View metadata, citation and similar papers at core.ac.uk

-

P
brought to you by i CORE

provided by Kyoto University Research Information Repository

Bl
oo o e/,
&
Kyoto University Research Information Repository > KYOTO UNIVERSITY

Title

Affinity-based screening of MDM2/MDMX-p53 interaction
inhibitors by chemical array: Identification of novel peptidic
inhibitors.

Author(s)

Noguchi, Taro; Oishi, Shinya; Honda, Kaori; Kondoh,
Yasumitsu; Saito, Tamio; Kubo, Tatsuhiko; Kaneda, Masato;
Ohno, Hiroaki; Osada, Hiroyuki; Fujii, Nobutaka

Citation

Bioorganic & medicinal chemistry letters (2013), 23(13): 3802-
3805

Issue Date

2013-07-01

URL

http://ndl.handle.net/2433/176375

Right

© 2013 Elsevier Ltd.

Type

Journal Article

Textversion

author

Kyoto University



https://core.ac.uk/display/39302298?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Affinity-based screening of MDM2/MDMX-p53 interaction inhibitors by chemical array:

identification of novel peptidic inhibitors

Taro Noguchi?®, Shinya Oishi**, Kaori Honda®, Yasumitsu Kondoh®, Tamio Saito®, Tatsuhiko Kubo?,

Masato Kaneda?, Hiroaki Ohno?, Hiroyuki Osada®, Nobutaka Fujii®*

¢ Graduate School of Pharmaceutical Sciences, Kyoto University, Japan
® Chemical Biology Core Facility, Chemical Biology Department, RIKEN Advanced Science Institute,

2-1 Hirosawa, Wako, Saitama 351-0198, Japan

* Corresponding Authors:

Shinya Oishi, Ph. D., Nobutaka Fujii, Ph. D.
Graduate School of Pharmaceutical Sciences
Kyoto University

Sakyo-ku, Kyoto, 606-8501, Japan

Tel: +81-75-753-4551; Fax: +81-75-753-4570

E-mail (S.0.): soishi@pharm.kyoto-u.ac.jp; E-mail (N.F.): nfujii@pharm.kyoto-u.ac.jp

Abbreviations:  FAM,  carboxyfluorescein;  FP,  fluorescence  polarization, = HBTU,
O-(1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate, HOBt,
1-hydroxy-1H-benzotriazole; MDM2, mouse double minute 2 homolog; MDMX, mouse double

minute X homolog; TAMRA, tetramethylrhodamine; TCEP, tris(2-carboxyethyl)phosphine.



Abstract

MDM2 and MDMX are oncoproteins that negatively regulate the activity and stability of the tumor
suppressor protein p53. The inhibitors of protein—protein interactions (PPIs) of MDM2-p53 and
MDMX-p53 represent potential anticancer agents. In this study, a novel approach for identifying
MDM2-p53 and MDMX-p53 PPI inhibitor candidates by affinity-based screening using a chemical
array has been established. A number of compounds from an in-house compound library, which were
immobilized onto a chemical array, were screened for interaction with fluorescence-labeled MDM2
and MDMX proteins. The subsequent fluorescent polarization assay identified several compounds

that inhibited MDM2-p53 and MDMX-p53 interactions.
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MDM2 and MDMX are negative regulators of the tumor suppressor protein p53, and therefore
confer tumor development and survival."”> MDM2 and MDMX bind to the N-terminal transactivation
domain of p53 with high affinity to inhibit functions associated with regulating responsive gene
expression.”® MDM2 has E3 ubiquitin ligase activity and thus also regulates the stability of p53 by
proteasomal degradation, thereby conferring effective down-regulation of cellular p53 protein
levels.”!® MDMX has no ubiquitin ligase activity, yet forms an MDMX-MDM?2 heterodimer via
interaction between their C-terminal RING finger domains. This heterodimer stimulates
MDM2-mediated ubiquitination of the p53 and subsequent degradation.!!"'* As such, high expression
of MDM2 and MDMX results in a reduction in the activity and expression level of the p53 in cancer
cells.'

Inhibitory compounds that block the interaction between MDM2-p53 and MDMX-p53 have been
identified'® using various types of high throughput screening technologies.!” For example,
MDM2-p53 interaction inhibitors, nutlin-1, -2, and -3, were identified by surface plasmon resonance
(SPR) analysis.'® SJ-172550 is an MDMX-p53 interaction inhibitor, which was identified by a
fluorescence polarization (FP) assay.!” These facile technologies are based on the evaluation of
inhibitory effects by compounds against p53 binding to MDM2/MDMX.

