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MICAN was not only
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1. Introduction take of MICAN by the extracellular matrix, of HaCaT cells, b) deter-
mines the lowest toxic concentration where cells can still divide with-
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and dry dimethylformamide (100ml). The mixture was stirred with a
magnetic bar. Methyliodide (1.11ml, 17.8 mmol) was added to the so-
lution, then the flask was flushed with argon and sealed with a rubber
septum. The reaction mixture was stirred at room temperature in the
dark to protect it from light. After 2days 200ml methylene chloride
and 5% ammonia solution was added, and the solution was extracted 5
times with water, then the organic phase was dried over anhydrous
magnesium sulfate. The solvent was removed in a rotary evaporator
and the residue was purified on a normal-phase silica gel filled column,
using methylene chloride: hexane (1:1) as eluent. 1-N-methylamino-5-
isocyanonaphthalene (MICAN) was obtained as yellow crystals
(401 mg, 37% yield).

ESI-MS: m/z was measured to be 205.073 for [(C;3H;(Ny) + Na]™,
versus the theoretical value of 205.074.

2.2. NMR spectra

The 'H NMR and '3C NMR spectra were measured at:

H NMR (360MHz, CDCl3) & =7.83 (d, J = 8.5Hz, 1H), 7.65-7.44
(m, 3H), 7.35 (t, J = 8.0Hz, 1H), 6.67 (s, 1H), 4.52 (s, 1H), 3.02 (s,
3H) ppm.

13C NMR (91 MHz, CDCl3) & = 166.74 (Cxc), 144.98 (Cg10), 129.10
(C3), 124.58 (Cy), 123.65 (Cy5), 123.36 (Cg), 121.82 (Cy), 111.64 (Cy),
105.11 (C3), 30.99 (Ccys) ppm. Supporting information as Figs. S1, S2.

2.3. UV-visible spectroscopy

The UV-visible spectra were recorded on an Agilent Cary 60 spec-
trophotometer (Agilent, Santa Clara, CA, USA) in a quartz cuvette of
1.00cm optical length. 3.00cm?® solution was prepared for each sample.

2.4. Fluorescence measurements

Steady-state fluorescence measurements were carried out using,a
Jasco FP-8200 fluorescence spectrophotometer equipped wi
lamp light source. The excitation and emission spectra we
at 20°C, using 2.5nm excitation, 5.0nm emission ban
200nm/min scanning speed. Fluorescence quantum yie
lated by using quinine-sulfate in 0.1mol/L sulfuric
ence absolute quantum efficiency (®, = 55%).

For UV-visible and fluorescence measuremen
compounds were dissolved in acetonitrile at a cg
and were diluted to 2.4x107°M and 4.7 x 10
solvents of interest. The spectra were processed U
ware (Menges, 2015).

2.5. Human cell lines

The HaCaT cell line was derivi
neously transformed in vitro duri
al., 1988, 1990). The human
line was obtained from the Rese
scribed as an aneuploid,
2006). Human limbal (Hu
(2014). Cells were cult
dapest, Hungary) containin
gan, UT) and 1% jbiotic-a
Neomycin).

an skin, the cells sponta-
incubation (Boukamp et
oma cell line OCM-1 cell
er of Molecular Medicine, de-
cell line (Kemeny-Beke et al.,

% fetal bovine serum (FBS, Hyclon, Lo-
mycotic mix (Penicillin-Streptomycin-

2.6. Fluorescent dyes

Propidium Iodide (P4864, Sigma-Aldrich) has an excitation maxi-
mum of 535nm and emission maximum of 617nm. Propidium iodide

Toxicology in Vitro xxx (2018) xxx-xxx

(PI) binds to DNA by intercalating between the bases, with little or no
sequence preference, and with a stoichiometry of one dye molecule per
4-5 base pairs of DNA.

