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Abstract: By use of a simple synthetic methodology for peptide coupling by HATU reagent, 
two BODIPY amides 4 and 5 were synthesized, that were at the meso-position substituted with 
a morphline moiety targeting lysosomes, or sulfonamide group targeting endoplasmic reticulum 
(ER), respectively. Furthermore, by use of Cu-catalyzed click chemistry, dye 6 was synthesized 
from a BODIPY alkyne, that was at the meso-position substituted with a triphenylphosponium 
salt via a triazol linker, for targeting mitochondria. Photophysical and spectral properties of 
BODIPY dyes 4-6 were characterized in nonpolar, polar aprotic and protic solvent. All 
compounds in all solvents have high values of fluorescence quantum yields (ΦF = 0.5-0.8), and 
single-exponential decay of fluorescence with singlet excited state lifetimes τ = 2.5-3.8 ns. The 
substituents in the meso-position that direct the dyes towards different intracellular organelles 
do not affect the photophysical properties. Moreover, the stability of amides 4 and 5 was tested 
with lipases CAL-B and PPL, whereupon they showed hydrolytic stability. The applicability of 
dyes 4-6 in fluorescent staining of organelles in HeLa cell line was tested in colocalization 
microscopy studies with commercial dyes Lysotracker RED, ER tracer and Mitotracker Red. 
They showed excellent localization in lysosomes, ER and mitochondria with the values of 
Pearson’s coefficients 0.90, 0.94, and 0.93, respectively. Consequently, BODIPY derivatives 
4-6 have potential to be used in biology as selective organelle targeting dyes. Moreover, our 
simple synthetic protocol for the preparation of dyes in principle allows for the synthesis of 
plethora of different BODIPY derivatives with selective localization in different organelles.  

Key words: BODIPY, fluorescence microscopy, endoplasmic reticulum, lysosomes, 
mitochondria, photophysical properties
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Introduction

Fluorescence microscopy is a powerful technique often used in biology, which allows for 
observation of various processes in living cells and organisms.1 It relies on the use of 
fluorescent dyes, which are expected to show specific fluorescent response depending on their 
localization and environment.2 Although a large number of commercially available fluorescent 
dyes for biology and microscopy are on the market,3 neither one is universally perfect for 
different applications, characterized by desirable spectral and photophysical properties and 
selective response in bio-environment. Consequently, there is a constant demand for new and 
better fluorescent dyes for different applications, such as selective localization in intracellular 
organelles.4

BODIPY dyes are a popular class of heterocyclic compounds, that are derivatives of 4,4-
difluoro-4-bora-3a,4a-diaza-s-indacene, first time synthesized by Triebs and Kreuzer.5 These 
fluorescent dyes are mostly characterized by exceptional spectroscopic and photophysical 
properties,6,7 which can be easily tuned by simple structural modifications.8,9 Therefore, these 
dyes found widespread use in material science,10 fluorescence sensing,11 and anti-cancer 
phototherapeutics.12 Moreover, researchers devoted a particular endeavor to develop 
applications in molecular biology and medicine where they have been used as fluorescent 
markers,13 or photo-cleavable protective groups (also known as photocages)14,15 with 
applications in medicine,16,17 and super resolution microscopy in biology.18,19,20,21 BODIPY 
dyes have been structurally modified to specifically localize in membranes,21 
mitochondria,13,19,22 lysosomes,23 endoplasmic reticulum (ER),24 Golgy apparatus,25 or cell 
nucleus,26 and some representative examples are shown in Fig 1. 

Fig 1. Fluorescent dyes for selective staining of lysosomes,23d,27 endoplasmic reticulum19 and 
mitochondria28 from literature precedent.

