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Poly-ion complex (PIC) integrating non-antibiotic theranostics holds great promise in the combat against drug-resistant bacteria.
Photosensitizers with aggregation-induced emission (AIE) characteristic are particularly intriguing theranostic agents, but
incorporating them into antibacterial PIC to enable both fluorescence and reactive oxygen species (ROS) generation turn-on is
deemed a great challenge. Here we report the development of a PIC that can dually boost the fluorescence and ROS generation in
the presence of pathogen bacteria. The PIC is constructed based on an anionic polydiacetylene poly(deca-4,6-diynedioic acid)
(PDDA), which completely degrades in the presence of ROS. A cationic polymer quaternized poly(2-(dimethylamino)ethyl
methacrylate) (PQDMA) that can disrupt bacterial membrane is co-loaded together with a highly efficient AIE photosensitizer
TPCI in the PIC. PIC is nonfluorescent initially in that PDDA can quench the AIE of TPCI in PIC. When pathogenic bacteria are
present, they can disturb the assembly of PIC to release TPCI, whose fluorescence turns on sensitively to indicate the existence of
bacteria. The on-demand irradiation can be subsequently applied to excite TPCI, which generates ROS to degrade PDDA and
deform the PIC. As a result, TPCI and PQDMA are completely released to eliminate bacteria through a synergy of turned-on
photodynamic therapy (PDT) and membrane disruption. The highly efficient detection and inhibition against both Gram-
negative and Gram-positive bacteria have validated this polydiacetylene-based PIC system as an effective non-antibiotic anti-
bacterial theranostic platform as well as a new strategy to enable “turn-on” fluorescence sensing and imaging of AIE fluor-
ophores.
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1 Introduction

Pathogenic bacterial infection has been a mortal threat for
human health for centuries. Since the first discovery of pe-
nicillin in 1928, antibiotics have revolutionized the human’s
battle to fight against bacterial infection [1–3]. However,
bacteria are becoming more and more resistant to antibiotics,
given the widespread abuse of antibiotics in recent decades
[4–7]. Non-antibiotic inhibition of pathogenic bacteria is in
urgent clinical need to effectively control various infections
[8–10]. To date, tremendous efforts have been made to ex-
plore new strategies and to fabricate new materials for non-
antibiotic pathogen inhibition, including metal ions [11],
chitosan [12,13], antibacterial peptides [14,15], and synthetic
cationic polymers [16,17]. Well-established clinical thera-
pies such as photodynamic therapy (PDT) and photothermal
therapy (PTT) are also considered as potential alternatives
against antibiotic-resistant bacteria [18–21]. Unlike the an-
tibiotics that kill pathogens through biological processes, the
non-antibiotic antibacterial approaches based on chemical or
physical damages are more powerful to suppress the patho-
genic bacteria with little resistance [22,23]. However, non-
antibiotic strategies suffer from severe side effects in that
they are usually non-selective and unable to distinguish
microorganisms from human cells.
Nanocarrier-based drug delivery system represents a

promising solution to enable the target-preferential delivery
of therapeutic agents with controlled release kinetics at the
infection lesions [24,25]. Nanocarriers can also co-deliver
multiple therapeutic and imaging agents for integrated
combinational therapy and concurrent diagnosis [26–29].
Furthermore, by elegantly designing nanocarriers, one
could achieve desired release of the agents in infection-
related microenvironments [30–32] or external stimulations
such as photo irradiation, ultrasonic, or magnetic fields
[33–38]. More interestingly, nanocarrier-based “on-de-
mand” therapy with precise spatiotemporal control can
maximize the efficacy of the antibacterial agents with
minimal side effects [39]. Photosensitizers with aggrega-
tion-induced emission (AIE) characteristics are ideal can-
didates to enable the “on-demand” therapy, attributed to
their intrinsic fluorescence reporting and reactive oxygen
species (ROS) generating features. Different from those
fluorophores whose fluorescence may quench at high con-
centrations or in aggregated state, AIE photosensitizers are
non-emissive when molecularly dissolved, but can “turn-
on” their fluorescence emission upon aggregation or re-
striction of intramolecular motion [40–42]. However, AIE
photosensitizers are usually in aggregated state when loa-
ded in nanocarriers, so that their fluorescence is in an al-
ready “turned on” state [43]. When released from the
nanocarriers, these AIE fluorophores have to work in a
“turn-off” or “always-on” manner. It is therefore highly