Affinity-based screening is an alternative approach for the identification of potential inhibitors
against protein—protein interactions (PPIs).?’ This approach explores PPI inhibitors against
previously recognized binding pockets as well as search for potential binding molecules that interact
with alternative or unexpected pockets present in the target proteins. The phage display method is an
example of an affinity-based screening technique, which has been employed to identify
peptide-based MDM2 binding peptides.?! The microarray technology has also been used for the
affinity-based screening of peptides and small-molecules, in which the potential hit compounds with
affinity to the loaded protein can be selected based on fluorescent signals using a microarray

scanner.?? We have previously established chemical array screening as a novel method of small



molecule microarrays. On the chemical array, small molecules are immobilized at a variety of
positions to a carbene-based photo-cross linker.”® Using this photo-crosslinked chemical array
technology, there have been some examples that have identified bioactive compounds such as
carbonic anhydrase II inhibitors and a pirin-Bcl3 inhibitor, Tph A.>** In this study, we report a
novel approach for the identification of peptidic inhibitors against MDM2-p53 and MDMX-p53
interactions.

There have been two reports on the synthesis of MDM2 and MDMX proteins by combining
Boc-based solid-phase peptide synthesis (SPPS) with native chemical ligation.?!*® Although this
approach would be applicable to large-sized protein synthesis, a more facile stepwise Fmoc-SPPS
approach was undertaken for these proteins in this study (Scheme 1). The p53-binding domain of
MDM?2 and MDMX (designated MDM2%-1% and MDMX?*!% respectively) were synthesized by
standard Fmoc-SPPS on a H-Rink Amide-ChemMatrix resin using HBTU/HOBt/(i-Pr).NEt
activation. After chain assembly, deprotection of the side chain protecting groups and cleavage from
the resin with the cocktail [TFA/thioanisole/m-cresol/1,2-ethanedithiol/H20 (80:5:5:5:5)], followed
by RP-HPLC purification afforded the expected peptides. For the preparation of fluorescent MDM?2
and MDMX proteins bearing a single tetramethylrhodamine moiety (TAMRA) (designated
MDM2™R and MDMX™R | respectively), 5-hexynoic acid was conjugated via a diglycine linker on
the peptide resin. After purification of MDM22%1% and MDMX?*1%® with an N-terminal alkyne tag,
treatment with TAMRA-azide in the presence of Cu(l) provided fluorescent MDM2™R and
MDMX™Rrespectively. The synthetic MDM2 and MDMX proteins and the fluorescent derivatives,
MDM2™R and MDMX™R were refolded in PBS buffer (pH = 7.4) containing 0.5 mM TCEP, 60
mM guanidine and 0.005% Tween-20.

To validate the structures of the synthetic proteins, we evaluated circular dichroism (CD) spectra of
MDM2%-1% and MDMX?**1%® (Figure 1). Negative bands at 208 nm and 222 nm indicated the

presence of a-helix secondary structure elements, which is characteristic for MDM2 and MDMX,



and supported by previous crystal structure and CD analyses.?!*” To further verify the biological
activity of the synthetic proteins, binding affinities of MDM2 and MDMX towards the p53 peptide
sequence were evaluated by SPR analysis. Varying concentrations of MDM2 and MDMX proteins
were analyzed by a NeutrAvidin-coated NLC sensor chip (BioRad) on which the biotinylated
wild-type  p53  peptide’  (biotinyl-aminocaproyl-GSGSSQETFSDLWKLLPEN-NH2)  was
immobilized (Figure 2). MDM2%-1% and MDMX?*1% bound the p53 peptide with Kq values of 0.803
and 2.22 pM, respectively, which supported the correct folding of these proteins.'” The binding
affinities (Kd values) of MDM2™R and MDMX™R towards the p53 peptide were 0.616 and 2.14 pM,
respectively, indicating that N-terminal modification of synthetic MDM2 and MDMX had no effect
on the folding of these proteins or the biological functions.!”

With these synthetic proteins in hand, we assessed the binding ability of MDM2™R and
MDMX™R to the p53 peptide (designated L-p53: H-LTFEHYWAQLTS-NH:2) immobilized on a
microarray via carbene-mediated covalent bond(s). The enantiomer peptide (designated D-p53) was
used as a negative control. MDM2™R and MDMX™R bound to L-p53 in a highly selective manner
(Figure 3). Higher MDM2-p53 binding compared with the MDMX-p53 interaction was observed,
which is consistent with the more potent binding affinity of MDM2 to the p53 peptide in the SPR
analysis.

To identify the inhibitor candidates for MDM2-p53 and MDMX-p53 interactions, we next carried
out microarray screening using the MDM2™R and MDMX™R® constructs. Fifty-four hit compounds
were identified from the 7,600 compounds of the in-house chemical library that were immobilized on
the microarray using 5 mM solutions. Of these, 6 molecules and 10 molecules showed selective
binding to MDM2 and MDMX, respectively. The other 38 molecules exhibited binding to both
MDM2 and MDMX.

