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3 ABSTRACT available under aCC-BY-NC-ND 4.0 International license.

4

5 Background and purpose: Based on the mimicry of microbial metabolites, functionalized

6

7 indoles were demonstrated as the ligands and agonists of the pregnane X receptor (PXR). The

g lead indole, FKK6, displayed PXR-dependent protective effects in DSS-induced colitis in mice

10 and in vitro cytokine-treated intestinal organoid cultures. Here, we performed the initial in vitro

1

12 pharmacological profiling of FKK6.

1 .

12 Experimental approach: A complex series of cell-free and cell-based assays were employed.

1 2 The organic synthesis, and advanced analytical chemistry methods were used.

17 Key results: FKK6-PXR interactions were characterized by hydrogen-deuterium exchange

18

19 mass spectrometry. Screening FKK6 against potential cellular off-targets revealed high PXR

;? selectivity. FKK6 has poor aqueous solubility but was highly soluble in simulated gastric and

;g intestinal fluids. FKK6 was bound to plasma proteins and chemically stable in plasma. The

24 partition coefficient of FKK6 was 2.70, and FKK6 moderately partitioned into red blood cells.

25 . . o .

2% In Caco2 cells, FKK6 displayed high permeability (A-B: 22.8 x 10-¢ cm.s*') and no active

;é efflux. These data are indicative of essentially complete in vivo absorption of FKK6. FKK6 was

29 rapidly metabolized by cytochromes P450, notably by CYP3A4 in human liver microsomes.

30

31 Two oxidized FKK6 derivatives, including N6-oxide and C19-phenol, were detected, and these

gg metabolites had 5-7 % lower potency as PXR agonists than FKK6. This implies that despite high

gg intestinal absorption, FKK6 is rapidly eliminated by the liver, and its PXR effects are predicted

36 to be predominantly in the intestines.

37

38 Conclusion and implications: The PXR ligand and agonist FKK6 has a suitable

zg pharmacological profile supporting its potential preclinical development.
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What is already known:
e Microbial metabolite mimic FKK6 is a hPXR agonist with anti-inflammatory
properties in mice and human.
e The in vitro PXR binding, absorption, and metabolism have not been completely

characterized.

What this study adds:
e PXR selectivity with unique binding mode, high intestinal cell permeability, rapid and
complex microsomal metabolism.

e [Initial testing for predicted metabolites shows reduced potency as PXR agonists.

Clinical significance:
e PXR effects of FKK6 are predicted to be predominantly in the intestines.
e FKKG6 has a suitable pharmacological profile supporting its potential preclinical

development.
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g Pregnane X receptor (PXR) is a nuclear receptor (NR/12) that was initially discovered as a
? xenobiotic sensor and a culprit of drug-drug interactions through the induction of drug-
g metabolizing enzymes. Therefore, drug discovery suspended the substances that activated PXR
10 from further testing. However, more recently, multiple physiological roles of PXR have been
:; unveiled, including regulating inappropriate inflammation in various organs like the
:i gastrointestinal tract (e.g., inflammatory bowel disease; IBD)[1-6]. Since the initial discovery
12 of the PXR and its functional importance as a master regulator of the drug metabolism [7], a
17 new pharmacotherapeutic paradigm might be important in that, for specific diseases (e.g., IBD),
13 dialing-in PXR activity, especially in the intestines and not systemically, could safely expand
;? the new drug space [8, 9]. Indeed, an example is the antibiotic rifaximin, which is used clinically
;g in part for its PXR-agonist activity in treating inflammatory bowel disease [10]. Unlike
24 rifaximin, which is non-absorbable from the intestine or formulations that are restricted to colon
;2 delivery only [11], many PXR-active drugs reach systemic circulation and cause adverse effects
;é such as the induction of drug-metabolizing enzymes or perturbation of lipid and cholesterol
29 metabolism. Existing PXR ligands also have substantial off-target toxicity [12]. In our prior
2(1) work, we have established microbial metabolite mimicry as a novel strategy for drug discovery
gg that allows exploiting previously unexplored parts of the chemical space [12]. We have reported
gg functionalized indole derivatives as first-in-class non-cytotoxic PXR agonists as a proof of
36 concept for microbial metabolite mimicry. The lead compound, FKK6 (Felix Kopp Kortagere
2573 6), has been demonstrated as a PXR ligand and agonist that induced PXR-specific target genes
ig in vitro and in vivo in mice. FKK6 displayed PXR-dependent protective effects in DSS-induced
41 colitis in mice and human intestinal organoids stimulated with pro-inflammatory cytokines [12,
g 13]. In addition, FKK6 did not activate the aryl hydrocarbon receptor (AhR), which is a good
jé sign of selectivity, given frequent dual agonist effects of indole derivatives, such as methylated
j? indoles [14-16], microbial indoles [17, 18], substituted tryptamine [19] and imidazolopyridyl-
48 modified FKK series [20]. Here, we carried out detailed in vitro pharmacological profiling of
gg FKK®6, using complementary sets of non-cellular and cell-based models, to assess FKK6's
g; suitability for potential preclinical development as a therapeutic for IBD. FKK6-PXR
gi interactions were characterized by hydrogen-deuterium exchange mass spectrometry.
55 Screening against several potential cellular off-targets revealed the high PXR-selectivity of
g? FKK&6. High solubility in intestinal simulated fluid, high in vitro permeability in Caco2 cells,
gg no active efflux, and partition coefficient > 1, indicate essentially complete in vivo absorption
60 of FKK®6. The rapid clearance of FKK6 notably by CYP3A4, the formation of oxidized FKK6
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metabolites with diminishé¥PXRMEGHHSEANIRA WG THRIBII6TFeffects of FKK6 against
CYP3A4 imply that despite high intestinal absorption, it is unlikely to observe systemic PXR
activation effects. We conclude that FKK6 has a suitable pharmacological profile supporting

its potential preclinical development.
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5 Bottom-up Hydrogen Deuterium Exchange Mass Spectrometry (HDX-MS)

? hPXR recombinant protein production: A pET28-MHL hPXR LBD-SRC1 expression plasmid
g was made by amplifying the hPXR LBD-SRCI1 cassette from the pLIC vector with 15-bp
10 extensions complementary to each end of the BsERI digested pET28-MHL backbone. The
:; amplified DNA was inserted into the pET28-MHL vector by In-Fusion HD
12 Cloning. Recombinant proteins were expressed as previously described [21]. Proteins were
12 purified using of HisPur Ni-NTA resin (Thermo Fisher Scientific, 88222), followed by size
17 exclusion FPLC (HiLoad 16/60 Superdex 200, GE Healthcare, Life Sciences) equilibrated with
B 150 mM NaCl, 50 mM HEPES (pH 8.2) and 0.5 mM DTT, at a flow rate of 1 mL/min.

