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Transmembrane protease serine 2 (TMPRSS2) is a plasma membrane protease that activates 

both spike protein of coronaviruses for cell entry and oncogenic signaling pathways for tumor 

progression. TMPRSS2 inhibition can reduce cancer invasion and metastasis and partially prevent 

the entry of SARS-CoV-2 into host cells. Thus, there is an urgent need for both TMPRSS2-

selective imaging and precise screening of TMPRSS2 inhibitors. Here, we report a TMPRSS2-

responsive surface-potential-tunable peptide-conjugated probe (EGTP) with aggregation-induced 

emission (AIE) features for TMPRSS2 selective imaging and accurate inhibitor screening. The 

amphiphilic EGTP was constructed with tunable surface potential and responsive efficiency with 

TMPRSS2 and its inhibitor. The rational construction of AIE luminogens (AIEgens) with modular 

peptides indicated that the cleavage of EGTP led to a gradual aggregation with bright fluorescence 

in high TMPRSS2-expressing cells. This strategy may have value for selective detection of cancer 

cells, SARS-CoV-2-target cells, and screening of protease inhibitors.

Graphical Abstract

INTRODUCTION

Transmembrane protease serine 2 (TMPRSS2) is a cell membrane protease that is highly 

expressed in epithelial cells of the nose, lung, colon, gallbladder, kidney, and prostate, and 

plays key roles in tissue homeostasis.1–3 TMPRSS2 has a transmembrane domain, a linker 

region, and a canonical serine protease domain with both proteolytic and signal transduction 

activity.4–6 TMPRSS2 can cleave after the peptide sequence QAR.7,8 Aberrant expression of 

TMPRSS2 in cancer cells suggests it may be used as a diagnostic biomarker and possibly 

as a therapeutic target.9,10 Some coronaviruses and influenza viruses are also dependent on 

TMPRSS2 for viral activation and cell entry.11–16 TMPRSS2 inhibitors can reduce prostate 

cancer cell invasion and metastasis and partially prevent the entry of SARS-CoV-2 into 

the lung epithelial cells.17–20 Monitoring TMPRSS2 activity has attracted broad attention 

due to its important value in imaging cancer cells, viral infection, and identification of 

inhibitors,21–23 which has led to the development of fluorogenic peptide substrates and 

immunofluorescence antibodies.24–27 TMPRSS2 selective imaging and accurate TMPRSS2 
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inhibitor screening may improve the diagnosis and treatment of cancer as well as COVID-19 

and other emerging viruses.

Fluorescence imaging has been widely used because of its high sensitivity, excellent 

resolution, multicolor labeling, and rapid signal acquisition.28–30 There are several signal 

conversion mechanisms to design enzymatic fluorescent probes, like intramolecular 

charge transfer, photon-induced electron transfer, Förster resonance energy transfer, and 

aggregation-induced emission (AIE).31–33 Among them, the fluorescence intensity of 

AIE luminogens (AIEgens) responds to changes in restriction of intramolecular motion 

with polarity or molecular-rotation-limited environment.34,35 Propeller-shaped AIEgens 

have been widely applied to optical devices, luminescent sensors, imaging probes, and 

cancer theranostic.36 For example, the bright yellow fluorescence, mitochondrial targeting, 

and superior photostability of AIEgen azide-functionalized tetraphenylethene pyridinium 

(PyTPE) is beneficial for real-time long-term cell imaging.37,38 Notably, the fluorescent 

intensity of PyTPE can be enhanced after the cleavage of peptides, nucleic acids, and 

glycans with proteases.39,40 To focus on extracellular proteases, Tsien and co-workers 

developed protease-activatable cell-penetrating peptide probes where the positively charged 

cell-penetrating peptides are initially neutralized by polyanionic sequences.41,42 Specific 

protease cleavage liberates the polycationic peptide linked probe, which binds and enters 

cells for imaging. Creating a positively charged AIEgens peptide with a cell surface 

protease-removable polyanionic peptide could reduce non-specific aggregation of positive 

charged AIEgens inside cells and restrict probe cleavage to extracellular proteases.

