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Method using fluorescent turn-on probes for cell-specific

detection

Cross-Reference to Related Applications
This application claims the benefit of priority of
Singapore patent application No. 201400147-3, filed
January 8, 2014, the contents of 1t ©being hereby
iﬁcorporated by reference 1in its entirety for all

purposes.

Technical Field
The present invention generally relates to a method
for imaging the activity of enzymes or bicactive molecules
within eukaryotic cells. It further includes £fluorescent
probes which can target organelles and fluorophores that

can be utilized to make such fluorescent probes.

Background
Eukaryotic cells contain different types of
intracellular membrane-bound structures xnown as

organelles, which perform a variety of functions. For
example, lyscsomes  break down waste materials and
macromolecules, mitochondria provide most of the cell's
energy needs, Golgi apparatus is particularly important
for protein processing, and endoplasmic reticulum {(ER) is
involved in protein synthesisg. The abnormal enzyme
activities in these organelles can cause variocus diseases,
such as Wolman disease caused by deficiency of lysosomal
esterase, a disorder of hormone production by deficiency
of Cytochrome P45C in mitochondria, inflammation with
increased expression of cyclooxygenase-2 in Golgi
apparatus, and ER-stress stimulated apoptosis mediated via
caspage-4 or caspase-12. Thus, the organelle-specific

detection of enzyme activities would not only be able to
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in situ monitor enzyme activities but also can provide the
bagis for posgible therapies. However, most of the
previous enzyme probes utilize cell lysates or tissue
homogenates, and the enzyme activities were indirectly
analysed by HPLC separation of enzymatic products or other
complex analysis technigues, which need long time and can
only provide very limited information. To obtain precise
information about the enzyme activities 1in subcellular
organelles, 1t is necesgsary for in situ imaging in living
cells.

In addition, the imaging and detection of bicactive
molecules in organelles are critical for studying their
functiong. For example, reactive oxygen species (03, Hy0,,
Oye~, HOCLl) play 4important vroles in cell signaling and
homeosgtasis, and their high expression level can damage
the cells; thiols play crucial roles in wmaintaining the
biological redox homeostasis through the eguilibrium of
free thiols and oxidized disulifides; H,5 is a
multifunctional gignaling molecule that exerts
neuroprotective effects in oxidative stress; sulfite ions
are widely used to protect foods from oxidation, but some
people have an allergy for it. This invention has a use in
detecting these important molecules or 1ionsg: reactive
oxyvgen species (Ci, Hy0,, ©Cs¢—, HCCLl), thiocls, H:S, and
sulfite ions).

Fluoregcent imaging has unigue advantages in high
sengitivity, spatial and temporal detection abilities.
However, the previcus fluorescent sensors based on small
molecules, nanoparticles, and genetically encoded proteins
ugually suffer from the folloﬁing disadvantages: (a)
easily diffuse away from the enzymatic reaction sites,
thus providing limited utilities for subcellular imaging;
{b) the planar conjugated structure will lead to

aggregation caused-gquenching property (ACQ), especially
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when large amounts of the flucrescent dyes are confined to a
small subceliular area; {(c¢} they can only be used in very
diluted solutions and have very poor photostability; (d)
they have small Stokes shifts (usually less than 30 nam),
which dg difficult to distinguish from the background
gignais and reguire precise emisgion filters; (e) their
synthesis or preparation is usually difficult, which makes
them hard to adjust the emission spectrum and introduce
reactive sites for enzymes or bioactive molecules.

Therefore there is a need for fluorescent probes that
target organelles, do not easily diffuse awav from the
enzyme reactive giteg due to their agueous solubility,
show higher Stokes shifts and at the same time are less
difficult to synthesize and functionalize. The probes
ghould sghow lesgs background ncige as the known AIE based
probes. The previous flucorescent probes based solely on an
ATE turn-on mechanism must have good water sclubility to
ensure low Dbackground noigse, which restricts their
applications for detection of enzymes with hydrophobic
ligand-binding sites.

Thus, there is a need for improved imaging methods
and new fluorescent probes for organelle-specific enzyme

and bicactive molecule detection.

Summary

According to a first aspect of the invention, there
is provided a method for imesging the activity of enzymes
or bicactive molecules in cells using fluorescent probes
with aggregation-induced emission (“AIE”) properties and
excited-state intramolecular proten transfex (“"ESIEFT")
properties. Becauge of itg ATIE property, the probes used
in the methoed are non-emissive 1n sclution state but
highly emissive at an aggregation state, which has

advantages in high photostability, good in situ retention
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ability and excellent turn-on ratio. The probes with
additional ESIPT properties provide extracordinarily large
Stokes shift and a “turn-on” mechanism by forming
intramolecular hydrogen bonds. Therefore, a method usging
fluorescent probes with both advantages of “AIE + ESIPT”
mechanisms provided by the method according to the
invention can be used in “turn-on” imaging of organelle-
specific enzymes and wmolecules to generate signal
amplification with high contrast and sensitivity.

The invention in a second asgpect provides a method
wherein the fluorescent probe has an organelle specific
target group (“T”) and a reactive site (“R”) for reaction
with enzymes and biomoclecules. In this method the probes
are decorated with diverse specific targeting groups for
different organelles. Furthermore after reaction with
enzymes or biocactive molecules with the reactive gite of
the probe, highly flucrescent products are vyielded at
aggregation state, which have excellent in gitu retention
ability at the reactive gites. Due to the aggregation-
induced emission (AIE) properties of the probes, which are
highly emissive at aggregation state but non-emissive in
solution state, the method according to the invention is
characterized by an advantageously high signal-to-noise
ratico. Due to the ESIPT characteristics exceptionally
large Stokes shifts (in some cases > 150 nm) are also
obtained. The novel “turn-on” mechanism of the probes used
in the method is based on specific reactions with enzymes
or bicactive melecules to promote the formation of
intramolecular bonds and aggregates 1in agueous media,
which can guarantee the wide detection scope and high
accuracy.

The invention in a second aspect also provides the

fluorescent probe precursors of formula (I)
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whereln

X represents hydrcgen, alkyl, alkynyl or heteroaryl,

Y represents a direct bond between the twoe nitrogen
atomg or represents an aryl or hetercaryl group which are
optionally substituted by one or more substituents
gselected from halogen, cyano, alkyl, perfluorcalkyl,
alkoxy, aryl-oxy, alkenyl, alkynyl, cycloalkyl, alkylthio,
amido, amino, wmonecalkylamino, dialkylamino, carboxamide,
hydroxy, mercapto, aryl or hetercaryl,

Z represents O, NH or NR’',

R’ represents alkyl, aryl or hetercarvyl,

R is the reactive group,

W represents no substituent or one or more
substituents selected from halogen, cyano, allkyl,
perfluorcalkyl, alkoxy, aryl-oxy, alkenvyl, alkynyl,
cycloalkyl, alkyithio, amido, amino, monoalkylamino,
dialkylamino, carboxamide, hydroxy, mercapto, aryl and
heterocarvyl; or represents a fused aromatic ring to the
phenyl moiety that it is linked to and is optionally
substituted by one or more substituents gelected from
halogen, c¢yano, alkyl, perfluorocalkyl, alkoxy, aryl-oxy,
alkenyl, alkynyl, cycleoalkyl, alkylthio, amido, amino,
monoalkylamino, dialkylamino, carboxamide, hydroxy,
mercapto, aryl, heteroaryl,

Linker is a single bond or a combination of chemical
bonds linking the targeting group T to the proke molecule,

and
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T represents a targeting group that has an ability to
interact with an organelle.

These probe precursors, which are salicyladazine dyes
or similar compounds, can be synthesized and
functionalized with targeting groups and reactive sites by
methods known in the art. It is therefore easy to tailor-
make these probe precursors for the desired use of imaging
of specific enzyme activities within organelles.
Advantageously, the flucrescent probes have high “turn-on”
ratic, large Stokeg shift, excellent in sgitu retention
ability, high photeostability, and low cytotoxicity.

According to a third aspect of the invention, there
is provided the wuse of one or more of the following
compounds or their derivatives for preparing a fluorescent

probe or its precursor:

oH 0 HO—Q—\\ HO
=y N“N\ =
s A oH \“ p) -0
Biue-1 Green-2

o HO\i/\F
Nay T -
N\\/\© - \/\Q
o .
(61

Yellow-3 Red-4

The compounds constitute the fluorophore of the
probes and can be advantagecusly tuned to a given emission
spectrum. As indicated Dby their naming their emission
spectrum leads to different colors.

According to a fourth aspect of the invention the
fluorophores can also be used as such to include them into
nanoparticles. The invention provides nanoparticles
containing at least one fluorescent probe consisting of

cne of the following compounds or their derivatives:
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Advantageously, flucrescent nanoparticles with ATE
and ESIPT properties have been obtained according to the
invention with a tunable emission color from blus to red.
They can me modified to be inserted into target cells
which can then be 1imaged for thelr behavior and the
activity of bicactive melecules on them.

According to the IZifth aspect of the inventicn, thers
is provided a kit for imaging the activity of biomolecules
or enzymes 1n organelles comprising a £flucrescent probe

precursor of formula (I}’.

Definitions

The follcowing words and terms used herein shall have

The term “aggregation-induced emission” (AIE) refers
to a light emission of a luminogen gystem which is induced
by aggregate formation. It is a phenomenon observed for
certain moelecules and is the opposite of an aggregation-
caused guenching property.

The term “excited-gtate intramclecular proton
transfer” (ESIPT) refers to a charge wmotion involving the
hopping of a proton in a molecular framework.

Ags used herein, the term "alkyl group" includes
within its meaning menovalent (“alkyl”) and divalent
(“alkylene”) straight chain or branched chain saturated

aliphatic groups having from 1 toc 10 carbon atoms, eg, 1,

7
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2, 3, 4, 5, &, 7, 8, &, or 10 carbon atomg. For example,
the term alkyl includes, but 1s not limited to, methyl,
ethyl, 1l-propyl, isopropyl, 1-butyl, 2-butyl, isobutyl,
tert-butyl, amyl, I,2-dimethylpropyl, 1,l-dimethyipropyl,
pentyl, isopentyl, hexyl, 4-methylpentyl, 1l-methylpentyl,
2-methylpentyl, 3-methylpentyl, 2,2-dimethylbutyl, 3,3-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl,
1,2,2-trimethvipropyil, 1,1,2-trimethylpropyl, 2-
ethylpentyl, 3-ethylpentyl, heptyl, 1-methylhexyl, 2,62-
dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl,
1,2-dimethylpentyl, 1,3-dimethylipentyl, 1,4-
dimethylpentyl, 1,2,3-trimethylbutyl, 1,1,2-
trimethylbutyl, 1,1,3-trimethylbutyl, 5-methylheptyl, 1-
methylheptyl, octyl, nonyl, decyl, and the like.

The term "alkenyl group" includeg within its meaning
monovalent {(“alkenyl”) and divalent (“alkenylens”)
straight or branched chain unsaturated aliphatic
hydrocarbon groups having from 2 to 10 carbon atoms, eg,
2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms and having at
least one double bond, of either EB, Z, c¢is or transg
stereochemistry where applicable, anywhere 1in the alkyl
chain. Examples of alkenyl groups include but are not
limited to ethenyil, vinyl, allyl, l-methylvinyl, 1~
propenyl, 2-propenyl, 2-methyl-1-propenvyi, 2-methyl-1-

propenyl, l1-butenyl, 2-butenyl, 3-butentyl, 1,3-
butadienyl, l-pentenyl, Z-pententyl, 3-pentenyl, 4~
pentenyl, 1,3-pentadienyl, 2,4-pentadienyl, 1,4-

pentadienyl, 3-methyl-2-butenyl, I1-hexenyl, 2-hexenyl, 3-
hexenyl, 1,3-hexadienyl, 1,4-hexadienyl, 2-methylpentenyl,
1-heptenyl, 2-heptentyl, 3-heptenyl, l-octenyl, l-nonenyl,
l1-decenyl, and the like.

The term "alkynyl group" as used herein includes
within its meaning moncovalent (Malkynyl”) and divalent

(“alkynylene”) straight or Dbranched c¢hain unsaturated
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aliphatic hydrocarben groups having from 2 to 10 carbon
atoms and having at least one triple bond anywhere in the
carben chain. Examples of alkynyl groups include but are
not limited to ethynyl, l-propynyl, l-butynyl, 2-butynyl,
l-methyl-2-butynyl, 3-methyl-1-butynyl, 1-pentynyl, 1-
hexynyl, methylpentynyl, i1-heptynyl, 2-heptynyl, i-
octynyl, Z-octynyl, l-nonyl, l-decynyl, and the like.

The term “cyclcalkyl” as used herein refers to cyclic
saturated aliphatic groups and includes within its meaning
monovalent (“cycloalkyl”), and divalent (“cyclocalkylene”),
gaturated, monocyclic, bicyclic, polycyclic or fused
polycyclic hydrocarbon radicals having from 3 to 10 carbon
atoms, eg, 3, 4, 5, &, 7, 8, &, or 10 carbon atoms.
Examples of cycloalkyl groups include but are not limited
£o cyclopropyl, 2~methylcyclopropyl, cyclobutyl,
cyclopentyl, 2-methylcocyclopentyl, 3-methylceyclopentvl,
cyclchexyl, and the like.

The term Maryl” as used herein refers to monovalent
(“aryl”) and divalent (“arylene”! single, polynuclear,
conjugated and fused residues of aromatic hydrocarbong
having from 6 to 10 carbon atoms. Examples of sguch groups
include phenyl, biphenyl, naphthyl, phenanthrenyl, and the
like.

