Homology Modeling of FFA2 to identify novel agonists
Homology modeling of FFA2 identifies novel agonists that potentiate insulin secretion
Stephanie R. Villaa,+, Rama K. Mishrab,+, Joseph L. Zapaterc, Medha Priyadarshinic, Annette
Gilchristd, Helena Manceboe, Gary E. Schiltzb,f, Brian T. Laydenc,g,*

a

Division of Endocrinology, Metabolism and Molecular Medicine, Northwestern University,

Chicago, IL, U.S.A.
b

The Center for Molecular Innovation and Drug Discovery, Northwestern University, Evanston

IL, U.S.A.
c

Department of Medicine, Division of Endocrinology, Diabetes, and Metabolism, University of

Illinois at Chicago, Chicago, IL, U.S.A.
d

Midwestern University Department of Pharmaceutical Sciences, Downers Grove, IL, U.S.A.

e

Multispan, Hayward, CA, U.S.A.

f

Department of Pharmacology, Northwestern University, Chicago, IL, U.S.A.

g

Jesse Brown Veterans Affairs Medical Center, Chicago, IL, U.S.A.

+

These authors contributed equally

*To whom correspondence should be addressed: Brian T. Layden, M.D., Ph.D., University of
Illinois at Chicago, 1853 W. Polk St., M/C 640, Chicago, IL 60612, Phone: 312-503-1610; Fax:
312-908-9032; Email: blayde1@uic.edu

Running Head: Homology Modeling of FFA2 to identify novel agonists
Abbreviations: GPCR (G protein-coupled receptor), FFA2 (Free fatty acid receptor 2), GSIS
(Glucose stimulated insulin secretion)
1

