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Aim. Synthesis and characterization of styrylcyanine dye as a potential fluorescent probe for 
the detection in vitro of pathological amyloid fibrils and functional amyloid in S. aureus biofilm. 
Methods. Chemical synthesis, fluorescence spectroscopy, irradiation with a visible light source, 
confocal laser scanning microscopy, fluorescence microscopy. Results. Styrylcyanine dye is 
low fluorescent when free, but in the presence of amyloid fibrils in vitro shows an increase in 
the emission intensity up to 214 times depending on the amyloidogenic protein structure; the 
most pronounced enhancement was observed for fibrils of beta-lactoglobulin. Photostability 
of the dye in the free state is low, but binding to amyloid fibrils results in a strong increase of 
dye photostability. Upon staining S. aureus biofilm, the dye stains extracellular components 
of the biofilm matrix and does not penetrate the cell. Conclusion. This dye is suggested to 
visualize the functional amyloids of S. aureus biofilm with a red emission. 
K e y w o r d s: fluorescence microscopy, styryl dyes, S. aureus, functional amyloids, bacterial 
biofilm, laser scanning confocal microscopy.

Introduction

Biofilms are the natural aggregations of bacte-
rial cells found when bacterial colonization 
takes place [1, 2]. Biofilm contributed to 
pathogenicity, survival, and persistence [3–5]. 
The known structure and functions of biofilm 
indicate that it is one of the most widespread 
and most successful life forms on Earth [6]. 

Biofilms offer bacteria several advantages: 
they constitute a protective physical barrier to 
nonspecific and specific host defenses during 
infection; they confer tolerance to antimicro-
bial agents (disinfectants and antibiotics) by 
reducing the diffusion of those toxic com-
pounds, effectively reducing the grazing by 
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protozoa [7–10]. The protective benefits of 
biofilms depend on their inherent structure 
(matrix) and the gene expression patterns of 
sessile cells [9, 11]. The structural integrity of 
the biofilm depends upon the extracellular 
polymer substances (EPS) formed in the bio-
film matrix produced by its constituent micro-
organisms [12]. The EPS of bacterial biofilms 
are complex mixtureof exopolysaccharides, 
nucleic acids, proteins, and other compounds 
[13–15]. Functional amyloids contribute to the 
matrix EPS of many Gram-positive and Gram-
negative biofilms where they provide attach-
ment, initial aggregation and, finally, biofilm 
matrix stabilization [16, 17].

Staphylococcus aureus is a virulent patho-
gen[, which is] currently the most common 
cause of infections in hospitalized patients 
[18]. S. aureus infection can involve any organ 
system and causes high morbidity and morta-
lity due to endovascular complications and 
metastatic infections [19]. Although polysac-
charides are the main structural element of the 
biofilm, the extracellular proteins significantly 
contribute to its functioning. Bap (biofilm-
associated protein) is considered a virulence 
factor of S. aureus and promotes cell adhesion 
of the pathogen [20]. The BapB subunit formed 
by proteolytic cleavage of Bap is amyloido-
genic and is involved in the formation of func-
tional amyloids. Another identified amyloido-
genic component of the S. aureus biofilm is 
phenol-soluble moduline (PSM). PSM lyses 
blood cells, induces immune responses, mo-
du lates the structure and development of the 
biofilm [21]. Sortase A might also contribute 
to the amyloidogenesis in S. aureus biofilms 
[22]. Functional amyloids play an essential 
role in the formation and functioning of bio-

films and their stability, so there is a need to 
create tools to visualize bacterial biofilms and 
their amyloid component. Amyloid fibrils are 
usually determined by fluorescent methods. 
The main structural feature of amyloid aggre-
gates is an ordered β-folded structure that pro-
vides specific binding of fluorescent probes. 
The methods for studying functional amyloids 
include fluorescence microscopy using the 
amyloid-sensitive dye Thioflavin T, several 
other fluorescent probes [23], antibody labe-
ling [24], polarization microscopy using the 
dye Congo Red [25]. Noteworthy, for the BapB 
subunit of S. aureus, the formation of amyloid 
oligomers and fibrils was confirmed as well as 
their binding to the dyes Congo Red, Thioflavin 
T [26]. However, these dyes have disadvan-
tages. In particular, Congo Red also binds 
cellulose and protein-binding factors, and 
Thioflavin has low reproducibility and speci-
ficity (and also binds to nucleic acids) [27].

