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PROTEIN LIPIDATION INHIBITORS AS TOOLS TO STUDY CELLULAR
FUNCTION: LESSONS LEARNT FROM THE PANCREATIC BETA-CELL
Anjan Kowluru
Departments of Pharmaceutical Sciences, Medicine and Surgery, Wayne State University and John D.
Dingell VA Medical Center, Detroit, MI 48201, USA
The majority of small molecular mass GTP-binding proteins (G-proteins) and the gamma subunits of
trimeric G-proteins undergo a series of post-translational modification at their C-terminal cysteine
residue. The first committed step in this reaction sequence is the incorporation of either a farnesyl (i.e.,
15-carbon derivative of mevalonic acid; MVA) or geranylgeranyl (20-carbon derivative of MVA) groups;
these signaling steps are catalyzed by farnesyltransferase (FTase) or geranylgeranyl transferase
(GGTase), respectively. Using inhibitors of the biosynthesis of MVA (e.g., statins), a precursor for the
biosynthesis of farnesyl or geranyl geranyl pyrophosphates, we first demonstrated relevance of this
signaling pathway in glucose-stimulated insulin secretion (GSIS). Subsequent investigations from our
laboratory using pro-drug inhibitors of protein lipidation (e.g., 3-allyl or vinyl farnesols and geraniols)
yielded convincing support for regulatory roles for G-protein lipidation in GSIS. More recently, using
peptidomimetic inhibitors of FTases (e.g., FTI-277) and GGTases (GGTI-2147), we not only verified
aforementioned conclusions, but also identified specific small G-proteins (e.g., Rac1) involved in GSIS.
These pharmacological observations were further confirmed by molecular biological approaches (e.g.,
overexpression of a dominant negative mutants or siRNA-mediated knock-down of endogenous FTase/
GGTase). Together, data from investigations have clearly implicated post-translational lipidation in betacell function. Potential defects (e.g., hypo/hyper regulation of these signaling steps) could contribute
toward metabolic dysregulation (e.g., increase in oxidative stress and mitochondrial defects) and eventual
demise of the islet beta-cell leading to the onset of diabetes. Potential therapeutic utility of lipidation
inhibitors in the treatment and prevention of diabetes will be discussed.

DIABETIC RETINOPATHY AND POTENTIAL THERAPEUTICS
Renu A. Kowluru
Kresge Eye Institute, Wayne State University, Detroit, MI, USA
Retinopathy is one of the most debilitating microvascular complications that affect over 80% of patients
with diabetes. Reactive oxygen species are elevated in the retina in diabetes, and this increases the
permeability of mitochondrial membranes, and their DNA is damaged. These abnormalities are
implicated in the pathogenesis of diabetic retinopathy via increasing apoptosis of retinal capillary cells.
Using animal models of diabetic retinopathy, we have shown that antioxidants that inhibit diabetesinduced oxidative stress in the retina also have potential in preventing capillary cell apoptosis and
histopathology characteristic of diabetic retinopathy. Further, our results have shown that overexpression
of the enzyme responsible for scavenging mitochondrial superoxide (manganese superoxide dismutase)
protects retina and its capillary cells from diabetes-induced abnormalities in the mitochondria, accelerated
apoptosis and, also histopathological microvascular changes. However, clinical trials with antioxidants
are very limited in numbers, and have produced somewhat ambiguous results. Although antioxidants are
being used for other chronic diseases, controlled clinical trials are warranted to investigate the potential
beneficial effects of antioxidants in the development of retinopathy in diabetic patients.
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Alzheimer’s disease (AD) is a neurodegenerative disorder leading to progressive loss of memory and
other cognitive abilities. Currently, there is no treatment for AD available which either stops the
progress or can cure the disease. In cooperation with JADO Technologies (Dresden), the Max-Planck
Institute for Molecular Cell Biology and Genetics in Dresden and the Laboratory for Molecular
Neurobiology at the University Duisburg-Essen, we are developing an approach for the design of
potential novel drugs against AD. Characteristic of AD is the formation of extracellular aggregates of
b-amyloid peptides, known as amyloid plaques. According to the amyloid cascade hypothesis, bamyloid peptides are believed to play a key role in the pathogenesis. The b-amyloid peptides are
generated from the membrane protein APP (amyloid precursor protein) by sequential cleavages of APP
involving first, b-secretase, and subsequently, c-secretase. Thus, highly efficient inhibition of the bsecretase enzyme should lead to a potential therapy for AD. Amyloidogenic cleavage of APP takes
place when APP and b-secretase are co-internalized into the cell via endocytosis. b-Secretase is found
in structural microdomains of the cell membrane, known as lipid rafts and cleavage of APP by bsecretase was reported to occur in lipid rafts. Based on these findings, we have designed and
synthesized a modified lipophilic b-secretase inhibitor with a tripartite structure, in which each unit
exhibits a well-defined function.1
β -Secretase Inhibitor:
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The known b-secretase inhibitor GL 189 (Calbiochem) is a transition state inhibitor showing only a
minor effect in cellular assays.2 However, linking it to a membrane anchor via a spacer of defined length,
leads to a tripartite structure which locates the b-secretase inhibitor to lipid rafts. The tripartite structure is
transported into the cell by endocytosis and delivered to endosomes where b-secretase is active.1,3 The
first results emphasized that our tripartite structures are more effective compared to nonlipophilic
modified inhibitors, by several orders of magnitude—in cell culture as well as in animal models. In a
mouse model simulating AD, our novel inhibitor reduced the formation of b-amyloid peptides by 60% in
only 4 h, whereas the nonanchored inhibitor showed no effect.
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In a further project, we are developing novel inhibitors of myosin ATPase. Based on a silvermediated pyrrole synthesis described a few years ago,4 we have elaborated a highly efficient silvercatalyzed route which provided pentabromopseudilin (1) and pentachloropseudilin (2), halogenated
natural products isolated from microorganisms, as well as their synthetic analogs 12 and 14.5 These
compounds have been identified as novel isoform-specific inhibitors of myosin motor activity. The
activities of 1 and 2 are comparable to the known inhibitors (-)-blebbistatin (17) and N-benzyl-ptoluenesulfonamide (BTS) (18).5-7

