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“COMPOUNDS AS DNA PROBES, METHODS AND
APPLICATIONS THEREOF”

TECHNICAL FIELD

The present disclosure relates to the field of pharmaceutical chemistry and biotechnology. In
particular, a compound of Formula 1 and a process of preparation thereof are disclosed. The
disclosure further relates to methods/use of Formula I compounds as DNA probes. Said
Formula I compounds are employed for recognizing specific DNA sequences by near Infra-
red (NIR)-Fluorescence Switch-on mechanism, and have related applications including but
not limited to cell imaging. Also, method of trealing parasitic infections by employing the

present compound of Formula 1 is provided.

BACKGROUND AND PRIOR ART OF THE DISCLOSURE

Sequence-speeific recognition is an gssential criterion to farget and control DNA functions
for gene-expression, bio-imaging, diagnostics, therapeutics and biotechuological applications.
Over the years, many probes have been developed to target DNA, but there is still a pressing
need for developing efficient new probes and therapeutic agents against gene-related
diseases. I is a daunting task indeed to design site-specific DNA binding molecules with high
affinity and selectivity. To achieve this goal, DNA binding probes ranging from small
molecules to large peptides of natural and synthetic origin have been developed. These
probes interact with DNA mainly through two binding modes, intercalation and groove
binding. Typically, small molecules binding to DNA through intercalation possess the site-
specificity of three base pairs that can differentiate only one out of 32 randomn sequences.
Factually, the human genome contains three billion base pairs and the small molecular probe
is posed with the astonishingly large number of one billion unique binding sites. To improve
the binding specificity of small molecular probes over longer DNA sequences, researchers

have shifted their attention towards groove-binding agents.

However, there are several disadvantages/limitations associated with the currently known
small molecules/probes which interact with DNA via intercalation and/or groove binding.
Some of them are, difficult synthesis processes, non-fluorescent nature limiting their potential

applications in biological systems. Further, in the category of {luorescent probes, the blue
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fluorescence DNA staining probes (DAPI and Hoechst) require excitation in the ultraviolet
(UV) region and the prolonged UV illumination is certain to damage cellular DNA.
Additionally, propidium iodide and related dyes are intercalators suffering from poor cell-
permeability and high toxicity, apart from inducing structural alterations in the target DNA

structare, which prohibits their use in biological applications.

The availability of myriad genome data warrants the need for developing efficient and highly
predictive molecular tools to probe its organization and functional aspects. Overall, it is clear
that sequence-specific targeting of DNA is crucial for studying sequence variation, stractural
organization and function in the cell nucleus. However, existing probes sufter from various
iimitations and there is a persistent need to develop probes with superior properties.
HEspecially, fluorescence DNA probes must satisfy the following properties: 1) excitation and
cmission in the longer wavelength region, i) switch-on fluorescence response, iii) high
sequence-specificity, iv) good quantum yield, v) non-toxicity to human cells, and vi} live-cell

permeability.
The present disclosure addresses the need by providing potent small molecule probes having
superior properties, the process for synthesis of said small molecules and related methods and

applications thereof.

BRIEF DESCRIPTION OF ACCOMPANYING FIGURES

In order thai the disclosure may be readily understood and put into practical effect, reference
will now be made to exemplary embodiments as illustrated with reference to the
accompanying figores. The figures together with a detailed description below, are
incorporated in and form part of the specification, and serve to further illustrate the
embodimenis and explain various principles and advantages, in accordance with the present

disclosure where:

Figure 1 depicts {a) Molecular structure of QCy-DT and activation of QCy-DT to form
‘NIR-ready’ tluorescence probe (Cy7 system); (b) The absorbance and emission spectra of
QCy-DT in buffer solution (Tris-HCIL 100 mM, pH = 7.4); (¢} DNA minor groove

recognition of QCy-DT through switch-on NIR-fluorescence response.
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Figure 2 depicts photophysical properties of QCy-DT. (a) Absorption spectra of QCy-DT (2
uh) with increasing conceniration of Drew-AT (0, 1, 2, 3 and 4 «M); (by Fluorescence
spectrum of QCy-DT (2 uM) in the presence of Drew-AT (4 uM). (¢) Fluorescence spectra of
Drew-AT (4 uM) with increasing concentration of QCy-DT (0 to 10 M), fnser: Shows the
plot of fluorescence intensity as a function of the concentration of QCy-DT. (d) Fluorescence
titration curve of QCy-DT with increasing concentration of Drew-AT (0 to 5 uM). faser: Job

plot of QCy-DT with Drew-AT, which show 1:1 binding stoichiometry.

Figare 3 depicts base pair-dependent recognition of AT-rich DNA by QCy-DT.

Figure 4 depicts circular dichroism {CD) specira of QCy-DT in the presence of AT-rich
DNA duplexes and view of minor groove binding mode of QCy-DT. (a) & (b} CD spectra of
(A-T) (4 pM) and Drew-AT (4 uM) with increasing concentration of QCy-DT from 0 to 16
uM respectively. {c¢} Geometry optimized structure of the AT-rich DNA complexed with

QCy-DT in the minor groove.

Figure 5 depicts sequence-specific recognition of AT-rich DNA minor groove by QCy-DT.
{a) Table comprises the DNA sequences used in this study and DNA-sequence represents the
following sequence of 5°-GCGC-Bn-GCGC-3’, where B is nucleobase with n =4, 6 is AT-
rich central core. (b) Plot of fluorescence inteusity of QCy-DT ratio against the variable
(A/T)y sequence. {(c) Plot of fluorescence intensity ratio of QCy-DIT against local variations

around 5°-X{AATTYY-3’ sequences,

Figure 6 depicts cellular uptake properties of QCy-DT in live MCF-7 and fixed Hela cells.
{a-d) Fluorescence microscope images of live MCF-7 cells incubated with QCy-DT. a: QCy-
DT (0.5 uM), b: Hoechst (8.5 M), ¢ overlay image of a and b, d: differential interference
contrast (DIC, bright field image) with overlay of a and b. {e-h) Confocal microscope images
of fixed HcLa cells incubated with QCy-DT. e QCy-DT (0.5 uM), f: Hoechst (6.5 uM), g

overlay of ¢ and f. Images are collected from 600-800 nm upon excitation at 520 nm.

Figure 7 depicts the uptake of QCy-DT in live Plasmodium falciparum parasites. (a-d)

Fluorescence ruicroscope images of blood stages of Plasmodium falciparum incubated with

357
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QCy-DT. a: QCy-DT (0.5 uM), b: DAPL ¢: Overlay of images of a and b, d: differential
interference contrast (DIC, bright field image) with overlay of a and b, Floorescence images
are collected from 600-720 nm upon excitation at 520 nim. (¢} ICsp determination of QCy-DT
in malaria parasites. A concentration range of 0, 0.5, 1, 2 and 4 uM of QCy-DT is used. The
graphs are plotted for the percentage of parasitemia [at the beginning of the experiment, O h
(~20 h; carly trophozotic stage parasites) and following 40 h of incubation with QCy-DT
when the control parasites have entered the next cycle of invasion] against QCy-DT

concentration, with mean and standard error.

Figure 8 depicts the plot of fluorescence intensity of QCy-DT at 680 nm as function of

sofution pH upon excitation at 530 num.

Figure 9 depicts the absorption spectra of QCy-DT. (a) Absorption spectra of QCy-DT with
increasing concentration from 0 to 8uM in Tris-HCI bufter solution (100 mM, pH = 7.4). (b)

Plot of absorption intensity at 530 nm against the concentration of QCy-DT.

Figure 10 depicts optical transitions of QCy-D¥T. (a) Molecular orbitals involved in the 81
and S2 clectronic transitions for QCy-DT in water. (b) Computed absorption spectra for QCy-

DT in water.

Figure 11 depicts absorption spectra of QCy-DT in presence of varions DNA duplexes. (a)
Absorption spectra of QCy-DT (2 uM) with increasing concentration of (A-T)yo from 0 to 4
uM. (b-d) arc absorption spectra of QCy-DT (2 pM) in presence of (G-Clyg , (D1} and
A(ATAT)s (4 uM) respectively, in Tris-HCI buffer solution.

Figure 12 depicts {(a) Flnorescence spectra of QCy-DT (2 uM) in presence of DNA duplex (4
uM) in Tris-HCI buffer solution; (b) Fluorescence spectra of QCy-DT (2 uM) in presence of

RNA (4 uM) in Tris-HCl buffer solution,

Figure 13 depicts fluorescence spectra of QCy-DT (2 uM) with increasing glycerol content

from € to 100 % in Tris-HCI buffer solution.
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Figure 14 depicts fluorescence spectra of {(A-T)yy with increasing concentration of QCy-DT
from 0 to § uM. Inset: Plot of fluorescence inteusity at 650 wmn as function of QCy-DT

concentration.

Figure 15 depicts fluorescence spectra of QCy-DT (2 uM) with increasing concentration of

DNA duplexes {A-Tho, (31 )mix and d(ATAT)s from 0 to 2 uM in buffer solation.

Figure 16 depicts Fluorescence titration curves of QCy-DT (2 uM) in presence of DNA

duplexes (A-Thy, Drew-AT and (D1),,;, in buffer solution.

Figure 17 depicts snapshots of optimization process of 5'“AAATTT-3/QCy-DT complex.

Figure 18 depicts Fluorescence spectra of QCy-DT (2 uM) in presence of AT-rich
sequences. {(a} Fluorescence spectra of QCy-DT (2 uM) in presence of DM, DM2, DM3 and
DM4 duplexes (each 4 uM). (b} Fluorescence spectra of QCy-DT (2 uM) in presence of
DMS, DM6, DM7 and Drew-AT (each 4 uM} duplexes in Tris-HCIH buffer solution.

Figure 19 depicts relevant molecular orbitals involved in optical transitions of 5-AAATTT-

37QCy-DT complex.

Figure 20 depicts relevant molecunlar orbitals involved in optical transitions of 5" TAATTA-

3/QCy-DT complex.

