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ABSTRACT
EVALUATION OF VDR-COACTIVATOR INHIBITORS
USING BIOCHEMICAL AND CELL-BASED ASSAYS

by

Athena Baranowski

The University of Wisconsin-Milwaukee, 2013
Under the Supervision of Dr. Alexander Arnold

The vitamin D receptor (VDR) is a ligand-dependeanscription factor, which belongs
to the nuclear receptor superfamily. VDR-mediatedegregulation is governed by
coregulators (coactivators and corepressors). Varegulator binding inhibitors (CBIs),
which were discovered using high throughput screge(HTS), were evaluated using
cell-based assays and biochemical assays to detetheir ability to inhibit the
interaction between VDR and steroid receptor cgatiir-2 (SRC-2). Determining their
ability to inhibit the VDR-SRC-2 interaction caratkto the development of novel and
safer pharmaceutical treatments for VDR-relatedrdisrs, such as cancer, autoimmune
diseases, and cardiovascular disease; therefersiutly of transcription, toxicity, and
protein-protein interactions are critical to thevelepment of pharmaceutical treatments.
The methods used to study CBIls include a cell-b&sedcription assay, which
was based on the formationfactamase in thelek 293T cell line. The readout of this
assay was fluorescence resonance energy tran&tEiT{(Fof a cell-permeable substrate in

the event of transcription inhibition, and a bluefescent signal in the event of



transcription activation. Active CBIs, such as campd WL052410G (31b), exhibit a
reduced blue to green fluorescent ratio.

A luciferase-based viability assay, which dete@dd levels from metabolically
activeHek 293T cells, was used to determine the toxicity of thdsCB hopes of
detecting partial toxicity for pharmaceutical tasgef VDR, such as compound
WL052410G (31b).

Different co-immunoprecipitation pull-down assaysrerdeveloped to precipitate
and isolate target proteins, such as VDR, SRC-@ SRC-2-3, using affinity-based
tagging, in order to determine the ability of CBdsdisrupt the protein-protein interaction
between VDR and SRC-2 coactivator. The VDR-SRCt&rattion was visualized using
a fluorescently tagged antibody, which was realizgidg a laser imager.

The most active compounds for all the assays peddrbelong to a series of 3-
indolyl-methanamines and include a highly selectind active compound, WL052410G

(31b).
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Chapter 1: Introduction

The vitamin D receptor (VDR) is a liga-acivated transcription factor, whi is one of
the 48 nuclear receptors (NRs) discred in the human genome, amediates th:
transcriptionof the genes responsible for cell proliferatiorl| degferentiation, anc
calcium homeostasisVDR is a pharmaceutical target for the treatmenhefabolic
disorders, skin diseases, cancer, autoimmune ds, and cardiovascular diseasVDR
has several functional domains, such as a [binding domain (VDRBDBD) and a
ligand bindingdomain (VDF-LBD), which mediate ligandlependent gene regulati?

VDR binds DNA at the VD-DBD and forms deterodimer with the retinoid
receptor (RXR)RXR is a nuclear receptor fo-cisretinoic acid and is essential 1
VDR-mediated transcripti(, because it is required to bind with VDR in order ttoe
complex to bind to the vitamin D response elem¥RtRE), which is typically located i
the promoter region of VD-regulated genes.

Vitamin D, the precursor for calcitriolr 1, 25dihydroxyvitamin [3 (1a, 25-
(OH),D3), as seen in Figure can be obtained through foods or synthesized fr-
dehydrocholesterol throu¢photolysis occurring in the skin. The formationlg25-

(OH).D3 occurs in the liver and kidne:

Figure 1: Chemical structure of 1, 25-(OHDs.



The vitamin D binding protein binds vitamirs and transports it through tl
blood to the liver. In the liver, vitamins is hydroxylated at carbon 25 vitamin D 25-
hydroxylase, resulting in the formation 25-hydroxyvitamin 3. The vitamin D binding
protein therbinds this form of vitamin 3 and transports it to the kidneyn the kidneys,
25-hydroxyvitamin B is then hydroxylated at carbon 1 of the A ring, evhconverts th:
vitamin Ds to the active form, 1, -dihydroxyvitamin Q.*

In order to control the amount of active vitamis found in target tissues, tl
active form of vitamin Qs also the substrate of the Bydroxylase enzyme. Elevat
levels of vitamin @ cause i to bind to the 24ydroxylase enzyme, forming 1, 24 -
(OH)sD3, which is th@ converted tinactive calcitrolic acid. Vitamin Pcan also
produce 24, 25-(OHID3, whichforms in order to regulate and decretseamount of z-
(OH)Ds available for carbon 1 hydroxylatic” Themetabolism of vitamin [is

illustrated in Figure 2.

Ho" ~
7-Dehydrocholesterol Vitamin D, 25-Dihydroxyvitamin D, 1,25-Dihydroxyvitamin D3

24-OHase
——

1,24,25-Trihydroxyvitamin D; Calcitroic Acid

Figure 2: Vitamin D metabolism. Vitamin D, the precursor @@&icitriol, or lo, 2E-
(OH).Ds3, is synthesized from-dehydrocholesterol througihotolysis occurring in th
skin. The formation of 1, -(OH),D3 occurs in the liver and kidneys.



VDR binds to its ligand, d, 25-(OH),D3, with high affinity. This ligand bindin
causes the VDRBD to undergo a conformational change. The conédgiromal change i
essential to release corepressors bound to VDRalgo credes the VDR activatio
function-2 (AF2) domain, which consists of a hydrophobic clef8dfelices and a

amphipathia-helix at the carboxyl terminal called helix, as seen in Figure. ®

Figure 3: Ribbon structure of the VC-LBD with the ligand, 1, 2%lhydroxyvitamin [,
bound in the pocket. Helix 12 che AF2 and the DRIP interacting prot are also
depicted?



In an unligated state, VDR binds corepressor pmetesuch as the nuclear
receptor corepressor (NCoR) and the silencing n@udid retinoic acid and thyroid
hormone receptor (SMRT), which repress the trapsori of VDR target geneésNCoRs
have short consensus sequences that are simitattof coactivators, which are
discussed later in this chapter. The consensusrequof these corepressoromsxdd,
where® is isoleucine or leucine, and x is any amino acd’ This sequence forms an
helix, which is one turn longer than the coactivdtelix. The formation of this helix
allows for corepressor binding to the AF-2 domaithaut helix 12 contacting the VDR-
LBD.

Helix 12 projects away from the core of the VDR-LBallowing corepressors to
stay docked and to negatively control the transiomal machinery by relaying a
repressive signal to maintain a closed chromatircgire, leaving the histones in the
amino terminal tails in a charged state, whiclightty associated with DNA? **

VDR binds corepressors to negatively modulate tnapigson through histone
deacetylase activity. Deacetylase activity cataythe removal of acetyl groups from
lysine residues to increase the positive chargigemistone, thus, strengthening the
interactions between DNA and the histone. The dgkt®n of the histones results in a
compacted chromatin structure and prevents the Rdlymerase from initiating
transcription.

The AF-2 domain is where coactivators are ablateract with the VDR multi-
protein complex, which further modulates and atéisa/DR-mediated transcription by
recruiting the assembly of transcriptional proteinghe ligated state, helix 12 contacts

the VDR-LBD, creating the AF-2 domain.



The creation of the AF-2 domain allows for positmedulation of transcription
by modifying histone structure through acetyltrana$es, which are recruited by
coactivators, such as the steroid receptor codotiy@RC), also known as the glutamate
receptor interacting proteins (GRIP) family of cthaators, of which, the SRC-2
coactivator plays a critical role for the experirtseim this thesis**

Histone acetyltransferases (HATS) are a class ojraas involved in gene
transcription through remodeling chromatin struetifATs target histones are bound to
DNA and catalyze the acetylation of lysine residinethe amino terminal tail of histones.
The DNA is unwound, and then targeted by VDR-inténg protein (DRIP) compleX.
¥ DRIP is a protein complex which is required foe thitiation of transcription.

VDR binds DNA gene response elements, so that wheenoactivators are
recruited, the histone structure of the target gexam be modified. Coactivators, which
usually contain several LxXLL (L is leucine andsxany amino acid) consensus
sequences with different flanking amino acid resgloalled NR boxes, bind in the
hydrophobic cleft of the AF-2 domain. The LxxLL c@nsus sequences form an
amphipathiax-helix which fits into the hydrophobic pocket oktiAF-2 domain on the
VDR-LBD.?

VDR coregulator binding inhibitors (VDR-CBIs) prawehe binding of
corepressors or coactivators to the VDR. An inbib@ian bind to its target protein
irreversibly through covalent bonding, or revergitiirough either hydrophobic
interactions, hydrogen bonds, or ionic interactions

VDR ligand agonists have been developed to tre&lméc bone diseases and

proliferative skin disorders; however, only a liedtnumber of VDR ligand antagonists



have been determined to allosterically inhibitititeractions between VDR and its
coactivators?*® Direct inhibition of VDR-coactivator binding usirsgnall molecules was
first reported by Mita et &l. This novel approach helps determine the role cégalators
in gene regulation in the presence 1, 25-(§{DH)CBIs have been discovered for the
estrogen receptor (ER), thyroid receptor (TR), agdn receptor (AR), and the
peroxisome proliferator activated receptor (PPAR)he research described herein
enabled the identification of the first irreversilind highly selective VDR-CBIS.

Small molecule inhibitors of protein-protein intetians are important tools in
research and recently emerged as starting pointiréig development. Identification of
the molecular interaction between VDR and CBIs manvide insight to the development
of novel and safer methods for nuclear hormoneptecdigand-based treatments, such as
those for cancer; therefore, it is important torekterize these CBIs with regard to
transcription and cytotoxicity.

The compounds were evaluated for the inhibitiotrarfiscription and cytotoxicity
using a fluorescence resonance energy transfer{}-B&sed assay and a luciferase
assay, respectively. In addition, a co-immunopi&ipn (co-IP) and an immune-
detection pull-down assay were performed, in otddurther prove the inhibition
between VDR and SRC-2 coactivator was inhibited dose-dependent manner. One of
the most promising inhibitors was based on thefglchdf 3-indolyl-methanamines.

In addition, newly synthesized analogs of 3-indohgthanamines were studied
for transcriptional activity, as well as cytotoxigiand produced the first selective and
irreversible VDR-CBI, compound WL052410G (31b). Thenscriptional regulation of

these compounds was studied using the VDR target, G&P24A1, in mammalian cells.



The cell-based assay was developed in 1998 anbdegisused widely for NRs,
including AR, progesterone receptor (PR), minerattcoid receptor (MR),
glucocorticoid receptor (GR), and both ERind ERB receptors® These and other NRs
bind various steroid-based ligands, which leadbécdhomodimerization of the NR and
binding to specific promoter elements, in ordedtive the expression of downstream NR
genes, which control various cellular functionstefdtions in the function of these
receptors lead to endocrine-related diseases,agicancer and heart disease.

For VDR, aGal4-DBD and VDR-LBD fusion protein was cloned into an
upstream activation sequence (UAS) and stablyfeeated intoHek 293T cells. In
addition, aB-lactamase reporter gene, under transcriptionataoof an upstream
activation sequence (UABa), was stably transfected. The assay used knownigtgo
and antagonists in a dose-response format as tgnifeich demonstrate selective NR
modulation. The assay was also able to identifydifidrentiate mixed and partial
agonists and antagonists.

The reason that partial agonists and antagonists &anore desirable drug effect
than full agonists and antagonists is becauseliheg fewer off-target side effects, due
to their partial activity’* These compounds can have different biologicakeffand
alternative conformations of the receptor, which oesult in differential recruitment or
displacement of cofactors, as well as tissue-sjgeanifd promoter-selective expression of
target genes.

A co-immunoprecipitation assay was performed ss@ndary assay, in order to
determine the inhibition between VDR and coactixgtthereforeE. coli cells were used

for the expression and purification of the SRC-@@in. Once the SRC-2 protein was



attached to a glutathione S-transferase (GST) lzepdll-down assay was performed on
varied concentrations of CBIs. This assay was thealved using sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-EAGel, blotted to a Western
membrane, and VDR was detected using a fluoresceged secondary antibody. The
assay was performed in this manner, in order toothstnate that the CBI showed a dose-

response in competing with SRC-2 for VDR binding.

Chapter 2: Cell Culture and Gene BLAzer Assay

Chapter 2.1: HEP G2 Célls and Culture Methods of HEP G2 Célls

Cell culture practice began on the human hepatdeelliver carcinomaHEP G2) cell

line. This cell line is commonly used to determiiver toxicity of small molecule¥

First, the cells were thawed from liquid nitrogand a 1 mL fraction was pipetted into a
cell culture flask containing 14 mL of recovery nedvhich was eagle’s minimum
essential medium (EMEM from ATCC). EMEM consistsadbalanced salt solution, non-
essential amino acids, 2 mM L-glutamine, 1 mM sodpyruvate, and 1500 mg/L
sodium bicarbonate. The cells were placed in thelstincubator at 37°C and 5 percent
carbon dioxide until they reached 60 to 90 percenfluency.

The cells were passaged by first aspirating thegodevth media, and then by
rinsing the cell flask with 10 mL of phosphate leuéd saline (PBS), which rinsed away
any dead cells. The cells were detached from thewéure flask using 0.25 percent
trypsin, which is described later in this chapfeFhe flask was incubated with the

trypsin for 3 to 5 minutes at 37°C and 5 percenb@a dioxide in a sterile incubator.



After incubation, the cell suspension was mixegipgtte, in order to achieve a single
cell suspension, and 1 mL of the suspension wasdated into new flasks containing 15
mL of growth media, which was the same as the regomedia previously described,
but with 10 percent fetal bovine serum (FBS) adubeithe recovery media. No further

tests were conducted using this cell line.

Chapter 2.2: Description of theHek 293T Cell Line

A commercially available, stably transfected, hurearbryonic kidneyHek 293T) celf*
line was cultured for use in the Gene BLAzer antl Teer-Glo assays.

TheHek 293T cells contained the simian vacuolating (SV) vd0sT-antigen
origin of replicatior® which allowed for activated transient gene traipsion and
improved incorporation of foreign genes into thethgenome.

The commercially availabldek 293T cell line also contained 2 stably transfected
plasmid vectors. The first plasmid vector was angric vector bearing the ligand
binding domain of VDR and the DNA binding domaintloé Gal4 transcription factor
(Figure 4)* The second vector contained chimeric DNA assenfoted a UAS

response element an@dactamase gendl@) (Figure 5).
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Figure 5: B-lactamase and UAS chimeric plasmid vector.

Gal4 is a yeast-specific transcription factor, whiclaigositive gene expression
regulator of galactose-induced gen@al4 encodes for enzymes which convert galactose

to glucose. In order to ensure that this chimeftADvas replicated continuously, the
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vector contained antibiotic resistance to Zeociniclv was present in the cell culture
medium at all times’’

B-lactamase is an enzyme which is produced by s@ueetia and causes
resistance t@-lactam antibiotics® Thep-lactam antibiotics contain a four-member ring
with three carbon atoms and one nitrogen atom.pHlaetamase enzyme breaks the ring
open, which deactivates the antibacterial properii@e second vector also contained
antibiotic resistance to Hygromycin B, which wasaapresent in the cell culture medium
at all times.