Rhodamine B (83689, Sigma-Aldrich). The
found at 554nm, and emission maximum at
ilarly to MICAN is a nonspecific protein dy
and above significantly decreased the number
ter a 72h culture (Kaji et al., 1991).

itation maximum was
. Rhodamine B sim-
mine B at 25pg/ml
fibroblast cells af-

2.7. Fixation and staining protocols

CAN-DMSO solution at
tial 0.5mg/ml stock sgli

. diluted MICAN solution (2.4 pg/ml)
. Although, after the staining, the MICAN re-
ple, but needed additional 30 min for binding.
The nonpolar DMSO- AN treated samples were stable for weeks
with a gradwalyincrease of the fluorescent background.

glass bottom dishes placed in a carbon dioxide incu-

CO18-AC) at 37°C and 5% CO, were grown in RPMI-

containing different concentrations of MICAN (0.5, 5,

pg/ml) in DMSO: final volume 1% (v/v). The medium was

ed after 24h incubation and washed three times with PBS. Then

the samples were dried and fixed with 4% PFA, then subjected to cross
ining. HaCaT cells for LSC were incubated in open p-Slide (cham-
ed coverslip) with 4 wells.

2.9. Cross staining

i) MICAN and Rhodamine B. For prefixed cell staining, 0.05mg/ml
Rhodamine B and 2.4 pg/ml aqueous solution of MICAN in 4:6 ratio
were mixed, and used 10 pl per slide.

ii) MICAN and PI cross staining. For prefixed cell staining, 0.05mg/ml
PI and 2.4pg/ml aqueous solution of the MICAN in 3:7 ratio were
mixed, and used 10 pl per slide.

2.10. Time-lapse scanning (TLS) microscopy and image analysis

A detailed description of time-lapse microscopy was given earlier
(Nagy et al., 2013, 2014a, 2014b). The system of TLS microscopy con-
sists of: Four inverse microscopes (Olympus Tokyo) installed inside the
CO, incubator (SANYO MCO18-AC). Microscopes were modified for in-
verted usage as revolver turrets were transferred to the place of the
original illumination. Diodes emitting light at 940nm (LED: 5mm in
diameter; 1.2V, 50mA, driven at 5V using a serial 82 Ohm resistor)
were used to illuminate cells while minimizing heat and phototoxicity.
The 940nm wavelength turned out to be an acceptable compromise to
avoid phototoxicity and to maintain sufficient resolution power. Plan
achromatic objectives (x10: 0.25 NA) (Carl Zeiss Jena, Germany)) were
used to enable a broad field of view to be imaged. Custom-modified 2
megapixel UVC camera (Asus Computer International, Fremont, CA,
USA) boards with USB 2.0 connection served image detection. Cell cul-
tures in glass bottom dish were placed under inverse microscopes, and
photographs of cells were taken every minute. Ten images were col-
lected, each within a 5s interval and averaged to minimize noise. The
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collection of images within 5s intervals was regarded as optimal time
resolution.

2.11. Image analysis

National Health Institute's ImageJ software was used to analyze the
image sequences of the time-lapse videomicroscopy (https://fiji.sc).
The image analyzing method included:

a) Image restoration and noise reduction:

- RGB image sequences were converted to 8-bit grayscale images.
Deflickering by using a sequence stack histogram served to avoid
transient brightness changes between separate frames. Contrast
and brightness were equalized based on the stack (sequence) his-
togram at 0.4% of the pixels saturated.

Fast Fourier-transformation and background subtraction: The

background was reduced by bandpass filtering to exclude large

structures down to 40 pixels and filtering small structures up to 3

pixels in size, and background extraction process using a rolling

ball at a radius of 50 pixels.

b) Segmentation: Image sequences were thresholded using a stack his-
togram by keeping the information containing elements of the im-
age sequence as foreground, and throwing the redundant pixels
away by thresholding them into the background.

¢) Measurement: Thresholding results in a binary image were used for
graphical representation.

2.12. Fluorescence microscopy

The Carl Zeiss Photomicroscope II was used, with UV illuminating
light produced by the XBO (150W/1) vapor lamp. Filters are widely:
used for DAPI excitation, BP (band pass) at 395-440nm, emission fil
LP (long pass) at 470nm and FITC excitation (BP 485/20, emissiof’LP
515nm) filter. Filters used for propidium iodide (PI) staining consisted
of 510-560nm excitation filter, and LP 590nm emission filteg Filt
used for PI-MICAN cross-staining were the BP filter at 395
citation and LP filter at 515nm emission. The objectives
scope were: neofluar 100/1.30 oil immersion, neoflua
PLAN APO 63/1.4 oil immersion objectives.