Homology Modeling of FFA2 to identify novel agonists
Abstract
Critical aspects of maintaining glucose homeostasis in the face of chronic insulin resistance
and type 2 diabetes (T2D) are increased insulin secretion and adaptive expansion of beta cell mass.
Nutrient and hormone sensing G protein-coupled receptors are important mediators of these
properties. A growing body of evidence now suggests that the G protein-coupled receptor, Free
Fatty Acid Receptor 2 (FFA2), is capable of contributing to the maintenance of glucose
homeostasis by acting at the pancreatic beta cell, as well as at other metabolically active tissues.
We have previously demonstrated that Gαq/11–biased agonism of FFA2 can potentiate glucose
stimulated insulin secretion (GSIS), as well as promote beta cell proliferation. However, the
currently available Gαq/11–biased agonists for FFA2 exhibit low potency, making them difficult to
examine in vivo. This study sought to identify Gαq/11–biased FFA2-selective agonists with potent
GSIS-stimulating effects. To do this, we generated a FFA2 homology model that was used to
screen a library of 10 million drug-like compounds. Although FFA2 and the related short chain
fatty acid receptor FFA3 share 52% sequence similarity, our virtual screen identified over 50
compounds with predicted selectivity and increased potency for FFA2 over FFA3. Subsequent in
vitro calcium mobilization assays and GSIS assays resulted in the identification of a compound
that can potentiate GSIS via activation of Gαq/11 with 100-fold increased potency compared to
previously described Gαq/11–biased FFA2 agonists. These methods and findings provide a
foundation for future discovery efforts to identify biased FFA2 agonists as potential T2D
therapeutics.
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Significance of Study
What is already known about this subject?
New drugs are needed for type 2 diabetes
Signaling through FFA2 mediates insulin secretion
Biased FFA2 agonists will enhance insulin secretion
What are the new findings?
We show that biased FFA2 agonists can be developed
These biased agonists can mediate insulin secretion
A new chemical scaffold for FFA2 is revealed
How might these results change the focus of research or clinical practice?
These data may serve the foundation for new drug discovery
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Introduction
As type 2 diabetes (T2D) continues to grow as a global public health challenge, so too does
the urgent need for new therapies. Nutrient sensing G-protein coupled receptors (GPCRs) in
pancreatic beta (β) cells are particularly tractable targets, as these receptors are well known to
contribute to the regulation of insulin secretion and β cell mass in response to the nutritional status
of the host (reviewed in [1]). A new and seemingly important group of nutrient sensing GPCRs,
free fatty acid receptors (FFAs) have drawn a great deal of interest recently as potential therapeutic
targets (reviewed in [2]). For example, the long chain free fatty acid receptor, FFA1 (GPR40), has
been shown to regulate glucose stimulated insulin secretion (GSIS), and several FFA1 agonists
have shown promise in early stage clinical trials, though concerns over potential toxicity have
slowed the progression of some of these agonists through trials.[2]
Another member of the FFA family, FFA2 (GPR43), has recently gained attention as a
potential metabolic regulator. This receptor is activated by the short chain fatty acids (SCFAs)
acetate, propionate, and butyrate.[3, 4] Expression of FFA2 in metabolically active tissues has led
to multiple studies investigating its role in aspects of metabolism and energy balance. [5-7] Among
these, our group and others have reported increased expression of Ffar2 in mouse islets of
Langerhans during the insulin resistant phase of pregnancy [8, 9], while data from others have
reported a similar upregulation in diet-induced and genetic models of obesity [10]. These data,
along with recent reports from us and others that activation of FFA2 regulates insulin secretion
[11-13], suggest that FFA2 may represent a novel T2D target through its involvement in the
pancreatic β cell response to insulin resistance.
