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FLUORESCENT MOLECULAR ROTORS

TECHNICAL FIELD

(00011] - The present invention generally relates to
fluorescent molecular rotors and compositions comprisihg
‘the same. The present invention also relates to the use of
fluorescent molecular rotors in detecting protein—ligand

interactions.

BACKGROUND

FLUORESCENT MOLECULAR ROTORS :
[0002] Molecular rotors are a collective group of

_fluorescent,compounds that possess the ability to undergo
twistedv intfamolecular: chargeA'tranefer (TICT)»'end are
otypiceliy'used'ee visoosity.sensor probes. They_typically
consist of three parts: an electron-donating unit, an
electron-accepting unit and a mn-conjugated linking moiety
-which allows electron transfer to occur in the planar
conformation. However, electrostatic forces upon
virradiation resuit in the molecule adopting a twisted
conformation around the o-bond in the linker region. This
non-planar, twisted conformation has a lower excited state
energy and thus is associated with either a red-shifted
fluorescence emission or can undergo a non-radiative
torsional relaxation pathway, depending on the molecular
structure of the rotor. If the intramolecular rotation is‘
hindered, the non-radiative pathway is prevented and the
molecule adopts a planar: configuration, thus restoring

fluorescence.

PROTEIN LABELLING TECHNIQUES
[0003] Progress in understanding complex bioclogical
systems  depends on characterizing the underlying

interactions of biomolecules, in particular proteins. The
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interaction of proteins with ligands, such as peptides,

DNA or small molecules, offers biologists powerful tools
for visualizing protein dynamics.

[0004] For example, the investigation of protein-
péptide interactions. The p53 tumour suppreésor protein is
the key determinant of cell fate. It is mutated in 50% of
all cancers. It is primarily regulated by the ubiquitin
ligase MDM2 which targets it for proteosomal degradation.
The interaction between MDM2 and p53 has been mapped to
the N-terminal of p53 (residues 18-26) and the N-terminal

domain of MDM2'(residues 1-110). In 50% of cancers with

iwild—type p53, inhibition of MDM2 leading to increased p53'

levels and cell death represents an attractive therapeutic
modality. Several compounds that bind to the N-terminal -
domain of MDM2 and abrogate p53 binding have shown promise.
in preclinical developmené. Both the furﬁher development
of these pre-existing compounds ' and high-throughput
screens for novel compounds will benefit greatly £from
robust, facile and sensitive methods enabling detection of
the p53-MDM2 interaction. '

[0005] Additionally, the interactions of proteins with
DNA are essential cellular processes. Compromised protein-
DNA interactions can give rise to severe disease
phenotypes, notably cancer. There exists therefore, a
réquirement for robust assays enabling both fundamental
understanding of interactions at the molecular level, and
highvthréughput screening of compound libraries for drugs
capable of “reactivating” a mutant protein with diminished
or absent DNA-binding.

f[oo06] One way to determine protein-DNA binding is
through electrophoretic mobility shift assay (EMSA). EMSA
identifies protein-DNA binding by the shift - in the
electrophoretic migration of DNA through a gel when it is

bound by a protein. Another way 1is through and DNA
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footprinting. DNA footprinting identifies protein-DNA
complexes through resistance of DNA to nucleolytic
degradation when it is bound by a protein. However, these

methods are technically demanding, semi-quantitative, not-

‘easily reproduced, low-throughput and typically require

the use of radioisotopes for optimal results. _

[0007] ‘ Another way 1is based on the ELISA format
involving the use of biotinylated DNA to capture protein-
DNA (p53 protein bound to target DNA) complexes on

streptavidin plates. The complexes are subSequently

-detected through the use of an anti-p53 monoclonal

antibody that does do not disrupt the complex. A variation

~of this ‘technique has also been described using

microspheres and flow analysis. Other techniques include -

-surface plasmon resonance (SPR), and fluorescence

anisotropy. Whilst powerful and insightful, these methods
require expensive instrumentation, are Ilaborious, and are
not suited for high-throughput applications.

[0008] One way of detecting protein-DNA binding occurs

"through a combination of immunoprecipitation and real-time

' PCR. However, this method is not optimal for high-

throughput screening as it requires multiple washing steps
and real-time PCR which can be costly.

[0009] There 1is therefore a need to provide a
gquantitative, label-free, homogenous, non—radioactive,
reproducible and =~ high-throughput ‘ method to  measure
pfotein-iigand binding.

[0010] There 1is also a need to provide a high-
throughput screening method fof measuring protein-ligand
interactions which is non-laborious and does not require
the use of expensive instrumentation. |
(oo11] There 1is also a need to provide -a high-

throughput screening method for measuring protein-ligand
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interactions which lessens the requirement for multiple>
washing steps. | |

[0012] ' Therefore, there is a need for methodsr for
detecting interactions between a protein and ligands that
ameliorate the above problems. The present iﬁventiqn seeks
to fulfill these needs and provides further related

advantages.

SUMMARY

[0013] - According to a first aspect, there is provided a

method for deteéting an interaction between a protein and

a ligand, comprising: |

(i) binding at least one fluorescent molecular rotor to

said ligand or protein; and

(ii) detectiﬁg a change in .fluoreécenée emitted by said

| fluorescent molecular rotor -after- contact of - the

bound fluorescent molecular rotor with the other of
said ligand or ©protein, thereby detecting an
interaction between the ‘ligand and the protein.

with the proviso that the fluorescent molecular rotor is

‘not a compound selected from the following table:
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[0014] In a second aspect, there is provided a method

‘for detecting an interaction between a protein and a

ligand, comprising:

(i) binding at least one fluorescent molecular rotor to
said ligand or protein; and

(ii) detecting a change 1in fluorescence emitted by said
fluorescent molecular rotor after contact of the bound
fluorescent molecular rotor with the other of said ligand
or-protein, thereby detecting an interaction between the

ligand and the protein,
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wherein the fluorescent molecular rotor is selected from.

the group consisting of:

wherein at least one of R1l, R2 or R3 is " ;

R1, R2, R3 and R4 are independently chosen from the group

consisting of: optionally substituted alkyl, optionaliy

substituted alkenyl, optionally substituted alkynyl,

optionally substituted aryl, optionally substituted

heterocaryl, optionally substituted cycloalkyl or

optionally substituted heterocyclyl. |

[0015] In a third aspect, there is provided a method

for detecting an interaction between (a) DNA and prbtein,

(b) MDM2 - protein and a peptide, or (c) Dbiotin and

streptavidin, the method comprising:

(1) binding at least one fluorescent molecular rotor to
said ligand or protein; and

(ii)detecting' a change in fluorescence emitted by said
fluorescent molecular rotor after contact of the bound
fluorescent molecular rotdr with the other of said
ligand or protein, théreby detecting an interaction

between the ligand and the protein,
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wherein the fluorescent molecular rotor is selected from
the group consisting of: | |

a rotating o-bond;

an electron-donating moiety;

an electron-éccepting moiety; and

a n-conjugated linker.
[0016] Advantageously, the fluorescent molecular rotors
may be wuseful as fluorescent probes for determining
protein-ligand interactions.. The fluorescent molecular
rotors may be useful as a fluorescent probe due to the
restriction of intramolecular rotation within ‘theb
molecular rotor through binding to a ligand.
[0017] The fluorescent moleéular rotors may display a
change in fluorescence upon beiﬁg displaced from the
ligand} ‘perturbed by protein binding or from greater
restriction of their intramolecular rotation.
[oo1l8] Advantageously, the fluorescent molecular rotors
may be used to investigate protein-DNA interactions. The
fluorescent molecular rotors may be engineered such that
the intercalating moiety of the roﬁor encompasses the
entire base pair region of DNA, so that the rotating bond
will be protruding out of the DNA duplex.
[0019] The fluorescent molecular rotors capable of
intercalating DNA can first be bound to DNA then incubated
with a protein. Interaction of the protein with the DNA
could displace the fluorescent molecular rotor from DNA,
or resuit in a greater restriction of its intramolecular'
rotation. In both cases, a change in fluorescence may be
measured. »
[0020] Advantageously, the fluorescent‘molecular rotors
may be used to investigate protein-peptide interactions.
The peptide may be a protein-binding peptide which is

conjugated to fluorescent molecular rotor(s). The peptide

_binding site on the protein may restrict the motion of the-
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fluorescent molecular rotor(s) attached to the peptide

~sufficiently to bring about a detectable fluorescence

turn-on signal. _

[0021] - In é fourth aspect, there 1is provided a
composition comprising a fluorescent molecular rotor. The
composition may further comprise a ligand and a protein,
wherein at least one fluorescent molecul_ar rotor is bound

to the ligand or the protein, with the proviso that the

fluorescent molecular zrotor is not a compound selected

from the following table:

Struciure R groups I Bornciure R groups
cN on ‘
L ”:ljl m’ﬂ : 11 N COLH
2 N A ]
e ' by R=COOH, CO,ES,
1 N 12 e N CH,OH, CHOAe,
3 ) CHLCH ‘
4 13 R=CH;CO:Ph
> R }‘ .
W f@'}_cn Ry, Re = CHs
6 N

9 = O, NH,
10

g

; -
[0022] In a fifth aspect, there is provided . a

composition comprising a fluorescent molecular rotor,
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wherein the fluorescent molecular rotor is selected from

the group consisting of:

9]

I
fﬁ)&““
- |

R1 N R2
\ B
[ TRy
N
|
RS
R4
+
FN
N o
wherein at least one of R1l, R2 or R3 is ‘ ; and

R1, R2, R3 and R4 are independently chosen from the group
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15

20

consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally  substituted aryl, optionally  substituted
" heteroaryl, optionally substituted or

cycloalkyl

~optionally substituted heterocyclyl.

[0023] In a
composition comprising:

(1)

sixth aspect,

fluorescent molecular rotor, DNA and protein;

(ii) fluorescent molecular rotor, peptide and MDM2; or

there is provided a

(iidi) flﬁorescent molecular rotor, biotin and streptavidin,

wherein said fluorescent molecular rotor is bound to one

of DNA or protein in (a),

one of peptide or MDM2 in

or one of biotin or streptavidin in (¢),

(b),

and wherein the fluorescent molecular rotor(s) compriSes:

a rotating o-bond;

an electron-donating moiety;

9
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an eiectron—accepting moiety; and

a n-conjugated linker. | ‘
[0024] In a seventh aspect, there isv provided a
screening assay for identifying a 1ligand, the assay
comprising:
(1) providing a protein to be tested for binding affinity °
with a candidate ligand; |
(ii) providing.'candidate» ligands bound to at least oﬁe
fluorescent molecular rotbr;
(iii) testing the candidate 1ligands for binding
affiﬁity‘ by contacting said protein with said candidate
ligands bound to at leaét one fluorescent molecular rotor;
and ’
identifying relevant éandidate ligands by measuring a
change 1in fluorescence emitted by the fluorescent
molecular rotor(s), with the proviso that the fluorescent
molecular rotor 1is not a compound selected from the

following table:

10
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In an eighth aspect, there 1is provided a

screening assay for identifying an interaction between a

protein and'ligand,‘the assay comprising:

a) providing a protein to be tested for binding
affinity with a candidate ligand;

b) providing candidate 1ligands bound to at least

.one fluorescent molecular rotor;

c) testing the candidate 1ligands for binding
affinity by contacting said protein with said
candidate ligands bound to at least one fluorescent

molecular rotor; and

11
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d) identifying a relevant interaction by measuring
a change in fluorescence emitted by the fluorescent
molecular rotor(s),

wherein the fluorescent molecular retor is selected from

the group consisting of:

R1 R
" S
Sa¥
Y
|
R3
L R4
—
7N
i f‘ﬁ::./
wherein at least one of R1, R2 or R3 is “ ' ; and

'R1, R2, R3 and R4 are independently chosen from the group
~consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heterocaryl,  optionally substituted cyclbalkyi ‘or
optionally substituted heterocyclyl. . '
[0026] In a ninth aspect, there is provided a.screening
assay for identifying an interaction between DNA and
protein, or peptide and MDM2, the assay comprising:
a) providing a protein to be tested for binding
affinity with eandidate DNA or peptide;
b) providing candidate DNA or peptide bound to» at
least one fluorescent molecular rotor;
c) testing the candidete DNA or peptide for binding

~affinity by contacting said -protein -with said™
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‘candidate DNA or peptide bound Eo at least'bne
fluorescent molecular rotor; and

identifying a relevént interactions by measuring a
change in fluorescence emitted by the fluorescent

molecular rotor(s),

wherein the fluorescent molecular rotor(s)‘comprises:

{0027

a rotating o-bond;

an electron-donating moiety;

an electron-accepting moiety; and

a mn-conjugated linker.

1

In a tenth aspect, there is provided a screening

assay for identifying a candidate compound, comprising:

(a)

(b)

(c)

(d)

providing a candidate compound to be tested for
binding affinity with protein;-

providing a complex comprising a probe bound to
protein, wherein said probe comprises at least one
flﬁorescent mdlecular fotor bound to peptide;
testing the candidate compound for binding affinity
with said protein by contacting said candidate
compound with said complex; and

identifying a relevant candidate compound by
measuring the change in fluorescence emitted when
said complex is disrupted, wherein the fluorescent

molecular rotor(s) comprises:

a rotating o-bond;

an electron-donating moiety}

an electron-accepting moiety; and

a n-conjugated linker.

[0028]

Advantageously, the screening assay may be high-

throughput, quantitative, label-free, homogenous, non-

radioactive and a reproducible method to measuré'protein—

ligand binding.

13
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[0029] Advantageously, the screening assay may be non-
laborious and may not ' require the wuse of expensive
instrumentation. | |

[0030] Advantageously, the screening method may not
require multiple washing steps.

[0031] Advantageously, the assay is single-well, low
volume and non-radioactive with minimal pipetting steps
and fluorescent readout. '

[0032] Advantageously, the screéning assay may be a
small molecule drug screening assay which' may identify
small molecules which may be missed in assays, such as
fluorescence polarization, vv

[0033] In an eleventh aspect, there is'provided a kit
for carrying out the first or sixth aspects of the

invention, comprising a ligand, protein and fluorescent

molecular rdtor(s), and a means to detect a change in
fluorescence.
[0034]  In a twelfth aspéct,'there is provided a kit for

carrying out the second or seventh aspects of the

‘invention comprising the 1ligand, protein and fluorescent

'moleCular rotor(s), and a means to detect a change in
fluorescence. ‘
[0035] In a thirteenth aspect, there is provided a kit

for carrying out the third or eighth aspects of the

invention comprising the 1ligand, protein and'fluorescent

molecular rotor(s), and a means to detect a change in
fluorescénce.
- [00361 In a fourteenth aspect, there is provided a

chemical compound selected from the group consisting of:

14
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wherein at least one of R1, R2 or R3 is 7~ ;

R1, R2, R3 and R4 are independently chosen from the group
consisting of: optionally substituted alkyl, optionally

. substituted alkenyl, optionally substituted alkynyl,

optionally substituted  aryl, optionally substitutéd
heteroaryl, 'optionally substituted cycloalkyl or
optionally substituted heterocyclyl;

RS is a OH or a linking moiety selected from the group
consisting of a single bond; or optionally substituted
heteroalkyl, wherein the main chain atoms of  said
optionally substituted heteroalkyl are optionally
interrupted by one or more optionally substituted cyclic
groups;'and

R6 .is absent or a ligand,

15
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with the proviso that R5 is not OH in formula (v).

DEFINITIONS

[0037] Unless otherwise defined herein, scientific and
technical terms uséd in this application shall have the
meanings that are commonly understood by those of Qrdinafy
skill in the art. Generally, nomenclature " used in

connection with, ~and techniques of, chemistry, cell and

‘tissue culture, molecular Dbiology, cell and cancer
biology, neurobiology, neurochemistry, virology,
immunology, miérobiology, pharmacology, genetics and

protein and nucleic acid chemistry, described herein, are
those well-known and commonly used in the art.

[0038] The following are some definitions that may be
helpful in understanding the description of the present
invention. These are intended as general definitions énd

should in no way limit the scope of the present invention

- to. those terms alone, but are put forth for a better

understanding of the following description.

"[0039] Unless " the context requires otherwise or

'specifically stated to the contrary, integers, steps, or

elements of the invention recited herein as singular
integers, steps or ‘elements clearly encompass both
singular and plural forms of the recited integers,:steps
or elements.

[0040] As used herein, unless otherwise specified, the

followiné terms have the following meanings, and unless

- otherwise specified, the definitions of each term (i.e.

moiety or substitutent) ‘apply when that term is wused
individually or as a component of another term (e.g., the
definition of aryl is the same for aryl and for'the'aryl

pQrtion of arylalkyl, alkylaryl, arylalkynyl, and the

~like).

16
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[0041] As used herein, the term "alkylﬁ includes within
its meaning monovalent (“alkyl”) and divalent (“alkylene”)
straight chain or branched chain saturated aliphatic
groups having from 1 to 6 carbon atoms, eg, 1, 2, 3, 4, 5
or 6 carbon atoms. For example, the term alkyl includes,
but is not limited to, methyl, ethyl, 1l-propyl, isqpropyl,'
1-butyl, | 2-butyl, isobﬁtyl, tert-butyl, amyl, 1,2-
dimethylpropyl, 1,1—dimethylpropyl, pentyl, isopentyl,
hexyl, 4-methylpentyl, l1-methylpentyl, 2-methylpentyl, 3-
methylpentyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 1,2-
dimethylbutyl, '1,3-dimethy1butyl, 1,2,2-trimethylpropyl,
1,1,2-trimethylpropyl and the like. Alkyl groups may be
optionally substituted.

[0042] -As 'used, herein, the term "alkenyl" refers to
divalent straight chain or branched chain wunsaturated
aliphatié groups- containing at least one . carbon-carbon
double bond and.having from 2 to 6 carbon atoms, eg, 2, 3,
4, 5 or 6 carbon atoms. For example, the term alkenyl
includes, but is not 1limited to, ethenYl, propenyl,

butenyl, l-butenyl, .  2-butenyl, 2-methylpropenyl, 1-

pentenyl, 2-pentenyl, 2-methylbut-l-enyl, 3-methylbut-1-

enyl, 2-methylbut-2-enyl, 1l-hexenyl, 2-hexenyl, 3-hexenyl,
2,2-dimethyl-2-butenyl, 2-methyl-2-hexenyl, 3-methyl-1-

pentenyl,wl,S—hexadienyl énd the like. Alkenyl groups may
be optionally substituted. | - N

- [0043] As used herein, the term "alkynyl" refers to
'trivalenE  straight chain or branched chain unsaturated

aliphatic groups containing at least one carbon-carbon

triple bond and havingvfrom 2 to 6 carbon atoms, eg, 2, 3,
4, 5 or 6 carbon atoms. For example, the term alkynyl

includes, but is not limited to, ethynyl, propynyl, 1-

- butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 1l-hexynyl, 2-

hexynyl, 3-hexynyl, 3-methyl-l-pentynyl, and the 1like.
alkynyl groups may be optionally substituted.

17
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[0044] The term “arylf, or variants such és “aromatic-
grdup” or “arylene” as used herein refers to monovalent
(“aryi”) and divalent (“arylene”) single, pblynuclearf
conjugated or fused residues of aromatic hydrocarbons
- having from 6 to 10 carbon atoms. Such groups include,
for example, phenyl, biphenyl, naphthyl, phenanthrenyl,
and the like. Aryl groups may be optionally substituted.
[0045] The term "cycloalkyl" as used herein refers to a
non—aromatic mono- or multicyclic ring system comprising
about 3 to about 10 carbon atoms. The cycloalkyl can be
optiocnally substituted with one or more ."ring system
substituents"'which may be the samé or different, and are
as defined ‘herein. Non-limiting examples of suitable
monocyclic cycloalkyls include cyclopropyl, cydlopentyl,
cyclohexyl, cycloheptyl and the like. Non-limiting
examples of suitable multicyclic cycloalkyls include 1 -
decalinyl; norbornyl, adamantyl and the like. Further non-

limiting examples of cycloalkyl include the following:

wAS

AL

A

18
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[0046] | The term "cycloalkenyl" as used herein refers
to a ndn—aromatic mono or multicyclic ring system
comprising about 3 to about 10 carbon atoms which contains
at least one carbon-carbon double bond. Non-limiting .
examples of éuitable monocyclic cycloalkenyls inclﬁde'
cyclopentenyl, cyclohexenyl, cyclohepta-1 ,3-dienyl, and
the like. Non—limitiﬁg example bf a suitable multicyclic

cycloalkenyl is norbornylenyl, as well as unsaturated

moieties of the examples shown above for cycloalkyl.

Cycloalkenyl groups may be optionally substituted.

[0047] The térm "hetercalkyl" as used herein refers to
an alkyl moiety as defined ;above, having one or more
carbon atoms, for example 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
carbon atoms, replaced with one or more heteroatoms, which .
may be the same or different, where the point of
éttachment to the remainder of the molecule is through a
cafbon atom of the heteroalkyl radical, or the'heteroatom.
Suitable heterocatoms include 0, S, and N. Non-limiting
examples include ethers, thioethers, amines,

hydroxymethyl, 3-hydroxypropyl, 1,2-dihydroxyethyl, 2-

'methoxyethyl, 2-aminoethyl, 2-dimethylaminoethyl, and the

like. Heteroalkyl groups may be thionaily substituted.

