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Design and biomedical applications
of fluorescent probes based on hemicyanine dyes

Mariya A. Ustimova and Olga A. Fedorova

increased many times in the presence of
double-stranded DNA;

- the dye targets the nucleoli
endoplasmic reticulum of the cell;

and

Compound Aghs 1Mt 2| @™ |Research, potential application area  |Ref.
(nm) | (nm)
Me 405 | 514 |0.0002 |- specific localization in lysosomes; S1
N+
A\
1
s 415 | 520 |0.0004 |- specific localization in lysosomes; S1
T
N+
A
S \\—< >—OH
2
Ve 405 | 510 | 0.0001 |- specific localization in lysosomes; S1
Ch~
S \ OCH;4
3
Br //Ph 454 | 597 | 0.002 |- simultaneously stains both cellular| S2
(;[N\+ lysosomes and mitochondria;
S \ N
/
4
oM 501 | 720 | 0.0001 |- significant enhancement of fluorescence| S3,
N Q upon interaction with albumin; S4
©E5>_\_®’N - lysosomal selectivity;
O
Br P 517 | 731 |0.0001 |- significant enhancement of fluorescence| S3,
N* Q upon interaction with albumin; S4
C[?_\_@’N - lysosomal selectivity;
O
490 | 590 - |- the quantum yield of fluorescence| S5

- for most examples, maximum absorption band in aqueous solution or buffer are presented
2 - for most examples, maximum of fluorescence band in aqueous solution or buffer are presented
3 - for most examples, the quantum yield of fluorescence in aqueous solution or buffer are presented

* - data not presented in the article

S1




488

690

- localized in the cell's mitochondria;

- can be used to detect both exogenous
and endogenous SO- derivatives in living
cells;

S6

419

559

- can be used to detect exogenous and
endogenous HSOs™ in living cells;

S7

432/
560

550/
604

- did not show selective localization in
mitochondria;

S7

OH

423/
549

547/
600

- sensitive to pH changes;
- can be successfully used to record
changes in the mitochondrial
microenvironment in cardiomyocytes
(heart muscle cells) caused by the
presence of Zn®" cations;

S7,
S8

569

595

- demonstrated the weakest response to
HSOs recognition;

S7

447

695

0.0004

- with an increase in the viscosity of the
medium from 0.89 cP to 856 cP, the
fluorescence intensity increases by 418
times;

- a promising candidate for studies of
dynamic pathological processes
associated with mitophagy;

S9

451

720

0.0007

- with an increase in the viscosity of the
medium from 0.89 cP to 856 cP, the
fluorescence intensity increases by 769
times;

- a promising candidate for studies of
dynamic pathological processes
associated with mitophagy;

S9

521

- increased fluorescence intensity upon
interaction with DNA and RNA;

- localization in mitochondria of fixed
cells;

S10

458

- increase in fluorescence intensity,
namely 143 and 127 times when
interacting with DNA and RNA,
respectively;

- localization in mitochondria of fixed
cells;

S10

4 - not detected

S2




528

- increased fluorescence intensity upon
interaction with DNA and RNA;

- localization in mitochondria of fixed
cells;

S10

485

679

0.011

- sensitivity of fluorescence to medium
viscosity;

- localized in the lysosome region of the
cell;

S11

492

661

0.036

- sensitivity of fluorescence to medium
viscosity;

- localized in the region of
endoplasmic reticulum of the cell;

- demonstrated the ability to migrate from
the endoplasmic reticulum to lysosomes
during hydrogen peroxide-induced cell
damage;

the

S11

453

584

- fluorescence intensity increased
significantly in the presence of different
types of nucleic acids (NA);

- exhibits high selectivity for DNA,;

- mainly concentrated in the cell nucleus;

S12

405

559

- fluorescence intensity increased
significantly in the presence of different
types of nucleic acids (NA);

- can simultaneously bind to both G-
guadruplex DNA and RNA;

- predominantly stains the cytoplasm;

S12

S\

~475°

~575°

0.0003°

- localizes to mitochondria and can be
used to monitor changes in viscosity;

S13

~515/
550°

~575°

0.0022°

- localizes to mitochondria and can be
used to monitor changes in viscosity;

S13

402

545

- can distinguish G-quadruplex from
duplex and single-stranded DNA;

S14

- showed low selectivity for these DNA
types;