The term “heterocaryl” as used herein refers to a
monocyclic- or polycyclic aromatic ring comprising carbon
atoms, hydrogen atoms, and one or more hetercatoms,
preferably, 1 to 3 heteroatoms, independently selected
from nitrogen, oxygen, and gulfur. Preferably, a
hetercaryl group is a monocyclic ring, wherein the ring
comprises 2 to 5 carbon atoms and I to 3 heterocatoms.
Examples of such groups include pyridinyl, pyridazinyi,
pyrimidyl, pyrazvl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazclyl, pyrazinyl,
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pyrimidinyl, tetrazolyl, furyl, thienyil, isoxazolyl,
thiazolyl, isoxazolyl, and oxazolyl and the like.

The term “Acyl" ig intended to mean a -C{0}-R
radical, wherein R 1g an optionally substituted C;-Cuo-
alkyl, Cy-Cyy-alkenyl, c¢ycloalkyl having 7 to 7 carbon
atoms, or aryl having 6 or 10 carbon atoms, or a 5 to 6
ring membered heterccycloalkyl or hetercaryl group having
1 to 3 hetero atoms select from N,S5, or O.

AR

The term “halogen” or variants such as “halide” or
“halc” as used herein refers to fluorine, c¢hliorine,
bromine and iodine. The term “hetercatom” or variants such

iy

as “heterc-” as used herein refers to O, N, NH and 3.

The term “opticnally substituted” as used herein
means the group to which this term refers may Dbe
unsubstituted, or may be substituted with one or more
groups 1ndependently selected from C;-Ce-alkyl, Co-Cs-
alkenyl, C;-Cg-alkynyl, thio-C-Cy-alkyl, C3-Cyg-cycloalkyl,
C3;-Cg-cycloalkenyl, £five to six membered heterocycloalkyl,
halo, -COCQH, Ci-Cg-carboxyl, halo-C-Cs-alkyl, halo-C;-Ce-
alkynyl, hydroxyl, C;-Ce¢-alkoxy, thio-C;-Cs-alkoxy, Cp-Cs-
alkenyloxy, halo-Ci-Cg-alkoxy, halo-C,-Cs-alkenyloxy, nitro,
amino, nitro-C;-Cs-alkyl, nitro-Cy-Ce-alkenyil, nitro-C,-Ce-
alkynyl, five to sgix ring membered nitro-heterocyclyl, Ci-
Cz-alkylamino, di-C;-Ceg-alkylamino, C,-Ce-alkenylamine, C;-
Ce-alkynylamino, C;-Cs-acyl, C;-Cg-alkenoyl, C,-Cg-alkynovl,
Cy-Cg-acylamine, di-Ci-Cg-acylamino, Ci-Cs-acyloxy, C:-Cs-
alkylsulfonyloxy, five to six ring membered heterocycloxy,
five to six ring membered heterocycloamino, five to six
ring membered haloheterocyclcoalkyl, C;-Cs-alkylsulfenyl,
C1-Ce-alkylcarbonyloxy, C,-Cg-alkylthio, Ci-Cg-acyithio,
phosphorus-containing groups such as phosphono and
phosphinyl, aryl having 6 to 10 carbon atomsg, five to six
ring membered hetercaryl, Ci;-Cs-alkylaryl having & or 10

carbon atomg in the aryl, five to gix ring wmembered C;-Cs-

10
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alkylheteroaryl, cyanc, cyanate, isocyanate, -C{O)NH(Ci-Ce-
alkyl), and ~C(O)N(Ci~Cg-alkyl)..

Unless specified otherwise, the terms "compriging"
and “comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive® language such
that they include recited elements but also permit
inclusion of additicnal, unrecited elements.

As used herein, the term "about®, in the context of
concentrations of ' components of the formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the gtated value,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may

~be disclosed in a range format. It should be understood

that the description In range format 1is wmerely for
convenience and brevity and should not be construed as an
inflexikble Ilimitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have gpecifically disclosed all the possible
sub-ranges ag well ag individual numerical wvalues within
that range. For example, description of a range such as
from 1 to 6 should be considered tc have specifically
discloged sub-ranges such ag from 1 to 3, from 1 tc 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. Thig applies regardless of
the breadth cf the range.

Certain embodiments may also be described broadly and
genericalilly herein. Each of the narrower sgpecies and sub-
generic groupings falling within the generic disclosure
also form part of the disclosure. This Includes the

generic description of the embodiments with a proviso or

il
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negative limitation removing any subject matter from the
genus, regardless of whether or not the excised material

is gpecifically recited herein.

Detailed Disclosure of Optional Embodiments

Exemplary, non-limiting embodiments of the method for
imaging the activity of enzymes or bicactive moleculesg in
cells wusing fluorescent probes with aggregation-induced
emisgion prcperti@s' and excited-state intramolecular
proton trangfer properties are described.

The enzymes and Dbioactive molecules include all
substances that can interact with the fluorescent pxobe
precursor to form the fluorescent probe. Preferably the
interaction is characterized by having a non-emitting or
littlie emitting prcbe Dbefore the action of the
enzyme/biloactive molecule which changes intc an emitting
probe (“turn-on mechanism’”). For instance an enzyme can
cleave certain part off the probe after which it
aggregates and shows the AIE and ESIPT effect. Pigure 1
shows the schematic principle of such turn on mechanism.

The fluorescent probe precursor is preferably a probe
that has an organelle specific target group T and a
reactive site R for reaction with enzymes or biomolecules.
The reactive gite interacts with the enzyme or bicactive
molecule while the T moiety links the probe to the desired
cell part which is an organelle (see Figure 1 for the
cleavage c¢f an R group by the enzyme and the linkage to
the organelle by the T group). The method uses at least
one fluorescent probe, but can also utilize a combination
of two to four or more probes.

The activity of enzymes that can be detected in the
inventive method include for instance esterases {(acting on
acetoxy groups), sulfatases {acting on sulfonate groups),

f-galactosidases {acting on {-galactosidaside groups), B-

i2
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glucosidaces (acting on B-glucoside groups) , oL

gluccsidages (acting on g-glucogide groups) ,
hexosaminidases {acting on N-acetyl-D-hexosamines),
monoamine oxidasges (acting on alkylamine groups) ,
Cytochrome 2450 {acting on ethyl groups) , and
nitroreductases {acting on 2~ethyl-5-nitrothicphene
groups) .

Bioactive moclecules that can be used and the activity
of which can be detected in the inventive method include
for instance  hydrogen  peroxide (Hz03) (acting on
aryiboronate groups), hypochlorocus acid ({HOC1) (acting on
p-aminophenol groups}, ozone {03) (acting on homoallyl
ether groups) , superoxides {(Oze—) {acting on
diphehylphosphinyl groups) , thiols {(RSH) (acting on 2,4-
dinitrobenzenesulionyl groups) ; hydrogen sulfide H-3
(acting the pendant disulfide and ester groups), sulfiteg
(805°7) (acting on 1,4-diketone groups), and fluoride ions
(acting on diphenyl (tert-butyl)silyl groups).

The method according teo the invention can be uged for
in situ imaging of bioclogical activities of the enzymes
and bicactive molecules 1in the cellsg. The cells are
therefore incubated with the florescent probe or its
Precursor. It can be run directly with the cells.
Solvents that can be used are those in which the cells are
kept, e.g. water or PBS buffer. Preferably the probe is
dissclved in serum free solution. The concentration of the
fluorescent probe is uM or nM level, such as 1 nM to 100
M, preferably 100 M to 20 uM. The temperature can be
varied, but is usually around 20 to 40 °C, preferably 25
to 38 °C. The emission o©f the probes can be measured in
real time. A preferred chservation time is 232 min to 2 h
after incubation with the probe, most preferably 5 to 12

min after incubation. A preferred incubation time at about
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36 to 38 °C ig 10 min to 2 h, most preferably 20 to &0
min.

According to one embodiment of the invention a light
source for excitation is used with a predefined wavelength
(hex) . Then the emission at a different wavelength range
which depends on the properties of the flucrescent probhe
is observed (As) . Preferabiy a Stokes shift of more than
50 nm is obsgerved with the fluorescent probes in the
method. More preferably the Stokes shift is about 50 to
200 nm, most preferably about 100 to 160 nm. The method
can be directly applied to the c¢ell culture without
washing steps.

In a second aspect invention provides the fluorescent
probe precursors fo be used in the method.

Such fluorescent probe precursors are compounds of
the formula (I),

R
|

- (”%KZ
Linker— |
- S /N\
X

X
w
W Y\N;\fﬁé
J\/iﬂ Linker T
P
i
R (1)

wherein

X represgents hydrogen, alkyl, alkynyl or heteroaryl,

Y represents a direct bond between the two nitrogen
atoms or repregents an aryl or heterocaryl group which are
optionally substituted Dby one or more substituents
selected from halogen, cyano, alkyl, periluoroalkyl,
alkoxy, aryl-oxy, alkenyl, alkynyl, cycloalkyl, alkylthio,
amido, aminc, monoalkylamino, dialkvlamino, carboxamide,
hydroxy, mercapto, aryl or heteroaryl,

Z represents O, NH or NR',

R’ represents alkyl, aryl or heteroaryl,

R is the reactive group,

14
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W represents no substituent Oor one oOr more
substituents selected Erom halogen, cyano, alkyl,
perfluocroalkyl, alkoxy, aryl-oxy, alkenyl, aitkynyl,
cycloalkyl, alkylthio, amide, amino, monoalkylamino,
dialkylamine, carboxamide, hydroxy, mercapto, aryl and
heteroaryl; or represents a fused axomatic ring to the
phenyl moiety that it is linked toc and is optionally
substituted by one or more substituents selected from
halogen, cyano, alkyl, perfluorcalkyl, alkoxy, aryl-oxy,
alkenyl, alkynyl, cycloalkyl, alkylthio, amido, amino,
mconoalkylaming, dialkylamino, carboxamide, hydroxy,
mercapto, aryl, hetercarvl,

Linker i1s a combination of chemical bonds linking the
targeting group T to the probe molecule, and

T represents a targeting group that has an ability to

interact with an organelle.

X preferably represents hydrogen, C;-Cs-alkyl, €. -Ce-
alkynyl or hetercaryl having 5 to 6 ring members and 1 to
3 hetero atoms selected from O, N or S. X more preferably
repregents hydrogen.

Y preferably represents a direct bond between the two
nitrogen atoms or represents an aryl having 6 or 10 carbon
atoms in the aryl moiety or heterocaryl group having 5 to 6
ring members and 1 to 3 hetero atoms selected from O, N or
S which both can be opticnally substituted by one or more
substituents selected from halcogen, cyano, C;-Cg-alkyl, C;-
Ce-perfluorocalkyl, Ci-Ce¢-alkoxy, aryl-oxy having 6 or 10
carbon atoms 1in the aryl meiety, C.-Cs-alkenyl, Ci-Cs-
alkynyl, Cz-Cr-cycloalkyl, C;-Ce-alkylthio, amido, amino,
C;-Cs-monealkylamino, di-Cy-Cy-alkylamino, carboxamide,
hydroxy, mercapto, aryl having € or 10 carbon atoms in the
aryl moiety or hetercaryl having 5 to 6 ring members and 1

to 3 hetero atoms gelected from ©, N or 8. Y more
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preferably represents a direct bond between the two
nitrogen atoms or represents phenyl.

R preferably represents an ethyl, acetyl, sulfate, 2-
ethyl-5-nitrothiophene, arylboronate, p-amincphenol,
homcallyl ether, diphenylphosphinyl, 2,4-
dinitrobenzenesulfonyl, 1,4-diketone, carbohydrate, amino

acid, glycosyl or ©peptide group. R more preferably

represents ethvl, acetvl, sulfate, 2-ethyl-5-
nitrothiophene, arylboronate, p-aminophenol, homoallyl
ether, diphenylphosphinyl, 2,4-dinitrobenzenesulfonyl,

giycesyl or peptide group. The peptide group has
preferably a chains of 2 to 20 amino acid monomers linked
by peptide (amide) bonds, more preferably it 1is an

oligopeptide with 2 to 10 amino acid monomers linked. As R

the peptide {(Asp-Glu-Val-Asp) (= DEVD), the peptide o-1,2-
manncside, the peptide (Ac-Leu-Glu-Val-Asp-), peptide {(Ac-
Ala-Thr-Ala-Asp-) can be especially mentioned for
detecting caspase-3, -1, 2-mannosidase, Caspase-4 and

caspase-12 regpectively. R most preferably zrepresents an
acetyl or a galactosidyl group.

R’ preferably represents C;-Cg-alkyl, aryl having 6 to
10 carbon atoms or hetercaryl having 5 to 6 ring members
and 1 to 3 hetero atoms selected from O, N or S. R’ more
preferably represents methyl or ethyl.

