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The molecular biology data accumulated
during the last few years evidenced the major
importance of the Endoplasmic Reticulum
(ER) in the processing of proteins translated in
the ribosomes as linear amino-acid chains
(primary structure of proteins) that, in order to
their
structure), must be subject to numerous post-

reach final conformation (tertiary
translational changes. These changes involve
folding, rotation and packaging, taking place
following the interaction between the amino-
acids of the synthesized protein and the
chaperones from the ER membrane or lumen
or with some specific enzymes under tight pH
or ionic concentration conditions (especially
for Zn™ and Ca™®). The last is present inside
the ER in important amounts'™.

The majority of post-translational changes
for the synthesized protein molecules take
place inside the ER, a membranous structure
with an immense luminal surface (~11m?*ml
of cytoplasm), placed strategically between
the cell nucleus (with which it communicates
through large pores) and the Golgi apparatus
system of channels/vesicles/pouches4.

Many of the amino-acid chains that are
assembled in the ribosomes are folded in an
interval of milliseconds/seconds according to
the information contained in the amino-acid
sequence of the protein molecule itself.
Between the water molecules (polarized) and
the electric charges of the hydrophobic or
hydrophilic amino-acids occur electro-static

interactions leading to a tendency for “hiding”
the hydrophobic regions of the peptide inside
the protein molecule, contributing to the
generation of a spatial structure that favors the
subsequent processing of the molecule’. For
the secretory pro-molecules, these involve
successive splitting performed by specific
convertases’.

The role of the ER is very important in the
case of secretory cells, especially for the
pancreatic beta cell due to its essential
function in the control of the metabolic fluxes
between the three main insulin-dependent
cells: adipocyte, hepatocyte and miocyte, each
with its particular role in this system. The
Adipocyte functions as an energy reserve, due
high
triglycerides and to release the fatty acids

its ability to store amounts of
during the late fasting periods, when the still
available glucose is burned by the brain. The
control of the lipogenesis/lipolysis processes
of the

circulating insulin levels. The Hepatocyte

is performed by the variations
functions as the major site for intersection
between the main biochemical pathways
allowing the most various transformations
(amino-acids <« glucose <« fatty acids),
that
according to the quantity and quality of

transformations can go either way
dietary intake and to their utilization in the
various peripheral tissues. Finally the miocyte
represents not only the most important energy
consumer, but also one of the most variable.
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The energy expenditure of the muscle under
intense exercise conditions can be 10 times
higher than the basal expenditure, reaching up
to 90% of the total energy expenditure of the
human body.

Insulin is the protein that regulates the
function of these three tissues (adipose, liver,
muscle). Insulin secretion depends on the
function of the ER inside the beta cell, while
the translation of the insulin signal in the
specific function of the three insulin-
dependent cells (adipocyte, hepatocyte and
miocyte) depends on the ER from these cells”
' The ER of these cells has the remarkable
of different

circulating fuels and to adaptatively respond to

ability to sense the level
their variations’. The amplification of the
function for any of the three cells implies the
up-regulation or down-regulation of the
translation for some specific molecules which
become fully functional only after their post-
translational processing that takes place inside
the ER.

The proper function of the ER depends on
the presence of some specific proteins with the
role of semsor for pressure, pH, molecular
conformation or concentration for different
fuels (glucose, fatty acids, amino-acids). In
conditions of high functional load (for the beta
cell or for any one of the other three cells of
the energy system), the requirements for
protein synthesis can increase significantly,
leading to an increase of the speed for the
transit of these molecules through the ER.
However, the speed is limited by the necessity
to perform the correct post-translational
processing of these molecules, a process that
needs time (for some molecules milliseconds,
for other seconds or even minutes). The
decrease of the transit interval below a critical

threshold (due to the increased speed) can lead
to a “molecular crowding”'' in the ER, a
phenomenon that, in extreme cases, can lead
to the agglutination of the unprocessed protein
molecules and blockage of the pathways for
communication with the Golgi apparatus and
the other cell structures. In these conditions,
signals from the ER will trigger the process of

mechanism
10, 12-1
5 10, 8 In

cell apoptosis, a pathogenic
present in any form of diabetes
order to prevent these events, the system of
ER sensors will initiate the successive
activation of chaperones, converting enzymes,
systems for the quality control of proteins,
systems for the sorting of properly processed
molecules from the defect molecules, etc. The
correctly processed molecules will be included
in the secretory vesicles (for the pancreatic
beta cells) or in different functional cell
compartments (for the adipocyte, hepatocyte
and miocyte). The defect molecules will be
forwarded towards local proteolysis system or
towards the lysosomes where they will be
degraded up to the component amino-acids'’.

The full chain of events taking place
inside the ER in order to maintain the normal
functional regimen of this cell structure is
known as the Unfolding Protein Response
(UPR). This appellative suggests an activation
of the molecular processing events when their
folding and packaging requires a higher speed
in order to prevent the molecular crowding
that can be fatal for the cell . This reaction
involves the intervention of ER sensors,
chaperones and of the multiple pathways that
can restore the normal functional regimen
inside the ER?.

The main mechanisms of the UPR process

can be sorted into three main categories:
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(a) Attenuation of the translation
processes for new protein molecules in order
to prevent the molecular crowding;

(b) Increased translation of chaperones
with the role of increasing the speed of protein
processing;

(c) Proteolysis of the defect molecules in
order to decrease the molecular crowding and
to provide the “vital space” for the correct
processing of protein molecules.

If the UPR reaction fails to restore the
normal  processing of  proteins, the
accumulation of defect molecules will trigger
the process of cell apoptosis by activating the

CHOP molecule which will enter into the cell

REFERENCES

nucleus triggering the process of regulated cell
apoptosis’.