The intracellular localization of drugs is very important for determining their activity and 
mechanism of action. It is very beneficiary to design new drugs that target important cellular 
organelles. In cancer, for example, mitochondria play a crucial role in the regulation of 
apoptosis and "aerobic glycolysis",29 the ER in the folding of secretory and membrane proteins 
and in calcium homeostasis,30 while dysfunction of lysosomes can lead to an accumulation of 
undegraded substrates.31 Targeting those organelles could lead to therapeutic effect of the new 
drugs and their possible overcoming of the most critical limitation of drug action, multidrug 
resistance.32 Therefore, the development of localizing agents from the rational synthesis that 
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selectively target organelles of interest for biomedical applications is of critical interest for new 
drugs. Although different dyes for targeting organelles are available, their general drawback is 
often the lack of selectivity, or complicated structure and/or demanding synthesis and high cost.

Herein we present two simple synthetic methodologies which can be used to modify 
commercially or easily available BODIPY structures into specific organelle selective 
fluorescent dyes. The protocols are based on simple amide formation by use of peptide-
activating reagents such as HATU, or the Cu-catalyzed click reaction. By using these protocols, 
we prepared fluorescent dyes 4-6 (for the structures see later, Schemes 1 and 2) characterized 
their spectral and photophysical properties and showed their applicability in selective staining 
of lysosomes, endoplasmic reticulum, and mitochondria. The structure of the BODIPY dyes 
was designed based on the known BODIPY organelle targeting reagents (Fig 1). The simple 
synthetic methodology in principle allows for applying these procedures for different targets, 
enabling rational design and construction of a plethora of fluorescent dyes for bio-medicinal 
applications.

Results and Discussion

Synthesis

Fluorescent dyes for staining of lysosomes, 4, and ER, 5, were prepared in excellent yields, 
from BODIPY carboxylic acid 7 (Scheme 1) by use of HATU peptide coupling reagent.33 Thus, 
the use of starting compound 7 allows for the synthesis of different organelle targeting dyes in 
a very simple synthetic methodology. The synthetic procedure for the preparation of 7 is given 
in the SI.

Scheme 1. Synthesis of BODIPY compounds 4 and 5 by the HATU peptide coupling protocol 
(NMM = N-methylmorpholine).

The synthetic protocol for the preparation of mitochondria targeting dye 6 is based on the 
preparation of BODIPY alkyne 8 and its click reaction34 with the azide containing 
triphnylphosphonium salt 10 (Scheme 2). The procedures for the synthesis of precursors 9 and 
10 is provided in the SI. This synthetic protocol also in principle enables preparation of different 
organelle targeting dyes by clicking 8 to different azides.
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Scheme 2. Synthesis of BODIPY compound 6. 

For the application of fluorescent dyes, it is important to test their stability, particularly for the 
amides such as 4 and 5, which can undergo enzymatic cleavage in cells. The stability towards 
lipase activity was determined using lipase B candida antartica (CAL-B)35 and triacylglycerol 
lipase (PPL),36 which are ubiquitous lipases with high catalytic efficiency, often used as 
catalysts. Due to unavailability of an analogous human lipase, we assumed that CAL-B and 
PPL would be appropriate models for checking the stability, owing to a large scope of different 
substrates that can be hydrolyzed, including amides, and high catalytic efficiency and 
stability.35,36 Amides 4 and 5 were treated with enzymes, and HPLC analysis after 24 h revealed 
no hydrolysis (for details see the SI Figs S1-S10), confirming their stability under enzymatic 
conditions and applicability for intracellular imaging.

Photophysical Properties

Spectral and photophysical properties of 4-6 were investigated in nonpolar solvent CH2Cl2, 
polar aprotic CH3CN, and in the polar protic solvent CH3CN-H2O (1:10 v/v) to probe for 
plausible photoinduced electron transfer (PET) of charge transfer (CT) processes of the 
dyes.11,37 Namely, substitution of the BODIPY by alkyl groups containing tertiary amines,38 or 
tertiary anilines39 is known to enable PET from the amine to the dye and quench fluorescence, 
which should be affected by the change of solvent polarity and protonation of the amine by 
H2O. Furthermore, BODIPY in the excited state can be an electron donor if the molecule is 
substituted by electron withdrawing groups, also leading to the PET and fluorescence 
quenching.40

