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ABSTRACT. Fluorescent dyes are widely used in modern biochemical and biological research to assess,
in particular, the functional state of cells, cellular components, tissues, and organisms. Blue fluorescent
dyes offer the advantage of not interfering with the autofluorescence of biological media in the green-
red spectrum. This study aims to design a new affordable blue fluorescent dye capable of penetrating
living cells. The structure of prepared dye (ZS-833) combines the blue fluorophore 7-(diethylamino)cou-
marin with the dimethyl-2-butenedioate moiety. The utility potential of ZS-833 was tested with staining
heterotrophic as well as naturally pigmented cells (the Saccharomyces cerevisiae yeast and Gymnodinium
corollarium dinoflagellate). ZS-833 penetrates readily both types of living cells, making them bright
fluorescent in the blue and green spectral ranges but leaving dead cells unstained. These data suggest
ZS-833 as a promising agent for intravital cell culture staining and visualization of cellular components,

especially nonpolar ones.
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1. Introduction

Fluorescent dyes are widely used in biological
and biochemical research for cell imaging and identi-
fication, flow cytometry, environmental monitoring,
assessment of cell health and physiology, structure, and
organelles. Fluorescein diacetate combined with ethid-
ium bromide is conventional for differentiating living
and dead cells. (Jarnagin and Luchsinger, 1980; Adams
et al., 2014). Non-fluorescent fluorescein diacetate can
penetrate living cells, where, affected by esterases, it
turns into fluorescein of a bright yellow-green fluo-
rescence. At the same time, the intact cell membrane
is impenetrable to ethidium bromide; it stains dead
species red-orange by binding to nucleic acids. Some
fluorochromes of different colors were used to identify
various cellular components, including plasma mem-
brane, theca plates, trichocysts, nucleus, lipid bodies,
and vacuoles in two dinoflagellates, Amphidinum car-
terae and Prorocentrum micans, as well as the green
algae Dunaliella tertiolecta (Klut et al., 1988). The cell
polarity distribution was quantitatively measured with
a spiropyran-based fluorescent probe RPS-1 (Park et al.,
2020). Trypan blue, Evans blue and neutral red dyes are
used to assess microalgae viability (Kim et al., 2024).

Nowadays, fluorescent dyes coming from flu-
orescein (green fluorescence) and rhodamine (yel-
low-red fluorescence) derivatives are the most popular
(Lavis, 2017; Rajasekar, 2021). However, dyes emitting
blue light are of special interest for biological research,
since autofluorescence of biological objects usually
lies in green or red spectral regions. Coumarin-based
compounds are noteworthy among blue fluorochromes.
Reactive derivatives of AMCA (aminomethyl coumarin
acetic acid), such as the activated ester AMCA-sulfo-
NHS, are used for covalent labeling of antibodies and
proteins (Griinfelder et al., 2003). Non-fluorescent pep-
tide derivatives of 7-amino-4-methylcoumarin (AMC)
release highly fluorescent free AMC upon enzymatic
cleavage that can be used to detect proteases (Gray and
Sullivan, 1989). Coumarin 35 is applicable as a molec-
ular probe for serum albumin and DNA, since in their
presence, the dye fluorescence intensity increases by 30
and 8.5 times, respectively (Bayraktutan and Onganer,
2017). Hydrophobic coumarin-6 encapsulated in poly-
mer nanoparticles was proposed for optical imaging of
cancer (Gregoriou et al., 2023).
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This study reports the synthesis of ZS-833, a
dye based on coumarin and dimethyl 2-butenedioate
moieties, which exhibits blue-green luminescence. The
hydrophobic and weakly basic nature of the dye allows
it to readily penetrate cell membranes to stain living
cells. We tested it on cultures of the Gymnodinium cor-
ollarium dinoflagellate and the Saccharomyces cerevisiae
yeast.

2. Materials and methods
2.1. Reagents

Ethyl acetate (Vekton JSC, Petersburg, Russia)
was washed with an aqueous sodium bicarbonate solu-
tion, distilled water, dried over anhydrous calcium
chloride, and distilled. Dichloromethane and hexane
(Vekton JSC, Petersburg, Russia) were stirred with con-
centrated sulfuric acid for four hours, separated from
the bottom acid layer, successively washed with dis-
tilled water, an aqueous sodium bicarbonate solution,
distilled water, followed by drying over anhydrous cal-
cium chloride and distillation. Ethanol was refluxed
with KOH and distilled. Acetonitrile was of HPLC
grade “0” (Cryochrom LLC, St. Petersburg, Russia).
4-(Diethylamino)salicylaldehyde was 98% pure (Acros
Organics). Trimethyl aconitate was synthesized accord-
ing to (Kar and Argade, 2003). Piperidinium acetate
was prepared by mixing equimolar amounts of glacial
acetic acid and piperidine upon cooling, followed by
grinding the resulting solid mass under dry nitrogen.
Ethidium bromide (BioChemica) was used without
prior purification. Deionized water (18.2 MQ cm) was
used to prepare aqueous solutions.

2.2. Synthesis of 1,4-dimethyl (2E/Z)-2-(7-
(diethylamino)-2-ox0-2H-1-benzopyran-3-yl)-
2-butenedioate (ZS-833)

A mixture of 4-(diethylamino)-2-hydroxybenzal-
dehyde (1.17 g, 6.05 mmol), trimethyl aconitate (1.31
g, 6.06 mmol), piperidinium acetate (0.0513 g, 0.353
mmol) in 12 mL of acetonitrile was refluxed under
nitrogen during 11.5 h. After cooling to room tempera-
ture, the reaction mixture was stirred with 45 mL of
distilled water and left to separate. The dark brown
oily bottom layer was separated, mixed with 20 mL
of dichloromethane, washed with 20 mL of distilled
water, and dried over potassium carbonate. Then, the
solution was diluted with dichloromethane and mixed
with flash chromatography grade silica gel (40-63 um).
The solvent was evaporated on a rotary evaporator,
and the loaded silica gel was used for flash chromato-
graphic separation (silica gel 40-63 um, CH,Cl,: ace-
tone = 10: 0.25, R, = 0.49). Recrystallization from
toluene yielded 0.56 g of the product (26%, Scheme 1).
Its HPLC chromatogram contained two peaks of almost
equal areas from the E- and Z-isomers with the identical
ESI-MS spectra: 360.1367 ([M+H]* calcd 360.1442),
382.1193 ([M+Na]* caled 382.1261), 719.2670
([2M+H]* caled 719.2811), 741.2483 ([2M+Na]*
calcd 741.2630).
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2.3. Instrumentation

HRMS analysis was performed on an Agilent
6210 TOF (time-of-flight) LC/MS (liquid chromatog-
raphy/mass spectrometry) System. A sample was dis-
solved in acetonitrile. Water and acetonitrile with 0.1%
(v/v) trifluoroacetic acid were used as eluting solvents
A and B, respectively. The initial mobile phase con-
tained 15% (v/v) of solvent B and was changed linearly
to 100% (35 minutes), then held for 25 minutes. The
flow rate of the mobile phase was set at 0.1 mL/min.
The mobile phase was varied linearly from 15% (v/v)
of solvent B at the start to 100% over 35 minutes, then
elution was held for 25 minutes more. The mobile phase
flow rate was 0.1 mL/min. The conditions for TOF MS
were as follows: the mass range was m/z 100 to 500,
and scan time was 1 s with an interscan delay of 0.1 s;
mass spectra were recorded under electrospray ioniza-
tion (ESI) 4+, V mode, centroid, normal dynamic range,
capillary voltage of 3500 V, desolvation temperature of
325 °C, and nitrogen flow of 5 L/min.