;? To probe the protein-ligand interaction, bottom-up hydrogen-deuterium exchange mass
;g spectrometry (HDX-MS) was employed. PXR protein was prepared at 10 uM in 20 mM
24 HEPES, 150 mM NacCl pH 8.2, and 10% DMSO. A 1:10 protein:ligand ratio was used to probe
;2 the interactions, where the final concentration of the ligand was 100 uM with 1% DMSO.
;é Samples were diluted into equilibration buffer (10 mM phosphate buffer, pH 7.5) or deuterated
;g reaction buffer (10 mM phosphate buffer, 150 mM NaCl, pH 7.5 in D,0). The HDX reaction
31 over labeling times of 1, 10, and 30 minutes at 25°C, and quenched with equal volumes of
gg quench buffer (100 mM phosphate buffer, pH 2.5) at 0°C. An enzyme BEH Pepsin column
gg (Cat#186007233) performed sample digestion at 15°C followed by peptide trapping and
g? desalting on an ACQUITY UPLC BEH C18 VanGuard Pre-column (Cat#186003975).
gg Digested peptides were separated using an ACQUITY UPLC BEH Cl18 column
40 (Cat#186002346). All HDX experiments were conducted using M-class ACQUITY UPLC
2; attached to Waters Cyclic IMS Mass Spectrometer. Peptide identification and uptake were
ji analyzed using ProteinLynx Global server (PLGS) and DynanX. For protein illustration, PyMol
22 2.5 software was used.

47

48

gg The activity of G protein-coupled receptors by PathHunter® B-Arrestin assay

51 The PathHunter® B-Arrestin assay monitors the activation of a GPCR in a homogenous,
?g non-imaging assay format using a technology developed by DiscoveRx called Enzyme
g;’ Fragment Complementation with B-galactosidase as the functional reporter. The enzyme is split
g? into two inactive complementary portions (Enzyme Acceptor and Enzyme Donor) expressed as
58 fusion proteins in the cell. Enzyme Acceptor is fused to B-Arrestin, and Enzyme Donor is fused
e =
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the GPCR of interest. WheA"HPEGPERFLAA NG DR BrAPRIFA"S recruited to the receptor,
Enzyme Donor and Enzyme Acceptor complementation occurs, restoring [-galactosidase
activity, which is measured using chemiluminescent PathHunter® Detection Reagents.
Calculations per Eurofins DiscoveRx® Profiling Service recommendation suggest that the %
activity for gpcrMAX agonist (> 30%) / antagonist (> 50%), and orphanMAX agonist (> 50%)
is not indicative of interaction given the similarity in the limits posed by the mean and baseline

RLU.

Nuclear hormone receptor nhrMAX assay

PathHunter® NHR Protein Interaction (Pro) and Nuclear Translocation (NT) assays monitor the
activation of a nuclear hormone receptor in a homogenous, non-imaging assay format using a
technology developed by DiscoveRx called Enzyme Fragment Complementation (EFC). The
NHR Pro assay is based on the detection of protein-protein interactions between an activated,
full-length NHR protein and a nuclear fusion protein containing Steroid Receptor Co-activator
Peptide (SRCP) domains with one or more canonical LXXLL interaction motifs. The NHR is
tagged with the ProLinkTM component of the EFC system, and the SRCP domain is fused to
the Enzyme Acceptor component expressed in the nucleus. When bound by a ligand, the NHR
will migrate to the nucleus and recruit the SRCP domain, whereby complementation occurs,
generating a unit of active 3-Galactosidase and production of a chemiluminescent signal. The
NHR NT assay monitors the movement of a NHR between the cytoplasmic and nuclear
compartments. The receptor is tagged with the ProLabel™ component of the EFC system, and
the Enzyme Acceptor is fused to a nuclear location sequence that restricts the expression of
Enzyme Acceptor to the nucleus. Migration of the NHR to the nucleus results in
complementation with Enzyme Acceptor generating a unit of active B-Galactosidase and
production of a chemiluminescent signal. Calculations per Eurofins DiscoveRx® Profiling
Service recommendation suggest that the % activity for nhrMAX agonist (> 30%) / antagonist

(> 50%) is indicative of potential interaction.

The Comprehensive in Vitro Proarrhytmia Assay (CiPA) - lonChannelProfiler™

Human Sodium Ion Channel (hNayl.5) Cell-Based QPatch Assay: Onset and steady-state
block of peak hNayl.5 current was measured using a pulse pattern, repeated every 5 sec,
consisting of a hyperpolarizing pulse to -120 mV for a 200 ms duration, depolarization to -15

mV amplitude for a 40 ms duration, followed by step to 40 mV for 200 ms and finally a 100
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5 to -15 mV. Leak current was measured at the step pulse from -120 mV to -130 mV.

? Human Calcium Ion Channel (hCayl1.2 L-type) Cell-Based QPatch Assay: After whole-cell
g configuration was achieved, a 50 ms step pulse from -60 mV to 10 mV in 15 s intervals for a
10 total of three pulses was applied, and inward peak currents were measured upon depolarization
1; of the cell membrane. Following the addition of the compound, five pulses of -80 mV to -60
12 mV for 5000 ms were applied before the three-step pulses.

12 Human Potassium Ion Channel (hKy11.1. hERG) Cell-Based QPatch Assay: After the whole
17 cell configuration, the cell was held at -80 mV. A 500 ms pulse to -40 mV was delivered to
12 measure the leaking current, subtracted from the tail current online. Then, the cell was
;? depolarized to +40 mV for 500 ms and then to -80 mV over a 100 ms ramp to elicit the hERG
;g tail current. This paradigm is delivered once every 8 s to monitor the current amplitude.

24 The peak current amplitude was calculated before and after compound addition for each ion
;2 channel. The amount of block was assessed by dividing the Test compound current amplitude
;é by the Control current amplitude. Control is the mean respective ion channel current amplitude
29 collected 15 s at the end of the control; Test Compound is the mean respective ion channel
2(1) current amplitude collected in the presence of test compound at each concentration.

i

gg Inhibition of cytochromes P450

36 Effects of FKK6 (10 uM) on the catalytic activities of drug-metabolizing cytochromes P450
2573 were studied in human liver microsomes, and the quantitation of metabolites was carried out
zg by HPLC-MS/MS techniques, as described elsewhere [22]. The experiments were performed
2; at two independent research laboratories, i.e., Charles River Laboratories, Inc. (Wilmington,
43 MA, USA) and Eurofins Discovery (Eurofins Panlabs, St. Charles, MO, USA). Substrates, their
jg metabolites and specific control inhibitors, respectively, for each isoform were: CYPIA
j? (phenacetin/acetaminophen; furafylline and fluvoxamine), CYP2B6 (bupropion /
jg hydroxybupropion;  clopridogel and  ticlopidine), @ CYP2C8  (amodiaquine /
50 desethylamodiaquine; montelukast and quercetin), CYP2C9 (diclofenac / 4'-
g; hydroxydiclofenac; sulfaphenazole), CYP2C19 (omeprazole and S-mephenytoin / 5-
gi hydroxyomeprazole and 4’-hydroxy-S-mephenytoin; oxybutynin and omeprazole), CYP2D6
55 (dextromethorphan/dextrorphan; quinidine), CYP3A (midazolam / 1-hydroxymidazolam;
g? ketoconazole), CYP3A (testosterone / 6B-hydroxytestosterone; ketoconazole). Peak areas
gg corresponding to the metabolite of each substrate were recorded. The percent of control activity
60

was calculated by comparing the peak area obtained in the presence of the test compound to

British Pharmacological Society


https://doi.org/10.1101/2023.10.21.563410
http://creativecommons.org/licenses/by-nc-nd/4.0/

British Journal of Pharmacology Page 10 of 35

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.21.563410; this version posted October 21, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

oNOYTULT D WN =

that obtained in the absenc@ ¥ PTACIR BTN} AL EaIeIAH1Ed By subtracting the percent

control activity from 100 for each compound.