[0048] The term "heterocaryl" as used herein refers to
an  aromatic monocyclic oi multicyclic ring éYstem
comﬁrising about .5 to about ‘14 ring atoms, preferably
about 5 to about 10 ring atoms, in which one or more of
the riné atoms is an element other than carbon, for
example ‘nitrogen, oxygen or sulfur, alone | or in

cdmbination. "Heterocaryl" may also include a heterocaryl as

"defined above fused to an aryl as vdefined  above. Non-

limiting examples of suitable heterocaryls include pyridyl,
pyrazinyl, furanyl, thienyl, pyrimidinyl, ‘pyridone
(including N-substituted pyridones), isoxazolyl,

isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl,
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pyrrolyl, pyrazolyl, triazolyl, 1 ,2,4-thiadiazolyl,

pyrazinyl, ‘ pyridazinyl, quinoxalihyl, phthalaziﬁyl,
oXindolyl, imidazo[1 ,Z-a]pyridinyl, imidazo[z,l -
bl thiazolyl, benzofurazanyl, indolyl, azaindolyl,
benzimidaiolyl, benzothienyl, quinolinyl, imidazolyl,
thienopyridyl, quinazolinyl, thiénopyrimidyl,
pyrroiopyridyl, | imidazopyridyl, isoquinolinyl,

benzoazaindolyl, 1 ,2,4-triazinyl, benzothiazolyl and the
like. The term “"heteroaryl" also refers to partially
saturated heteroaryl moieties such as, for example,

tetrahydroisoquiholyl, tetrahydroquinolyl and the 1like.

Heteroaryl groups may be optionally substituted.

[0049] The term "heterocycle" as used herein refers to
a group comprising a covalently closed ring herein at
least one atom forming the ring is a cérbon atom and at
least one atom forming the ring is a heteroatom..
Heterocyclic rings may be formed by three, four, f£five,

six, seven, eight, nine, or more than nine atoms, any of
which may Dbe saturated, partially unsaturated, or
aromatic. Any number of those atoms may be heteroatoms
(i.e., a heterocyclic ring may comprise one, two, three,
four, five, six, seven, eight, nine, or more than nine

heterocatoms). Herein, whenever the number of carbon atoms

~in a heterocycle is indicated (e.g., Cl1-C6 heterocycle),

at least one other atom (the heteroatom) must be present
in the ring. Désignations such as "Cl-Cé heterocycle"
refer oniy to the number of carbon atoms in the ring and
do not refer to the total number of atoms in the ring. It
is understood that the heterocylic ring will “have
additional heteroatoms in the ring. In heterocycles
comprising two or more heﬁeroatoms, those two orv more
heteroatoms may be the same or different from one another.
Heterocycles may be optionally substituted. Binding to a

heterocycle can be at a heterocatom or via a carbon atom.

20
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.Examples bf heterocycles include heterocycloalkyls-(where
the -‘rihg contains fuily saturated bonds) and
- heterocycloalkenyls (where the ring contains one or more
unsaturated bonds) such as, but are not limited to thé

5 following:

DQV\OOQQ
OQOQUDD
OO0
CUTDDDO
OE‘OE)O J

Q0

10 » o |

,a\/ o--> }

wherein D, E, F, and G independently represent a

heterocatom. Each of D, E, F, and- -G may be_ the same or

different from oné another.

[00501] The term.“cyclic group” as used hérein_refers
15 to an -aryl, heteroaryl, cycloalkyl,  cycloalkenyl or

heterocycle ~as defined above. Cyclic groups may be

optiOnélly substituted. » '

[0051] The term “optionally substituted” as used herein

means‘ theA group to which this term refers may be
20 unsubstituted, or may ‘be substituted with one or more

groups other than hydrogen provided. that the indicated
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atom’ s normal Valency is ‘not exceeded, and that the
substitution results in a stable compound. |

[0052] The term “linking moiety” as used herein refers
to a single.bohd or optioneliy substituted heteroalkylias
defined above, wherein the main chain atoms of said
optionally substituted heteroalkyl are optionally
interrupted by one or more optionally substituted cyclic
groups as defined above.

[0053] As used herein, the term "main ehain atom"
refers to only those atoms between the fluorescent
molecular rotor and the iigand. that are Jjoined in a
continuous lines. In one embodiment, main chain atoms are
selected from the group consisting of: C, O, N, S, P and
si. |

[0054] As used herein, ‘the term "ligand" refers te
molecules that bind to proteins. Accordingly, a ligand may
be a small molecule as defined below, nucleic acid such as
RNA or DNA, a polynucleoside or'peptide.

[0055] “Peptide” as used herein includes a peptide,
‘dipeptide or polypeptide.

 [0056] A ligand variant peptide may be substantially

identical to a native peptide ~sequence. The amino acidAi
sequence of’thevvariant at times is SO%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more identical to a native peptide
sequence.

[0057] Naturally occurring amino acids in a native
ligand or receptor pretein polypeptide or protein may be

are substituted with unnatural or non-classical amino

acids, which inclﬂde, but are not limited to, ornithine

(hereinafter referred to as 2Z), diaminobutyric' acid
(hereinafter referred to as B), norleucine (hereinafter
referred to  as 0), pyrylalanine, thienylalanine,

--naphthylalanine- and phenylglycine.- Other -examples of non--— - -
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‘'naturally occurring amino acids and non-classical amino

acid replacements are alpha* and alpha-disubstituted*

amino acids, N-alkyl amino acids*, lactic acid*, halide

derivatives of natural = amino acids such as
trifluorotyrosiﬁe*, - p-Cl- | phenylalanihe*? , p-Br-
phenylalanine¥, p-I-phenylalaninex*, L-allyl-glycine¥*,
beta- alanine*, L-arpha-amino butyric acid*, L-gamrna-

- amino butyric acidr, L—alpha—amino isobutyric _écid*,' L-

epsilon-amino caproic acid#, 7-amino heptanoic acid*, L-
methionine sulfone*, L-norleucine*, L-norvaline*, p-nitro-
L-phenylalanine*, L-hydroxyproline#, L-thioprolinex*,

methyl derivatives of phenylalanine (Phe) such as  4-

" methyl-Phe*, pentamethyl-Phe*, L-Phe (4-amino)#, L-Tyr

(methyl)*, L-Phe (4- isopropyl) *, L-Tic (1,2,3,4-
tetrahydroisoquinoline-3-carboxyl acid) *, L-
diaminopropionic - acid, L-Phe (4-benzyl) *, 2,4-

diaminobutyric acid, 4-aminobutyric acid (gamma-Abu), 2-

" amino butyric acid (alpha-Abu), 6-amino hexanoic acid

(epsilon-Ahx), 2-amino isobutyric acid (Aib), 3 -amino

‘propionic acid, ornithine, norleucine, norvaline,

hydroxyproline, sarcosine, citrulline, homocitrulline,
cysteic acid, t-butylglycine, t-butylalanine,
phenylglycine, cyclohexylalanine, fluorocamino acids,
designer amino acids such as beta—methyl amino acidé, Ca-
mefhyl amiﬁo acids, Na—methyl amino acids, naphthyl
alanine, and the 1like. The notation * indicates a
derivati%e having hydrophobic characteristics, # indicates
a derivative having hydrophilic characteristics, and #*
indicates a derivative having amphipathic characteristics.

[0058] Variant amino acid sequences may include
suitable spacer groups inserted between any two amind acid
residues of the sequence including alkyl groups such as
methyl, ethyl or propyl groups in addition to amino acid

spacers such as glycine or [betal-alanine residues. Also,
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peptides and polypeptides may comprise or consist of
peptoids. The term "peptoids" refers to variant amino acid
structures where the [alphal]-carbon substituent group is

on the backbone nitrogen atom rather than the f[alphal-

carbon. , ‘
[0059] Peptides may be prepared by known recombinant
molecular biology procedures. A polypeptide also may be

synthesized by peptide 1ligation wmethods. This method
allows native backbohe proteins to be assembled from fully
unprotected polypeptide building blocks. To facilitate the
ligation reactions, the alpha-carboxylate group of the N-
terminal  polypeptide fragment is mildly activated as an
aryl thiocester and the C- terminal polypeptide fragment
"contains an amino—terminal cysteine. The reaction often is
carried out in agueous buffer at -about neutral pH. The
initial step 1is a reversible tranéthioesterification
reaction involving the thiol group of the N-terminal Cys-
polypeptide (the C-terminal fragment) and the alpha-
thiocester moiety of the N- terminal polypeptide fragment.
‘This intermediate undergoes a spontaneous rearrangement to
form a natural peptide bond at the 1ligation site. An
advantage of the chemical approach is the éite—specific
incorporation of unnatural amino acids, post-translational
modifications, and biochemical/biophysical probes inﬁo the
target molecule. Polypeptide fragments of about 50 amino
acids or less, and mimetics and variants thereof, may be
produced‘by standard chemical synthetic methods known in
the art.
[0060] The ligands, variant polypeptides and proteins
thereof may be isolated wusing standard purification
prbcedures. An "isolated" or "purified" peptide,
polypeptide or pfotein is substantially free of cellular
.material or other contaminating proteins from the cell orx

tissue source from which the protein is derived, or
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substantially free £from chemical precursors Or other
chemicals when chemically synthesized. "Substantialiy
free" means preparation of a ligand, receptbr, or peptidé,,
polypeptide or proteinf_Variant thereof having less than
about 30%, 20%, 10% and more . preferably 5% (by dry
weight), of non-receptor or ligand polypeptides (also
referred to herein as a "contaminating proteins"), or of
chemical precursors or non-receptor or ligand chemicals.
When the polypeptide or a biologically active portion
thereof is produced recombinantly,- it often is
substantially free of culture medium, specifically, where

culture medium represents less than about 20%, less than

_aboutllo%, and often less than about 5% of the volume of

the polypeptide preparation. Isolated or purified
polypeptide preparations may be 0.01 milligrams or more or
0.1 milligrams or more,‘and‘often 1.0 milligrams or more
and 10 milligrams or more in dry weight. |

[0061]. - As used herein, the term “small molecule” refers

to peptides, peptidomimetics (e.g., peptoids), amino

‘acids, amino acid analogs, polynucleotides, polynucleotide

~analogs, nucleotides, nucleotide analogs, organic or

inorganic compounds (i.e., including heterorganic and
organometallic compounds) having a nmlecular>weight 1ess
than about 10,000 grams per mole, organic or inofganic
compounds'having a molecular weight‘less than about 5,000
grams pexr mole,'organic or inorganic compounds having a
molecula} weight less than about 1,000 grams per mole,
organic or inorganic compoundé having a molecular weight
less than about 500 grams per mole, and salts, esters, and

other pharmaceutically acceptable forms of such compounds.

[0062] As used herein, the term "about", in the context

of concentrations of components of the formulations,

typically means +/- 5% of the stated value, more typiéally

+/- 4% of the stated value, more typically +/- 3% of the
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stated value, more typically, +/- 2% of the stated value,
even more typiéally +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value. |

[0063] | Throughout this specification, unless the
context requires otherwise, the word “comprise”, or
&ariations such as “comprises” or “comprising”, will be
understood 'to imply the inclusion of a stated step or
element or integer or group of steps or elements or
integers, but not to the exclusion of any other step ro
elemént or integer or group of elements or integers. Thus;
in the context of this specification, the term

“comprising” means “including peripherally, but not

necessarily solely”.

[0064] The word “substantially” ‘does ‘not exclude
“completely” e.g. a composition which 1s “substantially
free” from Y may be ‘completely free from Y. Where
necessary, the word “substantiaily” may be omitted from
the definition of the invention.

[0065] When describihg the compounds, compositions,

methods and processes of the invention, the following

" terms have the following meanings unless otherwise

indicated. Additionally, as used herein, the singular
forms "a," "an" and "the" include the correspondihg plural
“forms = unless the context of use clearly dictates
éthefwise. |

[0066] | Certain embodiments may also be described
broadly Jand generically herein. Each of the narrower
species and subgeneric groupings falling within the
generic disclosure also form part of the disclosure. This
includes the‘genéric<describtion of the éﬁbodiménts with a
.provisd'or negativé limitation removing any‘subject ﬁatter
from the genus, regardless of whether or not the excised

material is specifically recited herein.
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[0067] Throughout this disclosure, certain embodiménts
may be disclosed in a range format. It should be
understood that the description in range format is merelyr
for convenience and brevity and should not be construed as
an inflexible 1limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of a range such as

from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,

from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,

as well as individual numbers within that range, for
example; 1, 2, 3, 4, 5, and 6. This applies regardless of

the breadth of the range. | ‘

[0068]J Those skilled in the art will appreciaté that
the invention described  herein is susceptible to
variations and modifications other than those specifically
described. It is to be understood that the invention
includes all such variations and modifications. The

invention also includes all of the steps, features,

compositions and compounds referred to or indicated in

this specification, individually or collectively, and any

and all combinations or any two or more of said steps or

features.

DETAILED DISCLOSURE OF EMBODIMENTS

[0069] Exemplary, non-limiting embodiments of the
invention will now be disclosed.

[0070] In a first aspect, there is a provided a method
for detecting an. interaction between a protein and a
ligand( comprisingf |

(1) binding at least one fluorescent molecular rotor to

- said-ligand or protein; and
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(ii) detecting a change in fluorescence emitted by said

fluorescent molecular rotor after contact

bound fluorescent molecular rotor with the other of

said 1ligand or prbtein,v thereby detecting

5 . interaction between the ligand and the protein,
wherein the fluorescent molecular rotor comprises: -
: a rotating'o—bond; _
an electron-donating moiety;
an electron—accepting.moiety; and

10 h a n-conjugated linker,

with the proviso that the fluorescent molecular rotor is

not a compound selectedkfrom the following table:
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[o0711 In the method for detecting an interaction
between a protein and a ligand according to the first
aspect, the fluorescent molecular rotor(s) may exhibit a
change in fluorescence when the ligand binds to the
protein. | |
[0072] There is also provided a composition according

comprising a fluorescent molecular

rotor, wherein the fluorescent molecular rotor comprises:

a rotating o-bond;
‘an electron-donating moiety;
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an electron-accepting moiety; and

a m-conjugated linker,

with the proviso that the fluorescent molecular rotor

is not a compound selected from the following table:

) P Structure R graups Stracture R groups
. , = . R ]
i JE:I::EQCGﬁ
’t} 0”0 1
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! 0
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! W e, o
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[0073] The fluorescent molecular rotor(s) of the first

or fourth aspects may be bound to a ligand or a protein

‘via a linking moiety.
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[0074] ' In one embodiment of ‘the first or fourth
aspects, the fluorescent molecular motor(s) may be bound
via a linking moiety to the ligand. ' ,
[0075] In another embodiment of the first or fourth
aspects, the fluorescent.molecular motor (s) may be bound
via a‘linking moiety to the protein. '

[0076] - The linking moiety of the first or fourth

‘aspects'may comprise 1 to 20 main chain atoms, 1 to 15

main chain atoms, 1 to 10 main chain atoms, or 1 to 5 main
chain atoms.

[0077] The 1linking moiety of the first or fourth

- aspects may be a single bond or optionally substituted

heteroalkyl. said heteroalkyl may be optionally
substituted heterocalkyl selected from ethers, thiocethers,
amines, = hydroxymethyl, 3-hydroxypropyl, 1,2-
dihydroxyethyl; 2-methoxyethyl, 2-aminoethyl, = 2-
dimethylaminoethyl, alkoxyalkylamines, alkoxyalkylamides,
aminoheteroalkyl substituted with oxo or aminoalkyls. The
linking moiety may be: -
H
- l
}_{0 //\\/N ﬁ’f;

-

’

0

H

.
I

) ' H
[
- c N
?E*N/\\/’\\O"//\\f/ \/\[r \/\/?)i
A .
H
0 ; Or

NN,
g |

The optionally substituted heterocalkyl may be opfionally
interrupted by‘one or more optionally substitutéd cyclic

groups. Said cyclic groups may be aryl, heteroaryl;

cycloalle, cycloalkenyl or heterocycle. Cyclic groups may
_ 31 _
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‘be - selected from phen?l,. biphenyl, naphthyl,
phenanthrenyl, cyclbpropyl, "éyclopentyl, cyclohexyl,
cycloheptyl, 1—de¢a1ihy1,i'. norbornyl, adamantyl,
cyclopentenyl, cyclohexenyl, cYclohepta?l,B—dienyl,
norbornylenyl, piperidyl, pYrrolidinyl, piperazinyl,

,morphblinyl, thiomorpholinyl, thiaquidinyl, 1,4-dioxanyl,
tetrahydrofuranyl; tetrahydrothiophenyl, lactam or
lactone. Cyclic.groups‘may be optionally substituted.

[0078] In one embodiment of the first or fourth
aspects, the change in fluorescence may occur when the
binding of protein to ligand displaces the fluorescent
molecular rotor(s) from the ligénd or perturbs the
fluorescent molecular rotor(s).

[0079] 'In another embodiment -of the first or fourth
aspects, ' the change in fluQrescence may occur when the
binding of protein to 1ligand displaces the fluorescent
molecular rotor(s) £from the protein or perturbs the
fluorescent molecular rotor(s).

[0080] The ligand of the first or fourth aspects may be

‘a molecule that binds to protein. Accordingly, a 1ligand

may be a small molecule, nucleic acid such as RNA or DNA,

'~ a polynucleoside or peptide. “Peptide” may' refer to a

peptide, dipeptide or ~polypeptide. A ligand variant
peptide may be substantially identical to a native peptide
' sequence. The amino acid sequence of the variant at times
is 50%, 55%, 60%, 65%, 70%, 75%, 80%, .85%, 89%, 90%, 91%,
92%, 93%1 94%, 95%, 96%, 97%, 98%, 99%, oOr more identical’
to a native peptide sequence. In one embodiment, the
ligand may be a binding peptide derived from p53 protein.
In another eﬁbodiment, the ligand may be a péptide
selected from JPl: MPRFMDYWEGLSK or JP2: MPRFMDYWEGLNK.
[o081] In another embodiment of the first or fourth

aspects, the ligand may be DNA.
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[0082] ' In yet another embodiment of the first or

fourth aspects, the ligand may be a small molecule. The

small molecule may be peptidomimeticsv (€.g., peptoids),

~amino acids, amino acid analogs, polynucleotides,

polynucleotide analogs, nucleotides, nucleotide analogs,
organic or inorganic compounds - (i.e., including
heterorganié and organometallic compounds) having a
molecular weight 1less than about 10,000 grams per mole,
organic or inorganic compounds having a molecular weight
less than ébout 5,000 grams per mole, organic or inorganic
compounds having a molecular weight less than about 1,000
grams per mole, organic or inorganic. compounds having a
molecular weight less than about 500 grams per molé, and
salts, esters, and other pharmaceutically acceptable forms
of such compounds. The small molecule may be biotin.

[0083] The protein of the first or fourth aspects may
contain a region that interacts with a ligand. The protein
may be a DNA transacting protein that a DNA molecule

having a particular sequence binds to. The DNA transacting

protein may be  a transcription factor, polymerase,

telomerase or recombinase. The protein may be wild-type or

mutant p53. v

[0084] , In another embodiment of the‘first’of fourth
aspects, the protein may be wild-type or mutant MDM2. The
wild—type‘ or mutant MDM2 may bind to a binding peptide
derived from p53 protein. The interaction between MDM2 and
the bindlng peptide may be mapped to the N-terminal domain
of MDM2‘(residues 1-100) and the N-terminal domain of pS53
(residues 18-26).

[0085] " In yet another embodiment of the first or
fourth aspects, the protein may be‘Streptavidin. |
[0086] There is further provided a screening assay

according to a seventh aspect for identifying an
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interaction between protein and 1ligand, the assay
comprising:. | } _
(i) providing a protein to be tested for binding
‘affinity with a candidate ligand; " ‘
5 (ii) providing candidate ligands pound to at least
one fluorescent molecular rotor; _
(iii)tésting the candidate ligands for - binding
affinity by contacting said protein with. said
candidate ligands bound to at least one 
10 _ fluoréscent molecular rotor; and |
C(iv) identifying relevant interactions by measuring
| a change in fluorescence emitted by the
fluorescent molecular rotor(s) , |
Wherein the fluorescent molecular rotor(s) comprises:
15 a rotating o-bond;
an electron-donating moiety;
an electron-accepting moiety; and
a n—conjugatéd linker, -
with the proviso that the fluorescent molecular
20 rotor(s) is not a compound selected the following

table:
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[0087] There is also provided a kit according to an

eleventh aspect for carrying out a method for detecting an
interaction between a protein and a ligand. The kit may
comprise 1ligand, protein, fluorescent molecular rotor (s)
and a means to detect a change in fluorescence.

[0088] : There 1is further provided a method for
detecting an interaction between a protein and é ligand
according to a second aspect, comprising:

(i) bindingvat least omne fluoresceht_molecular rotor to

said ligand or protein; and
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(ii) detecting a change in fluorescence emitted by  said
fluorescent molecular_ rotor after contact of _;he bound
fluorescent molecular rotor with the other of said ligand
or protein, -thereby detecting an intéraction between the
ligand and the protein, _ |

wherein the fluorescent molecular rotor is selected from

the group consisting of:

" wherein at least one of R1, R2 or R3 is ~ ;

R1, R2, R3 and R4 are independently chosen from the group
consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted cyéloalkyl or
optionaliy substituted heterocyclyl.

