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ABSTRACT

Bravo, Jennifer L., Virtual Screening for Potential New Chemotherapeutic Agents for the

GPR119 Receptor, a Target for Type I Diabetes. Master of Science (MS), May, 2021, 103 pp.,

21 tables, 22 figures, references, 20 titles.

Three frames from a molecular dynamics simulation run of a GPR119 receptor homology
model were used for this study. The homology model was validated by virtually screening 76
known GPR119 receptor. 85% of these agonists bound to the receptor. Following the validation,
21,000 molecules were selected for the virtual screening study. 862 ligands came from the GPCR
Selleckchem/Prestwick library, 42 compounds from the Prestwick Phytochemical library, 20,000
compounds from the ZINC library, plus four molecules from the literature. All ligands were
built, geometry-optimized, and docked in the GPR119 models using a protocol combining High
Throughput Virtual Screening, Standard Precision, and Extra Precision Glide docking. 2,100
compounds fit inside the GPR119 model binding pocket. The agonists AR231453, AR437735,
and oleoyl serinol as well as compound SRT1720 were tested for activation of GPR119 using an
ELISA cAMP assay. The results agreed with values in the literature and with the computational

results.
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CHAPTER I

INTRODUCTION

G-protein coupled receptors (GPCRs) are a subtype of proteins that are found in great
numbers in the cell membrane of eukaryotic cells!. Conformational changes in the GPCR
receptor caused by ligands binding, induce activation or deactivation of the receptor, which in
turn allows and/or restricts the transduction of information to the inside of the cell for it to
respond accordingly to the messages (secretion of hormones, regulation signals, etc). Their role
is an essential part for the sustaining of life especially for humans; therefore, the study of the
function of these types of receptors is key to discover how human physiology works, and how to
treat targeted-receptor diseases that afflict people?.

GPCRs are transmembrane receptors with one end exposed to the extracellular matrix
and the other to the cytosol of the cell>*. The transmembrane helices are connected by loops that
are flexible and move to aid the binding of a molecule into the receptor pocket or to obstruct the
entrance of the binding pocket making the ligand stay inside the receptor for added stability*.
Figure 1 shows a simple representation of the receptor; the nitrogen terminal on the extracellular
part of the cell is followed by seven transmembrane a-helices (TMHs 1-7) that loop in and out of
the cell membrane (extracellular loops ECL 1, ECL 2, ECL 3 and intracellular loops ICL 1, ICL

2 and ICL 3) ending by the carboxyl terminus in the inside of the cell®.



N - terminal ECL1 ECL2 ECL3

Extracellular

Intracellular

ICL1 ICL2 ICL3

C - terminal

Figure 1. General structure of a G protein-coupled receptor.

Literature reports that more than a thousand GPCRs have been identified in the vertebrate
genome, which tend to be highly specific towards their possible activators®”’; this specificity
allows for ligands to activate a targeted receptor without affecting the rest. The process of
activation by a ligand occurs when the molecule in the bloodstream interacts with the
extracellular part of the receptor and then enters the hydrophobic binding pocket. Once inside,
the ligand causes a series of rearrangements of the binding pocket that lead to changes in the
intracellular end of the receptor where the heterotrimeric G protein binds and gets activated.
Upon activation the G protein decouples from the receptor and the Ga subunit dissociates from
the GB and Gy subunits and it exchanges the GDP molecule with a GTP% 8. Once the Ga subunit
is done with the communication process, GTPase activity converts GTP back into a GDP, and it
rejoins the receptor and reforms the G-protein by binding with a GB and a Gy subunit.>*

GPCRs ligands can be separated into three types depending on their effect on the
receptor. If a ligand is able to activate the receptor and increase its activity, it is considered an

agonist. Within the spectrum of agonists there are full agonists and partial agonists. A molecule

is called a full agonist if it increases the receptor activity close to 100%, otherwise the molecule



is categorized as a partial agonist. An antagonist is a molecule that binds to the receptor and it
prevents an agonist from binding and activating it. A ligand considered as an antagonist does not
alter the receptor activity; therefore, it does not affect the basal activity of the receptor. Basal
activity, also referred as constitutive activity, is the signaling of a receptor in the absence of an
agonist. The last class, the inverse agonists, not only prevent increased activity by blocking
agonists, but also decrease basal activity levels* °1°. All these examples can be seen in a

graphical representation in Figure 2.

Agonist

Partial
Agonist

Receptor Activity

Inverse
Agonist

10" 10" 10° 10° 107 10° 10° 10°
[Drug] (M)

Figure 2. GPCR receptor activity based on drug interaction.

1.1 G Protein-Coupled Receptor GPR119

The GPR119 receptor, a type A GPCR, is also known as glucose-dependent
insulinotropic receptor' '3, The GPR119 receptor is one of the most common transmembrane
receptors found in the gastrointestinal L-cells and K-cells as well as in the pancreatic B-cells of
mammalian organisms'®. Upon activation, the levels of cyclic adenosine monophosphate

(cAMP) in the cell rise, which can cause L-cells and K-cells to secrete hormones like



glucagonlike peptide 1 (GLP1), glucose dependent insulinotropic peptide (GIP) and peptide YY
(PYY). Similarly, activation of the GPR119 receptor in the pancreatic B-cells promotes the
release of insulin into the bloodstream'#. The ability of the GPR119 receptor to influence the
secretion of insulin makes it an attractive target for the treatment of diabetes mellitus type 2 since
people with this condition struggle to keep glucose homeostasis in their body.

In-vivo experiments and in-vitro experiments such as ELISA cAMP colorimetric
analysis, immunofluorescence northern hybridization blot, liquid chromatography-mass

H-12.15 can provide information about the activation of the

spectrometry (LC-MS) among others
GPR119 receptor. However, these studies do not provide insight into conformational response of
the receptor based on the ligand used, nor information of the chemical interactions happening
inside the binding pocket '®17. The advances in computational methods have opened the door to
visualization of molecules and modeling of their behavior under controlled environments.

There is not yet an x-ray crystal structure for the GPR119 receptor!'® '*. Research groups
and pharmaceutical companies therefore have had to construct their own 3-dimensional
homology models to study how molecules bind and interact with the binding pocket of the
GPR119 receptor. Depending on how the homology model was developed (template used,
conformation of helices, etc), there could be differences in how a ligand can fit in the binding
pocket. Therefore, the homology model needs to be validated. If the in vitro results cannot be
explained by using the homology model, then that model would have to be reworded until

similar results are obtained. Figure 3 shows a cartoon representation of the in-house GPR119

receptor model used for this study.



Figure 3. 3D in-house homology model of the GPR119 receptor.

1.2 G Protein-Coupled Receptor Ligands and Libraries

A compound library is a collection of chemical substances. These chemical substances
are either theoretical molecules or molecules that have been synthesized, which can be used in
diverse types of research!®. These databases provide from thousands to billions of molecules
which could be pre-screened for different purposes such as in the medical field to analyze how
ligands fit a targeted receptor, in industry to give information about light activated chemicals, or
in pharmaceutical industry to discover natural organic compounds for plant-based drug
applications'®-20.

Chemical libraries are usually subsets of larger databases of compounds that have been
selected based on properties such as similar molecular structures or comparable chemical

properties. The information provided about the molecules by a chemical library varies, basic

libraries include information such as compound name (UPAC or other names by which the



molecules are also known), chemical structure, and sometimes chirality. Advanced libraries like
those provided by chemical companies often also include information about solubility, receptor
targets and a small summary about their properties.

The GPCR chemical libraries contain a great number of molecules that bind to the
orthosteric site of different known G coupled receptors; however, not all ligands fit the same
receptors. The ligands for the GPR119 receptor, the receptor of interest for this study, seem to
have some general characteristics which were used as criteria in the selection of ligands that may
fit in the binding pocket and possibly activate the receptor. These agonists are typically long with
slender profile and are composed of rings (aromatic and unsaturated rings) and often have a polar
group in one end > %2122, However, even if the criteria for the selection of ligands are met, there
is no guarantee that a ligand that fits into the binding pocket would be able to activate the
receptor. Ultimately, the ligands identified from the chemical libraries will need to be tested

experimentally to confirm if they bind and activate the receptor.

1.3 High Throughput Virtual Screening, Standard Precision and Extra Precision Screening

In order to ensure the fit of ligands into GPCRs, a molecular mechanics (MM) docking
technique called high throughput virtual screening is done to eliminate those molecules that do
not fulfil the criteria of the specific receptor to be studied®. High throughput virtual screening
(HTVS) eliminates molecules that are too polar, bulky, wrongly oriented or chiral in some cases.
High throughput analysis is a compatibility assay for data processing that screens thousands of
molecules in parallel and scores them to minimize the number of intermediate confirmations*.
This type of screening to be the first step in finding compounds that will eventually produce lead

compounds for further studies!6-!7- 125,



Standard precision screening (SP) uses the same docking algorithm as the HTVS method
but does a more thorough torsional refinement and sampling eliminating more compounds that
do not fit the binding pocket.

Extra precision screening (XP) is much more thorough method of screening compared to
HTVS and SP analysis. Extra precision performs more extensive sampling that only allow a
small number of ligands to pass to the last steps of the analysis. XP screening docks ligands
flexibly and uses an anchor-and-grow procedure that considers the position of the molecules as
well as how they fit into the receptor’s binding pocket**2%. The XP screening method penalizes
and disregards double positives caused by the different ways a ligand fit in the binding pocket 2%,

1.4 Drug Design and Ligands

Drug design requires an enormous amount of work and resources: select and test vast
numbers of compounds, identify lead compounds, then design derivatives of those compounds,
synthesize them, purify them, verify their structure of using spectroscopic methods such as
nuclear magnetic resonance (NMR), test them in vitro and in vivo experiments to confirm or
disprove the suitability of that compound to be moved further in the drug development process.
In short, for pharmaceutical companies and independent research groups, drug design is an
intense and expensive process. Molecular modeling and calculations such as Glide HTVS, SP
and XP screening can expedite the drug discovery process and save companies and research

groups’ invaluable time and money.

1.5 In Vitro Studies and the Role of cAMP in Assessing GPR119 Receptor Activity
In vitro experiments employ cultured cells to study the effect of external stimuli such as

chemical compounds, on cell signaling pathways. The ligand-induced cAMP production assay, a

7



secondary messenger assay, was selected for the study of the GPR119 receptor activation since it
has been reported that upon activation of the receptor, cAMP accumulates inside the cell, making
it a perfect quantitative analysis assay to understand the effect of varying drug concentrations in
the cells* 1% %,

The effect of compounds on a receptor cannot be precisely determined using only
computational methods. In vitro experiments can be employed to confirm or disprove the
proposed mechanism of action of these compounds. Certain compounds that might serve as an
agonist for a target receptor might behave as an antagonist for others**-!. In vitro experiments
can help elucidate the mechanism of action of different compounds and the signaling pathways
activated by binding to different receptors in the cells to avoid undesired effects by compounds

that are drug candidates.



CHAPTER II

LITERATURE REVIEW

2.1 Background of GPR119 Receptor

The GPR119 receptor was discovered in the early 2000s and was identified as a
rhodopsin-like, class A GPCR 3. Since then, the activation of this receptor has been studied
through in vivo and in vitro experiments as well as thought computational methods. In 2009,
Brubaker et al. monitored GLP-1 secretion after GPR119 activation with the endogenous ligand
oleoylethanolamide (OEA) in mGLUtag cells and in vivo studies treating euglycemic rats. OEA
is the endogenous ligand that naturally activates the GPR119 receptor in the body. The in vitro
results showed a GLP-1 increase of 2.1 + 0.2—fold from basal levels at 10 pmol/L, while the
intraluminal in vivo results yielded 1.5 £ 0.2 increased fold at 20 nmol/rat that lasted for the
duration of the experiment (60 minutes) *2.

In 2014, Engelstoft et al. applied computational modeling to complement in vitro
experiments in order to explain the mechanics behind the activation of the receptor. OEA and the
synthetic compound AR231453 were used as agonists for his studies. The in vitro experiments
were performed on COS7 cells (monkey kidney cells) using wild type and mutated (FLAG
tagged) cells. The computational studies were performed using their in-house homology model
of the GPR119 receptor that was created using a hybrid method. They combined the method
proposed by Mobarec ef al. 2009 that used multiple structures of other type A GPCRs as

templates for homology model development®; and Worth et al., 2011 that



used a fragment-based approach to create homology models of GPCRs from readily available
type A GPCR crystal structures®*,

The computational results of Engelstoft et al., indicated that TMHs II1,V, VI and VII
(TMSs 3, 5, 6 and 7), as well as ECL 2 are of great importance for ligand interaction and
signaling since these transmembrane helices encompass the binding pocket and give an insight to
the interaction of the agonist with the amino acids of the toggle switch (W% and F*%) located in
the center of the transmembrane region of the receptor. The mutations made in the ECL 2 also
provided information for its role in keeping ligands inside the binding pocket. The in vitro
analysis showed that the ECso of OEA was 250 nM and that of AR231453 was 1.9 nM, proving
that both compounds are strong agonists. Even though the wet lab experiments were in
agreement with the results of the computations (OEA and AR231453 fit in the binding pocket
and interact with the amino acids that shown to be important in the in vitro experiments), there
was still uncertainty regarding the mode of binding of the agonists in the receptor pocket (43
possible different confirmations were found after performing docking calculations 1000 times). It
was concluded that more computational studies applying MD simulations are necessary to fully

understand the conformational interactions of the receptor with the ligands .

AR231453 3 Oleoylehtanolamine
f CH
\ 3
N /\/\/\/\é/\/\/\/\"/“"\/\m
CH, —S 0
//" o

F

Figure 4. Chemical structures of the agonists AR231453 and OEA.
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2.2 Ligand Interactions with the GPR119 Receptor

Ligands approach receptors extracellularly, bind to the receptor binding pocket causing it
to activate signaling pathways thus transmitting information to the cell. The GPR119 receptor
increases the production of cAMP upon activation if a full agonist or partial agonist interacts
with the binding pocket. In 2015, Ritter et al. provided a list of full agonists from leading
pharmaceutical companies such as Arena, AztraZeneca, Pfizer, Prosidion, Merck and Astellas.
The ECsos of leading agonist varied from Arena’s AR231453 at 1.355 nM to Astellas’s
AS1269574 at 2.6 uM. The higher the concentration of a compound the receptor needs to have
the desired biological effect, the least likely it is that the company will pursue if for drug
development?!.

An inverse agonist shuts down the constitutive activity of the receptor by stabilizing its
inactive confirmation. Engelstoft et al. in 2014 reported that compound TM43718 is an inverse
agonist of the GPR119 receptor in a dose-dependent manner where its ICso was determined to
bel.5 pM*. Similarly, Norn et al. in 2015, claimed that AR437948, a third generation ligand
derived from of AR231453, presented inverse agonistic behavior. The ICso of that inverse
agonist was not provided'’. Antagonists on the other hand, are molecules that block agonist-
induced activity without affecting the basal activity of the receptor. Syed et al. in 2012,
performed cAMP colorimetric analysis and western blot experiments where he concluded that
oleoyl serotonin (0.7 uM), SB-366791 (10 uM) and arvanil (50 uM) antagonized the AR231453-

induced cAMP activity of the GPR119 receptor via competitive inhibition®.

11



2.3 Database Screening

In the past, pharmaceutical companies would search for new drugs by performing high
throughput screening of thousands of compounds using biological assays and other quantitative
and qualitative methods of analysis. Once computational methods were developed, companies
would first perform high throughput virtual screening of libraries of compounds to remove
compounds that may not fit in the binding pocket and thus reduce the number of compounds to
be tested physically and make the drug discovery process faster and more cost effective. In 2004,
Shoichet discussed the advantages and disadvantages of using virtual analysis of molecules for
their interactions with cellular receptors. He mentioned that the use of molecular modeling has
proven beneficial for the screening of large databases since it relies on ligand receptor
interactions that are governed by thermodynamic and quantum mechanical forces that permit the
calculation of the energies of the ligand-receptor complexes. The downside of this type of
analysis however was the introduction of compounds that are false negatives and false positives
and would not be able to be identified until the compounds were tested experimentally™.

Frienser et al. reported that before the introduction of Glide docking (grid-based ligand
docking with energetics), the most commonly used virtual screening platforms in the 2000s were
GOLD, FlexX and DOCK. While docking software prior to Glide treated the ligands as rigid
when binding them into the PBD receptor, Glide considered the orientational, positional and
conformational space of the ligands and their interaction with the binding pocket which doubled
the docking accuracy from the former models!’. Glide also allowed the refinement of compound
analysis by introducing algorithms such as standard precision (SP), high throughput virtual

screening (HTVS) and extra precision virtual screening (XP).

12



In 2006, Halgren et al. used Glide employing the SP algorithm to test 15,000 ligands
from 15 different libraries. The ligands were energy-minimized and geometry-optimized using
the Merc Molecular force field 94 (MMFF94) and were subsequently docked to nine different
receptor types. From this analysis it was concluded that 70% of the enriched molecules pre-
selected to bind to the receptors actually matched the experimental data and even though the
results were promising, more work and understanding about ligand flexibility was required for a
conclusive analysis?’.

High throughput virtual screening has a similar scoring algorithm as SP; however, its use
has been reported to give more detailed information about conformational analysis by providing
extra details about docking orientations and reducing the toughness of the final torsional
refinement and sampling. In a paper published in 2010 by Sciabola et al. it was mentioned that
the use of GRID-MIFs (molecular interaction fields) and the FLAP (fingerprints for ligands and
proteins) method in HTVS studies facilitated the ability to find unique ligands for target-receptor
validation and for hit/lead identification (ligand-protein relationships) by using ligands that were
structurally similar to drugs which have been previously reported to work in in silico or in vitro
experiments.

The use of XP docking was first reported in 2006 by Friesner ef al. as a novel addition to
Glide 4.0 which incorporated new quantification terms like desolvation energy, hydrophobic
enclosures, neutral- neutral and charged-charged interaction between hydrogen bonds , and also
very importantly it excluded false positives 2°. Triphati et al. (2013) used Glide XP docking to
study the effect of 27 small 3,5-diaminoindazoles, imidazo(1,2-b)pyridazines, and triazolo(1,5-
a)pyridazine derivatives for the inhibition of cyclin-dependent kinases (CDK2). The calculation

results provided three possible CDK2 inhibitors from the initial 27 kinds and selected several

13



main binding postures based on their high-scoring binding affinity. The results were further

corroborated by the use of MM/GBSA rescoring numbers that were consistent with literature?®.
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CHAPTER III

EXPERIMENTAL METHODS

3.1 In-House GPR119 Receptor Homology Model Validation

The in-house GPR119 receptor homology model was validated through the docking of 76
GPR119 agonist ligands reported by Ritter et al. (2015). The ligands were constructed using
Schrédinger Maestro simulation software considering the chirality and charge (if any) reported in
the paper *!. The minimization was performed using force field OPLS3e and restraining bonds to
metals around the input geometry. The calculation was carried on in no solvent using a distant
dependent dielectric of 2(hydrophobic environment) and using charges from the force field.
Extended cutoffs were used (8 A van der Waals cutoff, 20 A electrostatic cutoff and 4 A
hydrogen bond cutoff) and no constrains were applied on the ligand. The Polac-Ribier Conjugate
Gradient (PRCG) minimization method was used. The maximum number of iterations was set to
5000, and the calculation convergence method was set gradient with a threshold of 0.05. The
library of 76 agonists were further subjected to a LigPrep analysis that creates all the different
chemical and structural possibilities a ligand can sample, before performing the virtual screening.

The GPR119 receptor homology model was extracted from four frames (frames 150, 200,
250, 300 and 350) of a 7-ns NAMD molecular dynamics (MD) simulation. These frames
correspond to different conformations of the receptor, frame 150 where the transmembrane
region is more compact to frame 350 where the receptor transmembrane region is more relaxed

and the binding pocket is hydrate. The docking/virtual screening calculation was performed for
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each one of the receptor conformations corresponding to the four frames. The virtual screening
parameters were the following: pH was set to 7.4 + 0.02 using Epik (to simulate the pH in the
human body) and the high energy ionization/tautomer states were removed retaining up to four
unspecified stereocenters and generate only one low energy conformer per ligand. The docking
grid encompassing the receptor binding pocket was generated by Glide using the center of mass
of the amino acids Phe157 (ECL2), Trp6.48%%, Arg7.36%62, Trp7.39%%° Cys155 (ECL2) and
Arg3.28% that line the pocket. A combination of HTVS, SP, and XP docking algorithms was

used keeping compounds with a Glide score of -3 kcal/mol and above.

3.2 Library Preparations and Computational Screening

Four databases were selected for the purpose of this study. These databases were
Prestwick Phytochemicals, SelleckChem GPCRs, Prestwick GPCR library and Zinc Naturals
(ZINC15) library. The Prestwick Phytochemicals library contained 320 compounds from which
41 were manually selected for the docking experiments. Charged compounds and compounds
with a MW<200 g/mol were excluded. The SelleckChem GPCRs (738 compounds) and
Prestwick GPCR library (265 compounds) totaling 1003 compounds were used as well.
However, upon inspection it was concluded that 141 compounds repeated between these libraries
and were excluded which reduced the number of testing ligands to 862. The Zinc Naturals library
contains 120 million compounds, but only the first 20,000 were selected for docking®®.

The approximately 21,000 compounds were visually examined for missing hydrogens
which were added; they were desalted and then they were energy minimized using the
parameters covered in section 3.1. Once the ligands were prepared, they were used as input for

docking on the GPR119 receptor homology model conformers from frames 150, 200, and 250.
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The docking parameters used were those mentioned in section 3.1. The docking calculations
were done in two way: a) the automated sequential virtual screening protocol that takes the
results of HTVS step and uses them as input for the SP step, and the SP results are used as input
for the XP step and b) docking all the ligands using each one of the three docking methods
separately (HTVS, SP and XP).

In addition to the libraries virtual screening calculations, four more molecules were built
and docked in the GPR119 receptor because we had a certain amount of each in the lab and we
can test them using a cAMP colorimetric assay. Of the four molecules, oleoyl serinol (OS),
SRT1720, and AR231453 were purchased from Sigma-Aldrich and AR437735 was synthesized
by a collaborator. AR231453, AR437735 and oleoyl serinol are known GPR119 receptor

agonists whereas SRT1720 has not been tested for activity against the GPR119 receptor.

3.3 Maintaining of Eukaryotic HEK293 Cells

Human embryonic kidney cells (HEK293) were used to measure activation of the
GPR119 receptor. The HEK293 cells were allowed to grow in 10 cm plates containing
Dulbecco’s Modified Eagle Medium (DMEM) and 10% fetal bovine serum (FBS), and 1%
penicillin/streptomycin and 1% antibiotic-antimitotic additives were added in order to prevent
bacterial and fungal contamination. Subsequently, the cells were placed in an incubator (5%
CO, humidified at 37°C) and left to grow for 3-4 days or until they reached a 90% confidence.

Once this point was reached they were ready to be passaged to a new plate.

The passaging consisted of carefully aspirating the medium from the plate while avoiding
disruption of the cells attached to the plate. Then 5 mL of trypsin solution (0.05% trypsin, 0.5m

MEDTA) to lift the cells from the plate. Using a 5 mL pipette the trypsin was pipetted up and
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down about 12 times until the cell agglomerations were broken up and well dispersed in the
solution. From this mixture 1-1.2 mL was added to a new plate that contained 10 mL of DMEM
with the respective additives 10% FBS, 1% pen/strep, 1% anti-anti. The plate was then rocked

front and back as well as side to side to assure a good dispersion of the cells in the new medium.

3.4 Preparing HEK293 Cells for Transfection

The medium was aspirated from the plate and 5 mL of trypsin was added to
homogeneously suspend the cells. The mixture of trypsin and cells was then transferred to a 50
mL centrifuge tube. To prevent the further digestion of the HEK293 cells by the trypsin, 7.5 mL
of DMEM containing 10% FBS was added to the tube. The 50 mL tube was centrifuged at 1000
RPM at 25 °C for 5 minutes to form a cell pellet at the bottom of the tube. After centrifugation
the medium was aspirated from the tube and the cells were resuspended in 10 ml of DMEM

(10% FBS).

A 20 pL micropipette was used to acquire 15 pL of the resuspended cells and dispense it
to a hemacytometer. The hemacytometer was used to estimate the concentration of the cells in
the centrifuge tube. The cells were counted from 4 base quadrants each containing 4 smaller ones
within. The cells directly on top of the divisor lines between the major 4 quadrants were not
considered. Once the total cells were accounted they were averaged to get the number of cells in
100 nL per quadrant. The averaged number was then multiplied by 10,000 to convert the the
nanoliters to cells per milliliter. The resulting number was then multiplied by the total milliliters

in the 50 mL centrifuge tube and divided by 250,000 (amount of cells desired per mL). This
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provided the amount of DMEM required to deliver the desired amount of cells per mL of

medium (dilution formula M1 V=M, V>).

Once the new volume of DMEM was added to the 50 mL test tube, often to an

approximate volume of ~42 mL, 2 mL of the homogeneously mixed cells were pipetted into each

well of three 6-well plates for a final concentration of 500,000 cells/well. The completed 6-well

plates were rocked gently to evenly disperse the cells around the wells and then they were placed

in the incubator (5% CO., humidified at 37°C) and allowed them to grow for 2 days.