To select small molecules that bind to the p53 binding pocket(s) in MDM2 and MDMX in this

study, the inhibitory effects on MDM2-p53 and MDMX-p53 interactions were further evaluated for



the 54 hit compounds by an FP assay using a fluorescein-labeled p53 peptide
(FAM-LTFEHYWAQLTS-NH2).2® Three dual inhibitors against both interactions were obtained
(Figure 4): KPYAS52218 (1), KPYB00497 (2) and KPYB00556 (3) [I1Cs0(1) = 8.51 uM for MDM2,
32.4 uM for MDMX; ICs0(2) = 22.2 uM for MDM2, 42.1 uM for MDMX; ICs0(3) = 21.3 uM for
MDM2, 52.5 uM for MDMX]. In the initial microarray analysis, these molecules 1-3 were also
identified to show dual binding to MDM2 and MDMX. Although MDM2 and MDMX share
homologous sequences in their p53-binding domains, many of the known MDM2-p53 PPI inhibitors
do not effectively interact with MDMX-p53 probably because of the shallower and wider
p53-binding pocket in MDMX.?° These dual inhibitors represent promising anti-cancer agent leads
against cancer cells in which MDM2 and/or MDMX are overexpressed.® To gain insight into the
effect on cell proliferation, growth inhibition by compounds 1-3 against human lung
carcinoma-derived A549 cells was assessed. Compounds 1 and 3 showed no effect on cell growth at
30 uM, whereas cell growth was inhibited by compound 2 (ECso = 13.7 uM).

Of note, in the screening process in this study, the biological data from FP assays did not
necessarily correspond to the binding ability obtained in the initial microarray screening, possibly
owing to structural modification of the molecules bound to the microarray and potential binding to
other binding site(s) than the p53 binging pocket. However, the microarray technology successively
facilitated the selection process and the identification of potential inhibitors.

In conclusion, we have established screening protocols for binding molecules of MDM2 and
MDMX by chemical array technology using synthetic fluorescent proteins. The preliminary
screening of an in-house chemical library identified a number of binding molecules towards MDM?2
and MDMX. The subsequent FP assay identified three dual inhibitors of MDM2-p53 and
MDMX-p53 interactions. This new strategy should facilitate the identification process of
MDM2-p53 and MDMX-p53 PPI inhibitors, and further screening of a number of small-molecules is

now in progress.
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Scheme 1. Synthesis of MDM2 and MDMX proteins.
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Figure 1. CD spectra of MDM2 and MDMX proteins.
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CD spectra of MDM2%1% and MDMX?*!% (4 uM) were measured at room temperature in PBS

containing 0.1 mM TCEP (pH 7.4).
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Figure 2. Surface plasmon resonance analysis of MDM2 and MDMX proteins for binding to a p53

peptide.
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Binding kinetics were evaluated using a biotinylated wild-type p53 peptide immobilized on a NLC

sensor chip (43 RUs) at 20 °C. PBS (pH 7.4) containing 0.005 % Tween-20 was used as the running

buffer.
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Figure 3. Microarray analysis of p53 peptides using MDM2™R and MDMX™R proteins.
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MDM2™R and MDMX™R binding (1 uM in 1% skim-milk-TBS-T) was assessed using a

microarray, on which L-p53 (H-LTFEHYWAQLTS-NH2) or D-p53 was immobilized at the

concentration of 6.6 mM.
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Figure 4. Structures and biological activity of the hit compounds

OMe 0
NS
=/ ©

o) b ° H
J N N.__CONHNH,
0" "N Y -
H 0 :\ H o Y
COZH
KPYA52218 (1)
ICso (MDM2): 8.51 UM
ICs, (MDMX): 32.4 M
ECso (A549 cell): >30 uM

_~_NO,
N

N

|
$
S
Hﬂ H
BocHN N: N NYCOZMe
- "
RO
N N3
KPYB00497 (2) ©

I1C5o (MDM2): 22.2 uM
ICsp (MDMX): 42.1 uM
ECsy (A549 cell): 13.7 uM

OMe Q\
o
o) o) o] o
OXNHHAHQLN/EEHVCONHNHZ
H 0(5 H o/i\ Ho§o

CO,Bn

KPYBO00556 (3)

IC5o (MDM2): 21.3 pM
1Cso (MDMX): 525 uM
ECs0(A549 cell): >30 uM

ICso for MDM2 and MDMX were measured by a fluorescent polarization assay using a
fluorescein-labeled p53 peptide (0.5 nM) and MDM22>'% (10 nM) or MDMX?*1% (50 nM). The
ECso values were measured by a cell growth inhibition assay using A549 cells. Compounds 1 and 3

were insoluble at >30 uM in the medium for growth inhibition assay.
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