S14

5 - optical properties were studied in ethanol solution

S3




OH 476 | 605 -~ |- exhibits the ability to stabilize the G-|S15
HO-B guadruplex DNA structure to some
O extent, primarily through stacking with
terminal heterocyclic DNA fragments;
NG \ - localization of the dye in the cytoplasm
Br O of living cells;
_o0
\/\O/\/O\)N
26
e ~500° -" [0.0002°|- is able to visualize changes in|S16
N mitochondrial  viscosity during the
development of the inflammatory process
at the level of cells and organisms of
zebrafish and mice;
Se 458 | 580 |0.0063 |- when bound to a biomolecule, it|S17
CENé \ N \N— exhibited a moderate bathochromic and
)I‘ __/ hypochromic shift in the absorption
28 spectra, a significant increase in
fluorescence intensity;
- localization in lysosomes;
S 443 | 570 |0.0152 |- when bound to a biomolecule, it|S17
CENé \ ¢ \— exhibited a moderate bathochromic and
) r -/ hypochromic shift in the absorption
29 spectra, a significant increase in
fluorescence intensity;
- localization in mitochondria;
0, 430 | 536 -4 |- when bound to a biomolecule, it|S17
C[Né \ N exhibited a moderate bathochromic and
)I' —/ hypochromic shift in the absorption
30 spectra, a significant increase in
fluorescence intensity;
- localization in mitochondria;
\_N4 \ 437 | 640 [ 0.0081 |- when bound to a biomolecule, it|S17
BANEIVAR O N exhibited a moderate bathochromic and
O f— hypochromic shift in the absorption
31 spectra, a significant increase in
fluorescence intensity;
- localization in mitochondria;
/ 430 | 600 |0.0018 |- when bound to a biomolecule, it|S17
_N+ A\ O Y \— exhibited a moderate bathochromic and
)I f— hypochromic shift in the absorption
32 spectra, a significant increase in
fluorescence intensity;
- localization in mitochondria;
478 | 572 | 0.0032 |- when bound to a biomolecule, it|S17

demonstrated a moderate bathochromic
and hypochromic shift in the absorption
spectra, a significant increase in
fluorescence intensity;

- localization in mitochondria;

6 - optical properties were studied in methanol solution

sS4




490 | 590 |0.0029 |- when bound to a biomolecule, it|S17
demonstrated a moderate bathochromic
and hypochromic shift in the absorption

N— spectra, a significant increase in
fluorescence intensity;
- equal distribution between mitochondria
and lysosomes;
- exhibited moderate cytotoxicity even at
micromolar concentrations;
ANEN/ZARN 395 | 577 |0.0238 |- when bound to a biomolecule, it|S17
e/ \ N demonstrated a moderate bathochromic
N/ and hypochromic shift in the absorption
35 spectra, a significant increase in
fluorescence intensity;
- localization in mitochondria;
7/ \ 383 | 556 | 0.0059 |- when bound to a biomolecule, it|S17
—N | \ Y \— demonstrated a moderate bathochromic
) f— and hypochromic shift in the absorption
36 spectra, a significant increase in
fluorescence intensity;
- localization in mitochondria;

467 | 647 | 0.0093 |- with an increase in viscosity from 0.89|S18
cP to 856 cP, the fluorescence intensity in
glycerol increased by 115 times;

- high photostability, low cytotoxicity and
localization in the mitochondria;

- can detect changes in mitochondrial
viscosity during autophagy induced by
rapamycin and nystatin;

501 | 646 | 0.0052 |- with an increase in viscosity from 0.89|S18
cP to 856 cP, the fluorescence intensity in
glycerol increased by 83 times;

- high photostability, low cytotoxicity and
localization in the mitochondria;

411 | 641 | 0.0042 |- with an increase in viscosity from 0.89|S18
cP to 856 cP, the fluorescence intensity in
glycerol increased by 303 times;

- high photostability, low cytotoxicity and
localization in the mitochondria;

419 | 595 | 0.0168 |- fluorescence intensity increased in|S19
aprotic and viscous media;

- minor cytotoxicity and localization in
the cell mitochondria;

459 | 658 | 0.0032 |- fluorescence intensity increased in|S19
aprotic and viscous media;

- minor cytotoxicity and localization in
the cell mitochondria;

S5




430 | 637 |0.0016 |- fluorescence intensity increased in|S19,
— aprotic and viscous media; S20
N/ - minor cytotoxicity and localization in
I 41a the cell mitochondria;
- can be used to identify pathological cell
conditions by demonstrating changes in
fluorescence during mitophagy;
484 | 726 |0.0003 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
446 | 638 | 0.0016 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
505 | 718 | 0.0005 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
449 | 616 |0.0022 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
510 | 694 | 0.0005 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
451 | 650 | 0.0006 |- fluorescence intensity increased in|S19
aprotic and viscous media;
— - minor cytotoxicity and localization in
—I_N*\ / the cell mitochondria;
44a
494 | 728 |0.0004 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
485 | 632 |0.0023 |- fluorescence intensity increased in|S19,
_ aprotic and viscous media; S20
) / - minor cytotoxicity and localization in
r the cell mitochondria;
45a - can be used to identify pathological cell
conditions by demonstrating changes in
fluorescence during mitophagy;
554 | 713 | 0.0007 |- fluorescence intensity increased in|S19

aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;