Absorption, excitation, and emission spec-
tra were measured with a SM-2203 spectrofluorim-
eter (CJSC Spectroscopy, Optics and Lasers—-Modern
Developments, Republic of Belarus, Minsk) in 10 mm
quartz cuvettes. A pulsed xenon lamp was used as an
excitation source in the device.

The relative quantum yield of fluorescence was
calculated using the equation (Levitus, 2020):

NPy
nR

Int, )\ 1-107%

where the subscripts S and R denote the sample and
reference, respectively. Q, is the known quantum yield
of the reference standard; Int is the integrated fluores-
cence spectrum intensity; A is the absorbance of the
solution at the excitation wavelength (A ); and n is
the refractive index of the solution solvent. Fluorescein
disodium salt in 0.1 M NaOH was used as the reference
standard.

Vital staining was traced with light and fluo-
rescent microscopy performed on a MOTIC AE-31T
inverted microscope with an HBO 103 W/2 OSRAM
mercury lamp. Excitation was performed at 470 nm
for red, green and yellow emission, and 365 nm—for
blue emission. A Moticam Pro 205A camera was used
to record images.

2.4. Staining living organisms with ZS-833
dye

Strain G. corollarium SCCAP K-0983 was iso-
lated from the northern part of the Baltic Sea, Sweden
(Sundstrom et al., 2009). The monoculture was grown
on the f/2-Si medium (Guillard and Ryther, 1962)
based on artificial seawater (salinity 11%). Cultivation
was carried out in 25-50 mL plastic flasks at a tempera-
ture of 4 °C and illumination of 13-21 pmol'm2s! with
a day: night interval of 12: 12 h. To study dye uptake
into cells, 0.5-1.25 pL of a 1 mM solution of the dye was
added to 0.5 mL of the medium with dinoflagellates,
followed by observation using a fluorescence micro-
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scope. During the observation, the dye concentration in
the medium with cells was 1-2.5 pM.

The S. cerevisiae yeast, parent-type strain
W303-1B (MATa ade2-1 his3-11 and 15 trp1-1 leu2-
3112 ura3-1 [rho™]) was procured from the collection of
Siberian Institute of plant Physiology and Biochemistry
(SIPPB SB RAS). The cells of S. cerevisiae were main-
tained at 30 °C on YEPD medium (0.5% yeast extract,
1% peptone, and 2% glucose). The cells were grown at
30 °C in 10 mL plastic vials with 2 mL of liquid YEPD.
The experiments were carried out similarly to those
described above for the dinoflagellate.

To confirm that ZS-833 dye enters only living
cells, ethidium bromide was additionally used (Nikolova
et al., 2002; Kwolek-Mirek and Zadrag-Tecza, 2014).
Solutions of ZS-833 dye (1 pL, 1 mM) and ethidium
bromide (0.5 pL and 2.5 mg/L) were added to 0.5 mL of
the medium 20 minutes before the observation.

3. Results and discussion

ZS-833 dye was synthesized by the Knoevenagel
reaction between 4-(diethylamino)-2-hydroxybenz-
aldehyde and trimethyl aconitate in the presence of
piperidinium acetate (Scheme 1).

The absorption spectra of ZS-833 solutions
demonstrate the main maximum in the range of 440-
460 nm. In the case of an aqueous solution, the absorp-
tion maximum is shifted to a longer wavelength region
relative to 7-(diethylamino)coumarin-3-carboxylic acid
(7-DCCA) and QA2 (Chatterjee and Seth, 201 3; Zelinskiy
et al., 2023) that may be attributed to a longer conjuga-
tion system (Fig. 1). When moving to less polar solvents
in the water-ethanol-hexane series, a slight shift of the
maximum to the shortwave region occurs (Fig. 2). In
the case of a hexane solution, the absorption spectrum
contains several peaks. For the excitation and emission
spectra, a shift to the shortwave region is also observed
in the water-ethanol-hexane sequence (Fig. 3). The
excitation and emission spectra of an aqueous solution
have relatively weak intensities. It may be explained
by the poor solubility of the dye in water and its low
quantum yield (the solubility limit is ~ 2.5 uM versus
>10 uM for solutions in ethanol or hexane). The fluo-
rescence quantum yield increases upon moving to less
polar solvents and reaches 2.3% and 88.8% in water
and hexane, respectively (Table 1). We observed a sim-
ilar solvatochromic effect for other coumarin deriva-
tives (Annenkov et al., 2019; Zelinskiy et al., 2023).

COOCH,;

=
H,COO0

Scheme 1. Synthesis of ZS-833 dye

OOCH;
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Table 1. Spectral characteristics and relative fluores-
cence quantum yield (Q) for ZS-833 in different solvents.

Solvent A, Nm g* Q, %
water 425 20.7 2.3

ethanol 450 25.9 23.8

n-hexane 408 28.1 88.8

Note: * — &(x 10° L-mol’cm?) is the extinction coeffi-
cient for the excitation wavelength.

HO
o O
OH CH3
(5\/3
CH3 3C
7-DCCA QA2 ZS-833
400-420 M 420-440 "M 440-460 "M

Fig.1. Structures of 7-DCCA, QA2 and ZS-833 with their
absorption maxima for an aqueous medium.

Extinction (¥103 L mol"! cmr

400
A, nm
Fig.2. Absorption spectra of ZS-833 in different solvents.
1-water; 2—ethyl alcohol (95%); and 3-n-hexane. C = 10 uM
for ethyl alcohol and hexane, 2.5 uM for an aqueous solution.