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Our understanding of the role of FFA2 in β cell biology is complicated by several factors.
Notably, another short chain fatty acid receptor, FFA3, shares 52% sequence similarity with FFA2.
[4] As these receptors are both expressed in islets and share similar ligands, receptor-specific
pharmacological tools are necessary to clearly define the role of each receptor in β cell biology.
Further, FFA2 has been demonstrated to couple to both Gαq/11 and Gαi/o.[3] In the β cell, these
pathways are predicted to exert opposing effects on insulin secretion and other aspects of β cell
function and in fact, we have recently demonstrated that FFA2-selective agonists biased toward
Gαq/11 or Gαi/o can either potentiate or inhibit insulin secretion, respectively.[11] Thus, along with
identifying receptor-specific agonists, the identification of compounds with specific Gαq/11 or Gαi/o
bias will be crucial to the development of FFA2 as an effective therapeutic target.
To begin to address these issues, here we have identified a group of predicted FFA2selective small molecule agonists using in silico homology modeling and high-throughput
screening. To select for agonists with Gαq/11 signaling properties, the compounds were screened in
calcium mobilization assays, and those compounds exhibiting the highest potency for calcium
mobilization were tested for their ability to potentiate GSIS. These efforts led to the identification
of a compound that potentiates GSIS at low micromolar concentrations, apparently via Gαq/11biased signaling. The discovery and screening of these compounds provide insight into the
molecular basis of biased FFA2 signaling, and will serve as a foundation for future efforts to design
Gαq/11-biased FFA2 agonists as potential T2D therapeutic candidates.

Materials and Methods
Homology Model Building of FFA2 and FFA3— In order to construct the homology models
of FFA2 and FFA3, we applied the Prime module of the Schrodinger Suite.[14] Prime 3.8 is a
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highly accurate protein structure prediction tool that integrates comparative modeling and fold
recognition into a single interface. Considering the primary amino acid sequences of FFA2 and
FFA3 as the queries and using the ‘blast’, ‘psi-blast’, and ‘fold’ recognition servers we searched
for template structures to build the comparative homology models for the two receptors. The search
did not yield a single template with more than 30% sequence similarity to either receptor. In the
absence of a good single template structure with reasonable sequence similarity to FFA2 and
FFA3, we applied a multi-template technique to build the homology models. Templates with
sequence similarity greater than 25% were considered for constructing the models. For FFA2, four
different templates were considered: human β-2 adrenergic receptor [15] (2RH1.pdb), β-2
adrenergic receptor [16] (2VT4.pdb), squid rhodopsin [17] (2Z73.pdb), and substance-P receptor
[18] (2KSA.pdb). For FFA3, another set of three templates were chosen for the model building:
turkey β1 adrenergic receptor [19] (2Y00.pdb), bovine rhodopsin [20] (1F88.pdb), and another
form of bovine rhodopsin [21] (1GZM.pdb). The templates were assigned to different regions of
the FFA2 and FFA3 query sequences and each part of the receptor was built using the most similar
template structure. Using this multi-template approach, we obtained homology models for each
receptor which were then subjected to MolProbity analysis [22] for validation. The initial
validation tests did not generate acceptable data for both models. Hence, to obtain more accurate
models, we subjected the models to Prime minimization in Optimized Potential for Liquid
Simulations (OPLS2005) force field implemented in the Schrodinger suite. After minimization of
both models, we found <2% all atoms clash scores, <3% poor rotamers, <2% Ramachandran
outliers, 98% Ramachandra favored residues, no residues with bad bonds, and 0.3% residues with
bad angles. Furthermore, analyzing the two models, we noticed that the cysteine residues present
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in the first and second extracellular loops form a disulfide bridge which contributes to the stability
of the structures.

