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ABSTRACT: Detection of environmentally important ion
cyanide (CN™) has been done by a new method involving
displacement of both metal and indicator, metal indicator
displacement approach (MIDA) on the vesicular interface.
Terpyridine unit was selected as the binding site for metal
(Cu*), whereas Eosin-Y (EY) was preferred as an indicator.
About 150 nm sized nanoscale vesicular ensemble (Lip-1.Cu)
has shown good selectivity and sensitivity for CN™ without
any interference from other biologically and environmentally
important anions. Otherwise, copper complexes are known for
the interferences of binding with phosphates and amino acids.
The Lip-1.Cu nanoreceptor also has the possibility to be used
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for real-time colorimetric scanning for the released HCN via enzymatic reactions. Lip-1.Cu has several superiorities over the
other reported sensor systems. It has worked in 100% aqueous environment, fast response time with colorimetric monitoring of

enzymatic reaction, and low detection limit.
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B INTRODUCTION

Cyanide (CN7) is considered to be one of the most fatal
anions present in the environment and could enter the human
body by many routes.' ~* The central nervous system could be
damaged even by a very low concentration of cyanide, which is
fatal to human as well as marine lives within few minutes.’
Nevertheless, CN™ is still used in many industrial and
biochemical processes. The release of the CN™ anion from
cyanogenic plants through enzymatic reactions increases the
interest in developing new methods that could be used to
recognize CN~ in aqueous media and various food products.”
Although several methods and probes have been discovered,
only a limited number of probes can be utilized in pure water
at neutral condition.”~"' Maximum probes reported in the
literature work in semiaqueous medium or with a high
percentage of organic solvent.'””*' Thus, there is an urgent
need to invent a simple chemical sensor system to detect
cyanide in aqueous medium, especially in biological and
environmental samples. It is essential to develop new probes
for bioimaging applications that allow the direct detection of
bacteriogenic cyanide in the infected lungs.”” Moreover, for the
detection of cyanide in the bio-sample, the probe requires the
properties of decent water solubility, high sensitivity, and good
selectivity. Furthermore, simple synthetic procedure is also
vital for real applications.
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A variety of fluorescence and colorimetric probes for the
recognition of cyanide ion is established on coordination with
metal ions or complex,” displacement of copper ion™***~*
from copper complex, hydrogen—bindin% interaction,”* ™"’
proton transfer,’*™*' and reaction-based.**~** However, for
the detection of CN™ in biological environment, it is very
significant to develop a new strategy or method to detect CN™
at very low concentrations in 100% aqueous medium. This
challenge could be overcome by introducing the cyanide
receptors on the surface of the vesicle. Vesicles are known for
their biocompatibility, monodispersed nature, and facile
preparation.” The functionalized vesicular surfaces are ideal
to work at physiological conditions and are perfect for the
detection of endogenously produced anions in living
beings.**™*

Numerous systems are designed and developed to identify
cyanide ions. Among them, metal complexes utilizing the
affinity of cyanide for metals have attracted much atten-
tion.”*”***" Sensors based on metal-ion displacement have
found to be applicable for detecting CN™ in aqueous media,
but those working under pure water medium are not well
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known. The metal displacement approach with copper as the
metal center is well known,”” because the generation of steady
[Cu(CN),]"” complex in solution gives rise to change in
optical signal.*”**

Considering the potential application of copper complex for
cyanide sensor, here we have reported an innovative vesicle-
based fluorescent and colorimetric sensor for cyanide using the
metal indicator displacement assay (MIDA), where both metal
and indictor displaced upon interaction with specific
analytes.’”>” Previously, DSPC (1,2-distearoyl-sn-glycero-3-
phosphocholine)-based vesicles functionalized with Cu-DPA
complex (DPA = di-(2-picolyl)amine) have been used for
hydrogen sulfide detection using the MIDA approach.’
Vesicles play significant roles to solubilize the system in
water and also to improve the sensitivity of the sensors. The
copper complex on the surface of the vesicles is accountable for
the high selectivity of cyanide in aqueous medium. The
indicator Eosin-Y (EY) displaced along with copper is
responsible for the change in fluorescence, UV—vis and color
property.