500 600 700

CH . O/CH3
o %
) “Po
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CH,COO H, _
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The ability of the ZS-833 fluorescent dye to pen-
etrate living cells was demonstrated using the dinofla-
gellates G. corollarium (Fig. 4d) and the S. cerevisiae
yeast (Fig. 5a). In a culture medium containing ZS-833,
the cells became luminous in blue and green colors
characteristic of coumarin dyes (Zelinskiy et al., 2023,
Annenkov et al., 2024). The QE2 coumarin-containing
dye, which we previously synthesized, imparted only
blue fluorescence to G. corollarium cells (Zelinskiy et
al., 2025). However, in the case of the new dye, ZS-833,
green fluorescence persisted during the initial moments
of observation, then faded, giving way to the fluores-
cence of the cell’s natural pigments (Fig. 4a-c). At the
same time, the blue fluorescence of ZS-833 persisted
throughout the observation period, revealing the intra-
cellular structures of the dinoflagellate (Fig. 4e, f).
During staining S. cerevisiae cells lacking their own pig-
ments, the observed fluorescence was blue and green
equally with no fading during the observation (Fig.
5b-d). Since the green fluorescence fading was absent
for the yeast, it may be associated with an interaction
between the dye and dinoflagellate cell pigments. This
phenomenon requires further study.

Both species demonstrated uneven staining of
intracellular structures (Figs. 4 and 5), which may result
from uneven distribution of the dye within the cell as
well as from a brighter fluorescence of its non-polar
regions, as the fluorescence quantum yield of ZS-833
is higher for non-polar media (Table 1). It should be
emphasized that the dye that we synthesized stains only
living cells: when S. cerevisiae was stained both with
ZS-833 and ethidium bromide, dead cells were stained
only red by ethidium bromide that entered them (Fig.
5d).

4. Conclusion
We synthesized a new fluorescent, hydrophobic,

and weakly basic dye, ZS-833, based on coumarin and
dimethyl-2-butenedioate moieties. The dye effectively

3‘0'5
Z 0.4
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0.1
0 v
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A, nm
2
3
200 300 400 500 600 700
A, nm
2100 ©
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= 60
40
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A. nm

Fig.3. Excitation (1, 5, and 9) and fluorescence spectra
of ZS-833 in water (a), ethanol (b), and hexane (c). Emission
wavelengths for the excitation spectra: 1 and 5-500 nm, and
9-465 nm. Excitation wavelengths: 2, 6, and 10-250 nm;
3-395 nm; 4-425 nm; 7-416 nm; 8-458 nm; 11-390 nm;
and 12-408 nm. C=10 puM for ethyl alcohol and hexane, and
C=2.5 pM for an aqueous solution. Monochromator slits are
10 nm for both input and output.

Fig.4. Micrographs of the G. corollarium dinoflagellate after the addition of ZS-833: (a)-(c)-green fluorescence decreasing
in brightness over time: (a)-the observation beginning; (b) and (c)-different time points within 30 s; (d)-visible light; (e) and
(f)-blue fluorescence at the dye concentrations of 1 pM and 0.1 uM, respectively. Scale is 10 pm.
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penetrates living cells with a rigid cell wall, such as
the heterotrophic yeast, S. cerevisiae, and the photosyn-
thetic dinoflagellate, G. corollarium. The bright fluores-
cence in the blue and green spectral regions visualizes
this process. Blue fluorescence is optimal for observa-
tion of photosynthetic organisms, while green and blue
emittances are equally effective for heterotrophic cells.
The concentration range of the new dye from 0.01 to
0.1 uM is optimal to ensure high-quality images. The
fluorescence of ZS-833 is enhanced in a non-polar envi-
ronment, which may be helpful for selective staining of
non-polar cell regions.

The obtained data allow us to consider ZS-833 a
promising agent for intravital staining of cell cultures
and visualization of cellular components in the study of
their viability, structure and functions.
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OpuruHanbHan craTbf

Kpacureab Ha OCHOBE KyMmapHuHa AAA LIMNOLOGY
NPWKHU3HEHHOIO OKPaWMKBaAHUA KNETOUHBIX  1p FSETWATER

KYAbLTYD BIOLOGY

M

|Aunenkos B.B.%| IMasemus B.A.* , JanumnoBueBa E.H.", 3enunckui C.H.

JIumHostoeuneckuti uHcmumym Cubupckozo omdesteHua Poccutickoti akademuu Hayx, 3 yi. Yian-Bamopckas, Hpkymck, 664033,
Poccusa

AHHOTAILHA. ®iyopecleHTHbIE KPACUTEIN HAaXOAAT MIMPOKOe NMPUMEHEHNE B COBPEMEHHBIX OMOXU-
MHUYECKUX U OMOJIOTMYECKUX HCCJIENOBAHUAX, MTO3BOJIAA, B YACTHOCTH, OLEHWBATh (PYHKI[MOHAJIBHOE
COCTOsIHME KJIETOK, KJIETOYHBIX KOMIIOHEHTOB, TKaHel U opraHusMoB. Kpacurtenu c cunHell ¢Jiyopec-
I[eHI[el 001aaT IperuMyIlecTBOM, ITOCKOJIbKY UX CBedeHMe He IepeKphIBaeTcs ¢ aBTodJIyopeciieH-
Iyell 610JIOTMYEeCKUX Ccpef] B 3eJIEHO-KpacHOU obJiacTu crekTpa. Llesbio JaHHOTO KccjlefoBaHus ObLIO
co3aHue HOBOTO AOCTYIHOIO CMHEro (JIyOpecleHTHOr0 KpacUTesis, CIOCOOHOTO IPOHUKATh B XXUBHIE
kiieTku. [losydeHHBIN KpacuTess ZS-833 coueTaeT B CBOell CTPYKType cuHUU (iyopodop 7-(austu-
JIAaMWHO)KyMapyuH C OUMeTWI-2-0yTeHarnoaToM. J[Jisi OIfeHKU BO3MOXHOCTeN ZS-833 mM oKpamimBajiu
U TeTepoTpoGHEIe, U COAepXalue COOCTBEHHBIE MUTMEHTHI KJIETKH (Ipoxku Saccharomyces cerevisiae
u auHodaresuLsiTel Gymnodinium corollarium). Ioka3zaHo, 4To ZS-833 crmocobeH OBICTPO MPOHUKAThH B
00a BapuaHTa XMBHIX KJIETOK, IpHAaBas UM APKOe CBeueHle B CHHEeH U 3eJIEHO0H obsacTu crekTpa. Ilpu
3TOM MepTBbIE KJIETKH He OKpalIMBaJiich. [lojlydeHHble JaHHbBIe O3BOJIAIT paccMaTpuBarh ZS-833 B
KayecTBe IepCIeKTUBHOr0 areHTa AJjiA NPUXU3HEeHHOI'0 OKpalllBaHNA KJIeTOYHBIX KyJIbTYp 1, BU3yaslu-
3alMM KJIETOYHBIX KOMIIOHEHTOB, B OCOO€HHOCTH HEIOJIAPHO 3apsXEHHBIX.

