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Chemodosimeter approach for nanomolar detection of Cu’" ions and its

bio-imaging in PC3 cell lines
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A new rhodamine-azaindole based receptor 4 has been synthesized which selectively senses Cu’* ions via
fluorescence resonance energy transfer (FRET) process in acetonitrile while in mixed aqueous media it

undergoes Cu®" promoted hydrolysis among the various metal ions tested (Pb*, Ba®', Fe*', Cd*', Ag’,

+

Zn*', Hg*', Cu®*, Ni**, Co?*, Fe** and Mg®"). The time resolved fluorescence studies also support the
Cu?" promoted hydrolysis of receptor 4 in mixed aqueous media. The detection limit for Cu®>* ions has
been found to be 20 nM. The potential biological application of probe 4 is evaluated for in vitro detection

of copper ions in prostate

Introduction

Copper is third most abundant essential heavy metal ions (after
iron and zinc) present in the human body which plays an
important role in various physiological processes." Copper,
being both useful and cytotoxic, is a vital trace element for the
activities of enzymes because of its redox-active nature.”
However, exposure to higher doses can be harmful, as it can
irritate nose, mouth, and eyes, and cause headaches, dizziness,
nausea, and diarrhoea.® The cytotoxicity induced by copper is
due to the mutations in ATP7B gene in Wilson’s disease has
been well recognized.* Unusual uptake of certain levels of Cu?*
by animals is known to cause gastrointestinal disease,
hypoglycaemia, and infant liver damage.’ The toxicity of
copper ion is linked with the generation of reactive oxygen
species (ROS) via Haber-Weiss and Fenton reactions, which
inhibit the activities of antioxidant enzymes, and hence results
in aggregation.® Keeping in view the role played by copper in
day to day life the selective detection of copper in trace
amounts is important not only for environmental applications,
but also for toxicity purposes in living organism.” Several
methods like atomic absorption spectrometry,® inductively
coupled plasma mass spectroscopy (ICPMS),” inductively
coupled plasma atomic emission spectrometry (ICP-AES),"
and fluorescence spectroscopy etc. have been used for the
detection of Cu®" ions in trace amounts in various samples.
Among these methods, fluorescence method is one of the best
for detecting Cu®" ions owing to its simplicity, high sensitivity,
ready availability and non-destructive nature and as a result
many fluorescent sensors for Cu®* ion have been reported in the
literature.'" Further copper ions have a catalytic nature and
promote the hydrolysis (amides, esters)'?, oxidations,
dethioacetalizations, rearrangements, and oxidative
cyclization."® Thus there is a lot of scope to develop copper
induced reaction based chemodosimeters for selective detection
of Cu*" ions."

Our research work involves design, synthesis and evaluation
of fluorogenic receptors for selective sensing of soft metal ions,

cancer

(PC3) cell lines.
anions and evaluation of their switching behaviour."® Recently,
so we reported from our laboratory a pentaquinone based
compound 1 (Chart 1) having imine structure which undergoes
Hg®* promoted hydrolysis in mixed aqueous media.'® In
continuation of this work we were now interested in studying
the molecular recognition behaviour of a system having a
ss donor and acceptor (with significant spectral overlap) linked
together through an imine linkage in the presence of soft metal
ions. For this purpose we designed and synthesized
chemosensor 4 having rhodamine as acceptor and azaindole as
donor joined together through an imine linkage. The imine
6 moiety is introduced in the chemosensor 4 because of its good
binding affinity toward the soft metal ions. Azaindole is
introduced because it emits in the range 400-520 nm and
rhodamine absorbs in the 470-580 nm range, so there is a
significant overlap between azaindole and rhodamine moieties
¢s and hence considerable possibility of fluorescence resonance
energy transfer in the presence of soft metal ions. On the other
hand receptor 4 also contains an imine linkage and the
possibility of metal ion induced hydrolysis cannot be ruled out
in mixed aqueous media. Interestingly we observed
70 fluorescence resonance energy transfer from azaindole to
rhodamine in presence of Cu®" ions in acetonitrile, while Cu®*
promoted hydrolysis of receptor 4 in mixed aqueous media.
The biological application of probe 4 was evaluated for in vitro
detection of copper ions in prostate cancer (PC3) cell lines.
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Chart 1. Structure of derivative 1
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Experimental
General information