Inhibition of drug transporters

Effects of FKK6 (10 uM) on the activity of major human drug transporters was assessed by
Eurofins facility, using techniques described elsewhere; briefly:

OCTI and OCT2 (Organic Cation Transporter) — the activities were assessed by fluorimetry
as an uptake of 4—4-dimethylaminostyryl-N-methylpyridinium in OCT1-CHO-K1 [23] and
OCT2-CHO-K1 [24] recombinant cells. The reference inhibitor was verapamil (OCT1-1Cs, =
7.5 uM; OCT2-ICsp = 35 uM).

OATI and OAT3 (Organic Anion Transporter) — the activities were assessed by fluorimetry
as an uptake of 6-carboxyfluorescein in OAT1-CHO-K1 and OAT3-CHO-K1 recombinant
cells [25]. The reference inhibitor was probenicid (OATI1-ICso =31 uM; OAT2-IC5o = 16 uM).
OATPIBI1 and OATPIB3 (Organic Anion Transporting Polypeptide) — the activities were
assessed by fluorimetry as an uptake of fluorescein-methotrexate in OATP1B1-CHO-K1 and
OATP1B3-CHO-K1 recombinant cells [26]. The reference inhibitor was rifampicin
(OATPIBI1-ICs5p = 3.4 uM; OATP1B3-ICs5p = 3.9 uM).

MATE] and MATE2-K (Multidrug And Toxin Extrusion protein) — the activities were
assessed by fluorimetry as an uptake of 4’,6-diamidino-2-phenylindole in MATE1-HEK and
MATE2-K-HEK recombinant cells [27]. The reference inhibitor was verapamil (MATE1-1Cs,
=16 uM; MATE2-K-IC5y = 15 uM).

BCRP (Breast Cancer Resistance Protein) — the activity was assessed by fluorimetry as an
uptake of Hoechst33342 in BCRP-CHO-K 1 recombinant cells [28]. The reference inhibitor was
KO143 (ICsp = 0.13 uM).

MRP2 (Multidrug Resistance-associated Protein) — the activity was assessed by fluorimetry
as an uptake of 5(6)-carboxy-2',7'-dichlorofluorescein in MRP2-HEK recombinant cells [29].
The reference inhibitor was MK571 (IC5y = 22 uM).

P-gp (Multidrug Resistance Protein 1) — the activity was assessed by fluorimetry as an uptake
of calcein AM in MDRI1-MDCKII recombinant cells [30]. The reference inhibitor was
verapamil (ICso = 5.6 uM).

BSEP (Bile Salt Export Pump) — the activity was assessed by scintillation counting as an
uptake of *H-taurocholic acid in BSEP-HEK membrane vesicles [31]. The reference inhibitor

was cyclosporine A (ICso = 0.54 uM).
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3 available under aCC-BY-NC-ND 4.0 International license.

4

5 Aqueous solubility

6

7 Solubility was studied in PBS (pH 7.4) and simulated gastric and intestinal fluids using the

g shake-flask technique as described elsewhere [32]. The incubations were 2 h and 24 h at room

10 temperature, and HPLC/UV-VIS determined the concentration of FKK6.

11

12

13 . o 1.

14 Plasma proteins binding

1 2 A binding of FKK6 to human and mouse plasma proteins was studied by equilibrium dialysis

17 (FKK6 — 10 uM; 4 h; 37°C) [33] and ultracentrifugation technique (FKK6 — 2 uM; 2.5 h; 37°C).

18

19 The concentration of FKK6 was determined by HPLC/MS-MS. Acebutolol, quinidine, and

20 . .

21 warfarin were used as reference compounds. The peak areas of the FKK6 in the buffer

;g (supernatant) (Sg) and protein matrix (Sp) were used to calculate percent binding according to

24 the formula: protein binding % = 100%(Sp - Sg)/ Sp

25

26

27 -

78 Plasma stability

gg FKK6 (2 pM) was incubated at 37°C with human or mouse plasma for 0 min, 10 min, 20 min,

31 30 min, 60 min, and 120 min. Propantheline (2 uM) was used as a reference compound that

32

33 undergoes degradation in plasma.

34

35

36

37 Partition coefficient

38

39 The standard OECD method No. 117 was used, based on the linear regression of partition

2(1) coefficients of standards with the known log P values against the log of capacity factors of these

42 compounds obtained by the HPLC analysis. Two different columns were used: (i) Agilent

43

44 Poroshell 120 EC-18, 2.7 pum, 50 mm x 4.6 mm i.d.; (ii) ReproSil-Pur Basic C18, 5 um, 200

45 .

46 mm X 4 mm i.d.

47

48

49 Red blood cell partitioning

50

51 The assay was performed according to the standard protocols. The incubations with FKK6 (2

gg pM) or methazolamide (Met; 2 M) were performed for 1 h at 37°C. The calculations were

gg performed as follows (PL = plasma; H = hematocrit; WB = whole blood; C = concentration):

56 Adjusted Ratio, which takes hematocrit into account: (Cgpiked pL / CpL from spiked wa) X 1/(1-H)

57

58 Partition coefficient: Kyrpc/pr) = [(Cspiked PL / CpL from spiked wa) = 1] X (1/H) + 1

Zg % Partitioned is the percentage of total compound not present in plasma from spiked WB.
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Red blood cell partitioning RARNFAER G R AR el "RABRITEH - and if Krpc/pr) > 0.