As both receptors traverse the lipid bilayer, we performed molecular dynamics simulation
(MDS) studies of our FFA2 and FFA3 models embedded in 1-palmitoyl-2-oleoyl-sn-glycero-3phosphocholine (POPC), a ubiquitous cell membrane phospholipid bilayer, in a solvent box
(TIP3P, water) to study the intrinsic behavior of the receptors. Using the Desmond MDS package
[23, 24], we built the system after setting up the membrane POPC at 300 °K. A boundary condition
with a cubic box with a volume of 20x20x20 Å3 was applied. The absolute box size calculation
method was used to determine the size of the system. Keeping the number of particles constant as
well as the pressure and temperature, an ensemble (NPT) was defined and a 10 ns simulation was
carried out for both models. The Desmond simulated 3D models of both FFA2 and FFA3 are
shown in Fig. 1. We used the site identification module (SITE-ID) of Tripos software [25] in the
Sybylx1.3 interface to determine the putative small molecule ligand binding pockets for both FFA2
and

FFA3

as

shown

in

Fig.

2.

Our

final

model

for

FFA2

is

deposited

at

https://bioinformatics.cineca.it/PMDB/insert_model.php?newtar=ckjg.
In Silico Filtering of the Small Molecule Database for Ligand Preparation— The ZINC
database [26], which contains approximately 18 million commercially available compounds, was
used for virtual high-throughput screening (vHTS). All compounds in the ZINC library were
subjected to a panel of PAINS substructures filters with Smiles ARbitrary Target Specifications
(SMARTS) strings [27] to eliminate promiscuous and non-drug-like molecules that interfere with
functionality of the target proteins. Filtering generated a list of approximately 10 million
commercially available compounds for further screening. Before screening this 10 million
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compound data set with our earlier-defined small molecule ligand binding pocket, it was subjected
to the LigPrep module of Schrodinger [28] in OPLS2005 force field at pH 7.4±1 retaining the
specific chirality. A low energetic 3D structure for each molecule was generated in this ligand
preparation panel.
Protein preparation for small molecule screening and grid generation— The protein
preparation (prot-prep) engine implemented in the Schrödinger software suite was utilized to
prepare the protein. The FFA2 and FFA3 model structures were subjected to Prime validation to
correct for irrelevant side chains, missing atoms, and undesired orientations of Asn, Gln, or His
residues, and to assign the OPLS charges. Next, the prot-prep module was used to prepare and
refine the structure to generate the “receptor”, of FFA2 and FFA3 to be used for small molecule
docking. The three-tier docking engine of the Schrödinger software program is built upon a gridbased algorithm that requires grid generation in the active site of the target protein. Two separate
12Å3 grids were generated considering the critical residues Glu166, Phe168, Arg180, His242,
Lue183, Tyr238, and Arg255 for FFA2, and Phe173, Arg185, His 245, Met188, Tyr241, Arg258,
and Lue171 for FFA3. The ligand binding pockets constituted by these residues were also
previously reported.[29]
Virtual Screening Workflow— For virtual High-Throughput Screening (vHTS), we began
with the curated library of approximately 10 million drug-like compounds described above and the
OPLS 2005 force field was set. The ligand van der Waals radii was scaled to 0.80 Å with partial
atomic charges <0.15 electrostatic unit (esu). A three-tier Glide docking algorithm [30] was
employed that incorporates vHTS followed by Standard Precision (SP) and Extra Precision (XP)
docking protocols. The earlier-defined grid for FFA2 was used for the docking experiment. The
output of this three-tier docking engine was analyzed using the XP-visualization tools by
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considering the interactions of the compounds with the critical residues identified earlier by
Schmidt et al.[29] We selected 140 compounds having a Glide docking score < -6.0. The Glide
score is a function of the binding energy.[30] Then we carried out another 3-tier docking of this
hit set using the earlier generated grid for the FFA3 receptor. Though the ligand binding pockets
of FFA2 and FFA3 were very different in shape, size, and other properties, we found 81
compounds with score < -6 in the FFA3 pocket. Based on our cross docking results, we eliminated
compounds with good interactions with FFA3 and obtained a set of 59 compounds predicted to be
selective for FFA2 for testing in biological assays. From this set, 45 compounds were selected for
screening in biological assays based on availability and synthetic tractability (structures of selected
compounds shown in Table 2). All compounds used in screening were purchased from
ChemBridge Corp. (San Diego, CA).
Assessment of Ca2+ mobilization in the βTC pancreatic β cell line— Calcium mobilization was
assessed in the mouse βTC3 β cell line (from Mauvais-Jarvis lab, Tulane University, see Table 1)
as previously described. [11] Cells were loaded with 5 μM Fluo-8 (AAT Bioquest, Sunnyvale,
CA) and incubated at 37°C for 60 minutes. Compounds were added at the indicated concentrations
and fluorescence was measured by fluorometric imaging plate reader (FLIPR). For each
experiment, each compound was tested in quadruplicate at multiple concentrations. Raw
fluorescence counts were normalized in each well by calculating delta F/f values (maximum
fluorescent count obtained after stimulation − minimal fluorescent count obtained before
stimulation/minimal fluorescent count obtained before stimulation). The Emax and pEC50 were
determined using a nonlinear regression algorithm (GraphPad PRISM).
Preparation of poly-HEMA coated plates— Poly(2-hydroxyethyl methacrylate) (Santa
Cruz Biotech, Dallas, TX) was prepared at 20 mg/ml in 95% EtOH and stirred for 4-8 hours at
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65°C. 500 μl of prepared poly-HEMA was added to each well of a 6 well plate, and plates were
covered and dried overnight at 37°C. Dried plates were washed twice with sterile water, UV
treated, and stored at 4°C for future use.
Preparation of pseudoislets— MIN6 cells (from AddexBio, see Table 1) were cultured as
previously described [31], in Dulbecco’s Modiﬁed Eagle medium (Invitrogen, Waltham, MA),
containing 25 mmol/L glucose and supplemented with 10% heat-inactivated fetal bovine serum,
100 units/mL penicillin, 100 μg/mL streptomycin (Corning, Corning, NY), and 50 μM β
mercaptoethanol (Sigma, St. Louis, MO). MIN6 pseudoislets were formed by dispersing MIN6
monolayers to single cell suspension and seeding 1 × 106 cells per well in poly-HEMA coated 6
well plates. Cells were cultured for 5-7 days, and media changed after 2 days in culture.
In vitro insulin secretion assay— On the day of the experiment, following 30 minute preincubation in Krebs Ringer Buffer (KRB; NaCl 130 mM, KCl 4.7 mM, NaH2PO4 0.5 mM, MgSO4
0.5 mM, CaCl2 1.5 mM, HEPES 10 mM, 0.1% BSA, pH 7.4), cells were transferred to KRB
supplemented with 2.8 mM and incubated for 60 minutes at 37°C. Islets were then picked into
groups of 10 and transferred to treatment conditions: 2.8 mM glucose alone, 16.7 mM glucose
alone, or 16.7 mM glucose plus agonist at the indicated concentration for 60 minutes at 37°C. At
the end of the incubation period, an aliquot of the supernatant was sampled for measurement of
insulin secretion by ELISA (ALPCO, Salem, NH). Pseudoislets were collected and sonicated in 1
mL acid ethanol for measurement of total insulin content.