Culturing these cells in the presence of thesetiBiatics ensured the
transcription and translation of the VDR-LBBal4-DBD and the availability of the

reporter DNA bearing thila gene (Figure 6).

VDR-LBD Gal4-DBD

UAS Response Element bla Gene

Figure 6: Binding of the first chimeric plasmid vector to tbAS of the second
chimeric plasmid vector.

Chapter 2.3: Background and Description of the Gen8LAzer FRET Assay

This assay was used to detect the influence thét B&/e on the interference of
transcription mediated by the VDR-LBD,; thereforell€ were evaluated in the presence

of calcitriol, which activated the VDR-LBD conforiti@nal change and allowed for the
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recruitment of coactivators. The binding of thal4-DBD from the first chimeric
plasmid vector to the UAS response element of ¢éleersd chimeric plasmid vector
triggered the transcription of tioba gene, which ultimately resulted in the generatbn
B-lactamase enzyme.

The expression of cellul@irlactamase was measured by the addition of a
substrate (CCF4-AM) with the ability to create aEHRsignal. CCF4-AM substrate has
two2 fluorescent moieties, coumarin and fluoresceimich are linked by f-lactam ring

(Figure 7)?

Cl

OBt

Figure 7: Structure of the CCF4-AM FRET substrate.

FRET is made possible by the presence of two feemet scaffolds in close
proximity, that is, they are linked together in anelecule. Fluorescence is best

explained with the Jablonski diagram in Figuré®8.
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excited vibrational states
S (excited rotational states not shown)
n
— A =photon absorption
F =fluorescence (emission)
P = phosphorescence
& = singlet state
T =triplet state

IC = internal conversion
ISC =zintersystem crossing
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Figure 8: Jablonski diagram. An electron is excited by arrgyeource, and light is
emitted when the electron returns to the grounie sfenis diagram shows possible routes
that an excited electron can take when returnirntheayround state. A rapid return to
ground state results in fluorescence emissionaasidw return to ground state results in
phosphorescence, after light crosses to the tripdee by intersystem crossing and
undergoes internal conversion.

Using light of a certain wavelength, which corresg®to the absorbance
wavelength of the molecule, an electron is exditeoh the ground state to any one of the
singlet states, in this case, to the second sistaét. As the electron drops back to the
ground state, not all the energy is emitted ag,ligiit some of the energy is lost, usually
as vibrational energy or heat. As a result, thession wavelength is shifted to a higher

wavelength than the excitation wavelength. If ratéon occurs by intersystem crossing,

the electron can enter the triplet state and dmitehergy as phosphorescertéé:z
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The FRET diagran(Figure 9)differs from the Jablonski diagrs, in that a donor
and acceptoare present in close proximity, because the dondragceptor have to be

close proximityin order forsignificant energy transfer.

Donor Acceptor
S S =Singletstate
5 .. FRET T T =Triplet state
sy 5 J i
ER— D + A = constant
> —,
&
L
Blue Green Red
Y (Intensity Ip) 4 (ntensity la)

Electronic ground state {SD}

Figure 9: FRET diagram. The electron donor is excited taglet state and energy is
transferred to an electron actor through resonance transfer by overlapping eoms
spectra.

The donor is excited to a singlet s, and energy is transferred to the accey
This transfer is not radiative. The emission spautof the donor and the excitati
spectrum of thacceptor mu: overlap, or cause resonaniteprder for FRET to occu
As described in théollowing equation, the energy transfer is propmrl to(1/r)°, where

r is the distance between the donor and the aagephachis typically around round 20-

80 A.%

1+ (r/Ro)®
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The CCF4-AM FRET substrate is a membrane-permeabtefluorescent
substrate, which crosses the plasma membrane &g ¢éme cell cytoplasm, where
esterases hydrolyze the esters in the substrateanboxylic acids, causing the substrate
to become fluorescent (Figure 10). The carboxydabeips of the substrate are
derivatized as esters, in order to ensure the pegimeability needed to cross cell
membranes. In the absencefdfictamase activity, the substrate remains irftact.
Excitation of the coumarin by 409 nm light result$=RET to fluorescein, which emits
light at 530 nm (Figure 10).

In the presence @#-lactamase activity, the CCF4-AM substrate is cbebat the
B-lactam ring, which interrupts energy transfer,sesuthe fluorophores to separate, and
terminates the FRET signal. Under these conditithresexcitation of coumarin results in

the emission of fluorescence at 460 nm (Figure®10).

cl
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Figure 10: In-cell FRET diagram. The substrate permeatesgihdioe cell membrane
and is cleaved by esterases to form a highly femst compound, CCF4. Cleavage by
B-lactamase releases the fluorescent coumarin diegva
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The expression di-lactamase was quantified by measuring the ratibe@blue
(460 nm) fluorescence to the green (530 nm) fluzmese’ The CCF4-AM substrate
works in conjunction with thelek 293T cells, because thdek 293T cells contain §-
lactamase reporter gene system. CBI inhibitiorhefWDR-coactivator interaction
created a FRET signal, and showed thaptlectamase was not formed. The opposite
was true of VDR agonists, which activated the VDBELand resulted in the
transcription of th@-lactamase gene, which produdgethctamase. The production [®f
lactamase caused the substrate to be cleaved|tandtaly, a blue fluorescence
emission.

Quantification of3-lactamase was accomplished by detecting the iserea
FRET caused by inhibiting the enzymatic cleavagéep-lactam-containing substrate,
which was added after an incubation ranging frotm 34 hours. The cleaved substrate
concentration was quantified by measuring the #aoence emission at 460 nm, and the
uncleaved substrate concentration was quantifieshégsuring the fluorescence emission

at 530 nm.

Chapter 2.4: Gene BLAzer FRET Assay Methods

TheHek 293T cells were passaged using the methods descritexdriahis chapter and
resuspended in assay media at a concentration@@@@ells per well. The assay media
contained 500 mL of phenol red-free Dulbecco’s rfiedieagle medium (DMEM); 10
mL of charcoal-stripped FBS; 5 mL of sodium pyrwéi mL of non-essential amino
acids; and 5 mL of penicillin and streptomycin. Tdedls were counted by pipetting 30

uL of cell suspension onto a hepatocytometer, gitmegconcentration of cells per mL.
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The assay was performed with 380 per well, giving a concentration of 666,666 celés

mL, which was adjusted to 660,000 cells per mL.

Figure 11: Hepatocytometer depiction. Approximately 80 of cell suspension was
pipetted into this whole area. Cells were then tedim three separate red boxes and
averaged. The volume of each of the red boxes &9 alL. Multiplication by 10,000 of
the amount of cells counted gave the concentratiaells in cell per mL.
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Matrigel solution was first pipetted into the 384&iiblack, clear bottom plate
using a multi-channel pipette in the quantity ofi@0 and the 384-well plate was
incubated at 37°C and 5 percent carbon dioxidd%ominutes, in order to allow the cells
to attach to the plate. The Matrigel solution isa&ed later in this chapter. Then, 0
of the cell suspension was pipetted into colum28 bf the same 384-well plate using a
multi-channel pipette. Media only was pipetted iotdumn 24 of the 384-well plate. The
plate was incubated at 37°C and 5 perceng foQtimes ranging from 2 to 24 hours.

The CBIs were transferred using a robotic pin taabsfer instrument, called the
Tecan Freedom Evo liquid handler. This instrumdlotes for the transfer of 100 nL of
liquid, which in this case, the liquid contained IEBissolved in DMSO. Controls for this
assay were 1, 25-(ObD3 and LG 190178 (positives) and DMSO (negative). Two
independent experiments were conducted in tripleuadruplet for each of the Gene
BLAzer assays.

After the 384-well plate containing the cells wasubated for 2 to 24 hoursu8
of the FRET substrate was added to the wells featien of the FRET signal using the
Tecan Infinite M-1000 multi-label reader. The Tecaader analyzed the excitation and
emission of the blue and green fluorescence, aatlaof the blue fluorescence to green

fluorescence was determined.

Chapter 2.5: Fluorescence Detection

The excitation and emission of blue fluorescenceewetected at 409 nm and 460 nm,
respectively. The excitation and emission of grid@orescence were detected at 409 nm

and 530 nm, respectively. The readings for therbegg assays were taken right after
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centrifugation at 1 hour, 2 hours, 3 hours, anddré after the addition of the FRET
substrate. It was determined that the smallestlatandeviation and highest signal
window between the positive and negative contra@savobtained after 3 hours of
incubation at room temperature and in a dark enm@nt. The fluorescence was read
using the Tecan Infinite M-1000, which is a monachator-based instrument.

The Tecan Infinite M-1000 spectrofluorimeter catsiof the light source, the
fluorescent top optics, the fluorescent bottomasgptand the fluorescence detector. The

entire fluorescent optical system is illustratedrigure 12.

Xe-Flash | 1) 4)

Lamp PMT
Excitation Double Emission Double
Monochromator Monochromator
with selectable with selectable
Bandwidth Bandwidth

Fiber Switch

Fluorescence TOP light

Fl Top

Z-Adjustment I

Condensor

Microplate ‘

| Fl Bottom

Fluorescence BOTTOM light

Figure 12: Entire fluorescent optical system, which consistthe light source,
the fluorescent top and bottom optics, and therélscence detection unit.

The fluorescence optical path begins with the igipt that contiunes from the

light source to the top measurement head and tphitbmultiplier tube (PMT). The
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path of the fluorescent bottom light continues fritna light source to the bottom
measurement head, and to the PMT.

The light source system has the following composididsh lamp, condenser,
order-sorting filter wheel, excitation double mohoamator, fiber optic bundle, and flash
lamp monitor. The flash lamp uses a high-energyrarc discharge lamp, where the
flash sparks across a small gap between two etletrand the lamp bulb, which contains
a high pressure xenon atmosphere. The benefitsing @ xenon flash lamp are high
intensity from the deep ultraviolet region to treaninfrared region, a long lifetime, and
the ability to be used for a variety of applicagon

The condenser focuses the light source onto thraresd slit of the excitation
monochromator. A filter wheel is located betwees ¢bndenser and the excitation
monochromator and is set automatically, based eptbgrammed wavelength. The
filter wheel contains wavelength-specific optialkfrs, which are necessary to block
undesired diffraction produced by the optical grgsi (e.g. higher order energies). The
excitation double monochromator is used to selesirdd wavelengths from the flash
lamp spectrum in the range of 230 nm to 850 nnfld@mrescence intensity.

A monochromator is an optical instrument that éembny wavelength to be
selected from a defined optical spectrum, whichs@gia of an entrance slit, a dispersive
element, and an exit slit. The dispersive eleméfradts the light and projects it onto the
exit slit. A dispersive element can be realizedibyg a glass prism or an diffraction
grating, which the later is used in the Tecan itgiv-1000. Rotating the optical grating
around its vertical axis moves the spectrum adiosgxit slit, and only a small part of

the spectrum, or bandpass, passes through thsliexithat means that when the
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monochromator entrance slit is illuminated with tgHight, only light with a specific
wavelength, or monochromatic light, passes thrabgtexit slit. The wavelength of this
light is set by the rotation angle of the opticedtang. The bandwidth is set by the width
of the exit slit.

Since monochromators only block undesired wavetengt 16, a second
monochromator is needed in order to detect flu@msiight, because the detectable
fluorescent light is much weaker than the excitatight. The second monochromator is
connected in series, that is, the exit slit offtre# monochromator acts as the entrance slit
of the second monochromator, which allows for biogko a factor of 19 In this
instrument, a double monochromator is on both Kogation and emission side.

The fiber optic bundle guides the light from the slit of the excitation
monochromator, either to the top measuring optidh® bottom measuring optics. The
bottom fluorescent optical system, which is ideaitio the top fluorescent optical

system, is illustrated in Figure 13.
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Figure 13: Schematic diagram of spectrofluorimeter showingdpics for
reading both above and below the microplate. Feamece optics used for top
and bottom reading of fluorescence intensity mesasent. The right-hand side is
an enlargement of the bottom fluorescence measumtemkbich is similar to the
top fluorescence measurement.
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The lower end of each fiber bundle acts as a cgpecific light source. In both
cases, a small portion of the light is guided ®fthsh lamp monitor diode. The flash
lamp monitor is a silicon photodiode that takeggrilash light variations into account
and compensates for them.

The fluorescence fiber bundle that is plugged thotop and bottom measuring
head contains both excitation and emission fibEne. emission fibers guide the
fluorescent light to the emission monochromatordhe&#ere a lens system focuses the
light onto the entrance slit of the emission momootator.

The fluorescence detection system is used for miegshioth fluorescence from
above and fluorescence from below the microplatéswehe fluorescent light is focused

onto the entrance slit of the emission monochromativer passing through the
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monochromator, the light passes through the filleeel and is focused on the detector
(PMT).

The emission monochromator is used to select awelength of fluorescent
signal. It acts like an adjustable filter in wavedéh and bandwidth to discriminate scatter
of excitation light and non-specific fluorescentie filter wheel contains wavelength
specific optical fibers, which are necessary taklondesired diffraction produced by the
optical gratings. The PMT is used for the detectbfluorescent low light levels, and
electronic circuitry uses analog to digital convansof PMT output current.

The Z-position of the fluorescence top optics hétpsiaximize the signal to
noise ratio, as light is refracted at the samglgigd surface. The fluorescence intensity
lens system of both the top and bottom optics ssgied to focus the excitation light at
the exit side of the bundle, which acts as a cspmeific light source, into the sample.
The lens also collects the fluorescent light arai$es it back onto the fluorescence fiber
bundle. The objective lenses are made from fudma siwvhich provides high ultraviolet
transmission and eliminates most auto-fluorescence.

In summary, the flash light is focused by the carsde on the entrance slit of the
excitation monochromator. The wavelength and badthoef the excitation light are
selected within the monochromator. After passimgugh the monochromator, the
excitation light is coupled into a fiber bundle djnig the light to the top or bottom
measuring heads. The light is then focused ints#meple by the top or bottom lens
system. The fluorescent emission light is colledtgdhe top or bottom lens system

again, coupled into the fluorescence fibers buratié, guided to the detection system.
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The blue fluorescence emission, and then the dgheerescence emission, of the
assay wells that were quantified by using the Tdcanite M-1000 instrument were
displayed in an Excel spreadsheet across the ralned384-well plate.

This raw data was applied to another spreadsheetiar to reorganize the data,
to subtract the average of the background of teayasiedia from the wells, to determine
the trend in blue fluorescence, to determine thediin green fluorescence, to determine
the ratio of blue to green fluorescence, to deteentine averages of the positive and
negative controls, to determine the standard dewviatf the positive and negative
controls and to determine the Z prime value as showigure 14. The data was
arranged into columns of descending concentratmnsach CBI, and to group multiple
plates for the same batch of cells in triplet cadyuplet.

The average values (n =3 or 4) were analyzed wilplsPad Prism 5. Any data points
that fell outside of three times the standard dexmawere discarded. The two-
dimensional graphs consisted of the ratio of btugreen fluorescence on the y-axis and
the logarithm of the concentration of agonist ol GB the x-axis. The best-fit non-linear
regression was color-coded to match the legenth&drmolecule. The compounds that fit
the sigmoidal graph shape were determined to bentis¢ promising compounds, and an

IC5o value for each of these sigmoidal graphs was ohéted.

7 =1 3 + (STD Positive Control + STD Negative Control)

B | Average of the Positive Control - Average of the Negative Control |

Figure 14: Z prime calculation. The Z prime value indicates tlorrelation of the
experimental data. Z prime values from 0.50 toiddicate useful data sets.