Recently, we have reported the fluorescent 
sensitivity of β-ketoenole dyes to amyloid fi-
brils, both pathological and functional ones 
emitting in the green spectral range [28–30]. 
Specifically, these dyes have shown high sen-
sitivity and were low-fluorescent when free 
and in the presence of native proteins and 
other essential structural components of bio-
film matrix. However, they display strong 
green-yellow emission in the presence of amy-
loid fibrils. 

This work aimed to study the amyloid-
sensitive styrylcyanine dye (Scheme 1) as a 
red-emitted stain to visualize amyloid compo-
nents of the extracellular matrix of bacterial 
biofilms. For this purpose, the in vitro fluores-
cent sensitivity of this dye to different biomo-
le cules was studied. Specifically, we focused 
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on the major components of cells, biofilm 
matrix EPS, and components of medium for 
cultivation, in particular, nucleic acids, poly-
saccharides, lipids, and proteins. Irradiation 
was performed to study the photostability of 
the dyes. The efficient visualization of amy-
loid-producing biofilm by styryl dye was ex-
plored on the model biofilm developed by 
Staphylococcus aureus ATCC25923 bacteria 
used by us previously [30]. To estimate the 
ability of the dye to penetrate cells and to stain 
intracellular components, the staining of hu-
man MCF-7 cells as an amyloid fibrils-free 
model was carried out. 

Materials and Methods
Synthesis. A mixture of 0.002 mol of ben-
zoxazole and 0.002 mol dimethylsulfate was 
heated for 1 h at 100 °C. 0.002 mol of 4-di-
methylaminobenzaldehyde were added in 1 ml 
of n-butanole and refluxed for 1h. Water was 
added. Crystalline dye precipitate was filtered 
off and crystallized from ethanol.

Chemical analysis. The structure of synthe-
sized dye was confirmed with 1 H NMR spec-
tra and elemental analysis. Yield 37 % ; m.p. 
(dec.): > 200 °C ; 1 H NMR (DMSO d 6) 
δ (ppm): 

1 H NMR (Varian Mercury VRX-400 spec-
trometer, 400 MHz): δ 8.17 (d, J = 15.3 Hz, 

1H), 8.01 – 7.66 (m, 4H), 7.44 (d, J = 8.6 Hz, 
1H), 7.30 (d, J =15.4 Hz, 1H), 6.82 (d, 
J = 8.5 Hz, 2H), 4.01 (s, 3H), 3.65 (d, 
J = 7.0 Hz, 3H), 3.08 (s, 6H). 

Anal.calc. for C20 H26 N2 O5 S : C 59.09; 
H 6.45; N 6.89.Found : C 60.10; H 6.62; 
N 6.98. 

BLG aggregation. Beta-lactoglobulin 
(Sigma-Aldrich) was dissolved at 5 mg/mL 
concentration in a water solution of HCl pH 2 
or buffer pH 7. Fibrils were formed by incuba-
ting the protein solution in a Thermomixer 
incubator at 80 °C for 24 hours at pH 2 [31]. 
At pH 7, fibrils of BLG were formed by incu-
bating the protein solution in a Thermomixer 
incubator at 65 °C for 24 h. The presence and 
shape of the fibrillar aggregates were con-
firmed by TEM.

Insulin aggregation. Human insulin (Sigma-
Aldrich) was dissolved at 340 μM (2 mg/mL) 
concentration in 0.1 M water solution of HCl. 
Fibrils were formed by incubating the protein 
solution in a water bath at 65 °C for 5 hours 
[32]. The presence and shape of the fibrillar 
aggregates were confirmed by TEM.

Lysozyme aggregation. Hen eggs lysozyme 
(Sigma–Aldrich) was dissolved at 1 mM 
(14.5 mg/mL) concentration in 0.1 M water 
solution of HCl. Aggregates were formed by 
incubating the protein solution in a Ther mo-
mixer incubator at 65 °C for about 24 hours 
[25]. The presence and shape of aggregates 
were confirmed by TEM.