Myosin 2 ATPase activity [% control]
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An X-ray crystal structure analysis of the complex formed by the Dictyostelium myosin-2 motordomain with Mg2?–ADP–meta-vanadate and pentabromopseudilin (1) revealed a new allosteric binding
site, 7.5 Å away from the allosteric binding site of (-)-blebbistatin (17).

The discovery of a novel class of myosin ATPase inhibitors and the identification of a second
allosteric-binding site opens up the way for the development of more potent isoform-specific myosin
inhibitors based on rational drug design. Specific inhibitors of myosins represent promising candidates for
the treatment of a range of diseases, such as cancer and malaria.

References
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PCT Int. Appl. WO 2009/065600, 2009.
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GOING AFTER THE OBVIOUS: INHIBITORS OF DE NOVO
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1L7, Canada
Pyrimidine nucleotides are building blocks for the synthesis of RNA and DNA. Uridine monophosphate
(UMP) serves as a key intermediate in the de novo pathway for the synthesis of pyrimidine nucleotides.
Orotidine monophopshate decarboxylase (ODCase) is an important and efficient enzyme that
accomplishes the ultimate step for the synthesis of UMP. Due to its important role in the de novo
nucleic acid biosynthesis, ODCase is present in every species including bacteria, parasites such as
plasmodia and humans, but not in viruses. In humans, pyrimidine nucleotides are synthesized via two
routes: de novo and salvage pathways. Whenever higher concentrations of pyrimidines are needed in the
cell including for the normal cellular processes, during uncontrolled growth of the cell such as in cancer,
or during the fast replicating viral infections, etc., de novo pyrimidine synthesis is upregulated, and the
activity of ODCase is simultaneously operating at a higher than normal levels. Our group has been
interested in developing novel inhibitors of this enzyme as potential antiviral agents initially, and
synthesized various C6-substituted pyrimidine nucleosides and nucleotides.
Initially, in collaboration with Emil Pai, we discovered that certain substitutions such as iodo and
azido moieties would create covalent inhibitors to ODCase. Other substitutions such as a methyl or amino
moieties would confer potent ODCase inhibitory properties to these molecules. Subsequent in vitro
evaluation targeting malaria revealed that ODCase inhibitors could be potentially novel class of
compounds targeting malaria. Select inhibitors also exhibited potent anticancer activities against cancers
of hematopoietic origin. A collaborative effort is undertaken to further investigate the potential of
ODCase inhibitors as potential antimalarial and anticancer agents, in vitro and in vivo. This talk will
focus on the discoveries on the novel interactions between the ligands and the enzyme, and our efforts to
develop this class of compounds as potential leads.

METABOLITES—INSIGHTS INTO MICROBIAL DEFENCE SYSTEMS
Hartmut Laatsch
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Natural products are words and messages in a global communication system of species interactions. They
have a special meaning and will effect an answer, which is not urgently constant, but depends on the
given situation. Natural products are weapons and defence systems, attractants or repellents, or just
communication signals, which are important for the survival of species. Also resistance development of
bacteria against antibiotics is such a logical and unavoidable reply, which we can only overcome with a
better vocabulary, i.e., with more and better drugs.
It follows that a continuous and efficient search for new natural products with potential application in
medicine is a steady and indispensable task. However, since the number of natural products is limited,
every newly isolated product will diminish the chances of further research. Two techniques have been
applied to overcome this problem. One is the activity-directed high-throughput screening, which is an
expensive and technical, but less intelligent process; the other one is the chemical screening.