Figure 21 depicts Cellular uptake propertics of QCy-DT in live MCF-7 and fixed Hela cclis,
{a-d) Fluorescence microscope images of live MCF-7 cells incubated with QCy-DT. a: QCy-
DT (1 pM), b: Hoechst (1 uM), ¢ overlay image of a and b, d: differential mterference
contrast (DIC, bright field image) with overlay of a and b. (e-h) Confocal microscope images
of fixed Hela cells incubated with QCy-DT. e: QCy-DT (1 uM), £ Hoechst (I uM), g
overlay of e and f. Arrows indicates the black nucleoli, which is characteristic feature of
specific DNA minor groove binders. Images are collected from 600-720 nm upon excitation

at 520 nm.
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Figure 22 depicts (a) Cell viability of MCF-7 cells in presence of QCy-DT in dose dependent
manoer by taking 2 uM, 4 pM and & uM of probe QCy-DT. Mean=SEM. (b) Photostability
of QCy-DT (2 uM) in MCF-7 cells by continuous scanning using OLYMPUS FV1000
confocal microscope, under 568 nm line of an argon ion laser for different time durations, 10
sec, 120 sec and 300 sec respectively. Representative images are shown with graph for mean

intensity at different time points with standard error.

Figure 23 depicts 'H NMR spectrum of QUy-DT.

Figure 24 depicts °C NMR spectrum of QCy-DT.

STATEMENT OF THE DISCLOSURE

The present disclosure relates to a compound of Formwula I

Formula |

wherein, ‘X’ is selected from a group comprising oxygen, sulphur, and selenium;
‘Ry” is hydrogen;

‘Rp" is selected from a group comprising H, OH, halogen, alkyl and
substituted alkyl, and wherein, the halogen is selected from a group

comprising bromide, chloride and iodide;

‘R3” and ‘R4’ is independently selected from a group comprising H, alkyl, aryl,
nitrile, acid and halogen, and whercin the halogen is selected from a group

comprising, chloride, fluoride, bromide and icdide;
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‘Rs", ‘Re’, ‘Ry” and ‘Rg’ are independently selected from a group comprising

H, OH, alkyl, aryl, halogen, nitro, sulfonates (SO;7) and nitrile;
‘Ro’ i3 selected from a group comprising H and -{CH,),- wherein ‘n’ i3 1-6;

‘Ryo” is selected from a group comprising hydrogen, -OH, methyl, amine,

5 terminal alkyne, alkene, alkyl acid, amine acid and sulfonates (SO;7);
or its derivative, tautomer, isomer, polymorph, solvate or intermediate thereof
a compound of Formula | according to claim 1 selected from
//i‘\ /GH
B
S \‘\\Q/‘k‘j} \/\Y/S
7NN N N
! -t QCy-DT D~ Y
\ & ADON S
10
15 R, Ry, Ry = any alky aryl or heterocyelic substituents or cyclic strucutre

7187
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OH
3 RSN - S
> »
O+
3 Ty s 8
<\/!N+ \ \/7
‘*H ,N'ﬁ-_.
H ,and

5 aprocess for preparation of a compound of Fornwula &t
R: Ry

Formula

wherein, ‘X’ is selected from a group comprising oxygen, sulphor, and seleniur;
< k- P " B
Ry’ is hydrogen;

10 ‘Rp” is selected from a group cowmprising H, OH, halogen, alkyl and
substituted alkyl, and wherein, the halogen is selected from a group

comprising bromide, chloride and iodide;

‘R3” or ‘R4’ is selected from a group comprising H, alkyl, aryl, niirile, acid and
halogen, and wherein the halogen is selected from a group comprising,

15 chloride, fluoride, bromide and iodide;

‘Rs’, ‘Rg’, ‘Ry” or ‘Rg’ is selected from a group comprising H, OH, alkyl, aryl,
halogen, nitro, sulfonates (SO37) and nitrile group;

8/57
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‘Ry’ is selected from a group comprising H and -(CH,),- wherein ‘0’ is 1-6;

‘Rie” is selected from a group comprising hydrogen, -OH, methyl, amine, terminal
alkyne, alkene, alkyl acid, amine acid and sulfonates (SO37); or any derivative,

tautomeric form, isomer, polymorph, solvate and intermediates thereof;

5 said process comprising:
a. reacting compound of Formula I with compound of Formula III to obtain
compound of Formula IV
Hg
R; fee
A W)e
& Ny ¥
R,
’
Hy g Rig
Formula IV
10 wherein,
‘R4 is selected from a group comprising H, alkyl, aryl, niirile, acid and
halogen, and wherein the halogen is selected from a group comprising,
chloride, fluoride, bromide and iodide;
‘Rs”, ‘Re™, ‘Ry” or ‘Rg’ is selected from a group comprising H, OH, alkyl, aryl,
15 halogen, nitro, sulfonates (8C37) and nitrile group;
‘Ry’ is selected from a group comprising H and -(CHy)u~ wherein ‘1’ is 1-6;
and
‘Rio” is selected from a group comprising hydrogen, -OH, methyl, amine,
terminal alkyne, alkene, alkyl acid, amine acid and sulfonates (SO37);
20 “Y? is either Bror I,
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.
R N
Rs
5 Formula I

wherein,

‘R4" is selected from a group comprising H, alkyl, aryl, niirile, acid and
halogen, and wherein the halogen is selected from a group comprising,

chloride, fluoride, bromide and iodide; and

i0 ‘Rs’, ‘Re’, ‘Ry” or ‘Ry’ is selected from a group comprising H, OH, alkyl, aryl,

halogen, nitro, sulfonates (8O3} and nitrile group;

.
Rig-g7

¥=Brorl

15 Formula 11
wherein,
‘Ro’ is selected from a group comprising H and -(CHy ).~ wherein ‘n’ is 1-6;

‘Rig’ 1s selected from a group comprising hydrogen, -OH, methyl, amine,

terminal alkyne, alkene, alkyl acid, amine acid and sulfonates {(SO;7);

20 and,

h. reacting the compound of Formula IV with corupound of Formula V in presence of

piperidine and alcohol,

16/57
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Ry Ry
SR
o I 1 o

A

[ %]

S

5 Formula V
wherein,
‘Ry’ is hydrogen;
‘Ry" is selected from a group comprising H, OH, halogen, alkyl and
substituted alkyl, and wherein, the halogen 15 selected from a
10

- group
comprising bromide, chloride and iodide; and

‘Ry’is selected from a group comprising H, alkyl, aryl, nitrile, acid and halogen, and
wherein the halogen is selected from a group comprising, chloride, fluoride, bromide and
iodide;

a pharmaceutical composition comprising a compound of Formula {:
15

Formula I

any derivative, tautoraeric form, isomer, polymorph, solvate and intermediates
thereof)

wherein, ‘X’ is selected from a group comprising oxygen, sulphur, and selenium;

‘R;" is hydrogen;

11/57
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‘Ry" is selected from a group comprising H, OH, halopgen, alkyl and
substituted alkyl, and wherein, the halogen is selected from a group

comprising bromide, chloride and iodide;

‘R3” or ‘Ry” is selected from a group comprising H, alkyl, aryl, nitrile, acid and
halogen, and whercin the halogen is selected from a group comprising,

chioride, fluoride, bromide and iodide;

‘Rs’”, ‘Rs’, ‘Ry” or ‘Rg’ is selected from a group comprising H, OH, alkyl, aryl,

halogen, nitro, sulfonates (8037) and nitrile group;
‘Ry’ i3 selected from a group comprising H and ~(CHa),- wherein ‘n’ is 1-6;

‘Rio” is selected from a group comprising hydrogen, -OH, methyl, amine,

terminal alkyne, alkene, abkyl acid, amine acid and sulfonates (8057);
optionally along with at least one pharmaceutically acceptable excipient;

a method of detection or quantification of DNA sequence, said method comprising:
a. contacting the probe of compound of Formula 1 or its derivative, tautomer, isomer,
polymorph, solvate or intermediates thereof, or the composition comprising
cornpound of formula I with a DNA or peptide sequence so as to allow for

hybridization of the probe with the DNA or peptide sequence; and

b. delecting or quantifying the binding intensity by measuring the change in
fluorescence of the probe resulting from the specific interaction or binding of the
probe to DNA or peptide sequence, upon hybridization of the probe to DNA or

peptide sequence;

a method of inhibiting growth of a cell, said method comprising contacting the compound of
Formoula 1 or its derivative, tautomer, isomer, polymorph, solvate or intermoediates thereof, or

the composition comprising compound of formula | with the cell;
a method of managing or treating a disease or an infection in a subject, said method
comprising step of administering the compound of Formula 1 as claimed in claim 1 or any

derivative, tautomer, isomer, polymorph, sclvate or its intermediates thereof, or the

12/57
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composition comprising compound of fornmula I in said subject to manage and treat the

disease or the infection;

use of the compound of Formula I or any derivative, tautomeric form, isomer, polymorph,
solvate and intermediates thereof, or the composition comprising compound of formula § for
detecting or quantifying the presence of specific DNA or peptide sequence, in particular AT-
rich DNA sequence, inhibiting growth of cells or a combination thereof, and for in-vitro and

in-vive cell imaging;

use of compound of Formula 1 as claimed in claim 1 or any derivative, tautomer, isomer,
polyrorph, solvate or its intermediates thereof, or the composttion comprising compound of
formmula 1 in the manufacture of a medicament for treatiment of parasitic infection or in the

manufacture of stimuli responsive probes; and

a method of diagnosing disease characterized by presence of specific DNA or peptide
sequence or abnormal fevels of AT rich DNA, the method comprising:

a. contacting the probe of compound of Formula 1 with a biological sample
comprising DNA or peptide sequence to allow for hybridization of the probe with
the DNA or peptide sequence or antibodies;

b.  removing the unhybridized probe from the mixture; and

¢. detecting or quantifying the presence of specific DNA or peptide sequence, by
measuring the change in fluorescence of the probe resulting from the specific
interaction or binding of the probe to DNA, upon hybridization of the probe to

DNNA to diagnose the disease.

DETARED DESCRIPTION OF THE DISCLOSURE

The present disclosure relates to a compound of Formula I synthesis and

methods/applications thereof.