Results
Comparison of the ligand binding pockets of FFA2 and FFA3— While the overall
structural similarity between FFA2 and FFA3 is 41%, a comparison of the small molecule ligand
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binding sites showed a 56% similarity. When we carried out the shape, lipophilic and electrostatic
comparison, we observed that the shapes of the two pockets were very different and the
electrostatic potential maps of the ligand binding pockets were also drastically different. These
differences are mainly due to an increased presence of polar residues in the ligand binding site of
FFA2 compared to FFA3. The Connolly surfaces of the ligand binding pockets are shown in Fig.
2.
Virtual docking of 10 million compounds derived from the ZINC database to FFA2
identified 140 compounds with predicted FFA2 activity. Comparing the surface area, volume, and
the depth of FFA2 and FFA3 pockets, we observed that FFA2 has a larger surface area of 510 Å2
and volume 553 Å3 than FFA3. However, the depth of the FFA2 pocket was found to be 2Å less
than the FFA3 pocket. Using this differential analysis, the set of 140 compounds was cross-docked
to the FFA3 binding pocket, and compounds that also demonstrated binding to FFA3 were
eliminated, resulting in the identification of 59 compounds with predicted selectivity and enhanced
potency for FFA2 over FFA3. Of these 59 compounds, based on availability and synthetic
tractability, 45 compounds were used in subsequent biological assays.
Ca2+ mobilization screening of predicted agonists in vitro— Because Ca2+ mobilization is
a primary mechanism by which a Gαq/11-coupled receptor potentiates insulin secretion, we
screened the predicted agonists for activity at FFA2 by assessing the effect of these compounds on
calcium mobilization in the βTC3 mouse β cell line. This cell line was selected due to its expression
of Ffar2, but not the related receptor, Ffar3, as recently reported.[11] Because FFA2 and FFA3
share some ligand specificity, this cell line allows us to specifically probe for FFA2 activity,
without the confounding factor of FFA3 signaling. We have previously reported that this assay
effectively detects FFA2 signaling induced by the endogenous ligand, acetate, as well as several
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previously described FFA2-selective agonists.[11] Screening of these compounds in the calcium
mobilization assay revealed that of the 49 compounds tested, 11 of the compounds activated FFA2
with increased potency and similar efficacy relative to the endogenous ligand, acetate (Fig. 3,
Table 3).
Identification of compounds that regulate glucose stimulated insulin secretion via FFA2—
Based on the results of the in vitro screening, we selected several compounds, based on availability,
to test in GSIS assays in MIN6 cells in vitro. As previously described, MIN6 cells cultured as
adherent monolayers may exhibit diminished glucose responsiveness and insulin secretion
compared to rodent islets.[32] However, when cultured in suspension, MIN6 cells self-aggregate
into pseudoislets, which closely resemble freshly isolated mouse islets in size, shape, and capacity
for insulin secretion.[32, 33] Using MIN6 pseudoislets, we conducted dose-response studies to
determine the capacity for each compound to potentiate GSIS. As shown in Fig. 4a, compound 10
potentiated GSIS at 1 µM, demonstrating increased potency compared to acetate, which potentiates
GSIS at 1 mM in pseudoislets (Fig. 4b) and isolated mouse islets.[11] Additionally, the compound
demonstrates 100-fold increased potency compared to other FFA2 agonists that potentiate GSIS,
which require 100 µM concentrations to achieve potentiation of GSIS.[11] As these compounds
have previously been shown to potentiate GSIS via Gαq/11 – biased signaling, and Gαq/11 activation
is known to promote insulin secretion, we next examined whether compound 10 also potentiates
GSIS by this mechanism. Pseudoislets were pretreated with the phospholipase C inhibitor,
U73122. Inhibition of this key downstream effector of Gαq/11 abolished the GSIS-potentiating
effect of compound 10, suggesting that the compound acts primarily by activating Gαq/11 (Fig. 4c).
The docked pose of the compound ZINC03832747 in FFA2 model is shown in Fig. 5. It is
interesting to note that one of the benzimidazole parts of the compound along with one hydroxyl
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group showed very strong hydrogen bond network with Arg180. Again, another hydroxyl group
has also picked up a hydrogen bond with Arg255. Furthermore, the compound is also showing
potential hydrogen bonding with Tyr90, Tyr 238 and Asn171. The docked pose of this compound
reveals that it strongly interacts with the binding pocket of FFA2.