All reagents were purchased from Aldrich and were used
without further purification. Acetonitrile (AR grade) was used
to perform analytical studies. UV-vis spectra were recorded on
a SHIMADZU UV-2450 spectrophotometer, with a quartz
cuvette (path length 1 cm). The cell holder was thermostatted at
25°C. The fluorescence spectra were recorded with a
SHIMADZU 5301 PC spectrofluorimeter. Mass spectra were
recorded on a Bruker MicroTof QII mass spectrometer. 'H and
13C spectra were recorded on a JEOL-FT NMR-AL 300 MHz
spectrophotometer using DMSO-d4s and CDC; as a solvent and
tetramethylsilane as the internal standard. Data are reported as
follows: chemical shift in ppm (d), multiplicity (s = singlet, d =
15 doublet, t = triplet, q = quartet, m = multiplet, br = broad
singlet), coupling constants J (Hz), integration and
interpretation.

[

S

UV-vis and fluorescence titrations

UV-vis and fluorescence titrations were performed on 5.0 &

20 1.0 uM solutions of ligand in CH;CN and CH;CN/H,0O
(9.5:0.5, 9:1, 8:2 & 7:3, v/v) buffered with HEPES, pH = 7.0.
Typically, aliquots of freshly prepared M(CIO,), (M = Hg*',
Pb2+, Ba2+’ Cd2+, Ag+, Zn2+’ Cu2+, Ni2+’ C02+’ Fe3+’ Fez+, K+,
Mg?*, Na" and Li*; n = 1, 2 or 3) standard solutions (10™ M to

25107 M) in CH;CN were added to record the UV-vis and
fluorescence spectra.

Synthesis of compound 3

A solution of rhodamine hydrazide 2 (100 mg, 0.219 mmol)
and 7-azaindole-3-carboxaldehyde 3 (32 mg, 0.219 mmol) in a
30 1:1 mixture of dry dichloromethane and dry ethanol was
refluxed for 24 hrs. After completion of the reaction, the
solvent was evaporated and the residue left was crystallized
from CHCI;/C,HsOH to give compound 4 in 78% yield,
m.p.213-215 °C; 'H NMR (DMSO-de, 300 MHz) & = 1.15 (t, J
35 =6 Hz, 12 H, CH;), 3.32 (q, /=6 Hz, 8 H, CH,), 6.25 (d,J=9
Hz, 2 H, Ar-H), 6.51-6.45 (m, 4 H, Ar-H), 7.04-7.0 (m, 1H, Ar-
H), 7.19-7.17 (m, 1H, Ar-H), 7.43 (s, 1H, Ar-H), 7.54 (s, 2 H,
Ar-H), 7.94-7.91 (m, 1 H, Ar-H), 9.36 (s, 1H, N=CH), 11.23
(s, 1 H, NH) ppm. *C NMR (DMSO-d, 75 MHz): & = 12.69,
40 43.81, 61.20, 97.62, 106.85, 108.30, 111.99, 114.23, 117.13,
122.93, 124.65, 128.34, 131.37, 133.88, 143.90, 148.65,
154.05, 188.34. ESI-MS (m/z) Caled for C;H3¢NO, Calcd:
607.2792 (M+Na") Found: 607.2800 (M+Na"). Anal. Calcd.
for C36H36NgO, : C 73.95, H 6.21, N 14.37; Found C 74.12, H
45 6.42, N 14.29.
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Scheme 1. Synthesis of compound 4 and its tautomer 4A.
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Results and discussion

