen synthase a?



PP1

◦ To convert Glycogen synthase b 
to Glycogen synthase a, our liver 
cell must activate PP1 (Protein 
phosphatase 1). 

◦ PP1 is bound to phosphorylase a 
in the R-state (active state), thus 
keeping PP1 inactive. 

◦ However, when blood glucose is 
high our liver cells will begin 
uptake of glucose, which then 
attach to the phosphorylase a. 

◦ This changes our phosphorylase a 
from R-state to the T-state 
(inactive state). This separates our 
PP1 from phosphorylate a, which 
in turn activates the PP1. 



PP1 Cont

◦ PP1 is a phosphatase, 
meaning it will 
dephosphorylate Glycogen 
synthase b which turns it into 
Glycogen synthase a. 

◦ PP1 will also 
dephosphorylate 
Phosphorylase a to prevent 
reassociation, thus 
converting it to 
phosphorylase b.

◦ Now that Glycogen synthase 
is activated (without GSK to 
inhibit it), it may begin 
converting glucose into 
glycogen.



Glycogen Synthase uses
◦ Now that Glycogen Synthase is in the a form, it will act as a catalyst to increase the 

speed of the reaction between UDP-Glucose and (1,4-⍺-D glucosyl)n.

◦ This reaction nets UDP, and (1,4-⍺-D glucosyl)n+1 and the bond energy from the broken 
UDP-Glucose is used to extend the nonreducing ends of glycogen. 



Thank you!

◦ Questions?
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