Discussion
At the beginning of the 21st century, over 170 million individuals worldwide were
estimated to have developed T2D, and this number is projected to increase to 366 million by the
year 2030. [34] As the diabetic population continues to grow, so too does the need for improved
therapeutics and alternative therapeutic targets. Many currently marketed T2D drugs are associated
with undesirable side effects, most commonly, hypoglycemia and weight gain, and occasionally,
complications such as increased risk of cardiovascular disease, liver damage, and pancreatitis may
occur. Thus, there is a need for new therapies that can selectively enhance insulin secretion in a
glucose-dependent manner.
Increasing evidence suggests that FFA2 may be a viable target to promote GSIS. Recent
studies have described the role of FFA2 in maintaining gestational glucose homeostasis, by
contributing to insulin secretion as well as adaptive beta cell mass expansion during the insulin
resistant phase of pregnancy.[35] Additionally, reports from our lab and another group have
suggested that Gαq/11-biased signaling can potentiate GSIS [11, 13] and promote beta cell
proliferation [13], another important factor in promoting beta cell function in T2D. Despite the
potential of these compounds to potentiate beta cell function, the study of FFA2 to-date has been
complicated by multiple conflicting studies relating to the characterization of FFA2 signaling.
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Specifically, while the above studies have found that FFA2 may potentiate insulin secretion, a
separate study has reported that FFA2 may inhibit insulin secretion and suggested that antagonism
of FFA2 may be most beneficial to the treatment of T2D.[12] While some of these differences may
relate to the use of different mouse models, another important factor that has recently come to light
is the ability of FFA2 agonists to exhibit biased Gαq/11 or Gαi/o signaling. Thus, the identification
of new Gαq/11–biased agonists will be especially useful in identifying potential therapeutic
compounds.
We have previously assessed the signaling bias of several FFA2 selective compounds
identified by Schmidt, et al.[29] These compounds were identified from the screen of a small
carboxylic acid library, and exhibited potency in the range of 100 µM, only a ten-fold increase in
potency over the endogenous ligand, acetate. Of the compounds that we found to potentiate GSIS,
all did so by activating the Gαq/11 signaling pathway. In the present study, we conducted homology
modeling of FFA2 and FFA3 in order to screen the 35 million compound ZINC database for FFA2selective compounds. We filtered these compounds to select for drug-like properties, and
conducted homology modeling and virtual docking to identify compounds with selectivity for
FFA2 over FFA3. From these compounds, we assessed the potency and efficacy of selected
compounds to mobilize calcium in vitro, in order to identify compounds that activate the Gαq/11
pathway. These studies have led to the identification of a FFA2-selective agonist that potentiates
GSIS from cultured beta cells with increased potency relative to previously studied agonists by
signaling specifically through Gαq/11.
Some limitations of our study need to be mentioned. First, we can not rule out that our
compounds are influencing insulin secretion through non-FFA2 mechanisms. Additionally,
comprehensive profiling of whether these molecules are modulating other GPCRs will also be
14
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needed. It is also possible, but not expected, that these compounds could act as FFA3 antagonists,
which would lead to enhanced GSIS. Thus, more extensive structure activity profiling of these
molecules as agonists, antagonists, and allosteric properties is needed, along with greater in vitro
profiling of their effects on GSIS.
Given the multiple conflicting findings relating to the role of FFA2 in regulating glucose
homeostasis, and recent characterization of the dual, opposing effects on insulin secretion that may
be elicited by FFA2 agonists, additional well-controlled studies with potent biased agonists will
be necessary to shed light on the role of this receptor in regulating glucose homeostasis and its
utility as a therapeutic target. In addition to its utility as a preclinical research tool, strongly biased
Gαq/11 agonists such as the compound we have described here may hold particular therapeutic
potential compared to unbiased FFA2 agonists. Specifically, Gαq/11 biased FFA2 agonism may
benefit glucose homeostasis by acting at tissues other than the islet. For example, it has been
proposed that Gαq/11 signaling by FFA2 in intestinal L cells can promote GLP-1 secretion, thereby
indirectly further potentiating GSIS and promoting beta cell proliferation.[6] Further, activation
of FFA2 may have the potential to regulate inflammation [3, 7, 36, 37] and inhibit lipolysis [7, 38,
39], both of which may benefit insulin sensitivity and glucose homeostasis, but more studies are
necessary to fully understand how biased FFA2 agonism can be exploited to achieve the desired
effects. The present study represents the targeted efforts to identify FFA2 agonists that can
potentiate GSIS, and to characterize the receptor-ligand interactions that mediate this activity.
Further efforts to identify similarly Gαi/o-biased agonists that inhibit GSIS, and to improve the
potency and pharmacologic properties of these agonists will significantly aid in the study of FFA2
biology and development of FFA2 as a therapeutic target.
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Table 1. Identification of cell lines used and expression pattern of receptors.
Cell Line

