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ABSTRACT: In this study, we report a general approach to the design of a new generation of small-molecule sensors that produce a zero 
background but are brightly fluorescent in the near-IR spectral range upon selective interaction with a biomolecular target.  We developed a 
fluorescence turn-on/off mechanism based on the aggregation/de-aggregation of phthalocyanine chromophores.  As a proof-of-concept, we 
designed, prepared, and characterized sensors for in-cell visualization of epidermal growth factor receptor (EGFR) tyrosine kinase.  We estab-
lished structure/bioavailability correlation, conditions for the optimal sensor uptake and imaging, demonstrated binding specificity and appli-
cations over a wide range of treatment options involving live and fixed cells.  The new approach enables high contrast imaging and require no 
in-cell chemical assembly or post-exposure manipulations (i.e. washes).  The general design principles demonstrated in this work can be ex-
tended towards sensors and imaging agents for other biomolecular targets. 

Fluorescent imaging is a powerful tool for visualization of micro- and 
nanoscale targets and their dynamics within in vitro, cellular, and/or 
in vivo setups.1, 2  The approach is instrumental for assessing distribu-
tion, expression levels, activity, interactions, and dynamics of bi-
omarkers ranging from ions to proteins to cell organelles in native, 
manipulated, and/or artificial environments.3-15  Small-molecule 
sensors play a major role in fluorescent imaging.16  Unlike their 
larger-size counterparts (e.g. fluorescent proteins, nanoparticles, flu-
orescent antibodies), small-molecule sensors do not need to be ex-
pressed endogenously, are less likely to be toxic and/or to interfere 
with biological functions, are compatible with living systems (in con-
trast to antibody-based sensors), yield high labelling density,17 and 
are essential for super-resolution imaging.17, 18  Therefore, the de-
mand for bright and selective small-molecule fluorescent sensors re-
mains high. 

Two fundamental parameters define the value of a fluorescent sen-
sor: target recognition characteristics (i.e. specificity and affinity) 
and signal transduction quality (i.e. signal-to-background change 
upon recognition event, brightness, and chemical/photochemical 
stability).1, 4 

An effective strategy for enabling biomacromolecular target recogni-
tion involves incorporating inhibitor structures1, 12, 14, 15, 17, 19 or other 
known/derived specific binders6, 7, 16, 20 into a sensor’s scaffold.  Since 
inhibitor molecules are deliberately refined to bind respective tar-
gets with high affinity and selectivity, one expects the derived sensors 
to retain those desirable characteristics. 

To enable high-quality signal generation, fluorescent probes must be 
sufficiently bright in their target-bound state (i.e. possess both high 
extinction coefficient and high fluorescent quantum yield), turn on 
emission upon target recognition, and preferably absorb/emit in the 

far-red/near-IR spectral range (to achieve better signal-to-back-
ground (S/B) ratios due to the low auto-fluorescence of biological 
matter beyond 600 nm).21-26  The common strategies for engineering 
turn-on emissive probes include masking a fluorophore followed by 
restoring emission upon reacting with a biomarker,3 use of 
bioorthogonal chemistry to activate emission upon a sensor’s inter-
action with a target,1, 5-7, 12, 19, 27 utilizing environmentally sensitive 
probes (e.g. based on solvatochromism 15, 28, 29), photoswitching,4 
and elaborating on emission changes in the chromophore aggre-
gated/de-aggregated states.30, 31  Very few of the aforementioned 
platforms offer a near-IR imaging capability while simultaneously 
providing high target recognition selectivity. 

Despite various signal transduction strategies available, the majority 
of reported cellular imaging protocols must rely on using multiple 
sequentially added reagents and sensor assembly reactions inside the 
cells (as often required for bioorthogonal chemistry methods), or in-
tricate multi-step washes to remove unbound sensor as a source of 
an excessive emissive background.  The extensive manipulations or 
chemical functionalization of the target may conceal or alter natural 
processes in living systems.  Such platforms are also less suitable for 
the developing of rapid and reliable cell-based fluorescent assays as 
required, for example, for high throughput screening of anticancer 
drug candidates.32, 33  The need to minimize manipulations within na-
tive/living environments motivates the current search for new signal 
turn-on principles and more advanced small-molecule fluorescent 
sensors that do not require washes or elaborate manipulations prior 
to imaging. 