desired to develop a smart nanocarrier system to warrant the
fluorescence “turn-on” of AIE photosensitizers to assure
the “on-demand” therapy.
In this work, we have created a ROS-deformable poly-ion

complex (PIC) to approach AIE “turn-on” detection and on-
demand eradication of pathogenic bacteria. Through elec-
trostatic interaction, the PIC is composed of an anionic
polydiacetylene poly(deca-4,6-diynedioic acid) (PDDA),
which completely degrades in the presence of ROS [44], a
cationic polymer quaternized poly(2-(dimethylamino)ethyl
methacrylate) (PQDMA) that can disrupt bacterial mem-
brane [45,46], and a highly efficient cationic AIE photo-
sensitizer TPCI. The ultraviolet-visible (UV-vis) absorption
spectrum of PDDA is partially overlapped with the fluores-
cence spectrum of TPCI, so that it can quench the fluores-
cence of TPCI in the PIC due to the fluorescence resonance
energy transfer effect. When bacteria are present, their strong
negatively-charged surfaces can provide a competitive in-
teraction with the cationic TPCI and PQDMA, so as to se-
lectively disturb the assembly of PIC and release partial
TPCI. The separated TPCI can easily capture the bacteria,
and turn on its AIE fluorescence through intramolecular
motion restriction to show the existence of bacteria. More-
over, once we observe the bacterial infection by the TPCI
fluorescence, the on-demand irradiation can be triggered to
excite TPCI. The generated ROS therefore degrade PDDA
and consequently deform the PIC to burst release all of the
TPCI and PQDMA, which eliminate bacteria through sy-
nergistic membrane disruption and enhanced PDT. The de-
tection and inhibition activities of the PIC against both
Gram-negative (E. coli) and Gram-positive (S. aureus) bac-
teria have been proved to be very efficient at low con-
centrations, and we also validated the antibacterial efficacy
of PIC in P. aeruginosa-infected mouse model. This ROS-
deformable PIC system not only demonstrates great potential
in combating bacterial infection, but also paves a new way to
enable “turn-on” fluorescence sensing and imaging of AIE
fluorophores (Figure 1).

2 Results and discussion

2.1 Preparation and characterization of PIC

We firstly synthesized PDDA using host-guest topochemical
polymerization and isolated it following a previously re-
ported procedure [47]. PDDA was further functionalized
with polyethylene glycol (PEG, 25% molar ratio of the
carboxyl groups on PDDA) following typical esterification
conditions to increase the stability of the PIC [47]. The re-
action mixture was dialyzed against water to obtain the
purified PEG-PDDA. The cationic antibacterial agents TPCI
and PQDMAwere then employed to form the PIC with PEG-
PDDA (Figure 2a). TPCI is ultraefficient in generating ROS
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upon white light irradiation, with a >90% ROS quantum
yield [48]. In addition, TPCI is an AIE photosensitizer car-
rying four terminal pyridinium groups (Figure 2a), which can
facilitate the binding with anionic bacteria. PQDMA is a
poly quaternary ammonium salt with high density positive
charges, which can induce the irreversible structural damage
to bacterial cell membranes through their strong electrostatic
interactions.
The formation of PIC could be guided by the positive-to-

negative (p/n) charge ratio. When the ratio reached 1, the
resulting mixture was dialysed to remove free molecules.
The transmission electronic microscopy (TEM) images re-
vealed that the prepared PIC nanoparticles showed uniform
sizes of 50 to 100 nm (Figure 2b). The particle size of the
PIC was also confirmed by dynamic laser light scattering
(DLS, Figure 2c). The samples with different p/n ratios were
tested with DLS to trace the formation of the PIC (Figure S1,
Supporting Information online). When the p/n ratio reached
0.8, the PIC showed minimal particle size and the strongest
scattered intensity. Next, we tested the zeta potential of the
PIC in comparison with individual component (Figure 2d).
The zeta potential values of PEG-PDDA, TPCI, and
PQDMA were −30, +50, and +20 mV, respectively. As ex-
pected, the formed PIC showed a zeta potential close to zero,
suggesting it is neutrally charged. To illustrate the quenching
effect of PDDA to the AIE of aggreated TPCI in PIC, we

employed an anionic polymer without fluorescence
quenching effect (polyacrylic acid, PAA) as a control to form
the PIC with TPCI and PQDMA. As expected, the fluores-
cence of TPCI significantly increased with the addition of
PAA (Figure 2e) or bovine serum albumin (BSA), a typical
negatively charged protein (Figure S2). In a sharp contrast,
when the anionic PDDAwas added to the TPCI solution, no
detectable fluorescence was observed (Figure 2f). The re-
markable difference in the normalized TPCI fluorescence
between adding PAA and PDDA unambiguously indicated
the strong quenching effect of PDDA (Figure 2g).