Kiioueanie citoga: kymapuH, GiyopeciieHTHBIN KpacuTeslb, IPIXKU3HEHHas okpacka, Gymnodinium corollarium,
Saccharomyces cerevisiae
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1. Beepenue kucyiotTamu. C momornipio psaa GJIyopoXxpoMoB pas3HBIX

I[BeTOB Yy ABYX AuHOoparesiAT (Amphidinuim carterae n
Prorocentrum micans) 1 3eneHol Bogopociu Dunaliella
tertiolecta yIaysioch BBIABUTH pa3jIMYHbBIE KJIETOYHBIE
KOMIIOHEHTHI, BKJIIOYAA ILIa3MaTUYeCKyl MeMOpaHy,
IJIACTUHKY TEKU, TPUXOLVCTHI, AP0, JTUMUIHbIE TeJIbIIa
u Bakyos (Klut et al., 1988). ®iyopeciieHTHBIN 30H[
RPS-1 Ha ocHOBe CIMPONHUPAHOBOY CUCTEMBI TO3BOJINJI
KOJIMYECTBEHHO M3MEpUTh paclipejiesieHre KJIETOYHOMU
nossspHocTu (Park et al., 2020). A oueHKU XU3He-
CIOCOOHOCTH MHUKPOBOJIOPOCJIEH MCHOJIB3YIOTCA TaKue
KpacuTeJ¥, KaKk TPUIIAHOBHIY CUHUI, CUHUI DBaHca U
HelTpasbHbIH KpacHHH (Kim et al., 2024).

B 1esioM, Ha JaHHBIE MOMEHT cpefy MOMyJIAp-
HBIX (JIyOpecleHTHBIX KpacuTesiel JOMUHUPYIOT Mpo-
n3BOAgHBIe (iyopecrienHa, obJiagawye 3eJIEHBIM
CBeueHHEeM, U poJlaMHuHa, (JIyopecHUpyIOUe B XKEJ-
TO-KpacHOU objiactu crnekrpa (Lavis, 2017; Rajasekar,
2021). OpHako OJii OHMOJOTMYECKUX HCCJIeJOBaHUMI

dJiyopecrieHTHble KpacuTeJM HaxoOAaT oOmup-
HOe IIpyuMeHeHte B OMOJIOTMYeCKUX U OMOXMMHUYeCKUX
HccJIeJIOBaHUAX AJIA BU3yalIu3alyuu U naeHTuuKanuu
KJIETOK, IPOTOYHON IUTOMETPUH, MOHUTOPHHTA B KO-
JIOTMYeCKHX MCCIIeI0BAaHMAX, OLIeHKH 3J0POBbs U GU3U-
0JIOTHU KJIETOK, UX CTPYKTYPHI U opraHeJul. CoueTaHue
auarerara ¢JiyopeclierHa 1 OpOMUACTOr0 3TUAUSA ABJIA-
eTca KiaccuueckuM A aud@epeHIUannn KUBBIX
1 MepTBBIX KJieTOK (Jarnagin and Luchsinger, 1980;
Adams et al., 2014). HedJsyopecleHTHBN OuareTar
dyopecnienHa criocobeH NMPOHUKATh B XUBYI0 KJIETKY
Y IOA BO3JEHCTBHEM 3cTepa3 MpeBpamarbcsa Bo QJIy-
opeclierH, 06jafalomuil ApKOU KEITO-3eJIEHON (JIy-
opeclieHIiel, TO BpeMA KakK AjiA OPOMHCTOr0 3TUAUA
HeNoBpeXAEHHas KJIeToyHas MeMOpaHa HeIpeojo-
JMMa, OH OKpallliBaeT MepTBble OpraHW3MEI B Kpac-
HO-OpaHXXeBBbIil I[BeT, CBA3BIBAACh C HYKJIEWHOBHIMU
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Hocmynuna: 24 Hos6pa 2025; © Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
Ipunama nocste dopabomku: 15 nexabpsa 2025; eTcs o MexIyHapoJHo! jiutieH3uel Creative Y NG
Ony6tukoaana online: 25 nexa6ps 2025 Commons Attribution-NonCommercial 4.0.

1349


https://www.doi.org/10.31951/2658-3518-2025-A-6-1343
https://orcid.org/0000-0002-6616-154X
https://orcid.org/0000-0002-8110-5546
https://orcid.org/0000-0002-7961-8158
https://orcid.org/0000-0002-5142-5944
mailto:PVA666@lin.irk.ru

AnHeHkoe B.B. u 0p. / Limnology and Freshwater Biology 2025 (6): 1343-1354

0COOBIl HHTepec NPeICTaBJIAI0T KpaCUTesIy, UCIyCKalo-
1yie CMHUM CBET, IOCKOJIbKY aBTO(JIyopeciieHIns 61o-
JIOTUYeCKUX 00bEeKTOB JIEXXUT, KaK IIPaBUJIO, B 3€JIEHO,
1mbo KpacHoU obsactsax crnekrpa. Cpenu cuHux Quy-
OpPOXpOMOB MOXHO OTMETHUTh COeJUHEHHs Ha OCHOBe
KymMapuHa. PeakI[MOHHOCIOCOOHBIE  IPOWU3BOAHEIE
AMCA (aMUHOMETWJIKyMapHMHyKCyCcHas KHCJIOTa),
HamnpuMep, akTuBUpoBaHHBIH 3¢up AMCA-sulfo-NHS
NIPUMEHAIT AJIA KOBAJIEHTHOIO MeYeHHsA aHTUuTes U
6enkoB (Griinfelder et al., 2003). HedyopeciieHTHbIE
MeNnTUAHBe IIPOU3BOJHbIE 7-aMUHO-4-MeTUJIKyMapyuHa
(AMC) mpu pacmensieHuu ¢depMeHTaMud BBICBOOO-
KIAI0T BBICOKOQJIIyopecIieHTHHIH cBob6oaHbIll AMC, uTO
MOXHO MCIOJIb30BaTh AJIA OOHAapyXeHUsA IMpOTenHas
(Gray and Sullivan, 1989). Kymapun 35 mMoxeT ObITh
HCIOJIb30BaH KaK MOJIEKYJIAPHBIY 30H[ 4yBCTBUTEJIb-
HBIM K CBIBOPOTOYHOMY anbOyMuHy u JJHK, nockosbKy
B UX [IPUCYTCTBUH MHTEHCUBHOCTb CBeYeHNUsA KyMapyHa
35 yBermmuuBanace B 30 u 8,5 pa3 COOTBETCTBEHHO
(Bayraktutan and Onganer, 2017). TuapodoOGHBIi
KyMapuH-6, WHKAICyJIMPOBaHHbIII B IOJIUMEpHEIE
HaHOYACTUIIB, OBLI peIJIOXKEH JJI ONTHUYeCKOH BU3Y-
aym3anuu paka (Gregoriou et al., 2023).

