RESEARCH NOTES: Molecular Basis of Obesity-induced Insulin Resistance

Insulin molecules bind to special receptor proteins on the cell

insulin competitors interfere with the substrates' ability to act
as "docking proteins" which help the insulin receptor activate
PI-3 kinase and other effector molecules

surface to promote the uptake of energy-rich glucose by body
cells. In type-I diabetes the insulin-producing cells of the
pancreas are destroyed. In non-insulin dependent diabetes
mellitus (NIDDM), insulin is produced but has difficulty in
getting its chemical message into the cell. Such insulin resistance
is particularly common in overweight patients; indeed, NIDDM
treatment often involves stringent dieting. Tumor necrosis
factor (TNF ) is known to be involved in the circuitous route
by which macroscopic obesity causes molecular trouble for
microscopic insulin receptors -- but how?

To phosphorylate normally, the IRS-1 and IRS-2 proteins must
first bind a specific insulin receptor segment (JM peptide,
amino acids 943-984) located just inside the cell membrane.
When extracts from TNF-treated or Smase-treated cells were
incubated with JM-peptide, the binding of both IRS-1 and IRS2 to the JM-peptide binding region was inhibited, compared to
controls. Pre-incubation with high levels of insulin, to mimic

This information may eventually lead to new pharmaceutical interventions capable
of restoring normal IRS phosphorylation patterns.
Drs. A. Karasik and Hannah Kanety and their colleagues have
found that TNF can interfere with the ability of insulin to trigger
the addition of phosphate groups (phosphorylation) to the
tyrosine groups of insulin receptor substrate-1 (IRS-1) protein,
the major substrate of the insulin receptor. IRS-1 protein recruits
and activates several key enzymes once phosphorylated in
response to insulin. TNF interferes with this process by beating
insulin to the punch, and phosphorylating the serine groups of
IRS-1 first.

hyperinsulinemia, had the same inhibitory effect as TNF; and
the inhibition could be reversed by adding alkaline phosphatase
to chop off the serine phosphate groups. Both TNF and SMase
also markedly reduced the ability of IRS-1 and IRS-2
to bind Grb-2, an adapter molecule, which promotes the
activation of ras-protein and mitogen-activated protein
kinase. Thus blocking the proper tyrosine (not serine)
phosphorylation of IRS-1 and IRS-2 by insulin has far-reaching
consequences.

Looking at molecules further down in the TNF molecule's
usual signaling cascade, the investigators found that
sphingomyelinase (SMase) also inhibited insulin-stimulated
IRS-1 tyrosine phosphorylation by phosphorylating IRS-1
serine first. Interestingly, SM-ase did not affect either the
phosphorylation of the insulin receptor itself, nor insulin's
binding to it. Ceramide, a breakdown product released when
SMase attacks sphingomyelin (a membrane component), also
mimics the action of TNF and SMase on IRS-1. By
affecting the ability of IRS-1 and IRS-2, a related protein, to
phosphorylate properlyin the presence of insulin, all three

In summary, in normal individuals, insulin leads to IRS tyrosine
phosphorylation (pY circles in figure) and normal receptor
signaling and negative feedback mechanisms. In abnormal
states, such as obesity-induced diabetes, IRS serine
phosphorylation (pS boxes in figure) can lead to insulin
resistance by reducing IRS-binding to the insulin receptor and
to Grb-2, which trigger the two major insulin signaling pathways.
This information may eventually lead to new pharmaceutical
interventions capable of restoring normal IRS phosphorylation
patterns.
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Israeli science is highly international
the outside world... thus providing
and international networking

and we need to link our system to
Israeli scientists the domestic
services they deserve...

It does seem ironic. Despite its unparalleled reputation in the Computer Sciences, Israel has no comprehensive, consistently
updated computerized database, or network for its own R&D community. The latest attempt at this elusive goal, the Israeli
National Database on Academic R&D (INDARD), developed powerful search software to support such a venture in style,
but the input was incomplete. Despite its high technical caliber and the sponsorship of university Research Authorities,
INDARD encountered the same problem as its predecessors: lack of motivation. Individual scientists had little incentive
to participate, so they didn't.
Prof. Paul Fuhrman, Professor of Mathematics and Computing at Ben-Gurion University and a member of the Israel
Science Foundation Board and Naomi Gal, Head of the Israel Academy of Sciences and Humanities Department of
Computing, Communications and Information, are spearheading an innovative Israel Academy initiative which
seeks to facilitate electronic grant applications to Israel's many competitive science grants programs (the ISF,
BSF, GIF, BARD, etc.). This will involve creating a shared pool of commonly used information, protected by
sophisticated security measures, for electronically submitted proposals.
The new system, once developed and adopted, will greatly streamline and speed the submissions of Israeli
researchers. They now submit 15 or more paper copies of each 15-30 page proposal. Furthermore, the
electronic CVs and publication lists that are a standard part of all such submissions will assist in forming
a large, useful academic database. Scientists competing for grants will have every incentive to keep
their CV's, addresses and publication lists up to date. Finally, the database and a standardized "keyword"
or topic list can be used in a user-friendly system that can help link Israeli and foreign investigators
in the same fields at the click of a query button. The response to this initiative from both the funding
and researcher communities has been very positive.
Gal would go further. "Israeli science is highly international, and we need to link our system
to the outside world. The easiest way to do this is to join the Community of Science (COS).
COS already has a highly interactive network involving over 800 universities and 500,000
scientists. " Although most entries are American, there are increasing numbers of entries
from foreign member countries (35,000 Chinese entries were just added). COS can do
extensive searches using a four-level standardized scientific vocabulary and/or
geographical location, and its CVs and publication lists can be updated by the
investigator himself, with appropriate security safeguards. As an additional incentive,
COS provides invaluable real-time information on new funding opportunities,
an excellent online U.S. science policy news service and many other useful tools.
Fuhrman, Gal and Shula Bonjack of the ISF visited COS in Baltimore, MD,
in September and came away impressed. "The estimated $50,000 annual
dues would connect every Israeli scientist to the international network,
provide them full services, and cost us less than reinventing their interactive
CV/publications software alone," says Prof. Fuhrman. "The U.S. National
Science Foundation and many European foundations already use
electronic grants submissions, and we can learn a lot from their
experiences. It's time to combine our granting agencies, COS and
the INDARD concept into a single system that can provide Israeli
scientists the domestic and international networking services
they deserve."
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