2.2 Fluorescence “turn-on” detection of bacteria with
PDDA-based PIC

The successful quenching of TPCI fluorescence in PIC
inspired us to pursue the fluorescence “turn-on” detection
of bacteria. The strong negatively charged surface of bac-
teria could competitively interact with the cationic TPCI
and PQDMA in the PIC, leading to the partial disintegration
of PIC and the release of small molecule TPCI. The sepa-
rated TPCI was then able to “turn-on” its fluorescence when
it attached to the bacteria surface (Figure 3a). Using E. coli
as a model pathogen, we examined the capability of our PIC
in detecting bacteria in vitro. As shown in Figure 3b, c, the
fluorescence intensity of TPCI gradually increased with the

Figure 1 Schematic illustration of the bacterial AIE turn-on detection and synergistic antibacterial process by the ROS-deformable PIC (color online).
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increase of the bacteria concentration. The turn-on proce-
dure of the AIE fluorescence of the bacteria solution could
also be observed using a fluorescence microscopy (Figure
3d). The free TPCI concentration is only 3.7 nM in solution
after being absorbed by bacteria, which evidenced the
strong binding affinity of TPCI with the bacteria (Figure
S3a). With the increase of TPCI concentration, its fluor-
escence increased both in the absence (Figure S4) or pre-
sence of bacteria (Figure S5). We further determined that
the “turn-on” detection of bacteria by PIC has a detection
limit of 1×105 CFU mL−1 for Gram-negative bacteria
(Figure S3b) and 0.5×105 CFU mL−1 for Gram-positive
bacteria (Figure S3c). We also used confocal laser scanning
microscopy (CLSM) to observe the bacteria at different
concentrations after being treated with PIC (Figure 3e). The
CLSM images evidenced the strong fluorescence of TPCI
on the surface of the bacteria, and demonstrated that the
detection limit of PIC on both E. coli and S. aureus could be
as low as 1×103 CFU mL−1. The above results clearly
proved the successful AIE turn-on detection and imaging of
both Gram-negative and Gram-positive bacteria with high
sensitivity, taking the advantage of both high binding affi-
nity of TPCI with bacterial surface and strong quenching
effect of PDDA.

2.3 On-demand bacteria elimination by turned-on
PDT and membrane disruption

The sensitive “turn-on” detection of the bacteria also enabled
the on-demand antibacterial therapy by the ROS-deformable
PIC. After the presence of bacteria was verified by the
lightening of TPCI fluorescence, light irradiation could be
applied on demand to activate PIC for bacteria elimination
(Figure 4a). TPCI could efficiently generate large quantity of
ROS upon 450 nm irradiation, and deform the PIC by de-
grading the skeleton PDDA to completely release TPCI and
PQDMA. To verify the degradation of PDDA by TPCI-
generated ROS, we applied 450 nm irradiation on a mixed
solution of TPCI and PDDA. The absorbance (Figure 4b)
and Raman intensity (Figure 4c) of PDDA diminished gra-
dually with the increase of the irradiation time, indicating the
steady degradation of PDDA in the presence of TPCI-gen-
erated ROS. The 1H nuclear magnetic resonance (1H NMR)
of the final degradation product of PDDAwas no longer the
same as that of PDDA, but identical to a small molecule of
succinic acid, consistent with the previously reported pho-
tooxidative degradation product of PDDA [44].
The ROS generation of PIC was determined by a probe