- Trypsin removal

Cell resuspension in
10 mL DMEM 10% FBS

15 ul of dispersed cells into
hemacytometer

5 mL trypsin
7.5 mLDMEM | Centrifugation L

10% FBS (1000 RPM, 25 C, 5 min)

LB
— Compound light microscope

adjusted until quadrants are visible

ii-f_" ) \J\/

4 major quadrants composed of
4 smaller quadrants each

Cell density
250,000 cells/mL

—_—
2 mL per cell

-

Grow in the incubator
for 2 days

Figure 5. Pre-transfection procedure of HEK293 cells.

3.5 Transfection of HEK293 Cells with Wild Type GPR119 DNA

This procedure was based on the protocol provided by the Invitrogen Lipofectamine™

transfection kit. Eight tubes were labeled A and four were labeled B. Tubes A contained 125 pL

of lipofectamine™ and 3.75 uL lipofectamine 3000 reagent (mixed on the vortex) and tubes B

contained 250 pL of lipofectamine™, 5 uL of p3000 reagent and 2.5 ng of DNA of the wild type
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GPR119 receptor. Tubes B were mixed gently and no more than 5 times due to the fragility of
the DNA. DNA from tubes B (125 puL) was then added to each tube A and mixed by gentle
pipetting. Subsequently, the lipofectamine-DNA complex was left to form for 30 minutes.

The 6-well plates were removed from the incubator and 16 wells were transfected with
the wild type GPR119 receptor DNA while two wells were left as controls; the plates were then
placed in the incubator for four hours. The medium was aspirated from the plates and 2 mL of
DMEM (10% charcoal-stripped fetal bovine serum) was added to each well. The switch to
charcoal-stripped FBS at this point is important to remove undesired activating molecules from
the cell medium. Charcoal-stripped FBS is made by passing the serum through a bed of charcoal,
which absorbs hydrophobic compounds. This removes compounds such as steroids and lipids

which can act as activating ligands for GPCRs or nuclear receptors.

8 tubes needed 4 tubes needed

Tube A Tube B
- = 3 Add 125 ul of React for . Add the 250 ul
. [ tube B to tube A 30 minutes to each well
Aspirate the media
| o ot
(i | 4 g

f (W - - Add 2 mL DMEM
',‘ f '1::II ' - 10% charcoal FBS) to

each well

125 ul lipofectamine TM 250 ul lipofectamine T™M Incubate for 4 haurs
3.75 ul lipofectameine Sul p3000

3000 reagent 2.5 ng wild type DNA

Figure 6. Transfection of HEK293 cells with wild type GPR119 DNA.

3.6 Drug Treatment of GPR119 Transfected HEK293 Cells

The compounds AR231453, AR437735, SRT1720 and oleoyl serinol were each dissolved

in dimethyl sulfoxide (DMSO) to a final concentration of 10 mM. Since it is known that
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AR231453 is a potent and recognized agonist for the GPR119 receptor, it was selected as a
positive control and the performance of the other ligands were compared to the AR231453
activity in the cAMP production assay. The stock solutions for AR231453 and the compounds of
interest were made by mixing 1 mL DMEM, 65.2 ul of charcoal-stripped FBS and 10 pL of
specific ligand in a 50 mL centrifuge tube. The non-stock solution on the other hand was made
combining 14 mL of DMEM, 350 pl of charcoal-stripped FBS and 250 pL of DMSO in a 50 mL

tube. The ‘stock’ and ‘non-stock’ vials are shown in Figure 7.

An aliquot from the stock of AR231453 was serially diluted to form the following
concentrations: 10000 nM, 1000 nM, 100 nM, 10 nM, 1.0 nM, 0.1 nM, and 0.01 nM. After the
serial dilutions, the 6-well plates were removed from the incubator and the medium was removed
by aspiration. The cells were then washed with 1.0 mL of Hank’s balanced salt solution (HBSS)
followed by the careful addition 1.0 mL of DMEM to each well. Finally, 1 mL of the desired
ligand concentration was pipetted into the wells and the plates were placed in the incubator for

30 minutes.

Once the incubation time passed, the cells were scraped from the plates and deposited in
accordingly labeled 15 mL tubes. The tubes were then centrifuged at a temperature of 21 °C for 5
minutes at 1000 RPM. Upon completion of the cycle, the medium from the tubes was aspirated
and the formed cell pellet was resuspended in 2.0 mL of a phosphate buffer solution (PBS). The
cells were then centrifuged again under the same conditions used previously. The PBS was
aspirated from all the 15 mL tubes and 286 pL of cold lysis buffer (thimerosal 0.01%, Triton X-
100 2.0%) was added to the cells in a way that the pellet was not disturbed. The sample tubes

were kept on an ice to prevent degradation of cAMP by cellular enzymes.
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Figure 7. Drug treatment of transfected HEK293 cells.

3.7 cAMP ELISA Colorimetric Assay

The contents of the 15 mL centrifuge tubes (286 pL lysis buffer + samples) were
transferred to smaller scale 1.5-mL microfuge tubes for easier handling. The samples were then
thoroughly mixed using a vortex and they were subjected to two cycles of freeze (dry
ice/ethanol) and thaw (37°C water bath) that lasted 3 minutes each. The cells were then
centrifuged at 13,000 RPM at 4°C for 10 minutes. Subsequently, 200 pL of the supernatant was
transferred to a new microfuge tube that was placed in an ice bath to minimize degradation of
cAMP. The 200 pl of cell lysate sample was meticulously mixed 6 times and 100 puL was

transferred to a third and final 1.5-mL microfuge tube.

A dilution (1:100) of peroxidase cAMP tracer conjugate was made by using 12 ul of
tracer solution and 1188 pl of assay diluent (Thimerosal 0.01%) and 50 pL of this dilution was

added to each of the sample tubes. A set of cAMP standards were prepared based on the
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manufacturer’s protocols and they were added in duplicate directly to the goat anti-rabbit
antibody-coated plate (columns 1 & 2 in Figure 8) followed by the addition of 25 uL of the

diluted peroxidase cAMP tracer conjugate to each cell.

The samples were then added in duplicates to the goat anti-rabbit antibody-coated plate.
Columns 3 and 4 were reserved for the AR231453 treated cell extracts and columns 5 and 6 were
for the cell extracts treated with the comparator ligand (refer to Figure 8 for identification). A
(1:500) dilution of rabbit anti-cAMP polyclonal antibody was made using 4.8 pl of rabbit anti-
cAMP polyclonal antibody stock and 2395.2 pL of assay diluent. 50 puL of this rabbit antibody

dilution was then transferred to each of the testing wells.
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cycles tracer tubes 10 each well

AR10%
AR 10*
AR 10

kN i . r
9 S ]
Bl gl Ed

\w. o/

Y ¥

Centrifuge cells 75 uL of sample

|
v at 13,000 RPMs was added to s
\ o at10°C for 10 min ' N corresponding wells
I b v 2o
—— —_ \ {4 £l E——
\ / {f i\ Sample made olr
E v \ \ in duplicates H

rol €5

AR 10
AR 107

Transfer 200 ul
of supernatanttonew

tube, and mixthroughiy
=
<

AR10™

i Waterbath at £
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3 (1:100)
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Figure 8. Procedure before tracer/rabbit cAMP assay reaction.

The goat anti-rabbit antibody-coated plate was then placed on an orbital shaker for 2
hours. After the reaction, the contents of the wells were decanted and the wells were washed a

total of six times with 200 puL of wash buffer (Thimerosal 0.02%). Subsequently, 100 uL of the
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substrate solution was added to each well. If the experiment went correctly, the contents of the
cells containing low concentrations of cAMP would turn blue. The plate was returned to the
orbital shaker to mix for an additional 15 minutes. The reaction was stopped by adding 100 pL of
the stop solution (0.5 N sulfuric acid) to each of the wells which would turn the contents yellow.
The plate was then spectroscopically analyzed using a BioRad 480 micro-plate reader at a

primary wavelength of 450 nm.
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Figure 9. cAMP assay after tracer/rabbit reaction

3.8 Data Analysis of cAMP ELISA

Microsoft excel was used to create an absorbance vs concentration plot obtained from the
cAMP standards. Beer’s law was then employed to use the absorbance of the wells in order to
determine the approximate concentration of cAMP produced in each lysate sample. SigmaPlot
11 (Systat Software Inc., San Jose, CA) was the graphical software employed to create a
sigmoidal dose-response curve considering the production of cAMP in nM vs. the log
concentration of the test compounds. The cAMP levels produced by the controls were used to

normalize the values of cAMP produced by GPR119 activation. The cAMP values of the
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samples were also scaled and normalized to the plateau of cAMP achieved by the ligand (100%).
The sigmoidal dose-response curve was set to produce a hillslope of 2.0 and the values of log

EC50 and EC50 produced by SigmaPlot 11 were converted to concentration in nM.
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 Homology Model Validation
Due to the lack of a crystallographic structure for the GPR119 receptor, an in-house
homology model was built using Schrodinger software by taking fragments of several type A
GPCR receptors such as the cannabinoid 1, the adenosine Axa and 2 adrenergic receptors that
have similar sequence and motifs, as well as structurally verifying the model with those provided
by the literature * 2. In general, homology models tend to vary in some degree based on the
templates used for modeling of the structures, sequence alignment, model building and model

t37

refinement’’. Therefore, it was imperative to validate the in-house built homology model through

the use docking results before applying it to more extensive experiments.

The 76 molecules obtained from Ritter et al. paper were all found in the published
literature from pharmaceutical companies like Arena, Pfizer, Roche, Bristol Meyer Squibb
(BMS), Merck and AstraZeneca. The molecules varied in size and composition and among them
there were agonists, inverse agonists and antagonists®!. From a 7-ns MD simulation of the
GPR119 receptor homology model embedded in a hydrated lipid bilayer patch, 5 frames were
obtained and designated Frame 150, 200, 250, 300 and 350. The receptor structure was extracted
from each frame and used for the docking calculations. Table 1 shows the docking results

obtained for each of the frames. For the majority of the compounds, the proper name of the
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structure was not supplied by the paper. Instead, an identity number was provided, which was
used to locate their common and/or UPAC name which was used for easier identification and

comparison.

Frame 150 had the tightest transmembrane region (or least relaxed) of the five GPR119
homology model structures. This is reflected by allowing the least number of ligands to fit the
receptor, In contrast, the GPR119 homology model structure from frame 350 was the most
relaxed and open. The percentage of ligands that fit in the receptors were 78%, 87%, 92%, and
97% for frames 150, 200, 250, and 350 respectively. It was evident that as the receptor relaxed
and opened to a greater extent, it allowed more complex ligands to fit. However, frame 300 was
an exception since only 64 out of 76 ligands fit (84%). A possible explanation of this
discrepancy might be that, although the receptor structure from frame 300 appears to have
relaxed and have a large binding pocket, the amino acids lining the binding pocket (such as the

large Trp7.39%6%) have enough room to swing into the binding pocket partially obstructing it.

From the docking results, it was verified that the GPR119 homology model met the
criteria for a relatively effective model, since it allowed a high percentage of known agonists to
fit into the binding pocket. It is important to mention that the receptor was able to fit ligands that
were long, slender and aromatic, just like the most commonly used high-potency agonist on the
market, AR231453. However, the binding pocket was also able to accommodate large and bulky
molecules, which affords the possibility that a wider number of molecules may be tested and new
scaffolds may be discovered. Since it is understood that the GPR119 receptor is not a static
structure it was necessary to take the results of a combination of less open/relaxed and more
open/relaxed frames to make the most robust study. Frames 150, 200 and 250 were selected to be

used for the library analysis.
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Table 1-Frame comparison results of the Ritter ef al. manuscript molecules

pyrimidinyl]Jamino]-1,2-propanediol

(trifluoromethyl)phenyl]-6 H-
pyrazolo[1,5-a]pyrrolo[3,4-
e]pyrimidine-8-carboxylate

Frame 150 Frame 200 Frame 250 Frame 300 Frame 350
Methyl (85)-8-[(3-
. Ethyl (aR)-a-methyl-o- .
(25)-3-[[2-(4-Chloro-2,5- fluorop Fhenci;lg?eﬁeytgff;‘;_ydm'z (phenylmethyl)-3-[4- [2’5']?)fa‘é‘i’;‘z’j_'gi%‘_(f_'gf:gy;‘}’2’4'
AS1669058 difluorophenyl)-6-cthyl-4- yAroxyme -y ’

(trifluoromethyl)phenyl]pyrazolo[ 1,5-
al]pyrimidine-7-acetate

diazaspiro[4.5]dec-2-en-3-yl]carbonyl}
amino)phenyl](methyl)sulfoniumolate

Methyl (85)-8-[(3-
fluorophenyl)methyl]-7,8-dihydro-2-
(hydroxymethyl)-3-[4-
(trifluoromethyl)phenyl]-64-
pyrazolo[1,5-a]pyrrolo[3.,4-
e]pyrimidine-8-carboxylate

Ethyl (aR)-o-methyl-oa-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]pyrazolo[1,5-
alpyrimidine-7-acetate

Spiro[2H-1-benzopyran-2,4'-
piperidine]-1'-carboxylic acid, 3,4-
dihydro-6-[4-[[(2-
pyridinylmethyl)sulfonylJmethyl]phen
yl]-, (1R)-2,2,2-trifluoro-1-methylethyl

ester

5-Propyl-2-(4-{5-[ 1-(propylsulfonyl)-
1,2,3,6-tetrahydro-4-pyridinyl]-2,3-
dihydro-1-benzofuran-2-yl}-1-
piperidinyl)pyrimidine

3-{[4-{4,7-Difluoro-2-[ 1-(5-propyl-2-

pyrimidinyl)-4-piperidinyl]-2,3-dihydro-

1-benzofuran-5-yl}-3,6-dihydro-1(2H)-
pyridinyl]sulfonyl}-1-propanol

Ethyl a-[(2-chloro-6-
fluorophenyl)methyl]-3-(4-
chlorophenyl)pyrazolo[1,5-

a]pyrimidine-7-acetate

7-[[6-Chloro-4-(3-cyclopropyl-1,2,4-
oxadiazol-5-yl)-2-pyridinyl]oxy]-1-
[(4-chlorophenyl)sulfonyl]-1,2,3,4-
tetrahydroquinoline

Ethyl (aR)-o-methyl-a-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]pyrazolo[1,5-
a]pyrimidine-7-acetate

N-(4-Cyano-2,5-difluorophenyl)-8-(3-
phenyl-1,2,4-oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-3-carboxamide

Spiro[2H-1-benzopyran-2,4'-
piperidine]-1'-carboxylic acid, 3,4-
dihydro-6-[4-[[(2-
pyridinylmethyl)sulfonylJmethyl]phen
yl]-, (1R)-2,2,2-trifluoro-1-methylethyl
ester

(25)-3-[[2-(4-Chloro-2,5-
difluorophenyl)-6-ethyl-4-
pyrimidinylJamino]-1,2-propanediol

[2,5-Difluoro-4-({[8-(3-phenyl-1,2.4-
oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-en-3-

yl]carbonyl}amino)phenyl](methyl)sulfo

niumolate

(25)-3-[[2-(4-Chloro-2,5-
difluorophenyl)-6-ethyl-4-
pyrimidinylJamino]-1,2-propanediol

[2,5-Difluoro-4-({[8-(3-phenyl-1,2,4-
oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-en-3-

yl]carbonyl}amino)phenyl](methyl)sulfo
niumolate

2-(4-{4,7-Difluoro-5-[ 1-(propylsulfonyl)-

1,2,3,6-tetrahydro-4-pyridinyl]-2,3-
dihydro-1-benzofuran-2-yl}-1-
piperidinyl)-5-propylpyrimidine

1-Methylcyclopropyl 4-[(1S)-1-fluoro-
2-[[2-(2,3,6-

trifluorophenyl)acetyl]amino]ethyl]-1-

piperidinecarboxylate

Ethyl a-[(2-chloro-6-
fluorophenyl)methyl]-3-(4-
chlorophenyl)pyrazolo[1,5-

alpyrimidine-7-acetate

2-(4-{4,7-Difluoro-5-[ 1-(propylsulfonyl)-

1,2,3,6-tetrahydro-4-pyridinyl]-2,3-
dihydro-1-benzofuran-2-yl}-1-
piperidinyl)-5-propylpyrimidine

1-[2-(4-Chloro-2,5-difluorophenyl)-

5,7-dihydro-6,6-dioxidothieno[3,4-
d]pyrimidin-4-yl]-4-
piperidineacetamide

AS1669058

Ethyl (aR)-o-methyl-a-
(phenylmethyl)-3-[4-

(trifluoromethyl)phenyl]pyrazolo[ 1,5-

a]pyrimidine-7-acetate

5-Propyl-2-(4-{5-[ 1-(propylsulfonyl)-
1,2,3,6-tetrahydro-4-pyridinyl]-2,3-
dihydro-1-benzofuran-2-yl}-1-
piperidinyl)pyrimidine

Ethyl a-[(2-chloro-6-
fluorophenyl)methyl]-3-(4-
chlorophenyl)pyrazolo[1,5-

a]pyrimidine-7-acetate

Ethyl a-[(2-chloro-6-
fluorophenyl)methyl]-3-(4-
chlorophenyl)pyrazolo[1,5-

alpyrimidine-7-acetate

4-Chloro-N-[3-[[2,3-dihydro-6-methyl-
2-(1-methylethyl)-1,3-dioxo-1H-

pyrrolo[3.4-c]pyridin-4-ylJoxy]-4-
fluorophenyl]benzenesulfonamide

28



1,1-Dimethylethyl 4-[1-methyl-2-[[2-
(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

1,1-Dimethylethyl 4-[1-methyl-2-[[2-
(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

5-Propyl-2-(4-{5-[ 1-(propylsulfonyl)-
1,2,3,6-tetrahydro-4-pyridinyl]-2,3-
dihydro-1-benzofuran-2-yl}-1-
piperidinyl)pyrimidine

2-[4-[(1R,2R)-2-[[[2-Fluoro-4-
(methylsulfonyl)phenylJmethoxy]meth
yl]cyclopropyl]-1-piperidinyl]-5-
(methoxymethyl)pyrimidine

7-[[6-Chloro-4-(3-cyclopropyl-1,2,4-
oxadiazol-5-yl)-2-pyridinyl]oxy]-1-
[(4-chlorophenyl)sulfonyl]-1,2,3,4-
tetrahydroquinoline

[2,5-Difluoro-4-({[8-(3-phenyl-1,2,4-
oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-en-3-

yl]carbonyl}amino)phenyl](methyl)sulfo
niumolate

Ethyl (8R)-7,8-dihydro-8-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]-6H-
cyclopenta[e]pyrazolo[1,5-
a]pyrimidine-8-carboxylate

3-{[4-{4,7-Difluoro-2-[1-(5-propyl-2-
pyrimidinyl)-4-piperidinyl]-2,3-dihydro-
1-benzofuran-5-yl}-3,6-dihydro-1(2H)-
pyridinyl]Jsulfonyl}-1-propanol

Ethyl (8R)-7,8-dihydro-8-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]-6H-
cyclopenta[e]pyrazolo[1,5-
a]pyrimidine-8-carboxylate

N-(4-Cyano-2,5-difluorophenyl)-8-(3-
phenyl-1,2,4-oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-3-carboxamide

6-({2-Fluoro-3-[1-(3-isopropyl-1,2,4-
oxadiazol-5-yl)-4-
piperidinyl]propyl }amino)-1-indanone

1-Methylcyclopropyl 4-[(1R)-1-fluoro-
2-[[2-(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

1-Methylcyclopropyl 4-[(1S)-1-fluoro-
2-[[2-(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

1-Methylcyclopropyl 4-[(1S)-1-fluoro-
2-[[2-(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

2-[4-[(1R,2R)-2-[[[2-Fluoro-4-
(methylsulfonyl)phenylJmethoxy]meth
yl]eyclopropyl]-1-piperidinyl]-5-
(methoxymethyl)pyrimidine

1-Methylcyclopropyl 4-[(1R)-1-fluoro-
2-[[2-(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

Methyl (85)-8-[(3-
fluorophenyl)methyl]-7,8-dihydro-2-
(hydroxymethyl)-3-[4-
(trifluoromethyl)phenyl]-6H-
pyrazolo[1,5-a]pyrrolo[3,4-
e]pyrimidine-8-carboxylate

1,1-Dimethylethyl 4-[ 1-methyl-2-[[2-
(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

1-Methylcyclopropyl 4-[(1R)-1-fluoro-
2-[[2-(2,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

Ethyl a-[(2-chloro-6-
fluorophenyl)methyl]-3-(4-
chlorophenyl)pyrazolo[1,5-

a]pyrimidine-7-acetate

Compound 3j [PMID: 21444206]

2-Methyl-2-propanyl 3-[(4-cyano-2,5-
difluorophenyl)carbamoyl]-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-8-carboxylate

[2,5-Difluoro-4-({[8-(3-phenyl-1,2.4-
oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-en-3-

yl]carbonyl}amino)phenyl](methyl)sulfo
niumolate

7-[[6-Chloro-4-(3-cyclopropyl-1,2,4-
oxadiazol-5-yl)-2-pyridinyl]oxy]-1-
[(4-chlorophenyl)sulfonyl]-1,2,3,4-
tetrahydroquinoline

Ethyl (aR)-o-methyl-a-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]pyrazolo[ 1,5-
a]pyrimidine-7-acetate

1,1-Dimethylethyl (3R)-4-[5-[(3-
cyano-4-pyridinyl)methoxy]-2-
pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

6-({2-Fluoro-3-[ 1-(3-isopropyl-1,2,4-
oxadiazol-5-yl)-4-
piperidinyl]propyl}amino)-1-indanone

1-Methylcyclopropyl 4-[(1R)-1-fluoro-
2-[[2-(2,3,6-
trifluorophenyl)acetyl]amino]ethyl]-1-
piperidinecarboxylate

6-({2-Fluoro-3-[1-(3-isopropyl-1,2.4-
oxadiazol-5-yl)-4-
piperidinyl]propyl }amino)-1-indanone

(25)-3-[[2-(4-Chloro-2,5-
difluorophenyl)-6-ethyl-4-
pyrimidinyl]amino]-1,2-propanediol

AS1269574

N-(4-Cyano-2,5-difluorophenyl)-8-(3-
phenyl-1,2,4-oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-3-carboxamide

GSK1292263

Methyl (85)-8-[(3-
fluorophenyl)methyl]-7,8-dihydro-2-
(hydroxymethyl)-3-[4-
(trifluoromethyl)phenyl]-6 H-
pyrazolo[1,5-a]pyrrolo[3.,4-
e]pyrimidine-8-carboxylate

Methyl (85)-8-[(3-
fluorophenyl)methyl]-7,8-dihydro-2-
(hydroxymethyl)-3-[4-
(trifluoromethyl)phenyl]-6 H-
pyrazolo[1,5-a]pyrrolo[3.,4-
e]pyrimidine-8-carboxylate

5-Chloro-2-[4-[(1R,25)-2-[2-[[5-
(methylsulfonyl)-2-
pyridinyl]Joxy]ethyl]cyclopropyl]-1-
piperidinyl]pyrimidine

4-Pyrimidinecarbonitrile, 6-methyl-2-
[2-[(1R,28)-2-[1-(5-methyl-2-
pyrimidinyl)-4-
piperidinyl]cyclopropyl]ethoxy]-, re/-

4-Chloro-N-[3-[[6-chloro-4-[3-(1-
methylethyl)-1,2,4-oxadiazol-5-yl]-2-
pyridinylJoxy]phenyl]benzenesulfona
mide

5-Chloro-2-[4-[(1R,25)-2-[2-[[5-
(methylsulfonyl)-2-
pyridinyl]Joxy]ethyl]cyclopropyl]-1-
piperidinyl]pyrimidine

5-Propyl-2-(4-{5-[ 1-(propylsulfonyl)-
1,2,3,6-tetrahydro-4-pyridinyl]-2,3-
dihydro-1-benzofuran-2-yl}-1-
piperidinyl)pyrimidine
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[4,4'-Bipiperidine]-1-carboxylic acid,
1'-(3-pyridinyl)-, 1,1-dimethylethyl
ester

1-Piperidinecarboxylic acid, 4-[[trans-

4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, (1R)-2,2,2-
trifluoro-1-methylethyl ester

2-[4-[(1R,2R)-2-[[[2-Fluoro-4-

(methylsulfonyl)phenyl]methoxy]meth

yl]cyclopropyl]-1-piperidinyl]-5-
(methoxymethyl)pyrimidine

(28)-3-[[2-(4-Chloro-2,5-
difluorophenyl)-6-ethyl-4-
pyrimidinyl]amino]-1,2-propanediol

1-[2-Fluoro-4-(methylsulfonyl)phenyl]-4-
{[1-(5-propyl-2-pyrimidinyl)-4-
piperidinyljoxy}-2(1H)-pyridinone

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]propyl }amino)-1-indanone

5-Chloro-2-[4-[(1R,25)-2-[2-[[5-
(methylsulfonyl)-2-
pyridinyl]oxy]ethyl]cyclopropyl]-1-
piperidinyl]pyrimidine