Herein, we have described a sensing ensemble composed of
indicator dye and copper complex functionalized on vesicles
that could serve as an innovative colorimetric and fluorescent
sensor for the detection of CN™ in water with high sensitivity.
This approach is new for CN™ sensor, and it may help to
eliminate the tedious synthesis, improve biocompatibility, and
provide an ideal condition to work with biological samples.

B EXPERIMENTAL SECTION

Synthesis of 4’-(4-(Octadecyloxy)phenyl)-2,2:6’,2"-terpyr-
idine (1). A mixture of 1-bromooctadecane (614 mg, 1.84 mmol), 4'-
(4-hydroxyphenyl)-2,2":6’,2"-terpyridine (500 mg, 1.53 mmol), and
NaH (70 mg, 1.84 mmol) in a 100 mL round-bottom flask was
refluxed in distilled CH;CN for 24 h under N, atmosphere. The
reaction was monitored using TLC, and the solvent was evaporated
under vacuum. Then, extraction was done with chloroform and water
to remove the NaH. The organic layer was dried using anhydrous
Na,SO, and evaporated under vacuum. The crude obtained was
purified by using silica gel column chromatography in hexane:ethyl
acetate solvent mixture. Yield: 640 mg (72%) (see the Supporting
Information for detailed characterization of 1).

Synthesis of Copper Complex of 4’-(4-(Octadecyloxy)-
phenyl)-2,2":6’,2"-terpyridine (1.Cu). 4’-(4-(Octadecyloxy)-
phenyl)-2,2":6',2"-terpyridine (1) (100 mg, 0.17) and Cu(ClO,),
6H,0 (65 mg, 0.17 mmol) were stirred for 24 h at room temperature
in a CHCl;—MeOH mixture. The solvent was evaporated and the
crude obtained was redissolved in dichloromethane. The product
containing dichloromethane was washed with water, and the organic
layer was extracted and evaporated under vacuum. The resulting solid
was washed with diethyl ether to obtain pure product 1.Cu. Yield: 65
mg. ESI-MS m/z (%): [1.Cu + 2H,0]" calculated: 676.35,
experimental: 675.22 (100%).

B RESULTS AND DISCUSSION

A new amphiphilic copper complex of 4’-(4-(octadecyloxy)-
phenyl)-2,2":6',2"-terpyridine (1.Cu) was prepared by a two-
step procedure and characterized by routine analytical methods
(see Experimental Section in the Supporting Information (SI)
and Figure S1). Copper complexes are well-known receptors to
detect CN™ due to strong coordination with Cu**, which form
a very stable complex [Cu(CN),]"~.***>%*7%° However, most
of the reported copper complexes working in semiaqueous
system could not be appropriate for the CN™ detection in
biological system.”*~*” Consequently, to tackle the problem of
biocompatibility, we have prepared an amphiphilic copper

complex (1.Cu) that could be easily incorporated into vesicles
surface and work in biologically appropriate pure aqueous
environment. 1.Cu was incorporated into the phospholipid
1,2-dioelyl-sn-glycero-3-phosphocholine (DOPC) to form
nanoscale vesicular receptor Lip-1.Cu (Scheme 1).

Scheme 1. Synthetic Scheme of 1.Cu and Schematic
Representation of Formation of Lip-1.Cu Using 1.Cu and
DOPC Lipid via Extrusion Method
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The hydrophobic nature of 1.Cu could be overcome by
incorporating it into the lipid layer using a simple protocol, i.e.,
thin-film hydration method.”” The preparation of bilayers
vesicles-embedded metal complex (Lip-1.Cu) was done by
using 1.Cu (5 mol %) and synthetic lipid DOPC at
physiological pH.