Intrinsic clearance and CYP phenotyping

FKK®6 (0.1 uM) was incubated at 37°C with human liver microsomes (HLM; 0.1 mg/mL) or
human recombinant CYPs (CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6,
CYP3A4) for the periods of 0 min, 15 min, 30 min, 45 min and 60 min, according to published
protocols [34, 35]. HPLC/MS-MS determined the concentration of remaining parental FKK6
at individual time points. The half-life (t;) was estimated from the slope of the initial linear
range of the logarithmic curve of the FKK6 remaining vs time, assuming the first-order kinetics.
The apparent intrinsic clearance (CLj,) was calculated according to the following formula:

CLint = 0.693/t1/2

PXR reporter gene assay

Intestinal LS180 cells transiently transfected by lipofection (FUuGENE® HD Transfection
Reagent) with pSG5-hPXR expression plasmid along with a luciferase reporter plasmid p3A4-
luc were used for assessment of PXR transcriptional activity [12]. Cells were incubated for 24
h with tested compounds. Thereafter, the cells were lysed and luciferase activity was measured
on the Tecan Infinite M200 Pro plate reader (Schoeller Instruments, Czech Republic).
Incubations were carried out in quadruplicates (technical replicates), and the experiments were

performed in three consecutive cell passages.

Permeability assay

The assays were carried out in Caco-2 cells at 37°C [36]: A-B (0 min, 60 min); B-A (0 min, 40
min). HPLC-MS-MS determined concentrations of test compounds. The apparent permeability
coefficient was calculated as follows: Py, (cm.s™!) = VRXCr eng / AtXAX(Cp mig— Cr mia), Where
Vr is the volume of the receiver chamber; Cg nq is the concentration of the test compound in
the receiver chamber at the end time point, At is the incubation time and A is the surface area
of the cell monolayer;. Cp nmiq1s the calculated mid-point concentration of the test compound in
the donor side, which is the mean value of the donor concentration at time 0 minute and the
donor concentration at the end time point; Cgmiq is the mid-point concentration of the test
compound in the receiver side, which is one half of the receiver concentration at the end time
point. The recovery of the test compound was calculated as follows:

Recovery % = 100%(VpXCp eng + VRXCR end)/ Vp*Cpyo , Where Vp and Vi are the volumes of the

donor and receiver chambers, respectively; Cpeng (Crend) 1s the concentration of the test
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5 test compound in the donor sample at time zero. Fluorescein was used as the cell monolayer
? integrity marker. Fluorescein permeability assessment (in the A-B direction at pH 7.4 on both
g sides) was performed after the permeability assay for the test compound. The cell monolayer
10 that had a fluorescein permeability of less than 1.5 x 106 cm.s™! was considered intact.

12

12 In silico prediction and synthesis of FKK6 metabolites

:2 The putative oxidized metabolites of FKK®6, including DC73 (N-oxide; atom N6) and DC97
17 (phenol; atom C19), were predicted with high probability by using FAst MEtabolizer software
12 FAME?2 (Figure S2) [37]. Both compounds were synthesized as follows:

o /N 7N\

= G

;2’ SO,Ph H

26 1 2

27

28 Synthesis of (1H-indol-2-yl)(pyridin-4-yl)methanone (2): (1-(phenylsulfonyl)-1H-indol-2-
gg yl)(pyridine-4-yl)methanone (1) (278 mg, 1 eq, 767 umol, prepared by the reference method
g; [12]), N,N,N-trimethylhexadecan-1-aminium bromide (14.0 mg, 0.05 eq, 38.4 pmol),
gi potassium hydroxide (215 mg, 5 eq, 3.84 umol) were charged to a microwave vial. THF (1.5
35 mL) and water (0.5 mL) were then added. The reaction mixture was heated at 70 °C by
g? microwave for 3 hrs. After cooling to room temperature, water (5 mL) was added to the mixture,
gg followed by EtOAc (3 mL x 3) for extraction. The combined organic phases were dried over
2(1) Na,S0,, concentrated by vacuum, and purified by chromatography on silica gel (0 -10% MeOH
42 in DCM) to afford compound (2) for 119 mg (yield: 70%). NMR spectra were consistent with
ji reference data.

45

46 Synthesis of (1-((phenyl-d5)sulfonyl)-1H-indol-2-yl)(pyridin-4-yl)methanone (3) [38]: To a
2573 stirred mixture of (1-(phenylsulfonyl)-1H-indol-2-yl)(pyridine-4-yl)methanone (48 mg, 1 eq,
gg 0.22 mmol), tetrabutylammonium bromide (21 mg, 0.3 eq, umol) in benzene ( 2 mL), was added
g; IN aq. NaOH (0.66 mL, 3 eq, 0.66 mmol). The reaction mixture turned brown-red.
53 Benzylsulfonyl chloride d-5 (59 mg, 1.5 eq, 0.32 mmol, prepared by reference method) in
?g benzene (0.3 mL) was then added. The reaction mixture was stirred quickly for 5 minutes to
g? achieve complete conversion as indicated by TLC. Water (2 mL) was added to the mixture,
58 followed by EtOAc (5 mL x 2) for extraction. The combined organic phases were dried over
Zg Na,S0,, concentrated by vacuum, and purified by chromatography on silica gel (0 -10% MeOH
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in DCM) to afford compouﬁf?'@’}ef&dq?%grﬁglw 65 9y IRNISE&culated 367.1039, found
368.1111 [M+1]*

N
7\
\ _
7\ b
_ N 0
\ O;S¢O D
N O i j
H D
D
2 3 D D

Synthesis of 1-(1-((phenyl-d5)sulfonyl)-1H-indol-2-yl)-1-(pyridin-4-yl)but-3-yn-1-ol (4)
This synthesis was achieved by the same method like the non-deuterated version as described

in the reference [12].

/

N N

N — N
_ \S; OﬁS;o
o~ D

D
D
P D
4

Synthesis of 4-(1-hydroxy-1-(1-(phenylsulfonyl)-1H-indol-2-yl)but-3-yn-1-yl)pyridine 1-
oxide (6) (DC73): To a solution of 1-(1-(phenylsulfonyl)-1H-indol-2-yl)-(1-pyridin-4-yl)-but-
3-yn-1-ol (48.9 mg, 1 eq, 121 pmol, synthesized by the reference method [12]) in DCM (1.5
mL), was added meta-chloroperoxybenzoic acid (43.8 mg, 77% Wt, 1.6 eq, 195 umol) in one
portion. The reaction mixture was stirred overnight. The reaction mixture was filtered, the
filtrate was washed with aq. Na,S,03;, dried over Na,SOy, concentrated in vacuo and purified
by flash chromatography on silica gel (30-90% acetone in DCM) to afford the desired product
as solid (27 mg, yield 53%).