PSN119-1M

AS1669058

BMS-W02010009207

2-[4-[(1R,2R)-2-[[[2-Fluoro-4-

(methylsulfonyl)phenyl]methoxy]meth

yl]eyclopropyl]-1-piperidinyl]-5-
(methoxymethyl)pyrimidine

Isopropyl 9-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-3-
oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate —agonistic isomer

4-Pyrimidinecarbonitrile, 6-methyl-2-
[2-[(1R,28)-2-[1-(5-methyl-2-
pyrimidinyl)-4-
piperidinyl]cyclopropyl]ethoxy]-, rel-

Thieno[3,4-d]pyrimidine, 2-(4-chloro-
2,5-difluorophenyl)-5,7-dihydro-4-(4-
morpholinyl)-, 6,6-dioxide

N-[3-[(3-Cyano-4,6-dimethyl-2-
pyridinyl)oxy]phenyl]-4-
methylbenzenesulfonamide

MBX-2982

3-(Trifluoromethyl)-3-oxetanyl (3R)-
4-[5-[(3-cyano-4-pyridinyl)methoxy]-
2-pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

AS1669058

4-Chloro-N-[3-[[6-chloro-4-[3-(1-
methylethyl)-1,2,4-oxadiazol-5-yl]-2-
pyridinylJoxy]phenyl]benzenesulfona
mide

MXB-2982

APD597

2-Methyl-2-propanyl 4-{4-[(1,1-dioxido-
2,3-dihydro-1-benzothiophen-5-
yl)amino]-4-oxobutyl }-1-
piperidinecarboxylate

Ethyl (8R)-7,8-dihydro-8-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]-6 H-
cyclopenta[e]pyrazolo[1,5-
alpyrimidine-8-carboxylate

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]propyl }amino)-1-indanone

5-[[2-Fluoro-4-
ylsulfonyl)phenyl|methoxy]-2-[(2R)-2-
hethyl-4-[3-(trifluoromethyl)-1,2,4-

diazol-5-yl]-1-piperazinyl]pyrimidine

AR231453

AS1669058

1-Piperidinecarboxylic acid, 4-
[[[1,2-dihydro-1-[4-
(methylsulfonyl)phenyl]-2-oxo-4-
pyridinyl]Joxy]methyl]-, 1,1-
dimethylethyl ester

4-Pyrimidinecarbonitrile, 6-methyl-2-
[2-[(1R,25)-2-[1-(5-methyl-2-
pyrimidinyl)-4-
piperidinyl]cyclopropyl]ethoxy]-, rel-

5-[[2-Fluoro-4-

[(methylsulfonyl)methyl]phenyl]metho
xy]-2-[(2R)-2-methyl-4-[3-

(trifluoromethyl)-1,2,4-oxadiazol-5-
yl]-1-piperazinyl]pyrimidine

Isopropyl 4-({7-[2-fluoro-4-
(methylsulfonyl)phenyl]-6,7-dihydro-
SH-pyrrolo[2,3-d]pyrimidin-4-yl} oxy)-1-
piperidinecarboxylate

1-Methylcyclopropyl 4-[(1S)-1-fluoro-
2-[[2-(2.3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

7-[[6-Chloro-4-(3-cyclopropyl-1,2,4-
oxadiazol-5-yl)-2-pyridinyl]oxy]-1-
[(4-chlorophenyl)sulfonyl]-1,2,3,4-
tetrahydroquinoline

3-(Trifluoromethyl)-3-oxetanyl (3R)-

4-[5-[(3-cyano-4-pyridinyl)methoxy]-

2-pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

2-Methyl-2-propanyl 3-[(4-cyano-2,5-
difluorophenyl)carbamoyl]-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-8-carboxylate

2-Methyl-2-propanyl 3-[(4-cyano-2,5-
difluorophenyl)carbamoyl]-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-8-carboxylate

Isopropyl 4-( {5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-1-
piperidinecarboxylate

6-({2-Fluoro-3-[1-(3-isopropyl-1,2,4-
oxadiazol-5-yl)-4-
piperidinyl]propyl}amino)-1-indanone

Compound 3j [PMID: 21444206]

4-Chloro-N-[3-[[6-chloro-4-[3-(1-
methylethyl)-1,2,4-oxadiazol-5-yl]-2-
pyridinylJoxy]phenyl]benzenesulfona
mide
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2-Methyl-2-propanyl 4-(5-{[4-
(methylsulfonyl)benzyl]oxy}-2-
pyrimidinyl)-1-piperazinecarboxylate

1-Piperidinecarboxylic acid, 4-[[trans-

morpholinyl)-, 6,6-dioxide

2-[4-[(1R,2R)-2-[[[2-Fluoro-4-

Thieno[3,4-d]pyrimidine, 2-(4-chloro-
2,5-difluorophenyl)-5,7-dihydro-4-(4-

2-Methyl-2-propanyl 4-{4-[(1,1-dioxi

2,3-dihydro-1-benzothiophen-5-

yl)amino]-4-oxobutyl}-1-
piperidinecarboxylate

5-[[2-Fluoro-4-
ethylsulfonyl)phenyl]methoxy]-2-
R)-2-methyl-4-[3-(trifluoromethyl)-
1,2,4-oxadiazol-5-yl]-1-
piperazinyl]pyrimidine

do-

PSN119-2

trifluoro-1-methylethyl ester

4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, (1R)-2,2,2-

yl]eyclopropyl]-1-piperidinyl]-5-
(methoxymethyl)pyrimidine

1-[2-(4-Chloro-2,5-difluorophenyl)-

(methylsulfonyl)phenyl]methoxy]meth

4-Methyl-6-[1'-(5-methyl-2-

pyrimidinecarbonitrile

pyrazinyl)[4,4'-bipiperidin]-1-yl]-2-

5-[[2-Fluoro-4-
[(methylsulfonyl)methyl]phenyl]Jmetho
xy]-2-[(2R)-2-methyl-4-[3-
(trifluoromethyl)-1,2,4-oxadiazol-5-
yl]-1-piperazinyl]pyrimidine

Compound 3j [PMID: 21444206]

BMS-903452

Isopropyl 4-{4-[4-

5,7-dihydro-6,6-dioxidothieno[3,4-
d]pyrimidin-4-yl]-4-
piperidineacetamide

4-Chloro-N-[3-[[6-chloro-4-[3-(1-

Compound 3j [PMID: 21444206]

5-[[2-Fluoro-4-

1,1-Dimethylethyl 4-[1-methyl-2-[[2-
(2,3,6-
trifluorophenyl)acetyl]amino]ethyl]-1-

piperidinecarboxylate

6-({2-Fluoro-3-[1-(3-isopropyl-1,2.,4-
oxadiazol-5-yl)-4-
piperidinyl]propyl }amino)-1-indanone

(methylsulfonyl)phenoxy]-1H-
pyrazolo[3,4-d]pyrimidin-1-y1}-1-
piperidinecarboxylate

4-Pyrimidinecarbonitrile, 6-methyl-2-

methylethyl)-1,2,4-oxadiazol-5-yl]-2-
pyridinyl]oxy]phenyl]benzenesulfona
mide

5-[[2-Fluoro-4-

ethylsulfonyl)phenyllmethoxy]-2-

R)-2-methyl-4-[3-(trifluoromethyl)-
1,2,4-oxadiazol-5-yl]-1-

piperazinyl]pyrimidine

5-[[2-Fluoro-4-

AR231453

4-Methyl-6-[1'-(5-methyl-2-
pyrazinyl)[4,4'-bipiperidin]-1-yl]-2-
pyrimidinecarbonitrile

[2-[(1R,25)-2-[1-(5-methyl]-2-
pyrimidinyl)-4-

4-Methyl-6-[1'-(5-methyl-2-

piperidinyl]cyclopropyl]ethoxy]-, rel-

ethylsulfonyl)phenyl]methoxy]-2-

R)-2-methyl-4-[ 3-(trifluoromethyl)-
1,2,4-oxadiazol-5-yl]-1-

piperazinyl]pyrimidine

5-[[2-Fluoro-4-

[(methylsulfonyl)methyl]phenyl|metho

xy]-2-[(2R)-2-methyl-4-[3-
(trifluoromethyl)-1,2,4-oxadiazol-5-
yl]-1-piperazinyl]pyrimidine

APD668

Ethyl (8R)-7,8-dihydro-8-
(phenylmethyl)-3-[4-
(trifluoromethyl)phenyl]-64-
cyclopenta[e]pyrazolo[ 1,5-
alpyrimidine-8-carboxylate

pyrazinyl)[4,4'-bipiperidin]-1-yl]-2-
pyrimidinecarbonitrile

[(methylsulfonyl)methyl]phenyl]meth
oxy]-2-[(2R)-2-methyl-4-[3-

(trifluoromethyl)-1,2,4-oxadiazol-5-

yl]-1-piperazinyl]pyrimidine

1-Methylcyclopropyl 6-{5-methyl-6-[(2-
methyl-3-pyridinyl)oxy]-4-pyrimidinyl} -
2,6-diazatricyclo[3.3.1.137]decane-2-

Isopropyl 4-({7-[2-fluoro-4-
(methylsulfonyl)phenyl]-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-4-yl}oxy)-1-

enzonitrile, 4-[1'-(1-methylethyl)
b[benzofuran-2(3H),4'-piperidin]-5-

yll-
carboxylate piperidinecarboxylate
- {5 -6-[(2- | 1- 15 _6-1(2- 1-Methylcyclopropyl 4-[(1S)-1-fluoro-
1 Methylcyclppropyl6 {5 met.hy'l 6 [2-]1 Methylcycl.opropyl 6-{5 met'hy.l 6 [(2 [4 4"-Bipiperidine]-1-carboxylic acid, 2 [[2-(2.3.6-
methyl-3-pyridinyl)oxy]-4-pyrimidinyl} - | methyl-3-pyridinyl)oxy]-4-pyrimidinyl} - PSN119-2 1-(3-pyridinyl)-, 1,1-dimethylethyl . 22507
2,6-diazatricyclo[3.3.1.13|decane-2- |  2,6-diazatricyclo[3.3.1.13"]decane-2- pyndinyl)-, 1, yiethyl | trifluorophenylacetyl]Jamino]ethyl]-1-
carboxylate carboxylate ester piperidinecarboxylate
Isopropyl 4-({7-[2-fluoro-4- enzonitrile, 4-[1'-(1-methylethyl)
PSN119-2 AR231453 (methylsulfonyl)phenyl]-6,7-dihydro-5H-

Pl
pyrrolo[2,3-d]pyrimidin-4-yl}oxy)-1-

piperidinecarboxylate

benzofuran-2(3H),4'-piperidin]-5-
yll-

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]propyl }amino)-1-indanone
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1-Piperidinecarboxylic acid, 4-[2-[2-
fluoro-4-(methylsulfonyl)phenyl]-2,6-

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, 1,1-
dimethylethyl ester

N-[3-[(3-Cyano-4,6-dimethyl-2-
pyridinyl)oxy]phenyl]-4-
methylbenzenesulfonamide

BMS-W02010009207

BMS-W02010009207

dihydropyrrolo[3,4-c]pyrazol-5(4H)-

yl]-, I-methylethyl ester

5-Chloro-2-[4-[(1R,28)-2-[2-[[5-

PSN119-1M

BMS-903452

BMS-903452

PSN119-2

(methylsulfonyl)-2-
pyridinyl]oxy]ethyl]cyclopropyl]-1-
piperidinyl]pyrimidine

Isopropyl 4-({7-[2-fluoro-4-

Isopropyl 4-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-1-
piperidinecarboxylate

PSN119-2

4-Chloro-N-[3-[[2,3-dihydro-6-
methyl-2-(1-methylethyl)-1,3-dioxo-
1 H-pyrrolo[3,4-c]pyridin-4-yl]oxy]-4-
fluorophenyl]benzenesulfonamide

1,1-Dimethylethyl (3R)-4-[5-[(3-

cyano-4-pyridinyl)methoxy]-2-

pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

N-[3-[(3-Cyano-4,6-dimethyl-2-

(methylsulfonyl)phenyl]-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-4-yl }oxy)-1-
piperidinecarboxylate

1-Piperidinecarboxylic acid, 4-[[2-[2,
3-dihydro-5-(methylsulfonyl)-1H-

2-Methyl-2-propanyl 4-({1-[4-

(methylsulfonyl)phenyl]-2-oxo-1,2-

dihydro-4-pyridinyl} oxy)-1-
piperidinecarboxylate

PSN119-1M

2-Methyl-2-propanyl 3-[(4-cyano-2,5-
difluorophenyl)carbamoyl]-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-8-carboxylate

pyridinyl)oxy]phenyl]-4-
methylbenzenesulfonamide

indol-1-yl]-4-pyrimidinyl]oxy]-, 1-
methylethyl ester

Isopropyl 4-({6-[5-(methylsulfonyl)-2,3-

3-(Trifluoromethyl)-3-oxetanyl (3R)-

4-[5-[(3-cyano-4-pyridinyl)methoxy]-

2-pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

APD597

3-(Trifluoromethyl)-3-oxetanyl (3R)-

4-[5-[(3-cyano-4-pyridinyl)methoxy]-

2-pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

Isopropyl 9-({5-methyl-6-[(2-methyl-3-

pyridinyl)oxy]-4-pyrimidinyl } oxy)-3-
oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate — agonistic isomer

dihydro-1H-indol-1-yl]-4-
pyrimidinyl}oxy)-1-
piperidinecarboxylate

2,6-Diazatricyclo[3.3.1.13,7]decane-2-

5-[[2-Fluoro-4-
(methylsulfonyl)phenyl]methoxy]-2-
[(2R)-2-methyl-4-[3-(trifluoromethyl)-
1,2,4-oxadiazol-5-yl]-1-
piperazinyl]pyrimidine

Compound 3j [PMID: 21444206]

APD597

pyridinyl)oxy]-4-pyrimidinyl} oxy)-3-
oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate — antagonistic isomer

Isopropyl 9-({5-methyl-6-[(2-methyl-3-

carboxylic acid, 6-[6-[2-fluoro-4-(1H-
tetrazol-1-yl)phenoxy]-5-methyl-4-
pyrimidinyl]-, 1-methylcyclopropyl

ester

5-[[2-Fluoro-4-
[(methylsulfonyl)methyl]phenyl|meth
oxy]-2-[(2R)-2-methyl-4-[3-
(trifluoromethyl)-1,2,4-oxadiazol-5-
yl]-1-piperazinyl]pyrimidine

BMS-W02010009207

N-(4-Cyano-2,5-difluorophenyl)-8-(3-
phenyl-1,2,4-oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-3-carboxamide

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]butyl}amino)furo[3,2-
c]pyridin-3(2H)-one

1-Methylcyclopropyl 6-{5-methyl-6-[(2-

BMS-903452

Isopropyl 4-{4-[4-

Ethyl (8R)-7,8-dihydro-8-
(phenylmethyl)-3-[4-

(trifluoromethyl)phenyl]-6H-

cyclopenta[e]pyrazolo[1,5-

4-Chloro-N-[3-[[2,3-dihydro-6-

fluorophenyl]benzenesulfonamide

methyl-2-(1-methylethyl)-1,3-dioxo-
1 H-pyrrolo[3,4-c]pyridin-4-yl]oxy]-4-

N-[3-[(3-Cyano-4,6-dimethyl-2-
pyridinyl)oxy]phenyl]-4-
methylbenzenesulfonamide

carboxylate

methyl-3-pyridinyl)oxy]-4-pyrimidinyl} -
2,6-diazatricyclo[3.3.1.137]decane-2-

(methylsulfonyl)phenoxy]-1H-
pyrazolo[3,4-d]pyrimidin-1-y1}-1-
piperidinecarboxylate

alpyrimidine-8-carboxylate
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6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]butyl } amino)furo[3,2-
c]pyridin-3(2H)-one

[4,4'-Bipiperidine]-1-carboxylic acid,
1'-(3-pyridinyl)-, 1,1-dimethylethyl
ester

Isopropyl 9-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl } oxy)-3-
oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate — agonistic isomer

1-Piperidinecarboxylic acid, 4-[4-[[[2-
fluoro-4-(methylsulfonyl)phenyl]
amino|methyl]-1H-pyrazol-1-yl]-, 1-
methylethyl ester

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]butyl } amino)furo[3,2-
c]pyridin-3(2H)-one

Isopropyl 9-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-3-
oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate — antagonistic isomer

1-Methylcyclopropyl 4-[(5-fluoro-6-{[2-
methyl-6-(methylsulfonyl)-3-
pyridinyl]oxy}-4-pyrimidinyl)oxy]-1-
piperidinecarboxylate

[4,4'-Bipiperidine]-1-carboxylic acid,
1'-(3-pyridinyl)-, 1,1-dimethylethyl
ester

APD597

APD668

4-Chloro-N-[3-[[2,3-dihydro-6-
methyl-2-(1-methylethyl)-1,3-dioxo-
1 H-pyrrolo[3.,4-c]pyridin-4-yl]oxy]-4-
fluorophenyl]benzenesulfonamide

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]butyl}amino)furo[3,2-
c]pyridin-3(2H)-one

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]propyl}amino)-1-indanone

PSN119-1M

1-Methylcyclopropyl 4-[(1R)-1-fluoro-
2-[[2-(2.,3,6-
trifluorophenyl)acetyl]Jamino]ethyl]-1-
piperidinecarboxylate

1-Piperidinecarboxylic acid, 4-[5-[2-
fluoro-4-(methylsulfonyl)phenyl]-5,6-

4-Methyl-6-[1'-(5-methyl-2-
pyrazinyl)[4,4"-bipiperidin]-1-yl]-2-

Thieno[3,4-d]pyrimidine, 2-(4-chloro-

yl]-

pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

diazaspiro[4.5]dec-2-ene-8-carboxylate

dihydropyrrolo[3,4-c]pyrazol-2(4H)- GSK1292263 AR231453 pyrimidincearbonitrile 2,5-difluorophenyl)-3,7-dihydro-4-(4-
yl]-, 1-methylethyl ester morpholinyl)-, 6,6-dioxide
e A071'-(1- ,1-Dimethylethyl (3R)-4-[5-[(3- -
enzonitrile, 4-[1'-(1-methylethyl) 1,1-Dimethylethy 2-Methyl-2-propanyl 4- {4-[(1,1-dioxido-
2 L minari i EL cyano-4-pyridinyl)methoxy]-2- 2-Methyl-2-propanyl 3-[(4-cyano-2,5- T 1 . .
b[benzofuran-2(3H),4'-piperidin]-5 AS1269574 difluorophenyl)carbamoyl]- 1-oxa-2.8- 2,3-dihydro-1-benzothiophen-5

yl)amino]-4-oxobutyl}-1-
piperidinecarboxylate

Isopropyl 4-({6-[5-(methylsulfonyl)-2,3-
dihydro-1H-indol-1-yl]-4-
pyrimidinyl}oxy)-1-
piperidinecarboxylate

1-Piperidinecarboxylic acid, 4-[4-[[[2-
fluoro-4-(methylsulfonyl)phenyl]
amino|methyl]-1H-pyrazol-1-yl]-, 1-
methylethyl ester

5-Chloro-2-[4-[(1R,2S5)-2-[2-[[5-
(methylsulfonyl)-2-
pyridinyl]oxy]ethyl]cyclopropyl]-1-
piperidinyl]pyrimidine

4-[[[2-[(2R)-2-Methyl-4-[5-(1-
methylethyl)-1,2,4-oxadiazol-3-yl]-1-
piperazinyl]-5-
pyrimidinyl]oxy]methyl]-3-
pyridinecarbonitrile

1,1-Dimethylethyl (3R)-4-[5-[(3-
cyano-4-pyridinyl)methoxy]-2-
pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

4-Chloro-N-[3-[[6-chloro-4-[3-(1-
methylethyl)-1,2,4-oxadiazol-5-yl]-2-
pyridinylJoxy]phenyl|benzenesulfona
mide

Isopropyl 4-({7-[2-fluoro-4-
(methylsulfonyl)phenyl]-6,7-dihydro-
SH-pyrrolo[2,3-d]pyrimidin-4-yl} oxy)-1-
piperidinecarboxylate

4-[[[2-[(2R)-2-Methyl-4-[5-(1-
methylethyl)-1,2,4-oxadiazol-3-yl]-1-
piperazinyl]-5-
pyrimidinylJoxy|methyl]-3-
pyridinecarbonitrile

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, (1R)-2,2,2-
trifluoro-1-methylethyl ester

2-Methyl-2-propanyl 4-(5-{[4-
(methylsulfonyl)benzyl]oxy}-2-
pyrimidinyl)-1-piperazinecarboxylate

N-(4-Cyano-2,5-difluorophenyl)-8-(3-
phenyl-1,2,4-oxadiazol-5-yl)-1-oxa-2,8-
diazaspiro[4.5]dec-2-ene-3-carboxamide

2-Methyl-2-propanyl 4-(5-{[4-
(methylsulfonyl)benzyl]oxy}-2-
pyrimidinyl)-1-piperazinecarboxylate

1-Methylcyclopropyl 4-[(5-fluoro-6-{[2-
methyl-6-(methylsulfonyl)-3-
pyridinyl]Joxy} -4-pyrimidinyl)oxy]-1-
piperidinecarboxylate

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, 1,1-
dimethylethyl ester

4-Pyrimidinecarbonitrile, 6-methyl-2-
[2-[(1R,25)-2-[1-(5-methyl-2-
pyrimidinyl)-4-
piperidinyl]cyclopropyl]ethoxy]-, rel-
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fluoro-4-(methylsulfonyl)phenyl]

1-Piperidinecarboxylic acid, 4-[4-[[[2-

2,6-Diazatricyclo[3.3.1.13,7]decane-2-

methylethyl ester

amino]methyl]-1H-pyrazol-1-yl]-, 1-

1-[2-(4-Chloro-2,5-difluorophenyl)-

tetrazol-1-yl)phenoxy]-5-methyl-4-
pyrimidinyl]-, 1-methylcyclopropyl
ester

carboxylic acid, 6-[6-[2-fluoro-4-(1H-

oxy]cyclohexyl]oxy]-, (1R)-2,2,2-
trifluoro-1-methylethyl ester

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]

GSK1292263

GSK1292263

5,7-dihydro-6,6-dioxidothieno[3,4-
d]pyrimidin-4-yl]-4-
piperidineacetamide

N-[3-[(3-Cyano-4,6-dimethyl-2-

Isopropyl 4-({6-[5-(methylsulfonyl)-2,3-

dihydro-1H-indol-1-yl]-4-
pyrimidinyl} oxy)-1-
piperidinecarboxylate

6-({3-[1-(5-Ethyl-2-pyrimidinyl)-4-
piperidinyl]butyl} amino)furo[3,2-
c]pyridin-3(2H)-one

2-Methyl-2-propanyl 4-({1-[4-

(methylsulfonyl)phenyl]-2-oxo-1,2-

dihydro-4-pyridinyl} oxy)-1-
piperidinecarboxylate

Isopropyl 4-[(5-fluoro-6-{[2-
methyl-6-(methylsulfonyl)-3-
pyridinyl]Jamino}-4-
pyrimidinyl)oxy]-1-
piperidinecarboxylate

pyridinyl)oxy]phenyl]-4-
methylbenzenesulfonamide

1-Methylcyclopropyl 4-[(5-fluoro-6-{[2-

Isopropyl 4-{4-[4-
(methylsulfonyl)phenoxy]-1H-
pyrazolo[3,4-d]pyrimidin-1-y1}-1-
piperidinecarboxylate

4-[[[2-[2R)-2-Methyl-4-[5(1-

4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, 1,1-
dimethylethyl ester

1-Piperidinecarboxylic acid, 4-[[trans-

2-Methyl-2-propanyl 4-(5-{[4-
(methylsulfonyl)benzyl]oxy}-2-
pyrimidinyl)-1-piperazinecarboxylate

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]

oxy]cyclohexyl]oxy]-, (1R)-2,2,2-
trifluoro-1-methylethyl ester

methyl-6-(methylsulfonyl)-3-
pyridinyl]oxy} -4-pyrimidinyl)oxy]-1-

methylethyl)-1,2,4-oxadiazol-3-yl]-1-
piperazinyl]-5-

Thieno[3,4-d]pyrimidine, 2-(4-chloro-

1-Piperidinecarboxylic acid, 4-[5-[2-

1-Piperidinecarboxylic acid, 4-[2-[2-
fluoro-4-(methylsulfonyl)phenyl]-2,6-

dihydro-4-pyridinyl} oxy)-1-
piperidinecarboxylate

(methylsulfonyl)phenoxy]-1H-
pyrazolo[3,4-d]pyrimidin-1-y1}-1-
piperidinecarboxylate