Herein, we developed a protease-responsive and surface-potential-tunable peptide-

conjugated AIEgens (EGTP) for TMPRSS2-selective imaging and accurate inhibitor 

screening (Scheme 1). EGTP consists of four segments: the first is a polyglutamic acid 

(Glu, E for short in EGTP) that increases the solubility and blocks PyTPEs’ positive charges 

and cell-penetrating ability.43,44 Second, the spacer trimylglycine (GGG, G) is designed 

to enhance probe flexibility and reduce steric hindrance for TMPRSS2-related substrate 

interactions.45 The third component is the TMPRSS2-responsive peptide (QAR, T), which 

can be cleaved by TMPRSS2 after the QAR sequence.7,8,25 The fourth is a positive charged 

AIEgens (PyTPE, P).33,37,38 These four components were covalently coupled through 

Fmoc-based solid-phase peptide synthesis and copper-catalyzed azide–alkyne click reaction. 

We found that in the absence of TMPRSS2, EGTP is a highly negatively charged and 

amphiphilic molecule that can be highly water-soluble with limited fluorescence (Scheme 

1a).46 After cleavage by TMPRSS2, the hydrophilic polyglutamic acid segment is separated 

from the PyTPE segment. Decreasing hydrophilicity leads to PyTPE aggregation and strong 

fluorescence, which is blocked by the TMPRSS2 inhibitor. Thus, EGTP cleavage by high 

TMPRSS2 expressing cells releases PyTPE that crosses the cell membrane and aggregates 

with enhanced fluorescence (Scheme 1b). This probe will provide a controllable avenue for 

protease-selective imaging and accurate inhibitor screening in cell-based models.

EXPERIMENTAL SECTION

Materials, Methods, Synthesis, and Characterization of PyTPE, EGTP, TGP, and EGEP.

For further details, please see the Supporting Information.
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Enzymatic Assay with EGTP, TGP, and EGEP.

The stock solution of PyTPE, EGTP, TGP, and EGEP in 20 mM Tris–HCl buffer (pH = 

8.0) was diluted with TMPRSS2 assay buffer (20 mM Tris–HCl buffer (pH 8.0) with 150 

mM NaCl, 1 mM DTT, and 5% glycerol) to make 1, 5, 10, and 20 μM working solutions. 

Recombinant TMPRSS2 was added into the working solution and then diluted to a total of 

100 μL with the same Tris–HCl buffer. The reaction mixture was incubated at 37 °C for 1 h 

for UV–vis absorption and fluorescence measurement. The solution was excited at 405 nm, 

and the emission was collected from 430 to 800 nm.

Cell Culture and Plasmid Transfection.

All the cells were cultured in Dulbecco’s modified Eagle medium (DMEM) with 10% fetal 

calf serum (FBS) and 1% penicillin streptomycin (PS, 10,000 IU penicillin and 1000 μg/mL 

streptomycin, multicell) in cell culture plates at 37 °C in a humidified atmosphere containing 

5% CO2.

Incubation of Cells with Probes.

For confocal laser scanning microscopy (CLSM) imaging, A549 cells, HeLa cells, MCF-7-

GFP cells, Vero cells, and TMPRSS2-Vero cells were seeded into cell culture dishes at a 

density of 2.0 × 105 in growth medium (DMEM supplemented with 10% FBS, 200 mL). 

After overnight incubation, the cells were washed with phosphate-buffered saline (PBS, pH 

7.4) three times. A solution of the indicated probe in PBS was then added, and the cells were 

incubated in a 5% CO2 atmosphere at 37 °C for further use. Hoechst 33258 and MTG (or 

Alexa Fluor 488 or Alexa Fluor 647) were subsequently added for probe incubation. The 

supernatant was then discarded, and the cells were washed gently twice with PBS and fixed 

with 2% paraformaldehyde at room temperature for 20 min prior to optical imaging.

Immunofluorescence.

Fixed cells were washed with PBS and then with PBS including 1% BSA and 0.1% Triton 

X-100. Cells were incubated with primary antibody against TMPRSS2 (1:100, abcam and 

Thermo Fisher Scientific) in PBS including 1% BSA and 0.1% Triton X-100 overnight 

at 4 °C. Cells were washed and incubated with Alexa 488 or Alexa 647 goat anti-rabbit 

secondary antibody (abcam and Thermo Fisher Scientific) in PBS including 1% BSA for 1 h 

at room temperature followed by 3× PBS washes.