BODIPY dyes 4-6 are characterized by absorption spectra with a maximum at ≈ 497-498 nm, 
and molar absorption coefficients 35000-100000, corresponding to the S0→S1 transition, the 
typical of BODIPY.6,7 At 300-400 nm, weaker and broader absorption band corresponds to the 
excitation to higher excited states. The absorption spectra show negligible solvatochromic shifts 
(4 nm), and the organelle directing group in the meso-position does not affect the absorption 
properties, except absorptivity (Fig. 1 left). 
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Fig 1. Absorption spectra of 4-6 in CH3CN (left) and normalized fluorescence spectra (λex = 
470 nm) of 4-6 in CH3CN (right).

The fluorescence spectra of 4-6 are the mirror-image of the absorption S0→S1 band with 
maxima in the CH3CN solution at 506-510 nm (Fig. 1, right). The fluorescence spectra also 
show very weak solvatochromic shifts (Figs S11-S13 in the SI). The most bathochromically 
shifted maximum was observed in CH2Cl2 (514 nm), whereas the maxima in CH3CN and in 
aqueous CH3CN almost coincide (at 506 nm for 6 and 510 nm for 4 and 5). Thus, the observed 
solvatochromic shifts are more reflection of the solvent polarizability then polarity, which has 
been reported for many BODIPY derivatives.41

Fluorescence quantum yields (ΦF) for 4-6 in different solvents were determined by use of 
rhodamine B in CH3OH as a reference (ΦF = 0.66),42 whereas the lifetimes of singlet excited 
states were determined by time-correlated single photon counting (TC-SPC) method (Table 1). 
The ΦF values of 4-6 are similar, somewhat higher in nonpolar then in polar solvent, and the 
proticity of the solvent did not much affect these values. The finding indicates that the organelle 
targeting group in the meso-position did not affect the photophysical properties. In compounds 
4-6, regardless on the group in the meso-position, deactivation from the singlet excited state 
does not involve PET or pronounced CT character of the S1 states. The decays of the 
fluorescence were for all compounds and in all solvents fit to single exponential function, 
revealing singlet excited state lifetimes in the range 2.5-3.8 ns, the typical for BODIPY 
derivatives.6,7 Most importantly, relatively high values of ΦF for 4-6 in aqueous solvent and 
their single-exponential fluorescence decay render these molecules as excellent dyes for 
fluorescence microscopy and intracellular measurements.

Table 1. Photophysical properties of BODIPY dyes 4-6 in different solvents.

Comp. Solvent ΦF
a τ/ns b

CH2Cl2 0.70 ± 0.02 2.73 ± 0.02 4
CH3CN 0.55 ± 0.01 2.60 ± 0.02 
CH3CN-H2O (1:10) 0.51 ± 0.05 3.00 ± 0.01 
CH2Cl2 0.75 ± 0.02 2.59 ± 0.02
CH3CN 0.50 ± 0.01 2.57 ± 0.02

5

CH3CN-H2O (1:10) 0.51 ± 0.02 2.70 ± 0.01
CH2Cl2 0.78 ± 0.02 3.45 ± 0.016
CH3CN 0.54 ± 0.06 3.37 ± 0.01
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CH3CN-H2O (1:10) 0.62 ± 0.03 3.83 ± 0.01
a Quantum yiled of fluorescence measured by use of rhodamine B in CH3OH as a reference 
(ΦF = 0.66).42 b Lifetimes of the singlet excited state measured by TC-SPC.

