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Abstract

A cell membrane-specific fluorescent probe was prepared by conjugating a coumarin dye with a
tetraphenylethene (TPE) derivative through an a,S-unsaturated ketone connection. The probe has
two absorptions: one from the TPE moiety at 300 nm and a second one due to the coumarin
moiety at 458.5 nm. The probe fluoresces at 470 nm in tetrahydrofuran (THF) solution. The probe
exhibits a useful aggregation-induced emission (AIE) property. A gradual increase in the water
content of a THF solution causes a significant decrease and 12 nm red shift in the fluorescence
peak at 470 nm, giving rise to a new strong fluorescence peak at 591 nm at a 95% water content.
The probe is hydrophobic with an AIE property and binds to cell membranes, resulting in 591 nm
fluorescence upon implantation into cells. The probe possesses a long retention time despite the
lack of a long, cell membrane-anchored hydrophobic alkyl chain, which is typical for traditional
membrane-specific probes. Our probe also displays low cytotoxicity and excellent photostability.

Graphical Abstract

I I m
Ex 405 nm Ex 405 nm Ex 488 nm right Field
Em 450-500 hm  Em 575-625 nm  Em 575-625 nm

Keywords

coumarin; tetraphenylethene; aggregation-induced emission; dual emission; cell membrane;
cellular imaging

INTRODUCTION

All living cells are protected by cell membranes consisting primarily of proteins, lipids
(phospholipids and cholesterol), and carbohydrate residues from glycoproteins and
glycolipids. The cell membrane keeps toxic materials outside the cell, facilitates the
transport of substances across the membrane, contains enzymes that control metabolic
processes, and plays important roles in cell signaling and communication. Many cell
membrane-specific fluorescent probes have been developed to visualize membrane
structures. The traditional approach to design and prepare cell membrane-specific
fluorescent probes is to introduce a hydrophilic zwitterionic head and a hydrophobic
aliphatic tail to different fluorophores, such as 4’-(diethylamino)-3-hydroxyflavone, -2
perylene,3# Nile red,>~" rhodamine, tetraphenylethene,8 BODIPY,10.11 squaraine!? and
fluorescent-conjugated polymers,13-15 which then interact through hydrophobic and
electrostatic interactions with the phospholipid bilayers. Recently, the unique aggregation-
induced emission feature of tetraphenylethylene fluorophores has received a lot of attention.
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16-20 These fluorophores can be used to develop highly fluorescent turn-on probes in
hydrophobic environments due to restricted intramolecular rotation in aqueous solutions.
Hydrophilic peptides with hydrophobic aliphatic residues have been used to modify TPE to
develop cell membrane-specific probes with long-term tracking features.8 Furthermore, a
deep-red fluorescent probe based on an amphiphilic tetraphenylethene pyridinium salt for
cell membrane-specific imaging was developed.? It is desirable to develop membrane-
specific fluorescent probes containing two well-defined emissions and excellent
photostability through a nontraditional approach for long-term observation and real-time
tracking.

Here, we report on a hybrid fluorescent probe, Chart 1, produced by incorporating a
coumarin organophoshorus ylide into 4-[2,2-bis(4-methoxyphenyl)-1-phenylethenyl]-
benzaldehyde through an a,B-unsaturated ketone (i.e., chalcone) connection, using the
Wittig reaction, which did not follow the traditional design of membrane-specific probes, as
outlined above. The probe displays two absorption peaks at 300 and 457.5 nm in pure THF.
Our probe shows an aggregation-induced emission property. It displays only one emission
peak at 470 nm in pure tetrahydrofuran (THF) solution. However, in a 5:95% THF/water
solution and thus in the aggregated state, a bright emission at 591 nm with a significant
fluorescence decrease of the 470 nm emission accompanied by a 12 nm red shift occurs. As
the probe is highly hydrophobic, it becomes strongly fluorescent with a longer-wavelength
emission at 591 nm upon being embedded in the cell membrane, where intramolecular
rotations of the phenyl groups in the probe are highly restricted. This probe is suitable for
long-term and real-time studies as it contains very good photostability and low cytotoxicity.
We demonstrated its usefulness in Drosophila melanogaster first-instar larvae.

RESULTS AND DISCUSSION

Probe Design and Preparation.