13/57
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Formula I

wherein, ‘X is selected from a group comprising oxygen, sulphur, and selentum;
5 ‘Ri” is hydrogen;

‘Ry’ is selected from a group comprising H, OH, halogen, alkyl and
substituted alkyl, and wherein, the halogen is selected from a group
comprising bromide, chloride and iodide;
‘R3” or ‘Ry” is selected from a group comprising H, alkyl, aryl, niirile, acid and

10 halogen, and wherein the halogen is selected from a group comprising,
chloride, flooride, bromide and iodide;
‘Rs”, ‘R, ‘Ry” or “Ry’ is selected from a group comprising H, OH, alkyl, aryl,
halogen, nitro, sulfonates (8037} and nitrile group;
‘Ro’ is selected from a group comprising H and -{CHy),- wherein ‘n’ is 1-6;

i5 ‘Rio” is sclected from a group comprising hydrogen, -OH, methyl, amine,

terminal aikyne, alkene, alkyl acid, amine acid and sulfonates {(SO37).

In an erbodiment of the preseni disclosure, tautomers, isomers, analogs, derivatives and salts
of Formula I compounds are also provided.
20

In an exemplary embodiment of the present disclosure, the Formula I compound is quinone

| N OH
,S\,@Q/L\.;Lf S

/ H i FA

cyanine-dithiazole (QCy-DT).

/

In another embodiment, of the present disclosure, compound of Formula 1 is selected from

14/57
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in an embodiment of the present disclosure, compound of Formula 1, particularly, QCy-DT is
a bent-shaped molecular probe, a D2A {one-donor-two-acceptor) n-electron system which
undergoes internal charge transfer to convert itself into a switch-on NIR-fluorophore upon
binding to DNA (Figure 1). The bent shaped QCy-DT obeys isohelicity and recognizes the
minor groove of duplex DNA with switch-on near Infra-red (NIR)-fluorescence response.
Remarkably, fluorescence and circular dichroisim (CD) studies reveal that QCy-DT binding to
AT-rich DNA wminor groove results in switch-on NIR-emission in a sequence-specific
manner, especially with a 5-4AATTT-3" sequence. Most of the desirable properties such as
large Stokes shift, switch-on fluorescence (non-aggregated and non-fluorescent in anbound-
state but emit NIR-fluorescence in DNA bound-state), and sequence-specific binding of QCy-
DT in buffer solution demonsirate its superiority as a DNA probe. The live cell imaging
studies confirm low-toxicity, high cell permeability, effective nuclear DNA staining and
photostability by QCy-DT at low concentration (<1 pM, preferably about 0.5 uM to 1 uM)
without the need of RNase treatment. Uptake of QCy-DT by Plasmodivm nucleus at a very
iow concentration of 500 aM (preferably about 0.5 pM to 1 pM) and a low (< 4 uM,
preferably about 3 pM to 4 uM) inhibitory concentration {(ICso) against malarial parasites
proves that Formula compounds have therapeutic applications, particularly in f{reating

parasitic infections.

Thus, the present disclosure provides sequence-specific recognition of DNA minor groove by

switch-on NIR-fluorescence probes of Formula 1. Formula { compounds display high

probe for nuclear DNA staining of live and fixed mammalian cells, among other molecular,

cell biology and medical applications including treatruent of infections.

The present disclosure also relates to a process for preparation of compound of Formula 1

Ry Ry

X Rs
7\ r
Rio gy Ry

Formulal
16/57
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wherein, ‘X’ is selected from a group comprising oxygen, sulphur, and selenium;
‘Ry’ is hydrogen;

‘Ry” is sclected from a group comprising H, OH, halogen, alkyl and

substituted alkyl, and wherein, the halogen is selected from a group

5 comprising bromide, chloride and iodide;
R3” or ‘R4’ is selected from a group comprising H, alkyl, aryl, nitrile, acid and
halogen, and wherein the halogen is selected from a group comprising,
chloride, fluoride, bromide and iodide;
‘Rs™, ‘Ry", ‘Ry7 or ‘R’ is selected from a group comprising H, OH, alkyl, aryl,
10 halogen, nitro, sulfonates (8037) and nitrile group;
‘Ro’ 1s selected from a group comprising H and ~(CHo),- wherein ‘n’ is 1-6;
‘Rig’ is selected from a group comprising hydrogen, -OH, methyl, amine, terminal
alkyne, alkene, alkyl acid, amine acid and sulfonates (SO;7); or any derivative,
tautomeric form, isomer, polymorph, solvate and intermediates thercof;
5 said process comprising:
b. reacting compound of Formula I with compound of Formula HI to obtain
compound of Formula IV
)
s ‘
: X \,f]'/ =
.Y
= /4 \ N
_/ ®R,
', o
Ry Ry T
Formula IV
20 wherein,

‘R4 is selected from a group comprising H, alkyl, aryl, nitrile, acid and
halogen, and wherein the halogen is selected from a group comprising,

chioride, fluoride, bromide and indide;

17/57
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‘Rs™, ‘Ry", ‘Ry” or ‘R’ is selected trom a group comprising H, OH, alkyl, aryl,

halogen, nitro, sulfonates (SO37) and nitrile group;

‘R 18 selected from a group comprising H and -(CHy),- wherein ‘1 is 1-6;

and

Ry’ is selected from a group comprising hydrogen, -OH, methyl, amine,

terminal alkyne, alkene, alkyl acid, amine acid and suifonates (SO57);

‘Y’ is either Bror I

Forowla 11
wherein,

‘Ry” 18 selected from a group comprising H, alkyl, aryl, nitrile, acid and
halogen, and wherein the halogen is selected from a group comprising,

chloride, fluoride, bromide and iodide; and

‘Rs’, ‘R¢’, ‘Ry” or ‘Rg’ is selected from a group comprising H, OH, alkyl, aryl,

halogen, nitro, sulfonates (8037) and nitrile group;

¥

Rig-n
18R

¥Y=8Brori

Formula 11
wherein,
‘Ro’ is selected from a group comprising H and -(CH,),- wherein ‘n’ is 1-6;

‘Rio” 18 sclected from a group comprising hydrogen, -OH, methyl, amine,
terminal alkyne, alkene, alkyl acid, amine acid and suifonates (SO:7);

18/57
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and,

b. reacting the compound of Formula IV with compound of Formula V in presence of

piperidine and alcohol,

R Ry
I
5 SPAL
Q | 53
Ra Ha
Formula V
wherein,
10 ‘R;’ is hydrogen;
‘R is sclected from a group comprising H, OH, halogen, alkyl and
substituted alkyl, and wherein, the halogen is selected from a group
comprising bromide, chloride and iodide; and
‘Rs3’is selected from a group comprising H, alkyl, arvl, nitrile, acid and
15 halogen, and wherein the halogen is selected from a group comprising,
chloride, fluoride, bromide and iodide.
Thus, the Formula | compounds are synthesized by reacting N-alkylated benzothiazole
derivatives with 4-hydroxyisophthalaldehyde derivatives in presence of piperidine, Said
synthesis of Fornmla I compound is showr in Scheme 1 below.
20

19/57
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Scheme 1: Scheme for the synthesis of compounds of formula !

% Rs
h . = Rs A
Ren 7 X Fa . Taluene L ?
W + Rypen” Re—( BN
Rs N TR Reflux — {B%\‘
Ha ¥ =8r ork R: Ry R
o Ry R
Hpo Ry ~
&

R SN =9 Fiperi{ﬁiz‘ée . | .
R » p : Ethanol 8] P NRe
Re X \,/L\\T i /}\, X Rg Reflux
|
Rz N4 . 2

wherein, ‘X’ is selected from a group comprising oxygen, sulphur, and selenium;

5 ‘R,y” is hydrogen;
‘Rp” is selected from a group comprising H, OH, halogen, alkyl and
substituted alkyl, and wherein, the halogen is selected from a group
comprising bromide, chloride and iodide;
‘R3” or ‘R4’ is selected from a group comprising H, alkyl, aryl, nitrile, acid and

10 halogen, and wherein the halogen is selected from a group comprising,
chloride, fluoride, bromide and iodide;
‘Rs’, ‘Rg’, ‘Ry” or ‘Rg’ is selected from a group comprising H, OH, alkyl, aryl,
halogen, nitro, sulfonates (8057) and nitrile group;
‘Ry’ is selected from a group comprising H and -(CHs),- wherein ‘n” is 1-6;

i5 ‘Rio” is selected from a group comprising hydrogen, -OH, methyl, amine,

terminal alkyne, alkene, alkyl acid, amine acid and sulfonates (SO3).

in a specific embodiment of the present disclosure, the compound of Formula { is quinone
cyanine—dithiazole, QCy-DT, and the quinone cyanine—dithiazole, QCy-DT is prepared by:
20 a. reacting Z-methyl benzothiazole with methyl iodide to obtain N-methyl-2-
methylbenzothiazole; and
b. reacting the N-methyl-2-methylbenzothiazole with 4-

hydroxyisophthalaldehyde in presence of piperidine

20/57
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Thus, the Formmula I compound - QCy-D7T is prepared by taking a stirred solution of 2-methyl
benzothiazole in dichloromethane, and adding methyl iodide dropwise followed by allowing
the reaction to complete which results in a white colored precipitate. The precipitate is
filtered and washed to remove the unreacted benzothiazole. To the obtained product (N-
methyi-2-methylbenzothiazole) [1] in ethanol, piperidine is added and the solution is allowed
to incubate. 4-hydroxyisophthalaldehyde {2] in cthanol is added and the reaction mixture is
stirred. After completion of the reaction, the solvent is evaporated and the crude product is
purified to obtain the QCy-DT. In an embodiment, scheme 2 depicting the synthesis of QCy-

DT is provided below:

Scheme 2: Scheme for the synthesis of QCy-DT

S Rethyt iodide
— @f/—
M DCH, Reflux

Piperidine \/@DH
EtOH, ReBux | @ o G

The processes as described above, wherein said process is carried out at a temperature
ranging from about 30°C to 80°C, and for a time period ranging from about 2 hours to 24

hours.