Recently, we have developed a new paradigm for biorecognition-in-
duced fluorescent emission activation, which is based on changes in 
the aggregation state of phthalocyanine (Pc) upon its binding to a 
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biomolecular target.34-37  Phthalocyanines are large planar π-conju-
gated molecules; the intermolecular interactions between their hy-
drophobic aromatic cores cause Pcs to aggregate in aqueous envi-
ronments (e.g. Pc dimerization constants as high as 109 have been 
measured).38  When non-aggregated, Pcs are brightly fluorescent in 
the near-IR range: reported extinction coefficients are as high as 
300,000 M–1cm–1 (e.g. ref. 39) and fluorescence quantum yields can 
reach 0.7.40-42  On the contrary, upon aggregation most Pcs form non-
fluorescent H-aggregates.  We and others have previously demon-
strated that functionalization of phthalocyanines with various bio-
molecules decreased their propensity to aggregate.35-37, 43  Neverthe-
less, in the absence of the binding target, Pcs remain aggregated and, 
therefore, are completely dark (non-fluorescent). When an H-aggre-
gated Pc sensor molecule functionalized with a target-specific recog-
nition group binds to a biomolecular target, it is pulled away from 
the aggregate, resulting in the Pc’s de-aggregation leading to restor-
ing its fluorescent emission.  The ability of the Pc sensor to respond 
selectively on the binding to a specific target vs. non-selective bind-
ing to other biomolecules is generally controlled by the fine balance 
between the energy of the recognition group selective binding to the 
target biomolecule vs. interactions of the individual Pc molecule 
with aqueous environment (which can be controlled by a proper 
choice of solubilizing groups).  Therefore, with a judicious molecu-
lar design, Pc aggregation/de-aggregation signal generation mecha-
nism can be promising for intracellular imaging of biomolecular tar-
gets in the near-IR spectral range, and offers high S/B ratios while 
requiring no washes of unbound species.  Previously, we have suc-
cessfully demonstrated the application of the aggregation/de-aggre-
gation principle for turn-on near-IR detection of oligonucleotide35-37 
and protein targets34 in in vitro and non-cellular environments. 

In this work, we designed, prepared, characterized and demon-
strated performance of a new Pc-based near-IR fluorescent sensors 
for wash-free high-contrast fluorescent imaging of a specific bio-
molecular target inside cells.  The new sensing system enables high 
specificity and affinity of target recognition due to the use of an in-
hibitor-derived “anchor” unit coupled together with an aggrega-
tion/de-aggregation mechanism for fluorescent signal generation.  
For a proof-of-concept demonstration, we developed a sensor tar-
geting the epidermal growth factor receptor (EGFR) tyrosine kinase 
in live and fixed cellular environments.  The EGFR tyrosine kinase is 
a principal target for the ongoing search for potent anticancer thera-
peutics, and serves to illustrate the need to develop high efficiency 
imaging methods for the biomarker present within complex biologi-
cal systems such as live cells.44-50 

Experimental Section 

Below is the brief description of materials and experimental proce-
dures.  The detailed information is included in the Supporting Infor-
mation. 

Materials and reagents.  All materials and reagents were obtained 
from established commercial suppliers.   

Synthesis of the new sensor compound 2 (Scheme 1).  Utilization of the 
solid-phase synthesis in the preparation of the ZnPc building block 
5 is the key for obtaining the required mono-substituted phthalocy-
anine core.  Thus, condensation of polymer resin-supported phtha-
lonitrile 3 with excess phthalonitrile 4 yields a resin-attached ZnPc 
5, followed by cleavage from the resin support to give mono-func-
tionalized Pc building block 5.  Subsequent coupling of 5 with the 

“anchor” unit 6 furnishes the target sensor compound 2.  The de-
tailed synthesis procedures and characterization of compounds 2, 4, 
5 and other key intermediates are included in Figures S5 – S9.  The 
synthesis of compound 1 is described elsewhere.34 