Condensation of rhodamine hydrazide 2 with 7-azaindole-3-
carboxaldehyde 3 in dry dichloromethane and absolute ethanol
(10 ml, 1:1, v/v) gave the desired compound 4 in 78% yield
(Scheme 1). The '"H NMR spectrum of compound 4 showed
one triplet (12 H) at 1.15 ppm which corresponds to methyl
protons, one quartet (8 H) at 3.32 ppm corresponding to
methylene protons, one doublet (2 H) at 6.25 ppm which
corresponds to the aromatic protons, three multiplets (1 H each)
at 7.04-7.0, 7.19-7.17 and 7.94-7.91 ppm corresponding to the
aromatic protons, one multiplet (4 H) at 6.51-6.45 ppm which
corresponds to the aromatic protons, four singlets (1 H, 2 H, 1
H & 1 H) at 7.43, 7.54, 9.36 and 11.23 ppm corresponding to
the aromatic, imino and amine protons. The molecular ion peak
at m/z 607.2800 [M+Na'] in the ESI-MS spectrum corresponds
to the condensation product 4. These spectroscopic data
corroborate the structure 4 for this compound (See pages S4-S6
ESIY). Cu*
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Figure 1. UV—vis spectra of 4 (5.0 uM) in the presence of Cu®'

after the addition of Cu®" ions.

ss The binding behaviour of compound 4 was studied toward
different metal ions by UV-vis and fluorescence spectroscopy.
The absorption spectrum of compound 4 in acetonitrile (5.0
uM) shows two absorption bands at 278 and 320 nm. The band
at 278 nm corresponds to Sy-S; transition while the band at 320

9 nm is due to the tautomer 4A (Figure 1)."” Among the various
metal ions tested (Pb*", Ba®*, Fe**, Cd*, Ag’, Zn*", Hg*, Cu*",
Ni**, Co**, Fe?* and Mg*") only addition of Cu®* ions leads to a
change in UV-vis spectrum (See fig S7 ESI{). On addition of a
25 uM of Cu*" ions to the solution of receptor 4 in CH;CN a

582 nm
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Figure 2. Fluorescence spectra of 4 (1.0 uM) in response to the
presence of Cu*' ions (0-20 uM) in CH3;CN; Ay = 320 nm. Inset
showing the fluorescence change (A) before and (B) after the addition
of Cu*" ions.
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ions (0-
25 uM) in CH;CN; Inset showing the colour change (A) before and (B)
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new absorption band appears at 554 nm corresponding to the
ring opened form of the rhodamine, while the bands at 278 and
320 nm show decrease in absorption. The characteristic
absorption band of rhodamine is attributed to the opening of
spirolactam ring to its amide form along with a colour change
from colourless to pink of receptor 4. Upon addition of
increasing amounts Cu®" ions to the solutions of receptor 4 in
acetonitrile a new emission band appeared at 582 nm along
with gradual decrease of emission band at 456 nm (Figure 2).'8

0.5

0 T T T T

Normalized Intensity

420 470 520 570 620

Wavelength (nm)
Figure 3. Spectral overlap between donor (3) emission (blue) and ring
opened rhodamine B absorption (red).
The intensity of the emission band at 582 nm increases with
increase in concentration of Cu®" ions. This is attributed to the
binding of Cu®" ions with spirolactam ring of rhodamine
resulting in its opening to amide form. Thus, in the presence of
Cu?" ions efficient spectral overlap takes place between donor
(azaindole moiety) and acceptor (thodamine moiety) (Figure 3)
enhancing the intramolecular FRET (Scheme 2). This type of
ratiometric fluorescence behaviour is not observed in the
presence of any other metal ions (See fig S8 ESIt), except in
the presence of Hg*" and Fe®" ions where a weak FRET
behaviour is observed (See fig S9 ESI¥). Fitting the changes in
the fluorescence spectra of 4 with Cu®" ions in acetonitrile, the
nonlinear regression analysis program SPECFIT gave a good
fit and demonstrated that a 1:1 stoichiometry (host: guest) was
the most stable species in the solution with a binding constant
of (logf) = 4.60 with (£0.05 error). The method of continuous
variation (Job’s plot) was also used to prove the 1:1
stoichiometry'® (See fig S10 ESIt). Thus, receptor 4 behaves as
an efficient colorimetric and fluorogenic chemosensor for the
detection of Cu®" ions in acetonitrile (Figure 1 & 2). However
for biological applications, a chemosensor must work in
aqueous/mixed aqueous media. Keeping this in view we