Hacrosmee uccienoBanue npefcTasiifAeT CHUH-
Te3 Kpacutesia ZS-833 Ha oCHOBe KymMapuHa U qUMe-
TUJI-2-0yTeHuoaTa, o0JIafalollero JIOMUHeCI[eHIel
B CHHe-3eJIEHOM obJsiactu cnekTpa. I'mapodoOHBI
cJ1a000CHOBHEIN XapakTep KpacuTessA II03BOJIAJI eMy
JIETKO NMPOHUKATh CKBO3b KJIeTOYHBIE MeMOpaHHbI, OKpa-
IIMBas XUBBle KJIETKH, YTO OBUIO MPOTECTUPOBAHO Ha
KyJibTypax auHodJaresuiat Gymnodinium corollarium u
Opoxxken Saccharomyces cerevisiae.

2. MaTepuanbl U MEeTOADI
2.1. PeareHntbl

OrtunareraT (AO «BekTon», CaHkT-IleTepOypr)
IIPOMBIBAJIM  pacTBOPOM TIuApokapboHaTa HaTpuA,
JVCTWIJIMPOBAHHOM BOJOM, CyMMWIA Hajd 6e3BOAHBIM
XJIOpUAOM KaJblUsA C TocJeayloulell IeperoHKOM.
JuxsopmeraH (AO «BekToH», CaHKT-IleTepOypr) nepe-
MeIlrBaJIy ¢ KOHIIEHTPUPOBAHHON CEPHOI KUCJIOTOMH B
TeueHUe 4 4acoB, OTHEJIAIM OT HIXHEro KHUCJIOTHOIO
CJI0s, TOCJIeOBAaTeJIbHO IPOMBIBATIA JOUCTUJLIINPO-
BaHHOI BOJIOY, BOOHBIM PacTBOPOM TuapokapboHaTa
HaTpus, UCTUINPDOBAHHON BOJIOM, CyIININ Haf Oe3-
BOJHBIM XJIOPHMJOM KaJbliUsAd U IeperoHAanu. I'ekcaH
(AO «BexTton», CaHkT-IleTepOypr) ouuijaam nepemMe-
HIIMBaHNEM C CepHOU KHCJIOTOH, IOCje 3TOr0 IIPOMBI-
BajJli pPacTBOPOM COABI U BOAOM, OCyllajiyd Haj XJIO-
PUOM KayIbIA U IEeperoHsUId. DTaHOJI KUIATUIU C
KOH u neperonsanu. Aneronutpus 61 copra 0 (000
«Kpuoxpom», Cankt-IletepOypr). 4-(AusTUIaMHUHO)
canuuunanbpaerus 6o 98% uncrots (Acros Organics).
TpumeTniakoHUTAT CUHTe3upoBaiu corsjacHo (Kar
and Argade, 2003). AueraT NMUNEPUANHUA MOJIyYATH
CMellleHHeM SKBUMOJIAPHBIX KOJIMYeCTB JIeAAHOH
YKCYCHOM KHCJIOTH U MUNEepUAVHA IIPU OXJIQXIEHUU C
IocjieyOMuM IlepeTupaHueM oOpa3oBaBlIelics TBEp-
Joi Maccel B aTMocdepe Cyxoro asoTa. BpoMuCTHI
stuauii (BioChemica) ucmoss3oBasu 6e3 mpeaBapu-
TeJIbHOM OYMCTKHU. JIJI1 IPUTOTOBJIEHUA BOJHBIX pac-
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TBOPOB HCIIOJIb30BAaJId [eWOHN30BaHHyl0 Boay (18,2
MOwM:-cM).

2.2. Cunres 1,4-pumeTun (2E/2)-2-(7-
(AMaTMAAMHMHO)-2-0KCc0-2H-1-6en30onupan-3-
HA)-2-0yTenauoara (ZS-833)

Cmecr 1,17 r (6,05 mmosb) 4-(mudTHaaMu-
HO)-2-rujipokcubeH3anpgeruaa, 1,31 r (6,06 MMouib)
TpuMeTtmiakonurara, 0,0513 r (0,353 mMoJib) arjeraTa
MUNEepUAUHUA B 12 MJI aleTOHUTPUJIA KUIATWIN C
06paTHBIM XOJIOIUJIBHUKOM B aTMocdepe a3oTa B Teue-
Hue 11,5 uvacos. [locye oxylaxmgeHUs OO KOMHATHOM
TeMIlepaTyphl peaklMOHHYI0 CMecCh MepeMellnBaIu C
45 MUJI JUCTUJLIMPOBAHHOM BOJBI U OCTABJIANIU /1A pas-
nenenus ¢as. TeMHO-KOPUYHEBHIN MaCIAHUCTBIN HUX-
HUI CJIOM OTHesisy, cMemuBaau ¢ 20 My Auxjaopme-
TaHa, nTpoMmbiBaiv 20 MJI AUCTUJLIMPOBAHHONI BOJBI U
BHICYIIIMBAJIM HaJ KapOoOHATOM KasjufA. 3aTeM pacTBOP
pa3baBJiAIM OUXJIODMETAHOM UM CMeIIWBaJii C CUJIU-
kareneM A  Quam-xpomartorpadpuu  (40-63 MKM).
PacTBopuTesib BeIIapuBaId Ha POTOPHOM HCIIapuTerie,
a CWJIMKaresjgb C HaHECEHHBIM 0Opa3lOM HCIOJIb30-
Bajiu AnA QJdll-xpoMarorpaduueckoro pasjeseHus
(cwmnkarenp 40-63 mkm, CH,Cl,:anerton 10:0,25,
R, = 0,49). Ilocsie nepekprcTa/IM3aluy U3 TOJIyOsa
nostyuniu 0,56 r nmpoaykra (26%, cxema 1). Ero BOXX
XpoMmarorpamMma cofiepxa’sia ABa NpaKTUYecku ofuHa-
KOBBIX N0 Iom@aau nuka E- u Z-u3omepoB ¢ oguHa-
koBbIMU criekTpamu ESI-MS: 360,1367 ([M +H]* pacu.
360,1442), 382,1193 ([M+Na]* pacu. 382,1261),
719,2670 ([2M+H]* pacu. 719,2811), 741,2483
([2M + Na]* pacu. 741,2630).