The nanoscale vesicles (Lip-1.Cu) were prepared by the
extrusion method through 100 nm pore size polycarbonate
membranes. The homogeneous solution of Lip-1.Cu was clear
and expected to be pure; hence, the solution containing vesicle
was not additionally purified. Dynamic light scattering (DLS)
studies calculated the average size of the vesicles Lip-1.Cu as
150 + 10 nm (Figure S2). From the transmission electron
microscopy (TEM) images (Figure 1) of the vesicles, it is seen
that the vesicles are in the size range of 100—150 nm.

Receptor-modified vesicles (Lip-1.Cu) were kept in the dark
at 4 °C. Then, all of the studies were done within S days. It was
also observed that the dilution of the stock vesicle solution
could not influence the average size of the vesicles Lip-1.Cu.
The effect of size after dilution was confirmed by DLS studies.

The indicator displacement approach is considered to be
convenient, reliable, and efficient owing to: (a) liberty to
choose the indicator, (b) work in complete aqueous environ-
ment, and (c) quick and real-time detection.” Taking these
into account, we have used Eosin-Y (EY) indicator due to its
high quantum yield, very high solubility in water, and
undergoes complex formation with Cu?*. The paramagnetic
Cu®" binds with EY through its free carboxylic group and
consequently quenches the fluorescence of EY in pure aqueous
medium.

For sensing studies, the probe Lip-1.Cu-EY was synthesized
in situ by combining the modified vesicles (Lip-1.Cu) and
indicator (EY) in the buffer solution. The formation of Lip-
1.Cu -EY sensing ensemble was verified by systematic titration
using UV—vis and emission spectroscopy (Figure 2). All of the
UV—vis and emission studies were carried out in aqueous
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= 100 nm

Figure 1. HR-TEM images of vesicles Lip-1.Cu prepared in aqueous solution. (Inset) DLS analysis.
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Figure 2. (A) UV—vis absorption titration of EY (2 uM) with Lip-
1.Cu (0—4.5 uM). (B) Emission titration of EY (2 uM) with Lip-
1.Cu (0—4.5 uM) in aqueous buffer medium at RT.

medium (HEPES buffer, 20 mM, pH 7.4). In a systematic
absorbance titration, a characteristic absorbance peak of EY (2
UM, € = 9.3 X 10* mol™'cm™) was observed at 515 nm, with
consecutive addition of Lip-1.Cu (0—4.5 X 10 uM),
absorbance spectra showed a red shift of 25 nm along with a
ratiometric change with decrease at 515 nm and enhancement
at 540 nm (Figure 2A), and a color change from light pink
color to dark pink color could be clearly visible by the naked
eye.

In the emission spectrum, a strong emission band of EY was
observed at 540 nm. The intensity band at 540 nm was
quenched with the successive addition of Lip-1.Cu (4, = 515
nm) (Figure 2B). The decrease in emission intensity could be
attributed to the paramagnetic characteristics of Cu®" center.
The spectroscopic variation in the UV—visible and emission
spectra is owing to the association of carboxylic acid group of
the EY to the copper complex embedded on the surface of the
vesicles (Scheme 2). The formation of the Lip-1.Cu-EY
ensemble was established by calculating the binding constant
(Kgy) to be 8.27 X 10> M~ (Figure 24, inset).

The indicator displacement approach (IDA) is widely
known for the recognition of biologically important analytes
such as ATP, pyrophosphate, and CN~,*® but is rarely known
using the receptors embedded on vesicles or the probes, which
can work in pure aqueous medium.”® In the IDA approach, it is
important that the indicator (EY) itself should not show any
change with the analyte (i.e, CN™). To confirm this, the effect

Scheme 2. Sensing Mechanism for Cyanide Detection via MIDA Approach
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of CN™ on EY was studied with the help of absorption and
emission spectroscopy. It was found that even after the
addition of 600 equivalents of CN~, there is no change in the
UV—vis and emission spectra of EY (Figure S3).

To the best of our knowledge, IDA for CN™ detection in
receptor-embedded vesicles is not known in the literature.
Therefore, the capability of Lip-1.Cu-EY for the selective
sensing of CN~ was examined over other important anions
such as (F7, CI7, Br~, I7, and SO,>"), phosphates (ATP,
pyrophosphate, ADP, AMP, H,PO,”, and HPO,*"), reactive
sulfur species (methionine, S,05°7), and reactive nitrogens
(NO, NO,7, and N;7) in aqueous HEPES buffer solution.