25

Chapter 2.6: Hek 293T Cell Culture Methods

A 1 mL tube with commercially availabléek 293T cells was first thawed and pipetted
into 10 mL of growth media. The growth and thawmegdia contained 500 mL of phenol
red DMEM with Glutamax (L-glutamate); 50 mL of heaactivated and dialyzed FBS; 5
mL of 0.1 mM non-essential amino acids (glycineQmg/L), L-alanine (890 mg/L), L-
asparagine (1320 mg/L), L-aspartic acid (1330 md/tglutamic acid (1470 mg/L), L-
proline (1150 mg/L), and L-serine (1050 mg/L)); & of HEPES buffer at pH 7.3, which
maintains a physiological pH, despite carbon diexadanges from respiration; and 5 mL
of 100pug/mL Penicillin and Streptomycin. The cell suspensias centrifuged at 1,000
rpm for 2 minutes. The supernatant was aspirated the top, the cells were
resuspended in 1 mL of media, and the cells wedreduoced into a tissue cell culture
flask, which had been pre-coated with 3 mL of Mglimatrix solution and contained 14
mL of growth media.

The Matrigel matrix solution contained 100 mL ofeplol red-free DMEM and
250puL of Matrigel concentrate and was used to coabtittom of the tissue cell culture
flasks and the 384-well plates prior to introducihg cells to the flasks and to the plates.
Matrigel is a protein that is extracted from mosaecoma cells and simulates the cell
growth environment; therefore, Matrigel facilitatbe attachment of the cells to the
bottom of the tissue culture flasks. The 3 mL oftigel that had been added to the
bottom of the tissue culture flasks coated theretottom surface of the flasks. The
flasks with the Matrigel solution were incubate®#tC and 5 percent carbon dioxide for
15 minutes. The Matrigel solution was aspirated, #we 14 mL of growth media was

added to the flasks.
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The amount of Zeocin adddirectly to the culture flasks wgal2uL, later
changed to 1nL, which corresponds to a final concentratior80 ug/mL, later changed
to 100ug/mL. The sara corcentration was used for Hygromycin But 2« uL was added
directly to the culture flasl, which was later changed to 8D of Hygromycin B to a
concentration 080 pg/mL, later changed to 10@g/mL. This amount of antibiotics wi
added to the tissue culture flasks each time the were propagatt.

Hygromycin B is a aminoglycosidic antibiotic whicls produced b
Streptomyces hygroscopicus (Figure 15A) The antibiotic inhibits protein synthesis
affecting mRNA translation, which is achieved bgucing the misreading of aminoa-
tRNA through the distortion of the ribosonactive (A) site.

Zeocin is a oppe-chelated glycopeptide which has been isaldrom
Streptomyces verticillus (Figure 15B. When the antibiotic enters the cell, the cog
cation is reduced from ¢* to Cu" and binds to sulfhydrytontaining proteis in the cell.
Removing the copper cation from tantibiotic complex activates Zeim. Once Zeocil

is activated, it binds to DNA and cleaves it, cagstell deatt
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Figure 15: HygromycinB (15A) and Zeocin (15B) antibiotic structures.
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The cells were cultured to 70 to 95 percent comityen the 15 mL solution of
growth media and antibiotics from 2 to 5 days. Otheecells reached an appropriate
confluency, the cells were washed with 10 mL of RBout calcium ions and detached
from the tissue culture flasks using 3 mL of 0.5cpat trypsin.

Trypsin is a protease enzyme which degrades psobgirhydrolysis and has an
optimum working pH of 7 to 9. Trypsin is derivedin trypsinogen in the pancreas by
removing a terminal peptide from the trypsinogeis h highly discriminating protease,
because it only cleaves amide and ester bondg agthoxyl terminal side of arginines
and lysines. Trypsin is inhibited by organophosplisrcompounds which target serine in
the active site of the enzyme. FBS contains a abiainibitor of trypsin.

The cells were incubated for 3 to 5 minutes withtitypsin at 37°C and 5 percent
carbon dioxide. The cell suspension was mixed pgtpe and added to 7 mL of growth
media in a conical tube, followed by 5 minutes eftrifugation at 1,000 rpm. The
growth media was aspirated from the top of thesceklleted on the bottom of the
conical tube, resuspended in 3 mL growth media,lamd. of this cell suspension was

introduced to each new culture flask.

Chapter 2.7: Summary of the Results of the Gene BlLZer Assay

As discussed previousliiek 293T cells were drugged with calcitriol ligand and CBis
order to determine the CBI's ability to inhibit VDiRediated transcription using the
described Gene Blazer assay. The summary of thetstes of CBIs tested and their

activities are compiled in Table 7 in Appendix A.
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Figures 16 through 26 and Figure 28 representake-desponse activity of all
CBIls investigated. The graphs show the ratio oé dugreen fluorescence, the blue
fluorescent signal, and the green fluorescent sigmaach compound. The reduced ratio
of blue to green fluorescence is an indicator efdbhility of CBIs to inhibit the
transcription of VDR. The amount of blue fluorescsignal is directly related to the
transcription of théactamase gene, and consequently, to the activation of VBRIue
fluorescent signal is an indication that the clegvaf the Gene BLAzer fluorescent
substrate at thg-lactam ring by th@-lactamase enzyme occurs and that blue
fluorescence is emitted by the Gene BLAzer fluceessubstrate.

The amount of green fluorescent signal is propodido the amount of
transcriptional inhibition of theactamase gene mediated by VDR. The green fluorescent
signal is an indication that no cleavage of the&BhAzer fluorescent substrate at fhe
lactam ring by th@-lactamase enzyme occurs. The inhibition of thavdge of the Gene
BLAzer fluorescent substrate shows the abilityhaf €Bls to inhibit the transcription of
VDR. Active CBIs will inhibit the VDR-mediated tranription of thdactamase gene,
resulting in a lower blue fluorescent signal aridgher green fluorescent signal, as the
concentration increases. The decrease in greereficent signal also shows the toxicity
of the small molecules. Both signals should bernseky proportional; thus, giving a
robust additive signal when divided, as descrilpetthe introduction. The I§ values
were determined using the following non-linear esgion equation.

Y=Bottom + (TOp-Bottom)/(1+1Qj°9 IC50-X)*Hill Slope).
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The IG5 value is half of the maximum inhibitory concenimatthat measures the
effectiveness of a compound in inhibiting a biot@gifunction, in this case, transcription

inhibition.

Chapter 2.8: Detailed Results and Figures of the Ge BLAzer Assay
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Figure 16: Inhibition of VDR-mediated transcription of compalsF1387-0020, F1387-
0036, F1217-0092, F0910-7407, and FO743-0032.

Compounds F1387-0020, F1387-0036, F1217-0092, F@90@, and FO743-
0032 all decreased in blue fluorescence after 3shatthe highest concentration tested

(Figure 16A). The activity can be interpreted ttnahscription increased with decreasing
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concentration, thereby giving an increased blueaigs the graph goes from a higher to
a lower concentration, and giving a decreased gsegmal as the graph goes from a
higher concentration to a lower concentration. Conmuls F0910-7407, FO743-0032, and
F1217-0092 were less active than compounds F1327-80d F1387-0036. Thed&L
values of compounds F1387-0020 and F1387-0036 ¥26uM and 12.4uM,

respectively (Figure 16C). In addition, compound8&7-0020 and F1387-0036 were
slightly more toxic than the other compounds irs tompound set at higher

concentrations, indicated by the decrease in ditaerescent signal (Figure 16B).
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Figure 17: Inhibition of VDR-mediated transcription of compasF0842-0039, F1387-
0021, F1387-0022, F1387-0034, and F1420-1568.
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Compounds F0842-0039, F1387-0021, F1387-0022, F0884, and F1420-

1568 all decreased in blue fluorescence after 3shaithe highest concentration tested,
which is equivalent to a decreased amouft-laictamase transcribed by VDR (Figure
17A). Interestingly, only compounds F0842-0039, &2-8022, and F1387-0034
exhibited an increased green fluorescent signlaighaier concentrations, resulting from
uncleaved substrate (Figure 17B). The most acowepound of the 5 compounds in this
compound set was compound F0842-0039, with an appate 1G, value of 8uM.
Compound F0842-0039 exhibited a decrease in theefhlarescent signal and an
increase in the green fluorescent signal (Figu@)1Additionally, signs of high toxicity
were observed at the highest concentration of gl $or all compounds, except
compound F1420-1568, which is depicted by the dsae green fluorescent signal at

that concentration (Figure 17B).
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Figure 18: Inhibition of VDR-mediated transcription of compuls F1387-0028, F1298-
0533, F1298-0551, F1298-0074, and F1298-0581.

Compounds F1387-0028, F1298-0533, F1298-0551, F0298, and F1298-
0581 all decreased in blue fluorescence after 3shauhigher concentrations (Figure
18A). Only compounds F1387-0028, F1298-0074, ar#bBA0581 exhibited an
increased green fluorescent signal at the higlwstemtrations tested (Figure 18B).
Because only the highest concentration showed ragehaf signal for all five

compounds, it was not possible to calculate retia®i, values for these compounds.
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A Blue Fluorescence at 3 Hours B Green Fluorescence at 3 Hours
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Figure 19: Inhibition of VDR-mediated transcription of compuls F1298-0621, F1298-
0587, and F1298-0522.

Among the 3 compounds tested in this compound=4€98-0621, F1298-0587,
and F1298-0522, only compound F1298-0587 decraaddde fluorescence after 3
hours at higher concentrations (Figure 19A). Addi#lly, two experiments with vehicle
DMSO were added as a negative control. Only comgdtir298-0587 showed an
increased green fluorescent signal at a concemtrafi21uM, which decreased at the
highest concentration tested. It can be concludatdnly compound F1298-0587 was
able to inhibit VDR-mediated transcription, becaitgead an 1G, value of 17.6.M and

was toxic at 62.mM (Figure 19C).
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Figure 20: Inhibition of VDR-mediated transcription of compalsnD093-0045, D093-
0086, and F1298-0025.

Compounds D093-0045 and D093-0086 decreased irflolrescence after 3
hours at higher concentrations (Figure 20A). Addi#lly, two experiments with vehicle
DMSO were added as a negative control. Althougletivas a decrease in blue
fluorescent signal for compound D093-0086, it carcbncluded that it was not an active
compound. The 1§ values for compounds D093-0045 and D093-0086 wsgM and

6.6 uM, respectively (Figure 20C).
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Figure 21: Inhibition of VDR-mediated transcription of compaswWL052410D,
WL052510D, WL052510F, and WL052510H.

Compounds WL052410D, WL052510D, WL052510F, and WASEDH, which
were all based on the same chemical scaffold, deetkin blue fluorescence after 3
hours at higher concentrations (Figure 21A). Conmosu/V/L052510D and WL052510H
were more active than compounds WL052410D and WhOBE. Consequently, for
compounds WL052510D and WL052510H, an increaseehditaorescent signal was
observed at 3.8M, which indicated inhibition of VDR-mediated tramgption (Figure
21B). Toxicity at the highest concentrations waseawbed for all compounds. ThesiC

values for all 5 compounds ranged from 9.1 to 12M(Figure 21C).
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Figure 22: Inhibition of VDR-mediated transcription of compaswWL052510K and
WL052510M.

From the 2 compounds tested in this compound aét,compound WL052510M
exhibited a decrease in blue fluorescence afteusshat the higher concentrations
(Figure 22A). As expected, the green fluorescegnaiof compound WL052510M
increased with higher concentration (Figure 22Bje TG, value for compound
WL052510M was 11.4M, and compound WL052510K was not an active comgoun

(Figure 22C).
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Figure 23: Inhibition of VDR-mediated transcription of compuls WL052410G,
WL052410K, WL052410N, and WL060110G.

Compounds WL052410G, WL052410K, WL052410N, and WATKG all
decreased in blue fluorescence after 3 hours &ehigpncentrations (Figure 23A). The
green fluorescent signal was significantly increlaf®e compounds WL052410K and
WL060110G at a concentration of 3B, but reduced at 10M, due to toxicity.
Compounds WL052410G and WL052410N showed no ineratall in green
fluorescent signal, which is most likely due toeaywsmall window between activity and
toxicity; therefore, no Ig values are given for these compounds. HoweveilQke
values of compounds WL052410N and WL060110G wezeVl and 8.8uM,

respectively (Figure 23C).
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Figure 24: Inhibition of VDR-mediated transcription of compuals WL060110H,
WL040710D, and WL042210G.

Compounds WL060110H, WL040710D, and WL042210G aedirdased in blue
fluorescence after 3 hours at higher concentratibitgire 24A). The green fluorescent
signal was increased for compound WL040710D (Fi@4f®). It can be concluded that
both compounds WL040710D and WL042210G were vetiyaowith 1G5 values of

11.2uM and 12.QuM, respectively (Figure 24C).
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Figure 25: Inhibition of VDR-mediated transcription of compuals WL061410C,
WL042210D, WL060310C, and WL061410K.

Among all of the compounds tested in this compaosgtd only compounds
WL061410C, WL060310C, and WL061410K decreasedue ffliorescence after 3
hours at the highest concentration tested (Figbrd.2None of the compounds showed
an increase in green fluorescent signal, but rathdecrease in green fluorescent signal,
therefore, accurate kgvalues for these four compounds were unable webermined

(Figure 25B).
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Figure 26: Inhibition of VDR-mediated transcription of compaswWL042210G,
WL042210K, and WL060110G.

Compounds WL042210G, WL042210K, and WL060110G edirdased in blue
fluorescence after 3 hours at the higher conceats{(Figure 26A). Accordingly, the
green fluorescent signal increased for all compsuagcept for the highest concentration
of 25uM; thus, all 3 compounds were active, withyd@alues of 8.1uM, 10.4uM, and

4.8 uM, respectively (Figures 26B and 26C).
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Another compound identified by HTS as a potenti@l 6f VDR was compound
GW 0742 (Figure 27). The inhibition of transcriptimediated by VDR was determined

twice in quadruplet, as depicted in Figure 28.

Figure 27: Structure of compound GW 0742.
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Figure 28: Inhibition of VDR-mediated transcription of compauGW 0742.
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The 2 measurements for compound GW0742 show repitdldwdata. The blue
fluorescent signal decreased at higher concentisaaifter 3 hours, whereas the green
fluorescent signal was the highest at the high@stentration tested at 3 hours, as seen in
Figures 28A and 28C. Both results show that comgdsW 0742 inhibited VDR-
mediated transcription, with kgvalues between 25;iM and 27.3uM.

Compound GW 0742 was introduced by GlaxoSmithKim2003 as a highly
selective agonist for PPAR* Since then, compound GW 0742 has been investigated
cell-based assays aimlvivo, in order to understand the role of PRAR hypertensiof”
4 diabeted, *®inflammation?® *° obesity>* and cance?*>*Interestingly, PPAR agonists
have been shown to inhibit the transcription of 2R target geneCYP24Al, in the
presence of 1, 25-(Obl)s;>>therefore, compound GW 0742 was tested for trapisori
inhibition and cytotoxicity. It was determined tlstmicromolar concentrations,

compound GW 0742 behaved as an antagonist of ¥DR.