Fluorescence Microscopy

Fluorescence microscopy was used to determine whether the synthesized BODIPY dyes are 
localizing in the organelles of interest. BODIPY 4 (green) was tested at a concentration of 1 
µM with the incubation time of 1h in serum-free medium and using Lysotracker RED as the 
colocalizing agent. Results indicate that 4 has a strong localization in the lysosomes, which is 
evident by yellow coloring of the merged images (Fig. 2). In addition, the Pearson correlation 
coefficient was calculated and its value of 0.90 confirms the observed localization. The 
localization of BODIPY 5 in the endoplasmic reticulum (ER) was tested after only 30 min of 
incubation and in DMEM with the ER tracer. The yellow color in the merged image of Fig. 3. 
and the calculated Pearson’s correlation coefficient of 0.94 strongly confirms that 5 is localized 
in the ER within 30 minutes of incubation. For cellular localization of BODIPY 6 (green) we 
used Mitotracker RED, since this compound was synthesized with triphenylphosphonium 
group, known to target mitochondria. An overlap of the green fluorescence of the compound 
and the RED fluorescence of the tracker results in a yellow color of the merged image in Fig. 
4. This confirms the localization of 6 in mitochondria together with the calculated Pearson’s 
coefficient of 0.93. 

Fig. 2. Fluorescence microscopy images of HeLa cells incubated with BODIPY 4 (1 µM) and 
Lysotracker RED (0.1 µM). Cells were incubated in serum-free medium with 4 for 1 h and 
Lysotracker was added to the cells in the last 30 min of incubation. The control was performed 
according to the same protocol without the addition of 4. Colocalization can be observed in the 
"merge" column. Images were taken at 60× magnification under immersion oil. Scale bar = 8 
µM.
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Fig. 3. Fluorescence microscopy images of HeLa cells incubated with BODIPY 5 (5 µM) and 
ER-tracker red dye (1 µM). Cells were incubated in DMEM with 5 for 30 min and after 
washing, the ER-tracker was incubated in HBSS for an additional 30 min. The control was 
performed according to the same protocol without the addition of 5. Colocalization can be 
observed in the "merge" column. Images were taken at 60× magnification under immersion oil. 
Scale bar = 8 µM.

Fig. 4. Fluorescence microscopy images of HeLa cells incubated with BODIPY 6 (5 µM) and 
Mitotracker RED (0.1 µM). Cells were incubated in DMEM with 6 for 1 h and after washing, 
the Mitotracker was incubated in HBSS for 30 min. The control was performed according to 
the same protocol without the addition of 6. Colocalization can be observed in the "merge" 
column. Images were taken at 60× magnification under immersion oil. Scale bar = 8 µM.
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Conclusion

Here we have demonstrated that the use of simple peptide coupling protocol allows for the 
synthesis of BODIPY amide derivatives bearing different organelle-targeting groups in the 
meso-position. Furthermore, the use of click-chemistry and the BODIPY alkyne also enables 
synthetic approach to a variety of BODIPY dyes for selective localization in different 
intracellular organelles. By use of these protocols, we synthesized BODIPY derivatives 4-6, 
showed their excellent spectral and photophysical properties and selective localization in 
lysosomes, endoplasmic reticulum and mitochondria, respectively. Due to selective 
localization, these dyes show applicability in biology, whereas the synthetic methodologies 
show potential for the simple and inexpensive preparation of plethora of different organelle-
targeting dyes. 

