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Abstract

Glucose-stimulated insulin secretion (GSIS) involves interplay between metabolic and cationic
events. Several lines of evidence suggests novel regulatory roles for small G proteins (Racl,
Cdc42, Rab27A) in cytoskeletal remodeling and docking of insulin granules on the plasma
membrane for insulin secretion. Emerging evidence implicates novel roles for post-translational
prenylation (farnesylation and geranylgeranylation) of G proteins for their targeting to appropriate
membranous compartments. While several recent studies were focused on prenylating enzymes in
the islet B-cell, a significant knowledge gap exists on regulatory roles and function of enzymes that
mediate intracellular generation of prenyl pyrophosphate substrates (farnesyl and geranylgeranyl
pyrophosphates) for prenyltransferases. Recent work published in the Journal of Pathology by
Jiang and associates highlights requisite roles for geranylgeranyl pyrophosphate synthase
(GGPPS) in islet B-cell function in health and diabetes. These studies are timely and will form the
basis for a series of new investigations to further validate roles for G protein prenylation in GSIS
under physiological conditions. They also pave the path toward the identification of potential
defects in these signaling pathways in $-cell models of impaired insulin secretion including
metabolic stress and diabetes.
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Introduction

Insulin secretion from pancreatic B-cells is regulated principally by the ambient
concentrations of glucose. However, the molecular and cellular mechanisms underlying the
stimulus-secretion coupling of glucose-stimulated insulin secretion (GSIS) remain only
partially understood. It is well established that the signaling steps involved in GSIS require
well-regulated trafficking of insulin-laden secretory granules for their docking and fusion
with the plasma membrane [1]. Emerging evidence also suggests that such cellular events
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are under the fine control of small GTP-binding proteins (G proteins), which have been
implicated in cytoskeletal remodeling to facilitate granule movement toward the plasma
membrane [2,3]. Published evidence from multiple laboratories demonstrated critical
involvement of G proteins Racl, Cdc42, ARF6 and Rabs in GSIS from normal rat islets,
human islets, and clonal B-cells [2-5].

G proteins undergo post-translational prenylation, which “glues” them to

the membrane

The majority of small G proteins and the y-subunits of trimeric G proteins undergo post-
translational modification steps (farnesylation and geranylgeranylation) at their C-terminal
cysteine residues. Such madifications are requisite for targeting the modified G proteins to
relevant membranous compartments (“gluing”) for optimal interaction with their effector
proteins [3,6,7]. The prenylating enzymes farnesyltransferase (Ftase) and
geranylgeranyltransferase (GGTase) catalyze the incorporation of either a 15-carbon
(farnesyl) or a 20-carbon (geranylgeranyl) derivative of mevalonic acid into the C-terminal
cysteine residues of the candidate proteins [3,5,7]. To date, three distinct protein prenyl
transferases have been described in the literature. FTase and GGTase-| are also referred to as
CAAX PPTases because they share the CAAX motif around the C-terminal cysteine region of
their substrate proteins. GGTase-1l1 (Rab GGTase) prenylates the Rab subfamily of proteins
at a different motif, and hence this group of PPTases is often referred to as non-CAAX
PPTases [3,6,7]. Recent studies have characterized FTase, GGTase-l and GGTase-Il in a
variety of pancreatic p-cells [3,7]. Pharmacological inhibition or sSiRNA-mediated
knockdown of subunits of FTase, GGTase-1 and GGTase-11 culminates in suppression of
GSIS suggesting critical roles for prenylation in islet function [3,5,7]. Interestingly,
however, very little is known to date about the enzyme that mediates formation of
geranylgeranyl-PP (geranylgeranyl-PP synthase; GGPPS; Figure 1).

Evidence for potential alterations in G-protein prenylation in the diabetic B-

cell

Despite considerable evidence in support of the overarching hypothesis that G protein
activation is essential for GSIS to occur, very little is known about potential alterations in G
protein function in the islet p-cell under the duress of metabolic stress and diabetes. In this
context, Jiang et al have recently published a paper in this journal [8] demonstrating critical
roles for GGPPS in islet function in health and diabetes. Using a variety of experimental
approaches these investigators demonstrated novel regulatory roles for GGPPS in islet p-cell
function during the onset of T2DM. Catalytic activation of GGPPS in islets from db/db mice
is increased during the initial compensatory period followed by a sharp decline during the
onset of insulin secretory abnormality. Conditional deletion of GGPPS in the islet 3-cell
resulted in depletion of intracellular GGPP, geranylgeranylation and membrane targeting of
Rab27A, and reduced the number of insulin granules beneath the plasma membrane
suggesting significant defects in granule docking in GGPPS-null mice; these defects
culminated in attenuated GSIS. Over-expression of GGPPS or provision of exogenous
GGPP significantly restored GSIS in islets from GGPPS-null mice, affirming the postulation
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that defects in GGPPS pathway (generation of GGPP, geranylgeranylation of Rab27A and
granule docking) cause islet p-cell dysfunction in diabetes [8].