Isopropyl 4-[(5-fluoro-6-{[2-methyl-6-
(methylsulfonyl)-3-pyridinyl]Jamino} -4-

fluoro-4-(methylsulfonyl)phenyl]-5,6-
2,5-difl henyl)-5,7-dihydro-4-(4- | di - - - AR231453
|oxy} - pyrimidinylJoxy]methyl]-3- lml;?];?lgn?y>1l£, 6,6-dlio>),<icri(:: ( dlhydmﬂ?ﬁo_ﬁgf lce]tpl)]yrla:;LFZ @
piperidinecarboxylate pyridinecarbonitrile Y e
(4. It ~ 4-[[[2-[(2R)-2-Methyl-4-[5-(1-
Isopropyl 9-({5-methyl-6-[(2-methyl-3- | LL2-(4-Chloro-2,5-difluorophenyl)- 1,y 15 oot - (4-[(1, 1-dioxido- methylethyl)-1,2,4-oxadiazol-3-yl]-1-
i AR 5,7-dihydro-6,6-dioxidothieno[3,4- . b . .
APD663 pyridinyl)oxy]-4-pyrimidinyl} oxy)-3- dlpyrimidin-4-yl]-4- 2,3-dihydro-1-benzothiophen-5- piperazinyl]-5-
oxa-7-azabicyclo[3.3.1]nonane-7- Ipyrtm yu yl)amino]-4-oxobutyl }-1- pyrimidinyl]oxy]methyl]-3-
S piperidineacetamide Lo - .
carboxylate — antagonistic isomer piperidinecarboxylate pyridinecarbonitrile
4-Methyl-6-[1'-(5-methyl-2- Isopropyl 9-({5-methyl-6-[(2-methyl-3-
BMS-W02010009207 pyrazinyD[4,4-bipiperidin]-1-y1]-2- AS1269574 MBX-2982 pyridinyloxy]-4-pyrimidinyl} oxy)-3-
pyrimidinecarbonitrile oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate — antagonistic isomer
2-Methyl-2-propanyl 4-({1-[4- Isopropyl 4-{4-[4-
GSK1292263 (methylsulfonyl)phenyl]-2-oxo-1,2-

pyrimidinyl)oxy]-1-
piperidinecarboxylate

1-[2-(4-Chloro-2,5-difluorophenyl)-
5,7-dihydro-6,6-dioxidothieno[3,4-
d]pyrimidin-4-yl]-4-
piperidineacetamide

dihydropyrrolo[3,4-c]pyrazol-5(4H)-
yl]-, 1-methylethyl ester

piperidinyl]propyl}amino)-1-indanone

6-({3-[1-(5-Ethyl-2-pyrimidinyl)4-

enzonitrile, 4-[1'-(1-methylethyl)
b[benzofuran-2(3H),4'-piperidin]-5-

yll-

AS1269574

1-(6-{[1-(3-Isopropyl-1,2,4-oxadiazol-5-
yl)-4-piperidinyl]oxy} -4-pyrimidinyl)-5-

(methylsulfonyl)indoline

34



PSN-632408

MBX-2982

1-Piperidinecarboxylic acid, 4-[4-[[[2-
fluoro-4-(methylsulfonyl)phenyl]
amino]methyl]-1H-pyrazol-1-yl]-, 1-
methylethyl ester

Isopropyl 4-{4-[4-
(methylsulfonyl)phenoxy]-1H-
pyrazolo[3,4-d]pyrimidin-1-y1}-1-
piperidinecarboxylate

1-Methylcyclopropyl 6-{5-methyl-6-[(2-
methyl-3-pyridinyl)oxy]-4-pyrimidinyl} -
2,6-diazatricyclo[3.3.1.13"]decane-2-
carboxylate

Isopropyl 4-[(5-fluoro-6- {[2-methyl-6-
(methylsulfonyl)-3-pyridinyl]amino}-4-
pyrimidinyl)oxy]-1-
piperidinecarboxylate

1,1-Dimethylethyl (3R)-4-[5-[(3-
cyano-4-pyridinyl)methoxy]-2-
pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

Pyrrolo[3,4-c]pyrazole, 5-[1-(5-ethyl-
2-pyrimidinyl)-4-piperidinyl]-2-[2-
fluoro-4-(methylsulfonyl)phenyl]-2,4,
5,6-tetrahydro-

1-(6-{[1-(3-Isopropyl-1,2,4-oxadiazol-5-
yl)-4-piperidinyl]oxy } -4-pyrimidinyl)-5-
(methylsulfonyl)indoline

APD597

2,6-Diazatricyclo[3.3.1.13,7]decane-2-
carboxylic acid, 6-[6-[2-fluoro-4-(1H-
tetrazol-1-yl)phenoxy]-5-methyl-4-
pyrimidinyl]-, 1-methylcyclopropyl
ester

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, 1,1-
dimethylethyl ester

Isopropyl 4-[(5-fluoro-6- {[2-methyl-6-
(methylsulfonyl)-3-pyridinyl]amino}-4-
pyrimidinyl)oxy]-1-
piperidinecarboxylate

1-Methylcyclopropyl 4-[(5-fluoro-6-{[2-
methyl-6-(methylsulfonyl)-3-
pyridinyl]oxy}-4-pyrimidinyl)oxy]-1-
piperidinecarboxylate

1-Piperidinecarboxylic acid, 4-[4-[[[2-
fluoro-4-(methylsulfonyl)phenyl]
amino]methyl]-1H-pyrazol-1-yl]-, 1-
methylethyl ester

2-Methyl-2-propanyl 4-{4-[(1,1-dioxido-
2,3-dihydro-1-benzothiophen-5-
yl)amino]-4-oxobutyl}-1-
piperidinecarboxylate

Isopropyl 4-[(5-fluoro-6-{[2-methyl-6-
(methylsulfonyl)-3-pyridinyl]Jamino}-4-
pyrimidinyl)oxy]-1-

2,6-Diazatricyclo[3.3.1.13,7]decane-2-

carboxylic acid, 6-[6-[2-fluoro-4-(1H-
tetrazol-1-yl)phenoxy]-5-methyl-4-
pyrimidinyl]-, 1-methylcyclopropyl

4-Chloro-N-[3-[[2,3-dihydro-6-
methyl-2-(1-methylethyl)-1,3-dioxo-
1 H-pyrrolo[3.,4-c]pyridin-4-yl]oxy]-4-

1-Methylcyclopropyl 4-[(5-fluoro-6-{[2-
methyl-6-(methylsulfonyl)-3-
pyridinyl]oxy} -4-pyrimidinyl)oxy]-1-

piperidinecarboxylate ester fluorophenyl]benzenesulfonamide piperidinecarboxylate
4-[[[2-[(2R)-2-Methyl-4-[5-(1- o o
methylethyl)-1,2,4-oxadiazol-3-yl]-1- | 1-Piperidinecarboxylic acid, 4-[5-[2- Isopropyl 4-({6-[5-(methylsulfonyl)-2,3-
piperazinyl]-5- fluoro-4-(methylsulfonyl)phenyl]-5,6- MBX.2082 dihydro-1H-indol-1-yI]4- PSNL632408
pyrimidinylJoxy]methyl]-3- dihydropyrrolo[3,4-c]pyrazol-2(4H)- - pyrimidinyl}oxy)-1- -
pyridinecarbonitrile yll-, 1-methylethyl ester piperidinecarboxylate
Isopropyl 4-({5-methyl-6-[(2-methyl-3-
APD668 APD668 pyridinyl)oxy]-4-pyrimidinyl} oxy)-1- AS1269574
piperidinecarboxylate
1-Piperidinecarboxylic acid, 4-[2-[2- | 1o 14
propyl 4-({6-[5-(methylsulfonyl)-2,3- iy e -
ﬂl}oro-4-(methylsulfonyl)phenyl]-2,6- dihydro-1H-indol- 1 -yl]-4- [4:4 —Blplpe‘rldme]—l —carboxyllc acid,
dihydropyrrolo[3,4-c]pyrazol-5(4H)- BMS-903452 1'-(3-pyridinyl)-, 1,1-dimethylethyl

yl]-, 1-methylethyl ester

pyrimidinyl}oxy)-1-
piperidinecarboxylate

ester

enzonitrile, 4-[1'-(1-methylethyl)
p[benzofuran-2(3H),4'-piperidin]-5-
yll-

1-(6-{[ 1-(3-Isopropyl-1,2,4-oxadiazol-5-
yl)-4-piperidinyl]oxy} -4-pyrimidinyl)-5-
(methylsulfonyl)indoline

1-Piperidinecarboxylic acid, 4-[2-[2-
fluoro-4-(methylsulfonyl)phenyl]-2,6-
dihydropyrrolo[3,4-c]pyrazol-5(4H)-

yl]-, 1-methylethyl ester

1-Piperidinecarboxylic acid, 4-[[trans-
4-[[5-(methylsulfonyl)-2-pyrazinyl]
oxy]cyclohexyl]oxy]-, 1,1-
dimethylethyl ester
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Spiro[2H-1-benzopyran-2,4'-
piperidine]-1'-carboxylic acid, 3,4-
dihydro-6-[4-[[(2-
pyridinylmethyl)sulfonyl]methyl]phen
yl]-, (1R)-2,2,2-trifluoro-1-methylethyl
ester

2-Methyl-2-propanyl 4-(5-{[4-
(methylsulfonyl)benzyl]oxy}-2-
pyrimidinyl)-1-piperazinecarboxylate

PSN-632408

3-(Trifluoromethyl)-3-oxetanyl (3R)-4-
[5-[(3-cyano-4-pyridinyl)methoxy]-2-
pyrimidinyl]-3-methyl-1-
piperazinecarboxylate

Pyrrolo[3,4-c]pyrazole, 5-[1-(5-ethyl-
2-pyrimidinyl)-4-piperidinyl]-2-[2-
fluoro-4-(methylsulfonyl)phenyl]-2,4,
5,6-tetrahydro-

Isopropyl 9-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-3-
oxa-7-azabicyclo[3.3.1]nonane-7-
carboxylate — antagonistic isomer

PSN119-1M

PSN-632408

1-Piperidinecarboxylic acid, 4-[5-[2-

fluoro-4-(methylsulfonyl)phenyl]-5,6-

dihydropyrrolo[3,4-c]pyrazol-2(4H)-
yl]-, 1-methylethyl ester

1,1-Dimethylethyl 4-[ 1-methyl-2-[[2-
(2,3,6-
trifluorophenyl)acetyl]amino]ethyl]-1-
piperidinecarboxylate

PSN-632408

1-Piperidinecarboxylic acid, 4-[5-[2-

fluoro-4-(methylsulfonyl)phenyl]-5,6-

dihydropyrrolo[3,4-c]pyrazol-2(4H)-
yl]-, 1-methylethyl ester

Isopropyl 4-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-1-
piperidinecarboxylate

2-Methyl-2-propanyl 4-({1-[4-
(methylsulfonyl)phenyl]-2-oxo-1,2-
dihydro-4-pyridinyl} oxy)-1-
piperidinecarboxylate

2-Methyl-2-propanyl 4-({1-[4-
(methylsulfonyl)phenyl]-2-oxo-1,2-
dihydro-4-pyridinyl} oxy)-1-
piperidinecarboxylate

Isopropyl 4-({5-methyl-6-[(2-methyl-3-
pyridinyl)oxy]-4-pyrimidinyl} oxy)-1-
piperidinecarboxylate

1-Piperidinecarboxylic acid, 4-[2-[2-

fluoro-4-(methylsulfonyl)phenyl]-2,6-

dihydropyrrolo[3,4-c]pyrazol-5(4H)-
yl]-, 1-methylethyl ester

Isopropyl 9-({5-methyl-6-[(2-
methyl-3-pyridinyl)oxy]-4-
pyrimidinyl} oxy)-3-oxa-7-
azabicyclo[3.3.1]nonane-7-

carboxylate — agonistic isomer

Pyrrolo[3,4-c]pyrazole, 5-[1-(5-ethyl-
2-pyrimidinyl)-4-piperidinyl]-2-[2-
fluoro-4-(methylsulfonyl)phenyl]-2.,4,
5,6-tetrahydro-

3-Pyridinecarbonitrile, 4-[[[2-[8-[5-(1-
methylethyl)-1,2,4-oxadiazol-3-yl]-3,
8-diazabicyclo[3.2.1]oct-3-yl]-5-
pyrimidinyl]oxy]methyl]-
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3,8-Diazabicyclo[3.2.1]octane-8-
carboxylic acid, 3-[5-[(3-cyano-4-
pyridinyl)methoxy]-2-pyrimidinyl]-, 2,
2,2-trifluoroethyl ester

Benzonitrile, 3-chloro-4-[[6-[[(3-ex0)-
8-(cyclopropylsulfonyl)-8-
azabicyclo[3.2.1]oct-3-yl]oxy]-5-
methyl-4-pyrimidinylJamino]-

Table 1. Extra precision results for the GPR119 receptor model from the molecular dynamics simulations frames 150, 200, 250 and
350. The 76 tested ligands can be accessed through DOI:10.1021/acs.jmedchem.5b01198
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4.2 Computational Analysis

Prestwick phytochemicals offered 320 total molecules, from which 42 were handpicked
for the docking experiments. The criteria for the selection was based on size and polarity. If a
ligand had a molecular weight less than 200 g/mol, the assumption was that it would not be big
or long enough to interact with the conserved Trp6.48 residue found in TMH 6, which acts as a
toggle switch for the activation of the GPR119 receptor’. The second point was charge; if a
molecule was charged, the likelihood of the ligand entering the binding pocket was low, due to
the overall non-polar environment created by the seven transmembrane helices. Therefore, these
42 molecules had the optimal size and charge and were docked to each of the GPR119 receptor
frames.

For clarity in the display of the results, the top ten best Glide scoring molecules were
selected for each frame analyzed; the rest of the molecules are shown in the Appendix. Out of the
approximately 21,000 molecules analyzed through the sequential virtual screening protocol
(automated) using HTVS, SP and XP, 1,632 compounds docked in the frame 150 GPR119
receptor structure (7.8%); 1,735 compounds docked in the frame 200 GPR119 receptor structure
(8.3%) and 1,701 compounds docked in the frame 250 GPR119 receptor structure (8.1%).

A second computational study was done in parallel to the automated sequential virtual
screening study where the ligands were docked using HTVS by itself, the results obtained from
that algorithm were used as input for a SP docking calculation, and subsequently, the results
from the SP docking where used as input for XP docking.

This stepwise (manual) set of calculations were done to see if the resulting molecules
were the same for both analyses and to compare the time it took to perform the automated and

the stepwise calculations. The results of the stepwise analysis for frames 150, 200 and 250 were
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1,135 (5.4%), 1,217 (5.8%), and 1,179 (5.6%) molecules, respectively. The difference in the
results between the two computational methods might be due to the variation in parameters in the
algorithms compared to when they ran using the sequential virtual screening protocol. The
variation is most probably due to the number of conformations retained for each ligand. When
the docking algorithms are run through the automatic protocols, some of the options are preset
compared to when using just one of the docking methods. Also, since HTVS and SP use the
same algorithm, but different docking criteria, it is safe to say that the results would not vary
much between these steps. However, when run together with more specific restrictions, like
those imposed by XP, the calculation might not have been able to eliminate double positives or
penalize unfavorable interactions®% 3438,

For the time analysis comparison, the stepwise experiment took longer than the
automated sequential virtual screening protocol. For example, for the 20,000 compounds of the
Zinc library, the stepwise experiment the HTVS calculation took approximately 4 hours, the SP
calculation took 6 hours and the XP calculation took 32 hours for a total of 42 hours. In the
automated sequential virtual screening analysis, the complete calculation took approximately 34
hours. This time difference was not as noticeable with the Prestwick phytochemical library,
which only contained 42 compounds, since both the stepwise and the automated docking
protocols took around 5 hours. Even though the automated sequential virtual screening
calculation might take less time than the stepwise calculations, it is important to understand that
false positives or different docking poses of the same structure might be present.

The analysis of the results of the Prestwick phytochemicals for each of the GPR119
receptor structures from the chosen frames are represented in Tables 2, 5 and 8. Molecules that

tended to repeat between frames makes them attractive candidates for in vitro analysis, because
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they fit into the GPR119 receptor (Glide scores -12.434 to -7.940 kcal/mol), regardless of how
closed or open it was. The molecules that repeated between the three frames were verbenalin
(average Glide score -10.03 kcal/mol), 4,4’-(2,3-dimethyltetramethylene)dipyrocatechol (average
Glide score -10.31 kcal/mol) and chlorogenic acid (average glide score -9.763 kcal/mol).

For the SelleckChem and Prestwick GPCR libraries, it can be seen in Tables 3, 6 and 9
that the compounds that got the highest (more negative) Glide scores varied from frame to frame.
However, just like for the Prestwick phytochemicals library, a trend was observed, where the top
compounds tended to repeat more often between frame 150 and frame 200, and at a reduced
frequency in frame 250. It may be that this trend is associated with the state of the receptor, since
for frames 150 and 200 the receptor is in a more closed conformation, before the binding pocket
becomes more hydrated as in frame 250. Therefore, similar intermolecular forces should be
found among them. The highest Glide score achieved in the GPCR libraries was obtained for D-
Glucitol, 1,5-anhydro-1-C-[3-[[5-(4-fluorophenyl)-2-thienyl|methyl]-4-methylphenyl]-, (1S)- (-
12.87 kcal/mol) and the lowest was by dobutamine (-8.477 kcal/mol), both from frame 250.

Tables 4, 7 and 10 show the results for the Zinc Naturals library. Most of the names for
this library were found by searching databases and literature; nevertheless, some of them were
not able to be identified. For the compounds for which names were not found the Zinc ID was
provided. As shown in Tables 4, 7 and 10, the compounds varied in molecular weight from the
mid 200 Da to the high 500 Da, which highlights the versatility of the GPR119 receptor for
interacting with both simple and more complex molecules. The Glide scores were among the
highest (-11.68 kcal/mol to -13.57 kcal/mol) for each of the frames, which signifies that the
ligands from Zinc Naturals library are more likely to fit better in the binding pocket of the

GPR119 receptor compared to the other libraries.
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The molecular structure of the ligands for each library is presented right after the

corresponding tables. In frame 150, the molecules selected tended to be long and slender, similar

to AR231453 and its derivates. As expected, as the receptor relaxed and opened up, as in frame

250, the ligands selected showed increased structural complexity. Accordingly, in the more open

frames, the sizes of the ligands covered a wider range of molecular weight, with the smallest

molecule being chrysin (MW 254 g/mol) and the largest one being naringin (MW 580 g/mol).

The molecules selected were also increasingly aromatic and some structures even presented

extended ring structures containing 7,8 or even 9 atoms.

Frame 150

protocol (HTVS, SP, XP) for Prestwick phytochemicals

Table 2- Frame 150. Top 10 compounds using the automated sequential virtual screening

Chem . Molecular | Monoisotopic |Glide score

spider ID Chemical name formula mass (Da) | (kcal/mol)
66163 Verbenalin C17H24010 388.1 -10.04
64490 4,4’-(2,3-dimethyltetramethylene)dipyrocatechol CisH2204 302.1 -9.854
58507 Baicalin C21Hi5011 446.1 -9.484
9734 Glycocholic Acid C26Ha3sNOg 465.3 -9.311
1405788 Chlorogenic acid Ci6Hi309 354.1 -9.279
2442 (+) s-Camptothecine C20H16N204 348.1 -8.616
32815523 Menaquinone C36Has0, 512.4 -8.049
91814 (-) a-Lobeline C2H27NO, 337.2 -8.015
9710 Glycyrrhetinic acid C30Ha604 470.3 -7.944
1265957 Capsaicin C1sH27NO3 305.2 -7.940

Table 2. 10 best Glide scoring compounds for Prestwick phytochemicals in Frame 150
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Figure 10. Best glide scoring Pretwick phytochemicals molecules for Frame 150. a) verbaline, b)
4,4'-(2,3-dimethyltetramethylene)dipyrocatechol), ¢) baicalin, d) glycocholic acid, e) chlorogenic
acid, f) (+) s-camptothecine, g) menaquinone, h) (-) a-lobeline, 1) glycyrrhetinic acid and j)
capsaicin

Table 3- Frame 150. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP) for Selleckchem and Prestwick GPCRs

Chem spider ID| Chemical name |Molecular formula MOHOiS?]t)(;l;ic mass ((;lilc(::i /;clzf)e
10123957 Empagliflozin C2H»,Cl10O; 450.1 -11.23
8063384 Dapagliflozin C21H25Cl06 408.1 -10.88
16498836 Phlorizin C21H24010 436.1 -10.86
10122984 Shanzhiside Ci6H24011 392.1 -10.26
5293454 Flibanserin CaoH21F3N4O 390.2 -10.11
4953629 Netupitant C30H32FsN4O 578.2 -10.10
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3292 Formoterol Ci9H24N204 344.2 -9.171
3690 Ketanserin C2H»FN303 395.2 -9.006
3056 Droperidol C22H2FN;O; 379.2 -9.016
5208 Terazosin Ci9H25N504 387.2 -8.875

Table 3. 10 best Glide scoring compounds for the GPCRs libraries in Frame 150
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Figure 11. Best glide scoring for GPCR molecules for Frame 150. a) empagliflozin, b)
dapagliflozin, c¢) phlorizin, d) shanzhiside, e) flibanserin, f) netupitant, g) formoterol, h)
ketanserin, 1) droperidol and j) terazosin
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Table 4- Frame 150. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP) for Zinc Naturals library

Zinc Naturals Chemical name Molecular | Monoisotopic |Glide score
ID formula mass (Da) |(kcal/mol)
B-D-Glucopyranoside, 2-(1,3-
ZINC3LI55896 | o o) 3 hydrosypropyl | C16H209 358.1 -12.63
ZINC35457506 ZINC35457506 Co1 Hao Og 436.3 -12.54
ZINC36728548 ZINC36728548 Ci19 H20 O9 358.1 -11.78
1-[(3S,3AR,6R,6aS)-6-phenylmethoxy-
2,3,3a,5,6,6a-hexahydrofuro[3,2-
ZINC03842067 b]furan-3-yl]-3-(3- C21H21N305S 395.1 -11.74
cyanophenyl)thiourea
4-Piperidineacetamide, N-cyclohexyl-1-
ZINC05414350 (cyclopropylcarbonyl)-3-ethyl-, C19H3:N»0» 320.2 -11.68
(3RAS)-
2-Cyclohexen-1-one, 4-[(1E)-3-(B-D-
ZINC31155429 glucopyranosyloxy)-1-buten-1-yl]- C19H3007 370.2 -11.66
3,5,5-trimethyl-
1 H-Benzimidazole, 2-[(3S5)-1-[(4-
ZINC3S442872 | eufoms-3-pymrolidingt]- | C1HINZ02S | 3411 -11.52
Methanone, [(35)-3-(1H-benzimidazol-
ZINC35442868 | 5 10 e d- farophenly. | C1EHI6FNO 309.1 -11.51
2(3H)-Furanone, dihydro-3-hydroxy-
ZINC01667455 3,4-bis[(4-hydroxy-3- Cr0H2207 374.1 -11.50
methoxyphenyl)methyl]-, (35,45)-
ZINC35457485 ZINC35457485 C20H22011 438.1 -11.68

Table 4. 10 best Glide scoring compounds for the Zinc Naturals library in Frame 150
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Figure 12. Best glide scoring for zinc library molecules for Frame 150. a) ZINC31155896, b)
ZINC35457506, c) ZINC36728548, d) ZINC03842067, e) ZINC05414350, f) ZINC31155429,
g) ZINC35442872, h) ZINC35442868, 1) ZINC01667455, and j) ZINC35457485

Frame 200

Table 5- Frame 200. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP) for Prestwick Phytochemicals

Cl.lem . Molecular | Monoisotopic |Glide score
spider Chemical name
D formula mass (Da) (kcal/mol)
390868 Naringin C27H32014 580.1791 -12.434
9734 Glycocholic Acid Co6H43NOg 465.3090 -10.789
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839564 Curcumin C21H200s6 368.1259 -10.155
58507 Baicalin C21H13011 446.0849 -9.793
2442 (+) s-Camptothecine C20H16N204 348.1109 -9.663
64490 | i ihie tramj;ﬁ;{ﬁlfe dipyrocatechol Ci1sH204 302.1517 -9.610
4444351 Calciferol C2sHa40O 396.3392 -9.286
66163 Verbenalin C17H24010 388.1369 -8.907
1405788 Chlorogenic acid Ci6Hi309 354.0950 -8.807
91930 (-)-Cinchonidine C19H22N>0 294.1732 -8.489

Table 5. 10 best Glide scoring compounds for Prestwick phytochemicals in Frame 200
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Figure 13. Best glide scoring Pretwick phytochemicals molecules for Frame 200. a) naringin, b)
glycocholic acid, ¢) curcumin, d) baicalin, e) (+) s-camptothecine, f) 4,4'-(2,3-
dimethyltetramethylene)dipyrocatechol, g) calciferol, h) verbenalin, 1) chlorogenic acid and j) (-
)-cinchonidine
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Table 6- Frame 200. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP)for Selleckchem and Prestwick GPCR libraries

Chem . Molecular  |Monoisotopic Glide
spider ID Chemical name formula mass (Da) score
(kcal/mol)
9413866 Azilsartan medoxomil C30H24N40g 568.2 -11.36
8629286 Ipragliflozin C21H21FOsS 404.1 -11.33
16498836 Phlorizin C21H24010 436.1 -11.30
31017 Penfluridol C2sH27CIFsNO 523.2 -11.26
16736476 Tropisetron Ci7H20N20; 284.1 -11.13
4682 Pirenzepine Ci9H21N50; 351.2 -10.74
3292 Formoterol C19H24N204 3442 -10.21
4895 Risperidone C23H27FN4O; 410.2 -10.20
17942 | O et " | CxoHagBINO; 431.1 -10.13
3255 Fluphenazine C22H26F3N30S 437.2 -10.07

Table 6. 10 best Glide scoring compounds for the GPCRs libraries in Frame 200.
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Figure 14. Best glide scoring for GPCR molecules for Frame 200. a) azilsartan medoxomil, b)
ipragliflozin, c) phlorizin, d) penfluridol, e) tropisetron, f) pirenzepine, g) formoterol, h)
risperidone, 1) 1-azoniabicyclo[2.2.2]octane, 4-[(2-hydroxy-2,2-diphenylacetyl)oxy]l and j)

Fluphenazine.