The process as described above, wherein the steps a) and b) further comprise isclation,
purification or a combination thereof of the corresponding product; wherein said isolation and
purification is carried out by acts sclected from a group comprising addition of solvent,
washing with solvent, guenching, fillration, extraction, chromatography and combinatiouns

thereof.

The present disclosure also relates to pharmaceuntical compositions or formulations
comprising one or more compound of Formula 1, optionally along with pharmaceutically
acceptable excipients. In an embodiment, the pharmaceutically acceptable excipient is
selected from a group comprising adjuvant, diluent, carrier, granulating agents, binding

agents, lubricating agents, disintegrating agent, sweetening agents, glidant, anti-adherent,
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anti-static agent, surfactant, anti-oxidant, gum, coating agent, coloring agent, flavouring
agent, coaling agent, plasticizer, preservative, suspending agent, emulsifying agent, plant
cellulosic material, spheronization agent, other couventionally known pharmaceutically
acceptable excipient or any combination of excipients thereof. In another embodiment, the
pharmaceutical composition of the present disclosure is administered to a subject through
modes sclected from a group comprising iniravenous administration, intramuscular
administration, intraperitoneal administration, hepatoportal administration, intra articular

administration and pancreatic duodenal artery administration, or any combination thereof.

in an embodiment of the present disclosure, pharmaceutical composition comprises

compound selected from

OH
S\T&\\M = g
H‘E IE“‘I- \! H1
\CH {‘Nd-_:
Rg 3 H;;C H2
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R, Ry, Ry =any alky aryl or heterocyclic substituents or cyclic stracutre

, o

5
optionally along with said pharmaceutically acceptable excipients.
The present disclosure further provides a method of detection or gquantification of DNA
sequence, said method comprising:

10 a. contacting the probe of compound of Fornula 1 or its derivative, tautomer, isomer,
polymorph, solvate or intermediates thereof, or the composition comprising
compound of formula 1 with a DNA or peptide sequence so as to allow for
hybridization of the probe with the DNA or peptide sequence; and

b. delecting or quantifying the binding intensity by measuring the change in

15 fluorescence of the probe resulting from the specific interaction or binding of the
probe to DNA or peptide sequence, upon hybridization of the probe to DNA or
peptide sequence.

In an embodiment of the present disclosure, the IDNA sequence is AT rich sequence.

20
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in another embodiment of the present disclosure, the specific interaction or binding is in the
minor groove of DNA, and wherein the compound delocalizes pi electrons between donor

acceptor atoms on binding to the DNA minor groove.

In vet another embodiment of the present disclosure, the specific interaction or binding is by

base pairing, covalent or non-covalent interaction, resulting in the fluorcscence.

In still another embodiment of the present disclosure, the method is for detecting the presence
of specific sequences, in particolar AT rich sequences in a eukarvotic cell selected from a
group comprising cancerous cells, cells infected with microorganisms, unicellular protozean,

parasite and other abuvormal cells.

The present disclosure forther provides a method for inhibiting growth of a cell, said method
comprising contacting the compound of Formula 1 or its derivative, taulomer, isomer,
polymorph, solvate or intermediates thereof, or the composition comprising compound of
formula I with the cell. In an embodiment of the present disclosure, the cell is an eukaryotic
cell selected from a group comprising cancerous cells, cells infected with microorganisms,
parasite or unicellnlar protozoan and other abmormal cells, and wherein the parasite i3

Plasmodium.

The present disclosure farther provides a method of identifying DNA containing AT base
pairs, said method comprising contacting the compound of Formula I with a2 DNA sequence

having or suspected of having AT-rich bases.

As used in the present disclosure, the phrase “AT-rich DNA” is a DNA which consists more
perceniage of AT-base pairs than GC-base pairs, In exemplary embodiments of the present
disclosure, AT-rich DNA inclades but is not limited to AT-rich region of nuclear DNA such
as but not limited to DNA Minor Groove of the double-strand (ds) DNA. In another
exemplary embodiment, any DNA with AT base pairs can be detected by employing the

compound of Formula L

In an cxemplary cmbodiment of the present disclosure, the AT-rich DNA scquence is DNA
Minor Groove of double-strand (ds) DNA. In another embodiment, the compound of Formula

I recognizes the DNA Minor Groove by NiR-Fluorescence Switch-On mechanism. In vet
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another embodiment, the compound of Formula { identifies AT-rich DNA sequence by NIR-

Fluorescence Switch-On mechanism.

In still another embodiment, the compound of Formula 1 is non-aggregated and non-
fluorescent in unbound-state but emits NIR-fluorescence in BNA bound-state, thus resulting

in the identification of AT-rich DNA sequence,

The present disclosure also provides a method of staining of cells, said method comprising
contacting the compound of Formula I with a cell. In an embodiment, contacting compound
of Formula 1 results in selective staining of nuclear DNA in live or fixed cells. In another
embodiment, the compound of Formula I recognizes and binds to the AT-rich regions of the
nuclear DNA, particularly the DNA Minor Groove by NIR-Fluorescence Switch-On
mechanism, In yet another embodiment, compound of Formula 1 is non-aggregated and non-
fluorescent in unbound-state but emits NIR-fluorescence in BDNA bound-state, thus resulting

in the staining of DNA.

In some embodiments of the present disclosure, a method of staining unicellular cukaryotic
organism is provided wherein said method comprises contacting the compound of Formula |
with the organism. In a preferred embodiment, the uniceliular eukaryotic organism is a
protozoan, preferably, a parasite. In an exemplary embodiment, the parasite is Plasmodium
species selected from a group comprising but not limiling to Plasmodium jalciparum,
Plasmodium vivax, Plasmodium ovale and Plasmodium Malariae. In another embodiment,
the compound of Formula | binds to AT-rich regions of the nuclear DNA of Plasmodium

species, resulting in the staining of Plasmodium species.

The present disclosure provides a method of inhibiting the growth of a parasite or any
microorganism rich in AT-rich DNA sequence, said method comprising contacting the
compound of Formula I with the said parasite or the microorganism, In a specific
embodiment, the parasite is Plasmodium species selected {rom a group comprising but not
limiting to Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, and Plasmodium
Malariae. In another specific embodiment, the microorganisio rich in AT content is lethal or
harmful to mammal, including but not limiting to human being. In an embodiment, the

compound of Formula I inhibits the growth of the parasite or the microorganism by targeting
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nuclear DNA. In another embodiment, uptake of Formula I compound in the nucleus of the
parasite or the microorganism abrogales the process of DNA replication resulting in the
growth inhibition. In yet another embodiment, the compound of Formula I binds to AT-rich
regions of the genome of the parasite or the microorganism resulting in the abrogation of
DNA metabolism and subsequent growth inhibition. In an embodiment, the inhibitory

concentration (ICsp) of the compound of Formula | ranges from about 3 uM to 4 pM.

The present disclosure further provides a method for managing or treating a disease or
infection 1o a subject, said method comprising step of administering the compound of
Formula | as claimed in claim 1 or any derivative, tautomer, isomer, polymorph, solvate or its
intermediates thereof, or the composition comprising compound of formula I in said subject
to manage and treat the disease or the infection. In an embodiment, the subject is mammal,
preferably human. In another embodiment, the infection is parasitic infection, preferably
malaria. ln vet another embodiment, the disease is caused due to the presence of cells
comprising AT rich DNA, wherein the cell is an eukaryotic cell selected from a group
comprising cancerous cells, cells infected with parasite or uniceltular protozoan and other
abnormal cells. In still another embodiment, the parasitic infection is caused by a parasite
selected from a group comprising Plasmodium folciparum, F. Vivex, P. Malarie and P.

Ovale, or any combination thereof.

In an exemplary embodiment, the compound of Formula 1 is employed for managing or
ireating disease caused by a wmicroorganism contaiving AT-rich DNA. In another
embodiment, the compound of Formula 1 is administered to the subject at a concentration

ranging from about 0.5 to 1.0 pM.

As used herein, “management” or “managing” refers to preventing a disease or disorder from
occurring in a subject, decreasing the risk of death due to a disease or disorder, delaying the
onset of a discase or disorder, inhibiting the progression of a discase or disorder, partial or
complete cure of a disease or disorder and/or adverse effect attributable to the said disease or
disorder, obtaining a desired pharmacologic and/or physiologic effect (the effect may be
prophylactic in terms of completely or partially preventing a disorder or disease or condition,
or a symptom thereof and/or may be therapeutic in terms of a partial or complete cure for a

disease or disorder and/or adverse effect atiributable to the disease or disorder), relieving a
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disease or disorder (i.e. causing regression of the disease or disorder). Further, the present
disclosure envisages managing/treating said disease/disorder/infection by administering
therapeutically effective dosage of Formula I compound(s) or composition/formulation

thereof of the invention.

The present disclosure also relates to the use of Formula I compounds for in-vifro and in-vive
identification of AT-rich DNA, cell imaging/cell staining, use in inhibiting growth of

parasites and use in the treatment of parasitic infections/disease/disorder.

The present disclosure also relates to the use of compound of Formula I or any derivative,
tautomeric form, isomer, polyrorph, solvaie and intermuediates thereof, or the composition
comprising compound of formula I for detecting or quantifying the presence of specitic DNA
or peptide sequence, in particular AT-rich DNA sequence, inhibiting growth of cells or a

combination thereof, and for in-vitre and in-vive cell imaging.

The present disclosure also relates to the use of compound of Formula 1 as claimed in claim |
or any derivative, tautomer, isomer, polymorph, solvate or its intermediates thereof, or the
composition comprising compound of formula 1 in the manufacture of a medicament for

ireatment of parasitic infection or in the manufactare of stimuli responsive probes,

The present disclosure also relates to the use of compound of Formula I as claimed in claim 1
or any derivative, tautomer, isomer, polymorph, solvate or its intermediates thereof, or the
composition comprising compound of fornmla I in the manufactare of stimuli responsive

probes,

The present disclosure also relates to a method of diagnosing disease characterized by
presence of specific DNA or peptide sequence or abnormal levels of AT rich DNA, the
method comprising:
a. contacting the probe of compound of Formula I with 3 biological sample
comprising DNA or peptide sequence to allow for hybridization of the probe with
the DNA or peptide sequence or antibodics;

b. removing the unhybridized probe from the mixture; and
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c. detecting or guantifving the presence of specific DNA or peptide sequence, by
measuring the change in fluorescence of the probe resulting from the specific
interaction or binding of the probe to DNA, upon hybridization of the probe to

DNA to diagnose the disease.