320 nm
456 nmq\ [-320 nm
o}

C)

582 nm

Scheme 2. Possible mechanism of Cu®' ion interaction with the
receptor 4 in CH;CN.

studied the binding behaviour of chemosensor 4 in mixed
aqueous media. The fluorescence spectrum of receptor 4 in

CH;CN/H,0 (7:3, v/v) exhibits an emission band at 462 nm
e when excited at 320 nm. Upon addition of increasing amounts
of Cu*" ions (0-20 pM) to the solution of receptor 4 in
CH;CN/H,0 (7:3, v/v) there was no change in the emission
band at 462 nm and no new emission band was observed at 582
nm when excited at 320 nm. This indicates that there is no
es fluorescence resonance energy transfer from azaindole to
rhodamine in mixed aqueous media (CH;CN/H,O, 7:3; v/v).
However, when the fluorescence titration was repeated by
exciting the solution of receptor 4 at 530 nm in mixed aqueous
media (CH3CN/H,O, 7:3, v/v) a new fluorescence emission
70 band appeared at 582 nm upon addition of increase amount of
Cu®" ions. (Figure 4) The intensity of this emission band

increased with increasing the concentration of Cu”* ions. This
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Figure 4. Fluorescence spectra of 4 (1.0 uM) in response to the
8 presence of Cu*" ions (0-20 uM) in CH3CN:H,O (7:3, v/v); Aex = 530
nm. Inset showing the fluorescence change (A) before and (B) after the
addition of Cu”" ions.
emission band is attributed to the binding of Cu®*" ions to the
spirolactam ring of the rhodamine moiety resulting in its
90 opening to amide form. To understand the whole process, we
studied the fluorescence behaviour of receptor 4 with Cu®" ions
in different CH;CN/H,O mixtures (9.5:0.5 & 9:1, v/v) (Figure
5). On addition of Cu*" ions (0-20 uM during 40 minutes) to
the solution of receptor 4 in CH;CN/H,O (9.5:0.5) the intensity
os of the fluorescence emission band at 458 nm decreases while a
new emission band appears at 582 nm when excited at 320 nm.
This indicates that fluorescence resonance energy transfer takes
place from azaindole to rhodamine in CH3;CN/H,O (9.5:0.5,
v/v) solvent system. Interestingly after 40 minutes the intensity

10 of the emission band at 582 nm decreases continuously and

ultimately reaches zero with simultaneous increase in emission
band at 456 nm when excited at 320 nm. This decrease in
emission band at 582 nm may be due to two reasons (i) ring

400 1
—  CHyCN
105 ——  CH:CN/H:0 (9:1, viv)
= 300 1 —  CH,CN/HL0 (8:2, viv)
s CH;CN/H,0 (7:3, Vv)
b 200 1 — Free Ligand
]
o
w B 100
A eemmescmt e
0+ T — T T T T
340 390 440 490 540 590

Wavelength (nm)

115 Figure 5. Fluorescence spectra of 4 (1.0 uM) in response to the

presence of Cu?*" ions (0-20 uM) in CH;CN, CH;CN/H,O (9:1, 8:2,
7:3 v/V); hex = 320 nm.
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Figure 6. Fluorescence spectra showing reversibility of Cu*

coordination to receptor 4 by DETA; blue line, free 4 (1.0 uM), red line,

4+ 20 uM Cu*", green line, 4 + 20 pM Cu®+ 25 pL of DETA (10° M),
15 violet line, 4 + 20 uM Cu®'+ 25 pL of DETA (107 M) + 35 uM Cu?,

in CH3CN; A = 320 nm in 3 mL solution.