[0089] " In the method for détecting an interaction
between a protein and a ligand according to a second

aspect, the fluorescent molecular rotor(s) may exhibit a

change in fluorescence when the 1ligand binds to the

protein.
[0090] There is also provided a composition according

to a fifth aspect comprising a fluorescent molecular
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rdtor, wherein the fluorescent molecular rotor is selected

from the group consisting of:

R4

+
P
-

L

&
T

wherein at least one of R1, R2 or R3 is ; and

R1, R2, R3 and R4 are independently chosen from thevgroup
consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heteroaryl, optionally  substituted cycloalkyl or
optionally substituted heterocyclyl. |

- [0091] The fluorescent molecular rotor(s) of the

second or"'fifth' aspects may be bound to a ligand or a
protein via a linking moiety.
[o092] In one embodiment of the second or £fifth

aspects, the fluorescent molecular motor(s) may be bound

- via a lihking moiety to the ligand.

fo093] In another embodiment of the sécond or fifth
aspects, the fluorescent molecular motor(é) may be bound
via a linking moiety to the protein. |

[0094] The 1linking moiety of the second or fifth

aspects  may comprise 1 to 20 main chain atoms, 1 to 15
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main chain atéms, 1 to 10 main chain atoms, or 1 to 5 main
chain atoms. ; _ o _
[0095] The 1linking moiety of the second or fifth
aépects may be a single bond or optionally substituted
heteroalkyl. Said heteroalkyl may be optionally
substituted heteroalkyl selected from ethers, thioethers,
amines, hydroxymethYl, » 3-hydroxypropyl, 1,2-
dihydroxYéthyl,_ 2-methoxyethyl, 2-aminoethyl, o 2-
dimethylamindethyl,_ alkoxyalkylamines, alkoxyalkylamides,
aminoheteroalkyl substituted with oxo or aminoalkyls, The
linking moiety may be:

H

|
}{O/\/N ¢

b

}{O/\/\T/u}i

H

.
1

H
}{N//\\//ﬂ\o//\\//o N\\//\\¢/t}i '
L \\//\?I/
. .o

| ‘}5‘1‘/\/\\3’%

“H

‘The optionally'substituted heterocalkyl may be optionally

interrupted by one or more optionally substituted cyclic
groups. Said cyclic groups may Dbe aryl[ heterocaryl,

cycloalkyl, cycloalkenyl or heterocycle. Cyclic groups may

be selected from phenyl, - biphenyl, naphthyl,
phenanthrenyl, cyclopropyl, cyclopentyl, cyclohexyl,
cycloheptyl, l-decalinyl, norbornyl,. adamantyl,
cyciopentenyl, cyclohexenyl, cyclohepta-1,3-dienyl,
norbornylenyl, piperidyl, pyrrolidinyl, piperazinYl,

morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl,. lactam or

lactone. Cyclic groups may be optionally substituted.
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[0096] | In one embodiment of the second or fifth

aspects, the change in fluorescence may occur when the

- binding of protein to ligand displaces the fluorescent

molecular rotor(s) from the 1ligand or perturbs the
fluorescent molecular rotor(s).

[0097] - In another embodiment of the second or fifth

aspects, the changé in fluorescence may occur when the

binding of protein to ligand displaces the fluorescent

molecular zrotor{(s) from the protein or perturbs the

'fluorescent molecular rotor(s).

[o098] The ligand of the secoﬁd or fifth aspects may be .

a molecule that binds to protein. Accordingly, a ligand

may be a small molecule, nucleic acid such as RNA or DNA,

a polynucleoside or peptide. “Peptide” may refer to a
peptide, ' dipeptide or polypeptide. A  ligand variant
peptide may be substantially,identical to a native peptide
sequence. The amino acid sequence of the variant at times
is. 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 89.%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more identical
to a native peptide sequence. In one embodiment, the
ligand may be a binding peptide derived from p53 protein.
In another embodiment, the 1ligand may be ‘a peptide

selected from JP1l: MPRFMDYWEGLSK or JP2: MPRFMDYWEGLNK. .
[0099] . In another embodiment of the second or fifth
aspects, the ligand may be DNA.

[0100] In yet another embodiment of the second or
fifth aépects, the ligand may be a small molecule. The

small molecule may be peptidomimetics (e.g., peptoids),

amino - acids, amino acid analogs, polynucleotides,

" polynucleotide .analogs, nucleotides, nucleotide analogs,

organic or inorganic compounds (i.e., including

heterorganic and organometallic compounds) having a

molecular weight less than about 10,000 grams per mole,

organic or 1inorganic compounds having a molecular weight
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less than about 5,000 grams per mole, orgaﬁic or inorganic

compounds having a molecular weight less than about 1,000
‘grams per mole, organic or inorganic compounds having a
molecular weight less_than about 500 grams'per mole, and
salts, esters, and other pharmaCéutically acceptable forms
of such compounds. The small molecule may be biétinz

(0101] The pfotein of the second or fifth aspecté hay
coﬁtain a region that interacts with a ligand. The protein
may  be a DNA transacting protein that a DNA molecule
having a particular sequence bindé to. The DNA transacting
protein 'may be .a transcription factor, polymerase,
telomerase or recombinase. The protein may be wiid—type or
mﬁtant p53. | | | |
- [0102] In another embodiment of the second or fifth
aspects, the protein may be wild-type or mutant MDM2. The
Wild-type or mutant MDM2 may bind to a binding peptide
derived from p53 protein. The interaction between MDM2 and
the binding peptide may be mapped to the N-terminal domain
of MDM2 (residues 1-100) and the N;terminal domain of p53

- (residues 18-26) .-

- [0103] In yet another embodiment of the second or
fifth aspects, the protein may be streptavidin. -

[0104] There is further provided a screening assay
according to an eight aspect for identifying an
interaction between a protein and ligand, the assay

comprising:

a) providing a protein to be tested for binding
affinity with a candidate ligénd;
b) providing candidate ligands bound to at least
one fluorescent molecular rotor;

c) testing the candidate 1ligands for binding
affinity by contacting said' protein with said
candidate ligands’bound to at least one fluorescent

molecular rotor; and
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d) identifying a relevant interaction by measuring
a change . in fluorescence emitted by the fluorescent

molecular rotor(s),

" wherein the fluorescent molecular rotor is selected from

the group consisting of:

wherein at least one of R1l, R2 or R3 is / ; and

R1, R2, R3 and R4 are independently chosen from the groupv
consisting of: optionally substituted alkyi) optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally  substituted
hetercaryl, optionally substituted cycloalkyl‘ or

~ optionally substituted heterocyclyl.

[0105] - There is also provided a kit according to an
twelfth éspect for carrying out the disclosed method or

the disclosed screening assay comprising the 1ligand,

- protein and fluorescent molecular rotor(s), and a means to

detect a change in fluoréscence.

[0106] There is further provided a méthod accordihg to
a third aspect for detecting an interaction between (a)
DNA and-protein, (b) MDM2 protein and a peptide, or (c)

biotin and streptavidin, the method comprising:
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(i) binding at least one fluorescent molecular rotor

to DNA or protein of (a), peptide or MDM2
protein of (b), or biotin or streptavidin' of
(c); and

(ii) detecting a change in fluorescénce emitted by
said fluorescent molecular rotor after contact
of the bound fluorescent molecular rotor with
the other of said DNA or protein of (a), peptide
or  MDM2 protein of (b), or biotin and,'
streptavidin of (c), thereby detecting an
interaction _bétween DNA and protéin,\of (a),
peptide and MDM2 protein of Gﬂ,  or biotin or
sﬁreptavidin of (c); - | | '

wherein the fluorescent molecular rotor is selected from
the group éonsisting of: |
- a rotating o-bond;
‘an electron-donating moiety;
an electron-accepting moiety; and
a n-conjugated linker.

[0107] - In the method for detecting an interaction

'between (a) DNA and protein (b) MDM2 protein and a

peptide, or (c) biotin and streptavidin, according to a
third aspect, the fluorescent molecular rotor(s) may

exhibit a <change in fluorescence when the DNA of

(a),peptide of (b),. or biotin of (c¢), binds to the protein

of (a), MDM2 protein of (b) or streptavidin of (c),
respecti%ely.
[0108] There is also provided a composition comprising:
' a) fluoreséent molecular rotor, DNA and
protein; ‘
b) fluorescent moiecular rotor, peptidé and

MDM2 protein, or
c) fluorescent molecular rotor, biotin and

streptavidin,
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wherein said fluorescent molecular rotor is bound to one
of DNA or proteln in (a), one of peptlde or MDM2 proteln
in (b),'or one of biotin or streptav1d1n in (c)
and wherein the fluorescentvmolecular rotor(s) comprises:
a rotating o-bond; |
an electron-donating moiety;
an electfon-accepting moiety} and
a n-conjugated linker. | .
[0109] The fluorescent molecular rotor (s) of‘the.third
or sixth aspects may be bound to DNA or protein of (a),
peptide or MDM2 protein of (b), or biotin or streptavidin
of (c¢), via a linking moiety. | |
[0110] In one embodiment of the third or sixth
aépects, the fluoreséent molecular motor(s) may be bound
via a linking moiety to the DNA of (a), peptide of (b), or
biotin of (c¢).
[0111] In.‘another embodiment of the third or sixth
aspects, the fluorescent molecular motor(s) may be bound
via a linking moiety to the protein of (a), MDM2 ?rotein
of (b), or streptavidin of (c¢).
[0112] The linking moiety of the third'or sixth aspects
may comprise 1 to 20 main chain:atoms, 1 to 15 main chain
atoms, 1 to 10 main chain atoms, or 1 to 5 ﬁain chain
atoms.
[0113] ~ The linking of the third or sixth aspects may be
a-Singié bond or optionally substituted hetercalkyl. Said
'heteroalkyl may be optionally substituted heteroalkyl
selected from ethers, thicethers, amines, hydroxymethyl,
3-hydroxypropyl, 1,2-dihydroxyethyl, 2-methoxyethyl, 2-
aminoethyl, 2-dimethylaminoethyl, alkoxyalkylamines,
alkoxyalkylamides, aminéheteroalkyl substituted with. 0X0

or aminoalkyls. The linking moiety may be:
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The optionally substituted heteroalkyl may be optionally
interrupted by one or more optionally substituted cyclic
groups. Said cyclic gfoups may be aryl, heterocaryl,

cycloalkyl, éycloalkenyl or heterocycle. Cydlic groups may

be selected from phenyl, biphenyl, naphthyl,
phenanthrenyl, cyciopropyl, _ cyclopentyl; cyclohexyl,
cycloheptyl, l-decalinyl, norbornyl, adamantyl,
cyclopentenyl, .'cyclohexenyiy cyclohepta-1,3-dienyl,
horbornylenYl, piperidyl, ‘ pyrrolidinyl, piperazinyl,

morpholinyl, thiomorpholinyl, thiazolidihyl, 1,4-dioxanyl[
tetrahydrofuranyl, tetrahydrothiophenyl, lactam- or
lactone. Cyclic groups may be optionally substituted.

[0114] In one embodiment of the third or sixth
aspects, the change in fluorescence may occur when the

binding of protein to DNA of (a), MDM2 protein to peptide

of (b), or streptavidin to biotin of (c), displacés the
fluorescent molecular rotor(s) from the DNA or (a),
peptide - of :(b), or biotin of (c¢), or perturbs the

fluorescent molecular rotdr(s).
[0115] | In another embodiment of the third or sixth
aspects, the change 1in fluoreséence may occur when the

binding of protein to DNA of'(a), MDM2 protein tovpeptidé

of (b), or Dbiotin to streptavidin, displaces the
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fluorescent molecular rotor(s) from the protein of (a),

MDM2 protein of (b), or streptavidin of (c), or perturbs
the fluorescent molecular rotor(s). '

[0116] In one embodiment of the third or sixth aspects,

‘the peptide of (b) may be a binding peptide derived from

p53 protein. In another embodiment, the ligand may be a
peptide  selected from JP1: MPRFMDYWEGLSK or JP2:
MPRFMDYWEGLNK . ' - o

[0117] The protein of (a) of the third or sixth
aspects may contain a region that interacts with DNA. The
protein may be' a DNA transacting protein that ~a DNA
molecule_having a particular sequence binds to. The DNA
transacting protein may be a transcription factor,
polymerase, telomerase or recombinase. The protein may.be
p53. protein. The protein may be wild-type or mutant p53
protein. _ _ |

[0118] .~ In another embodiment of the third or sixth
aspects, the protein of (b) may be MDM2 protein. The
protein may be wild-type or mutant MDM2. The MDM2 protein

‘may bind to a binding peptide derived from p53 protein.

The interaction between MDM2 and the binding peptide may
be mapped to the N-terminal domain of MDM2 (residues 1-
100) and the N-terminal domain of p53 (residues 18-26).

[0119] There is fufther provided,a.scréeningvassay
according to a ninth aspect for identifying an interaction

between. DNA and protein, or peptide and MDM2, the assay

comprising: -

a) providing a protein to be tésted for binding
affinity with a candidate DNA or peptide;

b) providing DNA or peptide bound to at least omne
fluorescent molecular rotor; |

c) testing the candidate DNA or peptide for binding

affinity by contacting said protein with said
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gandidate ligands bound to at least one fluorescent
molecular rotor; and | '

d) identifying a relevant interaction by measuring
a éhange in fluorescence emitted by the fluorescent

molecular rotor(s),

wherein the fluorescent molecular rotor(s) comprises:

a rotating oc-bond;

an eléctron—donating moiety; .

an electron-accepting moiety; and

a'n—donjugated linker.

I0120]_

There is also provided a screening assay

according to a tenth aspect for identifying a candidate

compound, comprising:

(a)

(b)

providing a candidate compound to be tested for
binding affinity with protein; '
providing a.complex comprising a probe bound to
protein, wherein said probe comprises at least one
fluorescent molecular rotor bound to peptide;
testing the candidate compound for binding affinity
with said protein by contacting said .candidate

compound with said complex; and

~identifying a relevant candidate compound by

measuring the change in fluorescence emitted when

said complex is disrupted,

wherein the fluorescent molecular rotor(s) comprises:

a rotating o-bond;

an electron-donating moiety}

an electron-accepting moiety; and

a n-conjugated linker.

[0121]

In one embodiment, the change in fluorescence

occurs when the probe is displaced from the complex.

L0122]

In a further embodiment,‘the probe comprises

peptide selected from the group consisting of JP1:
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MPRFMDYWEGLSK. and JP2: MPRFMDYWEGLNK. The protein may be
MDM2 protein. |
[0123] - In one embodiment of the tenth aspect, the

fluorescent molecular rotor, in its unbound state,  is .

- selected from the group consisting of:

[0124] = There is also provided a kit according to a

twelfth aspect for carrying out the disclosed method
according to a third aspect or the disclosed screening
assay according to the ninﬁh or tenth aspects, comprising
the ligand, protein and fluorescent molecular rotdr(é),
and a means to detect a change in fluorescence.

[O125] : There is further provided a chemical compound

selected from the group consisting of:
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wherein at least one of R1l, R2 or R3 is ~ g

R1, R2, R3 and R4 are independently chosen from the group

consisting of: optionally substituted alkyl, optionally

substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heterocaryl, optionally substituted . cycloalkyl or
optionally substituted heterocyclyl; |

R5 is a OH or a linking moiety selected from the group
consisting of a single bond; or optionally substituted

heterocalkyl, wherein the main chain atoms of said

'optionally -substituted‘ heteroalkyl = are optionally
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..interrupted by one or more optionally substituted cyclic
groups; and '
R6_is.absént'or a ligand, »
with the proviso that R5 is not OH in»formula (v).

5 [0126] In a compound of formulas (i) or_(ii),‘RS may be
OH or a linking moiety. R5 may be a iinking. moiety’
'sélected from optionally substituted ‘heteroalkyl. Said

“heterballe may be optionaily sﬁbstituted heterocalkyl

selected from ethérs,,thioethers, amines, hydroxymethyl,

10 3-hydroxypropyl, 1,2-dihydroxyethyl, 2-methoxyethyl, 2-

aminoethyl, 2—dimethyléminoethy1, alkoxyalkYLamines,

alkoxyalkylamides, aminoheteroalkyl - substituted with oxo

" or aminoalkyls. The optionally substituted amihoalkyl may
be:

H
:r{o/\/N%

15 i

]

}(O/\//\?)&:

H

.
!

y H o .
N N QW}‘K\ -
fg 0 Y
: ) G \ ; or
\.}{N/\/\EZ/.

H
[0127] _! In a compound of formulas (i) or (ii),‘R6 may
20 be H or absent. When R5 is OH, R6 may be absent. When R5
is a linking moiety, R6 may be a ligand.

[0128] A compound of formula (i) may be selected from:
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[0130) - In the compound of formula (iv), R4 may be
optionally substituted alkyl, optionally' substituted
alkeﬁyl;ﬂg“ébtigﬁélly.':éubstituted   alkYnYljj*_optionéllyfl‘
substiﬁuted. aryi, dptibnéliy _ sﬁbétituﬁéd hetéroaryl, |
optionally substituted Cyclbalkyl : or optionally
substituted heterocyclyl. R4 may be alkyl seiected from C,-
Ce'alkyl, such as methyl, ethyl, propyl, butyl; pentyl or
hexyl. R4 may be methyl. |

| f0131] In the compound of formula (iv), Ri may be

optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted aryl, optionally substituted ‘heteroaryl,
optionally Substitutedv cycloalkyl or optionally
substituFed heterocyclyl.. R1 may be substituted alkenyl

selected from substituted  C,.Cq alkenyl, such as

‘substituted ethenyl, substituted propenyl, substituted

butenyl, substituted pentenyl or substituted hexenyl. Said
substituted alkenyl may be alkenyl substituted vwith
optionally substituted heterocaryl selected from optionally

substituted - pyridyl, pyrazinyl, furanyl, 'thienyl}

| © pyrimidinyl, pyridone (including N-substituted pyridones),

iSoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl,
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furézanyl, pyrrolyl, - pyrazolYl, | triazolyl, 1,2,4-
thiadiazolyl, pyrazinyl, .pyridazinylsubstituted
quinoxalinyl, phthalazinyl, oxindolyl, imidazol[1,2-
al pyridinyl, imidazo[2,1-blthiazolyl, benzofurazanyl;
indolyl, azaindolyl, benzimidazolyl, benzothienyl,
’quinolinylf’ imidazolyl, thienopyridyl, quinazolinyl,
thienopyrimidyl, pyrrolopyridyl, imidazopyridyl,
isoquinolinyl, benioazaindolyl, } 1,2,4-triazinyl or
» _ ;%ﬁr ST
(L

benzothiazolyl. Rl may be ./~
f0132] In the compound of formula (iv), R2 may be
optionally substituted alkyl, optionally substituted"

~alkenyl, optionally substituted alkynyl, optionally
‘substituted aryl, ‘optionally substituted heteroaryl,

optionally ' -substituted = cycloalkyl or optionally

substituted heterocyclyl. R2 may be substituted ‘alkenyl .

selected from substituted - Cy.Cs alkenvyl, such as
substituted ethenyl, substituted ptopenyl, substituted
butenyl, substituted pentenyl or substituted hexenyl. Said
substituted alkenyl may be alkenyl substituted with
optionally substituted heterocaryl seiected from optionally
substituted' pyridyl, pyraziﬁyl, furanyl, thienyl,
pyrimidinyl, pyridone (including N-substituted pyridones),
isoxazolyl, isothiazolyl, oxazolyl,'thiazolyi, pyrazolyl[

- furazanyl, = pyrrolyl, pyrazolyl, triazolyl, 1,2,4-
thiadiazolyl, pyrazinyl, pyridazinylsubstituted -
quinoxalinyl, phthalazinYl, oxindolyl, A imidazo ({1, 2-
al pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl,
indolyl, azaindolyl, benzimidazolyl, benzothienyl,
quinolinyl, imidazolyl, thienopyridyl, quinazolinyl,
thienopyrimidyl, . pyrrolopyridyl, imidazopyridyl,
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isoquinolinyl, . benzoazaindolyl, 1,2,4-triazinyl or
&%
*fq/

benzothiazolyl. R2 may be
{01331 In the compound of formula (iv), R3 may be
optionally substituted alkyi, optionally substituted
alkenyl, | optionally = substituted alkynyl; optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted cycloalkyl o or optionally
substituted heterocyclyl. R3 may be phenyl. R3 may be
substituted phenyl. Said substituted phenyl may be phenyl
substituted with substituted  alkenyl selected from
substituted C;.Cg alkenyl, such as substituted ethenyl,
substituted-'propenyl, substituted butenYl, substituted
bentenyl or substituted hexenyl. Said substitutedtalkenyl

':/may ‘be alkenyl" substituted with optionally substituted f

heteroaryl selected from optionally substituted pyridyl,
pyrazinyl, furanyl, @ thienyl, pyrimidinyl, pyridone
(including N-substituted pyridones), isoxazolyl,

isothiazolyl, oXézolyl, thiazolyl, pyrazolyl, furazanyl,

pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl,
pyrazinyl, pyridazinylsubstituted quinoxalinyl,
phthalazinyl, oxindolyl, | imidazo({l,2-alpyridinyl,
imidazo[z,l-b]thiazolyl, benzofurazanyl, | indolyl,
azaindolyl, benzimidazolyl, bénzbthienyl, -~ quinolinyl,

imidazolyl, thienopyridyl, quinazolinyl, thienopyrimidyl,
pyrrolopyridyl, imidazopyridyl, isoquinolinyl,

benzoazaindolyl, 1,2,4-triazinyl or benzothiazolyl. R3 may

P}

—l N+ —
: NN
* /
be -Q"S__"/——/ .
(0134] A compound of formula (iv) may be:
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[0135] In a compound of formula (v), R5 may be a

linking moiety.'RS may be a linking moiety selected from
optionally substituted héteroalkyl. - Said heteroalkyl may
be optionally substituted heteroalkyl selected . from
ethers, thioethers, amines, hydroxymethyl, '3—
hydroxypropyl, 1,2—dihydroxyethyl;.‘ 2—methoxyethyl;‘  2-
aminbéthyl, _ 2—dimethylamiﬁoethyi,v_ alkoxyaikylamines,
alkoxyalleamides,‘ aminoheteroalkyl substituted with oxo
or amihoalkyls. The-optionally*substituted'aminoalkyl may

be:

- [0136] In a compound of formula (v), R6 may absent or

a ligand. The 1ligand may be a molecule that binds to

protein.. Accordingly, a ligand may be a small molecule,
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nucleic acid such as RNA or DNA, a polynucleoside or

peptide. “Péptide”»may :efer to a ﬁ@ptide,-dipeptide or

polypéptide. A ligand variant peptide may be substantially

identical to> a native peptide sequence. The amino acid
sequence of the variant at times is 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, .
96%, 97%, 98%, 99%, or more identical to a_native peptide
sequence. In one embodiment, the 1igand may be a binding
peptide derived from p53 protein. In another émbodiment,
the 1ligand may be a peptide selected from JP1:
MPRFMDYWEGLSK vor JP2: MPRFMDYWEGLNK. The 1ligand may be
DNA. The 1ligand may be a small molecule. The small
ﬁolecule may be peptidomimetics (e.g., peptoids), amino
acids, amino acid analogs, polynucleotides, polynucleotide
analogs, - nucleotides,‘ hucleotide' analogs, organic' or
inorganic = compounds (i;e., inclﬁding, heterorganic and
organometaliic compounds) having a molecular weight less
than about 10,000 grams per mole, organic or inorganic

compounds having a molecular weight -less than about 5,000

‘grams per mole, ‘organic or inorganic compounds having a

" molecular weight less than about 1,000 grams per mole,

organic or inorganic compounds having a molecular weight
less than about 500 grams per mole, and salts, esters, and.
other pharmaceutically‘acceptable'forms of such compbunds.