Perspective and future directions

The observations by Jiang et al [8] will undoubtedly form the basis for immediate
investigations in the field, which might fill the knowledge gaps in our current understanding
of regulatory roles of G proteins in islet biology. Some of these are highlighted below.

First, it is likely that decreased levels of GGPP due to altered expression and defective
catalytic function of GGPPS under diabetic conditions could result in impaired prenylation
of other key signaling proteins mediated by GGTase-1 (e.g., Cdc42, Racl, Rho and Rapl;
Figure 1), which have been implicated in islet function including GSIS [2,3,7]. Thus,
functional inactivation of these proteins consequential to attenuated GGPPS could contribute
to islet dysregulation.

Second, geranylgeranylation of other Rab G proteins, which are substrates for GGTase-I|
could also be affected resulting in the dysregulation of the islet B-cell in diabetes [3-5].
More importantly, in addition to defects in geranylgeranylation and membrane association
of specific G proteins (Rab27A) in GGPPS-null mouse islets, it is necessary to quantify their
functional activation (i.e., their GTP-bound conformation). It is noteworthy that recent
studies from our laboratory have demonstrated significant activation of Racl, a
geranylgeranylated protein, in in vitro and in vivo models of glucolipotoxicity, exposure to
pro-inflammtory cytokines and T2DM [9, 10]. These observations alongside the findings of
Jiang and coworkers [8] emphasize the need for quantification of G protein activation in
model systems in which the catalytic functions of GGPPS, and potentially FPS, are
compromised consequential to metabolic stress and diabetes.

Third, while the investigations of Jiang and associates have focused on GGPPS, it would be
interesting to critically evaluate the kinetics of FPPS activity and the intracellular
concentrations of FPP in normal and diabetic islet -cells to determine contributory roles of
these signaling proteins in islet function in health and diabetes. It should be also kept in
mind that decreased GGPPS activity, as shown in the diabetic islet p-cell, could result in
increased levels (accumulation) of FPP, which, in turn could lead to farnesylation of proteins
(Ras; [3, 7]). It is notable that the studies of Jiang and colleagues have identified no
significant defects in farnesylation and membrane association of H-Ras, a farnesylated
protein, in GGPPS-depleted islet B-cells [8]. Interestingly, recent studies from this group
[11] have demonstrated a significant increase in farnesylation of H-Ras in GGPPS =/~
Sertolli cells, thus suggesting clear differences in the two model systems. Again, as stated
above, it is critical to quantify the degree of activation of these G proteins (farnesylated and
geranylgeranylated) in GGPPS- and FPPS- depleted pancreatic 3-cells to further validate
regulatory roles of these signaling cascades in the induction of islet dysfunction under
conditions of metabolic stress, pre-diabetic and diabetic states.

In conclusion, data accrued from the investigations of Jiang et al [8] provide compelling
evidence to implicate defects in roles for G protein geranylgeranylation in islet function,
including translocation and docking of insulin-laden secretory granules to the plasma
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membrane for their fusion and secretion of insulin. They further affirm roles of
geranylgeranylated Rab27A in these cellular events. More importantly, these findings also
suggest significant defects in these signaling mechanisms in islets derived from an animal
model of T2DM. Additional investigations along these lines should provide valuable
insights in not only identifying novel targets that regulate islet function under normal
physiological conditions, but also potential abnormalities in the functions of those proteins
that could lead to dysregulation of insulin secretion and islet function under the duress of
metabolic stress and diabetes.
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Figure 1. Regulatory roles GGPPSin GSIS
Glucose metabolism in pancreatic islet p-cells leads to catalytic activation of GGPPS

resulting in increased intracellular GGPP, which, in turn, is utilized by GGTases to
geranylgeranylate candidate G proteins. GGTase-I geranylgeranylates small G proteins
including Racl, Cdc42, Rho and Rapl, whereas GGTase-11 catalyzes geranylgeranylation of
Rab subfamily of G proteins (Rab27A, ref. [8]). Numerous studies involving
pharmacological, biochemical, molecular biological and physiological approaches have
demonstrated that geranylgeranylation of these G proteins is requisite for actin cytoskeletal
remodeling, insulin granule transport and docking on to the plasma membrane for fusion and
exocytotic secretion of insulin under physiological insulin secretion. In support of this
original hypothesis [3,5,7] using a variety of experimental approaches (siRNA and
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conditional deletion in pancreatic B-cells) Jiang et al [8] have demonstrated that functional
inactivation of GGPPS leads to reduced intracellular GGPP, altered geranylgeranylation and
membrane association of Rab27A and impaired insulin secretion in in vitro and in vivo
models of metabolic stress and T2DM.
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