closing of spirolactam ring of the rhodamine moiety in receptor

4 or (ii) hydrolysis of receptor 4 to give azaindole 3 and

rhodamine hydrazide 2 as a result of which no FRET takes
20 place. To investigate this we recorded the fluorescence spectra

of same solution and observed an emission band at 582 nm

when excited at 530 nm, which clearly indicates that rhodamine

45

50

N
) NoH,

I
S

w
s

is present in the solution as its ring opened amide form but may
not be linked to azaindole moiety. From this observation we
may conclude that there is a strong possibility of metal induced
hydrolysis of this receptor 4 in CH3;CN/H,O solvent system.
Further, we also carried out fluorescence titration of receptor 4
with Cu®* ions in CH;CN/H,O (9:1, v/v) and same
phenomenon was observed. In this case however, the decrease
in emission band at 582 nm along with gradual increase in
emission band at 458 nm was observed after 30 minutes and in
CH;CN/H,0 (8:2, v/v) it was observed after only 6 minutes.
These studies indicate that the rate of metal induced hydrolysis
increases with increase in percentage of water. To gain deeper
insight into the whole process we recorded the mass spectrum
of receptor 4 in the presence of Cu®* ions in CH;CN/H,O (7:3,
v/v) mixture. In the mass spectrum we did not observe a peak
corresponding to 4-Cu®" complex rather we observed a peak at
443.23 corresponding to rhodamine moiety which indicates
hydrolysis of receptor 4 has taken place in the presence of Cu*"
ions in mixed aqueous media (CH;CN: H,O, 7:3) (See S11
ESIY). To prove this we attempted to prepare 4-Cu®* complex
by treating receptor 4 with copper perchlorate ions in
CH;CN/H,O (7:3, v/v). The reaction was complete in 5

Scheme 3: Possible mechanism for copper induced hydrolysis of receptor 4 in

60 CH;CN/H,0 (7:3, v/v).

minutes (TLC). The solvent was then evaporated and residue so
obtained was dissolved in CDCl;. The CDCIl; solution was
passed through a Chelex resin to remove Cu”" ions. The 'H
6s NMR spectrum of the resulting solution shows the appearance
of a singlet at 10.03 ppm corresponding to the proton of the
aldehyde group of the azaindole (See page S14 ESIt). These
spectroscopic studies clearly indicate that receptor 4 undergoes
hydrolysis in the mixed aqueous media in the presence Cu®"
70 ions. Further, to confirm Cu®" mediated hydrolysis, we carried
out reversibility experiments in both CH;CN and CH3;CN/H,0
systems. The addition of diethylenetriamine (DETA) to the 4-
Cu*" complex in CH;CN restored the fluorescence signal of 4
to its original level (Figure 6). Further addition of Cu" ions to
75 the same solution gives fluorescence emission corresponding to
the 4-Cu®* complex which indicates the reversible behaviour of
4 in CH3CN. On the other hand, addition of DETA to the
solution containing 4 and Cu®** ions in CH;CN/H,O (9.5:0.5,
v/v) after 40 minutes did not alter the emission pattern of the 4-
so Cu?" system when excited at 530 nm. The fluorescence