The ligand may be biotin.

[01371 ‘A compound of formula (v) may be:
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[0138] - In a further embodiment of the first to

fourteenth aspécts, fluorescent molecular rotor(s) may be
further modified to tune their electronic properties. An
amino electron donor group may be replaced with a weaker

electron donor results in a blue shift in both the
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excitation and emission maxima. The conjugation length'of
the linker moiety may be lengthened, resulting in longer =
the emission waveiength. and a larger Stokes shift. The
replacement of a nitrile electron acceptor moiety with
methyl ester or phenyl'Sulfonyl will result in an increase
in the emission quantum.yield due to the stabilization of
the excited state brought about by the change in dipole_’

moment.

BRIEF DESCRIPTION OF DRAWINGS

[0139] The accompanying drawings illustrate a disclosed

- embodiment and serves to explain the principles of the

disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes . of
illustration only, and not as a definition of the limits
of the invention. - _

[0140] - Fig. 1la shows a juiodine—based fluorescent
molecular rotor, 94(2—¢arboxy—2—cyanovinyl) " julolidine
(CCVy), corresponding to a disclosed formula (v),.

[0141) Fig. 1b shows an acridine-based fluorescent
molecular‘rOtor corresponding to a disclosed formula (i).
{0142] Fig. 1lc shows a pyrene-based _fluoresceﬁt
molecular rotor correspondlng to a disclosed formula (ii).
[0143] Fig. 1d shows a thiazole-based fluorescent"
molecular rotor bcorresponding to a disclosed formula
(iii) .

[01441 Fig. le  shows a carbazole-based (2-arm)
fluorescent molecular rotor corresponding to a disclosed
formula (iv). .
[0145] ~ Fig. 1f shows a carbazole-based (3 arm)
fluorescent molecular rotor correspondlng to. a disclosed

formula (iv).
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[0146] Fig. 2 shows a schematic diagram for the
synthesis of fluorescent molecular rotors conjugated with

biotin.

- [0147] Figs. 3a to 3c show that fluorescent molecular

rotors of the present invention display an increase in
fluorescence upon increase in viscosity. % indicate % of
glycerol in ethylene glycol. Viscosity of glycerol >

ethylene glycol. Experiments were.performed with' rotors at

~a concentration of 100 uM.

[0148] ~ Fig. 3a depicts a viscosity experiment with a
julolidine-based molecular rotor.

[0149] ~ Fig. 3b depicts a viscosity experiment with a
pyrene—baéédbfluorescent molecular rotor.

(01501 ; Fig. 3c depicts a viscosity experiment with
acridine—based,,thiazole Orange-basediand carbazole-based
fludrescent molecular rotors. ‘

[0151] Figs. 4a and 4b show that fluorescent molecular
rotors of the present ‘invention display an increase in
fluorescehce upon binding to Streptavidin protein.

[01521 Fig. 4a depicts the emission spectra of a cevya

~molecular rotor bound to biotin with Streptavidin.

Fluorescence 1increase upon addition of streptavidin to
biotin conjugated with ccvd. 40 pM of rotor-biotin
conjugate was incubated for 15 min with 50 pg of

streptavidin. Fluorescence emission spectrum was measured

. using an excitation wavelength (Aex) OF 433nm.

[0153] Fig. 4b depicts the emission spectra of a'-
pyrene-based fluorescent molecular rotor bound to biotin
with Streptavidiﬁ. )

[0154] = Fig. 5 shows a fluorgscence displacement assay
using a fluorescent molecular rotor of formula (iif»upon
binding of p53 protein to DNA. A decrease in fluorescence

signal can be observed upon protein binding. DNA - 0.44 uM
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(0.11 x of rotor);’p53 - 6.17 uM (14x'of«DNA); Fluorescent
- molecular rotor - 4 uM. ' ' |

[0155] o Fig. 6 shows the emission and excitation

spectrums of CCVJ-Biotin with.Streptavidin, DNA and both

Streptavidin and DNA. | '

- '[0156] - Fig. 7 shows the emission spectras of selected

rotors with p53 binding seqﬂence’ duplex DNA ( a) rotor
concentration constant at 8uM with varYing DNA ratios, b-
d) DNA constant at 4uM, 0.04uM, 0.1uM for b, ¢ and 4

respectively with varying rotor concentration.)

[0157] Fig. 8 shows the emission spectras of acridine-

based rotor with p53 and its binding sequence duplex DNA.

[0158] Fig. 9 shows the emission and excitation

- spectras of thiazole-based rotor with p53 and its binding

sequence duplex DNA.

[0159]- -~ Fig. 10 shows the emission and excitation
spectras of Carbazole-based (2-arm) rotor,withvp53 and its

binding sequence duplex DNA.

[0160] Fig. 11 shows that nutlin dependent inhibition
of binding between MDM2 (500 nM) and JP1 (250 nM) results
in a concentration dependent decrease in fluorescence
activity. Error shows S.D. +/- ‘triplicate readings from
duplicate binding reactions. Black and red ;hashed lines
denote maximum fluorescence and backgroﬁnd' fluorescence
from rotor—peptide'conjugate, respectively.

[01l61] “ Fig. 12 shows the fluorescence Qf Sybr green
rotor, CCVJ rotor and pyrene—based rotor. 100uM of'Sybr
green, Pyrene or CCVJ rotors were each added to either 5ug
plasmid DNA, 5ug DNA with 500mM NaOH, or PBS buffer only.
'Resulting fluorescence for each reaction mixture were then
compared across the respective filters _(Sybr 497/520,

Pyrene 376/530, Julolidine 433/505). A weak signal was
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observed fdr julolidine and was dropped for further
experiments. |

[0162] Fig. 13 shows the time course measurement of

10uM (top) or 100uM (bottom) of a pyrene-based rotor with
5ug plasmid DNA under various’conditions, (A) DNA only (B)
DNA + 40mM NaOH (C) DNA + 120mM (D) DNA + 200mM N_aQH (E)
rotor in buffer only (black trace).

[0163] ' Fig.—14 shows the fluorescence of acrydine-
based rotor with DNA" and with or without NaOH.
Measurements at 480/520 using 50uM Acrydine  with
increasing concentration of a 450bp DNA fragment (PetF and
R). Red bars show fluorescence after addition of NaOH to

reaction mix.

[0164] Fig. 15 éhows a fluorescent molecular rotor
displacement assay. Reference readings for reaction mixes
consisting of SO'uM Acrydihe with 150nM of either control
or responsé element DNA was first taken in the absence of
p53 protein. p53 proteih was then added at varying
concentrations (0, 200 or 500 nM) and incubated at r.t.
for 60 minutes béfore a second measurement was taken. Data
is presented as percentage change in fluorescence after
the addition of p53 protein (Grey‘ and biue bars)
normalized to respective reference measurements (100%,

Black bars). Inset shows relative sizes bf control- and

 5XRE-DNA at 125 and 130 bp, respectively. Error bar shows

S.D. of_ 2 separate binding reactions. Red hashed-line

indicates reférence signal before p53 addition.at'loo%. 30
uL reaction Sample contains 5ul. DNA or buffer blank
(75ng/ulL in 10mM Tris pH 8.0), 4ul of p53 proteinv or
buffer blank (23uM in 100mM Tris pH8.0, 7mM DTT, 20mM
NaCl) in p53 binding buffer (25mM phosphate pH7.2, 150mM
KCl, 4mM DTT). | o |
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[0165] Fig. 16 shows a biotinylated~r6tor DNA pulldown.
Commercial streptavidin coated»platés were incubated with
50ul of each biotinylated rotor or free-biotin (20uM in
PBS) fof 20 mins at 'r.t.,' washed (2x PBST, 2xPBS) and
blocked with 3%BSA/PBS for 30 mins before adding DNA
(450bp PCR fragment in PBS) across a cbncentration range
(30, 300, or 3000 pg) for a further 20 mins at r.t. Wells
are then washed again (3xPBST, 3xPBS) before DNA was
eluted with 150mM NaOH. Eluate was then netralized (with
150mM HCl and 50mM Tris-Cl, pH 7.4) and used for real-time
PCR quantification of template DNA. Data shows fold-
increase of rotor captured DNA over background binding in
free-biotin control wells. Error depicts S.D. of 2

separate binding reactions.

[0166] ' ‘Fig. 17 sschematically depicts p53 function in
cells. p53 ‘transcribes - target proteins = to suppress
cancer/cellular transformation. (a) Diagram showing p53

peptidé (shaded ribbon) binding to MDM3 N-terminal
hyrdophobic pocket. (b) Ribbon diagram showing amino acid
side-chain projections important for critical contacts ih
MDMZYbinding pocket. |

[0167] Fig. 18 depicts (top left) Nutlin binding to
MDM2 pocket. (top. right) Western blot showing cellular.
lévels of p53 target proteins (p21, MDM2)_in‘respohsevto
Nutlin treatment. |

[0168] Fig. 19 schematically shows the design

' rationale of model system.. The box - I interaction domain

between MDM2 and p53 is used and involves the N-terminal
domains of both proteins. MDM2 N-term (18-125) is purified
and used for binding with rotor conjugatéd to either JP1.
or JP2 peptide sequences. Pls append table below if figure
stays. :

[6169] 'Fig. 20a shows ‘that the fluorescence of JP1-R

inCreases when bound specifically to recombinant Mdm2
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(residués '18-125) (Top) Rotor-peptide COnjUgates, JP1-R
and JP2-R  were added individually to indicated
concentrations of Mdm2. (Bot) Fluorescence from binding
petween Mdm2 and JPL-R was ablated With ‘the addition of
Nutlin (50 uM). Black hashéd—line shows the 'baékground’v
fluoreséence from 50 nM JP1-R only. Error shows average +
S.D. (n=2). (C) JP1-R (50 nM) was added to inéreasing
amounts of Mdm2 (residues 18-125), eiF4e, BSA a'nd'IgG.

Black hashed-line shows background fluorescence from JP1-R

‘o_nly (50nM) . Error shows average + S.D. (n=2)

[0170] Fig.' 20b shows that the fluorescence of JP1-R

increases when bound specifically to recombinant Mdm2

(residues 18-125) JP1-R (50 nM) was added to increasing

amounts of Mdm2 (residues 18-125), eiF4e, BSA and IgG.
Black hashed—line shows bac‘kground fluorescence from JP1-R
only (50nM). Error shows averagé + S.D. (n=2).

[0171] Fig. 21 shows the non-linear fit and calculated
apparent Kgs of rotor—peptide- conjugates to  Mdm2.

Fluorescence measurements were taken by titrating either

'JP1-R (top) or JP2-R (bottom), across a concentration

rangé into solutions containing 100 nM 6f Mdm2 (18-125).
Apparent Ky was calculated using a 1:1 non-linear binding
fit model described above. Calculated apparent Kyg of Mdm2
to JP1-R or JP2-R, was 16.01+7.52 nM and 3365:+640.6 1M,
respectively. '

[0172] _ Fig. 22 shows an increase in non-specific
backgrouhd fluorescence (JPl—R_ only) when 0.1% Tween-20
detergent (typical' concentration used) was added to PBS
binding buffer. - However because Tween was needed to give a

more consistent measurement, it was subsequently used at

0. 0_05% . S . _ _

[0173]  Fig. 23 shows that JP1-R 1is senéitive to known :
inhibitors of  Mdm2-p53 interaction, as shown in
displacvement assay using inhibitors. Four different
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inhibitors of p53-Mdm2: Nutlin-3b (Kq4 .~1.5pM), Nutlin

racemic (Kqg = 201.6+61 nM), sMTide-02 (Kgq = 34.4+2 nM) and

sMTide-02a (Ke =" 6.76+2 nM), were added to reaction
mixtures containing 200 nM of Mdm2 and 80 nM of JPl-R, at
concentrations up to 800 nM. Values indicate average +
S.D. (n=3). | _ :

[0174], - Fig. 24 shows that the JP1l-R reporter is
sensitive to several known inhibitors of p53—Mdm2'
interaction. (A) Titration of known p53-Mdm2 inhibitors
onto pre-bound Mdm2-JP1-R reactions (B) -Calculated Kgs
using JP1-R of compound inhibitors correlated well with
previous reports of Ksg.

[0175] © Fig. 25a shows a synthetic scheme for rotor-
peptide conjugates.

[0176] Fig. 25b depicts the structure of CCVJ rotor:
conjugated with JP1 peptide (JPL-R). |

[0177] Fig. 25c¢ depicts the structuré of CCVJ rotor
conjugated with JP2 peptide (JP2-R).

[0178] Fig. 26a shows a fragment library screen and

lead validation for p53-MDM2 inhibition.

 [0179] Fig. 26b shows that ten out of fifteen hits were

validated by - fluorescence polarization assay, showing
ligand-dependent (100 uM, 500 uM or 1 mM) displacement.
Black bars depict control measurements of FAM—labelea 12.1
peptide, DMSO negative control and 1 uM Nutlin positive
control. Inactive compound  4A1, _used at same
concentrétions, shows negative displacement control. Error
shows S8.D. of triplicate measurements.

[0180] Fig. 26c shows that weaker inhibitor fragments
were further assessed through their ability to displace in
vitro translated full-length p53 protein | bound to’
recombinant Mdm2-immobilised on cobalt beads. Western blot
shows levels of p53 (upper panel) captﬁred in the presence

of indicated compounds (500uM). Control lanes 1 and 2 show -

62



10

15

20

25

30

WO 2014/051521 ) PCT/SG2013/000420

negative control‘(inactiﬁe 4A1 fragment) and positive (100
uM Nutlin) displacement events, respectively. Lower panel
indicates input Mdm2 levels eiutéd off beads. |
[o181] _ Fig. 264 shows the chemical structures of
positive lead compounds.

[0182] Fig. 27 shows the in-silico model .of_ rotor-

péptide conjugates, (A) JP1-R and (B) JP2-R bound to MDM2

pocket. Hydrogen bond interactions of W8 backbone with Si2

backbone and side chain. are shown in red-dashed 1lines.

Rotor moietY'depicted in green.

EXAMPLES

[0183] Non-limiting\examples of the ihvention will be
further described in greater detail by reference to
specific Examples, which should not be construed as in any

way limiting the scope of the invention.

Materials and Methods

"HPLC purification

'All HPLC runs were carried out using an Agilent 1260

infinity and C18 semi-prep column. Solvent eluant systems
are of water (+0.065% TFA) and acetonitrile.(+0.05% TFA) ,
from 5%-65% in 35 mins. -Fractions were theﬁ'.driéd and
dissolved in water/ACN (1:1). Concentration of samples was
obtained through NanoDrop 2000C spectrophotometer

absorbance.

.~ Expression and purification of MDM2

‘Hexahistidine-MDM2 . recombinant protein (residues 18-125)

was purified. Briefly, cDNA encoding residues 18-125 of

MDM2 was cloned into pET19b (Novagen), transformed into

E.coli BL21 (DE3) and induced with 1mM IPTG. Bacterial
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| resulting data points were fitted to equations 2-6°

cells were then disrupted and first purified using a Ni-

nitrilotriacetic acid (NTA) column (eluted with a 1M

imidazole gradient), followed by cation-exchange

chromatography (eluted using a 1M NaCl gradient).

Determination‘of dissociation comnstant

The dissociatibn constants for rotor—peptidé conjugateé
binding to MDM2 (18-125) were determined by titrating JP1-
R, or JP2-R, against 100 nM of recombinant MDM2 protein,‘
and fitting experimental data (after subtracting
background - fluorescence = of unbound rotor-peptide
Conjugates) to the following 1:1 binding model (equation
1)? where [P] is the MDM2 protein concentration, [Igz] is
the concentration of the reporter ligahd (rotor-peptide
conjugate), Kar is the dissociation constant. f is - the

fluorescence signal measured, f, is the fluorescence of

free unbound rotor-peptide conjuéate, fy is the

fluorescence of bound JP-R/MDM2 complex.

Equation 1: F=f+( £ = fy) x Hart [Lgl+ [PD)~ ¥ (Kag+([Lr]+ [PD)?~ 4[LRI(P]

2[Lg]

The determined apparent dissociation constant of JP1-R
binding to MDM2 (K& = 16.01 + 7.52) was later used to
determine the apparent Kgs, using -competitive binding
experiments, of several: known MDM2—p53'inhibitor moléculeé.
(Racemic Nutlin, Nﬁtlin—3b and sMTide-02). Inhibitor
molecules were titrated against a fixed concentration of
JP1-R (80 nM) and MDM2 (200 nM) in triplicates and the
| * where
[Le] and [Igy] denote concentrations of competitivéiligand

(inhibitor molecules) and reporter ligand (JP1-R),
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respectively‘, and Kgc is the dissociation constant of the

competitive molecule.

2 (é2—3e) cos(g)_—‘d

ti 2: +
maacion 21 = for (=0 x B
Equation 3: d = Kgg + Kac + [Lc] + [Lr] — [P]
L .Equa:i:iOn".'él v e=([Lg] = [PDK4g +([Lc] - .[P])ch + KarKyc
Equation 5: g =—KiKyc[P]
_ ; . = cog-1 | T34 +9de—27g
Equation 6: 6 = cos [ NGOk ]

15

20

25

30

Curve fitting and calculations for respective Kg values

were performed using the software Prism 5.03 (Graphpad) .

Fragment library screen with rotor-peptide probe, JP1l-R

" Unless otherwise stated, binding reactions involving’

- rotor-peptide conjugates were all performed using black

96-well polypropylene plates (Corning), in a PBS reaction
buffer solution containing 0. 0059 Tween-20 (v/v). For
reactions involving Zenobia fragment llbrary compounds,
10% DMSO was added to increase solubility of compounds.
Fluorescence activity was measured using the vEnvlslon

Multilabel reader (Perkin Elmer) at 435/505 (ex/em) nm.

A small-fragment library (Zenebia Therapeutics) - was
sampled in our compound‘screen using JP1-R. The 1library
consists of 352 fragment molecules with decorated—ring
structuree and an. average molecular weight of 154.2 Da.
The-screen was performed by first aliquoting a pre-made

mixture containing 80 nM JP1-R and. 200 nM MDM2 (18-125)
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onto a 96-well plate, and allowing it to equilibfate'to
room temperature (15 min) before a first reference reading
was measured; Next, 500 uM of each fragment compound was
added into the JP1-R/MDM2 reaction mixture, and incubated
forvanOther 30 min before a second measurement was taken.
The final result was interpreted as a percentage change of
the second measurement from. the first referénce

measurement, of which a decrease in fluorescence would

~indicate a positive hit (from displacing JP1-R off MDM2) .
'The displacement threshold was set, for this study, at 20%

reduction from the reference fluorescence value.

Fluorescence polarization assay
Fluorescence polarization was performed as previously

described, exéept in a reaction buffer containing PBS, 10%

DMSO (v/v), 0.005% Tween-20 (v/v). Briefly, a ‘mixture

containing 50 nM of FAM-labeled 12.1 peptide (RFMDYWEGLNK)
and 250 nM of recombinant MDM2 was constituted before
adding 500 uM of respective fragment library compound. The

reactions were then incubated at room temperature for 30

‘min before measuring on the EnVision plate reader (Perkin

Elmer) .

Pull-down_assay and western blotting
650 ng of MDM2 (18-125) recombinant protein was first
incubated with either 500 uM of the respective fragment

compound; 100 uM Nutlin, or DMSO (in a reaction buffer

‘containing PBS, 10% DMSO (v/v), 0.005% Tween-20 (v/v),

0.2% BSA (w/v) for. 15 min at room temperature before
adding to 5 uL of IVT-translated p53 protein for another
30 min. p53 protein was syhthesizedvusing the PURESYSTEM
(NEB) in-vitro transcription/translation kit as previously
described, but reconstituted with 6X binding buffer (150
mM NaPi, pH 7.2, 600 mM NaCl, 24 mM DTT) upon éompletion
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of IVT reaction. ToO capture the MDM2/p53 complex, pre-
blocked (2% BSA/PBS for 2 hours at room temperature)
Dynabeads® His-Tag Isolation & Pulldown (Life
Technologies) beads were added to the compound/MDMZ/IVTpSB
mixture and rotated at room temperature for 15 min. After
which, beads were washed 4x with,wash buffer (PBS, 0.1%
BSA (w/v), 0.1% Tween-20 (V/v), 5 mM imidazole), once with
PBS (15s vortex at 1600»r.p.m¥ on MS2 minishaker, IKA) and
eldted with:25-pL LDS at 95°C for 7 min. Western blotting

of the pull—down eluates were performed as previously

described, and probed with either DO-1 (anti-p53) or 4Bl

(anti-MDM2) primary antibodies.
Molecular modeling studies

a) Molecular dynamics 51mu1atlons.