W preferably repregents no substituent or one ¢r more
substituentg selected from halogen, cyano, C:i-Ce-alkyl, Ci-
Ce-perfiuorcalkyl, C:-Cs~-alkoxy, aryl-oxy having 6 or 10
carbon atoms in the aryl moiety, Ci~Cg-alkenyl, Ci-Cg-
alkynyl, Cs;-Ci-~cycloalkyl, Ci~Cg~alkylthio, amido, amino,
C;-Cg-moncalkylamino, di-Ci-Cs~alkylamino, C1-Ce-
carboxamide, hydroxy, mercapto, aryl having 6 or 10 carbon
atoms in the aryl moiety and heterocaryl having 5 to 6 ring
members and 1 to 3 hetero atoms selected from ©, N or S;

or W represents a fused aromatic ring to the phenyl
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moiety that it is linked to and is opticnally substituted
by one or more substituents selected from halogen, cyano,
C1-Cs-alkyl, C-Cs-perfiuoroalkyl, C,-Ce-alkoxy, aryi-oxy
having 6 or 10 carbon atoms in the aryl moiety, C1-Cs-
alkenyl, C-Cg~alkynyl, C5-Cy-cycloalkyl, C;-Cg-alkylthio,
amido, amino, C-Cg-moncalkylamino, 4di-C;-Cg-alkylamino, C;-
Ce-carboxamide, hydroxy, mercapto, aryl having 6 or 10
carbon atoms in the aryl moiety and heterocaryl having 5 to
6 ring members and 1 to 3 heterc atomg selected from O, N
or 8. W more preferably represents nc substituent which
means that the phenyl moiety  has 1o additional
substituent.

Linker preferably represents a single bond or an
ether, thioether, amine, ester, carboxamide, or
sulfonamide bridge having 1 to 16 carbon atoms and which
is saturated or partly saturated. Linker that has a bridge
having 3 to 10 carbon atoms can be egpecially mentioned.
Linker most preferably represents an ether group, such as
an oligomethyleneoxy group having 1 to 16 carbon atoms. An
oligomethyleneoxy group having 3 to 10 carbon atoms can be
especially mentioned.

The group T can be preferably a lysosome,
mitochondria, Golgl apparatus or endoplasmic retilculum
targeting moliety.

T preferably represents a pyrrolidine, piperidine,
piperazine, morpholine, imidazcle, diazepine, triazepine,
oxazepine, triphenylphosphonium, pyridinium, peptide or
carbohydrate moiety or represents a moiety that is a
ligand or antibody for organelles. T most preferably
represents a pyrrolidine, piperidine, piperazine,
morpholine, imidazole, diazepine, triazepine, oxazepine,
triphenylphosphonium, pyridinium, peptide or carbohydrate
group. A triphenylphosphonium, pyridinium and morpholine

group can be especially mentioned,

17



A pyrrolidine, piperidine, piperazine, morpholine,
imidazole, diazepine, triazepine, oxarepine ig especially
well suited to target lyscsome. A triphenylphosphonium,

and pyridinium group 1s especially suited to target

5 mitochondria.

The following group T cf formula (IT) can be used to

target Golgi apparatus

HN 8]
Té (TT).

10 The following group T of formula (III) can be used to

target endoplasmic reticulum (ER)

¢ (III).

The invention also provides probes of the formula

i5 (I), wherein R is hydrogen and can easily be replaced with

a reactive group.

The invention therefore also provides probes and

precursors of probeg of formula (I)’

20
R
|
z
Q—\m@—@ X
A /N\.\ w
W X Y\N/J\’/%{
O )
R (1)’
wherein
25 X represents hydrcgen, alkyl, alkynyl or heteroaryl,
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Y represents a direct bond between the two nitrogen
atoms or represents an aryl or heteroaryl group which are
optionally substituted by one or more substituents
gelected from halogen, cyano, alkyl, perfluoroalkyl,
alkoxy, aryl-oxy, alkenyl, alkynyl, cycloalkyl, alkylthio,
amidco, aminc, monozlkylamino, dialkylamino, carboxamide,
hydroxy, mercapto, aryl or heterocarvl,

Z represents O, NH or NR',

R’ represents alkyl, aryl or heterocarvl.

R 1s hydrogen or reactive group reactive group for
reaction with enzymes and biomolecules,

W represents no substituent or one or more

substituents gelected from halogen, CYANo, alkyl,
perfluoroalkyl, alkoxy, aryl~oxy, alkenyl, alkynyl,
cycloalkyl, alkylthio, amido, amino, monoalkylamino,

dialkylamino, carboxamide, hydroxy, mercapto, aryl and
heterocaryl or forms a fused aromatic ring with the phenyl
moliety that it is linked to and is optionally substituted
by one or more gubstituents selected from halogen, cyano,

alkyl, perfluorcalkyl, alkoxy, aryi-oxy, alkenyl, alkynyl,

cycloalkyl, alkylthio, amido, amino, monoalkylamino,
dialkylamino, carboxamide, hydroxy, mercapto, aryl,
hetercaryl,

Linker is a single bond or a combination of chemical
bonds linking the targeting group T To the probe molecule,
and

T represents a group that has an ability teo interact

with an organelle.

Preferred are compounds of formula (I)’, wherein
X represents hydrogen, C;-Cg-alkyl, C-Cz-alkynyl ox
hetercaryl having 5 tc 6 zring members and 1 to 3 hetero

atoms sgelected from O, N or S,
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Y represents a direct bond between the two nitrogen
atoms or repregents an aryl having 6 or 10 carbon atoms in
the aryl moiety or heterocaryl group having 5 to 6 ring
members and 1 to 3 hetero atomg gelected from O, N or S
which are opticnally substituted Dby one or more
substituents selected from halogen, cyano, C-Cs-alkyl, Ci-
Ce-perfluorcalkyl, Ci-Cg-alkoxy, aryl-oxy having 6 or 10
carbon atcoms in the aryl mwmoiety, C1-Ci-alkenyl, Cp-Cg-
alkynyl, Cs-Cs-cycloalkyl, Ci~Cg-alkylthico, amido, amino,
C1-Cs-monoalkylamino, di-C;-Cg-alkylamino, carboxamide,
hydroxy, mercapto, aryl having 6 or 10 carbon atoms in the
aryl moiety ox heterocaryl having 5 to 6 ring members and 1
to 2 heterco atoms selected from O, N or &8,

R represents hydrogen cor an ethyl, zcetyl, sulfate,
Z-ethyl-S5-nitrothiophene, arylboronate, p-aminophenol,
homoallyl ether, diphenylphosphinyl, 2, 4-
dinitrobenzenesulfonyl, 1,4-diketone, carbohydrate, amino
acid, glycesyl ox peptide group,

W represents one or more substituents selected from
hydrogen, halogen, cyano, C-Cg-alkyl, T -Cs-perfluoroalkyl,
Ci-Cs-alkoxy, aryl-oxy having 6 or 10 carbon atoms in the
aryl moiety, Ci;-Cg-alkenyl, C-Cg-alkynyl, Cs-Cr-cycloalkyl,
C;-Cs-alkylthio, amido, amino, C;-Cg-monoalkylaminc, di-C,-
Cg-alkylamino, ¢;-Cg-carboxamide, hydroxy, mercapto, aryl
having 6 orxr 10 carbon atoms in the aryl moiety and
hetercaryl having & to 6 ring members and 1 to 3 hetero
atoms selected from O, N or & or formg a fuged aromatic
ring with the phenyl moiety that it 1is linked tec and is
opticonally gubstituted by one or more substituents
selected from halogen, cyano, Ci1-Ce-alkyl,  Cy-Cg-
perfluoroalkyl, Ci-Cg-alkoxy, aryl-oxy having 6 or 10
carbon atoms in the aryl moiety, C;-Cg-alkenyl, C;-Ce-
alkynyl, Cs-Cy-cycloalkyl, C;-Ce-alkylthico, amideo, amino,

C:-Cg-monoalkylamino, di~-Ci-Cg-alkylamino, G ~Cs-
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carboxamide,

hydroxy,

mercapto,

aryl having 6 or 10 carbon

atoms in the aryl moilety and heteroaryl having 5 to 6 ring

members and 1 to 3 heterc atoms selected from O, N or &,

Linker

thicether,

amine,

represgents a

ester,

gingle

bond

carboxamide,

or an

or sulfo

ether,

namide

bridge having 1 to 16 carbon atoms and which is saturated

or partly saturated,

morpholine,

triphenylphosphonium,

T repregents a pyrrclidine,

imidazole,

diazepine,

pyridinium,

piperidine, piper

triazepine, o0Xaz

azine,

epine,

peptide or carbohydrate

moiety or represents a moiety that is a ligand or antibody

for crganelles.

T

In
and R

formula

(

s
A

the substituents W,

X, Y, 2, L

inker,

can also have the same meaning as those explained

above for formula

according to the
known to the persons gkilled in the art.

prepared according to M. Gac,

L.

2
L

G.

1

B.
10.1002/adhm.201400654;

(I).

The compounds of formula

working examples

F. Xu, B. Z.
Gao, 0.

Hu, G. X. Feng,
¢l4, 50, 8312-8315; M.
iu, J. Mater. Chem. B 2014, 2

Feng

4229; M. Gao,

Mater.

2

M.

2

Org. Prep. Proced. Int.
O

r

Resg.

365; H.

B. Liu,

z, Tang, B.

Loghmani-~Khouzani,

001, 80-81; M.

Ran,

Z.

Jin,

Q. Hu,

s.

Angew. Chem.

Liu,

g. Abdorrezaie, M.

X.-B.

G. Feng,

(I) and

, 3438-3442;

Int.

Tang,

C. K. 8im,

Ed.

{IY" can be made

Hu, G. Feng, B. Z. T

C. W. T. Le
B. Livu, Chem.
Q. Hu,
2014, 53,

N. Tomczak, R. Liu, B

Adv. Healthcare Mater. 2014,

D. ©.

Jafarpi

Singh, A, K.

2005,

Zhang,

21

Li, M.

{Durnten-zZurich, Switz.)

M. M. M.

sheh,

X.

Tan, L. Jie

2012, 396-398,

Sadeghi, J. 8

J. Chem. Res.,

Singh,

P.

Singh, R.

37, 173-177; D.-X. Xi

D.-L.

An,

Dyes Pigm.

or by analogue methods

They can also

ung, Q.
Commun.
ang, B.
M. Gao,
14225~
. Xing,

DIO:
, Adv.
2366-
afari,
Synop.
Jain,
e, Z.-

2013,
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96, 495-499; A. W. Kleij, M. Kuil, D. M. Tooke, M. Lutz, A.

L. Spek, J. N. H. Reek, Chem. - Eur. J. 2005, 11, 4743-

4750;

E.

C. Escuderc-Adan, M. M. Belmonte, E. Martin, G.

Salassa, J. Benet-Buchholz, A. W. Xleij, J. Org. Chem.

2011,

uged:

76, 5404-5412.

For instance the following synthesis approach can be

A)

Selectively reacting the 4-Hydroxy group of 2,4-
dihydroxybenzaldehyde in the presence of a Cesium
galt and an organic sgeolvent, such as DMF, with a
guitable reagent, such asg 1,4-bibromobutan,

Reacting the product of 2A) with NH;-NH, in the
presence of an organic solvent, for instance a
polar corganic solvent such azs ethanol, and

Introducing a reactive group by selective reaction
of the remaining 2-hydroxy group in the presence of
a Cegium salt and an organic golvent, such as DMF,

to form the degired product.

According to a third aspect of the invention there is

provided a fluorescent probe that is based on one of the

following flucrophore core structures:

Yeliow-3 Red-4
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These fluorophores can provide the AIE and ESIPT
properties of the fluorescent probe according to the
invention. The fluorophores allow tuning the emission
wavelength to a preferxred range from red to bklue also
including yellow and green.

The fluorophores have been synthezized as described
in the working examples. They can be derivatized by using
known methods or other known starting materials and can be
used 1in the method according to the invention. For
instance a reactive group R can be introduced or a
“linker-T” group attached. These compounds can be the
fluorophore core 1in the fluorescent probe precursors
according to the inventicn.

However, they can also Dbe used as such and as
derivatives without modification to obtain flucrescent
prcohes Wiéh desirable AIE and ESIPT properties. To make
use of the properties the four compounds or their
derivatives can be included in nanoparticles.

Such mnanoparticles can be prepared as described in
the specification. Preferably the nanoparticles are
liposome nanoparticles which entrap the flucrophores. Such
nanoparticles can be prepared by reaction with polar
polyethylenglycol reagents, such as 1,2-distearoyl-gsn-
glycero-3-phosphoethanolamine-N- [maleimide (polyethylene
glycol) -2000] {DSPE~PEGqgg-MAL) , DSPE~PEG;000-NH;, DSPE-
PEGoyoe-CO2H, MPEGsu00-DSPE. The nanoparticles have a PEG
coating and can be modified by coupling the coating with a
peptide. The peptide can be chosen to target specific
cells or cell components. For instance the nanoparticles
can be coupled with tumor-homing peptides, such TAT-
cystein peptide (see Journal of Controlled Release, Volume
160, Issue 2, 10 June 2012, Pages 264-273). This allows
for the imaging of tumor cells, such as MCF-7 cells, using

the nanoparticles according to the invention. The
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nanoparticles according to the invention have a mean
particle size of about 50 to 250 nm, preferably about 90
to 170 nm, most preferably about 100 Lo 150 nm.

By use of the fluorcophore nanoparticles of the invention
the targeted cells can be imaged with tuned emission
wavelength. The fluorophore with the desirable properties
can be specifically inserted in the cells which are then
tainted. This may £further allow the obsgervation of the
activities of biloactive molecules in the cells according

to the method of the invention.

Another fluorescent probe that can be used 1in the
method of the invention is the compound of formula (IV} or

a derivative thereof.

This compound can be synthesized according to the working
examples., It can be used as a probe as 1t contains
reactive sites that can be cleaved off by f-galactosidase
to form the following fluocrescent compound 9 with AIE and

ESIPT properties:

The fluorescent probe with the reactive sites can be used

as such, for instance in nanoparticles, or in derivatized
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form, for instance by adding a suitable “Linker-T” moiety

or any other deccration, to target cell or parts of cells.