Confocal Laser Scanning Microscopy.

The fluorescence signals of cells were detected using a Zeiss LSM 880 CLSM (Zeiss), 

equipped with a 63/1.42 numerical aperture oil-immersion objective lens. A 405 nm laser 

was chosen for the excitation of Hoechst 33258, and the emission was collected at 420–460 

nm. A 405 nm laser was chosen for the excitation of AIEgens, and the emission was 

collected at 550–620 nm. A 488 nm laser was chosen for the excitation of GFP (or MTG, or 

Alexa 488), and the emission was collected at 500–530 nm. A 633 nm laser was chosen for 

the excitation of Alexa 647, and the emission was collected at 650–720 nm. All fluorescence 

images were analyzed with Zeiss Image software (Zeiss).
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Cytotoxicity Assay.

The cytotoxic potential of PyTPE, EGT, EGTP, TGP, and EGEP were assessed using the 

A549 cells, HeLa cells, and MCF-7 cells for 48 h incubation in quadruplicate in a 96-well 

plate. The fluorescence of Resazurin solution at 690 nm using an excitation wavelength of 

560 nm was recorded by a Synergy H1 microplate reader (BioTek) with standard operation 

procedures.

RESULTS AND DISCUSSION

Design, Synthesis, and Characterization of EGTP and Its Derivatives.

EGTP was designed to be activatable and cell-penetrating based on the AIE effect after a 

TMPRSS2 trigger (Figure 1a). EGTP mainly involves a peptide part (EGT) and AIEgen part 

(PyTPE). The polyglutamic acid (EEEEEEEEE) was placed at the N-terminal. Importantly, 

the QAR sequence is a substrate for TMPRSS2 cleavage: Cleavage of QAR changes the 

hydrophobicity and hydrophilicity of the system and facilitates cell uptake. Trimylglycine 

(GGG) linkers were added at both ends of the TMPRSS2 substrate to leave space for 

enzyme and substrate binding. Propargylglycine (Pra) is used as a linker at the N-terminal 

to react with PyTPE. All domains are coupled via Fmoc-based solid-phase peptide synthesis 

and a copper-catalyzed click reaction. After TMPRSS2 cleavage, EGTP is divided into 

the hydrophilic EEEEEEEEEGGGQAR and the hydrophobic GG(Pra)-PyTPE. Two control 

probes that lacked the polyglutamic acid sequence (TGP) or the TMPRSS2-responsive 

peptide (EGEP) are synthesized to verify TMPRSS2-mediated activation. All probes are 

synthesized according to previous reports (Schemes S1–S4).32,33,37,38 The molecules were 

characterized by high performance liquid chromatography (HPLC, Figures 1b and S1), 

electrospray ionization mass spectrometry (ESI-MS, Figures 1c–e and S2,S4 and S7), and 

high-resolution mass spectra (Figures S3,S5, and S8) to confirm their purity (at least 95%) 

and chemical structures. Taking EGTP, for example, Figure 1d shows a strong peak at 

1225.12 attributed to the [M + 2H]2+ ion of EGTP (calcd, 1224.51286) as well as a strong 

peak at 816.90 attributed to the [M + 3H]3+ ion of EGTP (calcd, 816.6815). The mass data 

of TGP and EGEP also matched well with the calculated data. These data indicated that 

EGTP, TGP, and EGEP were synthesized successfully.

Responsiveness to Enzyme in Solutions.

We first evaluated whether the probes can be specifically cleaved by recombinant TMPRSS2 

as predicted. HPLC and ESI-MS analysis confirmed that EGTP and TGP but not EGEP can 

be cleaved by TMPRSS2 between R and G after incubation for 1 h at 37 °C in 20 mM 

Tris–HCl buffer (pH 8.0) (Figures 1b,e and S6 and S9). Dynamic light scattering (DLS) tests 

and transmission electron microscopy (TEM) of EGTP, TGP, and EGEP were performed to 

determine the change of particle size, surface potential distribution, and particle morphology 

after incubation with TMPRSS2 (Figures S10 and S11). For 20 μM EGTP, the average 

hydrodynamic size increased from 79 to 352 nm (Figure 1f), and the mean zeta potential 

value increased from −23.8 to −16.6 mV (Figures 1g and S12), suggesting nanoparticle 

aggregation and a reduction of polyglutamic acid on the particle surface. Their morphology 

changes with TMPRSS2 incubation were confirmed by TEM (Figures 1h and S13). These 
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data proved that EGTP and TGP but not EGEP is responsive to TMPRSS2 leading to an 

aggregated state and surface potential changes.