'H-NMR (300 mHz, CDCls) 8y 8.11 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 7.3 Hz, 2H), 7.73-7.62
(m, 4H), 7.51-7.46 (m, 2H), 7.43-7.37 (m, 1H), 7.35-7.29 (m, 4H), 5.61 (br, 1H), 3.37-3.23 (m,
2H), 2.51 (t, J = 2.6 Hz, 1H)

BC-NMR (150 mHz, CDCl;) é¢ 142.9, 141.2, 138.4, 138.3, 138.0, 134.2, 129.3, 127.9, 126.4,
125.8, 124.6, 123.7,121.8, 115.2, 114,4, 78.8, 74.3, 73.3, 35.0

ESI-MS: 419.1 [M+1]*

HRMS: calculated: 418.0987; observed: 419.1053 [M+1]*
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Synthesis of 4-((2-(1-hydroxy-1-(pyridin-4-yl)but-3-yn-1-yl)-1H-indol-1-yl)sulfonyl)phenol
15 9) (DCIY):

18 7N
19 —
20 N N '\}
/ \ N 0 b O:\ e} H
2 > —0O)° -
N
24 H ©

AN
N
] O\ /
2 7 0 8;0

26
27 Y V

38 Reaction Conditions

e Qsozm

41 a. aqg. NaOH, BuyNBr(cat), Benzene, AlvO
s b, & M yp
c. K,CO;, Pd(PPh;)4, MeOH

(purchased from Enamine.net)

Compound (7), (8) were synthesized by the methods like compound (3), (4). A solution of 1-
50 (1-((4-(allyloxy)phenyl)sulfonyl)-1H-indol-2-yl)-1-(pyridin-4-yl)but-3-yn-1-ol ~ (compound
52 (8), 41 mg, 1 Eq, 89 umol), Pd(Ph;P), (2.1 mg, 0.02 Eq, 1.8 umol) in MeOH (1 mL) was stirred
at rt under N, for 5 min. K,CO;5 (50 mg, 4.0 Eq, 0.36 mmol) was then added. The flask was
sealed to remove air by vacuum, and flushed with N, The reaction mixture was stirred for 4 hrs.
57 Aqueous NH,Cl (1 mL) was added to quench the reaction, followed by extraction with DCM

59 (3 mL x 3). The combined organic phases were dried over Na,SO,, concentrated, and purified
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by flash chromatography oA'81f4% g e55-B0YS BRIA ORI HeeAIREY SO afford compound (9) as
solid (17 mg, yield 35%).

'H-NMR (300 mHz, CDCl;) of compound 7:

o 8.83 (dd, J=4.5, 1.5 Hz, 2H), 8.12 (d, J= 8.5 Hz, 1H), 7.93-7.88 (m, 2H), 7.75 (dd, /= 4.4,
1.6 Hz, 2H), 7.58 (d, J = 7.9 Hz, 1H), 7.51-7.46 (m, 1H), 7.33-7.28 (m, 1H), 7.02 (s, 1H), 6.96
(dt, J="7.1, 1.9 Hz, 2H). 6.02-5.93 (m, 1H), 5.37 (dd, J = 17.3, 1.4 Hz, 1H), 5.40-5.27 (m, 2H),
4.53 (dt, J=5.3, 1.3 Hz, 2H)

MS (ESI) of compound 7: 419.1 [M+1]*

'H-NMR (300 mHz, CDCls) of compound 8:

Su 8.49 (d, J = 5.8 Hz, 2H), 8.03 (d, J = 8.2 Hz, 1H), 7.60-7.57 (m, 1H), 7.37-7.24 (m, 6H),
7.13 (s, 1H), 6.74-6.69 (m, 2H), 6.01-5.89 (m, 1H), 5.39-5.26 (m, 2H), 4.48 (dt, J=5.3, 1.3 Hz,
2H), 3.12 (d, J= 2.5 Hz, 2H), 2.08 (t, J = 2.6 Hz, 1H)

MS (ESI) of compound 8: 459.1 [M+1]*

'H-NMR (300 mHz, CDCls) of compound 9:

Su 8.27-8.25 (m, 3H), 7.66-7.30 (m, SH ), 7.18 (s, 1H), 6.89 (d, J = 8.9 Hz, 2H), 6.60 (d, J =
8.9 Hz, 2H), 5,75 (br, 1H), 3.13-2.99 ( m, 2H), 2.05 (t, J = 2.6 Hz, 1H)

BC-NMR (150 mHz, CDCl;) ¢ 163.3, 154.5,147.3, 141.0, 138.4, 132.1,128.6, 128.0, 126.1,
124.2,122.2,121.6, 115.8, 115.4, 113.1, 78.9, 74.7, 72.9, 35.7

ESI-MS of compound 9: 419.1 [M+1]*

HRMS of compound 9: calculated: 418.0987; observed: 419.1053 [M+1]*

FKK6 metabolism by human liver microsomes

Microsomal fraction of human liver homogenate (HLM, human liver microsomes) was
obtained from Advancell (Barcelona, Spain). HLM were prepared by differential centrifugation
using standard method and kept frozen until used. Incubation mixture contained 50 mM
potassium phosphate buffer (pH 7.4), NADPH-generating system (0.5 mM NADP", 3.8 mM
isocitrate, 0.09 unit/mL of isocitrate dehydrogenase and 5 mM MgCl,), pooled HLM (130
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2 pmol/reaction mixture) and®{HEFRKRY F5OTMNG NP tRATSIRME G250 pl. The reaction was

5 stopped after 30 min incubation at 37 °C with two volumes of methanol. The reaction mixture

6

7 was centrifuged at 18 400 g and the supernatant was analyzed for potential metabolites. HPLC

g system Shimadzu Prominence (Shimadzu, Kyoto, Japan) was used with Chromolith 100 (5 pwm)

10 RP-18 endcapped column (Merck, Darmstadt, Germany), mobile phase was 60% methanol:

11

12 40% deionized water, flow rate 0.6 ml.min’"), with UV detection at 254 nm. To prove an

1 . . . . . .

12 involvement of P450 in the formation of metabolites, two approaches were applied: (i) the

12 reaction mixture was bubbled for 2 min thoroughly by carbon monoxide, which binds strongly

17 to the P450 heme iron making the reaction impossible; (ii) an experiment with heat-inactivated

18

19 microsomes (30 min) in a thermostated water bath (60 °C) was performed to inactivate the P450

;? enzymes.

22

23

24

25 Identification of FKK6 microsomal metabolites by LC/MS

;? The identification and quantification of FKK6 metabolites was carried out via UHPLC-HESI-

28 MS/MS-PDA technique, using a liquid chromatograph (Thermo UltiMate™ 3000, Thermo

29

30 Fisher Scientific, Waltham, MA, USA) with triple quadrupole mass spectrometer (TSQ

g; Quantum Access Max, Thermo Fisher Scientific, Waltham, MA, USA). Separation of

gi compounds (FKK6, metabolites DC97 and DC73) was achieved via isocratic elution using an

35 Acquity UPLC® BEH (100 x 2.1 mm; 1.7 um; Waters, Milford, MA, USA) chromatographic

36

37 column at a flow rate of 0.25 mL.min"! using a mobile phase consisting of 65% of 15 mM

gg ammonium formate, pH 3.0 (A) and 35% acetonitrile (B). The injected volume was 5 pL. The

2(1) chromatographic column was kept at 40 °C. Collision spectra were recorded using a product

42 scan mode (scan range m/z 50 — 450 parent mass 419, collision energy 50 eV), and the ionization

43

44 was carried out at spray voltage 3 kV, vaporizer and capillary temperatures 300°C and 320°C

22 respectively. Sheath, ion sweep, and auxiliary gas (nitrogen) pressures were set to 45, 1, and 15

47 psi, respectively. The MS/MS and PDA spectra were compared with the authentic standards.