emissions at 582 nm remained the same as was observed in the
absence of DETA (See fig S13 ESIt). The complexation of
DETA with Cu®" ions did not affect the emission of highly
fluorescent ring-opened rhodamine moiety generated during the
Cu®" ion promoted hydrolysis of receptor 4, which indicates
that the reaction of 4 and Cu®" ions in aqueous solution is
irreversible in nature (Scheme 3). To study the effect of
temperature on Cu’" induced hydrolysis of receptor 4, we
carried out temperature dependent fluorescence studies. It was
found that the hydrolysis proceeds faster at high temperature
(for example 50 °C) in comparison to hydrolysis at low
temperature (25 °C). The rate constants (K,s and Ksg) at 25 and
50 °C were found to be 12.07 x 107 and 0.214015 Sec™
respectively. The ratio of two rate constants (Kso/Kps) is
1.7731, which indicates that at high temperature reaction rate is
fast compared to the reaction rate at low temperature (See S12
ESI¥). Thus, from the above results we propose that the copper
mediated hydrolysis of receptor 4 in mixed aqueous media
proceeds in a stepwise manner. The first step of the mechanism
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involves binding of copper ion with the imino nitrogen atom of
the receptor 4 as a result of which the electrophilicity of the
imino carbon atom is enhanced which facilitates the attack by
water molecule leading to formation of aldehyde and
s rthodamine hydrazide as products. In the next step the copper
ion now binds with the rhodamine hydrazide derivative and the
further attack of water molecule on the hydrazide derivative
gives the final product as ring opened form of rhodamine B
(Scheme 3). Further we also carried out the lifetime decay
10 studies of the chemosensor 4 in acetonitrile and in mixed
aqueous media. A picosecond time-resolved fluorescence
technique was utilized to study the excited state behaviour of
receptor 4 and 4-Cu”" system in acetonitrile and mixed aqueous
media. Single photon counting provides evidence for the non-

15 radiative energy transfer from the donor to the acceptor
10000

3’\
&

1000
)

2 §1oo
(&]
10

I €t o movwrmers

25

0 10 20 30 40 50
Time (ns)
Figure 7. Fluorescence lifetime decay profiles of receptor 4 in
presence Cu®* ions (20 uM) in CH;CN. Arrow indicates the change
in decay profile. IRF= instrument response function. A, = 377 nm
5 and emission spectra are recorded at 458 nm with 32 slit width.
moieties. Fluorescence lifetime decay profiles of donor moiety
of receptor 4 was monitored (A, = 377 nm) in the presence of
Cu’®" ions. The donor moiety shows fluorescence emission at
458 nm with highest single photon counting. The donor moiety
3s showed shortening of decay time on increasing the
concentration of Cu®* ions (Figure 7) in acetonitrile solvent and
almost no change in decay time of the donor on addition of
Cu?* ions in mixed aqueous solvent (Figure 8). The
fluorescence lifetime decay of receptor 4 in (A, = 377 nm)
40 exhibited triexponential decay (° =1.435) with lifetimes of
1.17 ns (35.45%), 5.85 ns (36.20%) and 0.03 ns (28.35%) in
the absence of the Cu®" ions in acetonitrile. In presence of 20
10000

45

1000 £
3 100 i
S
50 &
10 % R
: 4
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1 Lo
0 20 40 60
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” Figure 8. Fluorescence lifetime decay profiles of receptor 4 in
presence Cu’*" ions (20 puM) in CH;CN/H,O (7:3, v/v). IRF=
instrument response function. A = 377 nm and emission spectra are
recorded at 458 nm with 32 slit width.

UM of the Cu®* ions, 4 exhibited fast triexponential decay (y*
o =1.562) with time constants of 0.87 ns (67.36%), 5.60 ns
(17.42%) and 0.024 ns (17.42%). Such shortening in decay
dynamics of the donor moiety in the presence of the acceptor
clearly indicate the non-radiative energy transfer from
azaindole to rhodamine moiety in acetonitrile (Figure 7).° On
s the other hand in mixed aqueous solvent the fluorescence
lifetime decay of 4 in (A, = 377 nm) exhibited triexponential
decay (x* =1.684) with lifetimes of 1.13 ns (44.25%), 5.86 ns
(36.15%) and 0.02 ns (19.60%) in the absence of the Cu*" ions.
In presence of 20 uM of the Cu®" ions, 4 exhibited no such
70 change in decay profile of the donor (Figure 8) and exhibited
triexponential decay (x> =1.847) with time constants of 1.24 ns
(43.29%), 5.50 ns (28.94%) and 0.009 ns (27.77%) as a result
of which the energy transfer is ruled out and the metal induced
hydrolysis was confirmed. To check the practical applicability
75 of receptor 4 as a Cu®" ions selective fluorescent sensor, we
also carried out competitive experiments in the presence of
Cu*+ at 20 tM mixed with Fe*', Fe*', Cu®’, Ni¥', Cd*', Co*,
Pb*, Zn**, Ba*", Ag', K’ Na'and Li" at 20 pM and as shown
in Fig. 9B, no significant variation was found in the
so fluorescence intensity by comparison with or without the other
metal ions. It was found that receptor 4 has a detection limit*'
of 20 nanomolar for Cu®" ions (See S16 ESIf) in CH3;CN/H,O
(7:3, v/v), which is sufficiently low for the detection of
nanomolar concentration range of Cu”" ions found in many
ss chemical systems. The fluorescence quantum yield (See S3
ESIt) of the 4+Cu?* system is 0.26 (at Ay, = 582 nm, A, = 530
nm) as compared to that of free 4 (0.02).