Table 7- Frame 200. Top 10 compounds using the automated sequential virtual screening

protocol (HTVS, SP, XP) for Zinc Naturals library

Zinc Naturals Chemical name Molecular |Monoisotopic| Glide score

ID formula mass (Da) | (kcal/mol)
ZINC33838191 Pinoresinol-4-O-B-D-glucopyranoside CasH32011 520.2 -12.74
ZINC31163744 ZINC31163744 Ca0H24010 4241 -12.30

Pyrazino[2,1-c][1,4]benzodiazepine-
6,12(2H,11H)-dione, 1,3,4,12a-
ZINC04235989 tetrahydro-2-[(25)-2-hydroxy-2- Cr7H22F3N304 509.2 -11.98
phenylacetyl]-8-[3-
(trifluoromethyl)phenyl]-, (12aR)-

48




ZINC20463632

(1R,2R,35,48S,5S)-4-
(Bis(cyclopropylmethyl)amino)-2-[4-
(2-methoxyphenyl)piperazin-1-yl]-
7,8-dioxabicyclo[3.2.1]octan-3-o0l

C25H37N304

4433

-11.56

ZINC35457506

ZINC35457506

C21H4009

436.3

-11.43

ZINC06041521

(1S)-1,5-Anhydro-1-[5,7-dihydroxy-
2-(4-hydroxyphenyl)-4-oxo-4H-
chromen-8-yl]-D-glucitol

C21H20010

432.1

_11.44

ZINC08662732

4H-1-Benzopyran-4-one, 3-[4-(B-D-
glucopyranosyloxy)phenyl]-5-
hydroxy-7-methoxy

C2H22010

446.1

-11.25

ZINC35415777

1-Azabicyclo[2.2.2]octane-2-
methanamine, 5-(1-methyl-3-phenyl-
1 H-pyrazol-5-yl)-N-(phenylmethyl)-,
(2R,AS,5R)-

CasH30N4

386.2

-11.21

ZINC31155532

4H-1-Benzopyran-4-one, 2-[4-(B-D-
glucopyranosyloxy)-1-hydroxy-2,5-
cyclohexadien-1-yl]-5-hydroxy-7-
methoxy-

C2oH24011

464.1

-11.21

ZINC08662730

4H-1-Benzopyran-4-one, 3-[4-(a-D-
glucopyranosyloxy)phenyl]-5-
hydroxy-7-methoxy

C2H22010

446.1

-11.20

Table 7. 10 best Glide scoring compounds for the Zinc Naturals library in Frame 200.
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Figure 15. Best glide scoring for zinc molecules for Frame 200. a) ZINC33838191, b)
ZINC31163744, c) ZINC04235989, d) ZINC20463632, e) ZINC35457506, f) ZINC06041521,
g) ZINC08662732, h) ZINC35415777, 1) ZINC31155532, and j) ZINC08662730.

Frame 250

Table 8- Frame 250. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP) for Prestwick Phytochemicals library

Chem Chemical name Molecular | Monoisotopic | Glide score
spider ID formula mass (Da) (kcal/mol)
4,4'-(2,3-
64490 dimethyltetramethylene)dipyrocatechol CigH2204 302.2 -11.48
1405788 Chlorogenic acid Ci6H1809 354.1 -11.21
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57895 Verbenalin C17H24010 388.1 -10.81
1265957 Capsaicin Ci1sH27NO3 305.2 -10.20
10127 Abietic acid C20H3002 302.2 -10.20
10595 Berlambine C20H17NOs 351.1 -9.756
4444926 Chrysin Ci5H1004 254.1 -9.538
390541 Ajmalicine C21H24N203 352.2 -9.388
388383 Naringenine Ci15H1205 272.1 -9.250
4444757 Olivacine Ci17H1aN; 246.1 -9.003

Table 8. 10 best Glide scoring compounds for Prestwick phytochemicals in Frame 250.
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Figure 16. Best glide scoring Prestwick phytochemicals molecules for Frame 250. a) 4,4'-(2,3-
dimethyltetramethylene) dipyrocatechol, b) chlorogenic acid, c) verbenalin, d) capsaicin, €)
abietic acid, f) berlambine, g) chrysin, h) ajmalicine, i) naringenine and j) olivacine.
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Table 9- Frame 250. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP)for Selleckchem and Prestwick GPCR libraries

Chem Chemical name Molecular Monoisotopic |Glide score
spider ID formula mass (Da) (kcal/mol)
D-Glucitol, 1,5-anhydro-1-C-[3-[[5-(4-
fluorophenyl)-2-thienyl|methyl]-4-
30922970 ethytohen I (15 C24H2sFOsS 444.1 -12.87
5-Heptenoic acid, 7-[(1R,2R,3R,5S)-3,5-
dihydroxy-2-[(3R)-3-hydroxy-5-
21927676 phenylpentyl]cyclopentyl]-, 1-methylethyl C26Ha00s 432.3 -9.114
ester, (52)-
1-Azoniabicyclo[2.2.2]octane, 4-[(2-
17942 hy droxy-2,2- diphenylacetyl)oxy] C»H2BrNO:; 431.1 -9.036
3255 Fluphenazine C22H26F3N30S 437.2 -9.003
2703 Cloperastine C20H24CINO 329.2 -8.930
3690 Ketanserin C2H2FN3O3 395.2 -8.898
2-{1-[2-(2,3-Dihydro-1-benzofuran-5-
65040 yDethyl]-3-pyrrolidinyl}-2,2- CasH30N20: 426.2 -8.876
diphenylacetamide
2487 Carvedilol C24H26N204 406.2 -8.950
Piperidinium, 3-[(2-hydroxy-2,2-
599958 | iphenylacetylyoxyl-1,1-dimethyl-, (3R)- C21H26NOs e -8.503
33786 Dobutamine Ci1sH23NO3 301.2 -8.477

Table 9. 10 best Glide scoring compounds for the GPCRs libraries in Frame 250.
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Figure 17. Best glide scoring for GPCR molecules for Frame 250. a) d-Glucitol, 1,5-anhydro-1-
C-[3-[[5-(4-fluorophenyl)-2-thienyl Jmethyl]-4-methylphenyl]-, (15)-, b) 5-Heptenoic acid, 7-
[(IR,2R,3R,55)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-, 1-methylethyl
ester, (52)-, ¢) 1-Azoniabicyclo[2.2.2]octane, 4-[(2-hydroxy-2,2-diphenylacetyl)oxy], d)
fluphenazine, e) cloperastine, f) ketanserin, g) darifenacin, h) carvedilol, 1) Piperidinium, 3-[(2-

hydroxy-2,2-diphenylacetyl)oxy]-1,1-dimethyl-, (3R)-, j) dobutamine.

Table 10- Frame 250. Top 10 compounds using the automated sequential virtual screening
protocol (HTVS, SP, XP)for Zinc Naturals library

Molecular |[Monoisotopic Glide
Zinc Naturals ID Chemical name p score
formula mass (Da)
(kcal/mol)
ZINC36728548 ZINC36728548 C19H2009 358.1 -13.67
ZINC31155902 P-D-Glucopyranoside, 2-(1,3- Ci16H200 358.1 -13.09

benzodioxol-5-yl)-3-hydroxypropyl
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ZINCO04236655

Carbamic acid, N-(4-methoxyphenyl)-,
5-[2-[(2-furanylmethyl)amino]-2-
oxoethyl]decahydro-6-hydroxy-1-
(hydroxymethyl)-1,4a-dimethyl-2-

naphthalenyl ester

C2sH3sN207

514.3

-12.73

ZINC35457506

ZINC35457506

C21H4009

436.3

-12.70

ZINC31155664

2-Cyclohexen-1-one, 4-[(3R)-3-(B-D-
glucopyranosyloxy)butyl]-3,5,5-
trimethyl-, (4R)-

C19H3207

372.2

-12.65

ZINC04236552

Carbamic acid, N-ethyl-,
(1R,2R,4aR,55,6R)-decahydro-6-
hydroxy-1-(hydroxymethyl)-5-[2-[[(4-
methoxyphenyl)methyl]amino]-2-
oxoethyl]-1,4a-dimethyl-2-naphthalenyl
ester

Ca6H40N20g¢

476.3

-12.64

ZINC35457671

B-D-Glucopyranoside, 5-[2-(3-hydroxy-
4-methoxyphenyl)ethyl]-2-hydroxy-6-
methoxyphenyl

C2oH25010

452.2

-12.64

ZINC08681833

4H-1-Benzopyran-4-one, 2-[4-(B-D-
glucopyranosyloxy)phenyl]-2,3-dihydro-
7-hydroxy-, (25)-

C21H2209

418.1

-12.46

ZINC04236634

Carbamic acid, N-(1-methylethyl)-, (1R,
2R, 4aR,5S,6R)-decahydro-6-hydroxy-1-
(hydroxymethyl)-5-[2-[(2S)-2-
(hydroxymethyl)-1-pyrrolidinyl]-2-
oxoethyl]-1,4a-dimethyl-2-naphthalenyl
ester

C24H42N20g6

4543

-12.40

ZINC04236575

Carbamic acid, N-2-propen-1-yl-, (1R,
2R,4aR,5S,6R)-decahydro-6-hydroxy-1-
(hydroxymethyl)-1,4a-dimethyl-5-[2-
0x0-2-[(phenylmethyl)amino]ethyl]-2-
naphthalenyl ester

Ca6H38N20s5

458.3

-12.37

Table 10. 10 best Glide scoring compounds for the Zinc Naturals library in Frame 250.
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Figure 18. Best glide scoring for zinc molecules for Frame 250. a) ZINC36728548, b)
ZINC31155902, ¢) ZINC04236655, d) ZINC35457506, ¢) ZINC31155664, t) ZINC04236552,
g) ZINC35457671, h) ZINC08681833, 1) ZINC04236634, j) ZINC04236575.

4.3 Wet Lab Ligand Selection and Computational Results

After the computational analysis performed on the chemical libraries, the procedure was
implemented on 4 molecules that were already in wet lab. Three of these molecules AR231453,
AR437735, and oleoyl serinol shown in Figure 19 have been reported in the literature to be

agonists for the GPR119 receptor* '#21:3 AR437735 was made by a collaborator’s organic
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synthesis group, and this molecule is a variation of the consolidated agonist AR231453, both
previously patented by Arena pharmaceuticals. Oleoyl serinol was chosen for the experiment due
to its close resemblance to the natural body activator of GPR119, oleoylethanolamide (OEA),
and lastly SRT1720 was a novel molecule chosen for the experiment even though it has never
been studied for the interaction with this specific receptor. It has been reported that SRT1720,
shown in Figure 19, is a selective activator of the SIRT1 receptor belonging to sirtuin family of
proteins which are associated with diseases like aging, metabolism impairment and periapical
peridionitis. Therefore, it would be interesting to see if this compound could be repurposed for a

new receptor 404!,

AR231453 % AR437735

Q Oleoyl Serinol

SRT1720 N N

HN z NH
oH
L A/\AM\/\A/\H/ (\
/ 0OH

!

HN

Figure 19. Molecular structures for the molecules used in the wet lab experiments

Table 11 presents the computational results of the automated sequential virtual screening
protocol analysis based on the GPR119 homology model structure from frames 150, 200, 250
and 300. In Frame 150, the only molecules that fit were oleoyl serinol and SRT1720; oleoyol
serinol is a lipid-like molecule that can fit in the receptor with no problem since the GPR119
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tends to accept molecules with this type of structure. However, SRT1720, as seen in Figure 12,
is bulky and elongated. Typical observations of the almost closed receptor at Frame 150 would
suggest that SRT1720 would not be able to fit in the pocket but perhaps the intermolecular
interactions with the a helical bundle are favorable for the structure in this stage of the homology
model. Frame 200 allowed all molecules with exception of AR437735, and frames 250 and 300,
which were more open and the binding pocket more hydrated, were able to fit the four
molecules. To create some consistency between the results of the library and give a realistic
image of the receptor in the body, frame 250 was selected for the automated sequential virtual

screening protocol analysis.

Table 11-Frame comparison of HTVS, SP and XP results for the experimentally tested

molecules
Frame 150 Frame 200 Frame 250 Frame 300
Oleoyl Serinol Oleoyl Serinol Oleoyl Serinol Oleoyl Serinol
SRT1720 AR231453 SRT1720 AR437735
SRT1720 AR231543 AR231543
AR437735 SRT1720

Table 11. The automated sequential virtual screening protocol results for oleoyl serinol,
AR231453, AR437735 and SRT1720.
The results of the computational analysis done in Frame 250 can be seen in Table 12.
The highest glide score (-7.961 kcal/mol) was found to be for oleoyl serinol, which was not
surprising since as previously mentioned, it has a very similar chemical structure to OEA,
predicting its favorable fitting into the binding pocket of GPR119. AR231453 and AR437735

had very similar Glide scores, which could be attributed to AR147735 having a chemical core
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based on AR231453, as shown in Figure 12. SRT1720, on the other hand, had one of the lowest

glide scores of the overall computational analysis (~21,000 compounds) at -3.758 kcal/mol,

which indicates that the molecule can fit in the receptor binding pocked, but that the fit would be

more strained than for the other compounds analyzed.

Table 12- Drugs used for the cAMP determination experiment (frame 250)

Chem spider Chemical Molecular Monoisotopic | Glide score |ECso (nM)
ID name formula mass (Da) (kcal/mol)
Oleoyl
21377588 . C21H41NOs3 355.3 -7.961 96.64
Serinol
23330691 AR231453 | Ca21H24FN7OsS 505.2 -7.286 10.89
CAS No.
1628699-93-3 | AR437735 Co1HasFN-OsS 505.2 -7.186 10.06
20581461 SRT1720 C2sH23N70S 469.2 -3.758 N/A

4.4 In Vitro Studies

Table 12. Drugs used for the ELISA cAMP colorimetric assay.

Once the results from the computational analysis indicated that three of the four

molecules in Figure 19 (oleoyl serinol, AR231453, and AR437735) would more than likely fit

into the receptor, cAMP ELISA colorimetric assays were performed for each compound. Figure

20 shows the results of the oleoyl serinol vs the AR231453. As can be seen from the graph, both
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ligands present agonistic activity, varying only in the ECso values (half maximal response
achieved by concentration of drug). In the cAMP analysis for oleoyl serinol the calculated ECso
was 96 nM which correlates with the good Glide score, -7.96 kcal/mol, from the computational
analysis. Also, the experimental ECso of oleoyl serinol was comparable, though better, to 1.6
uM, the ECso value reported for Cohen ef al. for a cAMP assay using ACTOne HEK293 cells
transfected with GPR119 receptor. The difference in values of the ECsos for oleoyl serinol for the
cAMP assay might be due to differences in the procedures. For example the Cohen et al. paper
does not mention that they used charcoal-stripped FBS to prevent early activation of the

receptor?,
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Figure 20. Dose-response curve of wild type HEK293 cells treated with AR231453 and oleoyl
serinol and ligand effects on cAMP production.

Figure 21 demonstrates the agonistic activity of AR437735 and from the image it can be

seen that there are slight variations between the sigmoidal plots of both tested ligands, with
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AR437735 tending to have greater standard deviations and some stray points like the one found
at a concentration of 1.0X107> M. Nonetheless, both compounds show a similar activation of the
receptor; this is confirmed by comparing the Glide scores which were -7.286 kcal/mol for
AR231453 and -7.186 kcal/mol for AR437735. Literature ECsos were also in accordance with
the results, providing a value of 10.5 nM for AR231453 and 0.1-1 nM for AR437735. More than

likely, the difference in the results could be attributed to differences in the experimental methods.
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Figure 21. Dose-response curve of wild type HEK293 cells treated with AR231453 and
AR437735 and ligand effects on cAMP production.

The SRT1720 vs AR231453 results are shown in Figure 22. The SRT1720 ligand had
never been tested with the GPR119 receptor even though it has been reported that its target
receptor, SRIT1, could be involved in the activity of other GPCR receptors, like GPR30, which
regulates the GPER pathway (breast cancer influencer)*’. From Figure 22, it can be seen that

SRT1720 did not promote any receptor-dependent cAMP production, since its activity is in the
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zero range. This statement is also shown in Table 12 where no ECso was able to be calculated
from the results of the ligand. The computational analysis for SRT1720 suggested that the ligand
may fit into the receptor’s binding pocket since a Glide score was reported. However, the Glide
score is move positive, -3.758 kcal/mol, compared to the agonists suggesting that SRT1720 may

not fit well in the binding pocket and so it was not able to activate the GPR119 receptor.
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Figure 22. Dose-response curve of wild type HEK293 cells treated with AR231453 and
SRT1720 and ligand effects on cAMP production.
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CHAPTER V
CONCLUSION

GPR119 is a transmembrane receptor that belongs to the type A GPCR family and is
involved in the regulation of insulin levels and other hormones. Due to its influence on insulin
secretion, research has focused on finding possible drugs to regulate its activity. Pharmaceutical
companies have the ability to computationally screen millions of drugs using homology models
to find agonists like AR231453, which activate the receptor without major secondary effects.
However, their search tends to be solely based on HTVS, a “quick-and-dirty” algorithm.

This study proposed the possibility of using three computational screening algorithms
(high throughput virtual screening, standard precision and extra precision virtual screening) in
sequentially, based on an in-house homology model of the GPR119 receptor for the efficient and
cost-effective analysis of 21,000 chemical compounds from 4 chemical libraries. From the
automated sequential virtual screening protocol results, approximately ~2,100 compounds fit the
GPR119 receptor with promising Glide scores (likelihood of fitting in a binding pocket) varying
from -3.20 kcal/mol to -13.80 kcal/mol.

The compounds AR231453, AR437735, oleoyl serinol and SRT1720 available in the lab,
were tested both computationally (virtual screening using Glide docking) and experimentally
using a cAMP ELISA colorimetric assay to test the correlation between virtual screening/Glide
docking results of the ligands and their ability to induce GPR119 mediated cAMP production.
The results showed that AR231453, AR437735 and oleoyl serinol, which had a more negative

Glide score compared to SRT1720, promoted agonistic activity in the receptor and their ECso
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values were in close accordance with the literature. SRT1720 on the other hand, which had a
more positive Glide score, did not promote any cAMP build up. This result might suggest either
that SRT1720 does not fit well in the receptor binding pocket resulting in no activation, or that it
could be an antagonist for the receptor. However, competitive inhibition experiments would need

to be made to prove this characterization of SRT1720.
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APPENDIX

Complete Tables for Frame 150

Table 13-Frame 150: Sequential virtual screening protocol of Prestwick phytochemicals

Verbenaline

Curcumin

Berberine Kawain
4,4'-(2,3-dimethyltetramethylene)dipyrocatechol Cardamonin Isoliquiritigenin Conessine
Glycocholic Acid Naringenine Biotin Rauwolscine
Baicalin Berlambine Velpinic acid Corynanthine
Chlorogenic acid Sanguinarine_min_out Olivacine Harmine
Camptothecine (s, +) 1-8-dihydroxy-3-methylanthraquinone Lysergol Artane
Menaquinone Abietic acid Coralyne
Lobeline alpha negative Ajmalicine Lapachol
Glycyrrhetinic acid_min_out Chrysin Halpopine

Capsaicin

(-)-Cinchonidine

Reserpinic acid

Table 13. 36 ligands out of the 41 Prestwick phytochemical compound library bound to the
GPR119 receptor

Table 14-Frame 150: Sequential virtual screening protocol of GPCR libraries
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Olanzapine Medetomidine hcl VU_0361737 Unamed Unamed VU_0357121 K*Ras*i(l)fcfmhlb
GF_109203X G 6 S5537_Tizanid | Pemirolast pot | Pergolide mesy | Roxatidine acetate
Unamed Unamed : . .
850 ine assium late_salt hydrochloride
.. S5399 Chlorpr
S4776_Harmaline Fty720 S3625_Tyramine Levodropropizi MIRTAZAI.)IN othixene_hydro Nefiracetam
ne E mirtazapine -
chloride
Cmacalce.t Unamed Unamed NEURONT.IN SKF38393 Asenapine_mal Unamed
Hydrochloride _gabapentin eate
Naltrexone _hydroc | Azasetron hydro S4696_arbinox | S5267_ Nylidrin
VU_0364770 hloride chloride SANT_1 amine Maleate | _Hydrochloride Unamed
PF 04418948 S51 37707P.hospho thodrmefhydroc S4992 Nanofi HIC0350 S5427_Alloxazi 0C000459
- _L serine hloride n ne
. Carbamyl-
AMINQPHYLLIN §4932_Proxyphylli ARS 853 beta_methylch S46257Alcafta Rivastigmine S4587_Dithranol
E_aminophylline ne . . dine
oline_chloride
S5428 Promaz
Daphnetin Unamed $4618_Fenoldop ine_Hydrochlo Unamed Unamed Unamed
an_mesylate ride
. S3800_Lycorin
ALP H‘gccaﬁ‘lIeNEJ‘d $9249 Securinine | Pilocarpine hcl |  Ly404039 | e hydrochlorid MI 136 Unamed
e
S4667_Lidocaine_h Dexmedetomidin Venlafaxine hy | Detomidine hy
ydrochloride Unamed e Unamed drochloride drochloride Unamed
. S5066_Pramipex A
$5119 Olivetol | RBESARTANLIb | " 4o s drochlor Scopine Bromphenirami | Eprosartan_mes Unamed
esartan ide ne_maleate ylate
Epinephrine_bitartr S4650_Atipamezole | S9413_Yangonin Chlorpromazin 550737.Donepe S4117 Noradrenaline_bitart
ate e hcl zil rate

Pheniramine maleat S4714 Menthol Unamed Atomoxetlr.leih Ondansetrf)n S3761 Eucalypt SS3417Me.troprolol
e - ydrochloride hydrochloride ol _succinate
. $3639 Tacrine hyd | IMURAN azathi | MESTINON.D | 3003 [ veorin | 5701 Alvimop
S4751_Cisapride . . yridostigmine -
rochloride_hydrate oprine ;i e an_dihydrate
bromide
. P S3748 Acamp | S5280 Dimem
SCH58261 Dapoxetln§7hydroc Rivastigmine_tar rosate_Calciu orfan_phosphat Unamed
hloride trate m N
S5324 Oxidopamin . . S4774_Xanthu Vilazodone Hy
e_hydrobromide Flavoxate HCL Ciproxifan renic_Acid Unamed drochloride
S9176_Pimpinellin Unamed Unamed MPEP Endoxifen_hcl Phenothiazine