We then explored the spectral properties of PyTPE, EGTP, TGP, and EGEP. They had 

absorption spectral profiles at 320–490 nm in Tris–HCl buffer with 1% DMSO (Figures 2a 

and S14); 405 nm was thus chosen as the optimal excitation wavelength. The fluorescence 

spectral profiles of PyTPE, EGTP, TGP, and EGEP were 500–750 nm. Their fluorescence 

intensities decreased after being modified with hydrophilic peptides, and the wavelength 

is redshifted (Figure 2b). Particularly, the fluorescence intensity of TGP was stronger than 

that of EGTP and EGEP because of the lack of the hydrophilic polyglutamic acid.46 The 

fluorescence changes of EGTP were monitored upon incubation with TMPRSS2: 20 μM 

offered significant fluorescence enhancement and was used for subsequent experiments 

(Figure S15).

To further validate the enzyme digestion efficiency, different concentrations of EGTP 

were incubated with different concentrations of TMPRSS2 (Figures 2c,d and S16). 

The fluorescence intensity of EGTP increased 22.61-fold and 9.96-fold with increasing 

concentrations of both EGTP and TMPRSS2. But EGTP did not reach the equivalent 

fluorescence intensity of PyTPE at the same concentration, likely because hydrophilic 

residues (G and Pra) remain linked with PyTPE after cleavage (Figure S17). Subsequent 

kinetic studies were performed by incubating EGTP with TMPRSS2 and camostat mesylate 

(i.e., camostat), a TMPRSS2 serine protease inhibitor (Figure 2e).20,27 The fluorescence 

intensity of EGTP at 590 nm increased over time in the presence of TMPRSS2 and was 

blocked by camostat.

EGTP was treated under identical conditions with several commercial mammalian and viral 

proteases, proteins, and different media to investigate probe specificity and stability (Figures 

2f and S18). The fluorescence intensity of EGTP selectively increased 4.7-fold higher 

in the presence of TMPRSS2. Trypsin caused some fluorescence enhancement (2.3-fold) 

due to its cleavage after arginine (R) in the peptide sequence.47 Our results showed the 

tryptic digestion of EGTP has less cleavage efficiency than TMPRSS2. Trypsin has limited 

impact on TMPRSS2 detection, and its interference can be controlled and minimized via 

probe concentrations and incubation time. Camostat reduced TMPRSS2-dependent EGTP 

fluorescence to a greater degree than incubation with GC376, a cysteine protease inhibitor, 

or GRL0617, a papain-like cysteine protease inhibitor, that have activity against SARS-

CoV-2 main protease (Mpro) and papain-like protease (PLpro), respectively (Figure 2g).32 

The inhibition of fluorescence intensity was linearly correlated with camostat concentration 

(Figure 2h). These results demonstrate that EGTP can detect recombinant TMPRSS2 and 

TMPRSS2 inhibitors in buffer or cell culture medium.

TMPRSS2 Selective Imaging in Cancer Cells with EGTP.

The TMPRSS2 selective imaging of EGTP was tested via three different cell lines. A549 

cells and HeLa cells express TMPRSS2 at low levels, while MCF-7-GFP cells (with a 

GFP reporter gene for stable expression of GFP in order to distinguish from other cell 

lines) express TMPRSS2 at high levels as confirmed by flow cytometry with Alexa Fluor 