Experimental

General

All chemicals and solvents used for the synthesis were analytical or HPLC grade and 
commercially available. Reactions were monitored using thin layer chromatography (TLC) on 
silica gel plates (Silica gel 60 F254, Merck, Germany) and by reverse-phase high performance 
liquid chromatography (RP-HPLC) on a HPLC Agilent 1260Infinity II with DAD detector. The 
HPLC was performed on an analytical column Phenomenex LC 150 × 4.6 mm, LUNA 3 μm 
C18(2) 100 Å. For the elution the following method was used: linear gradient from 100% phase 
B to 100% phase A for 30 min, flow rate 0.8 mL/min, monitored at 254 nm, 366 nm and 500 
nm. The solvent system was methanol (A) and 0.1% TFA in methanol/water (1:1; B). The 
compounds were detected on TLC plates under UV light at 254 nm and 366 nm and on HPLC. 
The products were purified on silica gel column chromatography on silica gel 60 (0.040–0.063 
mm) (Milipore, Germany) and on thin layer preparative liquid chromatography (Silica gel 60 
F254, 1 mm and 2 mm, Merck, Germany). Determination and characterization of product 
structure was carried out by nuclear magnetic resonance (NMR) and high resolution mass 
spectrometry (HRMS). The NMR spectra were recorded on a Bruker Avance III HD 600 
MHz/54 mm Ascend equipped with 5 mm three-channel inversion TCI cryo-probe Prodigy with 
Z-gradient spiral (model CPP1.1 TCI600S3 H&F-C/N-D-05 Z XT) under the frequency of 600 
MHz (1H) and 151 MHz (13C) in CDCl3 or CD3OD at rt. The spectra were processed in the 
program MestReNova version 0.2-5475, Mestrelab Research S,L; 2009 and analyzed according 
to one dimensional (1H and 13C) spectra. Chemical shifts (δ) are expressed according to residual 
solvent signal. High throughput mass spectrometry analysis was recorded on an UHPLC system 
Agilent Infinity II 1290. Melting points were determined using a Mikroheiztisch apparatus and 
were not corrected. Compound names were generated by ChemDraw Professional (version 
20.0.0.41) which follows the IUPAC conventions. 

4-(5,5-Difluoro-1,3,7,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-
f][1,3,2]diazaborinin-10-yl)-N-(2-morpholinoethyl)benzamide (4)

Carboxylic acid 7 (50 mg, 0.135 mmol) was dissolved in DMF (1 mL), and then, 4-
methyllmorpholine (NMM, 14 mg, 0.148 mmol) and 1-[Bis(dimethylamino)methylene]-1H-
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1,2,3-triazolo[4,5-b]pyridine-3-oxide hexafluorophosphate (HATU, 56 mg, 0,148 mmol) were 
added. The reaction mixture was stirred at rt 15 min, and then, 4-(2-aminoethyl)morpholine (20 
mg, 0.148 mmol) was added. The reaction mixture was stirred at rt overnight. DMF was 
removed on a rotary evaporator and EtOAc (30 mL) and H2O (30 mL) were added. The 
extractions with EtOAc (3 × 30 mL) were conducted, the extracts were dried over anhydrous 
Na2SO4, filtered and the solvent was removed on a rotary evaporator. The residue was 
chromatographed on a silica gel column using CH2Cl2/CH3OH/triethylamine (TEA) 30:2:1 as 
eluent, to afford pure product 4 (61 mg, 91%) in the form of orange solid.

mp =175-180 °C; 1H NMR (600 MHz, CDCl3,): δ =7.94 (d, J=8.3 Hz, 2H), 7.40 (d, J=8.3 Hz, 
2H), 6.90 (t, J=4.1 Hz, 1H), 5.99 (s, 2H), 3.76 (t,  J= 4.6 Hz, 4H), 3.61 (dd, J=5.7 Hz, J=11.2 
Hz, 2H), 2.65 (t, J=6.0 Hz, 2H), 2.57-2.53 (m, 10H), 1.37 (s, 6H); 13C NMR (151 MHz, CDCl3): 
δ = 166.4, 156.1, 143.0, 140.4, 138.5, 135.0, 131.2, 128.7, 127.9, 121.6, 67.1, 56.9, 53.5, 45.8, 
36.3, 14.7, 9.1;  HRMS: C26H31BF2N2O4 ([M]) found: 480.2617, calculated: 480.2617.