We synthesized formylfunctionalized TPE (4) by formylating the bromo group of the TPE
derivative (3) with 7-butyllithium and dimethylformamide (DMF) in dry THF solution at
~78 °C.2 The coumarin organophosphorus ylide (5) was prepared by reacting the acetyl
bromide of 3-(2-bromoacetyl)-7-(diethylamino)-2 H-chromen-2-one (8) with
triphenylphosphine under basic conditions.22 Probe A was then prepared through the Wittig
reaction by reacting coumarin organophosphorus ylide (5) with an aldehyde of the TPE
derivative (4), resulting in a substituted alkene product, Scheme 1.

Aggregation-Induced Emission Property of the Probe.

We investigated whether the probe displays aggregation-induced emission by collecting
absorption and emission spectra while gradually increasing the water content in a THF
solution (Figure 1). The probe shows two absorption peaks at 300 and 457.5 nm in pure
THF. A gradual increase of water from 0 to 80% to THF causes a slight red shift of the
457.5 nm absorption peak (Figure 1). The probe shows only one fluorescence peak at 470
nm in pure THF solution. However, gradual increases in water to 90% result in a gradual
decrease of the fluorescence peak at 470 nm with a 12 nm red shift and a new fluorescence
peak at 591 nm (Figures 1 and 2). A further increase of the water percentage to 95% causes
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a slight decrease of the fluorescence at 591 nm (Figures 1 and 2). Similar results of the
probe absorbance and fluorescence changes were observed in water/acetonitrile solutions
(Figures S10 and S11). These results indicate that the probe displays an aggregation-induced
emission property and that the conjugation of the coumarin moiety to the TPE moiety
through the chalcone connection maintains the AIE property of TPE.

Theoretical Calculations.

Calculations were conducted to confirm the nature of the transitions and, in particular,
whether transmission through the chalcone linkage was possible. In the THF solution, two
transitions were calculated (Figure S3) at 346 and 490 nm, which correspond to the
experimental values of 300 and 457.5 nm, respectively. We note that the differences between
the calculated and experimental values were 0.53 and 0.18 eV for the two transitions,
respectively, the first one being outside and the second one within the range of 0.20-0.25 eV.
Differences within this range are usually obtained in these calculations.2? In water, a slight
red shift was also noted as the peak positions were calculated to be 347 and 495 nm. In both
solvents, equivalent orbitals were used for these transitions as evident in the LCAO listings
presented in Tables S3 and S5 for tetrahydrofuran and water, respectively. The transition
around 345 emanates from mainly orbitals localized on the TPE section of the molecule
(64.6%, LCAO 172 (i.e., HOMO-3) in Figure S4) going to an LCAO on the coumarin
moiety (i.e., specifically 176 (LUMO) in Figure S4). This transition is represented as a
current density drawing in Figure 3. The transitions listed as ES1 and ES2 overlap to
produce the one experimentally observed transition at 457 nm due to their close proximity of
80 nm, Figure S3. As displayed in Figure 3, they originate and involve identical LCAOs
though with differences in the oscillating strengths of the transitions. Interestingly, this
transition appears to be a composite originating from orbitals at either the coumarin (ES2,
LCAO 172) or TPE (ES1, LCAO 175) ends of the molecule, ending up in the connecting
moiety (Figure 3) and demonstrates conjugation through the chalcone linkage.

Probe Insensitivity to pH, Anions, Cations, Amino Acids, and Biothiols.

The probe shows slight fluorescence and absorbance increases as the pH is varied from 4.0
to 9.2 (Figure 4). The probe does not display significant responses to a 200 x/M
concentration of cations, such as Mg2*, Ag*, Zn2*, Co?*, AI3*, Mg?*, Pb2*, Fe2*, Hg?*, K*,
Cr3*, and Fe3* (Figure S10): a 200 M concentration in anions, such as NO3~, SO427,
S0427, HCO3~, PO43~, and CO3%~ (Figure S11), and reactive oxygen, nitrogen, and sulfur
species, such as cysteine (Cys), homocysteine (Hcy), glutathione (GSH), HSO3™~, S,03%7,
H,S, 0,7, HyO,, ONOO™, and CIO™ (Figure S12). These results indicate that the probe is
not sensitive to the named conditions and chemical interferences.

Photostability of the Probe.

We have conducted photostability experiments by comparing the photostability of probe A
with that of the CellBrite cell membrane NIR dye. The photostability of the probe was
investigated under continuous excitation at 488 nm by comparing it to that of the CellBrite
cell membrane NIR dye under continuous excitation at 630 nm (Figure S12). Fluorescence
intensity of the probe decreased by 2.5% under a 40 min excitation at 488 nm. The probe
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shows a similar photostability under shorter excitation wavelength at 488 nm to that of the
CellBrite cell membrane NIR dye (Figure S12).