Additional embodiments and features of the present disclosure will be apparent to one of
ordinary skill in art based upon description provided herein. However, the examples and the

figares should not be construed to Himit the scope of the present disclosure.

EXAMPLES
MATERIAL AND METHODS

All the chemicals, reagents, single-stranded oligos (dAze, dTag, dGre, dCr), seif-
complementary oligos {dATAT)s, (D, Drew-AT, Calt-Thymus DNA (CT-DNA),
(DM1, DM2, DM3, DM4, DMS5, DMé and DM7}:, RNA, were purchased from Sigma-
Aldrich. "H and PC NMR spectra were recorded on a Bruker AV-400 MHz spectrometer
with chemical shitis reported as parts per million (ppm) (in DMSO-d6, tetramethylsilane as
an internal standard) at 20 °C. UV-vis absorption and emission spectra were measured in
guartz cuvettes of 1 cm path length. High resolution mass spectra (HRMS) were obtained on
Agilent Technologies 6538 UHD Accurate-Mass Q-TOF LC/MS  spectrometer, Al
biophysical studies (UV-vis, flnorescence and Cirular dichroism) are carried out at the
concentration 0-5 pM of probe, volume = 500 pl, temperature = 25 °C and time of
incubation = 2 minutes, Hela cells and MCF7 cells used in the biological studies are
obtained from “Molecular reproduction, development and genetics lab, Indian institute of

science, Bangalore, India”

Example 1
Synthesis of QCy-DT

To a stirred solution of Z-methyl benzothiazole (7.0 mmol) in dichloromethane (10 ml),
methyl iodide (14.0 mmol) is added dropwise and allowed to reflux overnight. Completion of
the reaction is monitored by thin layer chromatography (TLC). After completion of the
reaction, a white colored precipitate is formed. The precipitate is filtered and washed with

copious amount of diethyl ether for removing the unreacted benzothiazole. The obtained
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product (N-methyl-2-methylbenzothiazole) (1) is dried under vacuum and used for the next

reaction without further purification.

Piperidine (8 uL) is added to a stirred solution of N-methyl-2-methylbenzothiazole (1} (0.1 g,
(.34 mmol} in ethanol (8 mL}. After about 10 min, 4-hydroxyisophthalaldehyde (2) (20 mg,
.14 mmol) in ethanol (2 mL) was added and the reaction mixture is stirred at about 80 °C for
about 3 hours under nitrogen atmosphere. After completion of reaction, solvent is evaporated
and the crade product is purified by preparative RP-HPLC (grad. 50-65% acetonitrile in

water, about 12 min) to obtain the probe QCy-DT as a yellow powder.

Yield 45%. IR (neat): 3390, 3065, 3015, 1682, 1667, 1582, 1505, 1121 em™, 'H NMR (400
MHz, DMSO-dy) 8,pn: 8.59 (d, J = 2 Hz, 1H), 8.42 (d, J = 8.1 Hz, 2H), 830 (d, J = 8.2 Hz,
1H), 8.26 (d, J = 3.3 Hz, 1H), 8.23 (d, J = 10.7 Hz, 1H), 8.19 (dd, J = 2Hz, J = 8.7 Hz, 1H),
8.13 (dd, J = 8.1 Hz, J = 16 Hz, 2H), 7.98-7.89 (m, 3H), 7.86 (dd, J = 1.1 Hz, J = 9.5 Hz,
1H), 7.83-7.78 (m, 2H), 7.22 (d, J = 8.7 Hz, 1H), 4.36 (s, 6H). °C NMR (100 MHz, DMSO-
di) S 172.1, 1718, 161.8, 1477, 142.2, 142.1, 142.0, 134.8, 132.6, 129.5, 128.5, 127.8,
127.6, 125.9, 124.1, 121.5, 117.7, 116.9, 116.8, 114.3, 111.8, 36.3, 36.2. HRMS (ESL-MS):
found 441.1070, caled. for CaHyN,08, [M-21-HT' m/z = 441.1095 (Figures 23 and 24)

Example 2
Photophvsical Properties of QCvy-DT

Sample Preparation for UV-vis and Fluorescence Measurements

Stock solutions of QCy-DT are prepared in double-distilied (dd) water in the order of 10° M
and stored at about -10 °C. DNA stock solutions are prepared by dissolving oligo samples in
double-distilled (dd) water in the order of 107~ M. Solutions of DNA duplexes are prepared in
Tris-HCL (100 M, pH = 7.4) buffer solution by mixing complementary DNA strands in
equimolar concentration. This solution is then subjected to annealing by heating up to about
85 °C for about 15 winutes, subsequently cooled to room temperature for about 7 hours and

stored in the refrigerator (about 4 °C) for about 4 hours.

Absorption and Emission Spectra
The UV-vis absorption and emission spectra are recorded on Agilent Techuologies Cary
series UV-vis-NIR absorbance and Cary eclipse fluorescence spectrophotometers,

28/57



ic

i5

20

25

30

WO 2017/033162 PCT/IB2016/055113

respectively. Thermal denaturation (UV-melting) studies are carried out on Cary 5000 UV-
vis-NIR spectrophotometer cquipped with Cary temperature controller in the range of 10 °C
to 90 °C with a rarop rate of 1 °C/min. The variable temperature/wavelength mode s used.
Absorption is mouitored at 260 nm with regular § °C intervals. Melting temperatures (7, of
DNA samples are calculated from the first derivatives of the absorption vs. temperature

curves (thermal denataration or melting curves) obtained by monitoring at 260 nm.

Results: As illustrated in Figure 1, deprotonation of phenol generates phenolate, which
donates electrons to one of the conjugated acceptors (N-alkylated benzothiazole) and triggers
internal charge transfer (ICT) to the guaternary nitrogen atom on another benzothiazole
group. This ICT process results in the generation of a highly delocalized n-clectron system,
resembling the Cy7 fluorophore (Figure 1a}). However, the protonated form of QCy-DT (ie.,
phenol form) is non-fluorescent due to the lack of the ICT process. In order to assess the
conditions for deprotonation of QCy-DT to generate phenolate, pH-dependent fluorescence
measurements is performed in Tris-HCE solution (1060 mM, pH = 7.4). Under acidic
conditions {pH = 2-5), QCy-DT did not fluoresce, owing to a stable phenol form.
Interestingly, the probe showed weak but basal NIR-fluorescence (Anax = 680 nm) in the pH
range of 6-8 (Figure 8). Thus, pH-dependent fluorescence study revealed that under
physiological conditions, QCy-DT exists mostly in the phenolate form with basal NIR-
fluorescence (NIR-ready). The weak but basal fluorescent nature of QCy-DT (NIR-ready
fluorescence probe) under physiological conditions meets the primary criterion that the probe

is relatively non-fluorescent in the unbound-state but fluoresces strongly in DNA bound-state,

The molecular interactions of QCy-DT is studied by evaluating the absorption and emission
properties in Tris-buffer (100 mM, pH = 7.4) under ambient conditions. The UV-vis
absorption spectra of QCy-DT (2 uM) exhibit two absorption maxima at 463 and 530 nm
(Figure 1b) (¢ = 14,950 M 'em™). The absorption band at 530 nm originates from the
delocalization of m-electrons between phenolic oxygen and p-substituted benzothiazolium
vinyl moiety in QCy-DT while the band at 463 nm is from the similar conjugation of o-
substituted benzothiazolium vinyl moiety in QCy-DT. The absorption spectra of QCy-DT
showed a linear increase in absorbance with increasing concentration from 0 to 8 uM (Figure
9). This hnear increase in absorbance in the range of 0 to 8 pM of QCy-DT suggesis
molecularly dissolved and non-aggregated state in buffer solution, under ambient conditions.
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Upon excitation at 530 nm, QCy-DT showed a weak but basal emission peak in the NIR
region at 680 nm with a large Stokes shift {Ahna = ~150 nm) (Figare 1b). This is a very
useful property as it helps avoid self-absorption in the higher energy part of emussion.
Furthermore, the large Stokes shift of QCy-DT makes it superior to many of the known
DNA-binding cyanine probes such as TO, YO, Picogreen, SYBR~ Green 1, cyanine dimers
TOTO-1 and YOYO-1 (Table 1), The NIR-fluorescence of QCy-DT arises due to extended
through the Cy7 backbone and ICT process, The weak or non-fluorescent behavior of dye
molecules in buffer solution is mainly attributed to the intramolecular twisting processes,
which cause quenching of the fluorescence of cyanine dyes, solvation with water molecules
also aids the fluorescence quenching by means of deactivation of radiative pathways. We
believe both these processes contribute to the weak or non-fluorescent nature of QCy-DT in

buffer solution.

Table 1: Stokes shift values of ¢cvanine dves in presence and absence of DNA

Cyanine Dye inabsence of  Inpresence of

DNA {nm) DNA (nm)
Thiazole orange {T0) 2 139 i8
Oxazoie yellow (YO) @ 100 18
TOTO-1 2 149 18
YOYO-1 @ 106 20
Picogreen © 30 21
SYBR Green | P 35 26

? Rye, H. 8., Yue, S., Wemmer, D. E., Quesada, M. A., Haugland, R. P., Mathics, B. A. and Glazer, A. N.
(1992} Stable fluorescent complexes of double-stranded DINA with bis-intercalating asymuuetric cyanine dyes:
praperties and applications. Nucleic Acids Res., 2803-2812. "Cosa, G., Focsancany, K.-S., McLean, L. R. N.,
McNamee, J. P. and Scaiane, J. C. (2001) Photophysical propertics of flucrescent DNA-dyes bound to single-

and double-stranded DNA in aqueous buffered solution. Photochem. Photobiod., 585-599. “Present disclosure.