2.13. Laser-scanning imaging cytometry

Laser-scanning microscopy was used for
ing with parallel fluorescent detection of cell
system is based on an Olympus IX-71 investe

e iCys imaging
escope equipped

. Scanning of the
During the scan, a

ser-defined areas in the
ed as regions of interest
. For video recording, each
4 x768pixels) and scanned mul-
eams via an oscillating mirror
orized stage in the x-direction with a
scence signals were collected by a
two detection channels. PMT settings
the gain was 100% and the offset was
—0.35V. In the long re nnel, PMT was set to 40V, the gain to
100% and the offset to —0.15V. PMT signals were converted into 14-
bitpixel high-resolution images. For LSC imaging, a slide-based laser-
scanning iCys Research Imaging Cytometer (Thorlabs Imaging Systems,
Sterling, VA) was used. Room temperature was used for the induction
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of slow cellular damage to estimate the applicability of parallel viabil-
ity test. MICAN was added to the cells in 0.5pg/ml final concentration
and cell viability was tested by propidium iodide (PI, 5pg/ml) Images
les in 220s intervals
vie was produced
ximated 3000 times
405nm by a violet
ited at 488nm by
luorescence emission
nm and with a long-
ile, IR-TLS and toxicol-
aCaT cells tolerated much
ell (Nagy et al., 2017).

were made in eighty consecutive scanning
(3min 40s) covering the time period of 5h,
using fluorescence still images playing at
faster than the recording. MICAN was exci
solid-state laser (0.71 mW at turret), w;
a blue diode laser (turret intensity:
was detected with a band-pass filter 3
pass filter above 650nm, respe
ogy tests were performed to
higher MICAN concentration (

ove tha
g/ml) as

3. Results and discussi

3.1. Spectral properties o, N

ent work was to investigate MICAN, the N-
methylamino dert e of fluorophore 1-amino-5-isocyanonaphthalene
(ICAN). MICAN turned to be an unspecific solvatochromic dye. MI-
CAN contaj electron accepting and an electron donating group.
f tien of these groups was important during its synthesis
harge distribution between them gave rise to unique fluores-
ies amd also extended the scope of applicability under vi-
onditions. During the design of the fluorophore, two
ts have been taken into consideration:

The scope o

ighly electronegative atom such as nitrogen (—NH) or oxygen (—
that perceives the electrostatic field of another electronegative
atom and interacts with another organic molecule capable of form-
ing hydrogen bonds.
The electron donor capability of the amino group of ICAN has been
enhanced through alkylation which in turn resulted in the improve-
ment of optical properties.

After these requirements were met, and 1-N-methylamino-5-iso-
cyanonaphthalene (MICAN) was synthesized, first the optical proper-
ties were investigated. Selected UV-visible and fluorescence spectra of
MICAN are presented in Fig. 1. Additionally, the optical properties are
summarized in Table 1, whereas all other spectra are presented in the
supporting information (Figs. S3-S4).

Fig. 1 shows that MICAN has a low energy absorption band with a
maximum near 365nm close to the emission maximum of a regular Hg-

Normalized intensi

300 350 400 450 500 550 600 650
Wavelength (nm)

Fig. 1. Normalized absorption and emission spectra of MICAN. a) Absorption spec-
trum of MICAN. Emission spectra of MICAN: b) in hexane, c) in THF and d) in water, re-
spectively. e) Inset shows the structure of MICAN. All spectra were recorded at 20°C and
at concentration of 4.7x10~°M.
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Table 1
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Emission (A.p,), excitation (A.,) maxima, Stokes shift (Av), molar extinction coefficient (¢) and quantum yield (®g) of MICAN in different solvents.