S6




491 | 644 | 0.0014 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
568 | 730 | 0.0005 |- fluorescence intensity increased in|S19
aprotic and viscous media;
- minor cytotoxicity and localization in
the cell mitochondria;
373 | 501 | 0.0120 |- interacts with ds-DNA by intercalation; | S21
47
—\v _/_\N+— 382 | 511 | 0.0336 |- interacts with ds-DNA by inserting into| S21
<\ />2Br \ 7/ \ ocH, the minor groove;
48
/b\] _ | 380/{502/10.0012 |- demonstrate a 151-fold increase in|S22
Py N 471 | 610 fluorescence in DNA solutions, while in
ke the presence of RNA the increase effect is
NN . . .
T significantly lower (23 times);
| 380/ | 508/ | 0.0008 |- demonstrate a 118-fold increase in|S22
N 482 | 617 fluorescence in DNA solutions, while in
S ,N%o the presence of RNA the increase effect is
e significantly lower (36 times):;
50
/ ) o 513 | 598 | 0.0025 |- demonstrated localization in the|S23
X X=Br,I . : -
C[ \* mitochondria of living cells;
S \ N/
< > \
51
/  X=Br.T 523 | 601 |0.0024 |- demonstrated localization in the|S23
C[W X > mitochondria of living cells;
A\
. )
528 | 603 | 0.0017 |- demonstrated localization in the|S23
mitochondria of living cells;
N x X=Br, I
A\
C[S*\_QN/
\
53
538 | 609 |0.0024 |- demonstrated localization in the|S23
mitochondria of living cells;
+ ..  X=Br,I
SVl
54 )
521 | 699 | 0.0046 |- demonstrated localization in the|S23

mitochondria of living cells;
- high biocompatibility and rapid staining;

S7




541 | 706 | 0.0035 |- demonstrated localization in the|S23
/O mitochondria of living cells;
C[N\* X X=Br, T
S> \
\ NG
56 \
[, T 510 | 593 | -* |- increase in fluorescence intensity with| S24
C[N\ increasing solvent viscosity;
s>_\_®,N/ - bioconjugate with dye can visualize -
57 \ amyloid in the brain of transgenic mouse
with Alzheimer's disease;
/[, T 521 | 688 | -* |- increase in fluorescence intensity with|S24
C[N\ increasing solvent viscosity;
S>_\_\—Q Y, - bioconjugate with dye can visualize B-
N amyloid in the brain of transgenic mouse
58 A with Alzheimer's disease;
[, 1 518 | 803 | -* |- increase in fluorescence intensity with|S24
C[N\ increase in solvent viscosity;
S \ \ - fluorescence intensity is quite low;
\ N
59 \
SN 447 | 709 | 0.0056 |- when complexed with polynucleotides,| S25
Tl A o~ a noticeable increase in fluorescence was
observed;
60 N7 - in in vitro experiments, the dyes
| demonstrated selective staining of RNA,
localizing in  the nucleoli and
mitochondria of the cell;
511 | 688 | 0.002 |- when complexed with polynucleotides,|S25
a noticeable increase in fluorescence was
observed;
- in in vitro experiments, the dyes
demonstrated selective staining of RNA,
localizing in the nucleoli and
mitochondria of the cell;
- moderate antiproliferative effect on two
tumor cell lines (A549 and HT-29);
O 577 | 684 | 0.008 |- selective detection of human serum|S26,
albumin (HSA); S27
N
T,
62 IT
— 501 | 697 | 0.004 |- S27
< - N)\/\/\O
63 T/
505 | 651 | 0.025 |- S27

S8




524

684

0.010

- has better photo- and thermal stability
compared to other dyes of the series (62-
67);

- exhibits greater selectivity for RNA
staining and can also be used as a near-
infrared fluorescent probe for nuclear
imaging of living cells;

S27

568

790

0.002

S27

519

786

0.002

S27

590

785

- sensitive to local changes in the
environment;

- when complexing with a DNA
biomolecule, a hypsochromic shift of the
fluorescence maximum and a multiple
increase in intensity were observed in the
emission spectrum, which confirms the
binding of the dye to the biomolecule.
Also, the interaction of the dye with DNA
was accompanied by an increase in the
average fluorescence lifetime;

S28

6107

7257

0.00587

- showed the greatest intensity of increase
in fluorescent response to viscosity and
binding to p-amyloid (from series 69-72);
- localizes in the mitochondria of the cell;
- showed a 1.56-fold increase in
fluorescent response to B-amyloid
plagues in the mouse brain

S29

6007

7707

0.0417

S29

610’

7257

0.0117 |-

S29

7 - optical properties were studied in DMSO.

S9




6007 | 7707 | 0.0757 |-

S29

~630| 980° | -° |- showed a specific increase in
fluorescence (41.8 times) when binding to
B-amyloid fibrils;

- demonstrated a significant difference in
fluorescence intensity in the brain of a
mouse with Alzheimer's disease and
compared to fluorescence in the brain of a
control healthy mouse after injection of

S30

the dye;
4’1_ I 532 | 793 | 0.007 |- was successfully used for visual|S31
QN\ NS identification of mitochondrial
s\ o dysfunction due to membrane potential
\_/ disturbance in living cells;
74
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