WNext, the ground-state and cxcited-state calenlations arc performed using Density Functional
Theory (DFT) with the PBEO functional and 6-311++G{d,p) basis set for all atoms to support
our assigniments of the absorption and emission bands of QCy-DT in water, DFT calculations

show that the two m-n* transitions are located near 2.32 eV (S1) and 2.88 ¢V are in good
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agreement with two experimentally observed absorption bands of QCy-DT in buffer solution,
as shown in Figure 1b. The first n-n* siate is the lowest {ransition doruinated by the HOMO
to LUMO (97%) configuration while the second n-z* state is dominated by the configuration
HOMO to LUMO+!1 (97%). Relevant molecular orbitals for these transitions are shown in

Figure 10,

Example 3

Switch-On NIR-Fluorescence in the Presence of DNA

The large Stokes shift, molecularly dissolved-state and non-fluorescent behavior of GCy-DT
in buffer solution resulted in the assessment of its recognition ability of DNA. For this, poly
AT-duplexes such as (A-T)y, self-complementary d(ATAT)s, Drew-AT (14 base pair self-
complementary sequence with 6AT-base pairs in central core), poly GC-duplex {(G-Chp,
(D1, which is a 16 base pair long self-complementary duplex and CT-DNA as mixed
AT/GC duplexes is chosen (Table 2). In the presence of Drew-AT, QCy-DT (2 uM) showed
prominent red-shifted {Alga = ~34 nm) absorption spectrum with good hyperchromicity in
the absorption intensity. Upon sequential addition of Drew-AT (0, 1, 2, 3 and 4 pM), the
absorption spectra of QCy-DT showed a gradual red shift in the absorption maxima (463 to
479 nm and 530 to 564 nm) with hyperchromicity (Figure 2a). QCy-DT experience
hydrophobic ecnvironment upon binding to minor groove of AT-rich duplex DNA which
prevents aromatic n-stacking interactions with base pairs and other molecules of the probe
that led to the hyperchromicity in the absorbance maximum of QCy-DT. Remarkably, QCy-
DT showed a ~200-fold enhancement in the fluorescence emission at Aq, = 650 nm in the
presence of Drew-AT with bloe shift (Al = ~27 nm) compared to basal fluorescence of the
probe alone (Figure 2b). Further, the absorption aund eruission properties of QCy-DT in the
presence of poly AT- and GC-duplexes are studied. In the presence of {A-Tho, QUy-DT
showed red shift in the absorption maxima with hyperchromicity similar to that of Drew-AT
(Figure 11a). QCy-DT exhibited only a slight red shift in the absorption maxima at 463 and
330 nm in the presence of (G-Chy, (D1)unix and d{ATAT)s (Figure 11b-d). Interestingly,
QCy-DT showed almost ~250-fold flaorescence enhancement for (A-Thy, compared io the
only 8-fold increase observed for (G-C)yg duplex (Figure 12a). Further, we also studied the
emission behavior of QCy-DT in presence of CT-DNA, (D1}, single-stranded (ss) DNAs
and RNA. In CT-DNA, (D1 and ssDNAs exhibited ~40, ~55 and ~2-fold enhancements,
respectively. Fluorescence spectra showed a very weak response of QCy-DT in presence of
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RNA that confirmed selectivity of the probe for DNA duplexes containing AT-base pairs
(Figore 12b). To ascertain the swiich-on behavior of QCy-DT in the presence of AT-rich
DNA duplex, viscosity measurements are performed by increasing the glycerol content in
buffer solution. With increasing glycerol content, fluorescence spectra of QCy-DT exhibited
a gradnal enhancement in the emission intensity at 680 nm (Figure 13). This tendency of the
probe to have increased emission intcnsity with an increase in the glycerol content clearly
suggests that the restriction of intramolecular rotation is responsible for the fluorescence
enhancement of QCy-DT. Consequently, the observed strong fluorescence enhancement in
the presence of AT-rich DNA dupiexes is the result of restriction of intramolecular rotation of
probe QCy-DT in the constrained environments of DNA, which also facilitates the
desolvation {water molecules) around QCy-DT in the hydrophobic environment of DNA
daplex (Figure 1c). These results, thus, confirms switch-on NiR-fluorescence behavior of
QCy-DT in the presence of AT-rich DNA duplexes compared to that of GC-rich DNA
duplex, ssDNAs and RNA.

Table 2: DNA used in this studv (with sequence information)

Code DNA duplex Sequence

(AT -1 1 AAAAAADAAAABANAABAAA

(G-Chag 4G -dCyq 5. GGGHGGEGEEEEEEEEEEEG-3
3

CT-DNA mixed DNA ——

Example 3

Base Pair-Specific Recognition and Switeh-On Fluorescence in the Presence of DNA

To gain deeper insights into base pair sclectivity of the probe, comparative and base pair-

dependent fluorescence measurement is performed in the presence of (A-Th, d(ATAT)s,

Drew-AT, (D) and {(G-C)y duplexes with 20, 6, 4 and 0 sets of AT-base pairs,

respectively. We observed ~8, ~35, ~54, ~200 and ~2350-folds fluorescence enhancement in

the presence of {G-Chag, (D1 )mix, AATATYs, Drew-AT and (A-T)y with increasing number of
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AT-base pairs, respectively (Figure 3). Further, concentration-dependent studies are carried
out with (A-T)ye and Drew-AT duplexes by adding increasing concentrations of QCy-DT.
With increasing concentration of QCy-DT (0 - & uM) to (A-T)z duplex, the fluorescence
intensity gradually increased at 650 nm and attained saturation at >6 pM (Figure 14). Similar
spectral changes are observed for QCy-DT in the presence of Drew-AT (Figure 2¢). The
fluorescence spectra of QCy-DT is also recorded with increasing concentrations of (A-Tho,
Drew-AT, d(ATAT) and (D1),x dupleses. Figure 24 shows a gradual increase in
finorescence with increasing concentration of Drew-AT from 0 to 2 pM and saturation > 2
uM. Upon increasing concentration of other daplexes (A-Tg, dATAT)s and (D 1)mix QCy-
DT showed similar fluorescence enhancement (Figure 15). Overall, the strong fluorescence
enhavcements proves QCy-DT to be a selective and NIR-fluorescence-ready probe for DNA

containing AT-base pairs (Figure 3).

Example 4
Bindinge Stoichiometry, Affinityv and Cuantum Yield of OCv-DT for DNA Duplexes

To determine the binding stoichiometry of QCy-DT with Drew-AT, continuous variation
method is craployed, varying the ligand concentrations to gencrate the Job plot by fixing the
total concentration of [QCy-DT+Drew-AT] at 2 uM. The Job plot analysis showed maximom
fluorescence at 0.5, indicating 1:1 binding stoichiometry for the [QCy-DT:Drew-AT]
complex (Figare 2d, nser). The binding consiants of [QCy-DT+DNA] complexes are
caiculated from the fluorescence titration experiments using non-linear (single-binding mode)
curve fitting analysis. QCy-DT showed the maximur binding affinity (K, = 2.9210° M™) for
{A-Thg, which is 2-folds higher than that for Drew-AT (I, = 1.5%10° M™Y. The mixed
sequence (D 1)y showed relatively weaker binding affinity (K, = 4.3x10° M) compared to
AT-rich DNA duplexes (Figure 16}, Next, the fluorescence quantum yield of QCy-DT is
estimated in the presence of AT- and GC-rich DNA duplexes (Table 3) as follows:

Ouantum Yield Calculation

Cresyl violet perchlorate in ethanol (§ = 0.54) is used as the standard for the {luorescence
guantum yield calculation using the absorption of the test sample. The emission spectral area
is obtained in the 550-800 nm regions. Dilute solutions ( 107° M) are used to minimize
reabsorption effects of the dyes. Quantum yields are determined using the following equation,

s = & (FJF ) % (AJA) % (0
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Where, ¢, and ¢, are the quantum yield of reference and sample respectively, F, and F, are the
integrated iniensities (areas) of standard and sample spectra, or and ns are the refractive
indices of the reference and sample solution, &, and A, are the absorbance intensities of
reference and sample respectively.

Table 3: The fluorescence guantum vields of probe QCv-DT in the absence and presence of
DNA

QCy-DT Quantum Yield {®;)

Glycerol 3.67

Drew-AT 0.25

(Di)mik 0.08

®p: Fluorescence quantum yields are measured using Cresol Violet in ethanol as reference. Experimental

conditions: Tris-HC] buffer (100 mM, pH = 7.4). Molar absorption coefficient for QCy-DT: 14,950 M em™!

QCy-DT alone showed very low fluorescence quantum vield (@p = ~0.004) and increased
significantly in the presence of glycerol (@ = ~0.07). Remarkably, QCy-DT showed
maximum fluorescence quanium yield m the presence of (A~Thy (@p = ~0.32) and Drew-AT
(®p = ~0.25) compared to other duplexes used in the present study (Table 2). To understand
the effect of QCy-DT binding to DNA on the thermal siability of DNA, femperature-
dependent UV-melting studies (UV-7y) ts performed on different [QCy-DTH+DNA]L
compiexes, The UV-T,, studies of GCy-DT-bound (A-T)i, Drew-AT, d{ATAT)s and (D1 )mix
showed increase in melting temperatures (7,) with 47, = 62, 4.2, 3.5 and 2.5 °C,
respectively (Table 4). The 7, data showed moderate stabilization of DNA duplexes in the
presence of QCy-DT. Therefore, the hinding affinty, flnorescence quantum yield, and UV-T),
data validated the preferential recognition of AT-rich DNA by QCy-DT probe compared to
G{C-rich DNA.
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Table 4: Difference in melting temperatures (A7) of DNA duplex and in presence of

Cy-DT

DNA-Duplex AT, {°C)

Drew AT

(Dl)mix 2.5

Example 5
Mode of AT-rich DNA Recoenition by OCvy-DT

Circular Dichroism (CD) Spectroscopy

To determine the binding mode of QCy-DT o AT-rich (A-Tho avd Drew-AT DNA duplexes,
circular dichroism (CD) studies are carried out under ambient conditions. CD measurements
are carried oui on Jasco J-815 spectrometer equipped with a Peltier-type temperature
controller (CDF-4265/15) under a nitrogen atmosphere to avoid water condensation. Scans
are performed over the range of 200-700 nvm with a speed of 100 nim/min, and the spectra
represent an average of three scans. A blank sample containing Tris-HCI buffer solution (100

mM, pH = 7.4) is treated in the same manner and subtracted from the collected data.