The UV—vis spectrum (Figure 3A) showed that except
CN7, ATP, and PPj, all other analytes exhibit an insignificant
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Figure 3. (A) Selectivity studies of Lip-1.Cu-EY with cyanide (4.0 X
107 M) and other analytes such as methionine (4.5 X 107* M),
$,0,7” (4.5 x 107 M), NO (4.5 X 107* M), NO,™ (4.5 X 107* M),
N;~ (4.5 x 107* M), ATP (4.5 x 107* M), ADP (4.5 X 107 M),
AMP (4.5 X 107* M), PPi (4.5 X 107* M), H,PO,” (4.5 X 107* M),
HPO,>™ (5§ X 107* M), F~ (§ X 107* M), CI™ (§ X 107* M), Br™ (5 X
107*M),I” (5 x 107" M), and SO,*~ (5§ X 107* M) using UV—visible
absorption spectroscopy at pH 7.4. (B) UV—vis absorption titration
of Lip-1.Cu-EY with CN™ (0—4.0 X 107 M). (Inset) LOD plot for
CN~ by UV—vis absorption spectrum.

spectral change. However, in the presence of CNT, the
intensity band at 515 nm reduced with an enhancement at 540
nm. The changes observed for ATP and PPi are significantly
lesser compared to CN~, and this little change could be either
due to the chelate formation of copper metal center with the
free oxygen atoms of adenosine triphosphate (ATP) and
pyrophosphate (PPi) or due to the dissociation of copper
metal from the Lip-1.Cu-EY ensemble (Figure $4).°°”% The
absorption spectrum of the ensemble Lip-1.Cu-EY in the
presence of CN™ resembles the absorption spectrum of EY,
which confirms the disassembly of the EY and copper metal
from the vesicles. Copper has been used as the most common
metal center for cyanide sensing as the formation of
[Cu(CN),]*™ (x = 2 or 4) species is stable.”* Therefore,
the introduction of CN~ to the Lip-1.Cu-EY ensemble
displaces the copper metal ion to form [Cu(CN),]*™™ and
release the indicator dye EY, and the absorption spectrum of
EY was restored.

Further, systematic UV—vis titration has been carried out
with CN™ to determine the LOD and binding constant of Lip-
1.Cu-EY with cyanide. With successive addition of CN~ (0—4
X 107> M) to the Lip-1.Cu-EY ensemble (Figure 3B), the
UV—vis spectrum showed a reversible change with the retrieval
of the absorption peak at 515 nm along with the formation of
an isosbestic point at 530 nm. The solution color was slowly
transformed from dark pink to pale pink. The limit of detection
(LOD) and binding constant for CN~ were calculated as 0.72
uM (Figure 3B, inset) and 2.087 X 10* M™! (Figure SS),
respectively. These calculations were done based on absorption
titration. This confirmed that the Lip-1.Cu-EY working
ensemble is efficient to detect cyanide and its chemical activity
is advantageous over the other reported sensors.

Detection of cyanide with the competitive species was also
tested. As shown in Figure S6, the competitive studies revealed
that coexistence of various species including biological
phosphates ATP and PPi barely interfere the detection of
CN™. These studies confirmed that Lip-1.Cu-EY could be
appropriate even when the CN™ coexists with competitive
anions in water.

EY is well known for its characteristic fluorescent behavior.
EY has a strong emission band at wavelength of 540 nm, when
excited at 515 nm. We have found that the strong emission of
EY at 540 nm is quenched with the successive addition of Lip-
1.Cu for the emergence of Lip-1.Cu-EY ensemble.