48

49

50

51

52

53

54

55

56

57

58

59

60
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RESULTS available under aCC-BY-NC-ND 4.0 International license.

Hydrogen-deuterium exchange mass spectrometry (HDX-MS) of FKK6-PXR

HDX-MS may provide insight into ligand binding interactions that are not accessible by
classical structural methods, such as X-ray crystallography. HDX-MS confirmed the binding
interactions between PXR and SR12813, a known PXR agonist. In the interest of discovering
another agonist (FKK®6), the rate of deuterium uptake was compared between ligand-free,
SR12813-bound and FKK6-bound PXR. Figure 1 displays the regions identified by HDX, with
a sequence coverage of 70.6% and redundancy for covered amino acids of 2.24 (Figure S1). In
the presence of SR12813 and FKK6, peptides 293-307 and 319-335 showed similar
conformational changes. The observed summed differences in deuterium for peptide 293-307
and 319-335 suggests a weak conformational change in the presence of FKK6 (-5% < x < -
10%), whereas a larger conformational change occurred in the presence of SR12813 (difference
in deuterium uptake > -15%). Interestingly, extracted from the HDX-MS analysis, there are
two different conformational changes; in the presence of SR12813, helix a3 (peptide 238-257)
and ol10 (peptide 397-410) stabilizes. Helix a5 (peptide 276-288) becomes destabilized,

allowing for more deuterium exchange in the presence of FKK6.

FKKG6 off-targets counter-screen

Whereas FKK6 is deemed a PXR-selective potential drug for treating intestinal inflammatory
diseases, we performed a complex counter-screen to identify possible common
pharmacological off-targets. First, we studied the effects of FKK6 (10 pM) on G protein-
coupled receptors (GPCR), including gpcrMAX Panel (168 receptors; agonist and antagonist)
and orphanMAX Panel (73 receptors; agonist). The activity of GPCRs was monitored by the
PathHunter® B-Arrestin assay, a technology developed by Eurofins DiscoveRx®. FKK6 did not
activate any 241 GPCRs tested or antagonized any 168 non-orphan GPCRs (Figure 2A). Since
PXR is a nuclear receptor, we also examined the effects of FKK6 on a panel of 19 steroid and
nuclear receptors, using PathHunter® NHR Protein Interaction and Nuclear Translocation
assays. None of the examined receptors was activated or antagonized by FKK6 (Figure 2B). By
using the Comprehensive in Vitro Proarrhytmia Assay CiPA - lonChannelProfiler™, we show
that FKK6 does not block sodium (hNayl.5), potassium (hAKyl1.1. hERG), and calcium
(hCayl.2 L-type) ion channels (Figure 2C). The effects of FKK6 on membrane drug transporters
were investigated in a series of recombinant cell lines as previously described [23-31]. The
activity of Bile Salt Export Pump (BSEP), Organic Anion Transporter 1B1 (OATP1B1), and
Organic Anion Transporter 1B3 (OATP1B3) was inhibited by FKK6 (10 uM) down to 44%,
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5 (BCRP), Multidrug And Toxin Extrusion proteins (MATEI1,2), Multidrug Resistance-
? associated Protein (MRP2), Organic Anion Transporters (OATI1,3), Organic Cation
g Transporters (OCT1,2), and Multidrug Resistance Protein 1 (P-gp) was not inhibited by FKK6
10 (Figure 2D). The capability of FKK6 to inhibit xenobiotic-metabolizing cytochromes P450 was
1; studied in human liver microsomes. Surprisingly, FKK6 (10 uM) caused very strong inhibition
I of CYP2B6, CYP2CS, CYP2C9, CYP2C19, CYP2D6 and CYP3A4, whereas it did not inhibit
1 2 CYPI1A (Figure 2E). The data were acquired from two independent research laboratories. The
17 inhibitory profile of FKK6, a non-specific pan-inhibitor, suggests it might directly interact with
12 a common enzyme component, such as a heme in the active site.

20

21

;g In vitro pharmacology of FKK6

24 In the next series of experiments, we characterized the pharmacological properties of FKK6
;2 using a complementary set of in vitro cell-free and cell-based models.

;é The aqueous solubility of FKK6 was studied by using the shake-flask technique. Whereas
29 FKK6 was nearly insoluble in PBS (pH 7.4), it displayed high solubility (150 uM — 200 uM)
2(1) in simulated gastric (pH 1.2) and intestinal (pH 6.8) fluids (Figure 3A). These data might
gg indicate strong pH-dependent bio-solubility of FKK6. Using equilibrium dialysis and
gg ultracentrifugation techniques, we found that a high portion of FKK6 (96%- 99 %) is bound to
36 human and mouse plasma proteins (Figure 3B). The plasmatic stability of FKK6 (2 uM) was
2573 relatively high, yielding 79% and 87% of initial levels after 120 min of incubation with human
zg and mouse plasma, respectively (Figure 3C).

2; The partition coefficient (log P) of FKK6 was determined as 2.54 and 2.86 by standard OECD
43 method No. 117 using two different HPLC columns (Figure 3D). Using red blood cell
fé partitioning assay, we determined the red blood cell partition coefficient (Kyrpc/pr)) of FKK6
j? to be 1.09 and 1.18 in human and mouse blood, respectively. Accordingly, the percentage of
48 FKK6 partitioned into human and mouse red blood cells was 38% and 44%, respectively
gg (Figure 3E). These data reveal a moderate partition of FKK6 into red blood cells. The intestinal
g; permeability and potential bioavailability of FKK6 were assessed in a standard model of
gi differentiated polarized Caco2 cells. The absorptive (A-B) and secretory (B-A) apparent
55 permeability coefficient Py, of FKK6 was 22.8 x 10 cm.s™! and 4.7 x 10" cm.s™!, respectively,
g? which indicates that FKK6 is highly permeable compound. Colchicine (Pyppa-p) 0.3 % 106 cm.s”
gg 1) and propranolol (P,ppa-p) 28.8 x 10 cm.s!) were used as the reference low- and high-
60 permeable compounds, respectively (Figure 3F). The efflux ratio (Pypps-a) / Papp(a-n)) of FKK6

British Pharmacological Society


https://doi.org/10.1101/2023.10.21.563410
http://creativecommons.org/licenses/by-nc-nd/4.0/

British Journal of Pharmacology Page 20 of 35

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.21.563410; this version posted October 21, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

oNOYTULT D WN =

was ~ 0.2, which indicates 24T FRKRY ISGR HSUBjELt 5Mai1¢/d€fffux. The actively effluxed
compounds labetalol and colchicine displayed efflux ratios ~ 14 and ~ 5, respectively (Figure
3F). The recovery of FKK6 was about 60% (data not shown), which was comparable with test
compounds. Therefore, the permeability data should not be underestimated. Overall, high in
vitro permeability of FKK6 in Caco2 cells (with no active efflux), the partition coefficient of
FKK6 > 1, and high FKK6 solubility in the intestinal simulated fluid is correlated with
essentially complete in vivo absorbance of FKK6.