4-(5,5-Difluoro-1,3,7,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-
f][1,3,2]diazaborinin-10-il)-N-(2-((4-methylphenyl)sulphonamido)ethyl)benzamide (5)

Carboxylic acid 7 (91 mg, 0.25 mmol) was dissolved in DMF (1.5 mL), and then, NMM (27 
mg, 0.27 mmol) and HATU (107 mg, 0.27 mmol) were added. The reaction mixture was stirred 
at rt 15 min, and then, over 20 min N-(2-aminoethyl)-4-methylbenzensulphonamide (60 mg, 
0.27 mmol) was added. The reaction mixture was stirred at rt over 2 days. DMF was removed 
on a rotary evaporator and EtOAc (20 mL) and H2O (20 mL) were added. The extractions with 
EtOAc (3 × 30 mL) were conducted, the extracts were dried over anhydrous MgSO4, filtered 
and the solvent was removed on a rotary evaporator. The residue was chromatographed on a 
silica gel column using EtOAc as eluent to afford pure compound 5 (129 mg, 93%) in the form 
of orange solid.

mp 228-232 °C; 1H NMR (600 MHz, CDCl3): δ = 7.96 (d, J=8.3 Hz, 2H), 7.76 (d, J=8.3 Hz, 
2H), 7.36 (d, J= 8.2 Hz, 2H), 7.31 (d, J=8.0 Hz, 2H), 7.11 (t, J=4.9 Hz, 1H), 5.98 (s, 2H), 5.37 
(s, 1H), 3.62 (dd, J=5.5 Hz, J=10.9 Hz, 2H), 3.22 (dd, J=6.1 Hz, J=11.0 Hz, 2H), 2.55 (s, 6H), 
2.42 (s, 3H), 1.34 (s, 6H); 13C NMR (151 MHz, CDCl3): δ = 167.4, 156.1, 144.1, 143.1, 140.4, 
138.7, 136.6, 134.5, 131.2, 130.1, 128.6, 128.1, 127.2, 121.6, 42.9, 40.4, 21.7, 14.7,14.3; 
HRMS: C29H31BF2N4O3S ([M]) found: 564.2283, calculated: 564.2287.

5,5-difluoro-1,3,7,9-tetramethyl-10-(4-(2-(prop-2-yn-1-yloxy)ethoxy)phenyl)-5H-4λ4,5λ4-
dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine (8)

BODIPY phenol 943 (0.29 mmol, 100 mg) was dissolved in acetone (4 mL) at rt. K2CO3 (0.87 
mmol, 120 mg) and 2-(prop-2-yn-1-yloxy)ethyl 4-methylbenzenesulfonate (0.44, 110 mg) were 
added, and the reaction mixture was stirred over 24h at 65 oC. The progress of the reaction was 
monitored by HPLC. The solvent was removed on a rotary evaporator, and to the residue 
aqueous solution of NH4Cl (mL) and EtOAc (mL) were added. The extraction with EtOAc were 
carried out (3×30 mL), the extracts were dried over anhydrous Na2SO4, filtered, and the solvent 
was removed on a rotary evaporator. The residue was purified on a silica gel column using 
hexane:EtOAc = 4:1 as eluent to afford pure product 8 (97 mg, 78%) in the form of orange oil. 
1H NMR (600 MHz, CDCl3): 7.16 (d, J = 8.6 Hz, 2H), 7.03 (d, J = 8.6 Hz, 2H), 5.97 (s, 2H), 
4.30 (d, J = 2.4 Hz, 2H), 4.22-4.20 (m, 2H), 3.96-3.94 (m, 2H), 2.55 (br. s, 6H), 2.48 (t, J = 2.4 
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Hz, 1H), 1.42 (br. s, 6H); 13C NMR (151 MHz, CDCl3): 159.4, 155.4, 143.3, 141.9, 131.9, 
129.3, 127.5, 121.2, 115.3, 79.4, 75.1, 68.3, 67.4, 58.8, 14.7. 