647-labeled antibody (Alexa 647) (Figure S19).3,21,48,49 These cell lines were cultured alone 
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or co-cultured in the presence of PyTPE, EGTP, TGP, EGTP, Hoechst 33258 (nucleus 

staining), Mito tracker green (MTG), TMPRSS2 primary antibody, and Alexa Fluor 647-

labeled secondary antibody (Alexa 647) for CLSM observation (Figure 3a). We observed 

that the yellow fluorescence of PyTPE overlapped well with the green fluorescence of MTG 

in the HeLa cells due to the hydrophobic effect and electrostatic interactions of positively 

charged pyridinium unit and hydrophobic alkyl chain to confirm that PyTPE is suitable 

for cell imaging (Figure 3b).38 We then used immunofluorescence imaging to validate the 

TMPRSS2 relative expression among these three cell lines with Alexa 647 (Figures 3c and 

S20). The relative fluorescence intensity of A549 cells, HeLa cells, and MCF-7-GFP cells 

was 0.68, 0.95, and 16.99, which was similar to the RNA expression reported data (the 

resulting normalized transcript expression values (nTPM) calculated for each gene in every 

sample are 0, 0.1, and 10.5 for A549, HeLa, and MCF-7-GFP, respectively).49

In addition, to examine the cytotoxicity and optimize the concentration of each probe for cell 

imaging, different concentrations, between 1 and 20 μM, of PyTPE, EGT, EGTP, TGP, and 

EGEP were incubated with A549 cells, HeLa cells, and MCF-7-GFP cells for 48 h under 

standard cell culture conditions (Figure S21). EGT and EGEP showed negligible toxicity to 

these cells with almost 100% cell viability at the tested concentrations. High concentrations 

of PyTPE (>5 μM), EGTP (>10 μM), and TGP (>10 μM) can cause significant cytotoxicity. 

CLSM images of MCF-7-GFP cells showed a good signal to noise ratio and stronger 

yellow fluorescence of EGTP at higher concentrations (10 μM) versus the fluorescence of 

5 μM EGTP incubation (Figure S22). Therefore, 10 μM EGTP was used for cell imaging 

experiments.

Under the same staining condition, A549 cells showed almost no yellow fluorescence 

(Figure 3d). There is no TMPRSS2 expression, no cleavage of EGTP, and no GG(Par) 

PyTPE signal in the A549 cells. Only weak yellow fluorescence was displayed in the 

HeLa cells (Figure 3e). Strong green and yellow fluorescence were both observed in the 

MCF-7-GFP cells (Figure 3f). We also found that the yellow (EGTP) and red (Alexa 

647) fluorescence signals relate to TMPRSS2 expression levels and are different across 

a population of MCF-7-GFP cells (Figures S23 and S24). Importantly, co-cultured MCF-7-

GFP and A549 cells (MCF-7-GFP and A549 cells) showed that only MCF-7-GFP cells 

(white dotted ring) have strong green and yellow fluorescence signals, thus indicating that 

TMPRSS2 can uniquely identify TMPRSS2 expressing cells (Figure 3g–i). Importantly, 

A549 cells showed little yellow fluorescence in the MCF-7-GFP and A549 co-cultured 

cells due to the nonspecific internalization of GG(Pra)-PyTPE after the cleavage of EGTP 

by TMPRSS2 from MCF-7-GFP cells (Figure S24c). Strong yellow fluorescence signals 

of EGTP were observed in the co-cultured A549 cells with the increasing incubation 

time (Figure S25). In contrast, A549 cells, HeLa cells, and MCF-7-GFP cells all showed 

strong yellow fluorescence during TGP incubation due to the lack of polyglutamic acid and 

nonspecific internalization by positive charged units (Figures S26 and S27). Additionally, 

there was minimal yellow fluorescence observed in MCF-7-GFP cultured with and without 

A549 cells during EGEP incubation, which lacks the QAR protease cleavage sequence 

required to release the polyglutamic acid segment (Figure S28). We had to control the 

incubation time of probes with cells to avoid these false positive signals caused the 

aggregation of probes by the positively charged proteins or the nonspecific cleavage by 
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other proteases outside the cytomembrane (Figure S29). These data verify that EGTP detects 

the TMPRSS2 expression in individual cells through proteolytic release of the polyglutamic 

acid segment.

TMPRSS2 Selective Imaging and Inhibition of Vero Cells and TMPRSS2-Vero Cells with 
EGTP and Camostat.