Finally, diabetes will appear due to the
progressive decrease of the beta cell mass
secondary both to the increased beta cell

apoptosis and  decreased beta  cell
regeneration®.
The main pathogenic processes that

induce the decrease of the beta cell mass are
the increase of proinsulin inside the beta cell
and its secretory vesicles®!, and the amyloid
transformation of the beta cell amylin, a strong
pro-apoptotic process, responsible for most of
the diabetes cases with onset after the age of
50 yearszz.

1. Hayden M.R., Tyagi SC, Kerklo M.M.,
Nicolls M.R.: Type 2 diabetes mellitus as a
conformational disease. JOP I Pancreas 6
(4):287-302, 2005

2. Marciniak S.J., Ron D.: Endoplasmic
reticulum stress signaling in disease. Physiol.
Rev 86:1133-1149, 2006

3. Elouil M., Bensellam M., Guiot Y. et al.:
Acute nutrient regulation of the unfolded
protein response and integrated stress
response in cultured rat pancreatic islets.
Diabetologia 50:1442-1452, 2007

4. Campbell PN, Smyth AD, Biochemistry
[lustrated Churchill Livingstone, Edinburg
2000

5. Guo W., Shea JE., Berry S.: The physics of
the interactions governing folding and
association of proteins. Ann N.Y. Acad. Sci.
1066:34-53, 2005

6. Marzaban L., Rhodes J.C., Steiner D.F.,
Hiataja L., Halban P., Verchere CB:
Impaired NH3 terminal processing of human
proislet amyloid polypeptide by the
prohormone and cell death. Diabetes 55:
2192-2201, 2006

7. Harding H.P., D. Ron: Endoplasmic
reticulum stress and the development of

diabetes: a review. Diabetes 51: S455-S461,
2002

8. Okada T., Yoshida H., Akazawa R.,
Negishi M., Mori K: Distinct roles of
activating transcription factor 6 (ATF6) and
double-stranded =~ RNA-activated  protein
kinase-like endoplasmic reticulum kinase
(PERK) in transcription during the
mammalian unfolded protein response.
Biochem J 366:585-594, 2002

9. Schroder M., Kaufman RJ: ER stress and
the unfolded protein response. Mutat Res
569:29-63, 2005

10. Laybutt DR., Preston AM, Akerfeldt MC,
Kench JG., Busch AK., Biankin AV., Biden
TJ.: Endoplasmic reticulum stress contributes
to beta cell apoptosis in type 2 diabetes.
Diabetologia 50:752-763, 2007

11. Despa F., Orgill D.P., Lee R.C.: Molecular
crowding effects on protein stability. Annals
of the New York Academy of Sciences, vol.
1066, 54-67, 2005

12. Kaufman RJ: Orchestrating the unfolded
protein response in health and disease. J Clin
Invest 110:1389 —1398, 2002

13. Oyadomari S., Koizumi A, Takeda K.,
Gotoh T., Akira S., Araki E., Mori M.:

Jurnalul Roman de Diabet. Nutritie si Boli Metabolice / Vol. 14/ nr. 3 /2007 3




14.

15.

16.

17.

18.

Targeted disruption of the Chop gene delays
endoplasmic  reticulum  stress-mediated
diabetes. J Clin Invest 109:525-532, 2002
Ozcan U, Cao Q, Yilmaz E et al.:
Endoplasmic reticulum stress links obesity,
insulin action and type 2 diabetes. Science
306:457-461, 2004

Gregor ML.F., Hotamisligil G.S. Adipocyte
stress: the endoplasmic reticulum and
metabolic disease. J of Lipid Research
48:1905-1914, 2007

Pirot P., Eizirik D.L., Cardozo A.K.:
Interferon-r potentials endoplasmic reticulum
stress-induced death by reducing pancreatic
beta cell defence mechanisms. Diabetologia
49:1229-1236, 2006

Pirot P., Naamane N., Libert F. et al.:
Global profiling of genes modified by
endoplasmic reticulum stress in pancreatic
beta cells reveals the early degradation of
insulin mRNAs. Diabetologia 50:1006-1014,
2007

Pirot P., Ortis F., Cnop M., Ma Y.,
Hendershot L.M., Eizerik D.L., Cardozo
A.K.: Transcriptional regulation of the

19.

20.

21.

22.

endoplasmic reticulum stress gene chop in
pancreatic insulin-producing cells. Diabetes
56:1069-1077, 2007

Casas S., Gomis R., Gribble F.M., Altirriba
J., Knuutila S., Novials A. Impairment of the
ubiquitin-proteasome pathway is a
downstream endoplasmic reticulum stress
response induced by extracellular human islet
amyloid polypeptideand contributes to
pancreatic B-cell apoptosis. Diabetes 56:2284-
2294, 2007

Maedler K., Schumann D., Schulthess F.,
Oberholzer J., Bosco D., Berney T., Donath
M.Y.: Aging correlates with decreased B-cell
proliferative capacity and enhanced sensitivity
to apoptosis. A potential role for Fas and
pancreatic duodenal home box- 1. Diabetes
55, 2455-2462, 2006

Ionescu-Tirgoviste C. For a new paradigm of
diabetes. Rom J Intern Med 45:3-15, 2007
Ionescu-Tirgoviste C., Guja C. Proinsulin,
proamylin and the beta cell endoplasmic
reticulum: The key for the pathogenesis of
different diabetes phenotypes. Proc. Rom.
Acad., Series B, 2, p. 113-139, 2007

Jurnalul Roman de Diabet. Nutritie si Boli Metabolice / Vol. 14/ nr. 3 /2007 4




Jurnalul Romédn de Diabet. Nutritie si Boli Metabolice / Vol. 14/ nr. 3 /2007