EGFR kinase/sensor 2 binding in cell-free environments.  EGFR kinase 
was reconstituted in buffer consisting of 50 mM HEPES, 20 mM 
MgCl2, 100 μM MnCl2, and 200 μM Na3VO4 at pH 7.4.  Sensor 2 
stock solutions were prepared in DMSO.  The appropriate amounts 
of sensor 2 were added to the reconstituted EGFR kinase to yield 
1 % of DMSO in the final preparation.  Emission measurements 
were started right after sample preparation.  Excitation was set at 
665 nm, while emission was collected from 680 to 750 nm.  

Cellular imaging studies.  We used A549 cell line (ATCC, CCL-185).  
Cells were thawed from liquid nitrogen storage and re-suspended 
with 9 mL F-12K Ham medium supplemented with 10% Fetal Bo-
vine Serum (FBS) and 1% Antibiotic-Antimycotic.  Cells were cul-
tured in a humidified 37 °C incubator with 5% CO2 atmospheric con-
trol.  For sensor uptake, cells were plated at 1 × 105 cells/well for 6-
well plates and at 3.15 × 103 cells/well for 96-well plates and incu-
bated for 24 hours.  Before the uptake, the growth medium in each 
well was refreshed and either sensor 1, sensor 2 (to yield a final con-
centration of 2 – 5 µM), or 1% DMSO as a vehicle control was added 
to respective wells, and the cells were incubated for 0.5 – 24 h at 37 
°C and 5 % CO2.  Imaging was performed on a Keyence BZ-800 flu-
orescent microscope with Chroma Technologies filter sets.  All im-
ages were taken with a 60× oil immersion objective.   

Organelle tracker experiments.  Following sensor 2 uptake, PBS wash, 
and media replacement, cells were treated singly or in combination 
with the following trackers:  MitoTracker Green at 100 nM, DAPI at 
1 ng/mL, LysoTracker at 50 nM, ER Tracker Green at 1 μM, or 
Golgi tracker NBD-C6 Ceramide at 10 μM concentration. 

Immunocytochemistry.  Following sensor’s uptake, the cells were fixed 
and permeabilized with 3.7% formaldehyde and 0.18% Triton-X so-
lution in PBS for 10 min at 37 °C.  After PBS wash, the cells and 
growth surface were coated with blocking solution (1% BSA in PBS) 
for 30 min at 37 °C; and the cells were incubated with primary mouse 
anti-EGF receptor antibody in blocking solution, overnight, at 4 °C. 
The following day, unbound primary antibody was removed with 
three 5 min PBS washes; and the cells were incubated with goat anti-
mouse IgG, Alexa Fluor™ 488-conjugated secondary antibody 
(1:2000) for 1 hour at room temperature. Unbound secondary anti-
body was removed with three additional 5-min PBS washes upon 
gentle rocking. 

Results and Discussion 

Sensor design and structure – cell bioavailability correlations.  
Recently, we have developed a Pc sensor compound 1 (Scheme 1).34  
In cell-free and in vitro conditions, this compound acts as a selective 
turn-on fluorescent sensor for EGFR tyrosine kinase.  The molecular 
structure of 1 consists of two domains: a target-binding “anchor” and 
a linked phthalocyanine (Pc) fluorescent reporter.  The recognition 
“anchor” domain is related to the structure of gefitinib, an inhibitor 
that binds to the intracellular domain of EGFR tyrosine kinase (i.e. 
ATP binding pocket)51, 52 with high affinity (Kd ∼ 0.5-2 nM)53 and 
selectivity.54  The emissive reporter domain incorporates a ZnPc 
core known for the near-IR absorption/emission with high extinc-
tion coefficients and quantum yields.39-42, 55.  In aqueous environ-
ments, ZnPc aggregation leads to the non-emissive H-aggregate 