CD spectrum of (A-T)a alone showed a positive and a negative signal at 280 and 248 nm,
respectively. Similarly, Drew-AT showed a positive and a negative signal at 280 and 250 nm,
respectively. These characteristic positive and negative CD signals confirm the typical B-
form DMNA duplex structure. At this point, two binding modes intercalation and minor groove
binding are expected for QCy-DT binding to DNA. From the CD data, these modes can be
distingnished by means of induced CD signal for the guest (probe) to confirm groove binding
over intercalation. Accordingly, interactions between QCy-DT and DNA could be monitored
by induced CD signals in the >300 nm region that gives information about the chiral
environment around the probe on DNA. The concentration-dependent CD spectra recorded
by the addition of increased concentrations of QCy-DT (2-16 uM) to fixed concentration of
{A-Th (4 uM) showed strong induced positive CI» signals at 575 and 366 nm and a negative
signal at 476 nm in the absorption regions of QCy-DT (Figure 4a). Similarty, we observed
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induced CD signals for QCy-DT in the presence of Drew-AT, though with relatively low
intensity (Figure 4b). Thus, characteristic induced CD signal in the QCy-DT absorption

region revealed that the probe bound to the minor groove of AT-rich DNA duplexes.

Furthermore, ab initio theoretical calculations to unravel various features of QCy-DT/DNA
interaction is performed using density functional theory (DFT) methods. Two possible modes
(intercalation and groove binding) are considered for the hinding of the bent QCy-DT to
duplex DNA. The DNA phosphate backbone is nentralized by adding hydrogen {o one of the
oxygen atoms of the phosphate groups that would not alter any property of the duplex DNA
structure. To calculate the binding energies of QCy-DT with DNA, AT- and GC-rich
duplexes (A/T and G/C) is chosen for cach of these modes {Table §). The computed binding
energy values confirm that QCy-DT prefers to bind in the minor groove of duplex DNA
irrespective of the sequences. An inspection of the binding cnergy table reveals that the probe
binds more strongly to AT-base pair (-105 to -110 kcal/mol} compared to GC-base pair (-85
to -90 kcal/mol) containing duplexes. Thus, QCy-DT is found to be better accommodating in
the mwinor groove of AT-rich DNA than GC-rich ones, which is apparent from the binding
energy values (Figure 4¢). Generally, the floor of minor groove with AT-base pairs has the
highest negative electrostatic potentials while GC-base pairs possess the highest positive
potentials. Naturally, the positively charged (QCy-DT prefers to bind in the AT-rich minor
grooves of DNA compared to minor groove consisting of GC-base pairs, In the present
calculations, two possible orientations of QCy-DT in the minor groove of AT-base pair
containing DNA is considered, and the cationic guaternary nifrogen centres of the molecule
can be located either (i) inside or (i1} outside of the groove. In this respect, binding energy
values suggest that the former orieptation where the cationic centres arranged inside the
minor groove of DNA are stabilized by -35 kcal/mol more than the [atter. Snapshots of the
optimization process of 5-AAATTT-3/QCy-DT complex are shown in Figure 17. Overall,
computational results are well-corroborated with the experimental data that QCy-D'T prefers
to bind in the minor groove, with a preference for AT-base pairs over GC-base pair

containing DNA.
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Table 3: Binding mode and binding energies of OCv-DT in presence of AT-rich and GC-rich

DMNA duplexes

DRA-Duplex Binding mode Biniding energy {kcal/mot)

S-AAAAAA-Z

FATTHITS'

Miner -31.01

intercalation -61.39

Example §

Seguence-Specific Recoonition of DNA by OCvy-DT

Almost about ~4-folds difference in fluorescence enhancement of QCy-DT in the presence of
{A-T)y compared to sclf~complementary, alternative AT-base pair containing d(ATAT)s
duplex is observed, although both contain total 20 AT base pairs (Figure 3 and Figure 12a).
This finding hints at the highly scquence-specific recognition ability of QCy-DT for a
specific combination of AT-base pairs in DNA duplex. There are no NIR-flaorescence probes
that sequence-specifically recognize the minor groove of AT-rich DNA. The possible
sequence-selectivity among AT-base pairs and the typical length of the bent shaped QCy-DT
resulted n investigating its ability to bind with a specific combination of AT-sequence with a
sequence length of four base pairs. For this purpose, four DNA duplexes with variable (A/T)4
base pairs such as 5-ATAT-3' (DM1), 5-ATTA-3' (DM2), 5-AAAA-3" (DM3) and 5'-
AATT-3" (DM4) at the central core is designed (Figure 5a), QCy-DT showed ~8, ~15, ~40
and ~72-folds fluorescence enhancement in the presence of DM1, DM2, DM3 and DM4 with
SLATAT-3, 5-ATTA-3, 5-AAAA-3 and 5-AATT-3' core sequences, respectively, with
promising blue shift (Ahmae= ~32 nm) in tluorescence maxima (Figure 5b and Figure 18a),
Interestingly, QCy-DT showed the highest and lowest fluorescence enhancement in the
presence of DM4 (5-AATT-3") and DM1 {5-ATAT-3), respectively. Here, “minor groove

width” is one of the key parameters that dictate the sequence-selective binding ability of
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small molecules in the presence of variable (A/T)-rich sequences, depending on their base
pair roll. Among all the variable (A/T)-sequences, S-AATT-3" and 5-ATAT-3" are the two
sequences that exhibit narrower and wider minor groove width with zero and large base pair
roll, respectively. Therefore, it can be correlated that the present probe QCy-DT recognizes
the AT-rich sequences of a DNA duplex. Farther, QCy-DT detects all AT-rich sequences by
showing varied fluorcscence/sensitivity, Also, QCy-DT more particularly shows enhanced
sensitivity towards narrow minor groove width of 5-AATT-3' sequence in a DNA duplex,
which favors fluorescence enhancement through the restriction of intramolecular rotation of
QCy-DT compared to the relatively wider groove of S-ATAT-3" sequence. These resalts
clearly establish the sequence sensitivity of the probe QCy-DT towards AT-rich sequences.
Also, the present results clearly prove the high sequence sensitivity of QUy-DT to the
variation of (A/T), base pairs as the width and interactions vary in the minor groove. This
experiment further establishes the enhanced sensitivity of QCy-DT in recognizing AT-rich

DINA duplex minor groove containing 5-AATT-3' sequence.

To understand finer details of the interactions of QCy-DT with local variations around 5'-
AATT-3" sequence in the minor groove of DNA duplex, fluorcscence studies are performed
in the presence of DNA containing core hexanucleotide sequences such as 5 X(AATTY-3'

{where X'= A4/7/G/C and ¥ is complementary base of X} (Figure 5a). QCy-DT, in the presence

5-AA4TT-3' core sequence alone. Surprisingly, replacing 4 with 7 at X in 5-X(A44TTHY-3'
sequence reduced the fluorescence enhancement of QCy-DT, which is ~1.5-folds lesser than
S-AATT-3" sequence {(Figure Sc and Figure 18b). To validate these findings, extensive
computational calculations is further carried out using DFT with localized basis to find
that optical transitions in these systems occur between two states where charges are

transferred from the DNA double helix to the bound molecule in the minor groove. In the

case, the optical transition results into two states with weak transition dipoles, thereby giving

broad emission spectra {(Figure 19 and Figare 20).
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Example 7

Fluorescence Imaging, Cyiotoxicity Studies and photostability of compound QCy-DT

Fluorescence Study in Live Cells

MCF-7 cells are propagated on 20 mm cover slips in a 6-well plate in DMEM medium
sapplemented with 10% fetal bovine serum at about 37 °C in a humidified atmosphere
containing 5% CO, till 80% confluency is achieved. Cells are incubated for about 60 min
with probe QCy-DT (resuspended in Mili-(3 water) at various concentrations (0.5 uM and 1
uM} in a homidified CO; incubator at about 37 °C, Milli-( water is used as a vehicle control.
Following the treatment, fluorescence microscopy is performed using Carl Zeiss AXIO

Imager 21 and the software used for image capturing is AxioVision Rel. 4.8,

Fluorescence Study in Fixed Celis

HeLa celis are grown on the cover slip for about 24 hours in DMEM mediom supplemented
with 10% fetal bovine serum at about 37 °C in a humidified atmosphere containing 5% CO;,
till 80% coufluency is achieved. Then cells are fixed with 4% paraformaldehyde in PBS for
10 min. After rinsing twice with PBS, Hel a cells are treated separately with probe QCy-DT
at various concentrations (0.5 uM and 1 aM) for 10 min at room temperature. Subsequently,
cover slips are incubated with Hoechst 33258 at 10 pg/mL for nuclear staining. Fluorescence

images are taken by Carl Zeiss Laser Scanning Microscope (LSMS10 META).

Cell Viability Assay

MCFE-7 cells (4x10°cells/well) are sceded in 96-well plate (flat bottom) and cultured for 12
hours. Following this, cells are treated with 2, 4 and 8 M of probe QCy-DT respectively for
about 72 hours and further incubated in a humidified CO; incubator at about 37 °C. 20 uL of
MTT (5 mg/mL in PBS) solution is added to e¢ach well and incubated for about 4 hours at
about 37 °C in the CO, incubator. DMSO (200 L} is then added to each well. After about 1

hour, absorbance is taken in ELISA microplate reader at 570 nm waveleogth.
Following formula is applied for the calculation of percentage of cell viability (CV):

CV= (absorbance of the experimental samples/ absorbance of the control sample) x 100

The data s normalized with control and plotted with mean and standard error.
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Photostability Assav in MCF-7 by Confocal Fluorescence Microscopy Imaging

MCF-7 Cells are propagated on 20 mm cover slips in a 6-well plate in DMEM mediun
supplemented with 10% fetal bovine serum at about 37 °C in a humidified atmosphere
containing 5% CO, till 80% confluency is achieved. Cells are incubated for a duration of
about 60 min with probe QCy-DT (resuspended in Mili-Q) water) at 2 uM concentration in a
humiditied CO; incubator at about 37 °C. Following treatment, the photostability of QCy-DT
is measured by continoous scanning using OLYMPUS FV1000 confocal fluorescence
microscope, under 568 nm line of an Argon ion laser for different tirne durations of about 10
sec, 120 sec and 300 sec. Olympus Fluoview software is used to quantitatively investigaie the
intensity of signals of QCy-DT at zero time poinis and after photo bleaching. The data is

plotied with mean and standard error.

