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ABSTRACT

With the rapid increase in metabolic disorders worldwide, studying the signaling pathways and
understanding the mechanism behind the metabolic perturbations is necessary. Insulin signaling is
the primary pathway that regulates glucose metabolism of the body. Any perturbations in this
pathway cause insulin resistance, which ultimately leads to various metabolic diseases. Amongst
the top in metabolic diseases are Type-I, -1l diabetes. Recent studies establish possible links of
insulin-resistant diabetes with many neurodegenerative diseases like Alzheimer’s disease (termed

as Type-111 diabetes), which occurs as a consequence of defective insulin signaling in brain.

Studies confirm that insulin signaling might branch out at the level of Akt to control several aspects
of metabolic regulation. Akt is a serine/threonine kinase that belongs to AGC family, and
comprises of three isoforms, Aktl, Akt2, and Akt3. Akt isoforms have been reported to play
diverse functions in insulin signaling. Tissue-specific findings report predominant role of Akt2,
paradoxical role of Aktl, and limited role of Akt3 in regulating glucose homeostasis in insulin
sensitive tissues. Differential expression, differential subcellular localization, structural variations,
regulatory partners, and different upstream stimulus may all complicate studying Akt isoform's
specific role in insulin signaling. Although knockout and overexpression of isoform-specific
studies have elucidated some specific and some redundant roles, these studies are mainly tissue-
specific, with no studies in neuronal system. Akt isoforms have been reported to regulate neuronal
development, neuronal maturation and outgrowth, polarization and axon branching, synapse
formation and neuronal survival. However, no study has yet reported Akt isoform specific role in

regulating neuronal insulin signaling and resistance.



There are several upstream phosphatases that regulate Akt isoforms. PHLPP (PH domain Leucine-
rich repeat Protein Phosphatase) is one such phosphatase that has previously been studied amongst
the primary regulator of Akt isoforms. PHLPP is a serine/threonine phosphatase having two
isoforms, PHLPP1 and PHLPP2. PHLPP isoforms have been reported to regulate Akt isoforms in
various tissue systems. PHLPP1 dephosphorylates Akt2 and Akt3, while PHLPP2 targets Aktl
and Akt3 as reported in various cancer cells. However, some paradoxical studies have also been
reported in other tissue systems. Apart from regulating Akt isoforms, expression and differential
regulation of PHLPP isoforms have also been reported to be affected under normal and
pathological condition in insulin sensitive tissues. PHLPP1 and PHLPP2 mRNA and protein levels
have been reported to be differentially affected in skeletal muscles, adipose tissue, liver and
pancreas of obese/ diabetic humans/rodents. Role of PHLPP is well characterized in neurons, with
diverse role in circadian clock, memory formation, brain injury and ischemia, etc. However, role
of PHLPP isoforms in regulating Akt isoforms, thus affecting neuronal insulin signaling and -

resistance is largely missing.

Another important phosphatase is PP1 (Protein Phosphatase 1). PP1 is a serine/threonine
phosphatase that has been reported to regulate Akt. PP1 is a heteromeric protein composed of three
isoforms of catalytic subunits naming PP1a, PP1B/6 and PP1y interacting with >200 regulatory
subunits. PP1 has been studied in insulin signaling in insulin sensitive tissue systems. However,
the information is scattered, arising due to complex interaction of isoforms of catalytic subunits
with various regulatory subunits in a tissue-specific manner. PP1 isoforms are highly expressed in
neurons, with earlier studies reporting differential expression in different parts of the brain.

However, possible role of PP1 in neuronal insulin signaling and resistance has not been reported.



Additionally, PP1 has been reported to regulate Akt, but Akt isoform specific information in any

tissue system is largely missing.

Therefore, in the present study, attempts were made (1) to study the role of Akt isoforms in
neuronal insulin signaling and resistance, (2) to study the role of PHLPP isoforms in regulating
Akt isoforms in neuronal insulin signaling and resistance, and (3) to study the role of PP1 isoforms

in regulating Akt isoforms in in neuronal insulin signaling and resistance.

The present work is divided into five chapters:

Chapter 1 Review of Literature: describes general introduction about insulin signaling, insulin
resistance, neuronal insulin signaling and resistance. This chapter also elaborates on Akt isoforms,

PHLPP isoforms, PP1 isoforms, their structure, activation, function, and regulation.

Chapter 2 Role of Akt isoforms in neuronal insulin signaling and resistance: This chapter
demonstrates role of individual Akt isoforms in regulating downstream substrate AS160,
ultimately affecting neuronal glucose uptake under neuronal insulin signaling and resistant

conditions. It also explains the mechanism underlying Akt isoform specificity.

Chapter 3 Role of PHLPP isoforms in regulating Akt isoforms in neuronal insulin signaling
and resistance: This chapter demonstrates role of individual PHLPP isoforms in regulating Akt
isoforms, ultimately affecting AS160 and glucose uptake under neuronal insulin signaling and
resistant conditions. It also explains the mechanism underlying PHLPP isoform specificity, and

how it regulates Akt isoforms differentially.



Chapter 4 Role of PP1 isoforms in regulating Akt isoforms in neuronal insulin signaling and
resistance: This chapter demonstrates role of individual PP1 catalytic subunits isoforms in
regulating Akt isoforms, ultimately affecting AS160 and glucose uptake under neuronal insulin

signaling and resistant conditions.

Chapter 5 Summary: summarizes the present study, proposing its significance and possible

future implications.
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Dimethyl sulfoxide

Ethylene glycol-bis(beta-aminoethyl ether)-N,N,N’,N'-tetraacetic acid
Fetal bovine serum

Glucose transporter 4

N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid

High Fat Diet

Immunoblot

Immunoprecipitation

Kilodalton

MCDB 201 medium and Nutrient mixture F-12 Ham (1:1)

MCDB 201 medium and Nutrient mixture F-12 Ham (1:1) + 100 nM insulin
Millimolar

Micromolar

(2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose)



ND

nM

PAGE

PBS

PHLPP

PI3K

PMSF

PP2A

PP1

SDS

SE

SiRNA

TBST

TEMED

Normal Diet

Nanomolar

Polyacrylamide gel electrophoresis
Phosphate buffer saline

Pleckstrin Homology (PH) domain Leucine-rich repeat Protein Phosphatases
Phosphatidylinositol-3-kinase
Phenylmethanesulfonyl fluoride
Serine/threonine protein phosphatase 2A
Protein Phosphatase 1

Sodium dodecyl sulfate

Standard error

Small interfering RNA

Tris-buffered saline tween-20

N,N,N’,N'-Tetramethylethylenediamine