Spectral measurements. Fluorescence exci-
tation and emission spectra were collected on 
a Cary Eclipse fluorescence spectrophotometer 
(Varian). The excitation light wavelength was 
equal to was equal to that of lowest-energy 
band maximum in the respective excitation 
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Scheme 1. Сhemical structure of styryl dye D-16.
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spectrum. All measurements were performed 
in standard 10 mm quartz cuvettes at room 
temperature. 

Working solutions of free dye were pre-
pared by diluting the dye stock solution with 
Tris-HCl buffer (pH 7.9) to the concentration 
of 5 μM (for all measurements). The working 
solutions of dye/protein mixtures were pre-
pared by adding the aliquot of stock solution 
of monomer insulin or fibrillar insulin/lyso-
zyme aggregates to the 5 µM dye solution. 
Insulin concentration in the working solution 
was 3.4 µM, lysozyme concentration in the 
working solution was 4 μM, BLG concentra-
tion in the working solution was 4 μM. The 
working solutions of dye/NA mixtures were 
prepared by mixing 5 μM of dye and an aliquot 
of DNA, low molecular DNA, or RNA stock 
solutions in Tris-HCl buffer (final concentra-
tion of dsDNA was 61.5 µM b.p. and RNA 
was 123 µM b.p.).

The working solution of the dye/BSA mix-
ture was prepared by adding the dye to 3 µM 
BSA solution (dye concentration in the working 
solution was 5 μM). The working solution of 
dye/starch mixture was prepared by adding a 
starch aliquot to 5 µM working solution of dye 
(final starch concentration was 0.04 mg/ml). 
The working solution of dye/lecithin mixture 
was prepared by adding lecithin aliquot to 
2 µM working solution of dye (final lecithin 
concentration was 0.04 mg/ml).

Dye photostability. Photostability of the 
dyes in solution and the presence of DNA were 
studied using the laboratory-designed equip-
ment: the transparent glass vials with the sam-
ples (3 mL of each sample) were placed into 
the container with the reflecting inner surface. 
In contrast, the irradiating unit was installed 

on the top of the container. The irradiating unit 
consisted of 27 light-emitting diodes (blue 
light, 470 nm). The cool water was placed 
inside the container that served as a water bath 
to prevent the heating of the samples. The 
distance between the samples and the lamp 
was 2 cm. The photostability of the studied 
dye was estimated both in a free state and in 
the presence of amyloid fibrils or dsDNA 
(5 µM dye) in 50 mM Tris-HCl buffer (pH 7.9). 
After irradiation of the mentioned samples 
during a specific time (15, 30, 45, or 60 min), 
the irradiated solutions were placed into the 
quartz cell, absorption and fluorescence spec-
tra of these solutions were measured, and the 
absorption values (A) were obtained. 
Photostability of the dyes was then characte-
rized by the ratios A/A0, where A0 was the 
absorption of corresponding solutions prepared 
in the same way without irradiation. Photo-
stability measurements were repeated three 
times for each sample, and standard deviations 
were calculated. 

Bacteria, biofilm formation, and sample 
preparation. S.aureus ATCC 25923 strain was 
cultured aerobically at 37 °C in the classical 
Luria-Bertani (LB) medium shaking to provide 
inocula [33]. Overnight culture of the strain 
was used to produce biofilms in stationary LB 
microcosms containing 5 ml. S.aureus biofilms 
were obtained at 37 °C and harvested in three 
days. Solid-liquid biofilms formed onto a bot-
tom surface of each microcosm were sampled 
and put on microscopic glass slides for the 
following staining with dyes SYBR Green 
and D-16.