Table 14. 646 ligands out of the 862 Prestwick and Selleckchm GPCR compound libraries bound
to the GPR119 receptor
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Table 15-Frame 150: Sequential virtual screening protocol of Zinc Naturals

library
ZINC31155896 | ZINC13660070 | ZINC03838697 | ZINC13459733 | ZINC04260652 | ZINC00388156 | ZINC03838821
ZINC35457506 | ZINC05414249 | ZINC04235815 | ZINC12530083 | ZINC02512484 | ZINC03831368 | ZINC20463802
ZINC36728548 | ZINC35442830 | ZINC04235875 | ZINC04235903 | ZINC03838687 | ZINC12529820 | ZINC20463917
ZINC03842067 | ZINC03838994 | ZINC03841746 | ZINC04260804 | ZINC14692058 | ZINC02504624 | ZINC02242928
ZINC05414350 | ZINC03872493 | ZINC04259694 | ZINC04235756 | ZINC00388555 | ZINC02382136 | ZINC04235946
ZINC31155429 | ZINC06131137 | ZINC04235766 | ZINC05762051 | ZINC04236098 | ZINC03841669 | ZINC04096827
ZINC35442872 | ZINC04235904 | ZINC03838803 | ZINC04236110 | ZINC13459830 | ZINC00895230 | ZINC04260672
ZINC35442868 | ZINC35442839 | ZINC04260687 | ZINC03873955 | ZINC35457384 | ZINC00518229 | ZINC02386443
ZINCO1667455 | ZINC03838766 | ZINC04235922 | ZINC05396119 | ZINC03841200 | ZINC12529941 | ZINC03838817
ZINC35457485 | ZINC03838799 | ZINC03839770 | ZINC14620030 | ZINC04235974 | ZINCI18153302 | ZINC03838841
ZINC35442861 | ZINC35442899 | ZINC35465795 | ZINCO6131133 | ZINC12604305 | ZINC03838668 | ZINC13660164
ZINC04096936 | ZINC05414366 | ZINC35442864 | ZINC03838761 | ZINC04259418 | ZINC04334576 | ZINC35415881
ZINC03838734 | ZINC03838862 | ZINC14504521 | ZINC14505032 | ZINC12529855 | ZINC02530676 | ZINC31163452
ZINC03838744 | ZINC03841696 | ZINC03838867 | ZINCI13536861 | ZINC04236093 | ZINC03839119 | ZINC00388241
ZINC31163768 | ZINC14720477 | ZINC35442876 | ZINC04236336 | ZINC00057969 | ZINC04259109 | ZINC20463929
ZINC03838854 | ZINC35442873 | ZINC02567802 | ZINC31163356 | ZINC00154077 | ZINC02565724 | ZINC05396437
ZINC31155673 | ZINC05414260 | ZINC03838759 | ZINC04260751 | ZINC13433654 | ZINC30730664 | ZINCO1684095
ZINC13507844 | ZINC04236130 | ZINC03838885 | ZINC35442841 | ZINC00517887 | ZINC03157602 | ZINC35415786
ZINC36728545 | ZINC04235908 | ZINC03838984 | ZINC00389617 | ZINC05396463 | ZINC05396688 | ZINC04235943
ZINCO1667453 | ZINC35457316 | ZINC04236107 | ZINC03838975 | ZINC12530041 | ZINC04632115 | ZINC04260676
ZINC13507846 | ZINC05414247 | ZINC03838945 | ZINC04259434 | ZINC14684865 | ZINC00388037 | ZINC04334587
ZINC31163764 | ZINC17146904 | ZINC35456701 | ZINC02243383 | ZINC12529853 | ZINC12529833 | ZINCO1788405
ZINC36728547 | ZINC06535860 | ZINC00168244 | ZINC35442844 | ZINC00141049 | ZINC12529754 | ZINC04235862
ZINC08773249 | ZINC03838973 | ZINC04235912 | ZINC12529773 | ZINC02525214 | ZINC04329278 | ZINC04259720
ZINC20463600 | ZINC12604294 | ZINC03841767 | ZINC00519249 | ZINC31163352 | ZINC20463806 | ZINC20463737
ZINC05414282 | ZINC04235990 | ZINC04568389 | ZINC03838735 | ZINC05438633 | ZINC04329259 | ZINC04236216
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ZINC35465754 | ZINC04259579 | ZINC23549974 | ZINC03838748 | ZINC13433656 | ZINC31163445 | ZINC03838829
ZINC34614538 | ZINC04235905 | ZINC03841676 | ZINC00089763 | ZINC12530054 | ZINC12530275 | ZINCO01575526
ZINC31163558 | ZINC13333976 | ZINCO00088576 | ZINC35442874 | ZINC04260785 | ZINC00388198 | ZINC04260790
ZINC35442858 | ZINCO01385386 | ZINC35457233 | ZINC03841721 | ZINC35442900 | ZINC31163448 | ZINC12480683
ZINC31155678 | ZINC35442855 | ZINC05396629 | ZINC03838997 | ZINC00388292 | ZINC04236309 | ZINC04235898
ZINC04235900 | ZINCO03871576 | ZINCO06131135 | ZINC04235744 | ZINC04236016 | ZINC02525206 | ZINC12529905
ZINC03838946 | ZINC31163567 | ZINC04236012 | ZINC00518620 | ZINC35442832 | ZINC02567808 | ZINC04329286
ZINC31163661 | ZINC31163677 | ZINC31170321 | ZINC04235968 | ZINC04235970 | ZINC02243206 | ZINC35415847
ZINC35442862 | ZINC35442856 | ZINC03838991 | ZINC31163562 | ZINC00517259 | ZINC02386460 | ZINC04235895
ZINC03838789 | ZINCO01668768 | ZINC35457373 | ZINC04236100 | ZINC35457392 | ZINCO01618817 | ZINC20463689
ZINC03838938 | ZINCO04235879 | ZINC04260743 | ZINC31170316 | ZINC02565169 | ZINC15118046 | ZINC04260669
ZINC03841750 | ZINCO03838909 | ZINC03838801 | ZINC03838872 | ZINC04259415 | ZINC12530013 | ZINC04933691
ZINC04095762 | ZINC05434166 | ZINC35442833 | ZINC04260801 | ZINC15676218 | ZINC03838657 | ZINC20463996
ZINCO03838939 | ZINC05396937 | ZINC03838730 | ZINC12480664 | ZINC04236308 | ZINC02530672 | ZINC00488402
ZINC13369903 | ZINC35457404 | ZINC04235775 | ZINC04236106 | ZINC12530079 | ZINC00519560 | ZINC00163154
ZINCO04235906 | ZINC03841682 | ZINC03841700 | ZINC03839117 | ZINC04260640 | ZINC12529781 | ZINC03995571
ZINC35442870 | ZINCO03841711 | ZINC04259123 | ZINC35457212 | ZINCO02243331 | ZINC04236215 | ZINC01631261
ZINC04096690 | ZINC04235893 | ZINC34965022 | ZINC03839046 | ZINC31163538 | ZINCO03838823 | ZINCO01575527
ZINCO04235897 | ZINC14728051 | ZINC03838816 | ZINC04260709 | ZINC04259410 | ZINCO02567814 | ZINC20463795
ZINC31163589 | ZINC04235936 | ZINC00168294 | ZINC03649942 | ZINC00435898 | ZINC12529858 | ZINCO03838650
ZINC35442865 | ZINC03839002 | ZINC03841766 | ZINC04235741 | ZINC05414269 | ZINC12530107 | ZINCO03838670
ZINCO04236118 | ZINC14770271 | ZINC35457377 | ZINC04096829 | ZINC35442888 | ZINC18275062 | ZINC04236092
ZINCO03838732 | ZINC14728050 | ZINC03841195 | ZINCO01718636 | ZINC12529987 | ZINC02169262 | ZINC03838640
ZINC35465756 | ZINC35442897 | ZINC14504530 | ZINC06037959 | ZINC01575525 | ZINCO05439001 | ZINC06069724
ZINCO04235987 | ZINC19594534 | ZINC03838920 | ZINC04235976 | ZINC36378506 | ZINC00488403 | ZINC04236227
ZINC08215728 | ZINCO04236053 | ZINC04236114 | ZINC03839053 | ZINC12530027 | ZINC05396121 | ZINC19364219
ZINC04235760 | ZINC35465792 | ZINC03838768 | ZINC02569505 | ZINC04259363 | ZINC04259419 | ZINC00163151
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ZINCO04235910 | ZINC03838992 | ZINC03875158 | ZINC04259725 | ZINC03839105 | ZINC35457380 | ZINC00163149
ZINC04235768 | ZINC04260745 | ZINC03838639 | ZINC12530094 | ZINC31155878 | ZINC04259731 | ZINC04236088
ZINC01667454 | ZINC03838961 | ZINC03839001 | ZINC35442901 | ZINC04236086 | ZINC01847470 | ZINC02166829
ZINC31163638 | ZINC04259315 | ZINC35442885 | ZINC03839013 | ZINC13826681 | ZINC12529819 | ZINC03838676
ZINC13341042 | ZINC12530150 | ZINC04236095 | ZINC04235869 | ZINC12530042 | ZINC03838930 | ZINC03881558
ZINC04235763 | ZINC35457454 | ZINC03839018 | ZINC04260657 | ZINC03873958 | ZINC04236104 | ZINC01671299
ZINC03838758 | ZINC35457407 | ZINC04235983 | ZINC35442840 | ZINC03838746 | ZINC30730613 | ZINC19364225
ZINC03838738 | ZINCO03838739 | ZINC13514886 | ZINC04235853 | ZINC13459828 | ZINC00518488 | ZINC04235966
ZINC35442866 | ZINC12480532 | ZINC14494861 | ZINC04978673 | ZINC12529964 | ZINC20463594 | ZINC35415858
ZINC03838956 | ZINCO04260788 | ZINC04235737 | ZINC04235746 | ZINC02512508 | ZINC02243125 | ZINC04260651
ZINC03838787 | ZINC06137699 | ZINC03838853 | ZINC01658901 | ZINC04403410 | ZINC12602411 | ZINC03880139
ZINC14728117 | ZINC04260780 | ZINC13433658 | ZINC03936088 | ZINC04235944 | ZINCO01670010 | ZINC20268617
ZINC04236067 | ZINC04235823 | ZINC35465799 | ZINC04096828 | ZINC12530006 | ZINC04329271 | ZINC04096937
ZINCO03838919 | ZINC08579227 | ZINC14629630 | ZINC12529957 | ZINC04259343 | ZINCO01782943 | ZINCO03838850
ZINCO03841704 | ZINC04259759 | ZINC35442886 | ZINC12529862 | ZINC02243332 | ZINC20463684 | ZINC03008621
ZINCO03838798 | ZINC03872492 | ZINC12529792 | ZINC14494723 | ZINC12529766 | ZINC12480698 | ZINC04577910
ZINCO04236071 | ZINC06018481 | ZINC05414218 | ZINC08632336 | ZINC12529998 | ZINC38149077 | ZINC03838666
ZINCO05414264 | ZINCO05415355 | ZINC03815424 | ZINC14494581 | ZINC02560289 | ZINC12529821 | ZINCO03838888
ZINCO03841765 | ZINCO03838711 | ZINC05414209 | ZINC04259340 | ZINC00389532 | ZINC19358638 | ZINC00388269
ZINC04260746 | ZINC14504544 | ZINC03838742 | ZINC00388776 | ZINC05523704 | ZINC02569186 | ZINC02526359
ZINC35442867 | ZINC01280222 | ZINC03840245 | ZINC04236091 | ZINC04259143 | ZINC12529805 | ZINC03860469
ZINCO05412863 | ZINCO01723552 | ZINC05766682 | ZINC12529879 | ZINC12530123 | ZINC02242929 | ZINC12530032
ZINC06483435 | ZINC35442893 | ZINC35442846 | ZINC04236320 | ZINC00526257 | ZINCO03838836 | ZINC04260786
ZINC12360703 | ZINC05414252 | ZINC03838802 | ZINC00334890 | ZINC02579120 | ZINC12530017 | ZINC12530009
ZINC04259684 | ZINCO00057905 | ZINC13451932 | ZINC12530061 | ZINC13660139 | ZINC00388237 | ZINC31155883
ZINC03842069 | ZINC14504527 | ZINC04259576 | ZINC00168548 | ZINC14445203 | ZINC03838655 | ZINC12529831
ZINC05414231 | ZINC04235866 | ZINC03838981 | ZINC00057464 | ZINC12529906 | ZINC12530036 | ZINC03838715
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ZINCO03838979 | ZINC31155759 | ZINC31155754 | ZINC04260636 | ZINC15841736 | ZINC04334591 | ZINC35442906
ZINC04236115 | ZINC31163554 | ZINC03838693 | ZINC12529909 | ZINC02506844 | ZINC12529875 | ZINC03841758
ZINC04235887 | ZINCO03838863 | ZINC12604320 | ZINC04259571 | ZINC00269224 | ZINC12530030 | ZINC05396246
ZINC00519621 | ZINC13334942 | ZINC03861548 | ZINC00057958 | ZINC12529940 | ZINC35415850 | ZINC04259146
ZINC04260723 | ZINC00518554 | ZINC04235735 | ZINC35442903 | ZINC03838651 | ZINC00492792 | ZINC00167329
ZINC31163665 | ZINC03838871 | ZINC35457349 | ZINC31155749 | ZINC13459735 | ZINC35415846 | ZINC02545403
ZINC35442878 | ZINC04235802 | ZINC13370160 | ZINC05414404 | ZINC19204246 | ZINC03838847 | ZINC12530066
ZINC03839000 | ZINC00156620 | ZINC05414238 | ZINC06131143 | ZINC03838846 | ZINC03838647 | ZINC35442904
ZINC03841748 | ZINC13815053 | ZINC05413174 | ZINC35442836 | ZINC30730667 | ZINC20463670 | ZINC12529994
ZINC04260726 | ZINC35442859 | ZINC35442896 | ZINC31170318 | ZINC04259701 | ZINC04329264 | ZINC04260806
ZINC03838770 | ZINCO05414227 | ZINC04259580 | ZINC02569506 | ZINC04241432 | ZINC05839889 | ZINC12529808
ZINC03838797 | ZINCO04556627 | ZINC03839012 | ZINC02047002 | ZINC12530040 | ZINC12530033 | ZINC04260115
ZINC35457184 | ZINCO05762066 | ZINC06131130 | ZINC35442902 | ZINC12529867 | ZINC12530047 | ZINC31163715
ZINCO04259702 | ZINCO05414215 | ZINC35442848 | ZINC03838741 | ZINC12529788 | ZINC00517173 | ZINCO03838868
ZINCO03839058 | ZINC03841697 | ZINC04235899 | ZINC14692056 | ZINC03842065 | ZINC20463804 | ZINC12529809
ZINCO05414334 | ZINC03871633 | ZINC12529996 | ZINC04259309 | ZINC02530675 | ZINC03841440 | ZINC03841710
ZINC12604325 | ZINC31163681 | ZINC00008649 | ZINC00518486 | ZINC31155926 | ZINC02525209 | ZINC31163344
ZINC35442879 | ZINC03838926 | ZINC35457235 | ZINC14692052 | ZINC31155585 | ZINCO03838667 | ZINC35456707
ZINC04096365 | ZINC04260660 | ZINC04235752 | ZINC35442854 | ZINC31163542 | ZINC04260630 | ZINC04236117
ZINCO05414242 | ZINC03838743 | ZINC12530052 | ZINC05998576 | ZINC02530669 | ZINC12529842 | ZINC35456703
ZINCO05414273 | ZINC14504547 | ZINC04260712 | ZINC35442838 | ZINC03838845 | ZINC04259909 | ZINC04235754
ZINCO03841703 | ZINC35456711 | ZINC35442851 | ZINC31155826 | ZINC05761898 | ZINC04236089 | ZINC04236019
ZINC35442863 | ZINC04235986 | ZINC12529916 | ZINC35466016 | ZINC04091013 | ZINCO03838649 | ZINC00488893
ZINC13369906 | ZINC35457353 | ZINC03838849 | ZINC04236072 | ZINC35457394 | ZINC04235965 | ZINC03872488
ZINC03947441 | ZINC02567800 | ZINC04236004 | ZINC35442880 | ZINC12530019 | ZINC04236292 | ZINCO03838790
ZINC05414284 | ZINC04097029 | ZINC05414376 | ZINC05821894 | ZINC04546660 | ZINC01676018 | ZINC05158985
ZINC00517261 | ZINC04871697 | ZINC04096578 | ZINC12529870 | ZINC04260810 | ZINC04933690 | ZINC03838954
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ZINCO04235804 | ZINC05414341 | ZINC31163348 | ZINC04235952 | ZINC02530668 | ZINC03838825 | ZINC05234420
ZINC15117859 | ZINCO04235867 | ZINC31163711 | ZINC00391162 | ZINC12530044 | ZINC12530101 | ZINC31163688
ZINC35457009 | ZINCO02567806 | ZINC06131127 | ZINC35442907 | ZINC04236170 | ZINC12529846 | ZINC35442831
ZINC35442869 | ZINC40413191 | ZINC04260631 | ZINC12604297 | ZINC02516803 | ZINC20463852 | ZINC03838750
ZINC13333979 | ZINC04235761 | ZINC03838986 | ZINC00057951 | ZINCO04259818 | ZINC35415870 | ZINC04260735
ZINC04236119 | ZINC00517337 | ZINC03838993 | ZINCO05767050 | ZINC01781039 | ZINC20463787 | ZINC00004749
ZINC12604331 | ZINC13366960 | ZINC03841712 | ZINC04568391 | ZINC05415406 | ZINC31163376 | ZINC03872494
ZINC05414279 | ZINC00089558 | ZINC04236087 | ZINC31155830 | ZINC02379366 | ZINC35415837 | ZINC14504550
ZINC35442834 | ZINC00517336 | ZINC12529983 | ZINC12530011 | ZINC04236050 | ZINC02168652 | ZINC20463798
ZINCO06131125 | ZINC04235809 | ZINC35457343 | ZINC04294769 | ZINC00391177 | ZINC04260674 | ZINC12530125
ZINC35442887 | ZINC04236000 | ZINC15676224 | ZINCO00185259 | ZINC01639355 | ZINC04260807 | ZINC31163380
ZINC20463746 | ZINCO03838960 | ZINC03158986 | ZINC02567816 | ZINCO00517185 | ZINC03838843 | ZINC35415789
ZINC03838753 | ZINCO04260624 | ZINC03838696 | ZINC12529799 | ZINC12480615 | ZINCO01593115 | ZINC05439021
ZINCO05414302 | ZINC40413189 | ZINC04260778 | ZINC35442883 | ZINC29041844 | ZINC15707143 | ZINC00518044
ZINCO04235700 | ZINC05396378 | ZINC06131134 | ZINC00377590 | ZINC04236002 | ZINC01748627 | ZINC02567809
ZINCO03869685 | ZINC13838494 | ZINC12529784 | ZINC04236334 | ZINC01575524 | ZINCO02530677 | ZINC02576919
ZINCO03838769 | ZINC03841768 | ZINC35442845 | ZINC35442898 | ZINC02567817 | ZINC04235954 | ZINCO03838933
ZINCO03838944 | ZINC03838895 | ZINC05414424 | ZINC13433660 | ZINC03881969 | ZINCO03838831 | ZINC12530077
ZINCO05414222 | ZINC31163657 | ZINC12529962 | ZINC04235907 | ZINC12480717 | ZINC04329265 | ZINC35442892
ZINC35442842 | ZINC04259752 | ZINC14504524 | ZINC00586482 | ZINC12530050 | ZINC00519489 | ZINC01652139
ZINC13370154 | ZINCO03838763 | ZINC12530240 | ZINC35442905 | ZINC00391161 | ZINC35415874 | ZINC20218724
ZINC00001283 | ZINC31155764 | ZINCO08071079 | ZINC35442847 | ZINC12360704 | ZINC02041110 | ZINC04236166
ZINC13335390 | ZINC31163684 | ZINC03838760 | ZINC03838842 | ZINC03838660 | ZINC12530021 | ZINCO03873957
ZINC35442837 | ZINC20463587 | ZINC03873956 | ZINC19376338 | ZINC01690021 | ZINC35415863 | ZINC04259708
ZINCO04235902 | ZINC35457346 | ZINC35442835 | ZINC01658651 | ZINC02012003 | ZINC00163157 | ZINC04260637
ZINC35442849 | ZINC12604317 | ZINC04235858 | ZINC12529959 | ZINC12529803 | ZINC03838832 | ZINC35442891
ZINC14504553 | ZINCO03841698 | ZINCO06131128 | ZINC31163441 | ZINC00388262 | ZINC04260635
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ZINCO03841699 | ZINC03838988

ZINCO01561231

ZINC04235949

ZINCO01850617

ZINC04236090

ZINC03838737 | ZINCO03841706

ZINC04235739

ZINC35442871

ZINC31163592

ZINC03927198

Table 15. 949 ligands out of the 20,000 Zinc Naturals library compounds bound to the GPR119

receptor

Complete tables for Frame 200

Table 16-Frame 200: Sequential virtual screening protocol of Prestwick phytochemicals

Naringin

Naringenine

1-8-dihydroxy-3-

Rauwolscine_min_out

methylanthraquinone
Glycocholic Acid cardamonin_min_out Corynanthine min_out Coralyne
Curcumin_min_out Tocophenol (R,S) Ajmalicine Conessine
Baicalin Olivacine Berlambine Harmine
Camptothecine (s,*) capsaicin_min Kawain Acridine
4,4'-(2,3-dimethyltetramethylene)dipyrocatechol Chrysin Berberine Lobeline alpha negative
Calciferol min_out Velpinic acid Piperine Isoliquiritigenin
Verbenaline Biotin Lapachol Halpopine_min_out
Chlorogenic acid Abietic acid Reserpinic acid_min_out
(-)-Cinchonidine Lysergol Sanguinarine_min_out

Table 16. 38 ligands out of the 41 Prestwick phytochemical compound library bound to the

GPR119 receptor

Table 17-Frame 200: Sequential virtual screening protocol of GPCR libraries

Pirenzepine melatonine Betazole CCG_203971 S93267ii(éopolam unamed Ozanimod

2-Chloro-9-

[3-

Formoterol (_dlmethylam Acebutolol Rotigotine $3716_Flibanseri JTE 013 unamed

ino)propylid n -

ene]thioxant

hene
. . Diphenidol hyd S38.207'Dehydroe S9258 Isocory | Varenicline
Risperidone practolol clenbuterol . vodiamine _hydro .
rochloride chloride noline tartrate
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S3671_Quinestr

5_lodotubercidi

Naloxone clozapine Baclofen ol norethindrone n ARS 853
1-
Azoniabicyclo[2.2.2]octane, Promazine LEVOBUNOL | Estradiol benzo | S4776 Harmalin unamed Pizotifen_ma
4-[(2-hydroxy-2,2- OL ate e late
diphenylacetyl)oxy]
Fluphenazine Tegaserod Betahistine Org 27569 Pregnenolone Etomidate SSOSSCZtr_O(r}lranl
Sulpiride Doxylamine Levomeproma S46V29_VCh10r0tr Neostlgr_mne_bro Nebivolol HCI S4747 Jervi
zine ianisene mide ne
Loratadine Ropinirole tripelennamine $3721_Bilastin Promethazme_hy 6HOS5 Mirabegron
e drochloride
2-[diisopropyl(methy)- Trimethoben . Adiphenine hy Disopyramide | Desvenlafaxi
lambda5-azanyl]ethyl 9H- . Olanzapine . unamed
zamide drochloride Phosphate ne
xanthene-9-carboxylate
@-
Chloropheny
1)(6,7-
mebeverine dlhi([igoél_nen Itopride Candesartan unamed unamed unamed
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Table 18. 741 ligands out of the 862 Prestwick and Selleckchm GPCR compound libraries bound
to the GPR119 receptor