90

|582 / |456

95

Zn*, Ni*", Hg”, Fe™, Fe*", Cu™, Co™", Cd™", Pb™", Na', Mg, Ag", K, Ba”

Metal ions

100
Figure 9. Fluorescence response of 4 (1.0 uM) to various cation (20

uM each) in CH;CN; Ay = 320 nm. (A) Blue bars represent
selectivity (Iss2/lsse) of 4 upon addition of different metal ions; (B)
red bars represent competitive selectivity of receptor 4 toward Cu?'
ions (20 uM) in the presence of other metal ions (20 uM).
105
The potential biological application of 4 was evaluated for in-
vitro detection of Cu”" ions in prostate cancer (PC3) cell lines.
The prostate cancer (PC3) cell lines were incubated with probe
4 (1.0 uM) in an RPMI-1640 medium for 20 min at 37 °C and
110 washed with phosphate buffered saline (PBS) buffer (pH 7.4)
to remove excess of receptor 4. Microscope image did not
exhibit any intracellular fluorescence in red channel which
indicates the existence of ring closed rhodamine moiety. The
cells with receptor 4 (1.0 uM) were then treated with Cu?" ions
15 (5.0 pM) in the RPMI-1640 medium and incubated again for 20
min at 37 °C and washed with PBS buffer. After treatment with

This journal is © The Royal Society of Chemistry [year]
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Blue channel Red channel Overlay Brightfield

Figure 10. Fluorescence and brightfield images of PC3 cell lines. (a
and b) Fluorescence image of cells in blue and red channels treated
with probe 4 (5.0 pM) for 20 min at 37 °C. (c) Overlay image of (a)
and (b). (d) Brightfield images of (a) and (b). (e and f) Fluorescence
images of cells in blue and red channels upon treatment with probe 4
(5.0 uM) and then Cu(ClO4), (5.0 uM) for 20 min at 37 °C. (g) Overlay
image of (e) and (f). (h) Brightfield image of (e) and (f). Fluorescence
images are recorded at blue (470+20 nm) and red channels (570+20
nm).

Cu*" ions, the cells show fluorescence in blue and red channels
(Figure 10e and 10f) which suggest that the probe 4 is cell
permeable and an effective copper ion imaging agent with the
appearance of blue and red coloured fluorescence emission
attributed to the Cu?" mediated hydrolysis of the probe 4, the
red fluorescence emission corresponding to ring opened
rhodamine moiety and the blue channel fluorescence emission
due to the 7-azaindole-3-carboxyaldehyde product.

Conclusion

In summary, we synthesized a new rhodamine based
fluorescence probe for Cu®" jons which exhibits fluorescence
. o . 2+ .
resonance energy transfer in acetonitrile via Cu” induced
spirolactam ring opening of rhodamine, whereas it undergoes
Cu?" induced hydrolysis in presence of water with time.
Confocal microscopy images indicate that our probe can detect
the level changes of Cu?" ions in living cells.
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