Confocal Laser Scanning Microscopy 
analy sis (CLSM). CLSM analysis was done 
using Leica TCS SPE Confocal system with 
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coded DMi8 inverted microscope (Leica, 
Germany). 5 µL of each dye was used to stain 
the samples. D-16 was used in the concentra-
tion of 10–3 M. The following concentrations 
of other dyes were used: AmyGreen solution 
contained 10–3 and SYBR Green (Invitrogen) 
solution corresponded to 100×, Ethidium 
Bromide solution contained 2 µg/ml. Images 
were acquired using excitation at 488 nm, 
emission collected at 501–595 nm for SYBR 
Green and AmyGreen and excitation at 532 nm 
and emission collected at 551–733 for the 
experimental dye D-16 and Ethidium bromide. 
Cell culture cultivation. Human breast adeno-
carcinoma cell line MCF-7 was obtained from 
Bank of Cell Lines of the R. E. Kavetsky 
Institute of Experimental Pathology, Oncology 
and Radiobiology, NASU (Ukraine). The 
MCF-7 cells were cultivated in DMEM culture 
medium (Gibco, USA) supplemented with 
10 % fetal bovine serum (FBS, HyClone, 
USA), 4 mM glutamine, 50 units/ml penicillin, 
50 µg/ml streptomycin at 37 °C in the presence 
of 5 % CO2. 

Fluorescence imaging of MCF-7 cells. For 
live-cell imaging, the growth medium was 
removed and the cells were washed twice by 
pre-heated PBS, after that the cells were incu-
bated with styryl dye in FluoroBrite DMEM 
(Gibco, USA) without FBS for 30 min at 37 °C 
in the presence of 5 % CO2. Then cells were 
rewashed with PBS and placed in FluoroBrite 
DMEM. The cells were fixed in 10 % neutral 
buffered formalin (Sigma-Aldrich, USA) for 
15 min at 22 °C for microscopy of fixed cells. 
Cell membranes were permeabilized with 
0.2 % Triton X-100 in PBS for 10 min at 
22 °C. After that, cells were incubated with 
10 mM cupric sulfate and 50 mM ammonium 

acetate, pH 5.0 for 30 min at 22 °C to reduce 
autofluorescence. Next, cyanine dyes in PBS 
were added to the samples for 30 min at 22 °C 
in the dark. Among all incubations, the cells 
were washed three times with PBS. In the end, 
the samples were embedded into Mowiol 4–88 
mounting medium (Sigma-Aldrich, USA) con-
taining 2.5 % DABCO (Sigma-Aldrich, USA). 
Microscopy image acquisition was performed 
using Leica DM 1000 epifluorescent micro-
scope with an excitation filter of 515–560 nm 
and an emission filter of 580 nm for the dye 
D-16. The obtained images were analyzed 
usin g free software Fiji/ImageJ v1.52b [34]. 

Results and discussion

Study of the spectral-luminescent pro-
per ties of the dye D-16 and its sensitivity 
to biomolecules 
The specificity of the response of D-16 to 
amyloid fibrils was investigated comparing the 
response to fibrillar proteins in vitro with the 
response to other biomolecules: nucleic acids, 
albumin, starch (as a model polysaccharide), 
soybean lecithin, and BSA. Spectral-lumine-
scent properties of the styrylcyanine dye in 
50 mM Tris–HCl buffer solution (pH 7.9) are 
presented in Table 1. The studied dye pos-
sesses low fluorescence intensity in the free 
state and in the presence of native amyloido-
genic proteins (insulin, BLG, lysozyme), BSA, 
scratch (up to 6 times), and soybean lecithin 
(up to 23 times). Fluorescence maxima of the 
dye are located in the green-yellow area of the 
spectrum (552–556 nm), while fluorescence 
excitation maxima are in the range 490–
492 nm. The presence of amyloid fibrils of 
different proteins and nucleic acids results in 
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a significant increase in dye fluorescence in-
tensity. The most significant spectral respons-
es are observed for amyloid fibrils of BLG 
(214 times) following DNA, RNA (102 and 
191 times, respectively), and amyloid fibrils 
of lysozyme (108 times). The dye binding also 
results in a red-shift of fluorescence emission 
and excitation maxima of the dye. The shift of 
the excitation maximum is up to 58 nm, and 
the shift of the emission maximum is up to 
27 nm in the long-wavelength region. Thus, 
the dye exhibits fluorescent sensitivity to both 

amyloid fibrils and nucleic acids, depending 
on their type. 