2.3. NMpubopnbi

Anamnz HRMS nposoaunu 1npyd  NOMOLIU
cucremsl Agilent 6210 TOF (BpemsmnposetHas) LC/MS
(xupxocTHaA xpomarorpadusa/Macc-ClieKTpoOMeTpus).
OOpaszel] pacTBOpPAJIM B aleTOHUTpuJe. B kadecTse
JJIIOMPYIOIINX pacTBoputesnell A u B ucnonbp3oBanu
Bony u aneroHutpusn ¢ 0,1% npoGaBkoil mo obbeMy
TpUMTOPYKCYCHOM KucJIoTh. CoCTaB MOJIBUXHOM (a3bl
JIMHelHo MeHsics oT 15% pactBopuTtensa B o 100% 3a
35 MUMHYT, 3aTeM 3JIIOUPOBaHUe MPOAOJDKAJIOCH el B
TedeHue 25 MUHYT. CKOPOCTh TOTOKA MOABUXXHOU a3kl
coctaBisana 0,1 mu/muH. YcnoBusa nposefenus TOF
MS: guanason macc m/z ot 60 no 3200, Bpemsa cKaHU-
poBaHuA 1 cekyHAaA C 3aepXKKOI MeXy CKaHUPOBaHU-
aMu 0,1 ¢; Macc-CrieKTpHl 3anMChiBaIv IPU NOHU3ALUU
anektpopacnsuieHueM (ESI)+, pexum V, neHTpoup,
HOpMaJIbHBIY AWHAMUYeCKUH Juanas3oH, KanuIspHoe
HanpsoxkeHue 3500 B, TtemmnepaTtypa JecojbBaTaluu
325 °C u noTok asoTa 5 Ji/MHH.

CrieKTpHI NOIJIOL[eHNA, BO30yxAeHuA U ¢Jiyopec-
LEHIUN U3MepsUIu B 1 ¢M KBapLeBHIX KIOBETaxX Ha CIIeK-
Tpodryopumerpe CM-2203 (3A0 «CnexTpockonus,
Ontuka u Jlasepsl — ABaHrapgHele Pa3paboTku»,
Pecny6suka Benapycsh, r. MuHck). B kauecTBe UCTOY-
HUKa BO30yXAeHHWS B YCTPONICTBE MUCIOJIb30BaJach
HAMITyJIbCHasA KCEHOHOBAas JlaMIia.
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OTHOCUTEJIBHBII KBAaHTOBBINT BBHIXOHA GJiiyopec-
LleHITMY paccuuThiBaiau no gopmyse (Levitus, 2020):

0. QR[[nt ](1—10 k ]

Int, )\ 1-10""
rAe NoACTpOYHBle MHIEKCH S U R 0603HavuanT Kpacu-
TeJIb W CTAaHJApT CpaBHEHUA. Q. - WU3BECTHHI KBaH-
TOBBII BBIXOJ] CTaHAapTa CpaBHeHuA, Int — HMHTerpas
cnexTpa ¢JiyopeclieHIINH, A — NOIJIONIeHre NIpY JINHe
BOJIHBI BO30yXeHus ¢uyopecuenuuu (A ), n — Ko3d-
dunueHT npesoMJIeHUsA pacTBopuresA. B kadecTse
CTaHAapTa CpaBHEHMA MCIOJIb30BAJIM UHATPUEBYIO
cosib Qutyopecuersa B 0,1 M NaOH.
W3yueHnsa NprXu3HEHHON OKpacKy HabioAasu
IIpY TOMOUIM CBETOBOM U (JIyOpeClleHTHON MUKpPO-
CKONIMM Ha WHBEpPTHUpPOBaHHOM Mukpockone MOTIC
AE-31T c prytHo#l namnoii HBO 103 W/2 OSRAM.
JmuHa BoJsiHBEL BO30yxaeHHUsA 470 HM [JJid KpacHOW,
3eJIEHOM U XEJITOH SMHCCUU U 365 HM [J1A CHEH SMMC-
cuy. 3anuch M300paxeHU OCyIeCTBJIAIN Ha KaMepy
Moticam Pro 205A.

S

B

R

2.4. OkpawMBaHMe YXMBbIX OPraHM3MoB
Kpacurteanem ZS-833

Mtamm guHodaaremwar G. corollarium SCCAP
K-0983 BmimeneH 13 ceBepHOU 4acTu bBanTuiickoro
mMops, [Ierua (Sundstrom et al., 2009). MOHOKYJIbTY Py
BeIpamuBaiu Ha cpefde f/2-Si (Guillard and Ryther,
1962) Ha OCHOBe UCKYCCTBEHHOU MOPCKOI BOABI (COJIE-
HocTh 11%). KysbTuBUpOBaHNE IPOBOAWIIN B IJIACTU-
KOBBIX KoJi0ax 06béMoM 25-50 MJ1 pu Temneparype 4
°C u ocBeméHHOCTH 13-21 MKMOJIBM2C! ¢ pexumMom
JeHb: HOub 12: 12 4. 114 M3y4yeHUs BXOXOEHUA Kpa-
cutesiA B KJIeTKy K 0,5 Mu1 cpedsl ¢ AWHOdJIAresis-
tamu gobasisu 0,5 - 1,25 MK KpacuTesisi KOHIEH-
Tpanueil 1 MM u HaGmofanu BXOXJeHHe KpacuTesd
B KJIETKM C ITOMOIIBI0 (hJTyOpecleHTHOI0O MHKPOCKOIIA.
KonneHnTtpanua kpacurtessa B cpefle C KJeTKaMM IpU
Habmogenuu 1-2,5 pM.

HApoxxu S. cerevisiae, mramm W303-1B (MATa
ade2-1 his3-11, 15 trp1-1 leu2-3112 ura3-1 [rho*]),
MoJIyuyeHbl M3 KoJuleknuu CuOUpPCKOro WHCTUTYTA
¢usuonornu u Ouoxumuu pacrerHuii (CU®ubP CO
PAH). Kiietku S. cerevisiae comepxajii npu TeMrepa-
type 30°C Ha cpene YEPD (0,5 % mpox»keBOro sxc-
TpakTa, 1 % nentoHa, 2 % rioko3sl). KyabTypy KieTok
BeIpamnuBaau npu Temmeparype 30°C B IJIaCTUKOBBIX
¢pakoHax o6peMoM 10 MJI ¢ 2 MJT XUAKOU Cpefbl
YEPD. 3kcriepyuMeHTHl IPOBOAWIN aHAJIOTUYHO BEIIIE-
ONMCaHHOMY JJI1 AUHOGJIareIsaToB.