Cytotoxicity of the Probe.

We investigated the probe’s cytotoxicity, using a standard MTT cell viability assay by
incubating HeLa cells with 0, 5, 10, 15, 25, and 50 M concentrations of the probe for 24 h
(Figure 5). Cell viability with a 50 1M probe concentration was more than 86% (Figure 5),
indicating that the probe possesses low cytotoxicity at high probe concentrations and can
thus be used as a live cell-staining reagent.

Cellular Fluorescence Imaging of the Probe.

To demonstrate that our probe can specifically stain the cell membrane, a colocalization
experiment consisting of the incubation of HeLa cells with the probe and a commercially
available CellBrite cell membrane NIR dye for 15 min was conducted (Figure 6). Bright
fluorescence around the cell membrane in the blue and red channels was detected under 405
nm excitation, while strong fluorescence around the cell membrane in the pink channel was
observed under 488 nm excitation (Figure 6). To further confirm where the probe was
located in live cells, we used the CellBrite cell membrane NIR dye to specifically label the
cell membrane and merged the probe fluorescence in the blue channel with the near-infrared
fluorescence of the CellBrite cell membrane NIR dye in the green channel under 630 nm
excitation, demonstrating that the blue fluorescence of our probe colocalizes with the
CellBrite Cell membrane NIR dye (Pearson correlation coefficient is 0.88) (Figure 6). Thus,
the probe specifically stains the cell membrane (Figures 6 and S17).

We further studied the effect of the probe incubation time on the probe fluorescence in HeLa
cells. When we increased the probe incubation time from 5 to 25 min, we observed
enhanced fluorescence at the cell membrane (Figure 7). We next investigated the influence
of the probe concentration on the fluorescence of the probe at a constant incubation time of
15 min (Figure 8). An increase from 5 to 15 £M in the concentration of the probe strongly
enhanced fluorescence around the cell membrane, as demonstrated by the dramatic increase
in intensity (Figure 8).

To demonstrate that the probe can also stain other cell membranes, we incubated breast
cancer MCF-7 cells with probe A and commercial membrane-specific probe (CellBrite
cytoplasmic NIR dye) for 15 min under excitation of 405 and 488 nm for probe A, and 630
nm for the commercial probe (Figure 9). Colocalization experiments of fluorescence of
probe A in blue channel I with near-infrared fluorescence of the commercial membrane-
specific probe gave a Pearson correlation coefficient of 0.93, which indicates that the probe
can specifically target cell membranes of breast cancer MCF-7 cells (Figure 9).

We next studied the photostability of the probe in cellular imaging by increasing the
scanning time during cellular imaging with confocal fluorescence microscopy (Figure 10).
The cellular fluorescence intensity did not increase without the probe in DMEM after HeLa
cells were incubated with 10 M probe A for 15 min and washed twice with PBS buffer and
once with DMEM before cellular imaging was conducted. During a 2 min continuous laser
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exposure, the cellular fluorescence intensities in channels I, 11, and 111 are unchanged under
continuous excitation at 405 and 488 nm (Figure 10). Under a 5 min continuous laser
exposure, the cellular fluorescence intensity of channel I slightly decreases under excitation
of 405 nm, while the cellular fluorescence intensities of channels Il and 111 decrease by 5%
under excitation at 405 and 488 nm (Figure 10). These results indicate that the probe has
excellent photostability under two different excitation wavelengths, i.e., at 405 and 488 nm.

Florescence Imaging of D. melanogaster First-Instar Larvae.

Fluorescence imaging on live D. melanogaster first-instar larvae was conducted to verify if
probe A is suitable for use in a multicellular organism (Figure 11). The unstained larvae did
not show any background fluorescence. They were then incubated for 2 h with probe A, and
intense fluorescence in the red and green channels was observed under excitation at 405 and
488 nm, while a weaker fluorescence in the blue channel was detected under 405 nm
excitation. We detected fluorescence in the tracheal system of the larvae, as well as the anal
plate and parts of the hindgut.

CONCLUSIONS

A fluorescent probe consisting of a coumarin dye and a TPE derivative with an a,5
unsaturated ketone (chalcone) connection has been prepared for specifically staining cell
membranes. The probe exhibits an outstanding aggregation-induced emission (AIE) property
with well-defined dual emissions of 482 and 591 nm in mostly aqueous solutions. The probe
displays low cytotoxicity and good photostability. The probe binds well to cell membranes,
although it lacks a long, cell membrane-anchored hydrophobic alkyl chain of previously
described membrane-specific probes.