Study of dye D-16 stability 
in the absence and in the presence 
of biomolecules
To investigate the relationship between styr-
ylcyanine dye photostability in the free state 
and in the presence of amyloid fibrils (fBLG) 
or nucleic acids (dsDNA), we studied the ef-
fect of irradiation of the dyes solutions by the 
blue light (working wavelength about 470 nm) 
on the absorption spectra of these solutions. 
The changes in the characteristics of the ab-
sorption spectra of the dye (absorbance at 
wavelength maximum) after 15, 30, 45, and Table 1. Spectral-luminescent properties of dye D-16

dye D-16

λex λem If If/I0

free dye 490 552 2.5 -
mINS 490 554 2.0 -
fINS 532 576 240 96
mBLG 491 554 2.6 -
fBLG 532 579 535 214
mLYS 490 554 2.5 -
fLYS 522 559 270 108
BSA 490 555 10 4
DNA 525 560 254 102
lDNA 548 569 210 84
RNA 527 564 478 191
scratch 492 556 15 6
soybean lecithin 490 555 58 23

λex, λem — maximum wavelength of excitation, emission spec-
trum, nm; If — fluorescence inyensity; If/I0 — increase of fluo-
rescent intensity (number of times, where I0 — fluorescence 
intensity of free dye and If — fluorescence intensity of dye in 
the presence of biomolecules. mINS — monomeric insulin, 
fINS — amyloid fibrils of insulin, mBLG — monomeric beta-
lactoglobulin, fBLG — amyloid fibrils of beta-lactoglobulin, 
mLYS — monomeric lysozyme, fLYS — fibrillar lysozyme, 
BSA — bovine serum albumin, lDNA — low molecular DNA, 
DNA — high molecular DNA.

Fig. 1. Graphs of dependence of the ratio A/A0 upon ir-
radiation time (min), where A is the absorbance at maxi-
mum wavelength of the sample after irradiation during 0, 
15, 30, 45, and 60 min, and A0 is the optical density of the 
sample before irradiation, for dye D-16 in the free state 
(black), in the presence of amyloid fibrils (red) or dsDNA 
(blue). Cdye = 5 µM in 50 mM Tris-HCl buffer pH 7.9 
(* — p<0.05).
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60 mi nutes of irradiation are presented in 
Fig. 1. 

It could be seen from Fig.1 that irradiation 
of the free dye solution leads to the photode-
struction of the dye during 60 min. The pre-
sen ce of dsDNA and amyloid fibrils led to an 
increase in the photostability of the dye. Over 
the first 30 min, the photostability of the dye 
in the presence of nucleic acid does not differ 
from that in the free state. In the presence of 
amyloid fibrils, the photostability of the dye 
remains higher during all the time of the ex-

periment. We suggest that an increase in the 
dye photostability should be due to its binding 
to biomolecules with a higher binding ability 
to amyloid fibrils of BLG. As a higher photo-
stability of the dye in the presence of amyloid 
fibrils is observed, we studied the ability of the 
dye to visualize the components of the biofilm. 

S. aureus ATCC25923 biofilm visualiza-
tion by styrylcyanine dye
Biofilm of S. aureus ATCC25923 bacteria was 
co-stained by D-16 and SYBR Green dyes 

Fig.2. CLSM visualization of three-day-old biofilm of S.aureus ATCC 25923, co-stained by SYBR Green (green) to 
visualize intracellular DNA, i.e. bacterial cells, and dye D-16 (red) to visualize functional amyloids in the biofilm 
matrix.