Chapter 2.9: Discussion of the Results of the Gemld Azer Assay

In total, 39 compounds were investigated with respetheir ability to inhibit
transcription mediated by VDR. Interestingly, mahifyerent scaffolds were able to
modulate gene regulation; however, high toxicityswwaconcern with some of these
molecules. The class of 3-indolyl methanamines fommds F0842-0039, F1217-0092,
F1387-0028, F1387-0021, F1387-0036, FO743-00323 F0®20, F1387-0034, and
F1387-0022) was identified as the superior clagg®fersible inhibitors of the VDR-

coactivator interaction. These compounds were shovmhibit this interaction itdek
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293T cells, which led to inhibition of transcriptionh& results presented previously in
this chapter are published in Nandhikonda ét al.

The 3-indolyl methanamine class varied in aromsuilastituents. Compound
F0842-0039 had a phenol group; compound F1217-B882 para toluene group;
compound F1387-0028 had a meta anisole group; contbb1387-0021 had a meta
bromobenzene group; compound F1387-0036 had épamaobenzene group;
compound FO0743-0032 had a para fluorobenzene goouppound F1387-0020 had a
para xylene group; compound F1387-0034 had a newaobenzene group; and
compound F1387-0022 had a meta fluorobenzene group.

Of these compounds, compound F0842-0039, whichah@tenol group and an
ICsp value of 8.6uM; compound F1387-0036, which had a para bromobergreng and
an|Csg value of 12.41M; and compound F1387-0020, which had a para xyjemep and
anliCs, value of 12.3:M, were the most active. The rest of the compoundsis class
showed little to no transcriptional inhibition. @fe remaining commercially available
compounds, only compound F1298-0587 and compour@3i0045 had only a slight
potential for transcription inhibition.

Of the compounds synthesized from the 3-indoylhaeamines, compounds
WL052410D (30c), which had an anisole group antiCgnvalue of 12.4.M;
WL052510D (30a), which had a benzene group an€Cgwhlue of 10.8.M;
WL052510F (30d), which had a toluene group andCGapvalue of 12.2.M;
WL052510H (30b), which had a chlorobenzene groupaniG, value of 9.1uM;
WL052510M (30f), which had a nitrobenzene group andG value of 11.4.M;

WL052410K (31c), which had a para methoxybenzenamand an 1€ value of 7.2
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uM; WL060110G (31d), which had a toluene group amdiG, value of 8.8uM;
WL040710D (31a), which had a benzene group an€Cgwvhlue of 11.21M;
WL042210G (31h), which had an ortho methoxybenzgonap and an I§ value of 12.0
uM; WL042210K (30h), which had a napthylbenzene grand an IG, value of 10.5
uM; and WL052410G (31b), which had a chlorobenzeawoemand an 16 value of 4.9
uM, were the most active compounds.

When considering small molecules for therapew, the compounds that are
most active and are partially toxic have the ggtetential. Of the above listed
compounds, compound WL042210K (30h), which hadmhybenzene group and an
ICs0 value of 10.5uM; compound WL052410G (31b), which had a chlorolegrezgroup
and an IGp value of 4.9uM; compound WL052410K (31c), which had a para
methoxybenzene group and anrd@alue of 7.21M; and compound WL060110G (31d),
which had a toluene group and and@alue of 8.8.M, have the greatest potential for
therapeutic uses. The characteristic that all @ehcompounds have in common, besides
being 3-indolyl methanamines, is that they haveted@-donating aryl substituents or
ortho, para directing groups, such as chlorinectviaippears to be effective in inhibiting

VDR-mediated transcription.
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Chapter 3: Cell Titer-Glo Luciferase Assay

Chapter 3.1: Background and Description of the Cellliter-Glo Luciferase Assay

The cytotoxicity of CBIs was determined by lumineisce using Cell Titer-Glo reagent
(Promega). This reagent determines the numbebtesicells in a well-based assay by
the quantification of adenosine triphosphate (AW/)ich is an indicator of metabolically
active cells. The Cell Titer-Glo reagent contairsugfactant, which causes cell lysis for
ATP liberation, and through an enzymatic reactgemerates a luminescent signal that is
proportional to the amount of ATP liberated. Therthally stable luciferase enzyme used
in this assay produces the stable luminescentlsigghde the reagent inhibits enzymes
released during cell lysis, such as ATPases, whilthnterfere with obtaining an
accurate ATP measurementin summary, the Cell Titer-Glo reagent lyses cell
membranes to release ATP, inhibits endogenous AgRPasd provides the purified
luciferin and luciferase necessary to measure AJiRgua bioluminescent reaction. The
luciferase used in this assay is based on the fgemethe firefly, Photuris pennsylvanica.

Luciferase is a great detection enzyme, becausalisent in mammals, and it
has a luminescent quality which can be quantifigd huminescent reader. ATP is a
required cofactor of the luciferase reaction. Tu@ferase enzyme acts on luciferin in the
presence of magnesium cations and oxygen, andseseaergy in the form of

luminescence, that is, light is produced by thelation of luciferin (Figure 29).
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Figure 2S: Enzymatic reaction of luciferase.

Luciferin and ATP combine to form ade-luciferin, in the presence of lucifera
and magnesium catiofiBigure 3().>® Adenyluciferin is then oxidized to produ
oxyluciferin, carbon dioxide, and water, while #ergy released is in the form
luminescenceThe luminescent signal that is produced is prtional to the amount ¢
ATP present in the cell, and the amount of AT, thereforedirectly proportione to the

number of metabolically active ce
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Figure 30: The interaction between ATP and luciferin in thegance of luciferase,
magnesium cations, and oxygen.

Chapter 3.2: Luminescence

Luminescence is a term applied to all forms of dimit, or light that is emitted by
sources other than a hot and incandescent souicdeas chemical energy or U.V.
radiation. Generally, luminescence is caused bgtreles falling from excited states to
less excited states. The types of luminescencesarally named after the source of
energy that excites the electron. For example, dhermescence is mainly produced by
oxidation reactions at low temperatures, and biahescence is an enzymatic reaction

that is produced by living organisms by some fofral@miluminescence.
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Bioluminescence is unique in that the excitatiothef electrons comes from a
reaction inside the living system, rather than fsme external source; however, the
distinguishing terms used for the different typékiminescence are used for
convenience, because luminescent phenomena hasartteemode of excitation,
regardless of the source.

There are two classifications of luminescence. Fscent luminescence stops
shortly after the excitation process ceases anamasterglow duration that is
temperature-independent, whereas phosphoresceimdscence phosphorescence also
continues after the excitation process ends buehigsion lifetime is of much longer
duration. Phosphoresence produces and aftergldwanduration that becomes

increasingly shorter with increasing temperature. .

Chapter 3.3: Luminescence Detection

To detect the luminescent signal, the luminomeftastrated in Figure 31, uses the single
photon counting measurement technique, which isas a photomultiplier tube

(PMT). The luminescence system consists of thefolg parts: luminescence fiber
bundle, filter wheel, and PMT detector. The lumceee fiber bundle guides the light
from the sample, to the filter wheel, and finalbythe detector.

The filter wheel has six filter positions bettsolate the analytical signal. The
photon counting module (PCM) is designed to reaahghand bioluminescence and
contains a channel photomultiplier, which provitesinescence measurement with
strong variations in light levels. The PCM alsovpdes high sensitivity and low noise to

allow luminescence detection at very low light leve
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Figure 31: Luminometer detection system.

The Z-position of the luminescence fiber bundlgphéb maximize the signal to
noise ratio and minimize cross-talk, as light ifsaeted by the sample’s liquid surface.
The luminescence fiber bundle guides the light ftamsample to the PMT detector.
Luminescence is read from the top of the well apitects as much light as possible, in
order to maximize the luminescent signal. “Crodk-tg also minimized by the
neighboring wells not receiving substantial amowftisght from other neighboring

wells.

Chapter 3.4: The Cell Titer-Glo Luciferase Assay

Hek 293T cells were also used for this assay and wereredfyplated, and drugged in the

same manner as described in the “Cell Culture aanie@LAzer Assay” chapter. The
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Gene BLAzer assay was completed first, followedHgyaddition of the Cell Titer-Glo
reagent. Controls for cell viability were 3-dibwghino-1-(4-hexyl-phenyl)-propan-1-
one?® (CBT-1; 100uM in DMSO, positive control, toxic) and 1, 25-(O) or LG
190178° (negative control, not toxic). Two independent ekpents were conducted in
triplet or quadruplet for each of the Cell TitereGlminescence assays performed.

To perform the luciferase assay, @d0of the Cell Titer-Glo reagent was added to
each well of the 384-well plate that containeddéks, the positive and negative controls,
and the assay media, using a multi-channel pip€tte plate was centrifuged for 2
minutes at 1,000 rpm and allowed to sit for 15Q@ardnutes. The Tecan Infinite M-1000
multi-label reader was used to measure the amduatmnescence generated from each
well.

The 384-well clear bottom plate was read with arttiaut a white bottom sticker
to compare the influence of escaping light throtighbottom of the plate. Surprisingly, it
was discovered that both experiments were the sgaldgy, which was quantified by the
Z prime factor (Figure 32). Table 1 demonstratesxample of an experiment with
compound GW 0742 from exactly identical experimeotaditions. These results were
consistently observed after recording both obsemsat

Additionally, it was determined that this assaylddae multi-plexed with the
Gene BLAzer assay for the same reason that thalsifiom each of the readings of the
non-multi-plexed and multi-plexed signals were deiaed; thus, discovering a time-

saving and cost-saving shortcut (Table 1).
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3 * (STD Positive Control + STD Negative Control)
| Average of the Positive Control - Average of the Negative Control |

Z=1-

Figure 32: Z prime calculation. The Z prime value indicates tlorrelation of the
experimental data. Z prime values from 0.50 toiddicate useful data sets.

Compound Se With Sticker Z' | Without Sticker | Not Multi-Plexed | Multi-Plexed Z’
Value Z' Value Z' Value Value
GW 0742
(Plate UWM 0.911306 0.911340 0.911306 N/A
6515)
GW 0742
(Plate UWM 0.218768 0.373101 N/A 0.218768
6517)
GW 0742
(Plate UWM 0.999436 0.997010 N/A 0.999436
6519)
GW 0742
(Plate UWM 0.994719 0.996952 N/A 0.996952
6521)

Table 1: Comparison of the Z prime values of 384-well @atentaining compound GW
0742, which were run with and without a bottomlsticand of 384-well plates that were
not multi-plexed with the Gene BLAzer assay and Were multi-plexed with the Gene
BLAzer assay.

The luminescence readings of the wells were digalay an Excel spreadsheet
across the row of the 384-well plate. The averddbeobackground of the assay media
from the wells was subtracted from the raw data abverages of the positive and
negative controls were used to determine the stdrdkviation of the positive and
negative controls and to determine the Z primeeskf the data.

The arranged triplet or quadruplet luminescencaeeaslvere graphed using Graph
Pad Prism 5. Any data points that fell outsidehoéé times the standard deviation were

discarded. The two-dimensional graphs consisteddeo€rude or normalized
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luminescence values on the y-axis and the logarg@hthe concentration of agonist or
CBI on the x-axis (Figures 33 through 43 and Figlse The data were fit to a sigmoidal

curve of variable slope.

Chapter 3.5: Summary of the Results of the Cell Tdr-Glo Luciferase Assay

As discussed previousliek 293T cells were drugged with calcitriol ligand and CBis
determine the CBI’s ability to inhibit VDR-mediaté&@nscription using the previously
described GeneBLAzer assay. The Cell Titer-Gloféwese assay was used to determine
the toxicity of the CBIs iHek 293T cells, by measuring the chemiluminescent signal
released by a luciferase-mediated reaction, whigntifies the amount of ATP in living
cells.

The following figures represent the crude lumineseesignal, as well as the
normalized data for each compound. The amountroiriascent signal is proportional to
the amount of ATP emitted from the living cells.eThigher the luminescent signal the
more ATP that is present, which is indicative dfigher amount of metabolically active
cells.

The LDsp values are given for the most toxic compoundsciviwere calculated

by the following non-linear regression equation.
Y=Bottom + (Top_Bottom)/(l_l_leog IC50-X)*Hill Slope).

The LDsp value is half of the maximum lethal dosage, whiedasures the
effectiveness of CBI toxicity. For weakly toxic cpounds, the percentage of non-living

cells is given for the highest concentration tested
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Figures 33 through 43 and Figure 45 show the resiithe Cell Titer-Glo
luminescence cytotoxicity assay. The luminescagaiin all of these figures is
equivalent to the amount of ATP released from tveells. The normalized data in all of
these figures uses CBT-1, which is the same tamepound in high concentration as a
positive control, and 1, 25-(OkD)3; or LG 19017&s the negative control. The positive
and negative controls allow for the calculatiorifed percent toxicity. The degree of
toxicity was quantified by the Lig values, which are given for the most toxic

compounds.

Chapter 3.6: Detailed Results and Figures of the deTiter-Glo Luciferase Assay

A Crude Luminescence at 3 Hours

200001
® F1387-0020

150009 A F1217-0092

10000+ ¢ F0743-0032

50004

Luminescence Signal

o T T T T |
0.0 0.5 1.0 15 2.0

log [Antagonist] (uM)

B Normalized Luminescence at 3 Hours

1004 — e F1387-0020
- A F1217-0092
S
=<
'2 504 ¢ F0743-0032
R

T
-i—!;- = v
0+— T T T ]
0.0 05 1.0 15 2.0

log [Antagonist] (uM)

F1387-0020 LDy = 11.7 + 3.5 uM
F1387-0036 LDgo = 21.5 + 7.1 uM

Figure 33: Toxicity of compounds F1387-0020, F1387-0036, 2092, F0910-7407,
and F0743-0032.
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Compounds F1387-0020, F1387-0036, F1217-0092, F@900@, and FO743-
0032 all decreased in the crude luminescent safted 3 hours at higher concentrations
(Figure 33A). It can be interpreted that the compusutested had varying degrees of
toxicity at higher concentrations, because the h@stent signal was equivalent to the
amount of ATP released from living cells. The nolizesd data using a toxic compound
(CBT-1) in high concentration as a positive contanld 1, 25-(OHD3, as a negative
control, allowed for the calculation of the perctaxicity given in Figure 33B.

Compound F1387-0020 was the most toxic compoutldisncompound set,
followed by compounds F1387-0036, F1217-0092, FORAM7, and FO743-0032. The
insufficient data for the saturated values, orhiger concentrations, for compounds
F1217-0092, F0910-7407, and FO743-0032 resultéteiabsence of Ligvalues for
these compounds; however, compound F1387-0020rhadcarate Lk, value of 11.7 +

3.5uM, whereas compound F1387-0036 had agihMalue of 21.5 £ 7.1M.
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Figure 34: Toxicity of compounds F0842-0039, F1387-0021, F13822, F1387-0034,
and F1420-1568.

Compounds F0842-0039, F1387-0021, F1387-0022, F0884%, and F1420-
1568 all decreased in the crude luminescent safted 3 hours at higher concentrations
(Figure 34A). The normalized data, depicted in FegB4B, was based on the positive
and negative controls in the same plate. The &gtban be interpreted that compounds
F0842-0039, F1387-0021, and F1387-0034 were taxid,compounds F1387-0022 and
F1420-1568 were somewhat toxic at the highest caraton tested. This interpretation
can be made, because the luminescent signal dedrelarply for all of the compounds
at this concentration, but compounds F0842-00398F1021, and F1387-0034 had the
sharpest decrease (Figure 34A). In the normalizaghg the signal increased more

sharply for compounds F0842-0039, F1387-0021, d&r838F0034, because the graph
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was indicative of the percent toxicity at varyimgncentrations (Figure 34B). No kP
values could be calculated for any of these comgsulbecause of insufficient data for

higher compound concentrations.
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Figure 35: Toxicity of compounds F1387-0028, F1298-0533, Bt2951, F1298-0074,
and F1298-0581.