Mem,max Aex,max Stokes shift € o
Solvent Polarity index (nm) (nm) (em™1) ™ah (%)
Hexane 0.0 427 362 4205 21 22
Toluene 2.4 451 366 5149 3, 59
Dichloromethane 3.1 470 368 5897 9 65
i-Propanol 3.9 491 372 6515 8 63
THF 4.0 470 371 5678 810 64
Chloroform 4.1 466 368 5715 8009 50
Ethyl acetate 4.4 469 369 5778 725, 52
Dioxane 4.8 464 369 5549 376 85
Acetone 5.1 483 372 6178 7822 44
Methanol 5.1 493 371 6670 7891 41
Pyridine 5.3 487 377 5991 8120 27
Acetonitrile 5.8 490 370 6619 8156 50
Dimethyl formamide 6.4 492 376 6271 8357 71
Dimethyl sulfoxide 7.2 501 378 649 8570 70
Water 9.0 521 344 9 7536 7
A
vapor lamp used in fluorescence microscopes. In addition, MICAN has R R Al
. . . . v - cm’
a considerable absorption at 405nm and can also be excited with a 21,0004 | Cmmax
. ) agy = -2252+529 cm! A
405nm blue laser. The large dipole of the molecule results in a 94nm
hift in dem, max (from hexane to water), indicating that MICAN is highl Z P 7 CIG03i6H6 et
shift in rom hexane to water), indicating tha is hi p
(7 fem, max ] . > 8 ) .g y £ ssp = -50601428 et
sensitive to its chemical environment. The quantum yields are higher 2 ——
- - t !
in solvents of low- or no polarity, and low in water, generating a negli- H
gible background emission in aqueous environment advantageous for £ 21.000-
the staining of living cells. To quantitatively describe the solvent-de- ol
pendent behavior of MICAN the recent Catalan model was applied %
- . «E
based on the following equation: g
= 16x + 1779
Y = Y, + aSA + bSB + sSP + tSdP 9] gl
. . . A
where Y is the solvent effect, Y, is the property of the substance of in- 19,000- r 1
19,000 21,000 23,000

terest (e.g., emission maximum and Stokes shift) in the absence o
vent, for example, in the gas phase. SA is the quantitative empirical

towards a solute. SB is the quantitative empirical measure of
of a bulk solvent to act as a hydrogen-bond acceptor or e
donor towards a solute, forming a solute-to-solvent hydroge
solvent-to-solute coordinative bond, respectively. SP an

ter.

The Catalan coefficients for the emission
mum (Vemmax) Were obtained by multilin
are presented in Fig. 2.

The inset of Fig. 2 shows that the p
largest effect on the solvatochromic beh
ing and accepting capabilities of
A and B parameters) because of t
hydrogen (H-bond donor) and

e solvent has the
the H-bond donat-

f the free imino (—NH)
ide (isonitrile —N=C
dency of MICAN to form H-
its biological applications.

and DAPI filters were used for fluorescence microscopy. Microscopic
photos were taken with DAPI filter to prove that MICAN as a fluores-
cent dye acted similarly to DAPI and could be a useful stain for fluores-

Measured v, 0 (em™!)

g. 2. Plots of the measured and calculated emission maxima for MICAN obtained by
the Catalan equation. Inset: solvent-independent correlation coefficients ag,, bgg, sgpand
tggp Of the Catalan parameters SA, SB, SP and SdP, respectively. Solute property of the ref-
erence system (Ve max)o» Obtained by multiregression analysis. The corresponding SA, SB,
SP and SdP values of the solvents have been described (Catal4an, 2009).

cence microscopy either with FITC (Fig. 3a) or DAPI (Fig. 3b) filters.
Higher accumulation of the fluorescent MICAN was observed around
the outer surface of the cell membrane and moderate staining of the
nucleus, but not to its double membrane, pointing to the binding of MI-
CAN to proteins (Récz et al., 2013).

3.3. Cross staining of MICAN with rhodamine B

To determine the main cellular target of MICAN, cross staining was
performed with and without the xanthene dye rhodamine B. The exci-
tation maximum of rhodamine B is 554nm, and its emission maximum
576nm. Rhodamine B has been listed as a specific stain for cornifica-
tion (Liisberg, 1968) and used for the identification of keratin
(Delescluse et al., 1976; Pinkus et al., 1980). Fig. 3c shows the staining
of HaCaT keratinocytes with MICAN under the staining conditions of
rhodamine B. Fig. 3d comprises the co-staining of MICAN and rho-
damine B. Due to the high reactivity of rhodamine compounds, rho-
damine B reacts with specific groups of proteins e.g. sulfthydryl groups
of amino acids, likely to impact thiol-disulfide exchange mechanisms of
redox active thiol groups inside cells. The similarity between the stain-
ing of MICAN and rhodamine B indicated that MICAN stained cells also
in a nonselective manner.
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MICAN - FITC filter MICAN - DAPI filter

PI+MICAN

Fig. 3. Staining and co-staining of HaCaT cells with MICAN under different conditions. Cells were fixed with 4% PFA f
the Methods. Fluorescence microscopy with a) FITC filter, b) with DAPI filter. Bars, 50 pm each at 100x magnificatio:
MICAN staining. Bars 50 pm each, at 63x magnification. e) PI staining (red), ) PI staining followed by additional stal
situ microscopic examination of HaCaT cells with MICAN, co-incubated for 24h and fixed with 4% PFA for 10min. Fluore
filter. Bars, 50 um each at 100x magnification. (For interpretation of the references to color in this figure legend, the reader is'