According to a fifth aspect of the invention there is
provided a kit for imaging the activity of biomoclecules or
enzymes 1in organelles comprising a flucrescent probe or
its precursor of formula (I)’. Besides the fluorescent
probe the kit can contain cother auxiliary components that
are needed to prepare an agueous solution of the probe to
expose the cells with it. Such asuxiliary components can
for instance be buffers, syringes etc. which can be
utilized to achieve the most effective detection method
for imaging the activity of enzymes or bicactive molecules

according to the method of the invention.

Other inventions that can be mentioned include:

(1) The preparation cof “AIE + ESIPT” fluorescent prcbes
with tunable emission spectra, organelle-specific
targeting groups and reactive sites £for enzymes and

bicactive molecules.

< i_mker

R
|
z

wherein

X = H, CN, alkyl, alkenyl, alkynyl, aryl or heteroaryl;

¥ = Arvyl or heteroaryl ring substituted once cor more, at
any pesition, by halogen, c¢yano, alkyl, perfluoroalkyl,
alkoxy, aryl-oxy, alkenyl, alkynyi, cycloalkyl, alkylthio,
amido, amino, moncalkylamino, dialkylaminc, carboxamide,
hydroxy, mercapto, aryl, heterocaryl;

Z = 0, NH, NR';

R = reactive groups, including a ethyl, acetyl, sulfate,

2-ethyl-5-nitrothiophene, arylboronates, p-aninophencl,
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homoallyl

dinitrobenzenesulfonyl,

ether,

acid or peptide group.

W = a fused

aromatic

1,4-

diphenylphosphinyl, 2,4-

diketone, carbohydrate, amino

ring that is

independently substituted once or more,

by halogen,

alkenyl,
monoalkyla
mercapto,

Linker =

of chemical bonds,

alkynyl

mino,

Cyano,

I

alkyl, perfluorcaikyl,
cycloalkyl, alkylthio,
dialkylamino, carboxamide,

aryl, hetercaryl;

optionally and

at any position,

alkoxy, aryl-oxy

amido, amino,

hydroxy,

The LINK groups are composed of any combination

ester, carboxamide,

triple carbon-carbon bonds.

inciluding ether,

gulfonamide, and

thicether, amine,

single, double,

Selected examples of LINK

opticonally include oligomethylenes, carboxamideg, and
gulfonamides;

T = Targeting groups for specific organelles, including
pyrrolidine, piperidine, piperazine, morpholine,
imidazole, diazepine, trizzepine, oxazepine,
triphenylphosphonium, pyridinium, peptide, carbohydrate,

and other ligands or antibodies for organelles.

{2} The method of (1),

is selected £from the group

piperidine

triazepine

, Pplperazine,

, and

oXazepine.

wherein “T” for targeting lysosome

morpholine,

The reactive

consisting of pyrrolidine,

imidazcole, diazepine,

groups  for

specific detection of lysosomal enzymes are consisting of

acetoxy group for esterase,

P-galactos

group for

glucogidasg

(3) The

idaside

e, and N-acetyl-D-hexosamine

method

mitochondria ig

group for

of

selected from the

triphenylphosphonium,

B-giucosidase,

(1),

sulfconate group for sulfatase,

f-galactosidase,

cg-glucoside

wherein A 1

group

B-glucoside

group for o

for hexosaminidase.

for targeting

and pyridinium groups.

consisting of

The reactive

groups are consisting of alkylamine group for monocamine

oxidase,

ethyl

group

for

Cytochrome

26
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nitrothiophene group for nitroreductase, arylboronate
greup for hydrogen percxide (H;0;), p-aminophencl group for
hypochlorcus acid (HOCL), homoallyl ether group for ozone
{03), and diphenylphosphinyl group for superoxide (0,77},
2,4-dinitrobenzenesulfonyl group for thiols (RSH); the
pendant disulfide and ester group for hydrogen sulfide H,S,
1,4-diketone group for sulfite (30,° ), and diphenyl (tert-
butyl)silyl group for fluoride ion.

{4) The method of (1), wherein “T” is for targeting Golgi
apparatus. The reactive groups are consisiing of peptide
Asp-Glu-Val-Asp (DEVD) for caspase-3 and o-1,2-manncside

for o-1,2-mannogidases.

{5} The method of (1), wherein “I” 1is for targeting
endoplasmic reticulum (ER). The reactive groups are
consisting of peptide Ac-Leu-Glu-Val-Asp- for Caspase-4

and Ac-Ala-Thr-Ala-Asp- for Caspase-12.

e
o
H

o ‘gﬁpﬁs
Y e L
6 A § !
Cj[S\u)L\‘\‘}\
(6) The method of (1), wherein a series of flucrescent

nanoparticles with emission color tuned from blue to red
comprising fluorophores that exhibit “AIE +  ESIPT”

properties. The structures of fluorophores are as follows:
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Brief Description of Figures
The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
disclosed embodiment. It is to Dbe understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 shows a schematic drawing of the turn-on of
the probes after activation by organelle specific enzymes

or bicactive molecules.

Fig. 2 shows the activation of fluorescent probe
precurscr Lyso-1 for specific detection of lysosomal

aegterase.

Fig. 3 shows the synthetic zroutes for the synthesis

of prokes Lyso-1 and 6.

Fig. 4 shows tThe UV-vis absorpticon (dashed line) and
photo luminescence {“PL”) (solid line) spectra of 10 pM
Lyso-1 (red) and 2 (blue) in DMSO/water (1:99 v/v). Aex =
356 nm.

Fig. 5 shows (A) the PL gpectra of 2 1in THF and
THF /water mixtures with different water fractions (£.);
Concentration: 10 uM; excitation wavelength: 356 nm;
and (B) a plot of relative PL intensity (I/I,) versus the

solvent composition of THF/water mixture of 2.
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Fig. 6 showg (A} a plot of fluorescence intensity of
Lyso-1 (10 uM) wvs. the reaction time at varies esterase
concentrations (from bottom to top): 0 (control), 0.10,
0.15, 0.20, 0.30, 0.35, 0.40 and 0.50 U mL™*. (B) The plot
of the flucrescences intensity against the esterase
concentration in the range of 0.10-0.50 U mL . The
measurements were performed in 10 mM PBS (pH 7.4) with

}\ex_/em - 356/532 nm.

Fig. 7 shows flucrescence responses cf Lysc-I (106 uM)
to various species: MgCl, (100uM), CaCl, (100 pM), vitamin
C (10 mM}, H.C, (100 uM}, BOT (100 uM), Lysozyme (1.0 U mL~
1y, Cathepsin B (1.0 U mL™"), and esterase (0.50 U mL™) in
PBS buffer solution {pH = 7.4, 37 °C) with Agxjem = 356/532,
where I, and I are the PL intensities of 10 uM Lyso-1 alone

and that incubated with different specilesg, respectively.

Fig. 8 showg the fluorescence change of Lyvso-1I {10 uM)
reacting with esterase (0.50 U mL™') as a function of time
in the presence of different concentrations of AEBSF (from
top to bottom): 0, 0.10, 0.20, 0.40, 0.60, 0.80 and 1.0
mM. Aexjem = 356/532 nm.

Fig. 9 shows the colocalization imaging of MCF-7
cells stained with 1.0 uM Lyso-1 and 50 nM LysoTracker®-
red for 30 min at 37 °C. (&, e) Bright-field image. (b, £)

Confocal image from Lyso-1 on channel 1 (Ag = 405 nm, Aep =

515-560 nm). (o, g) Confocal image from LysoTracker® Red
on channel 2 {hexy = 559% nm, Aew = 585-610 nm). {d, h) Merged
image of channels 1 and 2. Scale bar = 20 um.

Fig. 10 shcws (Left) Signal lose (%) of flucrescent
emission of Lysc-1 (1 uM) and LysoTracker® Red (50 nM)
with increasing time. Excitation wavelength: 405 nm {(for
Lyso-1) and 560 nm (for LysoTracker® Red); emission filter:
515-560 nm (for Lyso-1) and 581-688 nm (for LysoTracker®

Red); (Right) fluorescent images of living MCF-7 cells
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stained with Lyso-1(1 uM) and LysoTracker® Red {50 nM) at

0 and 5 min.

Fig. 11 shows the metabolic wviability of MCF-7 breast
cancer cells after incubation with Lyso-1 at

concentrations of 1, 2, 4, 8 and 16 uM for 24 h.

Fig. 12 gshows real-time flucrescence images of the
MCF-7 cells with ZLyso-1I (1.0 pM) at rcoom temperature.
Scale bar = 20 um.

Fig. 13 shows confocal images of an MCF-7 cell
stained with 1.0 pupM Lyso-1 and stimulated using 3 1M
chloroguine. Different pseudo-colors are used to
illugtrate the fluorescence images at different stimulation
times of ¢, 1, 3, and 5 min. (e-g} Merges4of images at two
different times: {(e) 0 and 1 min, (£} 1 and 3 min, (g} 2

and 5 min, and (h) Bright-fileld image. Scale bar = 5 um.

Fig.'ié showg the synthesis route for making probe B-

gal-1.

Fig. 15 shows (A) the PIL. spectra of salicylaldazine 9
in THF and THF/water mixtures. Concentration: 10 uM;
excitation wavelength: 365 nm. {(C) Plot of relative PL
intensity (I/Ta) versus the solvent composition of

THF/water mixture.

Fig. 16 shows progress curves of hnydrolysis of probe
1 at a series of concentrations (40-1000 uM} upon
incubation with f-galactosidase (100 mU} in KH;PO; buffer
solution (pE = 4.5, 30 °Cy. Excited at 365 nom.

Fluorescence intensity was measured at 542 nm.

Fig. 17 =shows the wvariation of the fluorescence
intensity at 542 nm vs. the reaction time for 1 [1x10™* M
in KH,PO, buffer sclution, pH = 4.5, 30 °C] in the presence

of different concentrations of P-galactosidase (20, 490,
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60, 80 and 100 mU mL™'); the excitation wavelength was 365

nm.

Fig. 18 shows synthetic route for the four ™“AIE +

ESIPT” fluorophores with tunable emission spectrum.

Fig. 19 shows UV-vis absorpticn and PL spectra of 10

uM Bilue-1 in THF/water (1:99 v/v). Ag = 370 nm.

Fig. 20 shows UV-vis absorption and PL spectra of
nanoparticles Green-2 formed in 90% agueocus mixtures. Aex =

340 nm.

Fig. 21 shows UV-vis absorption and PL spectra of
nancparticles Yellow-3 formed in 90% agueous mixtures. les

= 380 nm.

Fig. 22 shows UV-vis absorption and PL spectra of
nanoparticles Red-4 formed in 20% agueous mixtures. Aex =

560 nm.

Fig. 23 shows the PL spectra of nancparticles Blue-1,

Green-2, Yellow-3, Red-4 formed in 50% agueous mixtures.

Fig. 24 shows size distribution of nanoparticles of
Blue~1, Green-2, Yellow-3, Red-4 formed 1in 90% agueous

mixtures,

FPig. 25 shows the fluocrescent images of MCF-7 cells
stained with Green-2 (1.0 uM). Aex = 405 nm, Aep = 5L5-560

nm.

Fig. 26 shows the flucrescent images of MCF-7 cells
stained with Red-4 (1.0 uM). Zex = 559 nm, Aem = 585-610 nm.

Fig. 27 shows the synthetic route for making

MitoGreen-1 and MitoGreen-2.

Fig. 28 shows (A) a normalized UV gpectra of
MitoGreen-1 in DMSO solution. (B) a PL spectra of
MitoGreen-1 in solid and DMS0O solution (soln) states.
Concentration: 10 uM; excitation wavelength: 356 nm.
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Fig. 29 shows (A) a normalized UV spectra of
MitoGreen-2 in DMSC solution. (B} a PL spectra of
MitoGreen-2 in sclid and DMSC golution (soln) states.

Concentration: 10 uM; excitation waveleﬁgth: 356 nm.

Fig. 30 shows Colocalization imaging of Hela cellsg
stained with 5.0 uM MitoGreen-2 and 50 nM MitoTracker®-
red. (a) a confocal image from MitoGreen-2Z on channel 1
(hex = 405 nm, Aem = 515-560 nm). (k) a confocal image from
MitoTracker® Red on channel 2 (Aex = 559 nm, Aey = 585-610

nm) . (¢} merged image of channels 1 and 2.

Detailed Description of the Figures

Figures 1 and 2 show the method set-up for fluorescent
probe precursor Lyso-1. Lyso-1 has been obtained through
conjugation of the salicyladazine flucrophore with esterase
reactive acetoxyl group and lysosome-targeting morpholine
(Figure 1). Because of the protecticon of hydroxvl groups
of the salicyladazine fluorophore, the ESIPT process will
be inhibited and its fluocrescence will be suppressed.
After reaction with esterase, the acetyl groups will be
cleaved and the fluorcphore 2 with intrameclecular hydrogen
bonds would activate the ESIPT procegs with both keto and
encl tautomer at excited state. In addition, the free
rotation around the N-N bond would be inhibited because of
their poor agueous solubility.

Figure 3 shows the synthetic route for probes of
Lyso-1 and 6. The reaction of 2,4-dihydroxybenzaldehyde 3
with 1,4-dibromobutane first formed compound 4 1in 6€5%
vield, which further reacted with hydrazine hydrate to
generate the salicyladazine compound 5 in 80% vield.
Compound 5 further reacted with morpheline and acetic
anhydride to finally affcrd the desired product Lysc-1 in

81% vyield. To evaluate the lysosome targeting ability,
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probe 6 was also

synthesized without lysosome targeting

morpholine groups in 86% vield directly from the reaction

of compound 5 with acetic anhydride.