The intrinsic clearance of FKK6 was studied in human liver microsomes. The FKK6 was
metabolized extensively with a half-life (t;,) of 5 min, and the apparent intrinsic in vitro
clearance (CL;y) was 1390 pL/min/mg. The relative contribution of individual isoforms of
cytochromes P450 on FKK6 hepatic clearance was investigated by using recombinant P450s
(phenotyping). The most rapid disappearance of FKK6 was observed with CYP3A4, having t,
~ 10 min (Figure 3G). The high clearance of FKK6 may be a limiting factor for bioavailability,
as it may undergo first-pass metabolism in the liver after oral dosing, which can limit the amount

of drug reaching the circulation, even if the compound is well absorbed.

In vitro metabolism of FKK6

The data from human liver microsomes (HLM) indicated that cytochromes P450, notably
CYP3A4, rapidly metabolizes FKK6. Therefore, we used FAst MEtabolizer software FAME2
to predict in silico putative metabolites of FKK6. Two oxidized FKK6 derivatives, including
DC73 (N-oxide; atom N6) and DC97 (phenol; atom C19), were predicted with high probability
(Figure S2) and synthesized de novo (ref.: Methods section). Using reporter gene assay in
transiently transfected intestinal LS180 cells, we observed that both FKK6 putative metabolites
DC73 and DC97 dose-dependently activate PXR. The efficacies of DC73 and DC97 were like
that of FKK6. In contrast, the potencies of DC73 (ECsy 7.8 uM) and DC97 (ECs 5.1 uM) were
5-7-fold lower as compared to that of FKK6 (ECsy 1.2 uM) (Figure 4A). The metabolism of
FKK®6 in clearance and phenotyping experiments was assessed indirectly as a decrease of
parental FKK6 in the reaction mixture with HLM. Therefore, we incubated FKK6 in high
concentration (50 uM) with human liver microsomes, and we detected two new peaks by
UV/HPLC, compared to control HLM mixtures. The retention time of parental FKK6 in the
Reversed Phase HPLC system was 8.9 min. In contrast, putative FKK6 metabolites had
retention times 5.1 min (M1) and 5.7 min (M2), suggesting they have higher polarity than
parental FKK6. Saturation of HLM with carbon monoxide CO and inactivation of HLM by a
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heat abrogated FKK 6 metat3ieh Weri Arng Y fobRibMEPr50aiisseitdent formation of M1 and
M2 metabolites (Figure 4B).
Finally, we identified the structures of FKK6 metabolites using LC/MS. Three mass

oNOYTULT D WN =

spectrometric signals of putative FKK 6 metabolites were acquired (Figure 4C) in samples from
10 microsomal incubations of FKK6. The most polar metabolite (designated as unknown) shows
12 lower retention than the authentic standard of DC97 but a similar fragmentation pattern and UV
14 profile. The same spectral properties but different chromatographic behavior suggest that
“unknown” might be an isomer of in silico predicted metabolite DC97 (C-19 phenol). The latter
17 was found in trace amounts that did not allow for proper spectral identification. The third signal
19 was assigned to DC73 (N6-oxide) based on co-elution with authentic standards and the same
spectral properties. Quantification of DC73 was performed. In microsomal incubation mixtures
22 with 10 uM and 50 pM FKKB6, the concentrations of DC73 reached 0.98 + 0.15 uM (n=3) and
24 0.66 = 0.10 uM (n=2), respectively. The lack of correlation between the concentration of the
26 parental compound and its metabolite indicates the mixed effect of FKK6 at CYP enzymes, i.e.,

being both substrate and inhibitor.
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DISCUSSION available under aCC-BY-NC-ND 4.0 International license.

FKKG®6 is a promising PXR-modulating candidate for locoregional rodent and human intestinal
inflammation therapy. We have demonstrated previously that FKK6 is a modest PXR agonist
ligand [12], and have argued for developing PXR modest agonists as potential new therapeutics
for inflammatory bowel disease [8]. However, before proceeding with a preclinical
development plan, we sought to clarify the basic in vitro pharmacologic properties of FKK6.
As suspected, FKK6 exerts a weak conformational change and a distinct binding mode in
contrast to strong agonists such as SR12813. The importance of this finding is that sufficiently
high concentrations of FKK6 would be required to gain some level of PXR activation in
inflamed tissues, and the same would be required if FKK6 were absorbed and retained
essentially as a parent molecule. However, the in vitro metabolism screen for FKK6 suggests
rapid metabolism through the CYP450 system and that the metabolites (at least two predicted
forms) are far less active on PXR. However, it is to be noted that a major unknown metabolite

has yet to be characterized.

Nevertheless, the rapid clearance of FKK 6 may be a limiting factor for bioavailability, as it may
undergo first-pass metabolism in the liver after oral dosing, which can limit the amount of drug
reaching the circulation, even if the compound is well absorbed. Assuming idiosyncratic side-
effects of the formed metabolites are absent, this attribute favors the use of FKK6 in

locoregional delivery to the colon. The liver-based effects on PXR would likely be minimal.

FKK®6, as synthesized, exists in a racemic mixture, and efforts are underway to purify its
enantiomers [12]. It is reasonable to speculate that one of the enantiomers demonstrates
significant binding, while the other does not. Moreover, the presence of various derivatives of
FKK6 metabolites should not come as a surprise, as illustrated by the unidentified metabolite
in Figure 4C. Other low-abundance metabolites would also likely exist. The plans are to purify
and quantify existing metabolites from microsomal incubations and to validate their effects (or
lack thereof) on PXR activation. In this context, in mice dosed with FKK6 via oral gavage,
there is no significant PXR target gene induction (mdrl, cyp3all) in the liver of mice (wild-
type mice, mice expressing the human PXR transgene, and mice with endogenous mouse PXR
knockout)[12]. While requiring further validation, these data may suggest that even mouse
metabolites of FKK6 are not circulating in high concentrations to affect PXR activation in the
liver. However, these results could be a function of the administered dose, and further studies

are needed to validate these findings.
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4

5 Indoles (and a variety of analogs) are known to bind and alter the GPCR signaling pathway [39,

6 o . .

7 40]. Similarly, indole compounds can also activate nuclear receptors other than the orphan

g receptors we tested in our previous manuscript [12, 41, 42]. Our extended panel of orphan and

10 non-orphan GPCRs and steroid hormone (e.g., ER) and non-steroid hormone nuclear receptors

11

12 (e.g., PPAR) demonstrated that FKK6 has minimal agonist effects. In the antagonist assay for

13 .. . . .