3.4. Consecutive staining of propidium iodide and MICAN

Additive staining of HaCaT cells was performed with propidium io-
dide (PI) followed by MICAN exposure. PI is a selective nuclear dye. PI
excitation maximum was found at 535nm, and the emission maximum
at 617nm. We used FITC long pass filter to see the fluorescent emis-
sions of these dyes. The idea of co-staining of MICAN with PI wa
based on the assumption that MICAN is compatible with nonacidic ce
dyes, due to the instability of its isocyanide functional group in a
medium. Fig. 3e shows the staining of paraformaldehyde (PFA
fixed HaCaT cells with PI alone and after additional staining wi
CAN (Fig. 3f). Post-staining proved the affinity of MICAN t
located in subcellar structures around the nucleus such as
smooth endoplasmic reticulum (RER, and SER). This com
staining also revealed that MICAN was bound poorly e
matrix since it was likely to be excluded by the nucle

3.5. MICAN staining at different densities of HaCaT ce

When live cells were co-incubated with thef
dye was found to penetrate into cells, unless
PFA fixed denatured samples. It was found
proteins present in the cell culture medji

ICAN, the
were prepared as
is binding to

AN the non-covalent
etrate into cells by
plex) formation for ICAN deriva-

al., 2013). Due to the nonpolar characte
hydrogen bonded protein-MICAN comple
vesicular transport. Such adduct (

Table 2

HaCaT cell monolayer confluency ch MS@'and MICAN treatment.
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MICAN MICAN+Rhodamin B

' # .

MICAN - high cell density MICAN - low cell density

n, rated then stained with MICAN as described in
g of cells with MICAN, and d) combined rhodamin B and
MICAN (external green color). Bars 50 pm each, 63x. g) In
fice microscopy of MICAN with g) FITC filter, h) with DAPI
erred to the web version of this article.)

tives wagfpreviotsly proven by fluorescence spectroscopy (Nagy et al.,
g of fluorescent images revealed significant differ-
ed and coincubated cells. The PFA fixed, and MI-
ples showed characteristic binding to cytoplasmic pro-
o RER and DER and a lower binding to spots of nuclear
serves notice that inside the nucleus, the heterochromatin
enerates compact spots with high fluorescent intensity

., 2014; Wreggett et al., 1994; Ishov et al., 2004). MICAN
favored by nonpolar conditions inside the cells could be the
reason why concentrated spots in the nucleus became visible. Methy-
ed histones contributing to the nonpolar character of nuclear struc-
es could explain the selectivity of MICAN binding to heterochro-
matin structures in the nucleus of living cells. Living HaCaT cells sub-
jected to MICAN staining show the intrusion of dye into cells (Fig.
3g,h).

3.6. Uptake of MICAN by cells

The aqueous environment for MICAN was provided by the presence
of DMSO, which under cell culture conditions was tolerated up to 1%
(v/v). MICAN binds first to the proteins of the medium primarily to
BSA (Nagy et al., 2016). Cells take up labeled proteins with endosomal
or vesicular ingestion, transport and release them into the lumen of
RER (Cooper, 2000; Pfeffer and Rothman, 1987; Le Borgne and
Hoflack, 1998). The MICAN-protein binding is beneficial in the sense
that the uptake of MICAN is alleviated by DMSO containing medium,
despite the poor solubility of MICAN in water (Table 2).

Time-lapse microscopy MSO v/v %

MICAN pg/ml

Confluence (%)

Initial Relapsed to Final
1 0 0 38 37.9 100
2 1 0 37 36.8 79.9
3 1 0,5 40 26.1 66.6
4 1 5 40 16.0 65.2
5 1 10 40 23.2 66.0
6 1 30 40 20.7 0
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3.7. Toxicity of MICAN to HaCaT cell culture

Experiments were undertaken using the HaCaT cell culture at differ-
ent concentrations of MICAN with an initial confluence of nearly 40%.
Four MICAN concentrations were tested: 0.5, 5, 10 and 30pug/ml. The
monitoring of growth of monolayer cultures in the presence of MICAN
lasted for 24h. Alterations in the growth of the monolayer were fol-
lowed by time-lapse microphotography and image analysis (Fig. 4). Ex-
periments were performed in glass bottom dishes.