Figure

reacting with esterase.

4 showg the

flucrescence property of Lyso-1

The prcbe Lysc-1 shews a maximum

absorption at 333 nm, while the salicyladazine dye 2 shows

red shift absorption at 356 nm, which is attributed to the

increased

intramolecular hydrogen bonds. At ~532 nm,

no fluorescence for Lyso-1,

planarity

and rigidity by formation

of

there iz almost

whereas a strong emission with

a 200-fold enhancement is observed for 2 from the keto

tautomer (& = 9.6 %},
wavelength (Apax = ~441
{Figure 1}.

between the

The weak

emission at =&

short

nm} is from the enol tautomer of 2

It ig noted that there is almost no overliap

galicyladazine dve 2,

imaging applications.

which is

absorption and emission  spectrum

highly desirabkle

for

for

Figure 5 shows the photoluminescence (PL} spectra of

2 in THF/water mixtures with different water fractions

{(Ew),

which enabled fine-tuning of the golvent polarity and the

extent of solute aggregation.

Lyso-1 shows

The pure THF solution of

weak green fluorescence with an emission

maximum at 532 nm. With gradual addition of water into THE

from £, = 0 to 80 wveol%,

increasing.

From I, =

the emission intensity keeps slow

80 to 99 wvol%, the emigsion

is

exponentially increased with formation of aggregates due

to the poor solubility in agueocus environment. At £,

23

vol%, a 14-fold enhancement of emission has been ocbserved

as compared tc that in THF, showing an obvious AIE effect.

Figure ¢ shows the fluorescence kinetic curve of Lyso-

1 upon

incubation

concentrations. As can

with asterase at different

be seen, higher concentrations of

esteragse regult in faster cleavage reaction and stronger

fluorescence

intensity.

For esterase
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ﬂudrescence increase could reach a plateau in 15 min,
which 1is gigmoidal 1in shape due to the two-stepwise
sequential hydrolysis of Lyso-1 to 2. The fluorescence
could only be fully generated after the two-step reaction
completed and formation of intramolecular hydrogen bonds.
In contrast, the fluorescence of Lyso-1 without esterase
(control experiment) hardly changes during the same periocd
of time, indicating good stability of the probe. Ag shown
in Figure 6B, a gecod linearity 1s found 1in the
concentration range of 0.10-0.50 U mlL™* esterase, with a
linear equation of F = 0.416 x 103 x C (U mL™™) + .80 (v =
0.991}. The detection 1limit {(3S/m, in which S is the
gtandard deviation of blank measurements, and m is the
slope of the linear equation) ig determined to bhe 2.4 x
10-3 U mL .

Figure 7 shows the evaluation of selectivity of Lyso-

1 by measuring its flucrescence response in the presence of

different interference substances, including inorganic
salts {(MgCl,, CaCl,), wvitamin C, reactive oxygen speciles
(4,02, BO’"), and proteins (lysozyme, cathepsgin B). The

esterase can induce an over 70-200 timesg brighter
flucrescence than these interferences, and the
exceptionally high selectivity of Lyso-1 for esterase
demonstrates it can easily differentiate esterase from
other interference substances.

Figuxe 8 sghows the effect of an esterase inhibitor,
4-(2-aminoethyl)benzenesulfonyl fluoride ({AEBRSF), toward
esterase activity. With the increasing of AEBSF
concentration, the flucrescence intensity is gradually
decreased. For example, the addition of ¢.1 mM AERSF
causes a fluorescence decrease in 10% at 532 nm compared
with that without AEBSF. The higher concentrations of
AEBSF such as 0.4 and 1.0 mM lead to larger fluorescence

decrease of 40% and 6£5%, respectively. This experiment
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indicates that the fluorescence turn-on reaction indeed
arises from reaction with esterase. Importantly, the probe
Lyso-1 can alsoc monitor the esterase activity in living
cells by fluorescence imaging, and when MCF-7 cellg were
pretreated with 0.4 mM of AEBSF, an obviously decreased
fluorescence was observed. Thus, the probe Lyso-1 has a use
to screen inhibitors of esterase.

Figure 9 shows the potential of Lyso-1I for in situ
imaging of lysosomal esterase in living cells. A discrete
labeling pattern that matched the distribution of
iysosomes was obtained using Lyso-1 (Fig. 9a-d}. There is
no need for a washing procedure and excellent overlap
between the fluorescence images of Lyso-1 and LysoTracker®
Red. To verify that the probes can selectively target
lysosomes, the probe 6 withocut of lysosome targeting
morphdlines was also tested for cell imaging as a
compariscn. Very weak fluorescence was observed for cells
incubated with 1.0 pM of 6 for 2 h; while a non-specific
staining of the entire cell was observed with incubation
of 5.0 uyM of 6 (Fig. 9 e-h). These experiments clearly
verified that Lyso-1 can selectively target lysosome.

Figure 10 shows the photostability of Lyso-1I and
LysoTracker® Red {(commercial dye of Life Technologies,
Grand Islanc, NY 14072, USA) that was tested through
continuous scanning by confocal microscope. It has been
shown that the signal loss of Lyso-1 is less than 20% in
approximately 8 min. In contrast, LysoTracker® Red lost
almost approximately 70% of its flucrescence signal. These
experiments demonstrate the much higher photostability of
Lyso-1.

Figure 11 shows the cytotoxicity of Lyso-1 evaluated
by the widely used MIT assay. The samples were incubated
with 1, 2, 4, 8, or 16 uM Lysc-1 for 24 h, and the cell
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viabilities are <close to 100% under the testing
conditions, indicative of low cytotoxicity of the probe.

Figure 12 shows the real-time imaging experiments of
Lyso-1 for in situ monitcring of lysosomal esterase
activity with MCF-7 cells. As the incubation time elapses,
the fluorescence intensity increases gquickly which reaches
a maximum at 8 min. The real-time fluorescence images shown
in Fig. 12 indicate that the probe is non-fluorescent in
the cell culture media. Compared with the probe 6 (5 uM)
without lysosome targeting groups which can only turn-on
at after 2 h in the entire cells, these results clearly
demonstrate that ILyso~1 has the ability for specifically
localizing in lysosomes and real-time monitoring of
esterase activity.

Figure 13 shows the spatial and temporal distribution
of lyscsomes within MCF-7 cells which can also help to
diagnosge the related lysosomal storage diseases. The cells
were stimulated by a low dose (3 uM) of chloroguine to
drive lysgosomal movement without inducing significant
disturbance. A time series of confocal microscopy images
with the aid of Lyso-1 was recorded in 5 min. These images
(Fig. 13 a-d} revealed that the lyscsomes mainly kept
their original locations. However, the movement of their
locations could be identified in the merges of images at
different times (Fig. 13 e-g). The ability of Lysc-1 for
tracing lyscosomes movement is due to the  bright
ucrescence  and  high retention ability within  the

lysosomes and the negligible background flucrescence.

Examples
Non-limiting examples of the invention 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.
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Materials

All the materials are purchased from Sigma-Aldrich Company
except those gspecifically explained. DSPE-PEG reagents
were purchased from Avanti Polar Lipids, Inc; TAT-cysteine

peptide was purchased from GenicBio Company.

Example 1: Detection of lysosomal esterase using the

fluorescent probes

Lysosomal enzymes are responsible for  intracellular
digestion of wvarious proteins, lipids, and carbohydrates,
and their functional deficiencies would lead to a number
of inherited lysocsomal storage diseases (LSDs). For
example, the deficiency of lysosomal esterase would result
in Wolman disease with a series of symptoms including
diarrhoea, sgwelling of the abdomen, enlargement of the
liver and failure to gain weight. According tc the
invention, a sensitive and specific probe with YAIE” and
“ESIPT characteristics for detection of lysosomal

esterase has been developed (see Figure 1 and 2)}.

The synthesig of the probes has been done according to the
scheme in Figure 3 and 1s described 1in detail in the

following:

Synthesis of 4-(4-bromobutoxy)-2-hydroxybenzaldehyde (4):
2,4-dihydroxybenzaldehyde 3 (276 mg, 2.0 mmol} and 1,4-
dibromobutane (214 mg, 2.0 mmol) were first dissolved in
DMF (1C¢ mL), followed by addition of Cs;C0: (652 mg, 2.0
mmol), the mixture was stirred at 60 °C under nitrogen for
12 h. After cocling to room temperature, the reaction

mixture wag extracted by dichloromethane (40 mL x 3}, the
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combined dichloromethane fractions were dried over
anhydrous MgSC, and concentrated under reduced pressure.
The residue was Ifurther separated by c¢olumn chromatography
{(silica, petroleum ether:ethyl acetate = 20 : 1) to give a

colorless oil of 1 (177 mg, 65% yield). 'H NMR (CDCls, 400

MHz): & 11.47 (s, 1H), 9.71 (s, 1H), 7.42 (4, J = 8.4 Hz,
1H), 6.52 (4, J = 8.4 Hz, 2H), 6.40 (s, 1H}, 4.05 (t, J =
5.2 Hz, 2H), 3.48 (t, J = 6.0 Hz, 2H), 2.06-1.97 {(m, 4H);
o NMR (CDCl,, 100 MHz): 194.3, 166.0, 164.5, 133.2, 115.2,
108.6, 101.1, 67.4, 33.1, 29.2, 27.6; HRMS {(ESI): m/z [M]"
caled for Ci H;3Br0;: 272.0048; found: 272.2673.

Synthesgis of 6,6'-({1E,1'E) -hydrazine-1,2~

diylidenebis (methanylylidene)) -bis (3- (4-bromobutoxy) phenol)

{5} :

4- {4-bromocbutoxy) -2-hydroxybenzaldehyde (272 mg, 1 mmol) 4

wag dissclved in absolute ethanol (10 mL), followed by
addition of hydrazine monohydrate (25 mg, 0.5 mmol), and
the mixture was refluxed for 4 h. Precipitates were
filtrated under wvacuum and washed with absolute ethanol
three times, then dried under wvacuum. Pure product of 2

wag obtained ag a yellow powder solid (216 mg, 80% vield).

'y NMR {(CDCl,, 400 MHz): § 11.48 {(br s, 2H), 8.58 (s, 2H),

7.22 (d, J = 8.4 Hz, 2H), 8.51-8.50 {m, 4H), 4.04 (t, J =
5.6 Hz, 2H), 3.48 (t, J = 6.4 Hz, 2H), 2.09-1.%5 {(m, 4H);

*C NMR (CDCl,, 100 MHz): 163.2, 162.7, 161.8, 133.86, 111.0,
107.9, 101.7, &7.1, 33.3, 29.4, 27.7. HRMS (ESI): m/z [M +
H1" caled for CuaHowBroN.Ou: 541.0338; found: 541.2141.

Synthesis of 6,6'-((lE,1'E) -hydrazine-1,2-
diylidenebis (methanylylidene)) -
bis (3~ (4-morpholinobutoxy) -phenol} (2):
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6,6"-{{(1lE,1'E)-hydrazine-~1,62~

diylidenebis (methanylylidene) )bis (3-{4-bromobutoxy) -
phencl} 5 {540 mg, 1 mmol) was added intc morpholine (5
mL), and the mixture was refluxed under nitrogen for 4 h,
then the mixture was dried under wvacuum and extracted by
dichloromethane {40 mL x 3). The extracts were washed with
brine, dried over anhydrous MgS80,, and evaporated to give a
vellow powder solid (526 mg, 95% yield). *H NMR (DMSO-ds,
400 MHz): & 11.47 ({(br =, 2H), 8.8% (=, 2H), 7.32 (4, J =
8.4 Hz, 2H), 6.56 (d, J = 8.4 Hz, 2H), 6.51 (g, 2H), 4.03
(¢, J = 6.4 Hz, 4H), 3.56 {(br s, 8H), 2.33-2.29 {(m, 12H),
1.75-1.54 (m, 8H); °C NMR (DMSO-d,, 100 MHz): 162.7, 162.0,
1¢0.6, 132.7, 111.3, 107.5, 101.4, &7.6, 66.2, 57.6, 3.3,
26.3, 22.2; HRMS (ESI): m/z [M + H]' caled for CioH;:N,06:
554.3104; found: 555.3006.

Synthesis of ((1E,1'E)-hyvdrazine-1,2-

diylidenebis (methanylylidene) ))bis(3- (4-morpholinobutoxy) -
6,1-phenylene) diacetate {Lyso-1):

6,6'-((1E,1'E) -hydrazine-1,2~

diylidenebis (methanylyvlidene) )big (3-{4-

morpholinobutoxy) phenol) 2 (277 mg, 0.5 mmol) Was
digsolved in DMF (5 mL), followed by addition of Cg,C004
(326 mg, 1 mmol), acetic acid anhydride (204 mg, 2.0 mmol)},
and the mixture was stirred at 60°C for 8 h. After ccoling
to room temperature, the solvent was removed under vacuum.
The résidue was washed by water and further racrystallized
from ethanol to give pure product of Lyso-1 as a yellow
powder solid (434 mg, 85% yield). 'H NMR (DMSC-ds;, 400 MHz):
§ 8.56 (s, 2H), 7.94 (4, J = 8.8 Hz, 2H), 6.99 (4, J = 7.2
Hz, 2H), 6.88 (s, 2E), 4.08-3.44 (m, 20H}, 1.77-1.76 (m,
8H); C NMR (DMSO-ds, 100 MHz): 169.1, 161.6, 156.6, 151.2,
130.0, 1l&8.6, 113.2, 109.3, 67.4, &3.3, 5Bb5.6, 51.1, 25.6,
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20.8, 19.8. HRMS (ESI): m/z [M + H]" calcd for C;:H:N,Og:
638.3316; found: 639.3193.