We next validated the ability of EGTP to screen for TMPRSS2 inhibitors using Vero E6 

cells with (TMPRSS2-Vero) and without (Vero) the TMPRSS2 expression (Figure 4a). Vero 

cells and TMPRSS2-Vero cells (Recombinant clonal stable Vero E6 cell line constitutively 

expressing full length human TMPRSS2) were incubated with different concentrations (1, 

5, 10, and 20 μM) of PyTPE and EGTP (Figures S30–S33). The expression of TMPRSS2 

in Vero and TMPRSS2-Vero cells was confirmed by TMPRSS2 primary antibodies with 

Alexa Fluor 488 (Alexa 488) labeled secondary antibodies (Figure 4b,c). The yellow 

fluorescence of PyTPE observed and enhanced with increasing concentrations both in the 

Vero cells and TMPRSS2-Vero cells, while the yellow fluorescence of EGTP was selectively 

observed in TMPRSS2-Vero cells (Figure 4d,e). The yellow fluorescence of EGTP and 

green fluorescence of Alexa 488 showed that the TMPRSS2 distribution is different for each 

cell (Figure S34).

After validating that EGTP activation was TMPRSS2-dependent in TMPRSS2-Vero cells, 

we then tested whether EGTP could measure TMPRSS2 inhibition in a cell-based model 

(Figure 5a). TMPRSS2-Vero cells were incubated with different concentrations (0, 1, 10, 

100, and 1000 μM) of camostat before adding EGTP and Hoechst 33258 (Figure 5b–f). 

EGTP yellow fluorescence decreased with increasing concentrations of camostat (Figure 

S35), but the yellow fluorescence did not change in the presence of GC376 or GRL0617 

(Figure S36). These data confirm that EGTP can identify TMPRSS2 inhibitors in living 

cells.

CONCLUSIONS

In summary, this work demonstrated a TMPRSS2-responsive and surface-potential-tunable 

peptide-conjugated probe (EGTP) with multifunctional peptides and AIEgen for selective 

imaging of TMPRSS2 in MCF-7-GFP and TMPRSS2-Vero cells. We utilized the positive 

charged PyTPE for cell internalization and imaging, the negative charged polyglutamic 

acid to block internalization, and the TMPRSS2-responsive sequence to regulate the 

internalization and aggregation of PyTPE. Importantly, the delivery process and AIE 

effect of EGTP were controlled by the rational composition of the modular-peptides. In 

contrast to control probes without negatively charged polyglutamic acid (TGP) or the 

TMPRSS2-responsive sequence (EGEP), EGTP is both effectively cleaved by TMPRSS2 

and forms aggregates with bright yellow fluorescence. We verified that EGTP accurately 

identifies TMPRSS2 expressing cells using three different cancer cell lines, Vero cells, 

and TMPRSS2-Vero cells. Additionally, using camostat, we show that EGTP can identify 

inhibitors of TMPRSS2 in a cell-based model. Future work will evaluate the probe 

stability and sensitivity in complex environments for studies of cell migration, cell–cell 

interactions, cell tracking, and clinical sample analysis. This strategy for protease-responsive 
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and surface-potential-tunable peptide-conjugated probes could lead to effective membrane 

protein imaging and accurate inhibitor screening for precise diagnosis and treatment of 

cancer, SARS-CoV-2, and other emerging viral infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Structural characterization of EGTP and its derivatives. (a) Brief description of PyTPE, 

EGTP, TGP, and EGEP; the red slash represents the TMPRSS2 cleavage position, the 

red superscript represents the number of charges in the probes. (b) High-performance 

liquid chromatography (HPLC) results of EGT, PyTPE, EGTP, and EGTP incubation with 

TMPRSS2 under 254 or 405 nm. (c–e) ESI-MS results of EGT, EGTP, and EGTP incubation 

with TMPRSS2. The aggregation of PyTPE after TMPRSS2 cleavage was confirmed by (f) 

hydrodynamic sizes via DLS, (g) ζ potential values, and (h) photographs and TEM images. 