 

state.  In the presence of nanomolar concentrations of EGFR kinase, 
the “anchor’s” selective binding to the target kinase causes partial de-
aggregation of ZnPc fluorophore and generation of the near-IR flu-
orescent emission in a concentration – dependent manner.  At the 
same time, sensor 1 does not show non-selective binding and dis-
plays no fluorescent response to other biomacromolecules.34  De-
spite the promising performance of 1 in cell-free environments, tran-
sition to cellular imaging encountered major obstacles.  First, we 
found that 1 was insufficiently water-soluble.  Indeed, the in vitro tar-
get response experiments required an aqueous medium with 10 % 
DMSO to produce a fluorescent signal.34  Such conditions are obvi-
ously not ideal (if even achievable) for live-cell imaging.  Second, in-
tracellular bioavailability of 1 is rather low (discussed below).  
Simply increasing aqueous solubility via attaching better solubilizing 
groups to the hydrophobic ZnPc core proved ineffective as the in-

creasing hydrophilicity of ZnPc unit would interfere with the fine ag-
gregation/de-aggregation balance required for proper operation of 
the emissive signal generation mechanism.  High aqueous solubility 
would also diminish cell bioavailability of the sensor.  To balance 
both aqueous solubility and bioavailability, while minimizing the in-
terference with the aggregation/de-aggregation signal generation 
mechanism, we carefully redesigned the sensor 1 to include the same 
binding “anchor” domain but to modify the solubilizing side groups.  
After a series of less successful structural variations, we arrived at sen-
sor 2.  In this compound, incorporating cationic trimethylammo-
nium groups attached at the ZnPc chromophore moderately en-
hances solubility and increases bioavailability,39 while diethylene gly-
col framework of the solubilizing groups ensures effective operation 
of the aggregation/de-aggregation signal generation mechanism.   
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Scheme 1.  Structure of the EGFR tyrosine kinase sensors 1 and 2, and synthesis of the sensor compound 2.  Reagents and conditions: 
(a) Zn(OAc)2, DBU, n-BuOH, DMF, 106 °C, 24 h; (b) TFA, CH2Cl2, 8 h; (c) HOBt, HBTU, DIPEA, DMF, 12 h. 



 

 

Figure 1.  (A) Addition of increasing amount of EGFR kinase to a 
solution of sensor 2 results in a turn-on fluorescent response (no fluo-
rescence is detected in the absence of EGFR kinase).  Experimental con-
ditions: concentration of sensor 2 400 nM in 1% DMSO in aqueous 
buffer (50 mM HEPES, 20 mM MgCl2, 100 μM MnCl2, and 200 μM 
Na3VO4 at pH 7.4); excitation wavelength 665 nm; the spectra were cor-
rected for the buffer background.  (B) Sensor 2 shows linear fluorescent 
response to increasing EGFR concentration both in buffer (filled 
squares, adj. R2 = 0.95) and in the presence of 48 nM AKT and 192 nM 
BSA (empty squares, adj. R2 = 0.97).  When added alone, AKT kinase 
(triangles) and BSA (diamonds) do not produce increase in emission 
intensity with increasing concentration.   

The spectroscopic studies of 2 in the non-aggregated state (as a di-
lute solution in DMSO) reveal absorption and emission in the near-
IR range (Figure S1 in the Supporting Information).  It displays a 
high extinction coefficient (108,000 M–1 cm–1 at 681 nm) and a 
strong fluorescent emission at 690 nm (quantum yield in DMSO 
0.23).  In contrast to the previous sensor 1 (which requires 10% 
DMSO co-solvent for EGFR detection), the new sensor compound 
2 can effectively operate under acceptable for live cells 1 % DMSO 
conditions.  In aqueous EGFR kinase-free environments, due to 
ZnPc chromophore aggregation, sensor 2 displays no detectable flu-
orescence (Figure 1A).  Monitoring of the fluorescent signal in aque-
ous conditions upon addition of EGFR kinase indicates that 2 re-
sponds quantitatively in a linear fashion to the changes in EGFR con-
centration (within nanomolar range, with LOD of 2 nM, filled 
squares in Figure 1B).  It is noteworthy that the emission band max-
imum in aqueous conditions is bathochromically shifted compared 
to the corresponding spectrum in DMSO (to about 700 nm), which 
makes it even more suitable for near-IR imaging applications.  The 
linearity of the fluorescent response on increasing EGFR kinase con-
centration is particularly valuable when quantitative analysis of 
EGFR kinase expression is required as part of the imaging process.  