14 the synthetic ligand-activated GPCRs and nuclear receptors, FKK6 induced > 50% antagonism

12 of cannabinoid receptor 1 (CNR1), GPR103, GPR92, follicle-stimulating hormone receptor

17 (FSHR) only, and the progesterone receptor (PR), respectively. The physiological relevance of

18

19 this finding remains unclear and requires additional in vivo testing in relevant receptor model

20 systems

21 y :

22

23

24 Overall, FKK6 is a promising candidate for the initiation of preclinical discovery approaches

25 . . . . . . .

2% toward the amelioration of inflammatory bowel disease. It is cautioned that a significant amount

;é of detailed work is required regarding pharmacology and toxicology for the compound to be

29 tested in genetic and other models of IBD. These studies are underway, and appropriate

30

31 formulations will also be conducted before validating the effects of FKK6 in preclinical models

32

33 of IBD.

34

35

36 Study limitations. Except in vitro metabolism studies, the studies presented were conducted

37

38 in vitro at single FKK6 concentrations (10 uM) and more detailed testing using a range of

39 . . . .

40 concentrations of FKK6 will provide a clearer picture of the off-target effects of FKKO6.

2; However, in defense of this single concentration, all our in vitro and cell line reporter studies

43 have been performed using 10 uM for PXR effects [12]. Since we do not have pharmacokinetic

44

45 data, these concentrations must be validated in vivo. Detailed studies on metabolites in rodent

46 . . . . .. .-

47 and human systems will need to be clarified, especially concerning PXR activation. Additional

jg off-target investigations are needed to decipher how FKK6 might work in cells. Despite these

50 limitations, the current data suggests a safety signal worthy of further preclinical pursuit of a

51

52 novel microbial metabolite mimic for IBD.

53

54

55

56

57

58

59

60
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4

5 Figure 1. Visual representations of the differential hydrogen-deuterium exchange

6

7 analysis of PXR binding interactions with SR12813 and FKK6 (PDB code 3HVL). The

g relative fractional difference in percentage of deuterium incorporation (%D) were summed

10 and color coded accordingly on the visual structures. The dark blue denotes differences >-

11

12 15%, light blue (-5%<x<-10%), where the complex (protein-ligand) exchanges less

1 . . .

12 deuterium. The red denotes conformational changes where the complex incorporates more

15 deuterium.

16

17

18

;g Figure 2. FKKG6 off-targets counter-screen. (4) Activity of G protein-coupled receptors by

21 PathHunter® B-Arrestin assays. Assays with FKK6 (10 uM) (gpcrMAX Panel; orphanMAX

22

23 Panel) were performed in duplicate, and mean values are presented. AGONIST mode: Double-

24

25 gradient color map depicts percentage difference from control basal activity of the receptor;

;? (+)-red values correspond to activation (agonism), (-)-green values correspond to inhibition of

28 basal activity (inverse agonism); ANTAGONIST mode: Double-gradient color map depicts

29

30 percentage difference from receptor activity achieved by model agonist in concentration of

g; ECsgo; (+)-red values correspond to inhibition of agonist activity (antagonism), (-)-green

33 values correspond to potentiation of agonist activity. (B) Activity of nuclear and steroid

34

35 receptors. Bar graph shows agonist (green) and antagonist (red) effects of 10 uM FKK6 on

36

37 the panel of nuclear and steroid receptors. Assays were performed in duplicate and mean

gg values are presented. (C) The Comprehensive in Vitro Proarrhytmia Assay CiPA -

j? IonChannelProfiler™. Effects of FKK6 (0.1 uM; 1 uM; 10 uM) on the activity of sodium

42 (hNayl.5), potassium (hKy11.1. hERG) and calcium (hCayl.2 L-type) ion channels. Data are

43

44 expressed as percent inhibition relative to control. The ICs, values for reference antagonists

4 . .

42 are inserted in the graph. (D) Inhibition of drug transporters. The bar graph shows effects of

j; 10 uM FKK6 on the activity of selected drug transporters. Data are expressed as a percentage

49 of control activity in the absence of test compound. (E) Inhibition of cytochromes P450. Bar

50

51 graph shows effects of 10 uM FKK6 on the activity of drug-metabolizing cytochromes P450.

52

53 Data are expressed as percentage of inhibition as compared to control values.

54

55

56 . .

57 Figure 3. In vitro pharmacology of FKKG6. (4) Aqueous solubility. The incubations were 2

gg h and 24 h at room temperature. (B) Binding to plasma proteins. A binding of FKK6 and

60

reference compounds to human and mouse plasma proteins was studied by equilibrium
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dialysis and ultracentrifugaBGIENCY BlaSiHhE Stib s  ASRBMH SPFKK 6 (2 uM) and
reference compound propantheline was determined in human and mouse plasma in incubation
time up to 120 min. (D) Partition coefficient. Log P (FKK6) was determined according to the
standard OECD method No.117, using two different HPLC columns. (E) Red blood cells
partitioning. Incubations with FKK6 (2 uM) or methazolamide (Met; 2 uM) were performed
for 1 h at 37°C. Red blood cell partition coefficient (Kyrpc/pr)) was calculated as described in
methods section. (F) Permeability in Caco-2 cells. The assays with FKK6 (10 pM) and
reference compounds were carried out at 37°C, with end-point times 60 min (A-B) and 40
min (B-A). Inserted are values of efflux ratios. (G) Intrinsic clearance and CYP
phenotyping. FKK6 (0.1 uM) was incubated at 37°C with human liver microsomes (HLM)
or human recombinant CYPs for 0 min, 15 min, 30 min, 45 min and 60 min. The
concentration of remaining parental FKK6 at individual time points was determined by

HPLC/MS-MS, and the half-life (t;;) and apparent intrinsic clearance (CL;,;) were calculated.

Figure 4. In vitro metabolism of FKKG6. (4) Activation of PXR by predicted FKK6
metabolites. Intestinal LS180 cells transiently transfected with pSG5-hPXR expression
plasmid along with a luciferase reporter plasmid p3A4-luc were incubated for 24 h with
DC73, DC97, FKK6, rifampicin (RIF; 10 uM) and vehicle (DMSO; 0.1% V/V). Cells were
lysed and luciferase activity was measured. Incubations were carried out in quadruplicates
(technical replicates). The data show mean + SD from the experiments performed in three
consecutive cell passages, and they are expressed as a percentage of PXR activity achieved by
RIF. (B,C) Metabolism of FKK6 in human liver microsomes. Human liver microsomes
(HLM) were incubated for 30 min with FKK6 (50 uM), and UV-HPLC analyses were then
carried out; upper panel — native HLM, middle panel — CO-saturated HLM, lower panel —
heat-inactivated HLM (B). LC/MS chromatogram and mass spectra of FKK6 microsomal
metabolites (C).

Figure S1. Heat map for the differences in deuterium uptake. Time intervals at 1, 10 and
30 min between (4) Apo PXR and PXR-bound SR12813 and (B) Apo PXR and PXR-bound

FKKS6.

Figure S2. Predicted sites of metabolism of FKK6 by FAME2.
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