Results

Sequence-specific recognition of AT-rich DNA minor groove by switch-on NiR-fluorescence
of QCy-DT resulted in further studies on its cellular uptake and applications in nuclear DNA
staining. In order to check its permeability, cellular uptake studies are carried out in live and
fixed conditions of MCF-7 and HcLa cells, respectively. First, MCF-7 cells are incubated
with probe QCy-DT (0.5 and 1 pM) without fixing, and live cell imaging is conducted using
Carl Zeiss fluorescence microscope as described above. Fluorescence imaging of MCF-7
cells with QCy-DT showed selective staining of the cell nucleus by the probe, confirming
that QCy-DT is cell membrane-permeable molecule that confers selective staining of the
nucleus (Figure 6a-d and Figure 21a-b), Nexi, Hela cells are fixed and incubated with QCy-
DT (0.5 and 1 pM) along with Hoechst as the control nuclear staining dye. Fluorescence
images showed selective staining of the cell nucleus, and remarkable co-localization with
Hoechst dye (Figure 6e-h and Figure 2le-h). Further, cells showed the pattern of black
nucleoli, which is a characteristic feature of specific DNA minor groove binders over single-
strand DNA and RNAs. Therefore, staining results obtained with live and fixed cells
confirmed high cell permeability, efficiency (low staining concentration of 1 pM), and

preferential targeting of cell nuclear DNA.

Cytotoxicity is a major constraint with several DNA binding probes. To investigate the
cytotoxicity of QCy-DT, cell viability assay (MTT assay) is performed in MCF-7 cells after

incubation of about 72 hours. | is observed that up to 8 uM of QCy-DT, > 76% cell viability
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is retained over a treatment period of more than about 72 hours (Figure 22a) suggesting low-

toxicity of QCy-DT.

Another important criterion for a fluorescent molecule to be used as a probe for cell imaging
applications is its stability upon excitation. To evaluate whether the cells could sustain the
excitation of an argon ion laser and still provide a tlnorescent signal bright enough for cell
imaging, photostability assay is performed for QCy-DT in MCF-7 cells. After continuous
12¢-second argon ion laser excitation at 568 nm, QCy-DT exhibited a remainder fluorescence
intensity of ~80%, Also, ~ 50% fluorescent signal intensity could be detected even after 300
sec excitation (Figure 22b). Overall, cell staining and viability assays confirmed the low-

toxicity, cell permeability, photostability and selective nuclear targeting ability of QCy-DT.

Example 7
Plasmodium foicipgrum culivve, Synchronization and Treatmment of Malavia Parasites

with compound OCv-DT

P. falciparum strain 3D7 is cultured. Briefly, malaria parasites are cultured in human
erythrocytes in T75 flasks with RPMI 1640 (Gibco) supplemented with 10 pg/mL gentamicin
{Sigma), 50 pg/ml ampicillin, 0.2% NaHCO; (Sigma), 0.5% albumax (Invitrogen) and

g

Hypoxanthine (27 mg/L). The culture is maintained under standard conditions (37 °C in 90%
nitrogen, 5% COy, and 5% (n). For synchronization of the parasites, ring-siaged parasites are
treated with 5% sorbitol at 37 °C for about 5-10 min, followed by washing with pre-warmed
incomplete redium twice, and placed back in complete medivm., QCy-DT probe
{resuspended in Mili-( water} is added to parasites (25£2 hpi) at a final concentration of 0.5
uM and the parasiies are incabated for 30 min at 37 °C. Following treatment fluorescence
imaging of the parasites is performed using Carl Zeiss AXIO Imager 721 and the software

used for image capturing was AxioVision Rel. 4.8.

ICs0 Determination in Malaria Parasites

To determine the ICsq value of QCy-DT against P. falciparum, parasites are synchronized in
ring stage (~12 + 2 h) and parasitemia is maintained at ~ 1%, followed by treatment with
0,0.5, 1,2 and 4 uM of QCy-DT at carly trophozoite stage (~20 + 2 ). After about 40 hours
of the QCy-DT treatment, Geimsa stained slides are prepared, and parasitemia is counted. At

{east six homogenous microscopic fields are counted for each treatment, and each experiment
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is done in triplicates. The graphs are plotted for the percentage of parasitemia (at 0 time point
and at 40 bours after incubation with QCy-DT) against QCy-DT coucentration, with mean

and standard error.

Results:

Plasmodium falciparum 1s sclected as a model systern to confirm the selectivity of probe
QCy-DT towards AT-rich dsDNA in cellular environment as the malarial parasite possesses a
genome exceptionally rich in AT-base pairs (~80%). It will also help us to determine whether
QCy-DT has any detrimental effect on Plasmodiom parasites. The parasites are incubate
with 0.5 M concentration of probe QCy-DT at early trophozoite stage. Live fluorescence
imaging of these parasites showed that probe QCy-DT could specifically stain the parasite
nuclei, but not the cytosolic part of the parasite or red blood cells (RBC) (Figure 7a-d). These
results clearly indicate that probe QCy-DT binds to the AT-rich genome of the parasite at low
concentrations. Also, uptake by malaria parasites and specific enrichment of the probe QCy-
DT within the nucleus of the parasites indicate the possibility of the molecule’s potential to
interfere with the DNA metabolism of £. falciparum. To assess the inhibitory action of QCy-
DT in malarial parasites, 1Csy of the probe QCy-DT is determined by treating carly
trophozoite stage P. falciparum (when DNA replication initiates) and the parasites are
followed for the next cycle when new rings are formed. 1Csy for QCy-DT against P
falciparum parasites is found to be < 4 pM (Figure 7e). It is observed that parasites are
arrested in the trophozoite stage and could not form rings in the following cycle at a higher
concentration of 8 uM. The arrest of the cells during trophozotie stage establishes that the

uptake of QCy-DT in the parasite nucleus may abrogate the process of DNA replication.

in addition to QCy-DT, other Formula | compounds also show similar physical & chemical
characteristics, and biological activity results when studies including studies related to
photophysical properties, switch-on NIR-fluorescence in the presence of DNA, base pair-
specitic recognition and switch-on fluorescence in the presence of DNA, Binding
Sioichiometry, Affinity and Quantum Yield of drug molecules for DNA Duplexes, AT-rich
DNA Recognition, Sequence-Specific Recognition of DNA, Fluorescence Imaging,

Cytotoxicity Studies and photostability are performed.
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The present disclosure thus demonstrates the unique sequence-specific and minor groove
recoguition properties of the designed NIR fluorescence probes of Formula T for AT-rich
DNA. In particuiar, the compound of Formmla I possesses a distinctive ICT process
responsible for the NIR fluorescence. The inherent non-fluorescent behavior of compound of
Formula [ in unbound-state and switch-on fluorescence in the bound-state makes it a versatile
DNA probe. Fluorescence studies of compound of Formula 1 demonstrates its selective
fluorescence enhancement in the presence of AT-rich duplexes over GC-rich DINA, single-
stranded DNA and RNA. Circular dichroism studics confirm the selective minor groove
recognition of AT-rich DNA, which induces the characteristic CD signal to compound of
Formula 1. Computational studies further support the minor groove recognition of AT-rich
DNA in which the positively charged edge of Formula I eg. QCy-DT is located inside the
minor groove of DNA. Fluorescence studies of variable {A/T), base pairs containing DNA
duplexes reveal sequence-specific fluorescence enhancement in the presence of 5-AATT-3"
Furthermore, experiments on the local variations around 5-X(AATT)Y-3' confirm that X = 4
and ¥ = 7 (ie., S-4AAATTT-3) is the most preferred sequence for depicting maximum

fluorescence enhancement of compound of Formula |

Further, confocal fluorescence imaging and cell viability studies of MCF-7 and Hela cells
show effective cell permeability, low-toxicity and selective staining of nuclear DNA both in
ftve and fixed cell lines. Selective nuclear staining of parasites such as P. falciparum and
inhibition of iis growth and propagation by compound of Formula 1 proves Formula |
compounds as potential therapenlic agent against parasitic infections similar to other minor
groove binders. Remarkably, the 1Cs5q value for Plasmodium parasites (< about 4 micromolar)
is considerably low. Thus, the aspects related to ease of synihesis, switch-on NIR-
fluorescence, large Stokes shift, cell permeability, low-toxicity, cell imaging of both live and
fixed cells, and parasite staining makes the Formula I compounds practically viabile,
inexpensive and a superior DNA probe compared to commercially available dyes routinely

used.

The Formula I compounds of the present disclosure have several applications including but
not himiting to: {(a) these dyes can be used as (NIR) flnorescence binding markers for
biomolecules like DNA and protein; (b) these fluorescence dyes are useful for sequence

specific recoguition of dsDNA and in treating gene-related human diseases especially cancer,
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parasitic and viral infections; (c} the intrinsic fhuorescence property of these dyes makes them
a versatile fluorescence arker for wmolecular biclogy and immunohistochemistry,
fluorescence spectroscopy and microscopy, flow cytometry and DNA  guantification
applications; (d) choosing suitable donors leads to the formation of an efficient FRET-pairs
which are useful for monitoring the conformational changes in nucleic acids and proteins; {e)
detection and inhibition of parasites and corresponding infections caused by microorganisms
comprising rich AT-content; () designing new enzymatic or chemically triggered self-
immolative theranostic prodrugs for abnormal cells; and (g) applications in the field of

diagnostics and therapeutics targeting DNA and related biomolecules,