Synthesis of ((1E,1'E)-hydrazine-1,2-

diylidenebis (methanylylidene)}bis (3- (4-bromobutoxy) -6, 1~
phenylene} diacetate 6:

6,56'-((1F,1'E)-hydrazine-1,2-

diviidenebis (methanylylidene))bis (3- (4-bromobutoxy)phencl)
5 {270 mg, 0.5 mmcl) was digsolved in DMF {5 mL), followed
by addition of Cg,C0; (326 mg, 1 wmmol), acetic acid
anhydride (204 mg, 2.0 mmol), and the mixture was stirred
at 60°C for 8 h. After cooling to room temperature, the
solvent was removed under vacuum. The residue was washed
by water and further recrystallized from ethancl toc give

pure product of 3 as a yellow powder solid (268 mg, B86%

vield). "H NMR (CDCl;, 400 MHz): & 8.63 (s, 2H), 7.99 (d, J
= 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.66 (s, 2H),
4.15 (t, J = 6.0 Hz, 4H), 4.03 {(t, J = 6.0 Hz, 4H), .372
(s, 6H), 1.87-1.83 (m, 8H}; *°C NMR (CDCl,;, 100 MHz): 169.4,
162.5, 157.0, 151.%, 130.1, 119.3, 113.6, 109.2, 68.2,
64.4, 25.7, 21.44, 21.27. HRMS (ESI): m/z [M + H]® calcd
for CseHiBr:N-Og: 625.054%; found: 625.3314.

The fluorescence properties of Lyso 1 and 2 are ghown in
Figures 4 to 6. COther properties of the probes and methods
are shown in Figure 7 (selectivity), Figure 8 (inhibitor
effect), Figure g {in situ test), Figure 10
(photostability), Figure 11 (cytoxicity), Figure 12 and 13
(MCF-7 cell use).

The UV-vig absorption spectra were obtained using UV-vis
spectrometer (Shimadzu, UV-1700, Japan). PL measurements
were carried out on a Perkin-Eimer LS-55 eqguipped with a

xenon lamp excitation source and a Hamamatsu {(Japan) 928
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PMT,using 90° angle detection for solution samples. The
cells were imaged by fluorescence microscope (Nikon Al
Confeocal microscope}. The time-dependence fluorescence
scans of Lyso-1 were conducted with microplate reader
(TECAN) . 'H and C NMR spectra were measured on a Bruker
ARX 400 NMR spectrometer. The molecular mass was acquired
using ilon trap-time-of-flight mass spectrometry (MS-IT-

TOF) (Shimadzu) .

Cell culture and imaging

Cell Culture

MCF-7 cell lines were provided by American Type Culture
Collection. MCF-7 breast cancer cells were cultured in
DMEM (Invitrogen, Carlsbad, CA) containing 10% heat-
inactivated ¥FBS (Invitrogen), 100 U/mL penicillin, and 100
pg/mL streptomycin (Thermo Scientific) and maintained in a
humidified incubator at 37 °C with 5% CCs.

Before experiment, the cells were pre-cultured until

confluence was reached.

Cell Imaging

MCF-7 cells were seeded at a density of 2 x10*/ well in the
chamber (LAB-TEK, Chambered Coverglass System) and grown
for 18 nh at 37°C in a humidified 5% {0, incubator. The
cells were washed twice with 1 x PB3 buffer and 0.3 mL
fresh serum-free medium containing 1.0 pM Lyso-1 solution
wasg then added to the chamber.

For real~time fluorescence imaging, 1.0 uM Lyso-1 solution
was incubated with MCF-7 cells, and the images were
collected at different time points by CLSM (Zeiss LSM 410,
Jena, Germany) with imaging software (Olympus Fluoview

FV1000}. The intensity images of Lyso-1 were recorded with
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the emission 1in the range of 515-%560nm. Excitation
wavelength: 405 nm.

For co-staining between Lyso-1 and LysoTracker® Red, the
MCF-7 cells were first incubated with 1.0 uM Lyso-1
soluticn for 2 h, and then the cells were rinsed and
incubated in the medium containing 100 nM Lyso-tracker Red
for 1 h.

Confocal 1images were collected with a confocal laser
scanning mMicrosScopy:

Lyso-1 was excited at 405 nm (1% laser power) and the
flucrescence was collected at 515-560 nm; LysoTracker® Red
was excited at 560 nm (18% laser power) and fluorescence
was collected at 581-GEB nm.

For Photostability study, MCF-7 cells were stalned with
1.0 uM Lyso-1 and LysoTracker® Red for 1 h at 27 ¢C under
5% CC;. The changes of fluorescence intensity with scan
time were determined by CLSM (Zeiss LSM 410, Jena,
Germany) .

Excitation wavelength: 405 nm (for Lyso-1, 1% laser power)
and 560 nm (for LysoTracker® Red, 18% laser power);
emission filter: 515-560 nm {(for Lyso-1)

and 581-688 nm (for LysoTracker® Red). The data were

obtained from replicate experiments (n = 3).

Cell wviability evaluated by MTT Assay

MCF-7 cancer cells were seeded in 9%6-well plates at a
density of 4 x10° cells/mL. After 24 h incubation, the
cells were exposed to a series of doses of the probe Lyso-
I at 37 °C. After the degignated time intervals, the
sample wells were washed twice with 1 x PBS buffer and
freshly prepared MTT solution (0.5 wmg/mL, 100 uL) in
culture medium was added into each sample well. The MTT

medium solution was carefully removed after 3 h incubation
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in the incubator for the sample wells, whereas the control
wells without addition <f MTT solution were washed twice

with 1 x PBS buffer. DMSO (100 pL) was then added into
each well and the plate was gently shaken for 10 min at
room temperature to dissolve all the precipitates Formed.
The absorbance of individual wells at 570 nm was then
monitored by the microplate Reader. The absorbance of MTT
in the sample well was determined by the differentiation
betwsen the abgsorbance of the sample well and that of the

respective control well. Cell viability was expressed by
the ratio of the absorbance of MTT in the sample wells to

that of the cellsg incubated with culture medium only.

Example 2: Fuorophores with B-galactosidase reactive group

as an example for detecting enzymes to study senescence

Human aging is usually assoclated with many chronic
diseaseg, high health risks, and even cancer, which would
reduce the guality and expectancy of elder 1life. To
support healthy elder life and prevent or delay the age-
related diseases, it is dimportant to understand the
fundamental wmechanisms that drive aging and monitoxr the
aging process at celliular level. Recently, emerging
evidence suggests that cellular genescence, which halts
the proliferation of damaged or dysfunctional cells, is
associated with secreting harmful compounds to cause
various aging diseases, such as arthritic kness,
cataractg, and vascular clegging. Thus, the detection and
monitoring of cellular senescence could greatly help the
diagnogig of age-related diseases and provide the basis
for a pharmacological intervention. The most important
biomarker for cellular senescence is gsenescence-associated
g~galactosidase (8A-3-gal), it is highly attractive to

develop fluorescent probesg for the study of celliuvlar
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senescence by specific detecting senescence-associated B-
galactosidase. The known fluorescent probes for detecting
SA-f~gal are based oﬂ conventional £fluorophores {(such as
fluoresceins), which have intrinsic drawbacks in poor
photostability at diluted solutions and severe gelf-
guenching at higher concentration. Thus, new fluorescent

probes are highly desirable to tackle these issues.

According to the invention, probe B-gal-1 has been
gynthesized according to the synthetic route of Figure 14

and asgs degcribed in the following:

Synthesis of (2R, 38,48,3R,6R} -2~ (acetoxymethyl) -6-(2-
formylphenoxy) tetrahydro-2H-pyran-3,4,5-trivyl triacetate
{(compound 7}

2,3,4,6-tetra-C-acetyl-a-D-galactopyranosyl bromide (0.98
g, 2.4 wmmol), 2-hydromybenzaldehyde (244 mg, 2.0 mmol),
and tetrabutylammonium bromide (0.65 g, 2.0 mmol) were
dissclved in dichlorxomethane (20 mL}). Then a solution of
sodium hydroxide (5%, 10.C mL) was added, and the reaction
mixture was refluxed for 12 h. After the reaction
completed, thé mixture wasg extracted with CHCl; (30 mlL x
3), washed by brine, and dried over anhydrous Na,50,. After
drying under evaporation, the residue was purified by

column chromatography to afford compound 7 (633 mg, 70%).

Synthesis of (2S5,3R,4R,58,68)-2- (acetoxymethyl)-6-(2-((E)~
((BE)-(2-(((2R,3R,48,58,6R)-3,4,5-triacetoxy-6-
{(acetoxymethyl) tetrahydro-2H-pyran-2-
yl)oxy}benzylidene) hydrazono) methyl) phenoxy) tetrahydro-2H-
pyran-3,4,5-triyl triacetate {(compound 8)

Compound 7 (452 mg, 1 mmeol) was dissclved in absolute
ethanol (1¢ mil), followed by additicon of hydrazine

monoehydrate (25 mg, 0.5 mmol), and the mixture was refluxed
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for 4 h. Precipitates were filtrated under wvacuum and
waghed with absolute ethanol three times, then dried under
vacuum. Pure product of 8 was obtained as a white powder
so0iid {399 mg, 50% yield).

‘H NMR (CDCl;, 400 MHz): & 8.92 (s, 2H), 8.15 (d, J = 7.6
Hz, 2H), 7.43-7.39 {m, 2H), 7.17 (4, J = 8.0 Hz, 4H),
5.59-5.45 {(m, 4H), 5.13-5.03 (m, 4H}, 4.26-4.04 {(m, 6H),
2.21 (s, 6H), 2.21 (s, 6H), 2.05 (s, 6H), 2.01 (s, 6H}; °C
NMR (CDCls, 10¢ MH=z): 170.3, 170.2, 170.1, 16%9.4, 157.0,
is6.5, 122.3, 127.5, 1z24.8, 124.0, 117.1, 1lo0o0.5, 71.2,
70.8, 68.7, 66.9, 61.3, 20.7, 20.6, 20.5.

Synthesis of (28,38,4R,58,68)-2- (hydroxymethyl)-6-(2-{((E) -
((E)~(2-(((2R,3R,48,5R,6R)-3,4,5-trihydroxy~-6-
(hydroxymethyl) tetrahydro-2HE-pyran-2-

yl)oxy)benzylidene) hydrazono)methyl)phenoxy) tetrahydro-2H~
pyran~3,4,5-tricl {(p-gal-1)

Compound 8 (225 mg, ¢.25 mmol) wag dissclved in methanocl
(5 mlL) and further was added KOH (112 mg, 2 mmol}, the
mixture wag stirred under argon at room temperature for 2
h. After completion of the reaction, the mixture was
neutralized Dby  HOAc, and the desired product was
precipitated as white solid. The product was filtrated
under vacuum, washed by cold methanol and dried under
vacuum to afford product B-gal-1 {134 mg, 95% vyield).

'H NMR (ds-DMSO, 400 MHz): &§ 9.07 {s, 2H), 8.03 {(d, J = 6.4
Hz, 2H), 7.48 (t, J = 6.8 Hz, 2B}, 7.26 {(d, J = 8.4 H=z,
22), 7.11 (¢, O = 7.2 Hz, 2H), 4.91 (d, J = 7.6 Hz, 2H),
4.64 (br s, 8H), 3.73-3.42 {m, 12H); “*C NMR (d,-DMSO, 100
MHz): 157.1, 156.7, 132.¢, 126.4, 122.8, 122.0, 116.0,
i101.5, 75.7, 73.2, 70.4, &8.0, 60.3.

After reaction of the probe with f-galactosidase, compound

$ is obtained. Its photoluminescence spectra are shown in
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Figure 15. The reaction of the probe with B-galactosidase
leads to fluorescence ag shown in Figure 16 and 1is

concentration and time dependent (see Figure 17}.

Example 3: Synthesis of TAT-peptide functionalized “AIE +

ESIPT” nanoparticles

Three fluorophores {Green-2, Yellow-3 and Red-4) have been
gynthesized according to the route shown Figure 18. The

synthesis has been performed as follows:

Synthetic procedure for Green-2:

2,4-dihydroxybenzaldehyde {276 wmg, 2 mmol) was dissclved
in absclute ethanol {10 mi), followed by addition of
hydrazine monchydrate (50 mg, 1 mmol), and the mixture was
refluxed for 4 h., Precipitates were filtrated under vacuum
and washed with absolute ethanol three timeg, then dried
under vacuum. Pure product of Green-2 wags obtained as a
vellow powder solid (190 mg, 70% vield). 'H NMR (DMSO-d,
400 MHz): & 11.40 (s, 2H), 10.19 (br =, 2H), 8.77 (s, 2H},
7.41 (d, J = 8.4 Hz, 2H), 6.41-6.34 (m, 4H); *°C NMR {DMSO-
ds, 100 MEz): 162.1, 161.7, 160.7, 132.%, 110.3, 108.2,
102.5. HRMS (ESI}): wm/z (M + HIT calcd for C1:Hi3Nz04:
273.0875; found: 273.0697.