EXPERIMENTAL SECTION

Materials and Instruments.

Synthesis of Compound 3.—Compound 3 was synthesized according to a slightly
modified, previously reported procedure. First, zinc powder (5.9 g, 90.8 mmol) was added to
a mixed solution of 4-bromobenzophenone (5.3 g, 20.3 mmol) and 4,4’-
dimethoxybenzophenone (3.8 g, 15.7 mmol) in THF (80 mL). Titanium tetrachloride (5.0
mL) was added dropwise to the mixture at 0 °C, after which the mixture was slowly heated
to room temperature, followed by heating at reflux temperatures for 8 h. After the mixture
was cooled down in an ice-water bath, a saturated sodium bicarbonate aqueous solution (50
mL) was slowly added. The resulting mixture was extracted 3 times with ethyl acetate (100
mL.), and the combined organic phase was further washed with brine solution (100 mL)
twice and, finally, dried over MgSQ,. The filtrate was collected through the mixture
filtration and concentrated. The residue was purified with column chromatography and
eluted with hexane/DCM = 5:1, yielding compound 3 as a white solid. Compound 3 was
characterized and found to display NMR spectra consistent with those reported previously.?!

Synthesis of Compound 4.—1.6 M n-Butyllithium in hexane (6.0 mL) was added
slowly to compound 3 (3.0 g, 6.4 mmol) in 50 mL of dry THF at —=78 °C. After the mixture
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was stirred at =78 °C for 2 h, 3.5 mL dry DMF was added to the reaction. The reaction
mixture was warmed up to room temperature under stirring for 4 h. A saturated ammonium
chloride aqueous solution (10 mL) was used to quench the reaction, and the mixture was
extracted with ethyl acetate (100 mL) and washed with water (100 mL) and twice with brine
(100 mL). The organic phase was collected and dried over MgSQg,. The filtrate was collected
through filtration of the mixture and concentrated. The residue went through column
chromatography with an eluent (hexane/DCM = 5:1) to give compound 4 as a green solid.

Synthesis of Compound 7.—A solution of 100 mL acetic acid, 50% HBr (10 mmol),
and 3-acetyl-7-(diethylamino)-2H-chromen-2-one was added to Br, liquid (6 mmol) slowly.
This mixture was stirred overnight at room temperature. The solution was concentrated to
dryness under reduced pressure, followed by the addition of a 100 mL saturated solution of
sodium bicarbonate, allowing for the adjustment of the pH to 8.0. The mixture was extracted
with DCM, dried over MgSQy, and filtered. After the filtrate was concentrated, the residue
was run through column chromatography with an eluent (hexane/DCM = 6:1), affording
compound 7: 3-(2-bromoacetyl)-7-(diethylamino)-2 H-chromen-2-one as a yellow-green
solid. Compound 7 was characterized and found to be consistent with the reported NMR
data.22 IH NMR (400 MHz, chloroform-a) 68.51 (d, J= 0.7 Hz, 1H), 7.41 (d, /= 9.0 Hz,
1H), 6.63 (dd, /= 9.0, 2.5 Hz, 1H), 6.46 (d, /= 2.5 Hz, 1H), 4.75 (s, 2H), 3.46 (d, /= 7.1
Hz, 4H), 1.24 (t, J= 7.2 Hz, 6H).

Synthesis of Coumarin Organophoshorus Ylide (8).—A catalytic amount of
potassium iodide was added to dichloromethane (DCM) containing triphenylphosphine (1.12
g, 4.57 mmol) and compound 7 (1.29 g, 3.81 mmol), and the reaction mixture was refluxed
with heat for 8 h. The solvent was removed, and the residue was run through column
chromatography (DCM/methanol = 30:1) to afford the intermediate as a red solid. This solid
was dissolved in a mixture of 50 mL DCM and 50 mL saturated aqueous K,CO3 and stirred
vigorously for an additional 3 h at room temperature. The organic layer was separated, dried
over anhydrous MgSQOy, and concentrated in vacuo. The crude solid was run through silica
gel column chromatography with an eluent (DCM/methanol = 50:1, v/v), yielding
compound 8 as an orange solid.22 Compound 8 was characterized and found to be consistent
with the reported NMR data. 1H NMR (400 MHz, chloroform-a) 68.79 (s, 1H), 7.88-7.34
(m, 16H), 6.63-6.53 (m, 1H), 6.46—6.35 (m, 1H), 3.51-3.33 (q, /=5.2 Hz 4H), 1.21 (d, /=
5.0 Hz, 6H).