Other proteins, such as BSA and AKT kinase, do not produce a char-
acteristic concentration-dependent response profile (triangles and 
diamonds in Figure 1B).  At the same time, sensor 2 produces the 
concentration-dependent response to EGFR even over simultane-
ously present AKT and BSA background (Figure 1B, empty squares) 
with the linear regression slope (113 ± 13) close to the one without 
AKT/BSA background (97 ± 10).  This reflects selective binding of 
the sensor 2 to EGFR kinase and selective turn-on fluorescent re-
sponse on such binding.   

Next, we evaluate whether the implemented structural modifica-
tions in 2 resulted in its increased bioavailability.  As a model system, 
we choose the A549 cell line with a diffusion-mediated cellular up-
take.  A549 cells are human lung carcinoma cells with the high EGFR 
expression levels known both from the published work56-58 and also 
evaluated by us (Figure S2 in the Supporting Information).  Individ-
ually, both modules of the sensor 2 – the “anchor” group and the 
ZnPc fluorescent unit – are cell membrane permeable.  Indeed, the 
“anchor” parent structure, gefitinib, is an established anticancer 
drug, which was extensively characterized to be active intracellularly, 
and is a core structure for intracellular PET tracers.51, 54, 59-68  Phthal-
ocyanine compounds are also well positioned to enter cells,39, 69-74 in-
cluding the A549 line.75  Therefore, we expect that the sensor com-
pound 2 consisting of these two units linked together could also 
readily transfect inside the cells where it would selectively bind to 
intracellular EGFR kinase and generate a turn-on fluorescent signal 
via the aggregation/de-aggregation mechanism.   

 

 

Figure 2.  A549 cells exposed to 5 μM solutions of sensors 1 and 2 for 3 
hours.  Notice the low intensity of the near-IR signal with sensor 1, as 
compared to the much higher intensity with sensor 2.  The conditions 
for uptake, imaging, and post-processing image treatment were identical 
for all images; all the experiments were performed using the same setup.  
The cells were fixed prior to imaging.  Insert: “exposure”, deliberately 
increased by image processing software, shows a weak emissive signal 
from a cell.  Insert scale (reduced : original):  1 : 2.5.  White scale bars in 
the bright field images correspond to 20 μm. 

To confirm the better bioavailability of the structurally modified 
sensor 2, we compare near-IR fluorescent images upon exposing 
A549 cells to the sensors 1 and 2 under identical conditions (5 µM 
sensor solution in 1 % DMSO in cell growth media, Figure 2).  For 
fluorescent microscopy, we use a narrow-band red filter with the 
transmission maximum at 650 nm in the excitation channel, and a 



 

narrow transmission band filter with the maximum at 720 nm in the 
emission channel.  We observe significantly higher near-IR emission 
intensities for the sensor 2, which produces fluorescent images with 
a much improved contrast, indicating that the implemented struc-
tural modifications in 2 do result in its increasing uptake by A549 
cells (Figure 2). 

 

 

Figure 3.  Typical images of live and fixed cells after exposure to 5 µM 
solution of sensor 2 for 3 hours under different treatment protocols.  
“Live without media change”:  sensor 2 is added to cells; and cells are 
imaged after the exposure in the same environment.  “Live after a single 
media change”:  sensor 2 is added to cells; media is changed after expo-
sure; and cells are imaged in media.  “Live after PBS washes”:  sensor 2 
is added to cells; cells are washed with PBS after the exposure; and cells 
are imaged in media.  “Fixed”:  sensor 2 is added to cells; fixation proto-
col is applied after the exposure time; and cells are imaged in PBS.  White 
scale bars in bright field images correspond to 20 μm. 