Jna monTBepXIeHUs TOro, 4YTO KpacuTesib
7ZS-833 BXOOMT TOJIBKO B JKHBBIE KJIETKH, JIOIOJIHU-
TeJIbHO ucmojb3oBasu OpomucThiil stuaui (Nikolova
et al., 2002; Kwolek-Mirek and Zadrag-Tecza, 2014). K
0,5 mu1 cpensl mobapssnu 1 Mk Kpacutens ZS-833 (1
MM) u 0,5 Mk 6pomuctoro stuausa (2,5 mr/i) 3a 20
MUHYT A0 HaOJIoleHus.

3. Pe3yAabTathbl M 06Ccy)xpeHue

Kpacuresns ZS-833 cuHTe3npoBaiy IO peakluu
KueBeHarensa wmexnay 4-(IU3THIaMHHO)-2-TUOPOKCU-
OeH3aJIbAeruOoM U TPHUMETWJIaKOHUTATOM B IIPUCYT-
cTBUU alleraTa numnepuanHusa (Cxema 1).

OCHOBHOHM MaKCHMMyM B CIIeKTpax IOIJIOIMeHNUA
pactBopoB ZS-833 Haxoautca B AuamnaszoHe 440-460
HM. B ciyuae BogHOro pacTBopa MaKCHUMyM IIOTJIO-
ImeHus cMmelleH B Oojiee JIMHHOBOJIHOBYIO 00J1acCTh
OTHOCUTEJIBHO 7-(AM3TUJIAMUHO)KyMapuH-3-KapOOHO-
Bor kucyoTel (7-DCCA) u QA2 (Chatterjee and Seth,
2013; Zelinskiy et al., 2023), uto cBsA3aHO c Gojee
JJIMHHOM cucTteMoli comnpsixeHus (Puc. 1). IIpu nepe-
X0Jle K MeHee IOJIAPHBIM pacTBOPUTESIAM B PANYy BoAa
— 3TaHOJI — reKcaH NMPOMCXOAUT HeOoJIbIoe cMelleHne
MaKcHMyMa B KOPOTKOBOJIHOBYI0 obiacTh (Puc. 2). B
cjlydyae pacTBopa B rekcaHe B CIIeKTpe IIOTJIOIMeHU:A
HabJrojaeTcs HeCKOJIBKO MUKOB. [[JIA CIIeKTPOB BO3-
OyxOeHusA U UCIyCKaHUA IIpU [lepexojie BoJa — 3TaHOJI
- TekcaH Takxke HabyrofaeTcs cMellleHHe B KOPOTKO-
BOJIHOBY10 06sacth (Puc. 3). CrekTphl BO30yXAeHUA U
HCITyCKaHUA JIA BOJHOI'O pacTBopa MMEKOT JAOBOJIBHO
cjiabble MHTEHCUBHOCTH, 4TO, CBA3AHO C IIJIOXOH pac-
TBOPMMOCTBIO KpacHuTeJiA B BOAe U MaJIeHbKUM KBaHTO-
BBIM BBIXOZOM (TIpefies1 paCTBOPUMOCTH OK0JIO 2,5 pM

HO_ O
o
OH CH3
_CHa HC_
7-DCCA QA2 75-833
400-420 " 420-440 " 440-460 "™

Puc.1. CtpykrypHble popmyJibl 7-DCCA, QA2 1 ZS-833 ¢
MaKCHMyMaMH IIOIJIOIIeHNsA B Bofe.

H
CH, o-CHs
(5 /573}
O._ H . )
COOCH, ~K o
OH + CH5COO H, _
=
H,COO OOCH,
HaC__N___CH,
HsC.__N__CHs
7S-833

Cxema 1. Cunrte3 kpacuresa ZS-833.
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npoTtuB 6oJiee yeM 10 pM [Jig pacTBOpOB B 3TaHOJIE
win rekcade). KBaHTOBBI BbIXOA (JIyopecueHIUN
MOBBINIAETCA NpU Iepexojie K MeHee IOJIAPHBIM pac-
TBOpUTeaAM U gocturaetr 2,3 % u 88,8 % B BOoze u
rexcaHe coorBeTcTBeHHO (Tabswuia 1). AHAJOTrMYHBIN
COJIbBATOXPOMHBIN 3¢ @deKT Mbl Habaomanu i Jpy-
TUX TPOU3BOJHBIX KymMapuHa (Annenkov et al., 2019;
Zelinskiy et al., 2023).

CrocoOHOCTE  (JIyOpecI[eHTHOI'O  KpacuTeJid
ZS-833 mpoHUKATb B XUBbIE KJIETKU MPOAEMOHCTPU-
poBaHa Ha mpuMepe AuHOIaresnAT G. corollarium
(Puc. 4r) u gpoxxeii S. cerevisiae (Puc. 5a). B kyb-
TypajJbHOU cpefie, cofepxatieil ZS-833, kJIeTKu Ipu-
oOpeTasu cuHee U 3eJleHOe CBeYEeHUs, XapaKTepHble
JUIs1 KyMapHUHOBBIX kpacutesiel (Zelinskiy et al., 2023;
Annenkov et al., 2024). CuHTe3MpOBaHHHI HaMU
paHee KyMapHuH-cojepxamuii kpacuteab QE2 npu-
naBaj kjetkam G. corollarium jumpb cUHee cBeveHUe
(Zelinskiy et al., 2025). OgHako, B cJiy4ae ¢ HOBBIM
KpacuresieM ZS-833 B mepBble MOMEHTHl HaOJII0ieHUA
coxpaHsajach 3ejieHad (iiyopecleHIsA, 3aTeM 3aTy-
XaA U ycTynas CBeYeHHI0 NMUTMEeHTOB CaMOH KJIETKU
(Puc. 4a-B). B Toxe Bpema cuHAA (iyopecleHIns
ZS5-833 coxpaHsyach Ha NPOTSXKEHUM BCEro BpeMeHU
HaOJII0ieHUI, BBIABJIAA BHYTPUKJIETOYHBIE CTPYKTYPHI
auHodaresuiAat (Puc. 44, e). IIpu okpamnBaHUM KJle-
TOK S. cerevisiae, JINIIIEHHBIX COOCTBEHHBIX MUTMEHTOB,
B paBHOM cTelleHW HaOJII0JaJoCh CUHUE U 3eJIeHoe
CBeueHHUs, He 3aTyxalolue B IIpoliecce HabJI0geHUA
(Puc. 56-r). ITockosbky 3¢@eKT 3aTyxaHUs 3eJIeHOTo
CcBeueHUs He HaOJofasicsa NMpU OKpallMBAaHUU OPOX-
’kel, BO3MOXXHO, OH O0YCJIOBJIEH B3auMoelicTBHeM
KpacuTesi C NUIMeHTaMH KJIETOK AuHOQJIaresiAar,
3TOT BOIPOC HyXJaeTcA B JaJIbHeNIIeM N3yuYeHUH.

