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Aims   

v  The aim of this curation manual is to suggest appropriate GO terms 
for annotating signaling proteins, taking into account: 

•  What is PART of the pathway 

•  What REGULATES the pathway 

•  Where each process begins and ends 

v  This curation manual was created in February 2011 by GO editors, 
GO annotators and signaling experts at the Gene Ontology Signaling 
Workshop, held at the EBI on February 16th and 17th 2011. 

v  The insulin receptor signaling pathway was chosen as a model because: 

•  It’s a well characterized pathway 

•  It has counterparts in multiple species 

•  It contains numerous downstream signaling components 

•  There are alternative routes signaling from the insulin receptor 

•  There are multiple downstream cellular and multi-cellular 
processes 
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AN OVERVIEW OF SIGNALING FROM THE 
INSULIN RECEPTOR 

(also see reactome.org for an overview) 

http://www.cellsignal.com/reference/pathway/Insulin_Receptor.html 
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1/ LIGAND EVENTS UPSTREAM OF LIGAND-RECEPTOR 
BINDING: 

1.1 INSULIN SYNTHESIS 

Synthesis of insulin-containing secretory granules in cells of the PANCREAS can be described in 6 
steps:  
 
 
1/ transcription of preproinsulin genes 

•  Transcription of the human insulin gene INS is activated by 4 important transcription 
factors: Pdx-1, MafA, Beta2/NeuroD1, and E47. 

•  The transcription factors interact with each other at the promoters of the insulin gene 
and act synergistically to promote transcription. 

•  Expression of the transcription factors is upregulated in response to glucose 
 
2/ translation of preproinsulin mRNA with concomitant removal of the signal peptide 

•  The preproinsulin mRNA is translated by ribosomes at the rough endoplasmic 
reticulum (ER) 

•  The signal peptide, is cleaved during translation to yield proinsulin. 
 
3/ formation of intramolecular disulfide bonds 

•  Within the ER, three intramolecular disulfide bonds form between cysteine residues in 
the proinsulin.  

•  Formation of the bonds is the spontaneous result of the conformation of proinsulin 
and the oxidizing environment of the ER, which is maintained by Ero1-like alpha.  

 
4/ formation of proinsulin-zinc-calcium complexes 

•  The cysteine bonded proinsulin then moves via vesicles from the ER to the Golgi. 
•  High concentrations of zinc are maintained in the Golgi by zinc transporters ZnT5, 

ZnT6, and ZnT7, and the proinsulin forms complexes with zinc and calcium.  
 
5/ proteolytic cleavage of proinsulin to yield insulin 

•  Proinsulin-zinc-calcium complexes bud in vesicles from the trans-Golgi to form immature 
secretory vesicles (secretory granules) in the cytosol 

•  Within the immature granules the endoproteases Prohormone Convertase 1/3 and 
Prohormone Convertase 2 cleave at two sites of the proinsulin and Carboxypeptidase E 
removes a further 4 amino acid residues to yield the cystine-bonded A and B chains of 
mature insulin and the C peptide, which will also be secreted with the insulin. 

 
6/ translocation of the granules across the cytosol to the inner surface of the plasma membrane. 

•  translocation occurs initially by attachment of the granules to Kinesin-1, which 
motors along microtubules, and then by attachment to Myosin Va, which motors 
along the microfilaments of the cortical actin network. 

 

 

 

5	  



1.1 INSULIN SYNTHESIS 

PMID:9631292. The role of assembly in insulin's biosynthesis. 
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1.2 INSULIN SECRETION (VIA EXOCYTOSIS) 
 

v  Under normal physiological conditions blood glucose levels are kept under tight control by a 
series of regulated steps that ensure glucose homeostasis. Upon feeding, glucose levels rise and 
in response to this the body secretes insulin from pancreatic beta-cells into the blood.  
•  Glucose is transported into the beta cell by facilitated diffusion through a glucose 

transporter. 
•  Elevated concentrations of glucose within the beta cell ultimately leads to 

membrane depolarization and an influx of extracellular calcium. The resulting 
increase in intracellular calcium is thought to be one of the primary triggers for 
exocytosis of insulin-containing secretory granules 

•  (Increased levels of glucose within beta cells also appears to activate calcium-
independent pathways that participate in insulin secretion) 

 
 

1.2.1 REGULATION OF INSULIN SECRETION 
 

•  Pancreatic beta cells integrate signals from several metabolites and hormones to 
control the secretion of insulin. 

•  In general, glucose triggers insulin secretion while other factors can amplify or 
inhibit the amount of insulin secreted in response to glucose. 

•  Factors which increase insulin secretion include the incretin hormones Glucose-
dependent insulinotropic polypeptide (GIP and glucagon-like peptide-1 (GLP-1), 
acetylcholine, and fatty acids.  

•  Factors which inhibit insulin secretion include adrenaline and noradrenaline. 
 
v  Secreted insulin diffuses into islet capillary blood, and travels to the receiving cell in the blood 

stream. 
 
PMID: 11078440: Triggering and amplifying pathways of regulation of insulin secretion by glucose. 
PMID: 20225132. Regulation of insulin secretion: role of mitochondrial signalling. 
 

 

•  Docking is due to interaction between the Exocyst 
proteins EXOC3 on the granule membrane and 
EXOC4 on the plasma membrane. 

 
•  Exocytosis is accomplished by interaction between 

SNARE-type proteins Syntaxin 1A and Syntaxin 4 
on the plasma membrane and Synaptobrevin-2/
VAMP2 on the granule membrane. Exocytosis is a 
calcium-dependent process due to interaction of 
the calcium-binding membrane protein 
Synaptotagmin V/IX with the SNARE-type 
proteins. 

 
 

•  A pancreatic beta cell contains about 10000 insulin granules of which about 1000 are docked at 
the plasma membrane and 50 are readily releasable in immediate response to stimulation by 
glucose or other secretogogues 
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2. RECEPTOR EVENTS UPSTREAM OF LIGAND-RECEPTOR 
BINDING 

 
2.1 INSULIN RECEPTOR SYNTHESIS 
 
v  1/ Transcription of the insulin receptor gene 

•  One (large) gene. 
•  Bothe the alpha subunit (binds insulin) and the beta subunit) spans the membrane 

and contains Tyr kinase activity) are encoded by a single mRNA. 

v  2/ Translation of the insulin receptor cDNA into protein 

 

2.2 INSULIN RECEPTOR PROCESSING 
 
v  3/ Processing of the proreceptor to form a functional receptor. 

 

 
 

 

PMID:15733745. Interaction of PTPB with the insulin receptor precursor during its biosynthesis in the endoplasmic 
reticulum 
 
PMID: 2697986. Biosynthesis and regulation of the insulin receptor. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2589171/pdf/yjbm00071-0106.pdf 
 
Cellular trafficking and processing of the insulin receptor. http://www.fasebj.org/content/5/8/2130.full.pdf+html 

•  Intramolecular disulfide bonds are 
formed rapidly (probably as a co-
translation event. 

•  interchain disulfide bond 
formation results in 
dimerization. 

•  The proreceptor dimer then 
undergoes proteolytic cleavage and 
carbohydrate maturation  

•  Appears at the plasma membrane as 
the mature tetrameric α2β2 
receptor.  

8	  