We also confirm that the small molecule sensor 2 is suitable for im-
aging cells under various treatment protocols: live cells without 
washes or media changes, live cells with PBS washes, and fixed cells 
(Figure 3).  However, we notice that whereas the sensor distribution 
patterns in fixed and live cells (under all treatment variations) look 
similar, more haziness appears in the fixed cells while live cells show 
a more punctate emission distribution.  The slight variation of the 
distribution patterns between live and fixed cells could be due to the 
factors unrelated to the sensor (e.g. different stages of the cell cycle, 
disruptions due to imaging time outside of the incubator, redistribu-
tion of the EGFR upon cell fixation, etc.).  Further investigation of 

the differences in distribution patterns is outside of the scope of this 
report. 

Cell uptake and imaging properties.  First, to establish safe up-
take conditions, we evaluate A549 cell viability in the presence 
of varying concentrations (0 – 10 μM) of sensor 2 for up to 72 
hours using an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) assay.  An MTT assay assesses cell 
metabolic activity under various challenges including exposure 
to extrinsic agents (sensor 2 in our case).  If the exposure influ-
ences cell metabolic activity, the colorimetric response of the 
MTT reagent differs from a baseline (cells that are not exposed 
to an agent).  Our observations (Figure 4) indicate that the cell 
metabolic activity upon a 72-hour exposure even to the highest 
10 μM concentration of 2 is not appreciably different from the 
control (cells that have not been exposed to 2).  Interestingly, 
our results correlate very well with the previous reports on re-
sistance of A549 cells towards 10 – 20 μM levels of gefitinib,76 a 
parent structure of the sensor 2.  Thus, a 72-hour exposure to 
sensor 2 at concentrations up to 10 μM is not toxic to A549 
cells. 

 

 

Figure 4.  MTT assay indicates that the exposure of A549 cells to 2 – 
10 μM concentrations of sensor 2 for up to 72 hours (blue up-pointing 
triangles (2 μM), magenta down-pointing triangles (5 μM), green dia-
monds (10 μM)) does not cause detectable changes in cells’ metabolic 
activity compared to control (cells that have not been exposed to 2, red 
circles).  MTT absorption does not change over the same period in the 
absence of cells (black squares). 

Next, to optimize cellular uptake conditions, we expose the A549 
cells to sensor 2 within the time and concentration limits established 
via the MTT assay.  We find that the 3.5 – 5 μM concentration range 
enables the brightest emission (Figure S3 in the Supporting Infor-
mation).  Expectedly, when A549 cells are incubated with the 5 μM 
solution of sensor 2 for various times (ranging within 0.5 – 
24 hours), we observe that the near-IR channel emission is brighter 
at longer incubation times (Figure S4).  At the same time, at longer 
incubation times, we also observe intensification of bright cluster-
like background interferences outside of cell boundaries (appearing 
as red spots on the fluorescent images at 24-hour incubation, encir-
cled in Figure S4).  At this point, we do not know the true nature of 
the interference but hypothesize that at higher concentrations sen-
sor 2 may cluster on cell debris:  EGFR tyrosine kinase protein local-
izes on cellular membrane; therefore,  the cell debris expose multiple 
sites available to bind sensor 2.  It should be emphasized that, based 



 

on the MTT results (discussed above), the higher concentrations of 
sensor 2 are not toxic to A549 cells.  Nevertheless, to minimize po-
tential interferences with imaging, we proceed with incubations not 
exceeding 3 hours in subsequent experiments. 

Intracellular localization.  We evaluate the sensor’s 2 intracellular 
localization with focus on two goals:  (i) to address a potential con-
cern that large hydrophobic compounds like 2 could unselectively 
stain membranes of intracellular organelles,29 and (ii) to demon-
strate the sensor 2 co-localization with the target intracellular EGFR 
tyrosine kinase. 

When we overlay fluorescent emission of sensor 2 with the emission 
from standard organelle trackers DAPI (nucleus), Mito (mitochon-
dria), Lyso (lysosomes), ER (Endoplasmic reticulum), and Golgi 
apparatus (Figure 5), we do not observe any appreciable overlaps 
between the distribution of 2 and either of the trackers.  Since orga-
nelle trackers do not display particular selectivity for any specific bi-
omacromolecular targets, we conclude that sensor 2 does not unse-
lectively stain the respective organelles and their membranes.  