Therefore, Lip-1.Cu-EY is non-fluorescent in pure aqueous
medium. For selectivity, we have recorded the emission
spectrum of Lip-1.Cu-EY with different competitive analytes
(Figure 4A). The emission of Lip-1.Cu-EY (at 540 nm) was
enhanced only with CN~, PPi, and ATP in the following order:
CN~ (4-fold) > PPi (0.8-fold) > ATP (0.5-fold) (Figures S7
and S8). However, other analytes barely show any significant
change in the emission spectrum at 540 nm. Competitive
studies were also carried out with coexistence of various
species including biological phosphates ATP and PPi. The
presence of other species barely interfere the detection of CN™
and confirm the recognition of CN™ even in the presence of
other analytes (Figures S9 and S10). It should be noted that
the interference from hydrogen sulfide (H,S) may be expected
because H,S is known to form stable CuS by displacing
copper.”” The interference of H,S could be easily avoided by
adding an equivalent amount of hydrogen peroxide (H,O,)
(Figure S11). Peroxide is known to remove H,S by oxidation
process, and it is not active toward the probe.”®

Further, the sensitivity studies with CN™ were carried out via
systematic emission titration (Figure 4B). With successive
addition of CN™ (0—4 X 107> M) to the non-fluorescent Lip-
1.Cu-EY ensemble, the spectrum showed a reversible change
with the recovery of the emission band at 540 nm and became
fluorescent due to the displacement of EY. The limit of
detection (LOD) for CN~ was determined as 0.33 uM (Figure
4B, inset), which closely matches with the LOD calculated
from UV—vis titrations and much lesser than the threshold
limit of cyanide ion (1.9 uM), recommended by WHO in safe
drinking water®® or the concentration of HCN (about 26 (M)
found in fire victims.”’”

Fluorescence lifetime experiments were also executed to
confirm the detection mechanism (Figure S12). The lifetime of
EY was recorded as 1.13 ns, and after the formation of the Lip-
1.Cu-EY ensemble, the lifetime increases to 1.32 ns, and
consequently decreases to 1.20 ns after the addition of CN™.
The lifetime results confirmed the displacement of metal and
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Figure 4. (A) Selectivity studies of Lip-1.Cu-EY with cyanide (4.0 X
107 M) and other analytes such as methionine (4.5 X 107* M),
5,0, (4.5 x 107+ M), NO (4.5 X 107* M), NO,~ (4.5 X 10™* M),
N;~ (4.5 x 107" M), ATP (4.5 x 107 M), ADP (4.5 X 10™* M),
AMP (4.5 X 107* M), PPi (4.5 x 107 M), H,PO,” (4.5 X 107* M),
HPO,>™ (5§ X 107* M), F~ (§ X 107* M), CI™ (5§ x 107* M), Br™ (5 X
107* M), I” (5§ x 107* M), and SO,>~ (5 X 10™* M) emission
spectroscopy in aqueous medium. (B) Emission titration of Lip-1.Cu-
EY ensemble with CN™ (0—4.0 X 10> M) in buffer. LOD plot for
CN~ using emission spectroscopy (inset B). (C) Naked eye color
change with different analytes in normal light and under UV lamp.

indicator (EY) from Lip-1.Cu-EY. The change in size of
vesicles upon dilution was checked by DLS experiments, and
the results showed that after dilution, the size of the vesicles
remains almost same. Also, the size of Lip.-1.Cu, Lip-1.Cu-EY,
and Lip-1.Cu-EY+CN~ does not change significantly; these
results confirmed that the size of the vesicles remains almost
same throughout the sensing mechanism for the detection of
CN~ (see details in SI Experimental Section and Figures S13—
S17).

The displacement of indicator from Lip-1.Cu-EY ensemble
must be quick for the time-dependent measurement of the
CN™. To confirm that, real-time studies using absorption and
fluorescence spectroscopy were performed where we observed
that the MIDA sensing mechanism shows fast response (Figure
S18). This validated that the EY could act as an ideal indicator
in MIDA for CN~ sensing in vesicular solution.