Compounds F1387-0028, F1298-0074, and F1298-0%8®@leased in the crude
luminescent signal after 3 hours at the higher entrations, whereas compounds F1298-
0533 and F1298-0551 showed no signal change (F&Ag¢ The activity can be
interpreted that compounds F1298-0074 and F1298-@/&f8e toxic, compound F1387-
0028 was somewhat toxic, and compounds F1298-058% 8298-0551 were not toxic

at the highest concentration tested. This inteapict can be made, because the
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luminescent signal decreased sharply for compoE®©898-0074 and F1298-0581,
somewhat sharply for compound F1387-0028, and tralt Bor compounds F1298-0533
and F1298-0551 (Figure 35A). In the normalized grdpe signal increased more
sharply for compounds F1298-0074 and F1298-058fuse the graph was indicative of
the percent toxicity at varying concentrations (ffeg35B). The least toxic compounds
were compounds F1298-0533 and F1298-0551, whichdasated by the nearly linear

graphs for these compounds in the percent toxgreyph (Figure 35B).
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Figure 36: Toxicity of compounds F1298-0621, F1298-0587, Bh&98-0522.

Only compound F1298-0587 decreased in the crudaksvent signal after 3

hours at the highest concentration tested, whe@apounds F298-0621 and F1298-
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0522 showed no signal change (Figure 36A). Thekislamhich did not contain any
CBIs, were consistent with a lack of toxicity. Taetivity can be interpreted that
compound F1298-0587 was toxic, with ansgMalue of 14.1 + 2.QM, and compounds
F298-0621 and F1298-0522 were very mildly toxithathighest concentration tested.
This interpretation can be made, because the lisoém: signal decreased sharply for
compound F1298-0587, and very slightly for comp@uR#a98-0621 and F1298-0522
(Figure 36A). In the normalized graph, the sigmakéased more sharply for compound
F1298-0587, because the graph was indicative gbéheent toxicity at varying

concentrations (Figure 36B).
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Figure 37: Toxicity of compounds D093-0045, D093-0086, an@%8-0025.
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Compounds D093-0045 and D093-0086 decreased ikriide luminescent
signal after 3 hours at higher concentrations, @vbdmpound F1298-0025 remained
relatively consistent, even at higher concentratigtigure 37A). Additionally, two
graphs were added with vehicle DMSO treatment aslg control. The normalized data
showed 100 percent toxicity at higher concentratimn compounds D0093-0045 and
D093-0086, and only 10 to 20 percent toxicity fompound F1298-0025 (Figure 37B).
The LDsp values could be calculated accurately for compse@093-0045 and D093-

0086, which were 10.1 £ 1M and 8.4 £ 1.44M, respectively.
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Figure 38: Toxicity of compounds WL052410D, WL052510D, WL032%-, and
WL052510H.
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Compounds WL052410D, WL052510D, WL052510F, and WASEDH all
decreased in crude luminescent signal after 3 haiutee highest concentration tested
(Figure 38A). It can be concluded that these compdeishowed low toxicity at a
concentration of 1M, but were toxic at 22.bM (Figure 38B). Due to insufficient data

points at higher concentrations, accuratgd\alues were unable to be calculated.
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Figure 39: Toxicity of compounds WL052510M and WL052510K.

Compound WL052510M, but not compound WL052510K relased in the crude
luminescent signal after 3 hours at the highesteotmation tested (Figure 39A). This

result was confirmed by the normalized data in Feg29B. Because of the insufficient



61

data at higher concentrations, no accuratgyMlues could be calculated for compound

WL052510M, but toxicity was established at a coticion of 22.5uM.
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Figure 40: Toxicity of compounds WL052410G, WL052410K, WLO3®N, and
WL060110G.

Compounds WL052410G, WL052410K, WL052410N, and WATIKOG all
decreased in the crude luminescent signal afteuuBshat higher concentrations (Figure
40A). The normalized data confirmed that the tdyieras more than 90 percent, with
respect to the controls for all compounds testeda@ncentration of 2246V (Figure
40B). The calculation of the Lfgvalues was compromised, due to the missing data at

higher compound concentrations for compounds WL@B&and WL060110G (Figures
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40A and 40B). However, the Lspvalues for compounds WL052410K and WL052410N

were 12.5 £ 1.71M and 9.6 + 1.M, respectively.
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Figure 41: Toxicity of compounds WL060110H, WL040710D, and d2210G.

Compounds WL060110H, WL040710D, and WL042210G atirdased in the
crude luminescent signal after 3 hours at the lsgbencentration tested (Figure 41A).
The normalized data showed a toxicity for compouni®©40710D and WL042210G of
higher than 90 percent at 22:51. In addition, the toxicity of compound WL060110H
was approximately 60 percent at 2gMd. As mentioned before, the accurate calculation

of the LDy values was not possible, due to insufficient data.
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Figure 42: Toxicity of compounds WL061410C, WL042210D, WL0O60&1, and
WL061410K.

Compounds WL061410C, WL042210D, WL060310C, and WIAI®K all
decreased in the crude luminescent signal afteuuBshat the highest concentration tested
(Figure 42A); however, the crude luminescent sigoatompounds WL042210D and
WL060310C only slightly decreased at the highesteatration, indicating that these
compounds were only weakly toxic. The normalizeth@d@nfirmed this observation that
compounds WL061410C and WL061410K were more tdxantcompounds
WL042210D and WL060310C (Figure 42B). Compound W14B)C was the only

compound that reached 100 percent toxicity at tgedst concentration, making it the
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most toxic compound in the compound set (Figure)42Bmpound WL042210D had
about 30 percent toxicity at the highest concelinaested, compound WL060310C had
about 10 percent toxicity at the highest conceiainaested, and compound WL061410K

had about 70 percent toxicity at the highest cotnaéon tested (Figure 42B).
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Figure 43: Toxicity of compounds WL042210G, WL042210K, and 960110G.

Compounds WL042210G, WL042210K, and WL060110G deszéd in the crude
luminescent signal after 3 hours at the highesteotmation tested (Figure 43A). From

the normalized data, it can be concluded that camg® WL042210G, WL042210K, and
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WL060110G were significantly toxic. The pvalues were 9.8 £ 1,0M, 11.4 + 1.7
uM, and 14.2 = 6.2M, respectively.
Another compound identified by HTS was compound G2 (Figure 44). The

toxicity of compound GW 0742 was determined twitguadruplet, as depicted in

Figure 45.
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Figure 44: Structure of compound GW 0742.
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Figure 45: Toxicity of compound GW 0742.
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The 2 measurements for compound GW 0742 show rapitaé data. Figure 45
consists of crude and normalized luminescence padd under identical conditions for
compound GW 0742. The concentrations tested rainge 100uM to 0.195uM. Both
results showed that compound GW 0742 was only taixiegher concentrations. The
LDso value determined was 47.5 + @Bl.

The results of all compounds are summarized ind @bh Appendix A, which
categorizes all of the tested compounds with régpebeir toxicity and their

corresponding activity in the transcription assay.

Chapter 3.7: Discussion of the Results of the Cdliiter-Glo Luminescence Assay

In total, 39 compounds were investigated with respetheir toxicity. Many different
scaffolds were toxic, which is a concern with sarhéhese molecules. As seen in the
Gene BLAzer transcription inhibition assay, thesslaf 3-indolyl methanamines
(compounds F0842-0039, F1217-0092, F1387-0028, 70821, F1387-0036, FO743-
0032, F1387-0020, F1387-0034, and F1387-0022) \sasdentified as the superior
class of irreversible inhibitors of the VDR-coaeiior interaction and of partial toxicity.
The results presented previously in this chaptepablished in Nandhikonda et &.
The 3-indolyl methanamine class varied in aromsuilestituents. Compound
F0842-0039 had a phenol group; compound F1217-B882 para toluene group;
compound F1387-0028 had a meta anisole group; contbb1387-0021 had a meta
bromobenzene group; compound F1387-0036 had épam@obenzene group;

compound FO0743-0032 had a para fluorobenzene goouppound F1387-0020 had a
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para xylene group; compound F1387-0034 had a nmeaobenzene group, and
compound F1387-0022 had a meta fluorobenzene group.

Of these compounds, compound F1387-0036, whichal@ada bromobenzene
group and an LB value of 21.5uM, and compound F1387-0020, which had a para
xylene group and an Ldgvalue of 11.7uM, were the most active compounds with partial
toxicity. The rest of the compounds in this classvged a high toxicity with low
transcriptional activity. Of the remaining initiedmpounds, only compound F1298-0587
and compound D093-0045 have only a slight poterdia to their transcriptional
inhibition abilities and partial toxicity. CompoumD93-0086 demonstrated high toxicity
with an LDso value of 8.4uM.

Of the compounds synthesized from the 3-indoylhaeamines, compounds
WL052410K (31c), which had a para methoxybenzenamand an LB, value of 12.5
uM; WL060110G (31d), which had a toluene group amd.Bsy value of 16.QuM;
WL042210G (31h), which had an ortho methoxybenzgonap and an LE value of 9.8
uM; WL042210K (30h), which had a napthylbenzene grand an L, value of 11.4
uM; and WL052410G (31b), which had a chlorobenzeaoegand an LB, value of 14.2
uM were the most active compounds.

Compounds WL052410D (30c), which had an anisolegravVL052510D (30a),
which had a benzene group; WL052510F (30d), whathdtoluene group; WL052510H
(30b), which had a chlorobenzene group; WL0525180&{, which had a
dimethylaniline group; WL052410G (31b), which ladkee methyl on the indolyl group;
WL060110H (31f), which had a nitrobenzene group;081410C (32c), which had a

thiobenzene group; WL061410K (30g), which had ahylegroup; WL052510M (30f),
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which had a nitrobenzene group; and WL040710D (34&hich had a benzene group,
were highly toxic compounds. The rest had little¢otoxicity and little to no
transcriptional activity.

When considering small molecules for therapew, the compounds that were
most active in transcriptional inhibition and haattal toxicity have the greatest
potential. Of the above listed compounds, compoWt852410K (31c), which had a
para methoxybenzene group and arsd\&alue of 12.5uM; WL060110G (31d), which
had a toluene group and an d¢value of 16.9M; WL042210G (31h), which had an
ortho methoxybenzene group and arns$-izalue of 9.81M; WL042210K (30h), which
had a napthylbenzene group and and\lue of 11.41M; and WL052410G (31b),
which had a chlorobenzene group and agih@lue of 14.21M have the greatest
potential for therapeutic uses. The characteribait these compounds have in common,
besides being 3-indolyl methanamines, is that ttaase electron-donating aryl
substituents, or ortho, para directing groups, sicbhlorine, which appear to be
effective in inhibiting VDR-mediated transcriptiamd appear to have patrtial

cytotoxicity.
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Chapter 4: VDR, SRC-2, and SRC-2-3 Protein Expressh and
Purification

Chapter 4.1: Protein Expression

Protein expression and purification were completedyder to obtain the VDR-LBD,
SRC-2, and SRC-2-3 proteins that were used focohkE’ and pull-down assays. To
begin the protein expression, carbenicillin agatgs were prepared by mixing 20 grams
of agar mix in 500 mL of water in a 2,000 mL autn@ble Erlenmeyer flask. The
Erlenmeyer flask was then autoclaved. Once thedigad cooled to room temperature,
0.5 mL of carbenicillin was added to the flask, &mel liquid was poured into the agar
plates. The liquid in the plates was allowed tg aetl the plates were stored in the
refrigerator until needed.

Escherichia cali cells, strain database number AMKB037-B, contajrptasmids
for thevdr-LBD gene and carbenicillin resistance, were streakénl the agar plates, and
the plates were inverted and placed in an inculst87°C overnight. Thede coli then
produced the VDR protein with only its ligand bingidomain. The VDR-LBDmt DNA
was kindly provided by D. Moras and cloned into pMé2X vector (New England
Biolabs).

BL-21 E. coli cells were heat shocked, in order to insert th€-2Rind SRC-2-3
genes into the cells. The vialsBif 21 cells were obtained from the -80°C freezer and
thawed on ice for about 10 minutes. The g0QGell solution was mixed into a
suspension, divided in half, and pipetted into[2asate 1.5 mL microfuge tubes. To each

of the microtubes, L of purified plasmid DNA to be uptaken was add@de
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microtube contained the plasmid DNA for the SRO-@qn, and the other microtube
contained the plasmid DNA for the SRC-2-3 protdine microtubes were incubated on
ice for 30 minutes and heat shocked for exactlgeltbnds in an exactly 42°C tempered
water bath. After the microtubes were removed ftbenwater bath, they were incubated
on ice again for another 2 minutes.

Under sterile conditions in the biological fume dp®&00uL of super optimal
broth (SOC) growth medium with glucose added fealoalite repression was pipetted
into each microtube. The microtubes were tapedfias& holder in the incubation
shaker, and the cells were allowed to propagaté faour at 37°C and 250 rpm. After the
1 hour incubation, the cells were concentrated lryafugation for 1 minute at 6,000
rpm. The supernatant was removed by pipette amaudisd. The cells were resuspended
in the remaining 10QL of solution.

A 100pL alliquot of each cell suspension, that is, SR&@d SRC-2-3, was used
to inoculate 2 separate agar plates, one for the-38ene and the other for the SRC-2-3
gene, for the desired expressiorkircoli. The inoculated agar plates were sealed with
parafilm, inverted, and placed in the incubatioakdr at 37°C at the lowest shaking
setting (25 rpm) overnight. Once the growth of ¢b# colonies was verified on the agar
plates, a colony of the cells was used to inocwdateed culture in Erlenmeyer flasks
containing Luria Bertani (LB) broth and carbeniailantibiotics. The inoculated seed
culture was placed on the incubation shaker ovhtrag37°C and 325 rpm. The LB
broth growth media was prepared by adding 1,000fthp water and 2 LB broth

capsules to a 2,000 mL autoclavable Erlenmeyek Hasl autoclaved. A quantity of 1
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mL of carbenicillin antibiotics was added to thasks when they cooled, in order to
promote growth of bacteria with carbenicillin rearsce only.

Approximately 25 mL of the VDR-LBD seed culture syaipetted into 8 separate
2,000 mL Erlenmeyer flasks containing 1,000 mL Bflhroth growth media and
carbenicillin antibiotics. Only 2 separate 2,000 Erllenmeyer flasks were prepared with
25 mL of the SRC-2 protein, and 2 for the SRC-2«#gin. These flasks were placed in
the incubator-shaker at 25°C and 325 rpm until@rcal density of 0.3 to 0.6 was read
on the spectrophotometer at 600 nm in a cuvetteagcong 1 mL of cell mixture.

Once this optical density was reached, some 1 mjueatls of the culture were
frozen with 10 percent DMSO, placed in the -80°€&frer, and used in future protein
expressions to prevent starting the protocol \Eitholi colonies After removing some
aliquots of the cell culture, the cultures wereuoeld with 1 mL of 0.2 mM of isopropyl
B-D-1-thiogalactopyranoside, or IPTG, (10 mL of M@ water in 0.478 grams of IPTG)
and allowed to shake in the incubator-shaker ogétrat 25°C and 325 rpm.