FFA2 Expression

FFA3 Expression

βTC3a

Yes

No

Min6 a

Yes

Yes

a

In Priyadarshini et al., 2015 and Kebede et al., 2009, data is presented on receptor expression in
βTC3 and Min6 cells, respectively.
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Table 2. Structures of acetate and selected FFA2-selective hits identified by in silico FFA2
modeling and virtual high-throughput screening of the ZINC library.

*ID refers to the compound number.
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Table 3. pEC50 and Emax values of 11 predicted FFA2 agonists in the calcium mobilization assays
conducted in the βTC3 mouse β cell line are shown. Values are mean ± SEM. N is the number of
replicates.
pEC50

Emax

N

Acetate

2.32 ± 0.21

2.27 ± 0.31

13

Compound 1

6.37 ± 1.40

2.00

3

Compound 2

8.90 ± 0.16

2.13 ± 0.08

4

Compound 3

6.05 ± 0.37

2.08 ± 0.08

3

Compound 4

8.03 ± 0.11

2.00

2

Compound 5

4.84 ± 0.35

3.02 ± 0.88

2

Compound 6

7.48

2.00

1

Compound 7

5.32

2.00

1

Compound 8

4.65 ± 0.37

3.19 ± 0.67

5

Compound 9

6.08 ± 2.06

2.37 ± 0.37

2

Compound 10

5.84 ± 0.47

3.12 ± 0.76

5

Compound 11

8.97 ± 0.62

2.00

2

pEC50 is the negative log of EC50 in Molar concentration and Emax is the fold increase in
delta F/f values.
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Figure Legends
Figure 1. Multicolor ribbon represents Desmond simulated FFA2 and FFA3 conformation in
presence of POPC (gray sticks) and simulated water (red dots).
Figure 2. Comparison of the Connolly surface of the ligand binding pockets of FFA2 and FFA3
with critical active site residues.
Figure 3. Screening of 11 compounds for calcium mobilization in the βTC3 cell line. Serial
dilutions of 11 compounds were tested for their ability to mobilize calcium. Representative data
from a single experiment is presented. Each experiment was repeated in triplicate.
Figure 4. Assessment of compound 10 in glucose stimulated insulin secretion assays. (a) Doseresponse assessment of compound 10 in GSIS. Insulin secretion from cultured pseudoislets in
response to treatment with 16.7mM glucose and compound 10 at the indicated concentrations. (b)
Dose-response assessment of acetate in GSIS. Insulin secretion from cultured pseudoislets in
response to treatment with 16.7mM glucose and acetate at the indicated concentrations. (c) Insulin
secretion from cultured pseudoislets in response to treatment with 16.7mM glucose and 1 µM
compound 10, with or without pretreatment with the phospholipase C inhibitor, U73122. Dashed
line represents insulin secretion in response to 16.7mM glucose alone. All values are relative to
insulin secretion from cultured pseudoislets in response to 16.7 mM glucose only. For a and b,
comparison is between glucose-only and glucose plus agonist. For all experiments, n ≥ 3; *p<0.05,
**p<0.01 and ***p<0.001 as determined by Student’s t-test.
Figure 5. Docked pose of compound 10 in FFA2 Homology Model. The dotted yellow lines
represent putative hydrogen bonds with Arg180, Arg255, Tyr238, Asn171 and Tyr90 residues in
the orthosteric site.
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