2′,7′-dichlorodihydrofluorescein diacetate (DCFDA) in

Figure 2 Preparation and characterization of PIC. (a) Schematic illustration of the formation of PIC by PEG-PDDA, PQDMA, and TPCI. (b) TEM image
of formed PIC. (c) Size distributions of PEG-PDDA, PQDMA, TPCI, and PIC measured by DLS. (d) Zeta potentials of PEG-PDDA, PQDMA, TPCI, and
PIC measured by DLS. Fluorescence (FL) spectrum of TPCI with the increase of PAA concentration (e) and PDDA concentration (f). (g) Relative
fluorescence intensity of TPCI as a function of carboxyl group in PAA and PDDA (color online).
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water (Figure 4e). Interestingly, when TPCI was loaded into
the PDDA-based PIC, the ROS generation detected by the
DCFDA probe remained low, suggesting that the quenching
effect of PDDA not only reduced the fluorescence emission
of TPCI but also restrained the ROS generation process.
Strikingly, in the presence of E. coli, the ROS generation of
PIC was significantly boosted, implying that the ROS gen-
eration of PIC was also turned on in the presence of bacteria.
To evaluate the antibacterial activity of the PIC, E. coli was
treated with different agents and then incubated in the culture
media. The activity of the remaining bacteria was examined
by measuring the change of optical density at 600 nm
(OD600) in typical incubation condition. Upon 450 nm light
irradiation, which is non-toxic to bacteria (Figure S6), PIC
exhibited a significantly enhanced inhibition on bacteria
growth than the free TPCI (Figure 4f), or the sole PQDMA
and PDDA (Figure 4g). The quantitative analysis of the half
maximal inhibitory concentration (IC50) of the antibacterial

agents was compiled in Figure 4h, in which PIC showed the
lowest inhibition concentration compared with individual
antibacterial agents. On the other hand, the TPCI without
light and the PDDA carrier showed no antibacterial activity.
We also used the colony counting experiments to evaluate
the antibacterial activity of the PIC (Figure 4i, Figures S7
and S8). The results evidenced that PDDA itself had no
antibacterial activity, but the PDDA-based PIC had a su-
perior antibacterial activity compared with PQDMA and ir-
radiated TPCI. The scanning electronic microscopic (SEM)
images revealed that PIC induced severe membrane disrup-
tion of the bacteria. Compared with the intact membrane
structure of E. coli (Figure 4j), we observed crumpled bac-
terial surface and aggregation of the bacteria after PIC in-
cubation, even without light irradiation (Figure 4k). The
result suggested the PQDMA in PIC maintain its membrane
binding and disruption property in the presence of bacteria.
The antibacterial activity of PIC was also validated on

Figure 3 Fluorescence detection of bacteria with poly-ion complex nanoparticles. (a) Illustration of bacterial detection by AIE turn-on of TPCI in the PIC.
(b) Fluorescence spectra of TPCI with increased bacteria concentration. (c) Quantification of the maximal fluorescence intensity with different bacteria
concentrations. (d) Fluorescence images of PIC containing solutions with different numbers of bacteria. Solution in a glass capillary was excited with blue
light (λ=450 nm) and imaged with a fluorescence microscope. (e) Confocal images of PIC treated bacteria with different concentrations (λex=488 nm; λem=
600–650 nm). Scale bar: 50 μm (color online).
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another Gram-negative bacteria P. aeruginosa (Figure S9)
and a Gram-positive bacteria S. aureus (Figure S10). The
membrane disruption property of PQDMA is relatively weak
on S. aureus while the TPCI induced PDT remains destruc-
tive. We also used 2-nitrophenyl-β-D-galactopyranoside
(ONGP) as a probe to evaluate the membrane permeability of
the bacteria after being treated with polycations (Figure 4l).
The E. coli treated with PQDMA or PIC both exhibited an

over 2-fold permeability increase than the original E. coli,
which supported our design to enhance the membrane dis-
ruption using polycations. Interestingly, attributed to the
strong electrostatic interaction between PQDMA and PDDA,
the hemolysis effect of the cationic PQDMA was sig-
nificantly inhibited in PIC compared with free PQDMA
(Figure 4m). These results validated the ROS-deformable
PIC as a promising strategy to achieve on-demand release of

Figure 4 In vitro anti-bacterial effect of PIC against E. coli. (a) Schematic of the synergistic antibacterial effect of PIC. (b) Absorption spectra of PDDA
(25 μg mL−1) in the presence of TPCI (1 μM) upon different irradiation time. (c) Raman spectra of PDDA (25 μg mL−1) in the presence of TPCI (1 μM) upon
different irradiation time. (d) 1H NMR spectra of the mixture of PDDA and TPCI without irradiation (PDDA+TPCI), the degradation mixture of PDDA and
TPCI after receiving irradiation (PDDA+TPCI+light), and the succinic acid. (e) Fluorescence of DCFDA in the presence of PIC (TPCI: 1 μM) with or
without E. coli as function of irradiation time. (f) Antibacterial activity of PIC with light irradiation (10 min, PIC+L), TPCI with light irradiation (10 min,
TPCI+L), and TPCI without light irradiation (TPCI) as a function of TPCI concentration. (g) Antibacterial activity of PIC with light irradiation (10 min, PIC
+L) and PQDMA as a function of PQDMA concentration. (h) Half maximal (50%) bacterial inhibitory concentration of various treatments. (i) Representative
images of the E. coli culture plates after being treated by PBS, PDDA (25 μg mL−1), TPCI (1 μg mL−1), TPCI (1 μg mL−1) with light irradiation (10 min),
PQDMA (10 μg mL−1), and PIC (TPCI: 1 μg mL−1; PQDMA: 10 μg mL−1) with light irradiation (10 min). (j, k) SEM images of E. coli before (j) and after (k)
being treated with PIC. (l) Membrane permeability experiments of E. coli after being treated with PIC or PQDMA. (m) Hemolysis experiment with
antibacterial PIC and PQDMA of different concentration. Irradiation in all experiments: λ=450 nm, 5 mW cm−2 (color online).
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cationic antibacterial agents for minimized side effects.
The PIC-enabled fluorescence turn-on detection and PDT

