Journal of

Materials Chemistry B

Accepted Manuscript

Journal of

Materials Chemistry B

d medicine

ROYAL SOCETY
U, OF CHEMISTRY

>

' ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

www.rsc.org/materialsB


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 6

Journal Name

COMMUNICATION

Journal of Materials Chemistry B

RSC-ublishing

An Amphiphilic Squarylium Indocyanine Dye for

Cite this: DOI: 10.1039/x0xx00000x

Long-term Tracking of Lysosomes

Chendong J,Yang Zhend, Jie Li? Jie Shen* Wantai Yangand Meizhen Yin*

Received 00th January 2012,
Accepted 00th January 2012

DOI: 10.1039/x0xx00000x

www.rsc.org/

A novel amphiphilic squarylium indocyanine (LysoCy) is
reported for remarkable lysosome tracking in living cells.
LysoCy performs as a promising lysosome tracker wit low
cytotoxicity, strong binding affinity and clear subcellular
labelling. The long-term dynamics of lysosomes carbe
revealed by LysoCy up to 2 day’s culture, while thevorking
duration of commercial dye is no longer than 1 hour Our
work provides a good alternative tool for long-termlive cell
imaging.

To visualize the subcellular organelles and bialagdynamics,

organelle-specific markers have attracted muchréste for
decades® Lysosomes, the vital organelles, are part
endomembrane system and are essential for muliiplegical
processes such as plasma membrane repair, cellolstases,

energy metabolism and immune respohsto reveal the

morphology and function of lysosomes,
fluorescent lysosome tracker draws
recently’®*3

the applaratiof

Fluorené* and rhodamin€*’ fluorophores have been used
thesesdy

for lysosome marking and imaging. However,
absorption and emission maxima are below 600 nnchvhas
been thought as disadvantages due to the highirexahergy
and the putative autofluorescence of biomoleculéwrefore,
fluorochromes whose absorption and emission maxaneain
the red and near-infrared (NIR) region (wavelengtige from
620 to 1000 nm), have been preferred as properidated for
bioimaging. Among these dyes,

. . . Qs
increasing ttten

cyanine dyes are |lidea
candidates owing to the high absorptivity, strohgiescence,

best of our knowledge, ICy dyes have not been tedoas
lysosome tracker for dynamic monitoring.

The most commercial small-molecule trackers, sush a
neutral red and LysoTracker DND series, preformedrly in
long-term tracking due to their high pH dependefic@ther
macro-molecule trackers including nanopartitiesxd quantum
dots”® can prolong the imaging period, unfortunately hwhigh
cytotoxicity >*?® Therefore, there is a need to develop a
fluorescent ICy dye with low cytotoxicity for longrm
lysosome tracking in live cells.

In this work, a novel amphiphilic squarylium indazyne
(SICy) dye LysoCy, Fig. 1), bearing two bromines and two
primary amines, was designed, characterized, aplbed as a
gfromising fluorescent marker with low cytotoxiciky track the
long-term dynamics of lysosomes in live cells.
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Fig. 1 Chemical structure of DPPC and the schematic diagofLysoCy
binding to the DPPC-mimicked lysosome membrane.

The SICy dyelysoCy was designed and synthesized in =

and acceptable photostabiliy. The general cyanine dyesstraightforward way as shown in Scheme 1. 2,3 8tiyl-5-

consist of two nitrogen centers, one of which issipeely
charged and is linked by a conjugated chain of dh mumber

bromo-3h-indole 1) was synthesized by Fisher ring reaction
between  3-methyl-2-butanone and  4-bromophenylhyjukeaz

of carbon atoms to the other nitrogéfi.Due to the use of hydrochloride in acetic acid. The further quateynammoniation

indoline unit as the nitrogen center, the dye idledaas
indocyanine (ICy). ICys are popular imaging ag&hter

with 4-bromomethylbenzoic acid yielded the quareyrsalt2. The
intermediate dye8 was synthesized by the condensatior? aind