Further, to understand the role of vesicles on CN™ binding
and displacement mechanism, the binding constant and LOD
of CN™ with amphiphilic probe 1.Cu-EY were compared to
those of Lip-1.Cu-EY. Probe 1.Cu-EY is not soluble in water;
therefore, the binding studies of 1.Cu-EY with all anions were
performed in aqueous THF solution (HEPES:THF (95:5, v/v)
mixture) as shown in Figure S19. Solubility problem of 1.Cu in
water itself confirms the important role of vesicles in Lip-1.Cu-
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EY. Moreover, as shown in Table S1, vesicles-embedded 1.Cu
(Lip-1.Cu-EY) showed an enhanced binding constant and
LOD (20 times higher) with CN™ ion compared to simple
1.Cu. This result confirms the role of vesicles for the improved
sensitivity of 1.Cu for CN~ detection in pure aqueous
environment. Lip-1.Cu-EY has been compared to the
previously reported metal complex-based cyanide sensors
(Table S2). The comparison table suggests that the present
probe has advantages with respect to biocompatibility and
sensitivity.

The present Lip-1.Cu system for the CN™ detection has
shown many advantages such as (a) it can work in pure
aqueous medium, which eliminates the use of organic solvents,
(b) detection is very fast, (c) the pure aqueous medium also
rules out the weak interaction between copper and other
competitive anions and results in improving the selectivity, (d)
the liberty to use indicator with absorbance and emission at
longer wavelength, and (e) the LOD is analogous or superior
to other systems due to increase in the number of active sites
for CN-.51011,24,27,66,68

The low LOD and quick response suggest that by means of
MIDA, the Lip-1.Cu-EY would possibly be suitable for
monitoring enzymatic reaction where cyanide ion involved. A
cyanogenic diglucoside amygdalin (p-mandelonitrile-3-p-glu-
cosido-6-p-p-glucoside) generally originated in seed of
apricots, plums, apples, cassava roots, and bitter almond.*®
Amygdalin itself is non-toxic, but various investigations showed
that enzymatic hydrolysis of amygdalin leads to the conversion
of glucose and mandelonitrile. Next, the spontaneous trans-
formation of the unstable mandelonitrile to HCN and
benzaldehyde takes place (Scheme 3). The produced HCN
is able to cause toxicity through inhibition of cytochrome
oxidase.

The cyanide ion generated through enzyme cleavage of the
amygdalin could be detected by probe and can be useful for
measuring enzyme activity in vitro. Accordingly, the enzymatic
hydrolysis reaction of amygdaline and B-glucosidase in water
(pH 7.4) was accomplished by color change, UV—vis and
emission spectral changes. As shown in Figure SA, fluorescence
intensity of Lip-1.Cu-EY (2 uM) at 530 nm was recorded in
the presence of enzyme p-glucosidase (0.01 UN/mL) and
amygdalin (3.5 mM) as a function of time. In the absence of /-
glucosidase or only in the presence of amygdaline, fluorescence
intensity at 540 nm was in off state, whereas a consequent
enhancement in the fluorescence intensity was found with
amygdalin in the presence of p-glucosidase. Visible color
change was also observed due to the enzymatic reaction, which
could be used for the real-time colorimetric detection of CN™
released via enzymatic reaction (Figure SB). At pH 7.4,
cyanide (pK, = 9.21) is anticipated to mostly exist as HCN
(~99%). The kinetics of f-glucosidase assay was investigated
by varying amygdalin concentrations from 1.2 X 107* to 6.0 X
107" M (Figure S20) and keeping the enzyme concentration
constant (0.01 UN/mL). From the kinetic study, the
Michaelis—Menten rate constant (K,,) value of f-glucosidase
activity was measured as 2.75 mM at RT.