The initial structure of MDM2- peptlde complex was taken
from the crystal structure of high affinity peptide bound
to MDM2 (PDB code 3EQS, resolved at 1.7R). Peptides were
modeled using Modeller’ was used to model the beptides
using PMI peptide as template. The structure used included
residues 25-109 of the N-terminal domain of human MDM2 and
residues 1-13 of the peptides JP1-R ('MPRFMDYWEGLSK’-
rotor) and JP2-R (*MPRFMDYWEGLNK?-rotor) . ‘Rotor was
modeled in the Xleap module in AMBER; RESP atomic charges
for the peptides were derived using the RED server. To

keep the ends capped and neutral, the N- and C- termini of

MDM2 were capped with acetyl (ACE) and N-methyl (NME)

moieties respectively} while the N- and C-termini of the
peptide were capped with acetyl (ACE) and amidate = (NH,)
respectively. Molecular ‘dynamics simulations ‘were
performed with the SANDER module of the AMBER1l1l package
employing the all-atom ££99SB force field. Each system was

simulated for 100 ns at constant temperature (300 KY and
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‘ pressure (1 atm), and structures were stored every 10 ps.

Simulations were carried out for the complexes of MDM2
with the rotor analogs JP1-R and JP2-R. DSSP was used to
calculate the secondary structures of the peptides. The

simulation protocol was the same as reported earlier.

b) Replica Exchahge'Molecular Dynamics simulations

We used Rebiica Exchange Molecular Dynamics (REMD) to
investigaté the stability of the helicity of the peptides.
This REMD approach involves evolving a number of copies of

the system in 'parallel at different temperatures and

- periodically exchanging the cOnfigﬁrations between

trajectories. This insures proper canonical sampling at

all temperatures, with high-temperature simulations

 facilitating  Dbarrier ‘ crossings and - low  temperature

simulations to explore local free energy minima. The
systems were prepared and relaxed as described earlier. In
each case, 24 replicas of the system were evolved in
parallel fof 20 ns at constant NVT, with temperatures
evenly spaced between 300 and 400K in approximately 4-K
intervals. After the first 100 ps, replica exchanges

between each pair of nearest neighbor trajectories were

‘attempted every 12 ps to equilibrate the system. The

configurations were saved in 1-ps intervals over 20 ns of

~each simulation, providing an aggregate 480 ns of sampling

for reach system with the exchange acceptance range of 36%

to 45%.

Viscosity Experiment General Procedure
The rotors were dissolved in spectroscopy-grade DMSO to
obtain a concentrated stock solution of 100mM. The

solution was vortexed to ensure complete dissolution.

For each rotor, 6ulL of the 100mM stock was dissolved in
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1200ul. of ethylene glycol in each 1.5 mL tube.

3 mL of glycerol was then heated in a boiling bath to .

reduce viscosity and improve pipetting.

In S separate tubes, add 200ul. of stained ethylene glycol

to 800uL of unstained ethylene glycoi; 200uL of stained
ethylene glycol, 600ul. of unstained ethylene glycol to

' 200ul, glycerol; 200uls of stained ethylene glycél, 400ul, of

unstained ethylene glycol to 400ul, of glycerol;‘zoouL of
stained ethylene glycol, 200ul. of wunstained . ethylene
glycol to 600ul. glycereol; and 200ul of stained ethyleﬁe
glycol to 800uL glycerol. The fluids will then have a

'glycerol content of 0%, 20%, 40%, 60%, 80% respectively.

The five tubes were then placed on an inverting mixer and
allowed to mix for at least 2 hours while the temperature

equilibrate to room temperature.

‘Measurements were taken using 96-well Corning Flat-bottom

" Black plate and Tecan Infinite M-1000 Spectrophotometer.

Experiment with DNA/p53/ rotors. General procedure.
For the -first set with DNA only, 1X PBS buffer and p53 6X
binding buffer were first added to the wells.

Subsequently, rotor was added. Lastly, DNA was added. The

'combinednsolutiOns were mixed in each well and allowed to'

incubate in the dark at room temperature for half an hour

before data on fluorescence intensity was gathered.

For the second set with p53 only, 1X PBS buffer and p53 6X
bihding buffer  were first ‘added to the. Wélls.‘
Subsequently, rotor was added. Lastly, p53 was added. The

combined solutions were mixed in each well and allowed to
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incubate in the dark at room temperature for half an hour

before data on fluorescence intensity was gathered.

For the third set with DNA and p53, 1X PBS buffer and p53

5 6X binding buffer were first added to the wells.
Subsequently, rotor was added and DNA was added. The
combined solutions were mixed in each well and allowed to
incubate in the dark - at room temperature for half an hour
before p53 was added. The combined solutions were then.

10 allowed to incubate in the dark at room temperature for
another half an hour before data on fluorescence intensity
was gathered. '
6X binding buffer consists: 150mM sodium phosphate buffer,

15 600uM KC1l, 24mM DTT.

Measurements were taken using Greiner 384 black flat-
clear-bottom for 18ul. mixtures, . Corning 96 flat-black
half-area for 80ulL and 100ul: mixtures, and Tecan Infinite

20 M-1000 Spectrophotometer.

Table 1l: Experimental data for'Rotor/DNA/P53

Compound | Acridine -based | Thiazole- = | Carbazole- | Carbazole-

: rotor based based (2-|based (3-
rotor arm) rotor |arm) rotor

Emission 526 552 1572 582

wavelength

(nm)

Excitation 480 510 458 456

wavelength '

(nm) .

Final rotor | 2X 3.33X 1X [ 3.33X | 15X 3.33X|15X 3.33X | 15X

concentration | 8 8 0.13 0.6 4 4 - 1.5

(uM) ’

Final DNA | 4 2.4 .8810.04 |0.04)1.2 0.27 | - 0.1

concentration

(uM)
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Final p53(16.6419.98 3.6610.17 0.1714.99 1.12| - _ 10.42
concentration
(uM) - 4.16X|
of DNA
Total volume | 18 100 18 80
(uL) ’ '
Table 2: Experimental data for Rotor/DNA S L
Compound Acridine - |Thiazole- |Carbazole- |Carbazole-
based rotor | based | based (2-|based (3-
: rotor arm) rotor | arm) rotor
Emission 526 552 572 582 - ’
wavelength
(nm) » ,
Excitation 480 510 458 456
wavelength ‘
(nm)
Final rotor | 8 Varies Varies Varies
concentration
(uM)
Final DNA | Varies 0.04 4 0.1
concentration
(uM)
Total volume| 100 100 100 80
(uL) ’
. Table 3: Experimental data for Rotor viscosity test
Compound | Acridine - |Thiazole- |Carbazole- | Carbazole-
based rotor | based based (2- based (3-
rotor arm) rotor |arm) rotor
Emission | 526 552 572 582
wavelength ‘
(nm)
Excitation 480 ‘510 458 510 (From
wavelength Em
(nm) . spectra,
should be
456nm. )
Final rotor | 10 100 100 100
concentration
(uM)
Total volume | 100 100 100 100
(uL)
5
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Modeling results
Table 4: Helical propensity)of JP1-R and JP2-R probes in

their unbound conformations

JP1-R Helicity JP2-R  Helicity

M 0 M 0
P 5 P -1 .
‘R 26 R 20

F 44 F a5

M 51 M 52

D 54 D 59

Y 44 Y 49

W 49 W 50

E 42 E 44

G 43 G 35

L 34 L 22

S 12 N 5

K 0 K 0

5 Table 5: Components of binding free energy (in kcal/mol)

of MDM2 with JP1-R and JP2-R peptides

- MDM2- JP1-R MDM2 JP1-R Delta
ELE -2910.6 65.2 -2400.8 64.3 -355.1 20.8 -154.7
VDW -410.6 16.4 -304.9 14.7 -11.8 5.5 -94.0
GAS -1015.6 69.3 . -761.5 66.9 -4.0 23.4 -250.2
GBSOL -1348.9 60.5 -1249.2 60.4 -279.7 20.1  180.1.
GBTOT -2364.5 32.6 -2010.7 29.1 -283.7 12.0  -70.1
TSTOT 1244.1 6.5 1056.6 3.8 228.3 5.2 -40.8
AGypina ' -29.3
_MDM2- JP2-R MDM2 JP2-R Delta
ELE -2822.7 68.3 -2383.4 59.7 -288.0 30.0 -151.3
VDW -409.4 17.3 -304.9 14.9 -14.9 6.6 -89.6
GAS -933.8 72.9 -742.8° 64.3 51.2 33.1 -242.2
GBSOL -1356.1 61.6 -1265.3 53.0 -266.9 29.6 176.2
GBTOT -2289.9 31.9 -2008.2 29.1 -215.7 12.0 -66.0
TSTOT 1240.5 5.6 1058.3 5.1 225.8 6.2 -43.5
5

AGying : -22.

Table 6: Residue wise energy contributions (in kcal/mol)
of JP1-R peptides for their interactions with MDM2
Residue . TVDW TELE TGAS TGB TGBSUR  TGBSOL TGBTOT
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M -0.8 -0.1 -0.9 0.6 -0.1 0.5 -0.4
P -0.9 0.5 -0.4 0.2 -0.1 0.2 -0.2
R -1.4 28.9 27.5, -27.9 -0.1 -27.9 -0.5
F -7.1 -3.9 -10.9 4.8 -0.8 4.0 -6.9
M -3.1 -1.8 -4.8 " 2.6 -0.4 2.1 -2.7
D -0.3  -38.7 -39.0 39.2 0.0 39.2 0.3
Y -4.0 . -1.9 -5.9 3.7 -0.4 3.3 -2.6
W -6.9 4.3 -11.2 ‘5.9 -0.7 5.2 -6.0
E -0.6 -45.4  -46.0 ' 46.4 -0.1 46.4 0.4
G -0.4 -1.1 - -1.5 1.6 0.0 1.6 0.1
L -4.6 -3.8 -8.3 4.1 -0.5 3.6 -4.7

s -3.0 -1.6 -4.6 3.8 -0.3 3.5 -1.0 -
K -2.6 -1.0 -3.6 1.4 -0.2 1.2 -2.4
Rotor -4.2 -0.6 -6.1 0.9 -0.5 0.4 -5.7

Table 7: Residue wise energy contributions (in kcal/mol)

of JP2-R peptides for their interactions with MDM2

Residue TVDW TELE = TGAS . - TGB TGBSUR TGBSOL TGBTOT
M -0.7 -0.3 -1.0 0.9 -0.1 0.8 -0.2
P -0.6 -0.1 -0.8 0.6 -0.1 0.5 -0.3

R -1.2 27.5 26.3  -26.9 -0.1 -27.0 -0.7
F -6.8 -3.7  -10.4 4.8 -0.8 4.0 -6.4
M 2.9 -1.6 -4.5 2.4 -0.4 2.0 -2.5
D -0.2  -37.1 -37.3  37.5 0.0 37.5 0.2
Y -3.7 -3.0 -6.6 5.0 -0.4 4.6 -2.1
W -6.7 -4.1 -10.8 5.7 -0.7 4.9 -5.8
E -0.6 -44.0 -44.5 45.0 0.0 44.9 0.4
G -0.3 -1.0 -1.3 1.5 0.0 1.5 0.2
L -4.5 -1.4 -5.9 2.9 -0.5 2.2 -3.5
N -3.1 -3.8 -6.9 6.8 -0.3 6.5 -0.3
K -2.7 -0.8 -3.5 1.3 -0.2 1.0 -2.5

9 -0.7 -4.8 1.4 -0.5 1.8 -3.0

Rotor -2.

5 Table 8: Calculated Kgs using JP1-R of compound inhibitors

correlated well with previous reports of Kd(Figﬁ 24) .

Compound Previous reported K, (nM)  Apparent K, using JP1-R (nM)
|Racemic Nutlin = 201.61 + 60.85 (ITC) T 164.8 + 29.43 O
sMTide-02 34.35 + 2.03 (FP) 13.01 + 4.29>

(Nutlin-3b <+ N.A. “T 7 2461 & 687.3 -'7

Table 9: Amino acid sequence and dissociation constants of

disclosed peptide variants

Peptide  Amihoacid :Ka#' -
ID *° ' sequence = S
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JP1 MPRFMDYWEGLSK  18.83 1 5.03
JP2 MPRFMDYWEGLNK  239.81 + 53.79

# Without lysine residue at C-terminus

'EXAMPLE la: SYNTHESIS OF ACRIDINE-BASED FLUORESCENT

MOLECULAR ROTOR

[0184] Acridine Orange Aldehyde (0.12 g, 0.42 mmol, 1
eg.) and cyanoacetic acid (0.053 g, 0.63 mmol, 1.5 eq.)
was weighed iﬁtq a 25mL round-bottom flask flushed with.
argon{ TfiéthYlamihe.ko.ZQ mL,'Z;OS_mmdl)‘Was then added
to the reaction mixture after solvating in anhydrous DMF .
The reaction mixture wés heatea to 55°C overnight, then
evaporated to dryness = and  purified via column

-chromatography to yield orange solids (1.69 mg, 1%).

H NMR (CDCly, 400 MHz) & 1.26 (s, 3H), 3.05 (s,” 3H), 3.24
(s, 6H), 7.06 (dd, 1H, J=2.4, 9.3 Hz), 7.31 (s, 1H), 7.47
(s, 1H), 7.60 (d, 1H, J=9.0 Hz), 7.69 (d, 1H, J=9.4 Hz),
8.36 (s, 1H). ™C NMR (100 MHz, CDCl;) & 154.8, 154.6,
143.7, 142.8, 141.5, 130.4, 130.3, 117.8, 117.2, 115.2,
95.4, 93.8, 40.6, 30.4, 29.9. | |
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EXAMPLE 1b: SYNTHESIS OF ACRIDINE ROTOR-BIOTIN

Acridine Orange aldehyde (0.0190 .g, . 0.065 mmol, 1.0 eq.)

and Biotin-CN (0.023.g, 0.065 mmol, 1.0 eq.) was weighed
into a 25mL found-botﬁom flask flushed with argon.
Triethylamine (0.065 mL, 0.47 mmol, 7.0 eg.) was then
added to the reaction mixture after solvating in ahhydrous

THF. The reaction mixture was then heated to 55e°C

overnight, then evaporated to dryness and purified via

column chromatography to yield pale orange‘solids}

4 NMR (CDC1;, 400 MHz) & 0.87 (m, 1H), .24 (m, 3H), 1.54
(m, 2H), 2.70 (m, 2H), 2.91 (s, 6H), 2.98 (s, 6H), 3.02

(d, 2H, J=5.0 Hi); 3.23 (d, 3H, J = 3.4 Hz), 3.29 (m, 1H),

4.26 (t, 1H, J = 6.8 Hz), 6.77 (4, 1H, J = 2.4 Hz), 7.01

(@, 1H, J = 8.3 Hz), 7.18 (d, 1H, J = 2.4 Hz), 7.34 (4,

1M, J = 8.6 Hz), 7.49 (d, 1H, J = 8.3 Hz), 8.06 (dd, 1H, J
= 9.5;~1.4 Hz), 8.26 (d, 1H, J - 9.6 Hz) . °C NMR (100 MHz, -
CDCl,) & 171.8, 155.1, 152.3, 151.0, 139.4, 136.8, 134.5,

131.4, 130.8, 120.2, 117.5, 117.2, 115.4, 115.3, 114.9,

113.7, 101.9, 95.3, 77.4, 56.8, 46.0, 45.4, 40.6, 38.4,

36.7, 29.8, 27.9, 24.9, 20.4, 16.2. HRMS (TOF MS ES+):

calcd for C3ﬁh9KNﬂhS [M+K]* 668.2421, found 668.9434.
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EXAMPLE. 2: SYNTHESI S OF THIAZOLE-BASED FLUORESCENT:

MOLECULAR ROTOR

OTs-
Z N+ /
(/“\q: ?P—S
=8 »
[6185] - Preparation of 3-methyl-2- (methylthio) benzold]

thiazol-3-ium 4-methylbenzenesulfonate.
2-methylthiobenzothiazole (5.00 g, 27.62 mmol, 1 eq.) was

weighed into a 25mL round bottom flask under argon. Methyl

p-toluenesulfonate (4.58 mL, 30.39 mmol, 1.1 eq.) was then

added and the reaction mixture was allowed to stir at
130°C for 1 hour. Acetone was then added after cooling to

70°C until white precipitate  appeared. The mixture was

‘then refluxed for another'”3ot"minutes before cooling to’

room temperature. Precipitate was collected by filtration

and dried to yield pale yellow solids (10.02 g, 99 %).

'H NMR (CH;OD, 400 MHz) & 2.35 (s, 3H), 3.12 (s, 3H), 4.15
(s, .3H), 7.19 (d, 2H, J=4.0Hz), 7.67 (4, 2H, J=8.0Hz),
7.73 (t, 1H, J=8.0Hz), 7.85 (t, 1H, J=8.0Hz), 8.07 (d,‘ 1H,
J=8.0Hz), 8.22 (4, 1H, J=8.0Hz). 3C NMR (CH;0D, 100 MHZ) o)
183.3, 144.2, 143.7, 141.6, 130.8, 130.0, 129.8, 128.6,
127.0, 124.7, 116.5, 36.9, 21.3, 18.5.

[0186] " Preparation of 1—(3—éminopropy1)-4i

methylquinolin-1-ium bromide.
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3-bromopropylamine hydrobromide‘(é.oshg, 27.68 mmol, 1.46
eqg.) was weighed into an argon-flushed 25mL round-bottom
flask. Ethanol (SmL) was then added to dissolve. Upon
addition of Lepidine (2.5 mL, 18.91 mmol, 1 ed.), the
reaction mixture was heated to 40°C overnight. Pale pink
precipitate (1.67 g, 32 %) formed was filtered, washed and
dried.

4 NMR (D,0, 400 MHz) & 2.55 (quin, 2H, J=8.0 Hz), 3.10 (s,
3H), 3.29 (t, 2H, J=8.0 Hz), 5.16 (t, 2H, J=8.0 Hz), 7.98
(d, 1H, J=4.0 Hz), 8.11 (t, 1H, J=4.0 Hz), 8.32 (t, 1H,
J=8.0 Hz), 8.46 (d, 1H, J=8.0 Hz), 8.60 (a4, 1H, J=8.0
Hz) .**C NMR (100 MHz, D,0) & 160.6, 147.3, 137.2, 135.6,
129.8, 127.3, 122.6, 118.2, 54.3, 36.5, 27.0 19.6. |

[0187] Preparation of thiazole orange scaffold. 3-
methyl-2- (methylthio)benzo[d] thiazol-3-ium 4-
‘methylbenzenesulfonate‘(1.05vg, 2.86 mmol, 1 eq.) énd 1-
(3-aminopropyl) -4-methylquinolin-1-ium bromide (0.8 g,
2.86 mmol, 1 eg.) was weighed into 25mL foﬁnd;bottom flask
under argon. 30mL of ethanol was added to dissolve.
Triethylamine‘(o.s mL) was then added and the reaction was
sﬁirred at room temperature for 1 hour. Red precipitate
(0?16 g, 11 %) formed upon addition of ether wasvfiltered,

washed and dried.
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'H NMR (CH;0D, 400 MHz) & 1.21 (t, 1H, J=8.0 Hz), 2.31 (td,

2H, J= Hz), 3.00 (s, 3H), 3.18 (m, 3H), 3.88 (s, 3H), 6.70

(¢, 1H, J=8.0 Hz), 6.74 (s, 1H), 6.77 (4, 1H, J=8.0 Hz),

6.90 (td, 1H, J= 4.0, 8.0 Hz), 7.14 (d, 1H, J= 8.0 Hz),

7.23 (d&d, 1H, J=4.0, 8.0 Hz), 7.32 (t, 1H, J=8.0 Hz),

7.50-7.71 (m, 4H), 7.88 (t, 1H, J=8.0 Hz), 8.08 (d, 1H, J=
8.0 Hz), 8.29 (d, 1H, J=8.0 Hz), 8.54 (4, 1H, J=8.0 Hz).

C NMR (100 MHz, CH;0D) & 162.1, 158.4, 150.8, 145.3,
142.2, 141.9, 139.1, 134.3, 129.4, 128.1, 127.5, 126.5,
123.7, 123.3, 122.1, 119.4, 113.6, 110.0, 109.5, 89.1,

55.2, 52.3, 34.0, 30.5, 30.2. o

EXAMPLE 3: ~ SYNTHESIS OF CARBOZOLE-BASED (2 -ARM)

FLUORESCENT MOLECULAR ROTOR

,Br.N.Br, - K

[o188] Preparation of  3,6-dibromo-9-phenyl-9H-
carbazole. 9-phenyl-9H-carbazole (0.3 g, 1.23 mmol, 1 eq.)

~was dissolved in DMF. N-Bromosuccinimide (0.44 g, 2.47

mmol, 2 eqg.) was then added 'slowly and the resultant

mixture was allowed to stir at room temperature bvernight.

The reaction mixture was then poured into brine and
extracted with DCM. The organic extracts Were then dried
with Na,SO, and concentrated. Crude product was then re-
precipitated with methanol and THF gave white solids as

3,6-dibromo-9-phenyl-9H-carbazole (0.32 g, 64 %).