fluorescent probé8 in biological applications. However, to the3,4-dihydroxycyclobut-3-ene-1,2-dione (squaric jdi toluene/n-
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butanol/pyridine (v/iv/iv = 1:1:1) solvent mixture. h& rigid
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squarylium ring in the conjugated center enhanlcephotostability
of the dye?®**’ To quantitatively confirm the improved photostpil
of LysoCy, the time-dependent emission of aqueoysoCy were
measured under irradiation (Supporting Informatkig, S1). SICy5
and ICy5 were used as controls. As a result, teegurce of rigid
squarylium ring notably enhances the photostabiftthe dye. The
two carboxylic acid groups in compouBdeacted withtert-butyl N-
(2-aminoethyl) carbamate to afford. The removal of tert-
butoxycarbonyl groups in compouddgave rise to the desired final
product LysoCy dye (Scheme 1). Details of the synthetic proce
and material characterizations are given in theeBrmental and
Supporting Information (Fig. S2-S12)ysoCy has two bromine
groups and two primary amines, which contributtheohydrophobic
property and the water solubility, respectivelyeThater solubility
of LysoCy is approximate 1 mg/mL at room temperature, whic
fulfils the water-solubility requirement of biolagil applications.
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Scheme 1Synthesis of amphiphilicysoCy dye

The fluorescence quantum yield {f@was measured by
Edinburgh Instruments’ FLS 980 spectrofluorimetérr@om
temperature. The @f LysoCy is 7+0.2% in waterLysoCy is
blue undematural light and is red under UV light (Fig. 2A&)g.
2B shows thatysoCy has a maximum absorption at 635 n
and an emission peak at 643 nm. A dye with absmrpand
emission peaks above 600 nm is ideal for bioimagding to the
advantage of avoiding of cellular autofluoresceffcerhe
concentration-dependent absorption and fluorescepeetra
are shown in Fig. 2C and 2D. When the concentratén
aqueousLysoCy was higher than 1QM, the fluorescence
peaks appeared a bathochromic shift and a sigtteriuation,
while the absorption peaks gradually increased aithany
shift. The reason can be explained thatltiigoCy molecules
tend to form dimers above the concentration ofilD

Lysosomes has a single-lipid bilayer membranethiukness of
its hydrophilic part is less than 3.5 fifnwhile LysoCy is 1.83 nm
long and 1.2 nm wide upon energy minimization byngsGaussian
Program (Scheme 1 and Fig. S13). The phospholipiayes
provides the incorporation space toysoCy molecule. Due to the
acidic environment (around pH 5) in lysosome, thiengry amine
groups ofLysoCy can be fully protonated as positive chafgésto
electrostatically interact with the negatively dma membrane
components of lysosomes. The mainly conjugatedncbpbore in
LysoCy is hydrophobic that may interact with lipid tailf o
membranes. The bromine substitutions can incréesbydrophobic
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performance okysoCy. Therefore, we assume thatsoCy dye can
bind to the lysosome membrane via both electrastaind
hydrophobic interactions (Fig. 1).
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Fig. 2 (A) Colours of aqueoutysoCy under natural and UV light. (B)

Normalized absorption and fluorescence spectilaysbCy in water (2uM).

Concentration-dependent (C) absorbance and (Dyefoence spectra of

LysoCy in water (Excited at 593 nm, slit 5 nm).

To test above hypothesis, we further investigakedinteraction
betweenLysoCy and lysosome’s membrane component. DPPZ
micelle was chosen as a membrane model for andfy§i®PC,
consisting of a plasma hydrophilic head and a Iphlobic talil, is
one of the components of bio-membranes and hagieakmicelle
concentration (CMC) of 0.46 nM in buffer solutidiere, the DPPC
lipid suspension was prepared under ultrasonic athigh
concentration of 10 mM. The interaction betweleysoCy and
DPPC was first studied by spectral analysis. AqaégsoCy with
concentrations of 2uM were prepared as a blank. Both the
absorption and fluorescence intensity &fysoCy decreased
remarkably after the addition of DPPC solution (R3¢ and 3B).
These optical changes can be attributed to theeggtion of DPPC
micelles-bound.ysoCy.