Synthetic procedure for Yellow-3:

2-hydroxybenzaldehyde (244 mg, 2 mmol) was dissolved in
absolute ethancl (10 wL), followed by addition of p-
phenylenediamine (108 mg, 1 mmol), and the mixture was
refluxed for 4 h. Precipitates were filtrated under wvacuum
and washed with absolute ethanol three times, then dried
under wvacuum. Pure product of Yellow-3 was obtalned as a

yvellow powder solid (291 mg, 92% yield).
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'H NMR {(DMSO-d,, 400 MHz): § 13.08 (s, 2H), 9.03 (s, 2H),
7.67 (4, J = 6.8 Hz, 2H), 7.54 (s, 4H), 7.43 (t, JT = 7.2
Hz, 2H), 6.99-6.98 (m, 4H); “C NMR (DMSO-ds;, 100 MHz):
163.1, 160.2, 146.6, 133.3, 132.5, 122.5, 11%.1, 116.6.
HRMS (ESI): m/z [M + H]Y calcd for CuHiN,Op: 317.1290;
found: 317.1066.

Synthetic procedure for Red-4:

2-hydroxy-l-naphthaldehyde (344 mg, 2 mmcl) was dissolved
in absolute DMF (10 wmL), followed by addition of p-
phenylenediamine (108 mg, 1 mmcl), and the mixture stirred
at 90°C for 4 h. After completion of the reaction, 30 mL
water was added, and precipitates were filtrated under
vacuum and washed with absolute ethanol three times, then
dried under wvacuum. Pure product of Red-4 was obtained as
a red solid powder (354 mg, 85% yield).

“H NMR (DMSO-ds, 400 MHz): & 9.72 (s, 2H), 8.54 (4, J = 8.4
Hz, 2H}, 7.923 (&, J = 8.8 Hz, 2H), 7.81-7.79 (m, €H}, 7.56
(t, J = 7.2 Hz, 2H), 7.36 (t, J = 7.2 Hz, 2H), 7.01 (&, J
= 8.8 Hz, 2H); *°C NMR (DMSO-ds, 100 MHz): & 170.3, 155.2,
142.2, 136.9, 133.1, 128.0, 128.1, 126.7, 123.5, 122.1,
121.8, 120.%, 108.7. HRMS (ESI): m/z [M + H]® calcd for
CogHoiN20Os: 417.1603; found: 417.16326.

Blue-1 has been obtained from Aldrich company.

The four compounds have been used to make nanoparticles

according to the following method:

Preparation of fluorescent nanoparticles with tuned

emission spectrum

A THF sclution (1 mL)} containing £luorescent dye (1 wmg)
and DSPE-PEG2000-MAL (1.5 mg, obtained from Avanti Polar
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Lipids, Inc.) was poured into water (9 mL). The mixture
was sonicated for 60 seconds wusing a microtip probe
sonicator at 12 W output (XL2000, Miscnix Incorporated,
NY). After filtration using a 0.20 um syringe driven
filter, the sguspension was stirred vigorously at room
temperature overnight to yield fluorescent nanoparticles
in water (9 mL). The fluorescent particles (2 mlL) were
further mixed with TAT-cysteine peptide (2 mg, obtained
from CGenicBio company). After reaction for 4 h at room
temperature, the solution was dialysed against MilliQ
water for 2 days to eliminate the excess peptide. The

fluorescent nanoparticles were collected for further use.

The UV~-VIS absorption and PL spectra are shown in Figures
1% to 23. It has therefore been shown that the synthesis

approach led to a tuning of the emission wavelength.

The particles have a size distribution of about 60 to 200
nm with a mean diameter of about 100 to 160 nm {(see Figure

24) .

Figures 25 and 26 show that MCF-7 cells can be stained
with the nanoparticles Green-2 and Red-4. MCF-7 cells were
seeded at a density of 2 x10°/well in the chamber (LAB-TEK,
Chambered Coverglass System) and grown for 18 h at 37°C in
a humidified 5% CQ., incubator. The cells were washed twice
with 1 x PRS buffer, and Green-2 or Red-4 nancparticle in 1
x PRS solution was then added to the chamber. After
further incubation for 1 h, the images were collected by
CLSM (Zeiss LSM 410, Jena, Germany) with imaging software

(Olympus Fluoview FV1000) .

Example 4: Probes for mitochondria imaging
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Two flucrophores (MitoGreen-1 and MitoGreen-2) have been
gaynthesized according to the route shown Figure 27. The

synthesis has been performed as follows:

Synthesls procedure for MitoGreen-1 and -2:

Synthesis of 4-{{6-bromchexyl)oxy)-2-hydroxybenzaldehyde
(4):

2,4-dihydroxybenzaldehyde (276 mg, 2.0 mmel) and 1,6-
dibromobutane (482 mg, 2.0 mmol} were first dissclved in
DMF (10 mL), followed by addition of C(Cs,C0; (652 mg, 2.0
mmcl) . The mixture was stirred at 60 °C under anitrogen for
12 h. After cooling to zroom temperature, the reaction
mixture was extracted by dichlioromethane (4C¢ ml x 3), the
combined  dichloromethane fractions were dried over
anhydrous MgS0, and concentrated under reduced pressure.
The residue was further separated by column chromatography
(gsilica, petroleum ether:ethyl acetate = 20:1) to give a
coloriess oil of 2 (402 mg, &67% vield).

‘H NMR (CDCl,, 400 MHz): § 11.48 (s, 1H), 9.71 (s, 1H),
7.42 (d, J = 8.4 Hz, 1H), 6.52 (4, J = 8.4 Hz, 2H), 6.40
(¢, 1H), 4.01 (£, J = 6.0 Hz, 2H), 3.43 (¢, J = 6.8 Hz,
2H), 1.91-1.80 {m, 4H), 1.52-1.5C (m, 4H); C NMR (CDCls,
100 MHz): 1%4.3, 166.3, 164.5, 135.2, 115.0, 108.7, 101.0,
68.3, 33.7, 32.6, 28.7, 27.8, 25.2; HRMS (ESI): m/z [M +
H]" calculated for C,;H;zBrCs:: 302.1842; Ffound: 302.2030.

Synthesis of 6,6'-({1E,1"E)-hydrazine-1,2-
diylidenebis (methanylylidene) )bis{3-{(6-
bromohexyl)oxy)phenol} (5):

4- ((6-bromohexyl)}oxy) -2-hydroxybenzaldehyde (306 mg, 1
mmol) was dissolved in absolute ethanol {1C mL), followed
by addition of hydrazine monohydrate (25 mg, 0.5 mmel).

The wmixture wags refluxed for 4 h. Precipltates wers
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filtrated under wvacuum and washed with absolute ethanol
three timeg, then dried under wvacuum. Pure product cf 3

wag obtalned as a yvellow powder solid (253 mg, 85% yield).

Y NMR (CDCls, 400 MHz): & 11.74 (br s, 2H), 8.57 {s, 2H),
7.21 (4, J = 8.4 Hz, 2H), 6.50 (d, J = 8.4 Hz, 2H), 4.00
(¢, J = 6.4 Hz, 4H), 3.43 {t, J = 6.4 Hz, 4H), 1.92-1.51
(m, 16H); **C NMR (CDCls, 100 MHz}: 163.4, 162.7, 161.7,
133.5, 111.0, 107.9, 101.7, 68.0, 33.6, 232.7, 28.9, 27.9,
25.2. HRMS (ESI): m/z [M]® calculated for Cy¢H:,BroN,0,:
596.0885; found: 596.3950.

Synthesis of {({(({{(1E,1'E) -hydrazine-1,2~
diylidenebis (methanylylidene) )bis (3-hydroxy-4,1-
phenylene) )bis (oxy) )bis (hexane-6,1-
diyl))bis(triphenylphosphonium) bromide (MitoGreen-1:
Compound 6,6"-((1E,1'F)-hydrazine-1,2-
diylidenebis (methanylylidene))bis (3-((6- |
bromohexyl)oxy) phenol) 5 (298 mg, 0.5 mmol) and
tripheyiphosphine (262 mg, 1.0 mmel) were dissolved in
acetonitrile (5 mL}, and the mixture wasg stirred under
reflux for 12 h. After completion of the reaction, the
mixture was cooled to room temperature. The solvent was
then removed by evaporation under pressure, and the
residue was recrystallized from a mixture of hexane/ethyl
acetate to yield Mitogreen-1 as a yellow sclid (510 mg,
51% vyield) .

'H NMR (CDCl;, 400 MHz): 811.66 (br =, 2H), 8.51 (g, 2H),
7.86-7.69 {m, 30H), 7.16 {4, J = 8.4 Hz, 2H), 6.46-6.43
{m, 4H), 3.93 (¢, J = 6.0 Hz, 4H), 3.84-3.78 (m, 4H),
1.73-1.47 (m, 16H); *’C NMR (CDCl,, 100 MHz): 163.3, 162.6,
161.6, 135.0, 133.7, 133.6, 133.4, 130.5, 130.4, 118.8,
117.%9, 111.0, 107.6, 101.9, 67.9%, 29.8, 28.6, 25.5, 23.0,
22.6; HRMS {ESI): mwm/z [M~Br] +calcd for CugHgBrN.04P2:
1041.351%; found: 1041.3514,
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Synthesis procedure for MitoGreen-2:

Synthesis of 1,1 -(({({(lE,1"E) -hydrazine-1,2-
diylidenebisg (methanylylidene))bis (3-hydroxy-4,1-

phenylene) )bis {ocxy) ) bis (hexane-6,1~-diyl})bis(pyridin-1-
ium) bromide {(MitoGreen-2):

Compound 6,6'-((1lE,1'E) -hydrazine-1,2-
diylidenebis (methanylylidene) }bis(3-{(6-
bromchexyl)oxy)}phencl) 5 (298 mg, 0.5 mmol) was dissolved
in pyridine (3 mL), and the mixture was stirred at refiux
for 12 h. After completion o©of the reaction, the mixture
was cooled te room temperature. The solvent was then
remcocved by evaporation under pressure, the residue was
recrystallized from a mixture of hexane/ethyl acetate, and
the product MitoGreen-2 was obtailned as a vyellow solid
(351 mg, 93%). ‘H NMR (CDCl;, 400 MHz): & 9.02 (4, J = 5.6
Hz, 4KE), 8.69 (s, 2H), 8.60 (t, J = 7.6 Hz, 2H), 8.12 (t,
J = 6.4 Hz, 4H), 7.35 (d, J = 8.4 Hz, 2H), 6.53-6.47 {(m,
4H), 4.67 {t, J = 7.2 Hz, 4H), 4.03 (t, J = 6.0 Hz, 4H},
2.11-1.48 (m, 16H); *°C NMR (CD,OD, 100 MHz}: 165.0, 164.4,
i62.8, 147.1, 146.3, 135.0, 12%.7, 112.8, 108.7, 102.8,
69.2, 63.2, 32.5, 30.0, 27.0, 26.7; HRMS (ESI): m/z [M -

Br]* calculated for Cs;sH,BrN.O,: 675.2540; found: 675.2624,

MitoGreen-1 and MitoGreen-2 can be easgily modified by
adding further reactive groups to detect certain enzymes
or biloactive moleculeg. They bind well to mitochiondria
and have the UV and PL spectra as shown in Figures 28 and
29. Figure 29 sghowg the imaging of Hela cellg using
MitoGreen-2 in comparison with the commercially available

MitoTracker®-red.
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The examples show the benefits of the inventive method and
probesg, such ag gpecific organelle targeting, high
retention ability at enzyme reactive sites, aggregation
induced emission, high photostability, large Stokes’ shift
as well as the availably probes that are easy to

gynthesize and decorate.

The probss have a novel “AIE + ESIPT” turn-on mechanism,
and are not limited to water-scluble recognition elements
They can detect wvarious enzymes or molecules with wide
scope and high accuracy, and their background signal is

almost zero.

Applications

The disclosed method provides a method for imaging
the activity of enzymes and biocactive molecules in cells
using fluoregcent probes with aggregation-induced emigsion
properties and excited-state intramolecular proton
transfer properties.
This imaging method can be used in situ to provide
fluorescent probe precursors and corresponding assay kits
for specific detecting enzymes or biloactive molecules,
such lyscsomal enzymes, 1including esterase, sulfatase, [-
galactosidase, B-glucosidase, o-glucosidase, and
hexosaminidase. It may allow therefore the diagnosis of
lysosomal storage diseases, including Wolman disease,
multiple sulfatase deficiency, GM1 gangliosidosis and
Morquio B disease, Gaucher's disease, Pompe Disease, Tay-
Sachs Disease.
The invention further provides fluorescent probes and
assay kits for specific detecting of mitochondrial enzymes
or molecules, including Monoamine oxidase (MAOQ) ,

Cytéchrome P450, nitroreductase, hydrogen peroxide (H;0,),
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hypochlorous acid (HOCl), ozone (0;), superoxide (0C;+-),
thiols (RSH), hydrogen sulfide (H,8), and sulfite (S0:%7). It
allows the study the effect of all this molecules in
mitochaondria and has a use as a research tool.

Also the specific detecting of Golgi enzymes, including
Caspase 3 and o-1,2-manncsidase, as well as the specific
detecting of Endoplasmic Reticuium enzymes, including
Caspase-4 and Caspase-12 is possible.

The nanoparticles with tunable emission spectra from blue
to red provided by the invention are also useful for non-

specific cell imaging and tracing applications.

It will be apparent that various other modifications and
adaptations of the invention will be apparxent te the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of
the invention and it ig intended that all such
modifications and adaptaticns come within the scope of the

appended claims.
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1. A method for imaging the activity of enzymes or
bicactive molecules in cells using fluorescent probes
with aggregation-induced emission  properties and
excited-state intramolecular proton transier

properties.

2., The method according to c¢laim 1 wherein the
fluorescent probe precursor has an organelle specific
target group T and a reactive site R for reaction with

enzymes oxr biowmclecules.