(4-(4-((2-(4-(5,5-difluoro-1,3,7,9-tetramethyl-5H-4l4,5l4-dipyrrolo[1,2-c:2',1'-
f][1,3,2]diazaborinin-10-yl)phenoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-
yl)butyl)triphenylphosphonium (6) BODIPY-alkyne 8 (0.35 mmol, 150 mg) was dissolved 
at rt in freshly distilled anhydrous THF (10 mL). CuI (0.07 mmol, 15 mg) and DIPEA (1.49 
mmol, 263 μL) were added and the reaction was stirred for 10 min. (4-
azidobutyl)triphenylphosphonium bromide 10 (0.69 mmol, 249 mg) was added and the reaction 
mixture was heated at the temperature of reflux over 24h. The progress of the reaction was 
monitored by HPLC. The solvent was removed on a rotary evaporator and the residue was 
purified on thin layer preparative silica gel chromatography using 10% CH3OH/CH2Cl2 as 
eluent to afford pure product 6 (35 mg, 14%) in the form of orange oil. 1H NMR (600 MHz, 
CDCl3): 8.17 (s, 1H), 7.83-7.73 (m, 9H), 7.70-7.65 (m, 6H), 7.12 (d, J = 7.6 Hz, 2H), 7.00 (d, 
J = 7.7 Hz, 2H), 5.95 (br. s, 2H), 4.70 (s, 2H), 4.65 (s, 2H), 4.17 (s, 2H), 3.90 (s, 2H), 3.83 (s, 
2H), 2.52 (s, 6H), 2.37 (s, 2H), 1.63 (s, 2H), 1.39 (s, 6H); 13C NMR (151 MHz, CDCl3): 159.4, 
155.3, 135.1, 133.9, 133.8 (d, 3JPC = 9.1 Hz), 131.9, 130.7, 130.6 (d, 2JPC = 12.2 Hz), 129.2, 
127.2, 124.7, 121.2, 118.5, 117.9, 115.3, 68.8, 67.5, 64.7, 53.6, 48.9, 30.2 (d, 2JPC = 16.6 Hz), 
21.9 (d, 1JPC = 51.3 Hz), 19.4, 14.7. HRMS: C46H48BF2N5O2P ([M]) found: 782.3716, 
calculated: 782.3715.

Investigation of enzymatic stability 

Compounds 4 or 5, were dissolved in 500 μL of 10% DMSO in Tris-SO4 buffer (pH = 7.0 or 
pH = 8.8). Enzymes CAL-B or PPL (~ 10 mg) were added, and the reaction mixture was stirred 
at 37 oC over 24 h. The progress of the reaction was monitored by HPLC, and no changes in 
the chromatograms were observed. 

Photophysical measurements

UV-Vis measurements were performed on a PG T80/T80+ instrument in different solvents. 
CH3CN was of spectroscopic grade purity, CH2Cl2 was purified by double distillation, and mQ-
H2O from Millipore was used. The fluorescence spectra were measured using an Edinburgh 
FS5 spectrofluorometer in different solvents at rt (25 °C). For fluorescence measurements 
absorbance of the solutions at the excitation wavelength was <0.1. Before the measurement, the 
solutions were purged with N2 for 20 min. The measurements were performed using slits 
corresponding to the bandpass of 1.0 nm for the excitation and the emission. The fluorescence 
quantum yields (ΦF) were determined using Rhodamine B in methanol (ΦF = 0.66) as a 
reference.42 The relative quantum yields of fluorescence (ΦF) were obtained by averaging the 
values calculated from the measurements at different excitation wavelengths (460, 470 and 480 
nm) (see Eq. S1 in the SI). Fluorescence decays were measured using TC-SPC on an Edinburgh 
FS5 spectrofluorometer over 1023 channels. A pulsed laser at 445 nm was used for the 
excitation and the pulse duration was 20 ps. The time increment per channel was 20 ps. The 
decays were collected at 510 and 520 nm until they reached 3000 photons in the peak channel. 
Instrument response function (IRF) was obtained by use of suspension of silica gel in H2O. 
Fitting parameters (lifetime, τ, and pre-exponential factors, α) were determined by minimizing 
the reduced χ2 value (see Eq. S2 in the SI). 
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Biological experiments

Cell culture: The cervical adenocarcinoma cell line (HeLa) was cultured in Dulbecco’s 
modified Eagle medium (DMEM) (PanBiotech, Germany) with high glucose content (4.5 g/L), 
supplemented with 10% fetal bovine serum (FBS) (PanBiotech, Germany) 1% 
penicillin/streptomycin solution (PanBiotech, Germany) and 1% L-glutamine (Pan Biotech, 
Germany). Cells were maintained at 37 °C and 5% CO2 and passaged at 80% confluence by 
trypsinization with 0.25% trypsin–EDTA (PanBiotech, Germany).