IPTG triggers transcription of the lac operon, hesgait mimics the action of
allolactose. IPTG is not degraded, allowing thecemtration to remain constant, which
allows transcription to occur at a steady rate.

The cells were harvested by centrifugation (JA3O0Lrotor at 4°C at 6,000 rpm
for 20 minutes). The pellet that remained afteticligation was thé. coli cells
containing the desired protein. The cells weregidaato a 50 mL conical tube and

frozen in the -80°C freezer until the protein pigation process could be started.
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Chapter 4.2: Protein Purification

The first step in the protein purification procesgss the sonication of the cell pellet
obtained from the protein expression. First, pre¢gahibitor was made by adding 1
EDTA-free protease inhibitor cocktail tablet (Roddiagnostics) for every 50 mL of 1X
dialysis buffer (20 mM Tris-base (pH 7.4), 100 mM®I, 1 mM EDTA, 1 mM sodium
azide, 1 mM dithiothreitol (DTT), 10 percent glyokrand 0.01 percent NP-40
detergent).

Protease inhibitors prevent proteolytic activityeoizymes, which are also known
as proteases, presenttncoli. Proteases cleave the peptide bonds that link@agius
in proteins. In this particular protease inhibitegrine, threonine, cysteine, aspartate, and
glutamic acid proteases were inhibited, as wethatalloproteases.

The cells were allowed to thaw on ice, and 30 mthefprotease inhibitor
solution was pipetted into each of the conical sut@ntaining the cell pellet. The slurry
was mixed until all of the cells were in suspensibime cell solution was placed into an
ice and salt mixture and sonicated 3 times fore&fwrds each time at 40 percent
amplitude, with a waiting period of at least 2 ntesibetween each sonication. After
sonication, the cells were lysed by centrifugatismg the JA-20 rotor, at 4°C and
18,000 rpm for 45 minutes. The lysate was sepamtddleared from the supernatant,
which contained the desired VDR, SRC-2, or SRCgedeins from the cells.

The protein solutions were incubated with 3 mL p@mL of protein solution
with affinity-tagged beads overnight on the rotigséurner at 4°C. For VDR, maltose
beads were used, for SRC-2, glutathione S-trarsddi@ST) beads were used, and for

SRC-2-3, nickel-chelated beads were used (Figusebréugh 48).
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Maltose
Binding
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Figure 46: Maltose binding protein (MBP) attached to an amglossin. MBP is a
member of the maltose and maltodextrin systeis.Gbli, which is responsible for the
catabolism of maltodextrins. Maltose can be imnipbd by cross-linking to a solid-
support amylose resin. The purified MBP fusion giotcan be dissociated and eluted by
the addition of excess maltose (10 mM).
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Figure 47: Glutathione S-transferase (GST) bead. Glutathisrzetiipeptide (Glu-Cys-
Gly) that is the specific substrate for GST. Wheduced, glutathione is immobilized
through its sulfhydryl group to a solid supporiclsias a cross-linked agarose bead.
Glutathione can be used to capture GST-taggedipsotea the enzyme-substrate binding
reaction. The purified GST-fusion protein can b&sdtiated and eluted from glutathione
by addition of excess reduced glutathione (10 mM).
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Figure 48: Histidine (His) nickel-nitrilotriacetic acid (NTA)esin. A string of 6 to 9
histidine residues form an easily identifiable tajch is fused to either the amino or
carboxyl terminal. His-tagged proteins are easilified and detected because the His-
tag binds to nickel, which is an immobilized metad. A chelating group, such as NTA,
which is attached to a solid support, in this cag@rose, helps to immobilize the nickel
ion, which then attaches to the His-tag. Elutionhef His-tagged protein is done with 250
mM imidazole solution. The imidazole replaces tiekel in the resin, which releases the
protein.

After the overnight incubation, the beads were sspd from the supernatant by
centrifugation at 4,000 rpm at 4°C for 20 minufBise supernatant was decanted into a
new 50 mL conical tube, and a pD aliquot was pipetted into a microfuge tube, ider
to resolve a sample on an SDS-PAGE gel. The beads @ambined into one conical
tube and 1X column buffer (20 mM Tris-HCI (pH 7.200 mM NaCl, 1 mM EDTA, 1
mM sodium azide, and 9 mBtmercaptol) was added to the conical tube, toa fin
volume of 30 mL. The conical tube was centrifuged,@00 rpm at 4°C for 5 minutes.

The supernatant was again decanted into anotheratdube, and a 50L aliquot was
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pipetted into another microfuge tube. The beadeweshed with column buffer and
centrifuged again. These steps were repeatedtédaleof 5 washes.

At this point, all of the SRC-2, SRC-2-3, and VDReins were left attached to
their respective, solid support beads for laterinseco-IP and pull-down assay
described in a later chapter. The fraction of ti@ERprotein attached to the maltose
beads was eluted to yield VDR-LBD protein in saati

In order to elute the VDR protein from the maltbsads, the beads were
transferred to a 15 mL conical tube, and 5 mL efrtialtose solution, which was 10 mM
maltose in column buffer, was added to the beadloyied by inversion of the conical
tube. The conical tube was centrifuged at 4,000 aprAfC for 5 minutes. The
supernatant was decanted into another 15 mL cotubal and a 50L aliquot was
pipetted into a microfuge tube and set aside teebelved on an SDS-PAGE gel. Another
5 mL of the maltose elutant was added to the 1%carlical tube containing the beads
and inverted. The conical tube was centrifugedraga#,000 rpm at 4°C for 5 minutes,
the supernatant was again decanted into a sefddraid. conical tube, and a pll
aliquot was removed into a separate microtube. fitusess was repeated for a total of 9
elutions.

Once all the elutions were complete, a Bradfor@yassas conducted on the
supernatant, on washes 1 through 5, and on elutiém®ugh 9. After the Bradford assay
was complete, elutions 3 through 9 were combinedrder to concentrate the VDR
protein further in a 10,000 kilodalton spin colulmncentrifugation at 4,000 rpm and
4°C. After the protein was concentrated, the cotraion was determined by a Bradford

assay. The Bradford assay was followed by the uéisal of the SDS-PAGE gel
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containing all of the fractions, including the supsgant, washes, and elutions, in order to
verify the presence and purity of the VDR protein.

While the SDS-PAGE gel was resolving, the combioaacentrated protein was
added to a 10,000 kilodalton dialysis cassettegulan 4 L of dialysis buffer (20 mM
Tris-base (pH 7.4), 100 mM NaCl, 1 mM EDTA, 1 mMlaon azide, 1 mM DTT, 10
percent glycerol, and 0.01 percent NP-40 detergant) stirred overnight at 4°C .

After an overnight dialysis, the protein was rensb®m the cassette, and 1 mL
aliquots were pipetted into 1.5 mL microtubes. ferotubes containing the purified

VDR protein were stored in the -80°C freezer anetuss needed for subsequent assays.
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Chapter 5: Co-Immunoprecipitation and Pull-Down Assay

Chapter 5.1: Pull-Down Assay using a Soli-Supported VDR and anin situ-
Generated SRC-2Biotin with the TNT Transcription and Translation Systemn for
the ldentification of VDR-CBIs (Promega)

The VDR-<oactivator inhibion assay, outlined in Figure 49, waased on the ability ¢
CBIlsto disrupt the interaction between VDR and {-2 coactivatorthus, removing
biotinylated SRC2 from the soli-supported VDR-LBD proteinProbing for biotii using
a chimera protein of streptavidin ¢ alkaline phosphatase (AP) allowi® conversion
of substrate, 5-bromo-dhlorc-3-indolyl-phosphate (BCIRpy AP into Indig-Blue and
allowed forthe quantification of SR-2 bound to VDRjn case of the absence ory

low concentration of CE.

SE.C-2 Plasmid
Plus

TINT Transcription Translation Hm Inhibitor

| Inhibitor Imhibition = No Signal (Above)

._P*I”R SRC-2-Biotin 2 Washstep o Inhibition = Signal (Below)

Allealine
Phesphatase

BCIP

Indige-Blue

Figure 49: Schemeof the first pull-down assay.
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Chapter 5.1.1: Experimental Procedure for the FirstPull-Down Assay

Chapter 5.1.1.1: Solid-Supported VDR

The expression and purification of the VDR-LBD-MPRtein was described in chapter
4. The difference between this protocol and théqual previously described was that
the current protocol was stopped before the elugiep; thus, generating a solid-
supported VDR-LBD protein held to the solid supgbrbugh the interaction of MBP

and covalently bound amylose.

Chapter 5.1.1.2:1n situ-Generated SRC-2

The Transcription and Translation (TNT from Promegystem is a single tube system,
which couples transcription and translation reaifor eukaryoticn vitro translation.
The system also combines T7 RNA polymerase, RNArpetase nucleotides, salts,
recombinant ribonuclease inhibitor, amino acids, anscend biotinylated-lysyl-tRNA,
which allowed for the generation of SRC-2 protesing an SRC-2 plasmid in a one

hour.

Chapter 5.1.1.3: Quantification of SRC-2-Biotin forthe First Pull-Down Assay

Into a 1.5 mL microfuge tube, 2L of the TNT quick master mix was pipetted, follave
by 1 uL of methionine, JuL of biotinylated-lysyl-tRNA, and L of SRC-2 mutant
plasmid containing 3 nuclear interaction domaink@. The reaction tube was

incubated at 30°C for time periods ranging from®&00 minutes.
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After the incubation, 28L of the TNT mixture was diluted in a 1 to 5 serial
dilution using 1X SDS-PAGE MOPS running buffer (itnegen). Then, L of each of
the 10 TNT mixture concentrations were added tal20f 1X running buffer and 3L
of loading buffer and dye (Invitrogen) in a micrgutube. These microfuge tubes were
incubated in a 70°C water bath for 10 minutes. &Attte incubation, 1QL of each of the
dilutions was pipetted into a lane on an SDS-PA@Klgvitrogen), and the gel was
resolved at 200 V and 120 mA for 45 minutes in 44pholine-propane-sulfonic acid
(MOPS) running buffer. The proteins resolved in 8i2S-PAGE gel were transferred to
a polyvinylidene fluoride (PVDF) membrane using Bie-Rad Western blot instrument
at 100 V and 350 mA for 1 hour in 1X tris-buffergaline (TBS) buffer.

Before running the Western blot, the PVDF membnaas first incubated in 20
mL of methanol for 15 seconds, then in 20 mL ofliMjl water for 2 minutes, and
finally, in 20 mL of TBS buffer for 5 minutes. Ihé meantime, 2 filter paper sheets were
incubated in transfer buffer for 30 seconds. Thes\&fa transfer apparatus was
assembled with the SDS-PAGE gel closest to theodatherminal and blotted at 100 V
and 350 mA for 1 hour in transfer buffer, in ortietransfer the SRC-2-biotin protein

from the SDS-PAGE gel to the PVDF membrane (Fig@e
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Figure 5C:. Western blot assembly.
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The SRC-Ziotin protein waswvisualized using the Western BIColorimetric
System (Promega)herefore, the PVDF membrane was waslor 60 minutes in 15 m
of tris-buffered saline witl20 percent Tween surfactant (TBST), folleadvbya 45 to 60
minuteincubation of TBST buffer containing Streptavi-AP (6 uL of Streptavidi-AP
in 15 mL of TBST buffer). The membrane was washadd with 15 mL of TBST buffe
for 1 minute eachfpllowed by z washes with 15 mL of MilliQ water forl minute each.
Western Blue Stabilized Substrate (Promega) was aseolorimetric substrate for ,
while the membranwas allowecto rock back in forth in the solution of 7 mL urttile
protein bands began to appear, which was usuathimi to 15minutes. To stop th
color reaction, the membrane was washed 3 tim&$ mL ¢ Milli- Q water for £
minutes.

The Western Blue soluticcontainsBCIP and nitro blue tetrazolium (NB.
Upon dephosphorylation of the BCla 5-bromo-4-chloro-3-indoles iformed and is
further oxidized with NBT t&5, 5-dibromo-4, 4dichloro-indigq or Indigc-Blue, and

diformazan, which is a darllue and insoluble compound (Figure 51).
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Figure 51: Colorimetric alkaline phosphatase assay.

Figure 52 shows the intensities of different coiaions of SRC-2 generated by
the TNT system. The ideal concentration of SRC&Hbiprotein was found to be the 1
to 5 dilution of TNT mixture, as shown in lane lfbFogure 52. In lane 1c of Figure 52,

SRC-2 was still visible, but very faint.
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Figure 52: Stained PVDF membrane.

Chapter 5.2: Second Pull-Down Assay: Evaluating VDFCBI, WL042210D (32a),

Inhibition

After the optimal SRC-2 protein concentration watedmnined, this protocol was
performed in the presence of compound WL042210R)3&hich was identified as a
potential CBI of the VDR-SRC-2 interaction; thenefpSRC-2-biotin was generated, as
mentioned in the previous protocol, and used iifférént experimental conditions, as

summarized in Tables 2A through 2E.



Table 2A: Condition 1: High Concentration of CBI (2QM)
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Add Reagent Initial Initial Final Final
Concentration Volume Concentration | Volume

X VDR Beads 5uL 100uL

X VDR Ligand 10 mM 0.5uL 50 uM 100uL

X WL042210D (32a) 10 mM 2 uL 200 uM 100uL

DMSO OuL 2% 100uL

X FP Buffer 89 uL 100puL

Table 2B: Condition 2: Medium Concentration of CBI (E1)

Ad Reagent Initial Initial Final Final
d Concentration Volume Concentration Volume
X VDR Beads 5ulL 100uL
X VDR Ligand 10 mM 0.5uL 50 uM 100uL
X WL042210D (32a) 10 mM 0.5uL 50 uM 100uL
X DMSO 1.5uL 2% 100uL
X FP Buffer 89 uL 100puL

Table 2C: Condition 3: Low Concentration of CBI (M)

Add Reagent Initial Initial Final Final

Concentration Volume Concentration Volume
X VDR Beads 5ulL 100 puL
X VDR Ligand 10 mM 0.5uL 50 uM 100uL
X WL042210D (32a) 100uM 1ulL 1uM 100uL
X DMSO 1ul 2% 100 uL
X FP Buffer 89 uL 100 uL
Table 2D: Condition 4: VDR-SRC-2 Interaction (Negative CatitiNo CBI)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR Beads 5uL 100 uL
X VDR Ligand 10 mM 0.5uL 50 uM 100 uL
WL042210D (32a) 10 mM OuL 0uM 100uL
X DMSO 2ulL 2% 100uL
X FP Buffer 89 uL 100 uL
Table 2E: Condition 5: No VDR Ligand (Positive Control; NaBCor VDR Ligand)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR Beads 5uL 100uL
VDR Ligand 10 mM 0.5uL 50 uM 100 uL
WL042210D (32a) 10 mM 0puL 0uM 100 uL
X DMSO 2 uL 2% 100 uL
X FP Buffer 89 uL 100uL
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In summary, the first microfuge reaction tube corgd the CBI at a
concentration of 20QM. The second microfuge reaction tube containedCiBeat a
concentration of 5QM. The third microfuge reaction tube contained @ at a
concentration of 1M. The fourth microfuge reaction tube was the negatontrol,
which had no CBI. The fifth microfuge reaction tulas the positive control, which had
no CBI or VDR ligand.