Isothermal titration calorimetry (ITC) was furthearried out to
quantify the interaction betwedrysoCy and DPPC® Under neutral
condition (pH 7), the measured affinity constant ,)Kof
LysoCy/DPPC was 2.15 x £avi™. Both positive enthalpy change
(AH) and entropy changeA§) values indicate that the interaction
betweenLysoCy and DPPC was mainly driven by a hydrophobic
effect (Fig. 4)*%Next, to further mimic the lysosome environment,
a similar titration was performed under acidic eowment (pH 5).
The AH under weak acidic condition was below zero, whihhe
typical sign of an electrostatic interactiiThe K, (1.39 x 16 MY
was greater compared with that value under neatradition. These
data suggest that the full protonation of primanmyirees inLysoCy
under acidic environment can enhance the electiostderaction
betweenLysoCy and DPPC. Above interactions provide a good
potential forLysoCy to specifically label the lysosome during live
cell imaging.

This journal is © The Royal Society of Chemistry 2012
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To assay the labelling effects lojsoCy on live cells, we chose
a commercial acidotropic probe LysoTracker, whidficiently

— L . .
015] —— Lisony+bere labelled the lysosomes, as a control (Fig. 5A). ewhve cells were
—— DPPC

0.204 A

incubated withLysoCy at extremely low concentration of 0.1 mM,
the lysosomes were clearly labelled (Fig. 5B). Tamficm the
labelling specificity, a double labelling with botbommercial
LysoTracker andLysoCy was performed and showed well
A 5 = =1 overlapped pattern (Fig. 5C), suggesting well djmityi of LysoCy
Wavelength (nm) for lysosme labelling. Obviously, the fluorescenicgensity of
LysoCy is stronger than that of LysoTracker, indicatihgtt.ysoCy

Absorbance

war| B is more effective than LysoTracker to detect amdtkrlysosomes.
8.0x10°; . P Base on above ITC analysis under neutral and acatiditions, the
) — BERS two weak bases dfysoCy are only partially protonated at neutral

pH, which makes the dye permeable to cellular marwar
Subsequently the two weak based ysoCy are further protonated

at acidic pH, which leads to the retention and amdation of
LysoCy on lysosome membrane. Note that, both commercial
LysoTracker and outysoCy can notdistinguish the endosome,
early or late lysosome.

Fig. 3 Absorption (A) and fluorescence spectra (B)LysoCy/DPPC in Long-term tracking of lysosome dynamics was alsdist. We
water. Both oLysoCy and DPPC were used at 0.1 mM. performed a real-time monitoring up to two daysihgubation of
cells with LysoCy. The fluorescence ofysoCy in lysosomes
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Fig. 4 ITC titration ofLysoCy and DPPC interaction at pH 7 (A) and pH
(C). Thermodynamic parameterlofsoCy and DPPC interaction at pH 7 (B
and pH 5 (D).

Fig. 6 Lysosome dynamics labelled witlysoCy (A-D’, blue: pseudocolour
detected at emission wavelength of 664) and LysKea (E-H', red:
Fig. 5 Fluorescent images of live cells stained with Lsxker alone (A, Pseudocolour detected at emission wavelength of.570

red: pseudocolour detected at emission wavelerfghfi®@), LysoCy alone (B, . S I . .
blue: pseudocolour detected at emission waveleniffi®4) and both of them As good biocompatibility is a significant requirembéor the live

(C, purple: the overlay of red and blue). imaging®"® We assayed the cytotoxicity bf’soCy, and compared
with the commercial LysoTracketysoCy shows low cytotoxicity
comparable to the control (Fig. S14). The cell Migbof LysoCy

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3
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Fig. 7 Quantified fluorescence intensities bysoCy and LysoTracker at
series of time points.
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In summary, a novel amphiphilic lysosome trackgrsoCy
bearing two bromins and primary amines has beethsyized. The
dye has absorption and emission in red region, #wasding the
autofluorescence in bioimaging. The amine groupsuen water
solubility and provided an electrostatic binding ttee lysosome
membrane due to the protonation in acidic aquenusament. On
the other hand, the indole part can insert andranteto the
membrane of lysosomes due to a hydrophobic drivfacte In the

live cell labelling,LysoCy showed remarkable lysosomes trackin

ability with low cytotoxicity. The long-term dynags of lysosomes

can be revealed HysoCy up to 2 day's culture. Therefore, a novelroPsO" S- Ramachandran, T. Binderup,

classic of SICy dye was explored as a long-termdygme tracker
for real time monitoring of the cellular dynamics.
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