Synthesis of Probe A.—Compounds 4 (420 mg, 1 mmol) and 8 (560 mg, 1.05 mmol)
were put in 10 mL methanol and stirred for 24 h at room temperature. The solvent was then
removed, and the residue was extracted with dichloromethane (100 mL) 3 times and washed
with saline. The organic layer was collected, dried over anhydrous MgSOQy, filtered, and
concentrated under vacuum to yield the crude product. Further purification of the crude
product was conducted by silica gel column chromatography eluting with dichloromethane
to give probe A as a yellow solid, with a reaction yield of 90%. 'H NMR (400 MHz,
chloroform-ad) §8.51 (s, 1H), 8.02 (d, J= 15.7 Hz, 1H), 7.72 (d, /= 15.6 Hz, 1H), 7.40 (d, J
= 8.5, Hz, 3H), 7.08 (s, 3H), 7.05-6.97 (m, 4H), 6.93 (d, /= 6.2 Hz, 4H), 6.66-6.57 (m,
5H), 6.46 (d, J= 2.1 Hz, 1H), 3.72 (d, J= 6.7 Hz, 6H), 3.44 (d, /= 7.1 Hz, 4H), 1.27-1.17
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(m, 6H). 13C NMR (101 MHz, chloroform-a) & 186.54, 161.05, 153.03, 148.08, 144.05,
143.43, 141.23, 138.70, 136.27, 133.17, 132.79, 131.98, 128.44, 127.96, 126.43, 124.37,
116.94, 113.14, 110.03, 108.82, 96.80, 55.38, 45.48, 12.83. HRMS = 661.2823, calculated
MS = 661.2828.

Theoretical Calculation on Probe A.—A model of the probe was generated using
previously published procedures.2 This consisted of MM2 minimizing of the energies of a
Chem3d model,2® followed by force field (UFF) calculations in Avogadro.2® Density
functional theory (DFT), using the APFD functional®’ and electron basis sets initially at the
6-31g(d) level, led to convergence of the atomic positions in Gaussian 16.28 The results
from this level were refined in a polarizable continuum model (PCM) of water2® with 6—
319g(d,p) basis sets and frequency calculations conducted. Imaginary frequencies were not
obtained. This was followed by refinement with the 6-311+g(d) level to convergence using
the same criteria, and again imaginary frequencies were not observed. The excited states
were assessed using TD-DFT optimizations30 in a polarizable continuum model (PCM)2° in
both water and tetrahydrofuran2® with the 6-311+g(d) basis set. Results for all data and
figures were interpreted using GaussView 63! and are presented in the Supporting
Information.

Cytotoxicity of the Probe via an MTT Assay.

A standard MTT assay was conducted by seeding HeL a cells with a density of about 6000
cells per well in a 96-well plate, treating the cells with probe A at various concentrations
from 0, 5, 10, 15, 20 to 50 /M in fresh culture medium and further incubating them for 48 h.
The cells under the probe treatment were further incubated with a proliferation reagent,
tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) (500
g/mL) for 4 h, and detected by measuring the absorbance of the purple formazan at 490 nm
through reduction of the yellow proliferation reagent by a cellular reductase. The cell
viability percentage was determined by using the following equation

Viate = (A — AB)/(Ac — AB) x 100%

where A stands for the absorbance of the experimental group, Ac represents the absorbance
of the control group with only cell medium in the absence of the probe, and Ag is the
absorbance of the blank group without any cells.

Cell Imaging.

HeLa or MCF-7 cells were put in confocal glass dishes (35 mm, MatTek) with 1 x 10° cells
each dish and cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 10% FBS
and 100 IU/mL penicillin and streptomycin at 37 °C under humidified conditions
equilibrated with 5% CO, for 24 h. HeLa or MCF-7 cells were incubated with 10 zM of the
probe and the CellBrite cell membrane NIR dye in normal medium containing 1% DMSO
for 15 min and washed twice with PBS buffer and once with DMEM before cellular imaging
was conducted by employing a confocal fluorescence microscope from Olympus IX 81,
Olympus America Inc. with a 100x objective lens. The fluorescence of the CellBrite cell
membrane NIR dye was under 630 nm excitation, while the fluorescence of the probe was
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excited at 405 and 488 nm. An Olympus FV10-ASW 3.1 viewer with Image Pro6 software,
and Fiji (ImageJ) were used to further process the cellular images.

Fluorescence Imaging of D. melanogaster Larvae.