The 5 reactions in the microfuge tubes were intadan the shaker at room
temperature for 30 minutes, followed by the additd 8L of the TNT reaction
mixture. After an additional incubation on the shkiafor 30 minutes at room temperature,
the microfuge tubes were centrifuged for 10 sec@i@000 rpm, in order to force the
liquid to the bottom of the microfuge tube. TheB@DLL of each solution was pipetted
into separately labeled micro spin columns. Tha splumns were centrifuged at 3,000
rpm for 30 seconds. After centrifugation, Ld0of FP buffer was added to each of the 5
filters of the spin columns, and centrifuged ag&i,000 rpm for 30 seconds. The trap
for the bottom of the spin column was exchangedafolean trap, and 10 of a 10 mM
maltose solution (36 mg of maltose in 10 mL of kffdr) was pipetted into the filters of
each of the 5 spin columns. The maltose solutiated| VDR from the amylose beads,
because VDR had an MBP affinity tag. The spin caiamwere incubated at room
temperature for 5 minutes with the maltose solutiefore being centrifuged again at
5,000 rpm for 2 minutes. Approximatelyub of the liquid was recovered for each
reaction. The liquid was pipetted into lanes oS&5-PAGE gel, which were visualized

by a Western blot, as described in the previousopob.
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Unfortunately, no bands were detected in the fitdkdown assay conducted with
compound WL042210D (32a), as seen in Figure 53.aBsay was repeated, doubling
the volumes in the TNT reaction mixture and addiBg.L of TNT reaction mix to each
microfuge tube reaction; however, also in that caeeband were detected (gel not

shown).
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Figure 53: Stained PVDF membrane of the 5 pull-down reactigisg VDR-CBI,
WL042210D (32a).

Chapter 5.3: Third Pull-Down Assay using a Solid-Spported SRC-2 and VDR-LBD
for the ldentification of VDR-CBIs

The previously described pull-down assay protocas wiodified using SRC-2
coactivator protein attached to a solid suppostead of the VDR protein (Figure 54).

Two different SRC-2 proteins were evaluated.
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1. Inhibitor
| VDR. |SRC-2 —_—
(VORSRC-2-@ —

No Imhibition = SRC-2 and VDR Band (Below)
o

Figure 54: Scheme of the third pull-down assay.

1. An SRC-2proteincontaining only 1 NID, called SRC-2-was expressed a:
His-tagged protei, as previous described in chapter 4. $bkd support for thi:
protein wa made of nick-charged NTA chelate, which wammobilized or
crosshinked agarose (HisPur -NTA Resin,ThermoScientific). The protein \s
eluted with a high concentration of imidaz (250 mM).

2. An SRC-2protein containing NIDs was a larger protethan SR(-2-3 and was
expressea@s a GS fusion protein. Thaolid support for this protein \s made of
glutathionelinked agarose (HisPur -NTA Resin, ThermoScientific) and 's

eluted with a reduced glutathione bu (10 mM).

Microfuge tubes were prepared with following reaction condions listed in
Tables 3A throughB, in orderto quantify VDR-SRC-2 inhibition bgompounc

WL042210D (32a).



Table 3A: Condition 1: High Concentration of CBI (2QM)

87

Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 113uM 9uL 10.17uM 100 puL
X Calcitriol 10 uM 1ul 0.1uM 100 puL
X WL042210D (32a) 10 mM 2 uL 200 uM 100 puL
DMSO OuL 2% 100uL
X FP Buffer 73 uL 100uL
Table 3B: Condition 2: Medium Concentration of CBI (E1)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration | Volume
X VDR 113uM 9uL 10.17uM 100puL
X Calcitriol 10 uM lulL 0.1uM 100uL
X WL042210D (32a) 10 mM 0.5uL 50 uM 100 uL
X DMSO 1.5uL 2% 100 uL
X FP Buffer 73 uL 100uL
Table 3C: Condition 3: Low Concentration of CBI (M)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 113 uM 9 uL 10.17uM 100 puL
X Calcitriol 10 uM lulL 0.1uM 100uL
X WL042210D (32a) 100uM 1ulL 1uM 100uL
X DMSO 1ul 2% 100 uL
X FP Buffer 73 uL 100 uL
Table 3D: Condition 4: VDR-SRC-2 Interaction (Negative CatitiNo CBI)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 113 uM 9 uL 10.17uM 100 uL
X Calcitriol 10 uM 1ul 0.1uM 100 uL
WL042210D (32a) 10 mM OuL 0uM 100uL
X DMSO 2ulL 2% 100uL
X FP Buffer 73 uL 100 uL
Table 3E: Condition 5: No VDR Ligand (Positive Control; No C& VDR Ligand)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 113uM 9uL 10.17uM 100uL
Calcitriol 10 uM 1ul 0.1uM 100 uL
WL042210D (32a) 10 mM 0puL 0uM 100 uL
X DMSO 2 uL 2% 100 uL
X FP Buffer 73 uL 100uL
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In summary, two sets of five microfuge reactiondgsilivere prepared. One set was
assayed with SRC-2 with the 3 NIDs, and the sesetavas assayed with the SRC-2-3
with 1 NID. For each set, the first microfuge reacttube contained the CBI,
WL042210D (32a), at a concentration of 200. The second microfuge reaction tube
contained the CBI at a concentration ofy®0. The third microfuge reaction tube
contained the CBI at a concentration gfM. The fourth microfuge reaction tube was the
negative control, which had no CBI. The fifth miftrge reaction tube was the positive

control, which had no CBI or VDR ligand.

Chapter 5.3.1: Experimental Procedure for the ThirdPull-Down Assay

All reactions were incubated on the shaker at reemmperature for 2 hours, followed by
the addition of 1L of beads and another incubation period of 30 tei&iat room
temperature on the shaker. Upon completion of ¢éleersd incubation, the 10 microfuge
reaction tubes were centrifuged for 10 seconds0&3rpm, in order to force the liquid
to the bottom of the microfuge tube. Then, 100of VDR-TNT mixture from each
microfuge tube was pipetted into separately labalento spin columns. The spin
columns were centrifuged at 3,000 rpm for 30 sesoAéter centrifugation, 10Q4L of

FP buffer was added to each of the 10 filters efgpin columns, and centrifuged again at
3,000 rpm for 30 seconds. The trap for the bottbth@ spin column was exchanged for
a clean trap, and 2@ of a 10 mM glutathione solution (30.7 mg of makan 10 mL of
FP buffer) was pipetted into the filters of eachilhed 5 GST bead spin columns, and 20
uL of a 250 mM imidazole solution (85 mg of imidagzah 10 mL of FP buffer) was

pipetted into the filters of each of the 5 nickebld spin columns. The spin columns were
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incubated at room temperature for 10 minutes Widirtrespective solution before being
centrifuged at 5,000 rpm for 2 minutes.

Approximately 10uL of the VDR mixture was recovered after centrifigia, and
3 uL of the loading buffer and dye was added to edd¢he10 microfuge reaction tubes.
The solutions were mixed by pipette and incubatealwater bath at 70°C for 10 minutes
to denature the protein. The microfuge reactiomrsulvere centrifuged again at 3,000
rpm for 30 seconds, and 1B from each microfuge reaction tube was pipetted in
separate lanes of an SDS-PAGE gel in a gel boxaging 1X MOPS running buffer.
The gel was resolved for 45 minutes at 200 V ar@ih?, removed from the plastic
casing, and rinsed in Milli-Q water 3 times for Thotes each time. The gel was
incubated for 2 hours using Simply Blue Stain (frogen) and rinsed overnight in Milli-

Q water. The image in Figure 55 was obtained froengel.



Chapter 5.3.2: Results of the Third Pull-Down Assay
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Figure 55: SDS-PAGE gel of the VDR-coactivator pull-down assaing compound

WL042210D (32a).

The first column on the left-hand side was the Blee 2 ladder (Invitrogen).
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Columns 3a through 3e contained the samples dR@-2-3 with 1 NID, and columns

4a through 4e contained the SRC-2 with the 3 NIRR was used as control. The

intensity of the VDR bands changed significantlytfte SRC-2 experiment. With

increasing concentrations of compound WL042210@2x)3there was a change among

the SRC-2 lanes, 4a, 4b, and 4c, with 4c beingrbst visible band. A similar change
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was not observed for the SRC-2-3 lanes, indicatia SRC-2-3 did not bind to VDR,

but SRC-2 did.

Chapter 5.3.3: The Fourth Pull-Down Assay with CBIsWL052410G (31b) and
CBT-1

Based on the results from the third pull-down asSagxperiments each were repeated
with 2 other VDR-CBIs, compounds WL052410G (31b) &BT-1, with the conditions

described in Tables 4A through 4E.



Table 4A: Condition 1: High Concentration of CBI (2Q®/1)
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Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 88 uM 11.5uL 10.12uM 100uL
X Calcitriol 10 uM 1ul 0.1uM 100uL
X | WL052410G (31b)/CBT-]| 10 mM 2 uL 200uM 100uL
DMSO OuL 2% 100uL
X FP Buffer 65.5uL 100uL
Table 4B: Condition 2: Medium High Concentration of CBI (1081)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 88 uM 11.5uL 10.12uM 100uL
X Calcitriol 10uM lulL 0.1uM 100puL
X | WL052410G (31b)/CBT-1] 10 mM 1ul 100 uM 100uL
X DMSO 1ul 2% 100uL
X FP Buffer 65.5uL 100uL
Table 4C: Condition 3: Medium Low Concentration of CBI (hV)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 88 uM 11.5uL 10.12uM 100 uL
X Calcitriol 10uM lulL 0.1uM 100uL
X WL052410G (31b)/CBT-1 10 mM 0.5uL 50 uM 100puL
X DMSO 1.5uL 2% 100 puL
X FP Buffer 65.5uL 100 puL
Table 4D: Condition 4: Low Concentration of CBI (IV)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 88 uM 11.5uL 10.12uM 100 uL
X Calcitriol 10 uM 1ul 0.1uM 100 uL
X WL052410G (31b)/CBT-1 100uM lulL 1uM 100uL
X DMSO 1ulL 2% 100uL
X FP Buffer 65.5ulL 100 uL
Table 4E: Condition 5: VDR-SRC-2 Interaction (Negative Coftido CBI)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 88 uM 11.5uL 10.17uM 100puL
X Calcitriol 10 uM 1ul 0.1uM 100 uL
WL052410G (31b)/CBT-1 10 mM 0uL 0uM 100 puL
X DMSO 2 uL 2% 100uL
X FP Buffer 65.5uL 100uL
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The microfuge reaction tubes were incubated orstiag&er at room temperature
for 2 hours. After the 2 hour incubation, 15 of GST beads with SRC-2 coactivator
were added to all of the 10 microfuge reaction sulidese 10 microfuge reaction tubes
were incubated for another 30 minutes at room teatpee on the shaker. The previous
procedure for the spin columns used for the GSTdeas repeated for these 10
microfuge reaction tubes. Upon elution of the G®ads with 2QL of 10 mM
glutathione solution, 1(L of the solution from each microfuge reaction tulzes
recovered. The recovered solution was then mixéld 3yiL of loading dye and resolved

on an SDS-PAGE gel, as seen in Figure 56.

VDR
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Figure 56: SDS-PAGE gel of the VDR-coactivator pull-down assaing compounds
WL052410G (31b) and CBT-1.
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The experiment showed trcompound CBT-1 wasmore activeCBI than
compoundWVL052410G (31k, exhibiting a fainteband at higher concentratior
nevertheless, the intensity difference is small,anhmight be due to unspecific bindi
or the presence of an overlapping band from the-2 expressionin order to
specifically identify the VDR bar, VDR-specific antibodiewere appliecn a co-

immunoprecipitatiorpull-down assay.

Chapter 5.4: Codmmunoprecipitation Pull -Down Assay using a Soli-Supported
SRC-2 and VDR-LBD for the Identification of VDR -CBls

To verify the inhibition ofthe VDR-SRC-2 interaction by compouwd_052410G (31k,
8 reactions were carried ¢ with the conditions listed in Tabl& through H, which is

according to the scheme depicted in Figurt

i

Inhibition = No Fluorescent VDR Band (Above)

— 1. Inhibitor
LT et
2. Wash Step

No Inhibition = Fluorescent VDR Band (Below)

(VDR
Primary Antibody W/

Fluorescent Secondary Antibody Y

Figure 57: Co4P pull-down assay scheme.



Table 5A: Condition 1: High Concentration of CBI (2QM)
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Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100 puL
X Calcitriol 10 uM 1ul 0.1uM 100 puL
X | WL052410G (31b) 10 mM 2 uL 200uM 100 puL
DMSO OuL 2% 100uL
X FP Buffer 68 uL 100uL
Table 5B: Condition 2: Medium High Concentration of CBI (1081)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X Calcitriol 10 uM lulL 0.1uM 100uL
X | WL052410G (31b) 10 mM 1ul 100 uM 100 uL
X DMSO 1ul 2% 100 puL
X FP Buffer 68 uL 100uL
Table 5C: Condition 3: Medium Low Concentration of CBI (R)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100 puL
X Calcitriol 10 uM lulL 0.1uM 100uL
X | WL052410G (31b) 10 mM 0.5uL 50 uM 100uL
X DMSO 1.5uL 2% 100 uL
X FP Buffer 68 ulL 100uL
Table 5D: Condition 4: Low Concentration of CBI (IV)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100 uL
X Calcitriol 10 uM 1ul 0.1uM 100 uL
X | WL052410G (31b) 100uM lulL 1uM 100uL
X DMSO 1ulL 2% 100uL
X FP Buffer 68 ulL 100uL
Table 5E: Condition 5: VDR-SRC-2 Interaction (Negative CafitNo CBI)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X Calcitriol 10 uM 1ul 0.1uM 100 uL
WL052410G (31b) 10 mM 0uL 0uM 100 uL
X DMSO 2 uL 2% 100 uL
X FP Buffer 68 uL 100uL
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Table 5F: Condition 6: No VDR Ligand (Positive Control; NdCor VDR Ligand)

Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100 puL
Calcitriol 10 uM 0uL 0.1uM 100 puL
WL052410G (31b) 10 mM 0uL 0uM 100 puL
X DMSO 2ulL 2% 100uL
X FP Buffer 69 uL 100uL
Table 5G: Condition 7: SRC-2 Beads Only (SRC-2 Protein Only)
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
VDR 106 uM OuL 10.07uM 100uL
Calcitriol 10 uM O uL 0.1uM 100uL
WL052410G (31b) 10 mM 0uL 0uM 100 uL
DMSO OuL 2% 100 puL
X FP Buffer 80uL 100uL
Table 5H: Condition 8: VDR Protein Only
Add Reagent Initial Initial Final Final
Concentration | Volume Concentration Volume
X VDR 106 uM 0.2uL 2.12uM 10 uL
Calcitriol 10 uM OuL 0.1uM 10uL
WL052410G (31b) 10 mM OuL 0uM 10 uL
DMSO OuL 2% 10 uL
X FP Buffer 0uL 10 uL
X Milli-Q Water 10uL 10uL
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Chapter 5.4.1: Experimental Procedure for the FirstCo-Immunoprecipitation Pull-
Down Assay

The reaction conditions represented in Tables $autdjh 5F were incubated at room
temperature on the shaker for 2 hours. After the@ incubation, 1L of GST beads
were added, as well as SRC-2 protein only. Afteulbating the microfuge tubes for 30
minutes at room temperature and a wash step, tteipwas eluted from the solid
support and resolved on an SDS-PAGE gel, as destcpieviously. A Western blot was
developed from the SDS-PAGE gel, according to tleipusly described protocol;
however, the Western membrane was dried overnfggtthe protein transfer. The next
day, the Western membrane was incubated in metfi@ndb seconds, followed by
incubation in a 3 percent bovine serum albumin (BBlAcking buffer solution (0.6
grams of BSA in 19.40 mL of TBST buffer) on a rauiapparatus for 60 minutes.
Then, a 1 to 10,000 dilution of primary antibodyusion of anti-MBP
monoclonal antibody (gL of primary VDR antibody in 20 mL of TBST buffeew
England Biolabs) was prepared. The Western membvasencubated for 60 minutes in
the primary antibody solution, washed 3 times irSTBuffer for 5 minutes each wash,
and incubated with a 1 to 300 dilution of fluorasiceecondary antibody solution of goat
anti-mouse 1gG-TR (66.4L of secondary antibody in 20 mL of TBST buffernga
Cruz Biotechnology) on a rocking apparatus for 60utes. After 3 more washes with
TBST buffer for 5 minutes each wash, the Westermbrane was imaged on the Bio-

Rad laser imager.
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Chapter 5.4.1.1: Antibodies used for the Co-IP PulDown Assay

The basic structural unit of most mammalian antiésds a glycoprotein of four

polypeptide chains; two of which are light chaiasd two of which are heavy chains,
that are connected by disulfide bonds (Figure BB¢ hinge region permits flexibility
between the two arms of the Y-shaped antibody nutg¢eallowing them to open and

close to accommodate binding.