3. The method according to claim 2 wherein the probe

precursor has the formula (I),

R

f
Z

“ - (\v
—Linker /\/S%
w

N X w
Y. ot
X N R
! P ———-———Linker {7

R (I)

N

wherein

¥ represente hydrogen, zlkyl, alkynyl or hetercaryl,

Y represents a direct bond between the two nitrogen
atoms or represents an aryl or hetercaryl group which are
opticnally substituted by one or more substituents
selected from halogen, c¢yano, alkyl, perfliucroalkyl,
alkoxy, aryl-oxy, alkenyl, alkynyl, cyclealkyl,
alkylthic, amido, amino, monoalkylamino, dialkylamino,
carboxamide, hydroxy, mercapto, aryl or heteroaryl,

Z represents O, NH or NR’,

R’ represents alkyl, arvl or hetercaryl,

R is the reactive group,
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W repregents no gsubstituent o©or one oY more
substituents selected from halogen, cyano, alkyl,
perflucroalkyl, alkoxy, aryl-oxy, alkenyl, alkynyl,
cycloalkyl, alkylthio, amido, amino, moncalkylamino,
dialkylamino, carboxamide, hydroxy, mercapto, aryl and
heterozryl; or repregsents a fused aromatic ring toc the
phenyl moilety that it is linked to and is optionally
substituted by one or more substituents selected from
halogen, c¢yano, alkyl, perfluoroalkyl, alkoxy, arvl-oxy,
alkenyl, alkynyl, cycloalkyl, ailkyithio, amido, amino,
moncalkylamino, dialkylamino, carboxamide, hydroxy,
mercapto, aryl, hetercaryl,

Linker is a combination of chemical bonds linking
the targeting group T to the probe molecule, and

T represents a targeting group that has an ability

to interact with an organelle.

4, The method according to c¢laim 3, wherein in
formula (1),

X represents hydrogen, C-Ci-alkyl, Ci-Cg-alkynyl or
heterocaryl having 5 to & ring members and 1 to 2 hetero
atomg selected from O, N or 8,

Y represents a direct bond between the two nitrogen
atomg or represents an aryl having 6 or 10 carbon atoms
in the aryl moiety or heteroaryl group having 5 to 6 ring
members and 1 to 3 hetero atomsg selected from O, N or 5
which are opticnally substituted by one or more
gsubsgtituents gelected ZIfrom halogen, cvance, -Cs-alkyl,
C1-Cg-perfluoroalkyl, C;-Cs-alkoxy, aryl-oxy having 6 or 10
carbon atoms in the aryl moiety, Ci-Cg-alkenyl, C-Cg-
alkynyl, Cs-Cq-cycloalkyl, C;-Cg-alkylthio, amideo, amino,
Cy-Cy-monoalkylamine, di-C:-CTs-alkylamino, carboxamide,

hydrexy, mercaptc, aryl having 6 or 10 carbon atoms in
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the aryl moiety or heteroaryl having 5 to 6 ring members
and 1 to 3 hetero atoms gelected from O, N or &,

R represents an ethyl, acetyl, sulfate, 2-ethyl-5-

nitrothiophene, arylboronate, p-aminophenol, homoallyl
ether, diphenylphosphinyl, 2,4~dinitrobenzenesulfonyl,
1,4-diketone, carbohydrate, amino acid, giycosyl or

peptide group,

W  represents no substituent or one or  more
gsubstituents selected from halcgen, c¢yano, {;-Cg-alkyl,
Cy-Ce-perfluoroalkyl, C;-Cs-alkoxy, aryl-oxy having 6 or 10
carbon atoms in the aryl moiety, Ci-Ce-alkenyl, Ci-Cq-
alkynyl, Cs-Cy;-cycloalkyl, C;-Cg-alkylthio, amide, amino,
C1-Cg-monocalkylamino, di-C;-Cs-alkylamino, Ci1-Cs-
carboxamide, hydroxy, mercapto, aryl having 6 or 10
carbon atoms in the aryl wmoilety and hetercaryl having 5
to 6 ring members and 1 to 3 hetero atoms selected from
O, N or 8; or represents a fused aromatic ring to the
phenyl moiety that it i1s linked to and i1s opticnally
substituted by one or more substituents selected from
halogen, c¢yano, C;-C¢-alkyl, Ci-Ce-perfluorcalkyl, C:-Cs-
alkoxy, aryl-oxy having 6 or 10 carbon atoms in the aryl
meiety, C1-Ce-alkenyl, Ci-Cg-alkynyl, Cs-Cy-cycloalkyl, C;-
Cs-alkylthio, amido, amino, C;-Cg-monocalkylamino, di-Cy-Cg-
alkylamino, Ci-Cs-carboxamide, hydroxy, mercapto, aryl
having 6 or 10 carbon atoms in the aryl moiety and
hetercaryl having 5 to 6 ring members and 1 to 2 hetero
atomg gelected fxrom O, N oxr S,

Linker represents a single bond or an ether,
thioether, amine, ester, carboxamide, or sulfonamide
bridge having 1 tc 16 carbon atoms and which 1is
satureated or partly saturated,

T repregents a pyrrolidine, piperidine, piperazine,
morpholine, imidazole, diazepine, triazepine, oxazepine,

triphenylphosphonium, pyridinium, peptide or carbohydrate
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moiety or represents a moiety that is a ligand or

antibody for organelles.

5. The method according to c¢laim 3, wherein in
formula (I),

X represents hydrogen,

Y represents a direct bond between the two nitrogen
atoms or represents phenyl,

Z represents O or NH,

W represents no substituent,

R represents an acetyl or a galactcsidyl group,

Linker represents an oligomethyleneoxy group having
1 to 16 carbon atoms, and

T represents represgsents a pyrrolidine, piperidine,
piperazine, morpholine, imidazcle, diazepine, triazepine,
oxazepine, triphenylphosphonium, pyridinium, peptide or

carbchydrate moiety.

5. The method according to claim 3, wherein in
formula (1),

T represents pyrrolidine, piperidine, piperazine,
morpholine, imidazole, diazepine, triazepine, or
oxazepine, and

R represents an acetoxy, sulfonate, p-
galactosidaside, B-glucoside, o-glucoside, or N-acetyl-D-

hexosamine group.

7. The method according to claim 3, wherein in
formula (I)

T represents a triphenylphosphonium or pyridinium
group, and

R represents an alkylamine, ethyl, Z-ethyl-5-
nitrothiophene, arylboronate, p-aminophencl, homoallyl

ether, diphenylphosphinyl or 2,4-dinitrobenzenesulfonyl
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group; or represents a pendant disulfide, a pendant
egter, a 1,4-diketone, or a diphenyl (tert-butyl)silyl

group.

8. The method according to c¢laim 3, wherein in
formula (I), R and T have the meaning as listed in the

fellowing table:

R
Peptide (Asp-Glu-Val-Asp) on
= /ﬂvﬁwﬁmf\/\/\J&bAT”mH
{= DEVD) HN\FO
o-1,2-mannogide o
e = /\/\/\/\/\A/\\\)\[/\OH
HN.\&O
i
Peptide s
(Ac-Leu-Glu-Val-Asp-) O
T = / oen,
”“kTH
Cl ¥
o] | == ,‘S[S\JNEL\_\%/O
¢ i
Peptide ;?
{Ac~-Ala-Thr-Ala-Asp-) O
T Y ot
R W
[»]
9. The method according to c¢laim 1, wherein the

fluorescent probe 1is based on one of the following

fluorophore core structures:
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Blue-1
HO
N
T
S on
Yellow-3 Red-4

10. A method of using one or mcre of the following
compounds or their derivatives for preparing a
5 fluorescent probe or its precurscr:
OH O Ho-Qﬁ\ HO
NN =
o5 o e

Blue-1 Green-2

Yellow-3 Red-4

1l. 4 nanoparticle containing at least one

fluocrescent probe consisting of one of the following

LC compounds or their derivatives:

HO
Iy Ay
. Q/ ” "\; \N/\/
o _
OH
Yeliow-3 Red-4
12. A nanoparticle according to claim 11, which has

15 Dbeen modified by coupling with a peptide ligand.
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13. The method according to claim 1, wherein the
fluorescent probe is the compound of formula (IV) or =a

derivative thereof

oH

s O

OH {IV) .

13. A probe or precurscr of a probe of the formula

R
|
Ty
i i
Linker /\NN\ ¥ w
w | Y /)\/Q/
Z/\/

o
]
-

wherein

X represents hydrogen, alkyl, alkynyl or hetercaryil,

Y represents a direct bond between the two nitrogen
atoms or represents an aryl or hetercaryl group which axre
optionally substituted by one or more substituents
gselected from halogen, cyano, alkyl, perfluoroalkyl,
alkoxy, aryl-oxy, alkenyi, alkynyl, cyclcalkyl,
alkyithio, amido, amino, monoalkyliamino, dialkylamino,
carboxamide, hydroxy, mercapto, axryl or heterocaryl,

Z represents O, NH or NR',

R’ represents alkyl, aryl or heterocalkyl.
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R is hydrogen oxr a reactive group for reaction with
enzymes and biomolecules,

W represents no substituent or  one oY  more
substituents gelected from halogen, CYANo, alkyl,
perfluoroalkyl, alkoxy, aryl-oxy, alkenyl, alkynyl,
cycloalkyl, alkyithio, amido, amino, moncalkylamino,
dialkylamino, carboxamide, hydroxy, mercapto, aryl and
hetercaryl or forms a fused aromatic ring with the phenyl
moiety that it isg linked to and is optionally substituted

by one or more substituents selected from halogen, cvano,

alkyl, perfiluorcalkyl, alkoxy, aryl-oxy, alkenyl,
alkynyl, cycleoalkyl, alkylthio, amido, amino,
moncalkylamine, dialkylamino, carboxamide, hydroxy,

mercapto, aryl, hetercaryl,

Linker is a s=ingle bond or a combinaticon of chemical
bonds 1linking the targeting group T to the probe
molecule, and

T represents a group that has an ability to interact

with an organelle.

14. A fluorescent probe or its precursor of claim
13, wherein in formula (I}',

% represgentg hydrogen, C.-Cs-alkyl, Ci-Cs-aikynyl or
heteroaryl having 5 to 6 ring members and 1 toc 3 hetero
atoms selected from O, N oxr g,

Y repregents a direct bond between the two nitrogen
atoms or represents an aryl having 6 or 10 carbon atoms
in the aryl molety or hetercaryl group having 5 to 6 ring
members and 1 to 3 hetero atoms seiected from ©, N or S8
which are optionally substituted by one or more
substituents selected £from halogen, c¢yano, C;-Cg-alkyl,
Ci-Ce-perfluoroalkyl, C;-Ce-alkoxy, aryl-oxy having 6 or 10
carbon atoms in the aryl moiety, C-Cs-alkenyl, C;-C4i-

alkynyl, Cs-Chr-cyecloalkyl, ¢-Cs-alkylthio, amido, amino,
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C,-Cs-moncalkylamino, di-Cy~Ce-alkylamino, carboxamide,
hydrcoxy, mercapto, aryl having 6 or 10 carbon atoms in
the aryl moiety or heteroaryl having 5 to & ring members
and 1 to 3 heterxo atoms selected from 0, N or S,

R represents hydrogen or an ethyl, acetyl, sulfate,
2-ethyl-5-nitrothiophene, arylboronate, p-aminophenol,
homoallyl ether, diphenylphosphinyl, 2, 4-
dinitrobenzenesulfonyl, 1,4-diketone, carbohydrate, amino
acid, glycosyl or peptide group,

W represents one or more substituents selected from
hydrogen, halogen, oyano, C1-Ce~alkyl, Cp~Cg-
perfluoroalkyl, Ci-Cs-alkoxy, aryvli-oxy having & or 10
carbon atoms in the aryl meoiety, C:-Cys-alkenyl, C:-Cgi-
alkynyl, Cs-Cy-cycloalkyl, C-Cg-alkvithio, amido, amino,
C,-Cs-monocalkylamino, di-Ci~Ce~zalkylamino, Ci1-Ce-
carboxamide, hydroxy, mercapto, aryl having 6 or 10
carbon atome in the aryl molety and heteroaryl having 5
to 6 ring members and 1 to 3 hetero atoms selected from
O, N or S or forms a fused aromatic ring with the phenyl
moiety that it is linked to and is optionally substituted
by one or more substituents selected from halogen, cyanc,
Cy-Ce-alkyl, Cj-Cg-perfliuorcalkyl, C.-Ci-alkoxy, arvl-oxy
having 6 or 10 carbon atomsg in the aryl moiety, Ci-Ci-
alkenyl, C;-Cg-alkynyl, Cs-Cy-cycloalkyl, Ci-Cgs-~alkylthio,
amido, amino, C;-Cg-monoalkylamino, di-C;-Cs-alkylamino,
Ci-Cg-carboxamide, hydroxy, mercapto, aryl having 6 or 10
carbon atoms in the aryl moiety and heteroaryl having 5
tc 6 ring members and 1 to 2 hetero atoms selected from
0, N or &,

Linker vrepresents a single bond or an ether,
thioether, amine, ester, carboxamide, or sulfonamide
bridge having 1 to 16 carbon atoms and which 1g saturated

or partly saturated,
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T represents a pyrrolidine, piperidine, piperazine,
morpholine, imidazole, diazepine, triazepine, oxazepine,
triphenylphosphonium, pyridinium, peptide or carbohydrate

moiety or represents a moiety that 1s a ligand or

antibody for organelleg.

15. A kit for imaging the activity of biomolecules
or enzymeg in organelles comprising a fluorescent probe

or its precursor of formula (I)’ according to claim 13.
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