turn-on infection inhibition were further verified by CLSM
imaging. As shown in Figure 5, the bacteria treated with
different conditions were stained with propidium iodide (PI)
to display the permeability of the bacteria. For the bacteria
treated with free TPCI, only the fluorescence of TPCI was
observed, indicating that TPCI alone could not damage the
bacteria. On the contrary, the bacteria treated with PQDMA
and free TPCI with light both showed strong red PI emission,
which proved that they were capable of inducing bacteria
damage. As a comparison, when the bacteria were treated
with PIC (without light irradiation), the fluorescence of both
TPCI and PI could be observed. The relatively weaker
fluorescence of the TPCI in the absence of light irradiation
clearly demonstrated the fluorescence quenching effect of
PDDA. Interestingly, when we further applied light irradia-
tion on the PIC-treated bacteria, the fluorescence of the TPCI
was enhanced obviously, mainly because of the ROS-in-
duced deformation of PIC. PI also showed strong fluores-
cence comparable to the bacteria treated by PQDMA or free
TPCI with light, which confirmed that PIC could induce
similar membrane disruption effect as PQDMA, and simi-
larly enhanced PDT as free TPCI. These results clearly de-
monstrated that the PDDA-based PIC is an ideal nanocarrier
system for fluorescence and PDT dual turn-on.

2.4 In vivo application of antibacterial PIC for infected
wound healing

Inspired by the excellent in vitro antibacterial theranostic
effect of PIC, we further evaluated the in vivo antibacterial

capacity on wound-infected mouse model. On the back of
individual mouse, wound with 1 cm diameter was inflicted
and subsequently infected with P. aeruginosa (20 μL, 108

CFU mL−1). Mice with infected wounds were randomly di-
vided into four groups (n=5 for each group), and each was
treated with 20 μL of phosphate buffer saline (PBS) solution,
PQDMA solution (10 μg mL−1), TPCI solution (1 μg mL−1),
or PIC solution (TPCI: 1 μg mL−1; PQDMA: 10 μg mL−1) on
Day 0, 3, 5, and 7, respectively (Figure 6a). For mice treated
with TPCI and PIC, 450 nm light irradiation (5 mW cm−2,
20 min) was applied after each drug administration. The
wound healing process was investigated for up to 13 days
after the treatments started. Representative photographs re-
cording the wound closure during the healing period were
compiled in Figure 6b. The wound in the PIC+L group was
almost healed on Day 13, whereas those in the other three
groups could still be visible. To evaluate the wound healing
process quantitatively, the wound area from photographs was
calculated (Figure 6c). The PIC+L group showed the fastest
wound healing rate, and the wound healing areas for the mice
in the PIC+L group were smaller than the mice in other
groups on Day 6 and Day 8 (Figure 6d), validating the sy-
nergistic antibacterial effect resulted from the PIC. The
bacteria from the wound area in each group on Day 3 were
collected and counted (Figure 6e). The PIC+L group showed
the lowest bacteria colony number, and the PBS group
showed the highest. With strong suppressive effect on wound
infection by both PDT and membrane disruption, PIC could
significantly enhance the survival of infected mice. Com-
pared with the survival rate of 25% in the PBS group, all the
mice treated with PIC and irradiation remained alive at the
end of the experiment (Figure 6f), indicating the excellent