Fig.2. CLSM visualization of three-day-old biofilm of S.aureus ATCC 25923, co-stained by SYBR Green (green) to 
visualize intracellular DNA, i.e. bacterial cells, and dye D-16 (red) to visualize functional amyloids in the biofilm 
matrix.
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(Fig. 2). In order to compare the amyloid vi-
sualization in the biofilm, the co-staining with 
AmyGreen and Ethidium bromide was used 
(Fig. 3). The noticeable distinction between 
D-16 and SYBR Green localization was ob-
served, indicating the structural separation of 
the biofilm components stained by D-16 and 
the cells stained by SYBR Green in the biofilm 
matrix. It shows that the dye does not penetrate 
bacterial cells and does not stain intracellular 

DNA, despite a high sensitivity of the dye to 
this biomolecule. The staining pattern of D-16 
may correspond to the accumulation pattern 
of functional amyloids in the biofilm matrix. 
The accumulation mode corresponded to that 
observed in the control staining by AmyGreen 
(green signal) (Fig. 3). Thus, dye D-16 can be 
proposed as a red-yellow emitted probe to 
visualize the extracellular matrix of S. aureus 
ATCC25923 biofilm. 

Fig. 3. CLSM visualization of three-day-old biofilm of S.aureus ATCC 25923, co-stained by Ethidium bromide (red) 
to visualize intracellular DNA, i.e. bacterial cells, and AmyGreen (green) to visualize functional amyloids in the bio-
film matrix.

Fig. 3. CLSM visualization of three-day-old biofilm of S.aureus ATCC 25923, co-stained by Ethidium bromide (red) 
to visualize intracellular DNA, i.e. bacterial cells, and AmyGreen (green) to visualize functional amyloids in the bio-
film matrix.
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Visualization of breast cancer cell line 
MCF-7 by styrylcyanine dye
To estimate the ability of the dye to penetrate 
eukaryotic cells and to stain intracellular com-
ponents, the staining of human MCF-7 cells 
as the amyloid fibrils-free model was per-
formed. It is seen from Fig.4 that D-16 can 
penetrate the cellular membrane and nucleus 
pores of the cells. Given the sensitivity of the 
dye to RNA, we can assume that the dye stains 
the RNA-containing components of the cell. 
A similar effect was previously shown for 
Thioflavin T [30]. Like Thioflavin T, D-16 
stains RNA in cytoplasm, penetrates nuclei, 
and visualizes the components presumably 
nucleoli — the complex of proteins and ribo-
nucleoproteins formed around DNA sites.

Conclusions
The amyloid-sensitive styrylcyanine dye D-16 
is proposed as a green\yellow-emitting stain 
to visualize the extracellular matrix of bacte-
rial biofilms. We studied in vitro the fluores-

cent sensitivity of this dye to different biomol-
ecules, which are significant components of 
cells, EPS, or medium for cultivation: nucleic 
acids, polysaccharides, lipids, and proteins. 
The most significant spectral responses were 
observed for amyloid fibrils of BLG (214 times) 
following with DNA, RNA (102 and 191 times, 
respectively), and amyloid fibrils of lysozyme 
(108 times). Irradiation was performed to study 
the photostability of the dye. We observed an 
increase in the photostability of the dye bound 
to biomolecules and higher photostability with 
amyloid fibrils of BLG. The efficient visualiza-
tion of amyloid-produ cing biofilm by styryl 
dye was explored on the model S.aureus ATCC 
25923 bacteria biofilm. The noticeable distinc-
tion between D-16 and SYBR Green localiza-
tion was observed, indicating the structural 
separation of the biofilm components stained 
by D-16 and the cells stained by SYBR Green 
in the biofilm matrix. It evidences that the dye 
does not penetrate bacterial cells and does not 
stain intracellular DNA, despite a high sensi-

Live cells Fixed cells
Fig. 4. Fluorescence image of visualization of MCF-7 cell line with styrylcyanine dye D-16 (Cdye = 10 μM). Scale 
bar — 10 μm. 

Live cells Fixed cells
Fig. 4. Fluorescence image of visualization of MCF-7 cell line with styrylcyanine dye D-16 (Cdye = 10 μM). Scale 
bar — 10 μm. 
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tivity of the dye to this biomolecule. The stain-
ing pattern of D-16 corresponds to that ob-
tained when AmyGreen was applied to the 
same biofilm. The above mentioned confirmed 
that the staining pattern of D-16 may corre-
spond to the accumulation pattern of func-
tional amyloids in the biofilm matrix. 