In panel h, vials contained 1, 5, 10, 20, 50, 100, 200, and 400 μM EGTP solutions from left 

to right. Scale bars: 100 nm.
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Figure 2. 
Photophysical properties of EGTP and its derivatives. (a) Absorption and (b) fluorescence 

spectra of PyTPE, EGTP, TGP, and EGEP showed solubility enhancement with decreased 

fluorescence intensity after conjugation with peptides. (c,d) Fluorescence spectra and (e) 

kinetics of EGTP with different concentrations of TMPRSS2 and 100 nM camostat at 590 

nm showed that the fluorescence increase is due to TMPRSS2. (f) Probe specificity of EGTP 

with 200 nM used TMPRSS2, bovine serum albumin (BSA), hemoglobin (HGB), main 

protease (Mpro), papain-like protease (PLpro), thrombin (TB), and trypsin. (g,h) Impact of 

protease inhibitors was studied with EGTP, TMPRSS2, camostat, GC376, and GRL0617. In 

panel h, I0 is the fluorescence intensity of EGTP. It is the fluorescence intensity of EGTP 

after incubation with TMPRSS2; Ic is the fluorescence intensity of EGTP after incubation 

with TMPRSS2 and different concentrations of camostat. Here, 20 μM of PyTPE, EGTP, 

TGP, and EGEP were dissolved in Tris–HCl buffer with 1% DMSO.
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Figure 3. 
TMPRSS2-selective imaging in cancer cells with EGTP. (a) The experimental scheme of 

TMPRSS2-selective imaging between TMPRSS2 low- and high-expressing cells during 

incubation with EGTP. CLSM images of (b) HeLa cells with PyTPE and MTG as well 

as (d) A549 cells, (e) HeLa cells, (f) MCF-7-GFP cells, and (g) MCF-7-GFP and A549 

co-cultured cells with EGTP. The average fluorescence intensities of (c) A549 cells, HeLa 

cells, and MCF-7-GFP cells with Alexa 647-labeled TMPRSS2 antibodies, (h) yellow 

fluorescence representing AIEgen activation, and (i) green fluorescence representing MTG 

and GFP in panels (b,d–g). The MCF-7-GFP cells were activated in the green channel. 

The EGTP is activated in the yellow channel when cells express TMPRSS2. Pink arrows 

show fluorescence only from EGTP. Panel g shows white and red dotted rings denoting the 

MCF-7-GFP cells and A549 cells, respectively.
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Figure 4. 
Validation of EGTP in the Vero cells and TMPRSS2-Vero cells. (a) Experimental scheme 

of Vero and TMPRSS2-Vero cells after incubation with different AIEgens. The enlarged 

portion shows the mechanism of immunofluorescence imaging. CLSM images and the 

relative fluorescence intensities of the Vero cells with (b) PyTPE and (d) EGTP incubation 

and TMPRSS2-Vero cells with (c) PyTPE and (e) EGTP incubation. The EGTP and Alexa 

488 are activated in the yellow and green channels when cells express TMPRSS2.
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Figure 5. 
Accurate TMPRSS2 inhibitor screening with EGTP and camostat. (a) Experimental scheme 

of TMPRSS2-Vero cells after incubation with camostat and EGTP. CLSM images and the 

relative fluorescence intensities of TMPRSS2-Vero cells with different concentrations of 

camostat and 10 μM EGTP for cell imaging. (b) 0, (c) 1, (d) 10, (e) 100, and (f) 1000 

μM camostat. The EGTP is activated in the yellow channel when cells express TMPRSS2 

without camostat inhibition.
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Scheme 1. Structure and Function of EGTP
; (a) Molecular Structure Changes of EGTP with TMPRSS2; (b) EGTP is Used for 

TMPRSS2-Responsive Imaging and Accurate Inhibitor Screening; (i) Negatively Charged 

Amphiphilic EGTP Cannot Cross the Cell Membrane of Cells with Low TMPRSS2 

Expression; (ii) EGTP Can be Cleaved by Cells with High Expression of TMPRSS2; 

(iii) Surface Potential of the PyTPE Segment Changes after Removal of the Negatived 

Polyglutamic Acid; (iv) and Can be Internalized into the Cells; (v) High Concentrations of 

the PyTPE Segment Can Aggregate with Enhanced Fluorescence; (vi) No Fluorescence is 

Observed Once TMPRSS2 is Suppressed by Its Inhibitors.
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