Finally, to prove the selectivity of EGFR tyrosine kinase imaging 
with sensor 2, we demonstrate its co-localization with EGFR kinase 
inside the cells via immunofluorescent experiments.  In this study, 
we first incubate live A549 cells with sensor 2, fix, then permeabilize 
and stain the cells with an EGFR-specific primary antibody followed 
by fluorescently-tagged with Alexa Fluor™ 488 secondary antibody 
(Figure 6).  When overlaying the images, we observe a substantial 
overlap of green (Alexa Fluor™ 488 antibody label) and near-IR 
(sensor 2) channel emissions, with Pearson correlation coefficient 
of 0.92 ±0.01.  The good overlap convincingly indicates that sensor 
2 indeed co-localizes with EGFR tyrosine kinase inside the cells, and, 
therefore, can be used for selective fluorescent imaging of the intra-
cellular protein distribution.  In contrast to antibody-based fluores-
cent immunoassays which can only be performed with fixed cells, 
sensor 2 enables simple and selective imaging and visualization of 

EGFR tyrosine kinase distribution in live cells, which can be used for 
EGFR monitoring via fluorescent microscopy and development of 
cell-based fluorescent assays for high throughput screening of EGFR 
kinase inhibitors.   

Conclusions 

We designed and validated a new type of small-molecule-based near-
IR fluorescent sensing system for intracellular imaging and quantita-
tion of biomacromolecular targets.  The sensor’s turn-on fluorescent 
response is based on the novel phthalocyanine aggregation/de-ag-
gregation mechanism, while its high selectivity stems from the pres-
ence of a strong inhibitor scaffold as a target-recognition domain.  
This is the first report of using Pc aggregation/de-aggregation based 
system for cellular imaging of a specific protein target. 

The reported sensing platform demonstrates typical for the near-IR 
spectral range high S/B ratios and eliminates the need for using mul-
tiple reagents, covalent intra-cell assembly, and post-exposure 
washes.  The latter is the key condition for observing and evaluating 
biomolecules in their true native environments.  As a proof-of-con-
cept, we develop the sensor 2 specifically targeting EGFR tyrosine 
kinase and demonstrate the selective and sensitive near-IR fluores-
cent imaging of this protein inside live and fixed cells with a range of 
treatment protocols including ones with no washes.  While we do 
acknowledge a potential possibility of non-specific binding of 
phthalocyanine fragments over hydrophobic regions of biomacro-
molecules (resulting in phthalocyanine de-aggregation), the magni-
tude of this phenomenon appears insignificant as demonstrated via 
extensive organelle tracker experiments and in vitro specificity stud-
ies. 

We expect that the new general sensor design principles, struc-
ture/bioavailability correlation, and the modular structure of the 
sensing system can be extended towards selective fluorescent imag-
ing of other important biomacromolecular targets.   



 

 

Figure 5.  Fluorescent imaging of live A549 cells using sensor 2 and standard organelle trackers.  Notice lack of colocalization in the near-IR channel 
(sensor 2) with the green or blue channels.  Experimental conditions: 5 μM solution of sensor 2 in 1% DMSO in media (exposure time 3 hours); 2 μM 
of Mito tracker or 1 ng/mL DAPI or 1 μM Lyso tracker or 1 µM of ER tracker or 10 µM of Golgi tracker.  Exposure time to organelle trackers is included 
in the experimental protocol (Supporting Information).  White scale bars in bright field images correspond to 20 μm. 



 

 

Figure 6.  Fluorescent imaging of A549 cells demonstrating sensor 2 colocalization with EGFR specific antibody.  Notice substantial overlap of the 
images in green (fluorescent antibody) and near-IR channels (sensor 2).  Experimental conditions: 5 μM sensor 2 in 1% DMSO in aqueous buffer, 
exposure for 3 hours, fixed cells, post-fixation antibody staining.   White scale bars in bright field images correspond to 20 μm. 
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