Fluorescence microscopy experiments: Cells were seeded in 12-well plates at a concentration 
of 50 000 cells/well. A coverslip was placed in each well before the cells were added. The cells 
were then incubated for 24 h after they had reached full morphology. The cell medium was 
removed and replaced with a new medium containing BODIPY. Different protocols were used 
depending on the BODIPY used. For BODIPY 4, cells were treated with a 1 µM concentration 
prepared in serum-free medium and incubated for 1 h. After 30 min of incubation, Lysotracker 
RED DND-99 (ThermoFisher Scientific, USA),44 prepared in serum-free medium, was added 
to the BODIPY medium to reach the final concentration of 0.1 µM. After incubation, cells were 
washed with pre-warmed Dulbecco’s phosphate buffer saline (DPBS) (Pan Biotechn, Germany) 
and fixed with 4% paraformaldehyde for 8 min at rt. With BODIPY 5, cells were treated with 
5 µM solution in DMEM and incubated for 30 min. After the incubation with BODIPY, the 
cells were washed with HBSS and 1 µM ER-Tracker Red dye (Invitrogen, USA)45 prepared in 
HBSS was added to the cells and incubated for 30 min. After the incubation, the cells were 
washed with pre-warmed DPBS and fixed with 4% paraformaldehyde for 2 min at rt. After the 
fixation, the cells were washed with PBS. Similar as before, when BODIPY 6 was used, cells 
were treated with a concentration of 5 µM prepared in DMEM and incubated for 1 h. After the 
incubation with BODIPY, the cells were washed with Hanks' Balanced Salt Solution (HBSS) 
without Ca2+, Mg2+ (Capricorn Scientific, Germany) and 0.1 µM Mitotracker RED FM 
(ThermoFisher Scientific, USA),46 prepared in HBSS, was added to the cells and incubated for 
30 min. After the incubation, the cells were washed with pre-warmed DPBS and fixed with 4% 
paraformaldehyde for 5 min at rt. Subsequently, the cell nuclei in all samples were stained with 
DAPI (5 mg/mL dissolved in PBS in 1:10000 ratio) and incubated for 3-5 min at rt. DAPI 
solution was removed, and cells were washed with DPBS and mili-Q water and mounted with 
Mountain media (Sigma Aldrich, MA, USA) to connect the slips. Images were observed with 
fluorescence microscopy (Olympus IX83 equipped with Hamamatsu Orca R2 camera) at 60× 
magnification with immersion oil. BODIPYs were excited in the green (λ = 460-495 nm) 
wavelength channel, the red (λ = 530-550 nm) channel was used for trackers and the blue (λ = 
360-370 nm) channel for DAPI. All images were analyzed with the ImageJ program and the 
Pearson’s correlation coefficient were calculated with the JaCoP plugin.

Data Availability Statement: The data underlying this study are available in the published 
article, in its Supporting Information, and openly available in Public Documents_HrZZ-IP-
2019-04-8008 at: https://mojoblak.irb.hr/s/PXPWDXZ2QCp3daC. For microscopy images see 
the following database: Database (fluorescence microscopy) for a manuscript "BODIPY 
fluorescent dyes for selective staining of intracellular organelles" | Repozitorij Fakulteta 
biotehnologije i razvoja lijekova (uniri.hr). 
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Supporting Information

Supporting information contains detailed experimental procedures for the preparation of all 
intermediates in the synthesis, UV-vis and fluorescence data, HPLC chromatograms and copies 
of 1H and 13C NMR spectra. The Supporting Information is available free of charge on the 
website. 
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