Corresponding to expectations, control cells grew faster and
reached confluency in 24h, whereas the lower growth rate in the pres-
ence of DMSO resulted in a plateau phase at 80% confluence (Fig. 4).
This finding is in agreement with the observations of others (Timm et
al., 2013; Forman et al., 1999; Hollebeeck et al., 2011) who found that
DMSO above 1% reduced the readout parameters in different cell
types, thus the DMSO solvent concentration was kept constant in the
serial dilution of MICAN investigations.

Relative to the two control experiments in the absence and presence
of 1% DMSO, treatment with MICAN containing 1% DMSO moderately
impacted cell growth and the formation of the monolayer. In each used
MICAN concentration cell clusters shrank and individual cells became
rounded up, but kept their viability and increasingly more time was
needed for cell cultures to continue growth at elevated MICAN concen-
trations. The growth curves in (Fig. 5) at 0.5 and 5ug/ml MICAN con-
centrations clearly show an initial decrease in the monolayer surface
area, followed by the re-growth of surface area covered by the cells
(Fig. 5). Typically the shape of 60-80% of HaCaT cells was impacted
by MICAN in the examined microscopic field. Similar observations
were made with human OCM-1 and Huli cells (not shown). That the
viability of HaCaT cells in the presence of 0.5ug/ ml MICAN is not im
pacted, is shown in the supplementary video presentation.

The rounding up of HaCaT cells was also observed at different (10
and 30pg/ml) MICAN concentrations (Fig. 6). The notable differefices

,

Control

% S
=
=
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between the panels of growth curves at 10ug/ml (Fig. 6 upper left
curve) and 30pg/ml MICAN concentrations (Fig. 6 upper right curve)
indicate that the recovery of initial blockade of cell growth up to
10pug/ml is contrasted by a temporary and vigtual regrowth that is fol-

concentration. Details are given in Video S
The upper left growth curve in Fig. 6

growth (between 3 and 10h). Statio
12h). Time-lapse microscopy (Fig

concentration (Fig. 6
tion of dead cells. Bl

lone could have been additive in the presence of
atlon is supported by the data showing the drastic

t 80 images within a 5hour period as shown on Fig. 7.
entary Video S2. The progression of slow cellular death
e was observed during the experiment. Analysis of the acquired

age sequences indicate low staining background and insignificant
otobleaching of the MICAN resulting in a high signal/noise ratio

DMSO control

—
=3
-

N

|

Confluence (%

[
— =

1 ] 1
15 20

.,

Confluence (%)
[ - (=)
711 5
. \

10 15
Time of incubation (h)

Time of incubation

Fig. 4. Monitoring HaCaT cell growth in the absence and presence of DMSO by time-lapse microscopy. Time-lapse microscopy in CO, incubator lasting for 24h was performed as de-
scribed in the “Materials and methods™ section. Upper left growth curve shows the increasing confluency in the absence of DMSO. Upper right panel: growth curve in the presence of 1%
DMSO. Lower left panels: Time-lapse light microscopy in the absence of DMSO and lower right panels: microphotography in the presence of 1% DMSO. The black number in each panel
gives the time of microscopy in min.
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0.5 pg/ml MICAN 5 pg/ml MICAN
100 1
—_— —_—
2* S
g6 v Ve g6 I
] =
S4 ﬂ 2,4 M
£ = ol
E, g
o O 2
1 | 1 1 l | | 1
5 10 15 20 5 10 15 20
Time of incubation (h) Time of incubation (h)

Fig. 5. Growth of HaCaT in the presence of low concentration of MICAN. Cell growth (upper left pan

in Ha

Iture containing 1% DMSO and 0.5pg/ml MICAN. Growth curve

(upper right curve) and time-lapse microscopy in 1% DMSO at 5pg/ml MICAN concentration. Blac| mb}in th er panels indicate the time when the photographs were taken.
¥ 4
10 pg/ml MICAN 30 pg/ml MICAN
10 00y
a b c a b ¢ d
S 8
e e
WW
2 ° / qg ¢
24 P o s
i =
2 22
|} Q
1 1 1 1 1 1 1

4. Conclusions

220s intervals (3mi
any toxicity of MICAN.

s) covering the time period of 5h did not show
eo was produced using fluorescence im-

ages visualized 3000 times faster than the recording (Video S2).