4 NMR (CDCl;, 400 MHz) & 7.24 (s, 1H), 7.48-7.52 (m, 5H),
7.59-7.64 (m, 2H), 8.20 (d, 2H, J=2.0 Hz). **C NMR (100
MHz, CDCl,) & 140.1, 137.0, 130.3, 129.5, 128.3, 127.2,
124.1, 123.4, 113.2, 111.7.
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[0189] - Preparation of 9-phenyl-3,6-bis((E)-2-(pyridin-
4-y1)viny1)-9H-carbazole.‘ 3,6-dibromo-9-phenyl-9H-

- carbazole (96.4 mg, 0.24 mmol, 1 eq.), palladium diaCetéte

(5 mg, 22.5 umol, 0.09 eq.), tris-o-tolylphosphine (12.2
mg, 0.04 mmol, 0.16 eq.) and 4-vinylpyridine (0.17 mL,
1.55 mmol, 6.2 eqg.) were added to triethylamine dissolVéd
in degased THF. The reaction mixture was then heated for 4
days at 110°C in a sealed tube, and subsequently, diluted
in DCM and filtered over celite after cooling to foom
temperature. The filtrate was washed with brine, dried .
ovér Na;S0; and ,,.,eyapbrated to dryness to affoerd a brown
‘paste that was purifiéaAby'column chromatography to yield
). ‘ - '

o\°

I{ NMR (CDCl,, 400 MHz) & 7.10 (d, 2H, J=16.0 Hz), 7.39 (s,
1H), 7.42 (d, SH, J=4.0 Hz), 7.51-7.59 (m, 6H), 7.63-7.67
(m, 4H), 8.34 (s, 2H), 8.59 (d, 4H, J=4.0 Hz). **C NMR (100
MHz, CDCl;) & 150.3, 145.3, 141.9, 134.7, 134.0, 130.3,
129.1, -127.2, 125.7, 124.1, 123.9, 123.7, 120.8, 119.5,
110.7. HRMS (TOF MS ES+): calcd £or CyHyN;Na [M+Nal®
472.1784, found 472.1779.

[0190] Preparation of 4,4'-((1E,1'E)-(9-phenyl-9H-
carbazole-3,6-diyl)bis (ethene-2,1-diyl))bis (1-

methylpyridin-1-ium). 9-phenyl-3,6-bis((E)-2- (pyridin-4-
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yl)vinyl) -9H-carbazole (80.8 mg, 0.18 mmol) was weighed
into round bottom flask and dissolved in a DCM/MeOH (1:1

“v:v) mixture. Méthyl iodide (2mL, 32.13 mmol) was then

added. The solution was heated at reflux for 3 days and
cooled to room temperature. The red precipitate (111.3 mg,

84 %)was filtered and dried.

H NMR (DMSO, 400 MHz) & 4.27 (s, 6H), 7.50 (4, 2H, J=8.0
Hz), 7.57-7.64 (m, 3H), 7.65-7.78 (m, 4H), 7.93 (d, 2H,
J=8.0 Hz), 8.23 (d, 5H, J=8.0 Hz), 8.27 (s, 1H), 8.72 (s,

'2H), 8.84 (D, 4H, J=4.0 Hz). **C NMR (100 MHz, DMSO) &

152.8, 144.9, 142.0, 141.5, 135.8, 130.4, 128.5, 128.2,
127.2, 126.8, 123.2, 123.1, 121.2, 110.9, 46.8.

EXAMPLE 4: SYNTHESIS OF .CARBOZOLE-BASED (3 -ARM)

FLUORESCENT MOLECULAR ROTOR

Br

~ Preparation of 9-(4-bromophenyl) -9H-carbazole. Copper (II)

sulphate (1.35 g, 8.48 mmol, 0.8 eq.), potassium carbonate
(2.93 g, 21.20 mmol, 2 eqg.), dibromobenzene (5.00 g, 21.20
mmol, 2 eqg.) and carbazole (1.77 g, 10.60 mmol, 1 eq.)
were heated in a round-bottom flask at 210°C overnight
under argon. After cooling to room temperature, water was
added to stop the reaction and the mixture was extracted

with DCM. The organic layer was dried with Na,SO,,

concentrated in vacuo -and . purified via .column

chromatography to yigld*white crYstals_(lt05 g, 31%) .
'H NMR (CDCl;, 400 MHz) & 7.28-7.59 (m, 9H), 7.74 (d, ~1H,
J=8.6 Hz), 8.14 (d, 1H, J= 7.8 Hz), 8.19 (d, 1H, J=7.8

Hz). C'NMR (100 MHz, CDCl,;) & 140.8, 137.0, 133.3, 128.9,
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126.2, 123.7., 121.1,120.5, 120.4, 109.7. ‘HRMS (TOF MS
ES+): calcd for C;gHi» BXrNK [M+K]* 359.9790, found 359.2444.

Regel

Br
Preparation of 3,6-dibromo-9- (4-bromophenyl)-9H-carbazole.
To a solution. 6f 9- (4-bromophenyl) -9H-carbazole (0.1 g,
0.31 mmol, 1 eq.) in DMF - (3.5 mL), N-Bromosuccinimide
(0.12 g, 0.69 mmél, 2.2 eq.)'in DMF (3.5 mL) was addéd
dropwise and the mixture was allowed to stir at room
temperature for 3 hours. Water was then added to give
white precipitate which was recrystalliZed with hexane to

yield white solids (0.082 g, 55%).

"’H NMR (CDCl;, 400 MHz) & 7.20 (4, 2H‘, J=8.5 Hz), 7.37 (4,

2H, J=8.6 Hz), 7.50 (dd, 2H, J=1.9, 8.7 Hz), 7.73 (d, 2H,

" J=8.5 Hz). *™C NMR (100 MHz, CDCl;) & 139.8, 136.0, 133.5,
'129.7, 128.7, 124.2, .123.5, 121.9, 113.5, 111.4. HRMS (TOF
'MS ES+): caled for CigHip BrsN [M]* 478.8338, found 478.8349.

S

N

‘Preparation of .3,6—bis((E)-2-(pyridin-4-y1)viny1)—9-(4-

((E)-2-(pyridin94#y1)vinyl)phenyl)-9H-¢arbazole. 3,6-

dibromo-9- (4 -bromophenyl) -9H-carbazole  (0.082 g, 0.17

mmol,rl eq.), pallédium diacetate (478 mg, 2l.4_pmol, 0.13

eq.), tris—o-tolylphosphine (14.2 mg, 21.4 umol, 0.27 eq.)

and 4-vinylpyridine (0.17mL," 1.59 mmol, 9.3 eqg.) were
81



10

15

20

25

WO 2014/051521 . PCT/SG2013/000420

added to . triethylamine ~dissolved in degased THF. The
reaction mixture was then heated for 4 days at 110°C in a
sealed tube, and subsequently, diluted in DCM and filtered

over celite after cooling to room temperature. The
filtrate was washed with brihe, dried. over  Na,SO, and -
ev,aporated' to dryness to afford a brown paste that was

purified by column chromatdgraphy to yield orahge solids.

M NMR (CDCl;, 400 MHz) & 7.08 (t, SH,\ J=16.1 Hz), 7.36-
7.41 (m, 15H), 7.77 (4, 2H, J=8.4 Hz), 8.31 (s, 2H), 8.54
(d, 6H, J=6.1 Hz).

O
Preparation - of 4,4'-((1E,1'E)-(9-(4-((E)-2-(1-
methylpyridin-1-ium-4-yl)vinyl)phenyl) -9H-carbazole-3, 6-
diyl)bis(ethene-2,1-diyl))bis(1-methylpyridin-1-ium). 3,6-
bis ((E)-2-(pyridin-4-yl)vinyl)-9-(4- ((E)-2- (pyridin-4-
yl)vinyl)phenyl) -9H-carbazole (176.5 mg, 0.32 mmol) was
weighed into round bottom flask and dissolved in a
DCM/MeOH (1:1 v:v) wmixture. Methyl iodide (émL, 96.39
mmol) Wés then added.  The solution was heated at reflux
for 3 days and cocled to room temperature. The red

precipitate (108.3 mg, 35 %)was filtered and dried.

H NMR (DMSO, 400 MHz) & 4.28 (s, 6H), 4.31 (é, 3H), 7.59-
7.71 (m, 5H), 7.87 (4, 2H, J=8.0 ‘HZ), 7.96 (d, 2H, J=2,
9.2 Hz), 8.11 (4, 1H, J=8.0 Hz), 8.17-8.21 (m, 2H), 8.25
(d, 4H, J=8.0 Hz), 8.28 (s, 1H), 8.30 (d, 2H, J=4.0 Hz), .
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’chromatography to yield pale orange solids (0.2 g, 31%).

8.69 (s, 1H), 8.76 (s, 1H), 8.86 (4, 5H, J=8.0 Hz), 8.93
(d, 2H, J=8,0 Hz). *C NMR (100 MHz, DMSO) & 152.7, 145.3,
145.0, 141.7, 139.3, 135.0, 130.0, 128.6, 127.2, 124.4,
123.7, 123.5, 123.1, 121.4, 111.1, 47.0, 46.8.

EXAMPLE 5a: SYNTHESIS OF PYRENE-BASED FLUORESCENT

MOLECULAR ROTOR

Pyrenecarboxaldehyde (0.5 g, 2;17 mmol, 1.0 eqg.) and
cyanoacetic acid (0.277 g, 3.26 mmol, 1.5 eq.) was weighed
into a 25mL round-bottom flask flushed with afgon.
Triethylamine (0.60 mL, 4.34 mmol, 2.0 eqg.) was then added
to the reaction mixture after solvating in anhydrous THF.

The reaction mixture was then heated to 55°CZOVernight,

‘then evaporated to dryness and purified wvia column

o\

§ NMR (DMSO, 400 MHz) &8.14 (t, J = 7.6 Hz, 1H), 8.23 (d,
1H; J = 8.9 Hz), 8.30 (d, 1H, J = 8.7 Hz), 8.34 (d, 1H, J
= 7.5 Hz), 8.39 (m, 3H)) 8.57 (d, 1H, J = 8.1 Hz), 9.00
(s, 1H). *¥C NMR (100 MHz, -DMSO) & 162.8, 145.8, 132.2,
130.7, 130.1, 129.1, 128.8, 127.9, 127.1, 126.7, 126.3,
126.1, 125.8, 124.9, 123.8, 123.6, 122.6,»120.4,“118.9.
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EXAMPLE 5b: SYNTHESIS OF PYRENE ROTOR-BIOTIN

Preparation of Pyrene Biotin. Pyrenecarboxaldehyde (21.7
mg, 0.094 mmol( 1.0 eqg.) and Biotin-CN  (0.05 g, 0.141
mmol, 1.5 eqg.) was weighed into a 25mL round-bottom flask
flushed with argon. Triethylamine (0.065 mL, 0.47 mmol, 5
eg.) was  then added to the reaction mixture after
solvating in anhydrous THF. The reaction mixture was then

heated to 55°C overnight, then evaporated to dryness and

purified via ‘column chromatbgraphy' to yield pale orange

solids (29.2 mg, 55%).

4 NMR (MeOD, 400 MHz) & 0.85 (m, 2H), 1.24 (s, 4H), 2.00
(m, 4H), 2.55_(m[ 2H), 3.05 (m, 2H), 5.33 (t, 1H, J = 4.8
Hz), 8.14 (t, J = 7.6 Hz, 1H), 8.23 (d, 1H, J = 8.9 Hz),
8.30 (d, 1H, J = 8.7 Hz), 8.34 (d, 1H, J = 7.5 Hz), 8.39
(m, 3H), 8.56 (d, 1H, J = 8.3 Hz), 8.95 (s, 1H). HRMS (TOF
MS ES+): calcd for C3yH;cKN4O,S [M+K]* 605.1988, . found
604.9648. | '

EXAMPLE 6a: SYNTHESIS . OF = JULODINE-BASED  FLUORESCENT -

MOLECULAR ROTOR (CCVJ)
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Julolidine-carboxaldehyde (0.5 g, 2.48 mmol, 1.0 eq.) and
cyanoacetic acid (0.3170 g, 3.73 mmol, 1.5 egq.) was
weighed into a 25mL round-bottom flask flushed with argon.

Triéthylamine (0.69 mL, 4.97 mmol, 2.0 eq.) was then added

‘to the reaction mixture after solvating in anhydrous THF.

The reaction mixture was then heated to 655°C overnightL

then evaporated to dryness and purified via column

chromatdgraphy to reddish-brown solids (0.18g, 27%).

'H NMR (DMSO, 400 MHz) 51.87 (m, 3H), 2.67 (t, J = 6.3 Hz,
1H), 3.31 (¢, J = 5.9 Hz, 1H), 7.48 (s, 2H), 7.84 (s, 2H).
*¢ NMR (100 MHz, DMSO) & 165.1, 152.8, 147.1, 130.7,

J 120.4, 119.5, 118.5, 117.5, 104.5, 49.4, 27.0,720.6.

EXAMPLE 6b: SYNTHESIS OF JULODINE ROTOR-BIOTIN

Julolidine-carboxaldehyde (0.05 g, 0.25 mmol, 1.0 eqg.) and
Biotin-CN (0.1 g, 0.28 mmol, 1.13 eq.) was weighed into a
25mL round-bottom flask flushed with argon. Triethylamine
(0.07 mL, 0.5 mmol, 2.0 eq.) was then added to the
reaction- mixture after solvating in anhydrous  THF. The .

reaction mixture was then heated to 50°C overnight, then

“evaporated to 'dryhess and purifiedv via column

chromatography to yield yellowishborange solids (27.8 mg,

'H NMR (CDC13,'4OO MHZ) 6 1.42 (m, 2H), 1.59'(m, 4H), 1.98

‘(m, 2H), 2.25 (m, 1H), 2.31 (m, 1H), 2.75 (t, 2H, J=6.3
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Hz), 2.97 (44, 1H, J=13.8, 5.4 Hz), 3.19 (m, 1H), 3.36 (m,
4H), 3.56 (m, 1H), 3.68 (m, 1H), 4.13 (4, 1H, J=8.0 Hz),
4.22 (t, 1H, J=5.9 Hz), 4.27 (m, 1H), 4.35 (dd, 2H, J=5.7,
4.3 Hz), 5.98 (s, 1H), 6.78 (s, 1H), 7.52 (m, 2H), 7.70
(ad, 1H, J=5.7, 3.3 Hz), 7.94 (s, 1H). 3C NMR (100 MHz,
CDCl,) & 173.6, 165.1, 162.1, 155.0, 148.4, 132.oh 121.1,
118.3, 114.0, 90.0, 64.4, 62.2, 57.5, 54.9, 50.4, 39.1,
37.9, 36.6, 34.0, 27.7, 27.2, 25.4, 25.1, 21.1. HRMS (TOF
MS ES+): calcd for C,gH3sNsNao,S [M+Nal® 560.2302, found
560.2321. |

EXAMPLE 7: FLUORESCENT MOLECULAR ROTORS BOUND TO LIGANDS

[0191] Molecular ‘rotors can‘be modified to'incorporate
a targeting molecule or short targeting peptides. For
example, biotin was attached to the molecular rotdrs and
an incréaée in fiuorescénce was observed upon binding to

the streptavidin protein.

f0192] Molecular rotors may be conjugated to térgeting

peptides via a 3-carbon linker. Amide linkage may be used

to conjugate the rotors via a lysine residue at the

carboxy-terminus of targeting peptides.

EXAMPLE 8: VISCOSITY EXPERIMENTS WITH FLUORESCENT

. MOLECULAR ROTORS

[0193] Figs. 3a to 10 illustréte the emission spectras
of fluorescent molecular rotors. It is shown that these
 fluorescent molecular rotors vdisplay an increasé in
fluorescence upon increase in viscosity. For all the
rotors ‘synthesized (julodine—based, aciridihe—based,
pyrene-based, thiazole-based and carbozole-based (2-arm

and 3-arm)), the viscosity tests showed good_sensitivity

and trend.
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EXAMPLE 9: BINDING OF ROTOR-SMALL MOLECULE WITH “PROTEIN
{0194] A fluorescent julodine-based molecular rotor, 9-
(2-carboxy-2-cyanovinyl) julolidine (CCVJ) was conjugated

to biotin and changes in fluorescence was measured upon

‘binding to streptavidin. A 2-fold fluorescence increase

was measured upon  the addition of streptavidin;\
demonstrating the utility of the biotin-rotor probe (Fig.
4a) . ‘

[0195] A pyrene-based molecular rotor was also tested
and displayed fluorescence ihcrease upon binding to

streptavidin (Fig. 4b) .

EXAMPLE "10: BINDING OF ROTOR-DNA WITH PROTEIN

DNA intercalation of molecular rotors

[0196] Intercalation of DNA with fluorescent molecular
rotors displayed a strong increase in fluorescence signal.
The intercalating interaction with DNA was further
exemplified through a pull-down assay with Dbiotin-

conjugated rotors and streptavidin beads (figs. 6, 7 and.

‘16) .

[0197] - Figs. 4a and 4b illustrate tﬁat julodine-based
and pyrene—based molecular rotors display an increase in
fluorescence upon binding to Streptavidin protein
demonstrating the wusefulness of fluorescent molécular

rotors as a probe for streptavidin protein.

Molecular rotors in detecﬁion of p53-DNA binding
[0198] , An acridinerased rotor was used in a
fluorescence diéplacement assay to report on the binding
of p53 protein to DNA. A decreased fluorescence signal was

observed upon protein binding (fig. 5).
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Protein-DNA interactions

[0199] The 'intercalating activity of fluorescent

" molecular rotors was tested on the binding sequence of p53

protein. It was shown that the fluorescence 1ntens1ty of

‘the rotors increase steadily until they reached saturation

at 0.5X rotor for acridine-based rotor, and 15X rotor for -
thiazole-based and carbazole-based (z—arm- and 3-arm)
rotors (fig. 7). | |
{02001 From the trend given by the emission spectras of
rotor with DNA, it can be concluded that the rotors do
intercalate or bind to the DNA shown by the increase in
fluorescence intensity due to the restriction of rotor
motion upon intercalatingror‘binding. '

fo201] The use of rotors in protein-DNA interactions
was then tested.

[0202] When a significant portion of pS53 protein'was
added to acridine-based rotor bound to DNA, the
fluorescence intensity dropped. It is hypothesized that

upon interaction and binding of p53 with the DNA, the

bulky acridine-based rotor intercalator was freed from the

intercalating site, resulting in = the reduction of

"fluorescence intensity (fig. 8).

[0203] p53 protein was added to carbazole-based (2-arm)
rotor bound to DNA. A turn-off effect was observed when
p53 was added, with effect most significant when the DNA
was -saturated with the 15X compound (fig. 10):

[0204] The behavior of rotors when incubated with DNA

was also examined (flg 12)

[02051[ Whether the binding of a protein (p53) to DNA

(with roter' bound) resulting in any. fluorescence change

- due to displacement of the rotor by the protein was also

examined. P53 protein was added to either control DNA (not

containing a p53 binding motif) or DNA containing the p21
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response element which p53 1is known to bind. The data
indicates that - p53 binding to p21 can result in
displacement of the rotorbwith concomitant vreduction in
fluorescence (fig. 15). _ , )

[0206] ' Whether biotin modification would affect binding
to DNA was examined. It was also examined whether the
addition of biotin would make rotors useful for affinity
purification of DNA. Biotinylated versions of the rotors
were incubated . with DNA and complexes captured on
streptavidin plates. Captured DNA was then quantified by
real-time PCR. The results in fig. 16 indicate that these .
rotors can be used as reagent for affinity purification of
DNA. The fiuorescent properties of the biotinylated rotor
changed upon binding to streptavidin (fig. 6), presumably
due to steric constraints imﬁosed upon binding of the

biotin.

EXAMPLE 11: BINDING OF ROTOR-PEPTIDE WITH PROTEIN

Synthesisg of rotor-peptide probes, JP1l-R and JP2-R ‘
[0207] A julodine-based~rotor, CCVvJ, was conjugated to
two peptides‘derivéd from a phage display screen, JP1 and
JP2, which differ by only a single amino acid but have a
10 fold differen&e in bindingv affinities (Table 9). An
additional lysine residue was added to the C-termini of
both peptide sequences, then reacted with the N-
hydroxysuccinimidyl—aCtivated ester of CCVJ to ﬁake the
rotor-pebtide probes (Fig.~25a).-

[0208] Unmodified peptides JP1 and JP2 were synthesized
by Genscript . USA 1Inc. Chemicals and solvents were
purchased from Sigma Aldrichvand TCI Chemicals Japan.

[0209] IP1 (2 mg) was weighed into a 1.5 mL vial and
diSsolved in 0.3 mL of 0.1M NaHCO3; buffer. NHS-protected
CCVJ (4 equiv.) was also wéighed into another 1.5 mL vial

and dissolved in 0.lmL dry DMF, before being added to the
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JP1 that was dissolved in buffer. The reaction mixture was:
éilowed. to stir at room temperature for 2 hours beforé»
HPLC purification to obtain the pure fotor—péptide,,Jpl—R
(9%). MALDI-TOF MS [M]+ Calculated 1949.8957. Obtained

"1946.6082.

[0210] JP2 (2 mg) was weighed into a 1.5 mL vial and
dissolved in 0.3mL of 0.1M NaHCO; buffer. NHS-protected
ccvd (4 equiv.) was also weighed into another 1.5 mL vial
and dissolved in 0.1 mL dry DMF, before being added to the
JP2 that was dissolved in buffer. The reaction mixture was
allowed to stir at room temperature  for 2 hours before
HPLC purification to obtain the pure rotor—?eptide, JP2-R
(4%). MALDI-TOF MS [M+K]* Calculated 2015.8703. Obtained
2017.6360. | |

[0211] JP2 (2 mg) was weighed into a 1.5 mL vial and
dissolved in 0.3mL of 0.1M NaHCO; buffer. NHS-protected
CCVJ rotor (4 equiv.) was also weighed into another 1.5 mL
vial and dissolved in 0.1 mL dry DMF, before being. added

to the JP2 that was dissolved in buffer. The reaction

‘mixture was allowed to stir at room temperature for 2

hours before HPLC purification to obtain the pure rotor-
peptide, ~JP2-R (4%). MALDI-TOF MS |[M+K]* 'Calculated
2015.8703. Obtained 2017.6360.