Figure 5 CLSM images of bacteria receiving different antibacterial treatments. All samples were stained with PI. Concentration of TPCI: 1.5 μg mL−1;
concentration of PQDMA: 15 μg mL−1; concentrations of TPCI and PQDMA in PIC were 1.5 and 15 μg mL−1 respectively. Irradiation: λ=450 nm,
5 mW cm−2, 10 min. TPCI: λex=488 nm, fluorescence (FL) was collected from 500 to 550 nm; PI: λex=532 nm, FL was collected from 600 to 650 nm. Scale
bar: 20 μm (color online).
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alleviation of bacterial infection as well as the fast wound
healing by the synergistic membrane disruption and turned-
on PDT through PIC.
To further assess the wound repair process, the wounds of

mice were harvested and subjected to hematoxylin and eosin
(H&E) staining and Masson’s trichome staining on Day 14.
As shown in Figure 6g, the granulation tissues (blue double-
head arrows) in the PBS group were thicker than those in all
other groups, whereas those in the PIC+L group was the
thinnest, suggesting a better regeneration of epithelial tissues
in the PIC+L group. The epidermis in the PBS group was
severely damaged, and incomplete epidermis could also be
observed in TPCI and PQDMA group (Figure 6h, black ar-
rows). In contrast, infected tissues in the PIC+L group

formed completely regenerated epithelium (Figure 6h, green
arrow). Additionally, hair follicles (marked by the yellow
arrows), one of the dermal appendages for the structural
integrity of the remodeling tissue evaluation were also more
intensive in the PIC+L group, illustrating that the dermis was
reforming and PIC achieved the best wound healing effects
among all therapies. Moreover, less inflammatory cells
(marked by the red arrows) indicated that wounds in the PIC
+L group had already undergone the inflammatory phase and
were in a later wound healing stage. These data confirmed
that the synergistic bacterial elimination ability offered by
PIC can effectively promote the infected wound healing
process, validating PIC as an excellent wound dressing ma-
terial with great clinical application potentials.

Figure 6 In vivo antibacterial effect of mouse wounds infected with P. aeruginosa. (a) Schematic diagram of mouse wound infection with P. aeruginosa
and treatment execution (n=5 for each group). Dosing volume: 20 μL; concentration of PQDMA: 10 μg mL−1; concentration of TPCI: 1 μg mL−1; con-
centration of PIC: 1 μg mL−1 for TPCI and 10 μg mL−1 for PQDMA; irradiation: λ=450 nm, 5 mW cm−2, 20 min after administration. (b) Photographs of
mouse wounds infected by P. aeruginosa receiving different treatments at different time. The last row: representative wound closure traces during the therapy
period (the purple, green, yellow, red areas represent the actual wound areas in the corresponding groups on Day 0, 6, 10, 13, respectively). (c) Wound area
changes in P. aeruginosa-infected mice by time. (d) Relative wound area on Day 6 and Day 8. (e) Colony counting of samples obtained from infected wounds
on Day 3. Inset: digital photos of colonies deriving form samples obtained from corresponding infected wounds on Day 3 (the frame colors of photos were
consistent with those in the bar chart). (f) Survival rates of P. aeruginosa-infected mice receiving different treatments. (g) H&E staining and (h) masson
staining of infected skin wound tissue with different treatments on Day 14. Green dashed lines: the boundary of epithelium and dermis; blue double-headed
arrows: granulation tissues; red arrows: inflammatory cells; yellow arrows: hair follicles; black arrows: damaged epidermis; green arrows: complete
epidermis. Scale bar: 200 μm (color online).
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3 Conclusions

In summary, we have created an antibacterial PIC based on
anionic polydiacetylene PDDA to realize the AIE turn-on
detection and on-demand eradication of pathogen bacteria.
With the excellent absorption effect of PDDA, the AIE of
TPCI is efficiently quenched in the PIC, so that the turn-on
detection of bacteria by TPCI can be achieved conveniently
and sensitively. It is also noteworthy that the ROS generation
efficiency of TPCI in PIC fluorescence can also be turned-on
in the presence of bacteria. Upon the on-demand light irra-
diation, the PIC is deformed by the generated ROS to com-
pletely release TPCI and PQDMA for synergistic PDT and
membrane disruption on the bacteria. The efficient anti-
bacterial activities against both Gram-negative and Gram-
positive bacteria were validated at low concentrations, and
the antibacterial PIC also accelerated the wound closure of
P. aeruginosa-infected mice. This polydiacetylene-based
PIC system not only holds great promise in fighting against
pathogen bacteria, but also sheds new light for the devel-
opment of “turn-on” fluorescence sensing and imaging sys-
tems based on AIE lumigens.
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