Antigen binding sites —

Variable region
-on heavy r
chain

Light + ' Variable region
hain /> - on light chain
NN pisulfide -1 gnt chal
bridges 4 . Constant region
-\ on light chain
Heavy chain i Constant region

""" ~ on heavy chain

Figure 58: Basic structure of an antibody.

The primary antibody, anti-MBP monoclonal antibodya murine, anti-maltose
binding protein antibody with an isotype of IgGRamunoglobulin G (IgG) antibodies
are distinguished by their two heayghains. The heavy chains also determine the
functional activity of the antibody. This particulantibody was used to detect MBP in
Western blots.

The secondary antibody, goat anti-mouse 1gG-T&;teewith the heavy chains of
the primary antibody and is conjugated with Texas Ruorophore, which allows for

fluorescent detection on a laser imager.
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Chapter 5.4.2: Results of the First Co-lmmunopreciation Pull-Down Assay

Figure 59: First co-IP VDR-coactivator pull-down assay usaagnpound WL052410G
(31b).

Control experiments indicated that SRC-2 boundBdRMn the presence of the calcitriol,
as seen in Figure 59, lane 7e, but not in the alesehcalcitriol, as seen in Figure 59,
lane 7f. The VDR-SRC-2 interaction was blocked otoae-dependent manner by
compound WL052410G (31b), which can be seen inrgi§9, lanes 7b through 7d.
Although significant inhibition of the VDR-SRC-2taraction was observed at a
concentrations of 5M and 100uM of compound WL052410G (31b), a residual
interaction between VDR and SRC-2 could still beedeed at these concentrations, due
to unspecific binding or insufficient washing.

Interestingly, at a very high concentration of campd WL052410G (31b), the
VDR-SRC-2 interaction was still observed, which wasst likely caused by the cross-

linking of this irreversible inhibitor.
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Chapter 5.4.3: The Second Co-Immunoprecipitation Pl-Down Assay

To optimize the conditions of the first co-IP pdtbwn assay, the following changes were
made to the protocol. First, 1 of glutathione solution was used to elute the GST
beads, instead of the previous amount pE 2Additionally in this step, the spin columns
were centrifuged at 14,000 rpm for 5 minutes, whaktied 13 to 1nL of protein
complex, instead of the 10 previously eluted. Furthermore, 5 percent drietkm
solution (1 gram of dried milk in 19 mL of TBST lberf) was used to block the
membrane, instead of the 3 percent BSA solutiomalfi, a 1 to 400 dilution of the
secondary antibody solution (5QuQ of secondary antibody in 20 mL of TBST buffer)
was used instead of a 1 to 300 dilution.

Overall, an improvement was observed with the mediprocedure. Unspecific
binding was not observed for the negative and pestontrol reactions, as seen in
Figure 60 in lanes 8f and 8g, respectively. Alsdl, ihhibition of VDR-coactivator
binding was observed at a concentration of 1BI0of compound WL052410G (31b), as

seen in lane 8b.

Figure 60: Second co-IP VDR-coactivator pull-down assay usomgpound
WL052410G (31b).
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Chapter 5.5: Co-Immunoprecipitation Pull-Down Assayusing a Solid-Supported
SRC-2 and VDR-LBD for the Identification of a Revesible VDR-CBI, Compound
GW 0742

Compound GW 0742 was identified during an HTS petantial CBI of the VDR-SRC-
2 coactivator interaction. Compound GW 0742 waothiced by GlaxoSmithKline in
2003 as a highly selective agonist for PRARSince then, compound GW 0742 has
been investigated in cell-based assaysiantd/o assays, in order to understand the role
of PPARS in hypertensioff> “®diabeted’ “inflammation?® *°obesity>* and cancet*>*
Interestingly, PPAR agonists have been shown tibiinthe transcription of the VDR
target geneCYP24A1, in the presence of 1,25-(Off);*°therefore, the ability of
compound GW 0742 to inhibit the interaction VDR-SRCoactivator was analyzed
with the developed co-IP pull-down assay, and datexd to inhibit the interaction in a

dose-dependent manner.

Figure 61: Chemical structure of compound GW 0742.

The following reactions with compound GW 0742 wpegformed at
concentrations of 120M, 80 uM, 50 uM, 20 uM, 10uM, 1 uM, and 0.1uM, as
summarized in Tables 6A through 61. The concemratised previously for the band of

the VDR protein only was halved from 2.{i®1 in the previous protocols to 1.Qé/ in
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this protocol. Additionally, a synthetic VDR agonligand, LG 19017, was used

instead of calcitriol ligand.

Table 6A: Condition 1: Concentration One of CBI (12M)

Add | Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X | LG 190178 100uM lulL 1uM 100uL
X GW 0742 6 mM 2ulL 120uM 100uL
DMSO 0uL 2% 100uL
X FP Buffer 68 ulL 100uL
Table 6B: Condition 2: Concentration Two of CBI (M)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X LG 190178 100 uM 1ul 1uM 100uL
X GW 0742 2 mM 2ulL 80 uM 100uL
DMSO OuL 2% 100uL
X FP Buffer 68 uL 100puL
Table 6C: Condition 3: Concentration Three of CBI (hD1)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X LG 190178 100 uM 1uL 1uM 100uL
X GW 0742 0.67 mM 2 uL 50 uM 100uL
DMSO 0uL 2% 100uL
X FP Buffer 68 uL 100puL
Table 6D: Condition 4: Concentration Four of CBI (AM)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X LG 190178 100uM 1ulL 1uM 100uL
X GW 0742 0.22 mM 2ulL 20 uM 100uL
DMSO 0uL 2% 100uL

X FP Buffer 68 uL 100puL




Table 6E: Condition 5: Concentration Five of CBI (1:/01)
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Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X LG 190178 100 uM 1ul 1uM 100uL
X GW 0742 74 uM 2 uL 10 uM 100uL
DMSO OuL 2% 100uL
X FP Buffer 68 uL 100puL
Table 6F: Condition 6: Concentration Six of CBI (M)
Add Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X LG 190178 100 uM 1ul 1uM 100uL
X GW 0742 25 uM 2 uL 1uM 100uL
DMSO OuL 2% 100uL
X FP Buffer 68 uL 100puL
Table 6G: Condition 7: Concentration Seven of CBI (QXIl)
Add | Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X | LG 190178 100uM lulL 1uM 100uL
X GW 0742 8 uM 2ulL 0.1uM 100uL
DMSO OuL 2% 100uL
X FP Buffer 68 ulL 100uL
Table 6H: Condition 8: VDR-SRC-2 Interaction (Negative Cofitiéo CBI)
Add | Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
X | LG 190178 100 uM 1ul 1uM 100uL
GW 0742 0 mM 0uL 0uM 100uL
X DMSO 2ulL 2% 100uL
X FP Buffer 68 uL 100puL
Table 61: Condition 9: No VDR Ligand (Positive Control; NdBCor Ligand)
Add | Reagent Initial Initial Final Final
Concentration Volume Concentration Volume
X VDR 106 uM 9.5uL 10.07uM 100uL
LG 190178 0OuM OuL 0OuM 100uL
GW 0742 0 mM 0uL 0uM 100uL
X DMSO 3uL 2% 100uL
X FP Buffer 69 uL 100puL




Table 6J: Condition 10: SRC-2 Beads Only (SRC-2 Protein ®nly
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Add | Reagent Initial Initial Final Final
Concentration Volume Concentration Volume

VDR 0 uM OuL 0 uM 100uL

LG 190178 0 uM OuL 0 uM 100uL

GW 0742 0 mM OuL 0 uM 100uL

DMSO 0uL 2% 100uL

X FP Buffer 80uL 100puL

Table 6K: Condition 11: VDR Protein Only

Add Reagent Initial Initial Final Final
Concentration| Volume Concentration Volume

X VDR 106 uM 0.1uL 1.06 uM 10 uL

LG 190178 0OuM OpuL 0OuM 10uL

GW 0742 0 mM OuL OuM 10 uL

DMSO 0uL 2% 10 uL

FP Buffer OpuL 10uL

X Milli-Q Water 10 uL 10ulL

From this point, the same protocol used in the iptes/co-IP assay was applied

for CBI incubation, spin column purification, regtibn on the SDS-PAGE gel, the

Western blot transfer, and antibody incubatiorhef\#estern blot membrane. The

following results in Figure 62 were obtained.

Figure 62: Inhibition of the VDR-SRC-2 interaction by compound GW 0742, analyzed

Lane 1 2 3 4 5 7 9 10
GW 0742 120 80 50| 20 10 0.1 ; -
VDR-LBD + + + + + + + + -
SRC-2 + + + + + + + + +
LG
190178 + + + + + + + - -

by a co-IP pull-down assay.
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Control experiments indicated that SRC-2 boundBd&R\Mn the presence of LG
190178 ligand, as seen in Figure 62, lane 8, buinnithe absence of the LG 190178
ligand, as seen in Figure 62, lane 9. The faintlbdar SRC-2 in the absence of VDR
ligand and in the absence of VDR were caused byiispecific binding between the
VDR antibody and the SRC-2 beads. The VA3RC-2 interaction was blocked in a
dose-dependent manner by compound GW 0742, asrsEeajure 62, lanes 1 through 7.
Although significant inhibition of the VDRSRC-2 interaction was observed at the
concentrations of 120M and 80uM of compound GW 0742, residual bands could still
be detected, partially due to unspecific bindinghef VDR antibody to SRC-2 beads, as

observed for the controls.

Chapter 5.6: Discussion of the Results of the Co-lmunoprecipitation Pull-Down
Assays

When considering small molecule CBIs for the cgl-down assays, the compounds
that were most active in transcriptional inhibitiand had partial toxicity were selected.
This was compound WL052410G (31b), bearing a chlenaene group, and compound
WL042210D (32a), bearing an aniline group and ahgleroup attached to the nitrogen
of the indolyl group. The results are publishetNandhikonda et &

The first pull-down assay determined that a 1 seial dilution of the TNT
mixture was the most useful concentration in tesag. This assay was then performed
in the presence of compound WL042210D (32a), whiah identified as an inactive CBI
of the VDR-coactivator interaction. Since no bangse detected in this experiment or

the experiment using double the volume of TNT reaamixture, the protocol was
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modified to use one of the two SRC coactivator girst as the protein attached to a solid
support, instead of the VDR protein. It was detaedithat the SRC-2 protein with all 3
NIDs, instead of the SRC-2 protein with only 1 N»,SRC-2-3, was effective in
immunoprecipitating the VDR-small molecule CBI irgetion.

After it was determined that the SRC-2 with 3 NMss the most effective
protein for immunoprecipitation, 2 other VDR-CBt®mpounds WL052410G (31b) and
CBT-1, were tested. The results showed that compp@Bir-1 was slightly more active
at inhibition than compound WL052410G (31b), whmalght be due to unspecific
binding or the presence of an overlapping band fiteenrSRC-2 expression. The results
were verified for compound WL052410G (31b) by perfing an additional experiment
using 2 VDR-specific antibodies in the first co-imnoprecipitation pull-down assay.

The control experiments indicated that SRC-2 baondDR in the presence of
calcitriol, but not in the absence of calcitriohd’ VDR-SRC-2 interaction was blocked in
a dose-dependent manner by compound WL052410G.(Bkbpugh significant
inhibition of the VDR-SRC-2 interaction was obseahat a concentrations of M and
100uM of compound WL052410G (31b), a residual intexatthetween VDR and SRC-
2 could still be detected at these concentratidns,to unspecific binding, insufficient
washing, or the cross-linking of this irreversibiaibitor.

A few changes were made in the protocol to elinarhe residual interaction
between VDR and SRC-2 at higher concentrationss@ hrecluded adding 48 of
glutathione solution to elude the GST beads, instéahe previous amount ofii2.,
centrifuging the spin columns at 14,000 rpm foriButes, which eluted 13 to 18 of

protein complex, instead of the 0 previously eluted, adding 5 percent dried milk
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solution (1 gram of dried milk in 19 mL of TBST Iberf) to block the Western
membrane, instead of the 3 percent BSA solutiod,panrforming a 1 to 400 dilution of
the secondary antibody solution (5@l0of secondary antibody in 20 mL of TBST
buffer), instead of a 1 to 300 dilution. By makitngse changes, unspecific binding was
eliminated for the reactions. Also, full inhibitiarf VDR-coactivator binding was
observed at a concentration of 0@ of compound WL052410G (31b).

Compound GW 0742 was identified during an HTS petantial CBI of the
VDR-SRC-2 coactivator interaction. This compoundwaed in the developed co-IP
pull-down assay at concentrations that varied fi@®uM to 0.1pM. Two additional
changes to the protocol included changing the auraton of the VDR protein only
from 2.12uM to 1.06pM and using a synthetic LG 190178igand, instead of calcitriol.

SRC-2 was shown to bind to VDR in the presence®fl90178 ligand, but not
in the absence of the ligand. The faint bands RE€ in the absence of ligand and in
the absence of VDR were caused by the unspeciidimg between the VDR antibody
and the SRC-2 beads. The VDR-SRC-2 interactionshag/n to be blocked in a dose-
dependent manner by compound GW 0742. Althoughfgignt inhibition of the VDR-
SRC-2 interaction was observed at the concenttdri20uM and 80uM of
compound GW 0742, residual bands could still beatetl, partially due to unspecific
binding of the VDR antibody to SRC-2 beads. Thelltshave been recently published

in Biochemistry?®
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Table 7: Summary of the compounds tested, with respectetio #bility to inhibit VDR-
mediated transcription using the Gene BLAzer asaayyell as their cytotoxicity, which
was determined by the Cell Titer-Glo luminescerssag. All results are given in
micromolar concentrations.
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