The fluorophore MICAN molecule is applicable in cell staining prac-
tice both as a nonvital, and a vital dye. MICAN showed characteristic
binding to cytoplasmic proteins primarily to RER and DER and a slight
selectivity to spots of proteins in the nuclear heterochromatin or NOR
regions. The compound is well tolerated by human cell cultures be-
tween 0.5 and 10pg/ml concentrations. Furthermore, there is sufficient
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180 min

240 min

Fig. 7. Fluorescent time-lapse image sequence of temperature-induced dedtinof HaCat cell§;’ Cells were kept at room temperature during the 5h period of time-lapse imaging. Laser scan-
ning microscopy of HaCaT cells in the presence of 0.5pg/ml MICA concentration. Live célls were seen in green and cell death tested by propidium iodide (PI, 5pg/ml) at room tempera-
ture for 300 min. MICAN and PI fluorescent dyes were applied simultafieously. MIGAN was excited at 405nm by a violet solid-state laser (0.71mW at turret), while PI was excited at
488nm by a blue diode laser (turret intensity: 0.68mW). Fluorescefi€e emission was detected with a band-pass filter at 530 +30nm and with a long-pass filter above 650nm, respec-
tively. Details of LSC were described in the Materials and methodsf(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this arti-

cle.)

intensity for fluorescence imaging in the ng@ntoxi€ range between
0.5 and 10pg/ml concentrations. The function‘@f,thefcells is affected at
higher concentrations when MICAN binds to_proteims of the cell and
modifies their function. Visible torsions it cells“Were ‘6bserved in the
20-30pg/ml MICAN concentration rangg: Nonspecific MICAN staining
of cellular proteins allowed the long %erm tragking of subcellular
processes by fluorescent time-lapsggiicroscopy. According to fluores-
cent time-lapse microscopy investigations, MIICAN showed spectral sep-
aration from PI offering a possible co-application of the two dyes.
Within the 5h of experiment fie, photebleaching was observed. Due to
the high quantum efficiency of MIGAN, the intensity of the excitatory
fluorescent light could be gedueedssignificantly, and minimized the ma-
jor problem, namely the phetetoxicity of time-lapse microscopy. Ad-
vantages of MICAN as a “Tiye-or-Die” dye can be summarized as:

- Minimal invasiveness; Low toX¥icity within the application range

- Stability: Minimal or negligible photobleaching

- Efficiency: High quantum-efficiency helping to reduce phototoxicity
due excitation

- Affordable: Lower cost than commercial stains

- Choice: 8 bright colors across the spectrum

- Non-specific: Staining of live and dead cells

- Fixable: No loss of brightness after fixation
- Versatile: Applicable both for light and fluorescence microscopy
- Made by experts in dye chemistry in our university.

MICAN the promising new fluorescent dye and the first applicable
derivative of ICAN is under further investigation involving chemical
modification and biological characterization. Also, applicable concen-
trations of MICAN turned out to be nontoxic in vivo, based on prelimi-
nary animal experiments carried out in mice (Nagy et al., unpublished
data).

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.tiv.2018.01.012.
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Wb

Fig. 8. Linear plot profile of fluorescent images acquired at 60 and 300 min. White lines indicate pixels withfgreen chamnel intensity measured and represented at the graphs above. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of tliis article.)
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The rounding up of HaCaT cells was also observed at different (10
and 30pg/ml) MICAN concentrations (Fig. 6). The notable differences
between the panels of growth curves at 10pg/ml (Fig. 6 upper left
curve) and 30pg/ml MICAN concentrations (Fig. 6 upper right curve)
indicate that the recovery of initial blockade of cell growth up to

10pg/ml is contrasted by a temporary and virtual regrowth that is fol-

lowed by the complete breakdown of proliferation at 30 pg/ml MICAN
concentration. Details are given in Video S1.

Time-lapse laser-scanning microscopy at low excitation energy was
used to collect 80 images within a 5hour period as shown on Fig. 7.
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and Supplementary Video S2. The progression of slow cellular death
was followed by parallel PI staining. No cross-talk between the two flu-
orophore was observed during the experiment. Analysis of the acquired
image sequences indicate low staining backgsound and insignificant
photobleaching of the MICAN resulting in igh signal/noise ratio
within the experimental interval as shown ear plots in Fig. 8.

any toxicity of MICAN. The video wa

ages visualized 3000 times faster ding (Video S2).
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