First-instar larvae were incubated in 5 /M probe A or deionized water (negative control) for
2 h and then washed 3 times with water. The larvae were mounted between a slide and a
coverslip and imaged under the conditions described for the HeLa cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Absorption and fluorescence spectra of probe A in the mixture solutions of water and

acetonitrile with various water percentages. Concentration of probe A: 10 4M; excitation
wavelength: 430 nm.

ACS Appl Mater Interfaces. Author manuscript; available in PMC 2021 May 06.



1duosnuey Joyiny

1duosnuely Joyiny

Zhang et al. Page 13

4.0x10° - /
1 o / ‘\I
2.0x10° - / A A

0.0

1.4x10"4{ = —=— Fluorescence intensity at 482 nm
Py : —a— Fluorescence intensity at 591 nm
‘» 1.2x107 A
C .
£ 1.0x10'- “
— ; 7\

6 = %

@ 8.0x10° - A
@ 6.0x10° /
(7))
D
.
O
=
L

0 20 40 60 80 . 1(l)0
Water percentages in mixed water and THF solutions

Figure2.
Fluorescence intensity of probe A in the mixture solutions of water and THF with various

water percentages. Concentration of probe A: 10 1M, excitation wavelength: 430 nm.
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Figure 3.

Drawings of the current density difference as isosurfaces of probe A in tetrahydrofuran

showing the excited states (ESs) and the calculated wavelengths. The numerical range values
of the color scale displayed at the top of the figure are +£1.001 e™4, +1.324 ¢4 and +1.377 e
~4 (top to bottom). The nature of the specific transitions is indicated, and illustrations of the

LCAOs are presented in the Supporting Information. LCAO 175 is the HOMO and

LCAO176 is the LUMO.
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Figure 4.
Absorption and fluorescence spectra under excitation of 430 nm of the probe (10 M) in

different pH buffers containing 20% acetonitrile.
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Figure5.
Cell viability under different probe concentrations by an MTT assay.
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Figure 6.
Fluorescence images of a HeLa cell incubated with 10 #M probe and 5 M CellBrite

cytoplasmic NIR dye for 15 min under excitation of 405 and 488 nm for probe A, and 630
nm for CellBrite cytoplasmic NIR dye. Pearson correlation coefficient of channel | with
channel 1V is 0.88. A confocal fluorescence microscope (Olympus IX 81) was employed to
collect cellular fluorescence images.
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Figure7.
Fluorescence images of HeLa cells under different incubation times with 10 4/M probe at

405 and 488 nm excitations. A confocal fluorescence microscope (Olympus IX 81) was used
to gather cellular fluorescence images. Scale bar: 2 tm.
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Figure8.

Fluorescence images of HeLa cells incubated with different probe concentrations of 5, 10,
and 15 uM for 15 incubation minutes under 405 and 488 nm excitations. A confocal
fluorescence microscope (Olympus 1X 81) was applied to obtain cellular fluorescence
images. Scale bar: 2 ym.
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Figure9.
Fluorescence images of a breast cancer MCF-7 cell incubated with 10 4#M probe A and 5 /M

CellBrite cytoplasmic NIR dye under excitation of 405 and 488 nm for the probe, and 630
nm for CellBrite cytoplasmic NIR dye. Pearson correlation coefficient of channel I with
channel 1V is 0.93. A confocal fluorescence microscope (Olympus 1X 81) was utilized to
perform cellular fluorescence imaging. Scale bar: 2 pm.

ACS Appl Mater Interfaces. Author manuscript; available in PMC 2021 May 06.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al.

Page 21

I | 111
Ex 405 nm Ex 405 nm Ex 488 nm Bright Field
Em 450-500 nm Em 575-625 nm Em 575-625 nm

0 min

2 min

5 min

Figure 10.
Fluorescence images of HeLa cells incubated with 10 4M probe for 15 min of initial

incubation under 405 and 488 nm excitations with increasing scanning time (0-5 min). A
confocal fluorescence microscope (Olympus 1X 81) was used to conduct cellular
fluorescence imaging. Scale bar: 2 tm.
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Figure 11.
Fluorescence imaging of D. melanogaster first-instar larvae in blank form and also incubated

for 2 h with 10 zM probe A under 405 and 488 nm excitations. A confocal fluorescence
microscope (Olympus 1X 81) was utilized to acquire cellular fluorescence images. Scale bar:
200 zm.
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Scheme 1.
Synthetic Approach to Prepare a Cell Membrane-Specific Fluorescent Probe A
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