[0212] Rotor-peptide probes, jPl-R and ’JP2—R, are

shown in Fig. 25b and 25c.
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Binding of rotor-peptide conjugates to a protein

[0213] Affinity purified fecombinant MDM2 protein
(residues 18-125) was used to test the functionality of
the rotor-peptide conjugates. Co—incubation. of JPl-rotor
conjugate, JP1-R, withv MDM2 protein, led to a
concentration dependent increase in fluorescence aétivity
(Fig. 20a (top)). o

[0214] Nutlin-3, an MDM2 agonist, binds MDM2 at the N-
terminal hydrophobic cleft and abrogates this interaction
by occluding p53—MDM2. Addition of 50 uM of Nutlin to the
JP1-R-MDM2 complex MDM2 completely abrogated the
florescencé signal seen Dbefore (Fig. 20a, Bottom),
presumably due to the displacement of JP1 from MDM2. JP2-R
did not display any‘significant changes in fluorescence
intensity upon adding MDM2. This 1lack of signal may be
ascribed to the non-constrained orientation of the rotor
upon bihding of the peptide to MDM2.

[0215] To further demonstrate that fluorescence

‘activation was due to a concomitant steric restriction of

the 'appended rotor during protein-specific interaction,

- JP1-R was added to non-specific proteins, eIF4E, BSA and

IgG. No fluorescence increase was observed with all 3
proteins across the same concentrations range (Fig. 20Db).

[0216] Based on the JP1-R. fluorescence measurements, an

~apparent Ky of 16.01+7.52 nM for MDM2 binding was

calculatéd' (Fig. 2la), correlating well to a previously

reported value of 18.831+5.03 nM (Table 9): determined using

~ITC. The calculated apparent Ky of JP2-R, was 3365+640.6

nM, approximately 14-fold 1lower than the previously
reported value df 239.81+53.79 nM.
[0217] To further understand the fludrescence—derived-

apparent dissociation constants of JP1-R and JP2-R, an in-

silico modeling of 'thgir respective interactions with the

91



10

15

20

25

30

WO 2014/051521 ] » PCT/SG2013/000420

MDM2.protéin was performed. Molecular dynamics simulations
SuggeSt that the C-terminal end of JPl-R adopts a helical
turn due to the constraintsj'from the hydrogen bonds
between the -hydroxyl sidechain and backbone of S12 and the
backbone carbonyl of W8. A similar featufe was also seen
in prior experimental and computational studiés_ for a
similar peptide. The replacement of 312 by N12 in JP2-R
does not afford this constraint. The Asn sidechain is
longer and is unable to form hydrogen bonds with the
backbone, resulting in an extended C-terminus (Fig. 27).

Replica exchangé’simulétions exploring the conformational
space of the unbound rbtor—peptides (Table 4) show that
JP1-R is more helical than JP2-R. The constrained JP1-R
(Fig. 27) also embeds deeper into MDM2 and ' interacts

stronger than JP2-R (by ~7kT, Table 5).. Thev major.
contribution ‘arises from improved packing of S12 (by
i.2kT, Tables 6, 7), L1l (embeds deeper into MDM2 by ~2kT)
and the rotor (~2KT). The rotor packs between H96 of MDM2
and the peptide in JP1-R while JP2-R packs into a recently

jcharactérized second binding site in MDM2. This tighter

 asso¢iation of JP1-R restricts the rotational freedom of

the rotor sufficiently to bring about a detectable

fluorescence turn-on signal.

EXAEPLE 12: DRUG SCREENING APPLICATIONS

[0218] Rotor-peptide may have potential use in drug-
screeniné applications. Small molecule inhibitor nutlin
was titrated and a disruption of the rotor-peptide-MDM2
complex at concentrations as low as 10 nM was observed

(Fig. 11). The results indicate highly sensitive detection .

~of nutlin binding to MDM2, suggesting the rotor-peptide

assay may have use in primary drug screens for disruption

of a peptide-protein interaction.
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Rotor-peptide conjugate as a biosensor for small molecules

that inhibit p53-MDM2 interaction

- [0219] A concentration-dependent drop in fluorescence

was seen when nutlin was titred into a pre-incubated mix
containing 500 nM of MDM2 and 250 nM of JPl1 (Fig. 11).
Complete ablation of JP1-MDM2 dependent fluorescence was
observed at 2 uM of Nutlin treatment, but a significant
decrease can be seen at 50 nM. The sensitivity and
specificity of such peptide-rotor conjugates make them
ideal for development 1into screening platforms for

identifying molecules that inhibit p53-MDM2 binding.

Application of rotor-peptide in small molecule drug
screening (E.G. inhibitors'of'MDMz)

[0220] Theb inhibition of p53-MDM2 interaction is a
common strategy for cancer treatment. A rotor is attached
to the JP1l peptide (a sequence that binds the MDM2 prdtein
at the same site as p53) to investigate 1if the JP1

peptide-rotor conjugate will act as a reporter for

‘compounds that displace it from MDM2. Fig. 23 shows that

such a displacement can be seen when various known p53-

MDM2 inhibitors are added to the JPl/ MDM2 complex.
Calculated Kg from MDM2 against JP1 titration indicates
that rotor-moeity does not obstruct peptide-protein
interaétionv(Fig. 21a) . _

f0221] To demonstrate the utility of the rotor-peptide
probe in small molecule drug screening, the sensitivity of
the rotdr—peptidé to known small molecule and stapled-
peptide = inhibitors of the - p53-MDM2 interaction was
éxplored. These inhibitors target the same hydrophobic
cleft in MDM2 as JP1-R, and were able to disrupt the MDM2—
probe complex in the expected manner, resulting in a
decrease in fluorescence as the probe was displaced (Fig.

24 and Table 8).
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[0222] Given the high sensitivity and specificity of
the JP1-R conjugate, it was ‘used to screen a small
molecule fragment librafy (n=352) for candidates that
potentially disrupt p53-MDM2 Dbinding. Based on the

results, fifteen hits were selected fqr further validation
and ten compounds were further confirmed as .genuine
inhibitors (Fig. 26b). The sevenb disparate compounds
showing no activity in the FP assay were - therefore
asséssed in a pull-down assay which measured the direct

interaction levels of p53 and MDM2. All seven compounds

inhibited p53—MDM2 interaction, further validating these

as genuine hits not identified by the FP assay (Fig. 26c).
As subtle intermolecular twisting of the rotor profoundly
effects signal generation, it is possible that partial
displacement of the.peptide by the weak inhibitors led to
their identification. In the FP assay, these would have
been missed, as the anisotropy measurement is largely
attendent on full displacement of peptide from MDM2.

{0223] Together, these results demonstrate the utility

‘of molecular rotors in binding assays for detecting

'peptide—protein interactions and for drug screening

applications. Using the TICT property of the molecular

rotor, its free volume 1is decreased upon binding

‘interaction to a protein. This simple fluorescence turn-on

signal upon protein binding allows 'the development - of
highly sensitive and facile assays to measure protein-
ligand Mbinding in a high-throughput fashion. More
importantly, it is shown that a molecular rotor-based
screening assay identified validated hits that were missed
by fluorescence polarization assay in a fragment—based
screen, suggesting its utility ih identifying .lower

affinity hits in fragment based screening.
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APPLICATIONS

[0224] The disclosed fluorescent molecular rotors may

be used to detect protein-ligand interactions, such as

. protein-DNA, protein-peptide and protein-small molecule

interactions, for -example, to investigate the interaction
of p53 protein with DNA, interaction of MDM2 with

peptides. The disclosed fluorescent molecular rotors may

"also be conjugated to biotin to give a streptavidin

detection reagent. }

[0225] The disclosed fluorescent molecular rotors may
be used as 'vis¢osity' probes, diéplaying‘ an increase in
fluorescence when viscosity of the solution is increased.
[0226] - The disclosed fluorescent molecular_rotors may
be used in drug screening applications. The disclosed
fluorescent molecular rotors may be used to screen for
active compounds that. bind to a target protein, for
example, inhibitors of MDM2. |
[0227] The disclosed screening applications may not
require ﬁhe use of expensive instrumentation. Thusg, the
disclosed screening applications may serve as a cost-
effective means for drug screening.

[0228] The disclosed screening applications may be
single-well, low. volume with minimal pipetting steps and
may not require multiple washing steps. Thus, the
disclosed screening applications may be non-laborious and
optimal for high-throughput screening. |
[0229] "~ The disclosed screening applications may not
require the use of radioisotopes’fof labelling. Thus, the
disclosed screening applications may be non-radiocactive..
[(0230] The disclosed screening applications may be used

in small molecule drug sdreening- and may be wused to

_identify small j‘moleculesﬁ which = may Dbe misséd - in

. traditional assays, such as fluorescence polarization.
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{0231] It will Dbe apparent that varioué 'othér 

modifications and adaptations of - the invention will be
apparent to the person skilled in the art after reading
the foregoing disclosure without departing from the spirit
and scope of the invention and it is intended ﬁhat all
such modifications and adaptationS'come.within the scope

of the appended claims.
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Claims _
1. A method for detecting ‘an interaction between a
protein and a ligand, comprising:
(i) binding at least one - fluorescent molecular .
‘rotor to said ligand or protein; and
(11) bdetect‘ing a change | in fluorescence emitted by
said fluorescent molecular rotor after contact
of the bound fluorescent molecular rotor with
the other of said ligand or pfotein, thereby
deteéting an interaction between the ligand and
the proteiﬁ, |
wherein the fluorescént molecular rotor comprises:
a rotating o-bond;
an electron-donating moiety;
an electron-accepting moiety; and
a n-conjugated linker,
with the proviso that the fluorescent molecular
rotor is not a compound selectéd from the followiﬁg

table:
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2.

The method of claim 1, wherein the fluorescent

molecular rotor(s) is a molecule that exhibits a change

in fluorescence when the ligand binds to the protein.

3. The method of claims 1 or 2, wherein the fluorescent

molecular rotor(s) is bound to the.ligandWVia a‘1inking

moiety, wherein said linking moiety is,selectéd from the

group consisting of a single bond; or optionally

substituted heterocalkyl, wherein the main chain atoms of

98



10

15

20

25

30

WO 2014/051521 ) PCT/SG2013/000420

said dptionally substituted héteroalkyl are optionally
interrupted by one or more optionally substituted cyclic

groups .

4.  The method of any one of claims 1Fto 3, wherein a
chaﬁée‘in fluorescence occurs when the binding of protein
to 1ligand displaces the fluorescent molecular rotor (s)
from the ligand or perturbs the fluorescent moleéular

rotor(s).

5.  The method of ciaims 1 or 2, wherein the fluorescent
moiecglar rotor(s) is bound to the protein via a linking
moiety, wherein saild linking moiety is selected from the
group consisting of a single Dbond; or optionally
substituted heteroalkyl, wherein the main chain atoms of
said optionally substituted heteroalkyl are optionally
interrupted by one or more optionally substitutéd cyclic

groups.

6. The method of any one of claims 1 to 2 and 5,
wherein a change in fluorescence occurs when the binding
of protein to ligand displaces the fluorescent.mOIecular
rotor(s) from the protein or perturbs the fluorescent

molecular rotor(s).
7. The method of claims 3 or 5, wherein the linking

moiety comprises 1 to 20 main chain atoms.

8. The method of any one of claims 3(‘5 and_7 wherein

the linking moiety is selected from the group consisting

iof:‘
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9. The method of any one of claims 1 to 8, wherein the

ligand is selected from the group consisting of peptide,

small molecule or DNA.

10. The method of claim 9, wherein the ligand is peptide
and said peptide has an amino acid sequence identical to
the sequence of a native peptide that binds to the

protein, or a portion thereof.

11. The method of claims 10, wherein the peptide is

derived from p53 protein.

12. The method of claim 11, wherein the peptide is
selected from the group éonsisting of:

JP1: MPRFMDYWEGLSK; and

JP2: MPRFMDYWEGLNK.

13. The method of any one of claims 1 to 12, wherein the

protein is MDM2 protein.

14. The method of claim 9, wherein the ligand is DNA.
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15. The method of any one of claims 1 to 9 and 14,

wherein the protein is a DNA transacting protein.

16. The method of claim 15, wherein the DNA transacting

protein is a transcription factor, polymerase, telomerase

or recombinase.

17. The method of any one of claims 1 to 10 and 14 to

16}‘whereih the protein is p53 protein.

18. The method of any one of claims 1 to 17, wherein the
unbound or bound fluorescent molecular rotor is selected

from the group consisting of:

o

M ‘::

wherein at least one of R1, R2 or R3 is 7 o

'R1, R2, R3 and R4 are independently chosen from the group

consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
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heterocaryl, optionally substituted cycloalkyl or
~optionally substituted heterocyclYl;

R5 is a OH or a linking moiety as defined‘in,any one of
claims 3, 7 and 8; and

R6 is absent or a ligand.

19. The method of claim 18, wherein the unbound or bound
fluorescent molecular rotor 1is selected from the group

consisting of:
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20. A compoéition comprising a £luorescent molecular
roﬁor, wherein the fluorescent molecular rotor comprises:
a rotating o-bond; . |

an electrqn-donating moiety;

an electron-accepting moiety; and

a n-conjugated linker, B

with the proviso that the fluorescent molecular rotor is

not a compound selected from the following table:
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21. The composition of claim
ligand and a protein,

molecular rotor is bound to the

22. The composition of claim 21,

molecular rotor(s)

wherein

20,

further comprising a

at least one fluorescent

ligand or the protein.

wherein the fluorescent

is a molecule that exhibits a change

in fluorescence when the llgand binds to the proteln
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23. The composition of claims 21 or 22, wherein the
fluorescent molecular rotor(s) is bound to the ligand via
a linking moiety, wherein said linking moiety is selected
from the group consisting of a single bond; or thionélly‘
substituted heteroalkyl, wherein the wmain éhain atoms of
said optionally substituted heterocalkyl are optionally
interrupted by one or more optionally substituted cyclic

groups.

24. The compositioh of claim 21 to 23, wherein a change
in fluorescence occurs when the binding of protein to
ligand displaces the fluorescent molecular rotor(s) £from
the ligand or perturbs the fluorescent molecular

rotor(s).

25. The composition of claims 21 or 22, wherein the

fluorescent molecular rotor(s) is bound to the protein

via a 1linking moiety, wherein said ‘linking moiety is

- selected from the grbup consistihg of a single bond; or

optionally substituted heteroalkyl, wherein the main
chain atoms of said optionally substituted heterocalkyl

are optionally interrupted by one or more optionally

substituted cyclic groups.

26. The composition of claim 21 to 22 aﬁd 25, wherein a
change in fluorescence occurs when the binding of protein
to ligand‘displaces the fluorescent molecular rotor from
the protein or perturbs the fluorescent molecular

rotor (s) .

27. The composition of claims 23 or 25, wherein the

linking moiety comprises 1 to 20 main chain atoms.
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~ 28. The composition of any one of claims 23; 25 and 27,
wherein the linking moiety is selected from the group

consisting of:

H .

0
3{0/”\»//\\T/J}i
H ;

. H

Ny 0 N

{H\E/\v/\g/f\\/ \/Y \/\/}’i
0 ; and

}{,i;/\/’\\}{’

H

29. The\.composition' of any one -of c¢laims 21 to 28,
wherein the ligand is selected from the group consisting

of a peptide, small molecule or DNA.

30. The composition of claim 29, wherein the ligand is

"peptide and said peptide has an amino acid sequence

identical to the sequence of a native peptide that binds

to the protein, or a portion thereof.

31. The composition of claim 30, wherein the peptide is

derived from p53 protein.

32. The composition of any one of claims 30 to 31,
wherein the peptide is selected from the group consisting
of: '

JP1: MPRFMDYWEGLSK; and

JP2: MPRFMDYWEGLNK .
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33. The composition of any one of claims 21 to 32,

wherein the protein is MDM2 protein.

34. The composition of claim 29, wherein the 1ligand is

DNA.

35. The composition of claim 21 to 30 and 34, wherein

thebprotein is a DNA transacting protein.

36. The composition of c¢laim 35, wherein the DNA
transacting protein is a  transcription factor,

polymerase, telomerase or recombinase.

'37. The composition of any one of claims 21 to 30 and 34

to 36, wherein the protein is p53 protein.

38.. The composition of any one of claims’™ 21 to 37,

wherein the unbound'or bound fluorescent molecular rotor

'is selected from the group consisting of:

(i1)
R /RZ‘
Nt
& 7N
“*c:;“‘\r'a :
R3
(1v)
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R4

+

_ - - deﬁi;ﬁ
wherein at least one of Rl, R2 or R3 is /=~

wherein R1, R2, R3 and R4 are independently chosen from

-
14

the group consisting of: optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted cycloalkyl
or optionally substituted hetérocycin;

R5 is a OH or a linking moiety as defined in any one of

claims 24 and 28 to 29; and

. R6 is absent or a ligand.

39. The unbound or bound fluorescent molecular rotor of
claim 38, wherein the cbmpound is selected from the group

consisting of:
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40. A‘ screening assay for identifying an interaction
between protein and ligand, the assay comprising: '

(1) providing a protein to be tested for binding
affinity with a candidate ligand; |

(ii) providing candidate ligands bound to at least
‘one fluorescént molecular rOtor;,‘

(iii) ‘testing the candidate>iigands for binding
affinity by contacting said protein with said
candidate ligands bound to at 1least one
fluorescent molecular rotor; and .

(iv) identifying a relevant interactions by
measuring a change in fluorescence emitted by
the fluorescent molecular rotor(s) ] |

~wherein the fluorescent molecular rotor(s) comprises:

109



10

WO 2014/051521

a rotating o-bond;

an electron-donating moiety;

PCT/SG2013/000420

an electron-accepting moiety; and

a n-conjugated linker,

with the proviso that the fluorescent molecular rotor(s)

is not a compound selected the following table:

i Structare Rgromps Structure R gronps
1 . ’
11 1
2
R=COOH, CO;E,
12 CHOH, CH,OAc,
3 | CH,CH
4 z ‘
13 R=CH00Ph
5
) M Ri, Rz = CHs
6
1
8
9 R=OH, OB, NH, || 16 | - ©oN i!l] ;]
. : o N | ,
%]
Ng, ‘
L4 N " : _.-»‘\ ‘?
— _ -
g “/Xb“ﬁ\__{ﬂm\p_ﬂ _

NN

41. The screening assay of claim 40, wherein the unbound

or bound fluorescent molecular rOtor-iS,chosen from the

group consisting of:
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wherein at least one of R1, R2 or R3 is /= - ,
wherein R1, R2, R3 ‘and R4 are independently chosen from
the group consisting of: optionally substituted alkyl,
optionally substituted alkeﬁyl) optionally substituted
alkynyl, optionaily substituted  aryl, optionally

substituted heteroaryl, optionally substituted cycloalkyl
or optionally substituted‘heterocycly1; '

RS is a linking moiety selected from the group consiéting

of a single bond; or optionally substituted heteroalkyl,
wherein the 'main. chain atoms of 'said optionally
substituted heteroalkyl are optionally interrupted by one
or more optionally substituted cyclic groups; and -

R6 is a ligand or OH.

42.  The screening assay of claim 41, wherein the unbound

or bound fluorescent molecular rotor is selected from the

| group consisting of:
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43. A kit for carrying out a method of any one of claims
1 to 19 or the screening assay claims 40 to 42 comprising

the ligand, protein and fluorescent molecular rotor(s) as
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defined in any one of claims 1 to 19 or 40 to 42, and a

means to detect a change in fluorescence.

44. A method for detecting an interaction between a
protein and a ligand, comprising: |
(i) binding. at least one fluorescent molecular rotor
to said ligand or protein; and
(ii) detecting a change in fluorescence emitted by
said fluorescent molecular rotor after contact
'of the bound fluorescent molecular rotor with
_the other of said 1ligand or protein, thereby
detecting an interaction between the ligand and
the protein,
wherein the fluorescent molecular rotor is selected from

the group consisting of:

wherein at least one of R1, R2 or R3 is < ;
Rl) R2, R3 ‘and R4 are independently chosen from the group
consisting of: optionally' substituted alkyl, cptionaily
substituted alkenyl, optionally substituted alkynyl,

optionally substituted = aryl, optionally substituted
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heteroaryl,  optionally substituted cycloalkyl or

optionally substituted heterocyclyl.
45. The method of fluorescent

¢claim- 44, wherein the

molecular rotor is selected from the group consisting of:

4

A ‘ P N : s\lﬁ_ﬁ ‘ ““-E)
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fluorescent

46. The method of «claims 44 or 45, wherein the

molecular rotor(s) is a molecule that
exhibits a change in fluorescence when the ligand binds

to the protein.

47 . The method of any one of claims 44 to 46, wherein
the fluorescent molecular rotor(s) is bound to the ligand
via a?,linking moiety, wherein said 1inking1 moiety ié
selected from the group consistihg of a éingle'bond; or
optionally substituted .heteroalkyl,‘ wherein the main
chain atoms of said optionally substituted heteroalkyl
: interrupted by one or more :

are optionally optiocnally

substituted cyclic groups.

48. The method of any one of claims 44 to 47, wherein a
chénge in fluorescence occurs when the binding of protein.
to ligand displaces the fluorescent molecular rotor (s)

from the ligand or perturbs the fluorescent molecular

rotor(s) .
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49. The method of any one of claims 44 to 47; wherein
the fluorescent molecular rotor(s) 1is bound to the
protein via‘a 1ihking moiety, wherein said linking moiety

5 is,selected from thé‘group consisting of a single bond;
or optionally substituted heteroalkyl, wherein the main
chain atoms of said optionally substituted heteroalkyl
are optionally interrupted by one or more optionally
substituted cyclic groups.