Table 18-Frame 200: Sequential virtual screening protocol of Zinc Naturals library
ZINC33838191 | ZINC35457184 | ZINC00488891 | ZINC04236001 | ZINC12529959 | ZINC05414495 | ZINC03839114
ZINC31163744 | ZINC12480690 | ZINC03838973 | ZINC35457229 | ZINCI3515662 | ZINC12341708 | ZINCO1850617
ZINC04235989 | ZINC03839050 | ZINC03838859 | ZINCI12530114 | ZINC04236172 | ZINC35442906 | ZINC00435898
ZINC20463632 | ZINC03838814 | ZINC31155443 | ZINC03841195 | ZINC04235872 | ZINC03838877 | ZINC12604297
ZINC35457506 | ZINC35457171 | ZINC35457316 | ZINC04236056 | ZINC04260805 | ZINC04259759 | ZINC04235744
ZINC06041521 | ZINC12529838 | ZINC03838763 | ZINC04259765 | ZINC12529814 | ZINC03838741 | ZINC20463712
ZINC08662732 | ZINC04235981 | ZINC04933692 | ZINC03841673 | ZINC12529842 | ZINC04260478 | ZINC20463731
ZINC35415777 | ZINC35465795 | ZINC03841711 | ZINC04235879 | ZINC12529803 | ZINC04236337 | ZINC14879985
ZINC31155532 | ZINC03841685 | ZINC13333976 | ZINC12529996 | ZINC19376338 | ZINC31163677 | ZINC35415804
ZINC08662730 | ZINC35465797 | ZINC03973334 | ZINC03838735 | ZINC31163688 | ZINC12529950 | ZINC20464009
ZINC33830716 | ZINC04236262 | ZINCO4081985 | ZINC03995861 | ZINCI12530121 | ZINC03839218 | ZINC02530675
ZINC13404388 | ZINC14728117 | ZINC04236004 | ZINC35457373 | ZINC04259917 | ZINC04236202 | ZINC20463814
ZINC36728547 | ZINC05762066 | ZINC04236340 | ZINC20463603 | ZINC12529784 | ZINC12529785 | ZINC03157602
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ZINC05414553 | ZINC13507842 | ZINC03872494 | ZINC31170321 | ZINC04236005 | ZINC12480725 | ZINC12529821
ZINC04236153 | ZINCO04235915 | ZINC00518486 | ZINC04259318 | ZINC03839770 | ZINC03839044 | ZINC12530013
ZINC35457485 | ZINC13549482 | ZINCO04235925 | ZINC12529869 | ZINC04235850 | ZINC02569505 | ZINC35457212
ZINC20463746 | ZINC06137699 | ZINC03838693 | ZINC04236270 | ZINC35442896 | ZINC00057969 | ZINCO00388037
ZINCO03838779 | ZINCO04235855 | ZINCO05396575 | ZINC12529937 | ZINCO03815424 | ZINC12529768 | ZINC31163441
ZINC06041520 | ZINCO05396537 | ZINC04235942 | ZINC03838760 | ZINCO00389747 | ZINC31155826 | ZINCO03841765
ZINC35457494 | ZINCO04235822 | ZINC05414462 | ZINC04235907 | ZINC04235975 | ZINC13370160 | ZINC03838701
ZINCO04235990 | ZINC35442872 | ZINC14504521 | ZINC38190871 | ZINC04236231 | ZINC12529858 | ZINC15118046
ZINC36728545 | ZINC04236024 | ZINC04235978 | ZINC03841321 | ZINC03839001 | ZINC00167329 | ZINC20463811
ZINC04236021 | ZINCO04260804 | ZINC04235887 | ZINC04235880 | ZINC03839040 | ZINC04096829 | ZINC14494723
ZINC13459718 | ZINC35442871 | ZINCO01532042 | ZINC12529824 | ZINC04236232 | ZINC04259309 | ZINCO00388262
ZINC12604331 | ZINC12604320 | ZINC04259727 | ZINC06500184 | ZINC12530087 | ZINC04236237 | ZINC12360704
ZINC04260739 | ZINC12480514 | ZINCO03838885 | ZINC03841782 | ZINCO03838895 | ZINC03838790 | ZINC02567814
ZINCO04236313 | ZINC13507844 | ZINC31155664 | ZINC03839075 | ZINC13826681 | ZINC03841766 | ZINC12602397
ZINCO03838899 | ZINCO04259123 | ZINCO03841758 | ZINC13815053 | ZINC35442845 | ZINC00586482 | ZINC14692054
ZINC14779047 | ZINC31155984 | ZINCO03839185 | ZINC03841679 | ZINC19227923 | ZINC12530006 | ZINC12530042
ZINC36728548 | ZINC27642629 | ZINC12529943 | ZINC12530040 | ZINC03839130 | ZINC04236240 | ZINC14692058
ZINCO01668769 | ZINC04235977 | ZINC03839063 | ZINC03838695 | ZINCO00156620 | ZINC03839107 | ZINC04236215
ZINCO03838970 | ZINCO06137698 | ZINC03929610 | ZINCO01639355 | ZINC35466030 | ZINC04236062 | ZINC20464003
ZINCO03841702 | ZINC20463662 | ZINC04236192 | ZINC03197743 | ZINC12490020 | ZINC12530147 | ZINC02530672
ZINCO03839151 | ZINCO03838809 | ZINC31163596 | ZINC04235754 | ZINC14629630 | ZINC35442869 | ZINC01658651
ZINC14779044 | ZINCO03841703 | ZINC04260487 | ZINC35415847 | ZINC03838909 | ZINC03838842 | ZINC35415846
ZINCO04236022 | ZINC35465792 | ZINC35457404 | ZINC05414598 | ZINC12604290 | ZINC15676218 | ZINC20463726
ZINCO05369368 | ZINCO04236029 | ZINC04236015 | ZINC35442904 | ZINC12529776 | ZINC03838986 | ZINC03947435
ZINC14435203 | ZINCO04260712 | ZINC31163472 | ZINC05414310 | ZINC03838919 | ZINC03838872 | ZINC04235944
ZINC04260810 | ZINC14455080 | ZINCO04235936 | ZINCO01723552 | ZINC12530001 | ZINC04260726 | ZINC03860469
ZINCO03839227 | ZINCO05414438 | ZINC35442874 | ZINC12529770 | ZINC04259711 | ZINC03839119 | ZINC20463854
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ZINC35442873 | ZINC12530167 | ZINC03838961 | ZINC12530243 | ZINC04260743 | ZINC02565169 | ZINC12529902
ZINC35465756 | ZINCO04235922 | ZINC20463932 | ZINC04235689 | ZINC04236050 | ZINC12529820 | ZINC05396629
ZINC03838941 | ZINC20463740 | ZINCO02525203 | ZINC12530079 | ZINC35442892 | ZINC02512484 | ZINC35442598
ZINC04235984 | ZINCO03838730 | ZINC04236348 | ZINC03839121 | ZINC31155926 | ZINC04235760 | ZINC20463578
ZINC08662733 | ZINC04260660 | ZINC12529828 | ZINC03841750 | ZINC01280222 | ZINC13370154 | ZINC35457855
ZINC04236145 | ZINC35442861 | ZINC12529849 | ZINC20463611 | ZINC12529773 | ZINCO00517336 | ZINC12480698
ZINC12405084 | ZINC35457233 | ZINCO03838750 | ZINC03839013 | ZINC12529915 | ZINC20463913 | ZINC12602411
ZINC31163665 | ZINC20463693 | ZINC12530237 | ZINC35457222 | ZINC03649942 | ZINCO00089558 | ZINC04235973
ZINC01667454 | ZINC12529846 | ZINC05439001 | ZINC20463924 | ZINC04235814 | ZINC12530003 | ZINC35415844
ZINC06041519 | ZINC13509284 | ZINC03838801 | ZINC03838946 | ZINC05414242 | ZINC08632336 | ZINC35457481
ZINC34345738 | ZINC31163715 | ZINC05414259 | ZINC13660070 | ZINC35442859 | ZINC05523704 | ZINC15449149
ZINC03977839 | ZINCO04236325 | ZINC04260474 | ZINC12529836 | ZINC12529967 | ZINC03838654 | ZINC12530294
ZINC31163764 | ZINCO03839140 | ZINCO03838981 | ZINC12604305 | ZINC04259752 | ZINC05414231 | ZINCO03838687
ZINC31155668 | ZINCO03838711 | ZINC13660055 | ZINC05534507 | ZINC03841698 | ZINC20463572 | ZINC04236223
ZINC31155896 | ZINC12530244 | ZINC04260631 | ZINCO00518797 | ZINC12490040 | ZINC12530301 | ZINC00895230
ZINCO03841779 | ZINCO03839165 | ZINC35442858 | ZINC04236046 | ZINC12529875 | ZINC12530300 | ZINC17146904
ZINCO05396504 | ZINCO03838733 | ZINC04235934 | ZINC04236174 | ZINC03838903 | ZINC03873958 | ZINC35466022
ZINCO04235933 | ZINCO03838960 | ZINC04236200 | ZINC04260480 | ZINC13433656 | ZINC04235756 | ZINC35457416
ZINC03977837 | ZINC31155433 | ZINC04235883 | ZINC04260463 | ZINC31170330 | ZINC04235949 | ZINC13459733
ZINC35442870 | ZINCO03839077 | ZINC02567800 | ZINC12529834 | ZINC03841757 | ZINC04236089 | ZINC20463789
ZINC13459714 | ZINC31155990 | ZINCO04236019 | ZINC05396991 | ZINC03841720 | ZINC12530021 | ZINC04236100
ZINCO03841681 | ZINCO04260736 | ZINC35457367 | ZINC04235939 | ZINC04236052 | ZINC31155717 | ZINCO05413174
ZINC35457498 | ZINC35442876 | ZINC31163791 | ZINC12529895 | ZINC12529946 | ZINC13459735 | ZINC03838649
ZINCO04556629 | ZINCO04236027 | ZINC03839058 | ZINC04236016 | ZINC03840407 | ZINC31163380 | ZINC00492792
ZINCO03872493 | ZINCO01561231 | ZINCO03839046 | ZINC04235866 | ZINC03838825 | ZINC31155830 | ZINC04329271
ZINC04095762 | ZINC04260746 | ZINC35457311 | ZINC03838884 | ZINC13459828 | ZINC04236218 | ZINCO03838836
ZINCO05396463 | ZINCO04235691 | ZINCO04235768 | ZINC00491073 | ZINC03839981 | ZINC12530047 | ZINCO03838642
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ZINCO03838798 | ZINCO04236083 | ZINC05415343 | ZINC00518044 | ZINC12480735 | ZINC00519560 | ZINCO00163157
ZINC04096365 | ZINCO05396955 | ZINC35457009 | ZINC04259790 | ZINC12530044 | ZINC12530123 | ZINC04236076
ZINC36728546 | ZINC00519621 | ZINC04236073 | ZINC36378506 | ZINC04259460 | ZINC35442878 | ZINC31155883
ZINC05414302 | ZINC35442897 | ZINCO03839117 | ZINC12529757 | ZINC12530019 | ZINC20463626 | ZINC02512508
ZINC04260651 | ZINCO04259818 | ZINC12529890 | ZINC27642623 | ZINC40413191 | ZINCO00517185 | ZINC04329278
ZINC20463702 | ZINC00001283 | ZINC12530284 | ZINC05414247 | ZINC04236095 | ZINC12530038 | ZINC20463723
ZINCO03838853 | ZINC35442865 | ZINC15117864 | ZINC12530287 | ZINC31163398 | ZINC02525207 | ZINC12480668
ZINCO04235903 | ZINC20463658 | ZINC35466006 | ZINC04236250 | ZINC12529879 | ZINC04235775 | ZINC03838841
ZINCO03842067 | ZINCO04236012 | ZINC31163352 | ZINC04236107 | ZINCO03838802 | ZINC31155585 | ZINC20463752
ZINCO04235928 | ZINCO06131122 | ZINC03841400 | ZINC12530085 | ZINC03839104 | ZINC31163788 | ZINC20463863
ZINCO05396542 | ZINCO05414264 | ZINC04236214 | ZINC05414218 | ZINC03873955 | ZINC12530011 | ZINC04236049
ZINCO03838770 | ZINCO04236143 | ZINC04235795 | ZINC04259576 | ZINC14445203 | ZINCO00391177 | ZINCO03841652
ZINC12480615 | ZINC59736941 | ZINC31163554 | ZINC35457450 | ZINCO03838789 | ZINC00391161 | ZINC00519489
ZINC31155902 | ZINCO04235921 | ZINCO04236249 | ZINC03838992 | ZINC35466016 | ZINC00488402 | ZINC03838988
ZINC20463717 | ZINCO04235862 | ZINC05414614 | ZINC30730644 | ZINCO00057958 | ZINC20463715 | ZINC35457380
ZINCI15117868 | ZINCO06031011 | ZINC03838873 | ZINCO00088576 | ZINC12529831 | ZINC00391162 | ZINC00388292
ZINCO04235986 | ZINCO03839067 | ZINC05396964 | ZINC03839197 | ZINC04259620 | ZINC12530272 | ZINC04235945
ZINCO03838734 | ZINC31163600 | ZINC12529911 | ZINC12529880 | ZINC04236104 | ZINC35415842 | ZINC31163448
ZINC04260672 | ZINC00518488 | ZINC04260652 | ZINC12529940 | ZINC35442905 | ZINC35466018 | ZINC12530305
ZINCO04236229 | ZINC31155712 | ZINC35415837 | ZINC04259754 | ZINC35415779 | ZINC03838994 | ZINC20463809
ZINC14779053 | ZINCO04235846 | ZINC12529932 | ZINC12480659 | ZINC19227925 | ZINC04236213 | ZINC02565724
ZINC05415406 | ZINCO04236028 | ZINC35466194 | ZINC02243331 | ZINC04235737 | ZINC12530266 | ZINC04334591
ZINCO05397012 | ZINCO04236081 | ZINC31163356 | ZINC12530027 | ZINC31155759 | ZINC20463991 | ZINC19364219
ZINC04096762 | ZINCO04556626 | ZINC13459712 | ZINC05414621 | ZINCO03158986 | ZINC03839011 | ZINC02504624
ZINCO04235881 | ZINCO03841728 | ZINC35457353 | ZINCO00518620 | ZINC35442831 | ZINC02530669 | ZINC02242928
ZINC04096936 | ZINC04260780 | ZINC04259454 | ZINCO00518554 | ZINC23549974 | ZINC20463674 | ZINC14686696
ZINCO05396521 | ZINCO04236020 | ZINC00968436 | ZINCO06131127 | ZINC13433660 | ZINC04236304 | ZINCO05839889
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ZINCO04235916 | ZINCO04236023 | ZINC31163592 | ZINC35415841 | ZINC04044989 | ZINC13412698 | ZINC20463798
ZINC00004749 | ZINCO04235861 | ZINC13366960 | ZINC03839002 | ZINCO03838886 | ZINC02047002 | ZINC04235953
ZINC35465799 | ZINCO03838975 | ZINC05414570 | ZINC12529988 | ZINC31163684 | ZINC04235741 | ZINC00389532
ZINC04236118 | ZINCO05396959 | ZINC04235888 | ZINC03838816 | ZINC12530032 | ZINC02379366 | ZINC04236055
ZINC03977840 | ZINCO05438686 | ZINC06018481 | ZINC05414209 | ZINC12529805 | ZINC12530036 | ZINC12480664
ZINC05414276 | ZINCO04236244 | ZINC02567802 | ZINC12529983 | ZINC35457392 | ZINC03838680 | ZINC02525209
ZINC05414542 | ZINC35457471 | ZINC04260115 | ZINC04259745 | ZINC14684865 | ZINC20463737 | ZINC20463689
ZINC14455079 | ZINCO03838972 | ZINCO04236157 | ZINC15841736 | ZINC35442838 | ZINC13412691 | ZINCO03838655
ZINC00526624 | ZINCO05414292 | ZINC35457219 | ZINC05396385 | ZINC20463677 | ZINC20463804 | ZINCO03838653
ZINC04260665 | ZINCO03839131 | ZINC31163402 | ZINC20218724 | ZINC04235929 | ZINC04334576 | ZINC00388237
ZINC31155438 | ZINC31163344 | ZINC04236139 | ZINC35457226 | ZINC12530103 | ZINC02576919 | ZINC20463852
ZINC04933690 | ZINCO04259810 | ZINC35442834 | ZINCO06131125 | ZINC12529864 | ZINC02506844 | ZINC20463787
ZINC12530281 | ZINC20463667 | ZINC04235804 | ZINC14728051 | ZINC04236233 | ZINC04096937 | ZINCO01748627
ZINCO03875158 | ZINC35457454 | ZINCI12529761 | ZINCO03838697 | ZINC04235974 | ZINC05414376 | ZINC02041110
ZINCO03838865 | ZINC20463699 | ZINC05414267 | ZINC04235752 | ZINC12529994 | ZINC04259410 | ZINC14687784
ZINCO04236047 | ZINCO03871633 | ZINC12530240 | ZINC04260783 | ZINC12530063 | ZINC31163376 | ZINC03839116
ZINCO08215728 | ZINCO05438633 | ZINC04259725 | ZINC31163661 | ZINC12529870 | ZINCO01718636 | ZINC20268617
ZINC03838742 | ZINC20463691 | ZINC05396378 | ZINC04235845 | ZINC12604183 | ZINC04236227 | ZINC00388241
ZINC13298250 | ZINC19594534 | ZINC13334942 | ZINC12529788 | ZINC35415778 | ZINC20463680 | ZINC20463821
ZINC14720477 | ZINCO04236075 | ZINC04236136 | ZINC14504544 | ZINC04236339 | ZINC12530030 | ZINC03838668
ZINCO03839018 | ZINCO03872488 | ZINC04235824 | ZINCO06131139 | ZINCO00057951 | ZINC03841696 | ZINC03838845
ZINC04260720 | ZINCO06483435 | ZINC35442849 | ZINC31155764 | ZINC12529872 | ZINC00526257 | ZINC03008621
ZINC04260648 | ZINC35442864 | ZINC04235867 | ZINC05396527 | ZINC27642636 | ZINC03841449 | ZINC15117859
ZINC04260676 | ZINCO03838843 | ZINC03838849 | ZINC14504547 | ZINC00334890 | ZINC02243378 | ZINC12530303
ZINC12529758 | ZINCO04259758 | ZINC20463670 | ZINC34965022 | ZINC04081837 | ZINC05396259 | ZINC00163154
ZINC03841682 | ZINCO04259418 | ZINC04235890 | ZINC12529914 | ZINC03838933 | ZINC05396237 | ZINC04329286
ZINC04260801 | ZINCO04096827 | ZINC03839088 | ZINC03838883 | ZINC12480498 | ZINC04235869 | ZINC02386443
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ZINCO03869685 | ZINCO04260479 | ZINC03838717 | ZINC12530268 | ZINC14494726 | ZINC04236221 | ZINC04235946
ZINC03839020 | ZINCO04235871 | ZINCO04235965 | ZINC12529811 | ZINC03839000 | ZINC14620030 | ZINC03838651
ZINC04260807 | ZINC35442841 | ZINC04260670 | ZINC35457852 | ZINC04091013 | ZINC04259143 | ZINC16030234
ZINC35442862 | ZINCO03838718 | ZINC13451932 | ZINC35442886 | ZINC12529804 | ZINC04236222 | ZINC03839126
ZINC31155673 | ZINC35415789 | ZINC05414279 | ZINC05414273 | ZINCO03838881 | ZINC06131130 | ZINCO03838646
ZINCO03881558 | ZINCO04235970 | ZINCO02525206 | ZINC04235983 | ZINC04236091 | ZINC05396244 | ZINC20463868
ZINCO04235874 | ZINCO04235979 | ZINCO04259879 | ZINC35457849 | ZINC03838846 | ZINC02579120 | ZINCO00163151
ZINC04236069 | ZINC04235860 | ZINC35415858 | ZINC04259698 | ZINC12530057 | ZINC02168652 | ZINCO03838647
ZINCO04235966 | ZINCO03838748 | ZINC04235763 | ZINC35457216 | ZINC12530073 | ZINCO01788405 | ZINC04235954
ZINC27330476 | ZINC20463919 | ZINC04096828 | ZINC35457346 | ZINC35466020 | ZINCO00089763 | ZINCO03838666
ZINC03841714 | ZINCO04235897 | ZINCO05415389 | ZINC05396569 | ZINCO00518644 | ZINCO01847470 | ZINCO01684095
ZINC35442887 | ZINC31155975 | ZINC06131138 | ZINC03814360 | ZINC12529916 | ZINC03841444 | ZINCO00488403
ZINCO03838768 | ZINC04236026 | ZINC04236154 | ZINC03838939 | ZINC20464000 | ZINCO00389717 | ZINCO01575525
ZINCO03840428 | ZINC06069724 | ZINC04235937 | ZINC35442855 | ZINC02567808 | ZINC04259582

ZINC05414282 | ZINCO04025169 | ZINC35442867 | ZINC12529748 | ZINC12530278 | ZINC13412695

ZINC05767050 | ZINC00689654 | ZINC19364225 | ZINCO01671299 | ZINCO01631261 | ZINC04236090

receptor

Complete tables for Frame 250

Table 18. 956 ligands out of the 20,000 Zinc Naturals library compounds bound to the GPR119

Table 19-Frame 250: Sequential virtual screening protocol of Prestwick phytochemicals

4,4'-(2,3-dimethyltetramethylene)dipyrocatechol Isoliquiritigenin Camptothecine (s,+) Piperine
Chlorogenic acid Conessine Baicalin Biotin
Verbenaline Corynanthine_min_out Lysergol

capsaicin_min

cardamonin_min_out

1-8-dihydroxy-3-
methylanthraquinone

Abietic acid

Lapachol

(-)-Cinchonidine
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Berlambine Rauwolscine_min_out Velpinic acid
Chrysin Halpopine_min_out Lobeline alpha negative

Ajmalicine Reserpinic acid_min_out Kawain

Naringenine Harmine Berberine
Olivacine Sanguinarine_min_out Acridine

Table 19. 32 ligands out of the 41 Prestwick phytochemical compound library bound to the

GPR119 receptor
Table 20-Frame 250: Sequential virtual screening protocol of GPCR libraries
S4638 Deso Diphenidol_ | Lu_AA210
Baclofen Hydroxyzine Moxisylyte estrel 9 unamed hydrochlorid | 04_vortiox
e etine
2,4(1H,3H)-
Pyrimidinedione, 6-[[3-[4- S5337_Rau .
pimozide (2-methoxyphenyl)-1- Methapyrilene 17_Hydroxypr Ciproxifan wolscine_hy PF
. ; . ogesterone : 5274857
piperazinyl]propyllamino]- drochloride
1,3-dimethyl-
2-
(Diethylamino)
ethyl 3-(1- Atropine_sulfa . . Acesulfam
naphthyl)-2- Tetrahydrozoline Oxprenolol te_monohydra $3735_Umep lid Serotomq_h e_potassi
inium_bromide | ydrochloride
(tetrahydro-2- te um
furanylmethyl)
propanoate
S5432_N_2_Ch S4694_Al
. ; - loroethyl_diben | mesoridazin | osetron_H
Zuclopenthixol Azaperone Ticlopidine Pregnenolone zylamine_Hydro | e_besylate ydrochlori
chloride de
Isopropyl (5Z)-
7-[3,5-
dihydroxy-2- DIETHYLSTILB | AMINOPHY
(3-hydroxy-5- Sumatriptan Carbachol 0C000459 ESTROL_dieth | LLINE_amin unamed
phenylpentyl)c ylstilbestrol ophylline
yclopentyl]-5-
heptenoate
1-
Azoniabicyclo[
2.2.2]octane, S4732_M
4-[(2-hydroxy- Carteolol Cimetidine unamed S4625mélcaftad unamed PTP_hydr
2,2- ochloride
diphenylacetyl
Joxyl
Fluphenazine benperidol methacholine GW842166x S5358_Regade unamed AI\{erlne_c
noson itrate
S5399_Chlorp Tamsulosi
Cloperastine tripelennamine (z)-ranitidine rothixene_hyd AZD1981 SQ22536 n
rochloride
Ketanserin clozapine metocdlc;praml untitled Irsogladine Melatonin unamed
2-{1-[2-(2,3-
Dihydro-1-
benzofuran-5-
Benzyl [(1,6- .
YIzrecflrilgiIL-?)li- dimethylergolin-8- mephegtermm unamed unamed unamed unamed
Py : Y yl)methyl]carbamate
diphenylaceta
mide
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Carvedilol 1H-Indol-5-ol, 3-(2- Canaglifiozin | SKF3g3ga | S3816_Dehydr | Varenicline_ | o
aminoethyl)- oevodiamine tartrate
(1,1-dimethyl-
3,4,5,6-
tetrahydro-2H- PAMINE_met . | Adrenalone
pyridin-3-yl) 2- DL-Atenolol unamed hscopolamine 84776526'1"6" _hydrochlori Sn5|a6f2‘ii_n\ge
hydroxy-2,2- _bromide de
diphenyl-
acetate
Ondansetr
dobutamine melatonine Fqsaprepﬁgnt RS_127445 unamed S4892_Phe on
_dimeglumine nibut hydrochlor
ide
Carbamyl-
Biperiden tiapride Empaglifiozin Isoiloessrﬂ/laigs;? $5506_Vortioxe Aniracetam beta_met
_BI10773 = tine hylcholine
oride .
_chloride
S4637_Prasu . | Paroxetine_ | Venlafaxin
Loratadine Perphenazine S3738_Travo grel_Hydrochl IMURAN_azathl hydrochlorid | e_hydroch
prost h oprine .
oride e loride
3-
(Diphenylmeth
oxy)-8-methyl- Tegaserod Ponesimod_A | S4883_Lynest | IRBESARTAN | | Soco0-Paro |
8- 9 CT_128800 renol rbesartan i y
. ate
azabicyclo[3.2
.1]octane
1H_benzotriazole_5_carb | S5566_Dapag
. oxamide_6_methoxy_N_[[ | liflozin_propa | Adiphenine_h Donepezil_
Nordefrin 2_propen_1_yl)_2_pyrroli | nediol_monoh ydrochloride unamed HCI unamed
dinylJmethyl] ydrate
) S3748_Ac
. . . TARACTAN_c S4_661_T|ag amprosat
ifenprodil timolol unamed . unamed abine_hydro )
hlorprothixene A e_Calciu
chloride m
4H-Pyrido[1,2-a]pyrimidin-
homochlorcycl 4-one, 3-[2-[4-(4- Ipragliflozin_A S4675_Tiag
izine fluorobenzoyl)-1- SP1941 unamed BRL15572 abine unamed
piperidinyl]ethyl]-2-methyl
(8,8-dimethyl-
8lambda5-
azabicyclo[3.2 . -
1Joctan-3-yl) Triflupromazine $5413_Ertugli | ABILIFY_aripi HJC0350 zK756326 | 2OMIG_Z
flozin prazole olmitriptan
3-hydroxy-2-
phenyl-
propanoate
camylofin octopamine Tofogliflozin_ imhz%?c?c?ﬁgﬁ Agomelatine NPS_2143 unamed
y P CSG_452 = 9 —
) ) . Estradiol_Vale | S5238_ Solifena | Dexmedeto Ritodrine_
clemastine Emedastine Puerarin A - hydrochlor
rate cin midine ide
(2-Chlorophenyl)(6,7- .
- dihydrothienof3,2- S3664_Flupe | ooy 0066 Dexmedeto | Arecoline
Ziprasidone T . nthixol_dihydr unamed midine_hydr | _hydrobro
c]pyrldln-5(4‘I;j|)-yI)acet|c ochloride maleate ochloride mide
aci
Methyl (13E)-
11,16-
dihydroxy-16- Meclizine bimatoprost Levonorgestre 89326__Scopola Wz 811 unamed
methyl-9- | mine
oxoprost-13-
en-1-oate
Ethanol, 2-[2-
(@
dibenzo[b,f][1, )
4]thiazepin- propafenone CCG_1423 83716__FI|ban unamed lloperidone 3499?—’\]
11-yl1- serin anofin
piperazinyl)eth
oxy]
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S4673_Etono