The staining of human MCF-7 cells as an 
amyloid fibrils-free model was carried out to 
estimate the ability of the dye to penetrate 
eukaryotic cells and stain intracellular compo-
nents. We have assumed that the dye stains the 
RNA-containing components of the MCF-7 
cells (penetrates nuclei and visualizes ribonu-
cleoproteins complexes - nucleoli) similarly to 
the amyloid-sensitive probe Thioflavin T, but 
with red emission. 
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Бензоксазольний стирилціаніновий барвник 
як флуоресцентний зонд для візуалізації 
функціональних амілоїдів у біоплівці 
Staphylococcus aureus ATCC25923 

С. В. Черній, О. В. Мошинець, Д. І. Арістова, 
Д. В. Криворотенко, М. Ю. Лосицький, 
О. С. Юнгін, С. М. Ярмолюк, Г. П. Волинець

Мета. Синтез та характеристика стирилціанінового 
барвника як потенційного флуоресцентного зонда для 
виявлення патологічних амілоїдних фібрил in vitro та 
виявлення функціонального амілоїду в біоплівці 
S. aureus. Методи. Хімічний синтез, флуоресцентна 
спектроскопія, вивчення фотостабільності опромінен-
ням джерелом видимого світла, конфокальна мікро-
скопія, флуоресцентна мікроскопія. Результати. 
Стирилціаніновий барвник у вільному стані має низь-
коінтенсивну флуоресценцію, але в присутності амі-
лоїдних фібрил in vitro показує збільшення інтенсив-
ності емісії до 214 разів залежно від структури аміло-
їдогенного білка, найбільш виражене підвищення 
спостерігалося для фібрил бета-лактоглобуліну. 
Фотостабільність барвника у вільному стані низька, 
але зв’язування з амілоїдними фібрилами призводить 
до сильного збільшення фотостійкості барвника. Після 
фарбування біоплівки S. aureus барвник забарвлює 
позаклітинні компоненти матриксу біоплівки і не про-
никає у клітину. Висновок. Цей барвник запропонова-

но для візуалізації функціональних амілоїдів біоплівки 
S. aureus у червоному спектрі.

К л юч ов і  с л ов а: флуоресцентна мікроскопія, сти-
рилові барвники, S.aureus, функціональні амілоїди, 
бактеріальна біоплівка, конфокальна лазерна сканую-
ча мікроскопія.

Бензоксазольний стирилцианиновий краситель 
как флуоресцентный зонд для визуализации 
функциональных амилоидов в биопленке 
Staphylococcus aureus ATCC25923

С. В. Черний, Е. В. Мошинец, Д. И. Аристова, 
Д. В. Криворотенко, М. Ю. Лосицкий, 
О. С. Юнгин, С. Н. Ярмолюк, Г. П. Волинец

Цель. Синтез и характеристика стирилцианинового 
красителя как потенциального флуоресцентного зонда 
для выявления патологических амилоидных фибрилл 
in vitro и выявления функциональньіх амилоидов в 
биопленке S. aureus. Методы. Химический синтез, 
флуоресцентная спектроскопия, изучение фотоста-
бильности облучением источником видимого света, 
конфокальная микроскопия, флуоресцентная микро-
скопия. Результаты. Стирилцианиновий краситель в 
свободном состоянии имеет низкую флуоресценцию, 
но в присутствии амилоидных фибрилл in vitro пока-
зывает увеличение интенсивности эмиссии до 214 раз 
в зависимости от структуры амилоидогенных белка, 
наиболее выраженное повышение наблюдалось для 
фибрилл бета-лактоглобулина. Фотостийкисть краси-
теля в свободном состоянии низкая, но связывания с 
амилоидными фибриллами приводит к сильному уве-
личению фотостабильности красителя. После окра-
шивания биопленки S. aureus краситель визуализиру-
ет внеклеточные компоненты матрикса биопленки и 
не проникает в клетку. Вывод. Этот краситель предло-
жено для визуализации функциональных амилоидов 
биопленки S. aureus в красном спектре.

К л юч е в ы е  с л ов а: флуоресцентная микроскопия, 
стириловые красители, S.aureus, функциональные ами-
лоиды, бактериальная биопленка, конфокальная лазер-
ная сканирующая микроскопия.
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