Jl1a o6oux opraHu3MoOB IIOKa3aHO HepaBHOMeED-
HOe OKpalliBaHNe BHYTPUKJIETOYHBIX CTPYKTYp (Puc. 4
U 5), YTO MOXeT OBITh CBA3aHO KaK C HEpaBHOMEPHBIM
pacrpefiejieHeM KpacuTesig BHYTPHU KJIETKHU, TakK U C
6oJiee APKUM CBeuyeHHeM ee HeNOJIAPHBIX yYacTKOB,
IIOCKOJIBKY B HEIOJIAPHOU cpejie MOBHIaeTCs KBaH-
TOBBIN BBIXOJZ] (uiyopectieHuuu ZS-833 (Tabmuma 1).
Crnenyer NMOAYEpPKHYTb, YTO CHHTE3MPOBAaHHBIN HaMU
KpacuTeJlb OKpalllMBaeT TOJIbKO XXHBble KJIETKU: INpHU
COBMECTHOM OKpalllUBaHUU S. cerevisiae Kpacureaem
ZS5-833 u 6pOMUCTHIM 3THUEM MepTBbIe KJIETKU OKpa-
HIIMBAJIMCh JIUIIb KPacHBIM OT BOIIEJIIero B HUX Opo-
muctoro atuaua (Puc. 5r).

4. BoiBOADI

CuHTe3MpOBaH HOBHIH (JIyopeclieHTHBIN TUApPO-
(oOHBII c1ab00CHOBHBIH KpacuTessb ZS-833 Ha OCHOBe
KyMapuHa U quMeTu-2-0yrenauoara. [lokasaHo, 4TO
Kpacuresb criocobeH 3(p@deKTUBHO IIPOHUKATh BHYTPb
JKUBBIX KJIETOK, OKPY>X€HHBIX )XEeCTKO! KJIeTOYHOI] CTeH-
KO, TaKUX KakK rerepoTpodHbIie JPOXXKU S. cerevisiae 1
doTtocunTe3upyoIre AuHOGIaresUIATH G. corollarium.
IIpu 3TOM BU3yann3upyeTcA sApKoe cBedeHue B CHHel
U 3eJI€HOM obsactu crekrpa. [na doTocuHTE3Uupy-
I0IIUX OpraHM3MOB OINTHMaJibHee HCIIOJIb30BaHUe
CHHero CBe4YeHus, B TO BpeMs Kak JJI reTepoTpOodHBIX
KJIeTOK paBHO 3(QeKTHBHO HaOJIofeHHe B 3eJIeHOM
U cuHeM cBeTe. ONTUMaJIBHBIN AUana3oH KOHIEHTpa-
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Ta6auna 1. CrekTpasibHble CBOICTBAa M KBaHTOBBIH
BBIXOJ JioMuHecneHIuu (Q) kpacurensa ZS-833 B pasHBIX
PaCTBOPUTEJIAX.

PacTBopuTesb 7\.“, HM g * Q, %
BOJA 425 20,7 2,3
9TaHOJI 450 25,9 23,8
H-TeKcaH 408 28,1 88,8

IMpumeuanue: * — £10° 1 Mosp! em! MOIAPHBIN KO-
GUIMeHT SKCTUHKINY Ha JJIMHE BOJIHBL BO30YXAEHUI.

== DN W W
wn O L O W

S

Koad. morsommenus,
*10-3 1 Mmonp™! em’!

S W

Puc.2. CnekTpnl norJomeHus kpacuresnsa ZS-833 B pas-
HBIX pacTBopuTesiaXx. 1 — B BoAe, 2 — B STWJIOBOM CIHpPTE
(95%), 3 — B H-rekcaHe. Konnenrtparua 10 uM (2,5 uM gis
BOJIHOT'O PacTBOpA).

WNHTEHCUBHOCTD

200 300 400 500

A, HM

600

NHTEHCUBHOCTD

-

300 400 500

A, HM

NHTEHCUBHOCTH

-

b

200

00 400 500

A. HM

Puc.3. Crexrpnl Bo3byxaenus (1, 5, 9) u ¢Jyopecuen-
uun Kpacuresia ZS-833 B Bofe (a), aTaHosie (6) U rekcaHe
(B). JyHBI BOJIH HCIyCKAHUA IS CIIEKTPOB BO3OYXKIeHMA:
1 u 5- 500, 9- 465 uM. JlsuHBl BOJIH BO30OyXxJeHus: 2, 6,
10- 250, 3- 395, 4- 425, 7- 416, 8- 458, 11- 390, 12- 408
HM. Konuentpanusa 10 uM (2,5 uM a1 BOOHOTO pacTBopa).
CrekTpasibHble IIUPUHHI Iejiell Ha BO30yXeHre U HCIycKa-
Hue — 10 Hm.

600 700
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Puc.4. Mukpodortorpaduu guaodsareiar G. corollarium ¢ no6asieHueMm kpacutena ZS-833: (a) — (B) — 3esneHas ¢uyo-
peclieHIIUA, ¢ TeueHHeM BpeMeHM yMeHblIallasa ApKoCTh: a) Hayajio HabsogeHul, (6) u (B) — B pa3Hble MOMEHTHl BpeMeHU Ha
macmrabe 30 cexyHA. (I') — BUAUMEIH cBeT, (1) U (e) — cuHAA dyopeclieHIrs Py KOHLeHTpanusax kpacurena 1 pM u 0,1 uM

cooTBeTCcTBeHHO. Macitad 10 MKM.

LU HOBOT'O KpacuTessdA, obecrneyrBaomuil MojydeHne
KavecTBEHHBIX u300paxeHui, cocrtasjsaer 0,01-0,1
MKM. ®@iuyopecueHnusa ZS-833 ycuimBaeTrcsd B HEIO-
JIAPHOM OKPYXeHHM, 4YTO MOXET [TOMOYb N30HpaTesib-
HOMY OKpalllBaHUIO HENOJIAPHBIX 00J1acTell B KJIeTKe.
[TomyueHHBle [OaHHBIE IO3BOJIAIOT paccMaTpu-
BaTh ZS-833 B KayecTBe INEPCIEKTUBHOIO areHra JJiA
MPXU3HEHHOI'0 OKpAIIMBaHUA KJIETOUHBIX KYJIBTYp U
BU3yaJIU3aliy KJIETOUHBIX KOMIIOHEHTOB, N3y4eHU UX
’KU3HECIOCOOHOCTHU, CTPOEHUA U QYHKIUI.
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