Thus, the HCN generated from amygdalin by hydrolysis
reacted with the Lip-1.Cu-EY to displace EY from the
nanoassembly and regenerate the emission intensity on state
at 535 nm. Control experiments in the absence of amygdalin
under similar experimental conditions were performed where
we observed no increment in the fluorescence intensity or
change in the absorbance (Figure S21). This observation
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Scheme 3. Cyanogenic Glucosidase Assay Mechanism Using Amygdalin
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Figure 5. (A) Enzymatic assay of Lip-1.Cu-EY ensemble and
amygdalin (6.0 X 10™* M) with or without f-glucosidase enzyme
(0.01 UN/mL) in buffer at RT; A, = 515 nm. (B) Photographic
images of (1) EY (2.5 X 1075 M), (2) Lip-1.Cu-EY only, (3) Lip-
1.Cu-EY with f-glucosidase (0.01 UN/mL), (4) Lip-1.Cu-EY with
amygdalin (6.0 X 107* M), and (5) Lip-1.Cu-EY with amygdalin (6.0
X 107 M) and p-glucosidase (0.01 UN/mL) in normal light.
Photographic images of (6) EY (2.5 x 10~* M), (7) Lip-1.Cu-EY
only, (8) Lip-1.Cu-EY with f-glucosidase (0.01 UN/mL), (9) Lip-
1.Cu-EY with amygdalin (6.0 X 10™* M), and (10) Lip-1.Cu-EY with
amygdalin (6.0 X 10™* M) and fS-glucosidase (0.01 UN/mL) under
UV lamp (the image was taken after S min of incubation time).

proves that the emission enhancement was exclusive because of
the reaction of HCN/CN™ formed via hydrolysis of amygdalin
by p-glucosidase. These results confirmed that the sensor Lip-

1.Cu-EY could be applied for real-time monitoring of HCN
released via enzymatic reaction.

To check the effect of lipids on cyanide binding, we have
also prepared the 1.Cu assembled vesicles by using DPPC and
DSPC lipids (Figures S22 and S23). These lipids were selected
based on their increase in transition temperature (see Table
S3). As like DOPC, the vesicles formed by using DPPC and
DSPC are stable for a week. The cyanide-ion binding of these
vesicles was carried out by following the same method as
DOPC vesicles. DPPC and DSPC vesicles-incorporated 1.Cu
shows sensitive binding to CN™ ion, and the binding constant
and LOD calculated for these vesicles are compared in Table
S3. We have noticed that the CN™ sensing ability of these
vesicles is slightly different from each other. The change in
sensitivity may be due to different transition temperatures of
lipids. Also, we found that fluid-phase DOPC vesicles are
better for anion binding studies than rigid DSPC vesicles
(Table S3).

Further, the sensitivity of Lip-1.Cu-EY for CN™ in C2C12
(mouse skeletal muscle) cell lines were measured by
fluorescence microscopy. The cells incubated with EY (20
M), Lip-1.Cu-EY, and Lip-1.Cu-EY with CN™ (400 xM), in
buffer at 37 °C were incubated overnight and imaged through
fluorescence microscopy. Live cell images display a strong
fluorescence with EY (Figure S27A) and a weak fluorescence
with Lip-1.Cu-EY (Figure S27B). The strong fluorescence is
recovered with cyanide ion due to displacement of copper
(Figure S27C). This observation is in agreement with the
solution studies.

B CONCLUSIONS

In concluding remarks, a new approach for detection of CN™
through displacement of both metal center and indicator
(MIDA process) on vesicular interface has been reported. We
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have chosen terpyridine unit as binding site for Cu®" and EY as
an indicator for sensing mechanism in 100% aqueous medium.
The vesicular ensemble Lip-1.Cu-EY showed good selectivity
and sensitivity for CN™ without any interference from other
anions. Otherwise copper complexes are known for the
interferences of binding with phosphates and amino acids.
The Lip-1.Cu-EY ensemble is probably utilized for real-time
monitoring of HCN release via enzymatic reactions, whereas
most of the reported CN~ probes work in semiaqueous
environment, give late response, and lack applications in
biological samples. Therefore, this probe (Lip-1.Cu-EY) has
numerous merits compared to the other reported sensor
systems. Irrespective of the small molecular probes, we can
modulate the lipid membrane of the vesicular surface
according to the cellular environment in the biological sample
and also could change the indicator accordingly with different
excitation and emission wavelengths. These applications
predict and open a new area of research based on vesicles-
based MIDA approach for anion sensing.
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