10 ,
50. The method of any one of claims 44 to 46 and 49,
wherein a changebin fluorescence_occurs'when‘the binding
of protein to ligand displaces the fluorescent molecular
rotor (s) from. the pfotein.‘of perturbs the fluorescent

15 molecular rotor(s).

51. The method of claims 47 or 49, wherein the linking

moiety comprises 1 to 20 main chain atoms.

20 52. The method of any one of claims 47, 49 and 51
wherein the linking moiety is selected from the group
consisting of: ' ' '

H
|

‘3{0/\/""}41
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53. The method of any one of claims 44 to 48 and 50 to
52, wherein an unbound or‘_bound fluorescent molecular

rotor is selected from the group consisting of:
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54. The method of ahy one of claims 44 to 53, wherein
the ligand 1is selected from the group' consisting of

peptide, small molecule or DNA.

55. The method of claim 54, wherein the 1ligand is
peptide and said peptide has an amino -acid sequence
identical to the sequence of a native peptide that binds

to the protein, or a portion thereof.

56. The method of claim 55, wherein the peptide is

derived from p53 protein.

57. The method of claim 56, wherein‘ the éeptide is
selected from the group consisting of: '

JP1: MPRFMDYWEGLSK; and

JP2: MPRFMDYWEGLNK .

58. The method of any one of claims 44 to 57, wherein

the protein is MDM2 protein.
59. The method of claim 53, wherein the ligand is DNA.

60.' The method of any Qne of claims 44 to 55 and 59,

wherein the protein is a DNA transacting protein.‘
61. The method of claim 60, wherein the DNA transactinj
protein is a transcription factor, polymerase, telomerase

or recombinase.

62. The method of any one of claims 44 to 55 and 59 to

61, wherein the protein p53 protein.
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'63. A composition comprising a fluorescent molecular

rotor, wherein the fluorescent molecular rotor is

selected from the group consisting of:

wherein at least one of R1l, R2 or R3 is 7:b/ ; and

R1, kz, R3 and R4 are indapendently-chosen from the group
consisting of: optionally substituted alkyl; optionally
substituted alkenyl, optionally substitutéd >alkynyl,

,optionally substituted aryl, - optionally substituted .

heteroaryl, optionally substituted cycloalkyl or
optionally substituted heterocyclyl.

64. The composition of claim 63, wherein the fluorescent

molecular rotor is selected from the group consisting of:
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65. The composition of claims 63 or 64, further
comprising a ligand and a protein, wherein at least one
fluorescent molecular rotor is bound to the ligand or the

protein.

66. The composition of claim 65, wherein the fluorescent
molecular rotor(s) is a molecule that exhibits a change

in fluorescence when the ligand binds to the protein.

67. The composition of claims 65 or 66, whefeih the
fluorescent molecular rotor(s) is bound to the ligand via
a linking moiety, wherein said linking moiety is selected
from'the group consisting of a single,bond}'dr'optionally
substituted heteroalkyl, wherein the main chain'atqms of
said optionally substituted heteroalkyl are optionally
interrupted by one or more optionally substituted. cyclic

groups.

68. The composition of claim 65 to 67, wherein a change

"in fluorescence occurs when the binding of protein to

ligand displaces the fluorescent molecular rotor(s) from
the ligand or perturbs the fluoresceht molecular

rotor(s) .-
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69. The composition of claims 65 or 66, wherein the

fluorescent molecular rotér(s) is bound to the protein;
via‘ a linking moiety, wherein  said linking moiety is
selected from the group consisting of a single bond; or
optionally substituted heteroalkyl, wherein the main
chain atoms of séid optionally substituted heteroalkyl
are optionaliy interrupted by' one or more optionally

substituted cyclic groups.

70. The composition of claim 65 to 66 andv69, Wherein.a
change in fluorescence occurs when the binding of protein
to ligand displaces the fluorescent molecular rotor from
ﬁhe protein: or perturbs the fluorescent molecular

rotor(s) .

71. The composition of claims 67 or 69, wherein the

linking moiety comprises 1 to 20 main chain atoms.

72. The composition of any one of claims 67, 69 and 71,
wherein the linking moiety is selected from the group
consisting of:

H

=
?{0/_\/ N}‘i

Ko™y
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73. The combosition of any one of claims 65 té 67 and 71
to 72, wherein an unbound or bound fluorescent molecular
rotor bound to a ligand is selected from the group

consisting of:
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74. The composition of any one of claims 65 to 73,
wherein the ligand is selected from the group consisting

of a peptide, small molecule or DNA.

75. The composition of claim 74, wherein the ligand is
peptide and said peptide has an amino acid sequence
identical to the sequence of a native peptide that binds

to the protein, or a portion thereof.

76. The composition of claims 74 or 75, wherein the

peptide is derived from p53 protein.

77. The composition of any one of claims 75 to 76,
wherein theé peptide is selected from the group consisting
of: |
JP1: MPRFMDYWEGLSK} and

JP2: MPRFMDYWEGLNK.

78. The composition of any one of-claims 65 to 77,

wherein the protein is MDM2 protein.

79. The composition of claim 75, wherein the ligand is

DNA.

80. The comp051tlon of claim 65 to 75 and 79, wherein

the protein is a DNA transactlng protein.

81. The composition of claim 80, wherein the DNA

transacting protein is a transcription factor,

‘polymerase, telomerase or recombinase.

82. The composition of any one of clalms 65 to 75 and 79

to 81, whereln the proteln is p53 proteln
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83. A screening assay for identifying an interaction
between a protein and ligand,;the assay comprising:

a) providing a protein to be tested for binding

affinity with a candidate ligand;

b) providing candidate 1ligands bound to at least

one fluorescent molecular rotor;

c) testing the candidate 1ligands for binding
affinity by contacting said protein with said
candidate ligands‘ bound to at least one
fluorescent molecular rotor; and ’

d) identifying a relevantvinteraction by measuring

a change in fluorescehce emitted by the
fluorescent molecular rotor(s),

wherein the fluorescent moleéular rotor is selected from

the group consisting of:

R1 . R2
I,
‘N
l
R3

R4

wherein at least one of R1, R2 or R3 is ; and

R1, R2, R3 and R4 are independently chosen from the group

consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
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heteroaryl, optionally substituted cycloalkyl ~or
optionally substituted heterocyclyl.

84. The screening assay of claim 83, wherein the
5 fluorescent molecular rotor is selected from the group

consisting of:

b

= ¢y
A =

85. A kit for carrying out é method of any one of claims
44 to 62 or the screening assay claims 83 to 84
10 comprising the 1ligand, protein and fluorescent molecular
rotor(s) as defined in any one of claims 44 to 62 or 83

to 84, and a means to detect a change in fluorescence.

86. A method for detecting an interaction between (a)
15 ' DNA and protein, (b) MDM2 protein and a peptide, or (c)
biotin and streptavidiﬁ, the method comprising:
(1) " binding at least one fluorescent molecular
Eotor to DNA or protein of (a), peptide or MDM2
protein of (b), or biotin or étreptavidin. of
20 (c); and
(ii) detecting a change in fluoresceﬁce emitted'by'
said fluorescent molecular rotor after contact
e - of the bOUnd.fluorescent molecular rotbr with

" the other of said DNA or protein of (a),
25 ‘peptide or MDM2 protein of (b), or biotin or
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streptavidin of (c), thereby detecting an
interaction between DNA and protein of (a),
peptide and MDM2 protein of (b), or biotin or
streptavidin of (c);’
wherein the fluorescent molecular rotor is selected from
the group consisting of: |
a rotating o—bond;.
an electron-donating moiety;
an electron-accepting moiety; and

- a n-conjugated linker..

87. The method of claim 86, wherein the fluorescént

- molecular rotor(s) is a nblecule that exhibits a change

in fluorescence when DNA of (a) binds to a protein,
peptide of (b) binds to MDM2 protein, or biotin of (c)

binds to streptavidin.

88. The method of any one of claims 86 to 87, wherein

“the fluorescent ‘molecular rotor(s) is bound to DNA of

(a), peptide of (b), or biotin of (¢), via a 1linking
moiety; wherein said linking moiety is selected from the
group consisting  of a single bond; or optionally
substituted heteroalkyl, wherein the main chain atoms of
said optionally substituted heteroalkyl are optionally
interrupted by one or more,optionaliy substituted cyclic

groups.

'89. The method of any one of claims 86 to 88, wherein a

change in fluorescence occurs when the binding of protein

to DNA of (a), binding of MDM2 protein to péptide of (b),

‘or the binding of streptavidin to biotin of (c). displaces

the fluorescent molecular rotor(s) from the DNA or

peptide, or perturbs the fluorescent molecular rotor(s).
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© 90. The method of any one of claims 86 to 89, wherein

the fluorescent molecular rotor(s) is bound to the

protein of (a), the MDM2 protein of (b), or streptavidin

of (c) via a linking moiety, wherein said linking moiety
is éelected from the group consisting of a single bond;
or optionally substituted heterocalkyl, wherein the main
chain atoms of said optionally substituted heteroalkyl
are optionally interrupted by one or more optionally

substituted cyélic groups.

91. The method of any one of claims 86 to 87 and 90,

wherein’a change in fluorescence occurs when the binding
of protein to DNA of (a), binding of MDM2 protein to
peptide of (b), or the binding of streptavidin of (c),
displaces the fluorescent molecular rotor(s) from the

protein or perturbs the fluorescent molecular rotor(s).

92. The method of claims 90 or 91, wherein the linking

moiety comprises 1 to 20 main chain atoms.

93. The method of any one of claims 88, 90 and 92

 wherein the linking moiety is selected from the group

consisting of:
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"94. The method of any one of claims 86 to 93, wherein

the protein of (a) is a DNA transacting protein.

95. The method of claim 94, wherein the DNA transacting
protein is a transcription factor, polymerase, telomerase

or recombinase.

96. The method of claims 86 to 95, wherein the protein

~1s p53 protein.

97. The method of any one of claims 86 to 93, wherein
the MDM2 protein of (b) is wild-type or mutant MDM2

protein.

98. The method of claim 97, wherein the prdtein is wild-

type or mutant MDM2.

99. The method of any one of claim 86 to 93 and 97 to
98, wherein the peptide of (b) has an amino acid sequence

identical to the sequence of a native peptide that binds

“to the protein, or a portion thereof.

100. The method of claim 86 to 93 and 97 to 99, wherein

the peptide of (b) is derived‘from p53 protein.
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101. The method of any one of claims 86 tov93‘and 97 to
. 100, wherein the peptide of (b) is selected from the
group consisting of: |

JP1: M?RFMDYWEGLSK; and

- J P2: MPRFMDYWEGLNK.

102. The method of any one of claims 86 to 101, wherein
the unbound or bound - fluorescent molecular rotor is

selected from the group consisting of:

wherein at least one of R1l, R2 or R3 is = :

R1l, R2, R3 and R4 are independently chosen from the group
consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,.
optionally substituted aryl,‘ optionally substituted
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heterocaryl, optionally ‘substituted cycloalkyl or
optionally substitutedvheterocyclyl;

R5 is a OH or a linking moiety as defined in any one of
claims 90, 92, 94 or 95; and ‘

R6 is absent or a peptide.

103. The method of claim 102, Wherein the unbound or
bound fluoreécent molecular rotor is selected from thé

group consisting of:
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104. A method for detecting an interaction between DNA

and-protein according to claim 86, wherein the protein is

p53... protein,

and the

fluorescent molecular rotor is

‘selected from the group consisting of:

\;Q:::\ . QF qr:i
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105. A method for detecting an interaction between MDM2

"',protein.ahd»a peptide according tO'Cléim'SG, wherein the

"peptidé is selected from the group consisting of JPle.

MPRFMDYWEGLSK

and . JP2:

MPRFMDYWEGLNK ;

and the

fluorescent molecular rotor is selected from the group

consisting of:
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106. The‘ method for detecting an interaction between

biotin ‘and streptavidin according to claim 86, wherein

the fluorescent molecular rotor >is selected from the

‘group consisting of:
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- 107. A composition comprising:

a) fluorescent molecular rotor, DNA and
protein;
b) fluorescent molecular rotor, peptide and-

MDM2 protein; or
c) fluorescent molecular rotor, Dbiotin and

‘ streptavidin,
wherein said fluorescent  molecular rotor is bound to one
deDNA or protein in (a), one of‘peptide or MDM2 protein
in‘(b), or one of biotin or streptaVidin in (c¢),
and wherein the fluoreséeht molecular rotor(s) comprises:

a rotating o-bond;

‘an electron—donating moiety;

an electron-accepting moiety; and

a n-conjugated linker.

108. The = composition of claim 107, wherein the
fluorescent molecular ‘rotor(s) exhibits a change in
fluorescence: when the DNA of (a), peptide of (b), -oxr
biotin of (c), binds to the prqtein of (a), MDM2 protein

of (b), or streptavidin of (c), respectively.

109. The composition of‘claims 107 or 108, wherein the
fluorescent molecular rotor(s) is bound to DNA of (a),
peptide of (b), or biotin of (c), via a linking wmoiety,
wherein séid. linking moiety is selected from the group
consisting of a single bond; or optionally substituted

heteroalkyl, wherein the main chain atoms of said
optionally substituted heteroalkyl are optionally
interrupted by one or more optionally substituted cyciic

groups.
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110. The composition Lof claim 107 to 109, wherein a

change in fluorescence occurs when the binding of protein
to DNA, MDM2 protein to peptidé, or biotin to
streptavidin, displaces the fluorescent molecular
rotor(s) from DNA or perturbs the fluorescent molecular

rotor(s).

111. The composition of claims 107 or 108, wherein the

fluorescent molecular rotor(s) is bound to the protein of
(a), MDM2 protein of (b), or streptavidin of (¢), via a
linking moiety, wherein‘said linking moiety is selected
from the group consisting of a single bond; or optionally
substituted heterocalkyl, wherein the wmain chain atoms of
said optionally substituted heterocalkyl are optionally
interrupted by one or more optionally substituted cyclic

groups. e

112. The composition of claim 107 to 108 and 111, wherein
a change in fluorescence occurs when the binding of
protein to DNA, MDM2 protein to peptide, or biotin to
streptavidin, displaces the fluorescent molecular rotor

from the protein or perturbs the fluorescent molecular

rotor(s).

113. The composition of any one of claims 109 to 112,
wherein the linking moiety comprises 1 to 20 main chain

atoms.

114. The composition of any one of claims 109 to 113,
wherein the linking moiety is selected from the group
consisting of: |

H

| |
Ko~ N}‘:
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115. The composition of any one of claims ‘107 to 114,

wherein the protein of (a) is a DNA transacting protein.

'116. The composition of c¢laim 115, wherein the DNA

transacting protein is a transcription factor,

polymerase, telomerase or recombinase.

117. The composition of any one of claimg 107 to 114,
wherein'the MDM2 protein of (b) is a wild-type or mutant

MDM2 protein.

118. The composition of any one of claims 107 to 114 and
117, wherein the MDM2 protein is wild-type or mutant MDM2

protein.

119. The composition of any one of claims 107 to 114 and
117 to 118, wherein the peptide of (b) has an amino acid
sequence identical to the sequence of a native péptidér

that binds to the protein, or a portion thereof.
120. The composition of any one of claims 107 to 114 and

117 to 119, wherein the péptidébe”(b) is derived from
p53 protein.
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121. The composition of any one of claims 107 to 114 or

117 to 120,

P53 protein.

wherein the peptide of

is derived from

122. The composition of any one of claims 107 to 114 or

117 to 121,

wherein the peptide of

the group consisting of:.

JP1l: MPRFMDYWEGLSK;
JP2: MPRFMDYWEGLNK.

and

(b) is selected from

123. A composition of .any one of claims 107 to 122,

wherein the unbound or bound fluorescent molecular rotor

is selected from the group:

Hall,
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wherein at least one of R1, R2 or R3 is -
R1, R2, R3 and R4 are independently chosen from the groﬁp
consisting of: optionally substituted alkyl, optionally
substituted alkenyl/ optionaily substituted alkynyl,
optionally substituted aryl, optionally substituted
heterocaryl, éptionally substituted cycloalkyl oxr
optionally substituted heterocyclyl;

R5 is a OH or a linking moiety as defined in any one of
claims 920, 92, 94 or 95; and |

R6 is absent or a peptide.

124. The composition of any one of claims 107 to 123,
wherein the unbound or bound fluorescent molecular rotor

is selected from the group consisting -of:
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125. The

composition of claim

107 comprising a

fluorescent molecular rotor, DNA and protein of (a), said

fluorescent molecular rotor bound to DNA, wherein said
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protein is p53 protein and said fluorescent molecular

rotor is selected from the group consisting of: -

126. The

fluorescent molecular rotor,

(b) .,

wherein

said

composition

peptide

of

is

“¢claim 107

selected

comprising - a

peptide and MDM2 protein of

said fluorescent molecular rotor bound to peptide,

from the group

consisting of JP1l: MPRFMDYWEGLSK and JP2: MPRFMDYWEGLNK;

and the fluorescent molecular rotor is selected from the

group consisting of:
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"127. The composition  of claim 107 comprising a
fluorescent molecular rotor, biotin and streptavidin of
(c), said ‘fluorescent molecular rotor bound to biotin,
wherein said fluorescent molecular rotor is selected from

the group consisting of:
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128. A screening assay for identifying an interaction-
betwéen DNA :and protein, or peptide and MDM2 protein, the
assay comprising: A :
5 a) providing a protein to be tested for binding
- affinity with candidate DNA or peptide;
'b) providing candidate DNA or peptide bound to at
least one fluorescent molecular rotor;
c) testing the candidate DNA or peptide for binding
10 affinity by ~contacting said. protein with said
candidate DNA or peptide bound to at least one
fluorescent molecular rotor; and
d) identifying a relevant interactions by measuring
a change in  fluorescence emitted by the
15 fluorescent molecular rotor(s),
wherein the fluorescent molecular rotor(s) comprises:
a rotating o-bond;
an electron-donating moiety;

an electron-accepting moiety; and
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129. The screening assay of claim 128 to 131, wherein the

unbound or bound fluorescent molecular rotor 1is selected

from the group consisting of:

(i) (ii)
%L, | R1 JR2
e € ! "
N N M_{’c-_)‘ ESS © ' = §\4’>
o) ~
" |
l R3
S
}{W}\ (3v)
(1ii)
R4

wherein at least one of R1, R2 or R3 is / =

.
r

' Rl,'Rz; R3 and R4 are independently chosen from the group

consisting of: optionally substituted alkyl, optionally

substituted alkeﬁyl, -optionally substituted alkynyl,
optionally substituted  aryl, optionally substituted .
heteroaryl, optionally substituted cycloalkyl or

optionall?’subétituted heterocyclyl;
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R5 is a OH or a linking moiety as defined in any one of

claims 88, 90, 92 or 93; and

R6 is absent or a peptide.

130. The screening -assay of claim 128 or 129, wherein the

unbound or bound fluorescent molecular rotor is selected

from the group consisting of:

NS peptide
H

ol

by
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131. A

screening assay for identifying a candidate

compound, comprising:

(a)

(b)

(4)

providing a candidate compound to be tested for-

binding affinity with protein;

providing a complex comprising a probe bound to

‘protein, wherein said probe comprises at least one

fluorescent molecular rotér bound to peptide;
testing the candidate compound for binding
affinity with said protein by contacting said
candidate compound with said complex; and
idéntifying a vrelevant candidate compound by
measuring the change in fluorescence emitted when
said complex is disrupted, wherein the fluorescent

molecular rotor(s) comprises:

a rotating o-bond;

an electron-donating moiety;

an electron-accepting moiety; and

a n-conjugated linker.
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132. The screening assay of claim 131, wherein a change
in fluorescence occurs when the probe is displaced from

the complex.

133. The screening assay of any one of claims 131 or 132,
wherein the probe ‘comprises peptide selected from the
groupv consisting of JP1: MPRFMDYWEGLSK and JP2:
MPR?MDYWEGLNK; and the protein is MDM2 protein.

134. The screening assay of any one of claims 131 to 133,
wherein the fluorescent molecular rotor, in its unbound

state, is selected from the group consisting of:
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135. A kit for carrying out a method of any one of claims
86 to 106 or the screening assay claims 128 to 134
comprising: -
5 ) (i)' fluorescent molecular rotor, DNA and protein;
(ii) fluorescent molecular rotor, peptide and MDM2
- protein; or |
(iid) fluoréscent molecular rotor, biotin and
streptavidin,, \
10 as defined in any one of claims 86 tb 106 or 128 to 134,

and a means to detect a change in fluorescence.

136. A chemical compound selected £from the group

consisting of:

{ii)
HQN*L’ . RI_ R
N s Bald
S ﬁ‘(w F_S:, ° K%“'{\ L/
C) "
| . R3
N “’x}} (iv)
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'whérein at least one of R1, R2 or R3 is. fxb/ ;

R1, R2, R3 and R4 are independently chosen from the group
consisting of: optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted

" heterocaryl, .= optionally substituted = cycloalkyl or

optionally substituted'heterocyclyl;

'R5 is a OH or a 1linking moiety selected from the group

consisting of a single bond; or optionally substituted
heteroalkyl, wherein the main chain atoms of said
optionally  substituted hetercalkyl are optionally
interrupted by dne or more optionally substituted cyclic
groups; and ‘ '

R6 -is absent or a ligand,

with the proviso that R5 is not OH in formula (v).

137. A chemical compound of claim 136, selected from the

group consisting of:

e 8
’%ﬁikﬁ\ ”wgﬁgf“/
e
\,\M %

PN
.
oy
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