S4774 Xanthur

Prochlorper

Molindone Ropinirole unamed . . azine_dimal unamed
gestrel enic_Acid
eate_salt
) S3927_Swerti | S5437_4_4_D | S5137_0O_Phos
domperidone Sotalol : . unamed unamed
amarin DE pho_L_serine
s S9307_Shanz - .
Apomorphine 1-Ethyl-3-piperidinyl hiside_methyl Lafutidine Levodropropizin unamed Sodium_v
diphenylacetate oster e alproate
9-Methyl-9- -
oxido-3-oxa-9- Buflomedil
azatricyclo[3.3 Oxymetazoline ki16425 PNU_120596 unamed unamed _hydrochl
.1.02,4]non-7- oride
yl tropate
3-Bromo-N-[(1-ethyl-2- L Detomidine . .
S sy ey Sotagliflozin_ | K_Ras_G12C S3634_6_Hydr -~ | Epinephri
Triprolidine py_rrolldlnyl)methyl] _2,6 LX4211 " inhibitor oxyflavone hydrochlorid ne_HCI
dimethoxybenzamide e
3a_tropylman Clomifene_citr | Darifenacin_h Naltrexone_ | IEM_1754
- fenfluramine - LT Daphnetin hydrochlorid | _dihydrob
delat ate ydrobromide .
e roMide
Lo Succinylc
. Yohimbine_ .
I-Penbutolol Alprenolol Estradiol_ben Gestodene unamed hydrochlorid ho!lne_C_h
zoate e loride_Dih
ydrate
S3661_2_M
Formoterol etilefrine Ethynodiol_di | g5a64 Dy131 | Phenothiazine | &NoX._14 | Clorprenal
acetate _naphthoqui ine_HCI
none
S4649_Ati
. . . . . Neostigmine | pamezole
Tropicamide celiprolol MK_4101 estradiol Istradefylline _bromide " hydrochl
oride
11,15- 4 Hvdroxvta S4617_Dextro
Dihydroxy-9- . Y Y methorphan_h | S9258 Isocory S3761_Euc | S4587_Dit
Isoprenaline moxifen_4_H . -
oxoprostan-1- T Afimoxifene ydrobromide_ noline alyptol hranol
oic acid - hydrate
5H-
Benzo[5,6]cycl
ohepta[1,2-
b]pyridine, ATROVENT_ . .
6,11-dihydro- pronetalol HFA_ipratropi | S0464_Psorali | gp/ng104 | S9385_Imid | o ed
. din afenacin
11-(1-methyl- um_bromide
4-
piperidinyliden
e)
1,1-Ethenediamine, N'-[2-
[[[2- N
pimethixene | [(dimethylamino)methylj-4- | S5326_Dolas | levobetaxolol_ | Solifenacin_suc | gp 571045 | ynamed
) . etron hydrochloride cinate
thiazolyllmethyl]thiolethyl]-
N-methyl-2-nitro-
. MESTINO
. S5281_Dapipra .
Sulpiride spiperone Troplsetrop _h BRL54443 zole_Hydrochlo S4932_.Prox N_.pyr.ldos
ydrochloride ride yphylline tigmine
bromide
trihexyphenid Dihydromyrice Promethazine Maprotiline_ 2324:&(’\)1
yFIJ Y Acepromazine Y ti Y _hydrochlorid untitled hydrochlorid pre
in A e _succinat
e
QUETIAPINE
. . _FUMARATE S4714_Men | Hexameth
droperidol lofexidine o BQU57 unamed on_iumbr
_quetiapine_f thol .
omide
umarate
CID16020046
Azacyclonol Acebutolol _CID_160200 S52£?ggtli strop Desvenlafaxine Cytisine unamed
46
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Prosta_5 13 _

dien_1_oic 1-(tert-Butylamino)-3- S5400_3 _ch S4700 4
acid, ((5,6.7 8-tetrahydro-cis- ML141 VU_0364439 unknown loro_5_hydr | A inobut
9,11,15_trihyd 6,7-dihydroxy-1- oxybenzoic_ ric acid
roxy_(5Z,9a,1 naphthyl)oxy)-2-propanol Acid yne_
1a,13E,15s)_
2-Chloro-9-[3- S5398_Nefaz | s4575_pr
(dimethylamin . Noradrenali S
! Bromopride odone_hydroc CTEP unamed . alidoxime
o)propylidene] hioride ne_bitartrate chloride
thioxanthene -
S5472_Nafro | S9069_Jatrorr D glutami
mizolastine clenbuterol nyl_oxalate_s | hizine_chlorid Equol AM1241 _gne
alt e
N-(1-Hydroxy-
2-butanyl)-6-
r_nethy|-9, 10- Zotepine Forskolin S3721_Bilasti unamed S4117 Scopine
didehydroergo ne
line-8-
carboxamide
5H-
Benzo[5,6]cycl
ohepta[1,2- . . .
bjpyridine, 8- . $3671_Quine | S3798_Sinom | \\\EGA palipe | ClOMIPraMIn | g 57, p;
adrenaline enine_hydroc . e_hydrochlo :
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oxybutynin practolol um_Bromide unamed hloride ADL5859 anitidine
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enone h
chloride e
2-
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loride e_iodide
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hloride
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0)-1-(2- 2,3,4,5-tetrahydro-2- C_SUBSTAN unamed S_38093 holine_bit
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S$3820_Dehyd

) -~ : . | Fluoxetine_ Phenylep
Chlorphenami centirizine CCG_203971 | roevodiamine | S5087_Tianepti |\ chiorid | hrine_hyd
ne _hydrochlorid ne .
A e rochloride
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amine . succinat
mide = (R)-
Alimemazine Itopride unamed CPI_444 Eletrlptan__hydr unamed Midodrine
obromide
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_meleate _HClI ne
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. . Bazedoxifene | Amitriptyline_ Disopyramide_ . .
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ethyl)-6- Racloprid
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dihydro-3H-
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ipsapirone Aceclidine FLI_06 " inhibitor _dyphylline Hel tene
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Thioperamide Xylazine S4749_Citalo 5_Iodqtuber0| Allzaprlde__hydr Pircetam ethinyl_es
pram_HBr din ochloride tradiol
S4635_Cypr | S3706_Sa
. . . oheptadine_ | rpogrelate
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L NEURONTIN | Tizanidine_hy | S5701_Alvimop | Gabapentin | SB_26997
Rotigotine MPEP _gabapentin drochloride an_dihydrate _hcl 0_HCI
S4618_Fenol

unamed S5073_Donepezil dopan_mesyl XENAZINI_E_te unamed Ticagrelor VU_0364

ate trabenazine 770
S4849_Levo | S5042_Be
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Table 20. 698 out of the 862 Prestwick and Selleckchem GPCR compound libraries bound to the

GPR119 receptor

Table 21-Frame 200: Sequential virtual screening protocol of Zinc Naturals library

ZINC36728548

ZINC04095762

ZINC04259418

ZINC04235983

ZINC04236091

ZINC02579120

ZINC00519489

ZINC31155902

ZINC03838798

ZINC03838763

ZINC05414242

ZINC04259265

ZINC28542039

ZINC35457212

ZINC04236655

ZINC00526624

ZINC04259143

ZINC05414218

ZINC03838711

ZINC35457849

ZINC01575525

ZINC35457506

ZINC04556629

ZINC03839252

ZINC04236337

ZINC31155764

ZINC00391177

ZINC04236100

ZINC31155664

ZINC35457586

ZINC35442867

ZINC35457229

ZINC04235869

ZINC05396463

ZINC04236512

ZINC04236552

ZINC13372048

ZINC31170321

ZINC12529831

ZINC12530114

ZINC00518044

ZINC12530038

ZINC35457671

ZINC35442887

ZINC14504521

ZINC04235915

ZINC04260807

ZINC18043251

ZINC02572861

ZINC08681833

ZINC35442873

ZINC05397153

ZINC04259752

ZINC04100760

ZINC02567808

ZINC03839001

ZINC04236634

ZINC05554081

ZINC03838770

ZINC20464148

ZINC05414495

ZINC20464047

ZINC12530057

ZINC04236575

ZINC35465795

ZINC04235763

ZINC03838992

ZINC12529875

ZINC02379366

ZINC04236049

ZINC31155668

ZINC31155532

ZINC04235974

ZINC02567800

ZINC12529803

ZINC12530079

ZINC20464040

ZINC36728547

ZINC03874879

ZINC04236252

ZINC35442878

ZINC05415389

ZINC04236215

ZINC12495027

ZINC35457540

ZINC35457686

ZINC04236213

ZINC03874215

ZINC12341708

ZINC12530019

ZINC12530011

ZINC59736941

ZINC05396964

ZINC06131125

ZINC35442845

ZINC12529785

ZINC20464009

ZINC12530542

ZINC03839443

ZINC03841400

ZINC04236528

ZINC04236118

ZINC12529805

ZINC12530027

ZINC04236249

ZINC31155673

ZINC04260810

ZINC05397012

ZINC12529911

ZINC05414376

ZINC04260743

ZINC20463821
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ZINC04236564

ZINC28956634

ZINC03839491

ZINC04098166

ZINC00057951

ZINC03838687

ZINC03838647

ZINC31155433

ZINC14589862

ZINC04235867

ZINC01561231

ZINC20463913

ZINC35442905

ZINC31163380

ZINC04236548

ZINC05684973

ZINC12604320

ZINC12529880

ZINC05996912

ZINC00689654

ZINC03839348

ZINC35457636

ZINC04236270

ZINC03814360

ZINC03841652

ZINC13459735

ZINC20463737

ZINC03842036

ZINC04236630

ZINC04236247

ZINC04235887

ZINC03874216

ZINC12530501

ZINC12530036

ZINC35457450

ZINC31155443

ZINC03947435

ZINC04259917

ZINC04081837

ZINC03839412

ZINC06069724

ZINC14692054

ZINC35457498

ZINC04259294

ZINC04260804

ZINC12529959

ZINC03839359

ZINC00391162

ZINC00388037

ZINC04236620

ZINC03838973

ZINC35457009

ZINC12480615

ZINC31155759

ZINC03838961

ZINC08215728

ZINC20463746

ZINC03841673

ZINC04259727

ZINC12529820

ZINC04429989

ZINC31163791

ZINC12529758

ZINC05414276

ZINC00004749

ZINC04261000

ZINC03839416

ZINC08681862

ZINC02574996

ZINC13660055

ZINC36728545

ZINC04235979

ZINC04260439

ZINC14728117

ZINC01280222

ZINC04252553

ZINC12604305

ZINC40817993

ZINC31163472

ZINC03838742

ZINC04236012

ZINC04976790

ZINC04260474

ZINC03838642

ZINC04236542

ZINC04236024

ZINC03875158

ZINC04091013

ZINC12530525

ZINC04097100

ZINC02244281

ZINC03841682

ZINC03874191

ZINC04259549

ZINC12529858

ZINC14629630

ZINC20464198

ZINC12530533

ZINC14435804

ZINC13815053

ZINC13459718

ZINC04236453

ZINC12529879

ZINC03839337

ZINC31155585

ZINC35457544

ZINC14455080

ZINC14589859

ZINC04236004

ZINC04096827

ZINC19594534

ZINC04933692

ZINC06137698

ZINC03838885

ZINC04260950

ZINC35457715

ZINC31163677

ZINC12602397

ZINC12480698

ZINC04236585

ZINC35415837

ZINC03841711

ZINC13373847

ZINC12529842

ZINC03898896

ZINC04236436

ZINC13507844

ZINC05438633

ZINC04235862

ZINC03838802

ZINC12530403

ZINC00391161

ZINC04329271

ZINC31163661

ZINC04235965

ZINC00491073

ZINC03838946

ZINC12530467

ZINC12480790

ZINC19796104

ZINC03841685

ZINC03839398

ZINC03841758

ZINC05396959

ZINC31156264

ZINC20464050

ZINC12529988

ZINC05397089

ZINC00895707

ZINC03841696

ZINC03838801

ZINC04235775

ZINC12529890

ZINC31163853

ZINC04236439

ZINC35457367

ZINC03839018

ZINC05355886

ZINC03839000

ZINC35442838

ZINC12529946

ZINC35457590

ZINC04260736

ZINC14504547

ZINC03838981

ZINC04260726

ZINC00435898

ZINC12530528

ZINC03839227

ZINC04236584

ZINC04236361

ZINC12529950

ZINC31163352

ZINC20464000

ZINC16030234

ZINC35442858

ZINC31163884

ZINC35442864

ZINC04235737

ZINC12530278

ZINC04096937

ZINC05839889

ZINC31163744

ZINC12530281

ZINC03838975

ZINC04236095

ZINC03881558

ZINC00088576

ZINC00518488
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ZINC31163665

ZINC04260631

ZINC04236026

ZINC13303394

ZINC04259759

ZINC35442906

ZINC12480668

ZINC03872494

ZINC03838853

ZINC06500184

ZINC12530507

ZINC03873955

ZINC04261011

ZINC02565724

ZINC05414282

ZINC04236244

ZINC06131122

ZINC04259547

ZINC03838825

ZINC18006959

ZINC04097103

ZINC31163592

ZINC04235871

ZINC13459714

ZINC04235936

ZINC13433656

ZINC00167329

ZINC02530672

ZINC31163764

ZINC35465797

ZINC13826681

ZINC03847505

ZINC12530478

ZINC14494723

ZINC02525203

ZINC03872488

ZINC05998696

ZINC00518644

ZINC06131127

ZINC12530287

ZINC20464098

ZINC03839401

ZINC04259117

ZINC05414259

ZINC14620030

ZINC04235754

ZINC12530464

ZINC02512508

ZINC19796082

ZINC31163596

ZINC04235814

ZINC00189959

ZINC04235883

ZINC04236227

ZINC35442896

ZINC00968436

ZINC04259576

ZINC04236143

ZINC03978548

ZINC31156259

ZINC02530675

ZINC04236497

ZINC03838849

ZINC04236173

ZINC04235760

ZINC04260801

ZINC02525207

ZINC05414813

ZINC01847470

ZINC00170377

ZINC35457628

ZINC03815424

ZINC05396378

ZINC03839411

ZINC20463726

ZINC04334576

ZINC03838846

ZINC13372046

ZINC14728051

ZINC00518797

ZINC03838790

ZINC20464027

ZINC00389717

ZINC20463804

ZINC31155438

ZINC00001283

ZINC00156620

ZINC03839322

ZINC12530121

ZINC35415779

ZINC20463798

ZINC05414840

ZINC12530167

ZINC12530040

ZINC12530003

ZINC03839352

ZINC20463924

ZINC12530021

ZINC05414302

ZINC14779047

ZINC35442834

ZINC05414247

ZINC20463932

ZINC35442904

ZINC05397231

ZINC03869685

ZINC04096365

ZINC03838909

ZINC35457222

ZINC00517185

ZINC20463740

ZINC12530047

ZINC03842067

ZINC03839472

ZINC12530437

ZINC04236383

ZINC12529940

ZINC02015685

ZINC03838841

ZINC13507842

ZINC04259582

ZINC12529869

ZINC04236172

ZINC36378506

ZINC12530123

ZINC02047002

ZINC04259349

ZINC35465799

ZINC03841765

ZINC04976777

ZINC03838842

ZINC00519560

ZINC04334591

ZINC14779044

ZINC04259114

ZINC02567802

ZINC13412695

ZINC00389532

ZINC02567814

ZINC03197743

ZINC18185774

ZINC12530243

ZINC12604331

ZINC00334890

ZINC20464112

ZINC04259818

ZINC31155883

ZINC03841714

ZINC05396504

ZINC13334942

ZINC12530499

ZINC04259725

ZINC20463752

ZINC03838933

ZINC05439001

ZINC04235970

ZINC40938558

ZINC04259620

ZINC23549974

ZINC20463702

ZINC03838836

ZINC35465756

ZINC04235855

ZINC04260936

ZINC12530367

ZINC31163356

ZINC20463789

ZINC03838919

ZINC04236616

ZINC12530244

ZINC03841750

ZINC03861492

ZINC20464201

ZINC12530030

ZINC03838655

ZINC31156113

ZINC04081985

ZINC04235768

ZINC12529824

ZINC 14686696

ZINC04236222

ZINC01686925

ZINC13333976

ZINC04236214

ZINC01639355

ZINC02525206

ZINC02525209

ZINC12530032

ZINC04259816
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ZINC34345738

ZINC35465792

ZINC03995861

ZINC35415789

ZINC20464164

ZINC12530042

ZINC20463809

ZINC00600484

ZINC35442886

ZINC05397201

ZINC01531936

ZINC13459828

ZINC04236437

ZINC12530013

ZINC05414292

ZINC04235990

ZINC20464179

ZINC05414800

ZINC00389747

ZINC03874615

ZINC12530523

ZINC04235907

ZINC03839467

ZINC20464173

ZINC14641306

ZINC14684865

ZINC04236253

ZINC03860469

ZINC04236553

ZINC03839058

ZINC35442831

ZINC35442855

ZINC35442897

ZINC20464156

ZINC04236050

ZINC35457599

ZINC31155984

ZINC35457855

ZINC35457353

ZINC13370154

ZINC00388262

ZINC12480815

ZINC31163554

ZINC04261013

ZINC12530075

ZINC08632336

ZINC31155926

ZINC31163441

ZINC03874217

ZINC04529136

ZINC06092865

ZINC03839299

ZINC12530063

ZINC04933690

ZINC04096829

ZINC03838666

ZINC05415406

ZINC03839770

ZINC12529838

ZINC35442865

ZINC12530401

ZINC20111233

ZINC03838668

ZINC06131139

ZINC03839378

ZINC35457454

ZINC03841698

ZINC31170330

ZINC04329278

ZINC00492792

ZINC03838972

ZINC13660070

ZINC04235986

ZINC03838693

ZINC00517336

ZINC12530087

ZINC03838654

ZINC04236556

ZINC35442872

ZINC35442870

ZINC04235879

ZINC00518554

ZINC15841736

ZINC03874738

ZINC13372050

ZINC03839981

ZINC03838789

ZINC35442876

ZINC04259336

ZINC01850617

ZINC03874658

ZINC04259745

ZINC04236313

ZINC05684949

ZINC05414809

ZINC03838994

ZINC15118046

ZINC02504624

ZINC05414845

ZINC03841720

ZINC04260746

ZINC12530433

ZINC35442869

ZINC04096828

ZINC20463662

ZINC35457373

ZINC35457576

ZINC12529776

ZINC12529821

ZINC00057969

ZINC31163688

ZINC14445203

ZINC05414264

ZINC04260978

ZINC04236348

ZINC03838697

ZINC13459733

ZINC04259410

ZINC12480664

ZINC01667454

ZINC04235866

ZINC04235752

ZINC12530006

ZINC04236359

ZINC19796141

ZINC35457380

ZINC04236262

ZINC14720477

ZINC03838986

ZINC04260670

ZINC02506844

ZINC12529839

ZINC12480690

ZINC35457485

ZINC04259698

ZINC40413191

ZINC12529870

ZINC03838988

ZINC14692058

ZINC02242928

ZINC00519621

ZINC13366960

ZINC05398450

ZINC00387872

ZINC04236233

ZINC01847568

ZINC02019242

ZINC04259790

ZINC03838750

ZINC12530085

ZINC04236107

ZINC31163376

ZINC04236482

ZINC02019243

ZINC03871633

ZINC12530462

ZINC35457226

ZINC04235756

ZINC12480725

ZINC00089558

ZINC03838843

ZINC05413174

ZINC05762066

ZINC12530001

ZINC00518620

ZINC04235744

ZINC02530669

ZINC12480659

ZINC03874736

ZINC05397426

ZINC12529996

ZINC12480901

ZINC04252699

ZINC04236223

ZINC12604183

ZINC04236005

ZINC03132353

ZINC04260780

ZINC20218724

ZINC12530556

ZINC00389519

ZINC04235946

ZINC13372044

ZINC35442861

ZINC05414231

ZINC03861768

ZINC35442841

ZINC12530387

ZINC00388241

100




ZINC31163600

ZINC35442862

ZINC03839437

ZINC00518486

ZINC20463991

ZINC03839057

ZINC02386443

ZINC12529770

ZINC12529768

ZINC04236381

ZINC06131130

ZINC04260478

ZINC15676218

ZINC03839107

ZINC12529916

ZINC14589889

ZINC03838748

ZINC04236358

ZINC04236483

ZINC00526257

ZINC31163684

ZINC31163888

ZINC05554072

ZINC03838939

ZINC04260660

ZINC03894725

ZINC20463787

ZINC35457852

ZINC03838960

ZINC03839414

ZINC15262723

ZINC01718636

ZINC03838845

ZINC00089763

ZINC12530073

ZINC04260676

ZINC03874927

ZINC04260783

ZINC04260889

ZINC12530044

ZINC03839117

ZINC05523704

ZINC04259758

ZINC06018481

ZINC12530240

ZINC31155830

ZINC02169830

ZINC20463717

ZINC20463689

ZINC05414267

ZINC04235977

ZINC03649942

ZINC35442849

ZINC04474603

ZINC04236519

ZINC01748627

ZINC05414209

ZINC13376806

ZINC03841766

ZINC35457404

ZINC03838760

ZINC12530266

ZINC00164623

ZINC04236442

ZINC00488891

ZINC03874928

ZINC02388267

ZINC02565169

ZINC04236104

ZINC12480755

ZINC03839474

ZINC04259328

ZINC04260954

ZINC20464033

ZINC03158986

ZINC12602411

ZINC03839130

ZINC05396629

ZINC04236055

ZINC04260996

ZINC03838768

ZINC02560117

ZINC03129396

ZINC03008621

ZINC05414279

ZINC20464081

ZINC31163715

ZINC12529849

ZINC05534507

ZINC02504889

ZINC02041110

ZINC04529135

ZINC31155990

ZINC03839334

ZINC01658651

ZINC35466016

ZINC35415841

ZINC02129393

ZINC04259288

ZINC35442871

ZINC14504544

ZINC12529864

ZINC04235741

ZINC14687784

ZINC00163151

ZINC03872493

ZINC04236355

ZINC12529994

ZINC12529967

ZINC02512484

ZINC31163861

ZINC05761484

ZINC35457233

ZINC06093351

ZINC04260115

ZINC04260805

ZINC12530237

ZINC35457392

ZINC15707143

ZINC31163896

ZINC04252606

ZINC03839336

ZINC13370160

ZINC31163970

ZINC03838649

ZINC02569505

ZINC04260648

ZINC35442874

ZINC14505166

ZINC31163992

ZINC04236450

ZINC12529784

ZINC00163157

ZINC06095504

ZINC04236019

ZINC39741069

ZINC12529834

ZINC20464030

ZINC03839013

ZINC20463677

ZINC03839255

ZINC04235966

ZINC34965022

ZINC03838741

ZINC03839120

ZINC31163849

ZINC12530300

ZINC31156235

ZINC05434166

ZINC04236508

ZINC20464141

ZINC13303397

ZINC00083028

ZINC12530301

ZINC04236089

ZINC03839430

ZINC03839011

ZINC17146904

ZINC30730644

ZINC20463670

ZINC00388237

ZINC04235903

ZINC04260651

ZINC04235872

ZINC20463731

ZINC04236475

ZINC35442892

ZINC03838646

ZINC04260984

ZINC06068882

ZINC06932857

ZINC02243331

ZINC20463715

ZINC02576919

ZINC00895230

ZINC03841679

ZINC06137699

ZINC35457724

ZINC13433660

ZINC05396237

ZINC12604297

ZINC20268617

ZINC03841681

ZINC04260480

ZINC04236250

ZINC12490020

ZINC20464016

ZINC00388292

ZINC04329286
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ZINC01532042

ZINC13459712

ZINC35442859

ZINC31155826

ZINC12530498

ZINC04236090

ZINC00163154

ZINC04096936

ZINC03839263

ZINC35466006

ZINC03839046

ZINC04235953

ZINC04236458

ZINC12530325

ZINC04236052

ZINC06483435

ZINC12529836

ZINC03838895

ZINC04259309

ZINC03838651

ZINC12405084

ZINC04556626

ZINC12530483

ZINC35457346

ZINC04100761

ZINC12529902

ZINC35457662

ZINC00488403

ZINC20464207

ZINC01723552

ZINC04235804

ZINC00057958

ZINC03841195

ZINC00083317

ZINC35466020

ZINC04235975

ZINC04236340

ZINC05415343

ZINC12529828

ZINC03838881

ZINC12360704

ZINC01788405

ZINC31155896

ZINC12529932

ZINC04236075

ZINC05767050

ZINC03839002

ZINC03873977

ZINC00488402

ZINC04236549

ZINC35415846

ZINC35466030

ZINC05998739

ZINC19376338

ZINC12529804

ZINC01684095

ZINC04235874

ZINC03838886

ZINC04260652

ZINC35457730

ZINC31163985

ZINC02574998

ZINC12530294

ZINC03838865

ZINC03841703

ZINC20464204

ZINC03873958

ZINC01678615

ZINC02168652

ZINC18067894

ZINC03839470

ZINC03838816

ZINC03839131

ZINC31163344

ZINC00586482

ZINC03157602

ZINC35457316

ZINC12529846

ZINC35457712

ZINC12530103

ZINC20464175

ZINC03839357

ZINC14646634

ZINC26574948

ZINC35457219

ZINC20463723

ZINC12529983

ZINC00039702

ZINC31163448

ZINC12530303

ZINC01671299

ZINC35466018

ZINC19364225

ZINC04534089

ZINC01631261

ZINC03871094

ZINC19364219

ZINC12530305

ZINC04934608

ZINC35466022

Table 21. 968 ligands out of the 20,000 Zinc Naturals library compounds bound to the GPR119

receptor
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