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1 Materials and Methods
1.1 Materials

4-Bromo-N-(4-bromophenyl)-N-phenylaniline,  pyridin-4-ylboronic  acid, 4-
vinylpyridine, Potassium carbonate (K,CO;), Palladium acetate (Pd(OAc),),
Triphenylphosphine (P(C¢Hs);), Triethylamine (TEA), 1,4-dibromobutane, 1,6-
dibromohexane, dimethylformamide (DMF), Tetrahydrofuran (THF), dimethyl
sulfoxide (DMSO), 9,10-Anthracenediyl-bis(methylene)-dimalonic acid (ABDA) were
obtained from Macklin. Tetrakis(triphenylphosphine)palladium (0) (Pd[P(C¢Hs)s]a4),
Rose Bengal (RB), and Phosphate buffer saline (PBS) were purchased from Aladdin.
They were used without further purification unless otherwise stated. The biochemical
reagents including culture medium and other components were supplied by Boyetime
Biotechnology. Cell assays like CCK8 kit and DAPI and mito-tracker Red were
purchased from Boyetime Biotechnology.
1.2 Measurements

NMR spectra were determined on a Bruker 400NMR spectrometer with
tetramethylsilane (TMS, 6 = 0 ppm) as an internal standard. High-resolution mass
spectra (HRMS) were performed on Waters Xevo TQD with an ESI source. The UV-
vis absorption spectra were recorded by Uv-vis spectrophotometer (UV-2600,
SHIMADZU). PL emission spectra were recorded a spectrofluorometer (Fluoro Max-
4). DLS test was conducted on Malvern Nanoziser (Zetasizer Nano ZSP) at ambient
temperature. The morphology of the molecule was observed using a JEOL JSM-6700F
type transmission Electron Microscope (TEM). The zeta potential of the sample was
measured by the Malvern Zetasizer Nano ZS90 instrument at room temperature.
Fluorescence lifetime was obtained with a Transient fluorescence spectrometer (FLS
1000, Edinburgh Instruments). Cell imaging photos were taken with Confocal laser

scanning microscopy (CLSM, Nikon).

1.3 Calculation of photophysical properties
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PLQYs are obtained with by a relative method with the alcohol solution of

Rhodamine B as reference. The data were obtained by equation S1:
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Where Ps, ®r is the PLQY of sample and reference sample, i.e. Rhodamine B alcohol
solution; ™s & is the reflective index of the solvents of sample and reference sample,
respectively. Ar and 4s represent the absorbance of the reference sample and sample at
the excitation wavelength (450 nm).

The fluorescence lifetime was calculated by following procedures. First, the transient
PL spectra were fitted by by ExpDec2 (Equation S2) or ExpDec3 (Equation S3)
functions, which depends on the p value. And the derived parameters were used to
obtain the fluorescence were then applied to Equation S4 or S5 accordingly to obtain

the fluorescence lifetime:
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And the radiative decay rate and non-radiative decay are derived by Equation S6

and S7.
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1.4 Simulation methods

The ground state geometry is optimized using DFT, and the excited states are
calculated with linear response time-dependent DFT (TDDFT) at the optimized ground
state geometry. All calculations are performed with the Gaussian 16 package (Rev.
C.01) using the hybrid B3LYP functional

For geometry optimization calculations, the def2-SVP basis set was used, and the
optimal geometry for each compound was determined. The excited states calculations
were performed with a larger basis set def2-TZVP basis set.

Grimme's D3BJ dispersion correction was used to improve calculation accuracy.

Orbital energy level analysis was performed by Multiwfn software.
1.5 ROS production monitoring

To study the ROS generation efficiency of, ABDA was used to detect the ROS
generation upon light irradiation. The ABDA solution (concentration = 100 pM) was
mixed with different compounds (concentration = 10 pM) in water and exposed to LED
white light illumination (400-700 nm) at a power density of 70 mW/cm? for different
time. The decomposition of ABDA was monitored by ultraviolet spectrometry at 400
nm.
1.6 ROS quantum yield measurements.

The ROS quantum yield of different compounds in water (@) was measured using
ABDA as an indicator and Bengal rose (RB) as a standard reference and calculated by

Equation S8.

_ @ pp(Kge App)

S
KppeAs S8

Where Kg and Krp are the decomposition rate constants of the photosensitizing
process determined by the plot In (4¢/4) versus irradiation time. A, is the initial
absorbance of ABDA while 4 is the ABDA absorbance after different irradiation times.
Ag and Aggp represent the light absorbed by the samples and RB, which are determined

by the integration of the absorption bands in the wavelength range of 400-700 nm. @gg
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is the ROS quantum yield of RB, which is 0.75 in water. The calculation procedures

are as follows:

Table S1 ROS quantum yields calculation procedures.

Sample As Ks @
S4 19.21622918 0.01518 0.99
S6 14.888205 0.01484 1.26
D4 31.97282215 0.03743 1.47
D6 29.7515585 0.04543 1.92
SD4 7.356538458 0.01208 2.06
RB 24.1957132 0.01444 0.75

2 In vitro experiments
2.1 Cell culture

U87, A549, HepG2, HepG1-6, HACAT cells were supplied by Perkin Elmer Inc. and
maintained in our lab. U87, A549, HepG1-6 cells were cultured on 10 cm dishes in
Eagle's minimal essential medium (DMEM, with 10% fetal bovine serum (FBS), 1%
penicillin/streptomycin), while HepG2 cells were cultured in Minimum Essential
Medium (MEM), with with 10% fetal bovine serum (FBS), 1%
penicillin/streptomycin), 1% sodium pyruvate, 1% GlutaMax, 1% MEM NEAA. The
cells were maintained in an atmosphere of 5% CO2 and 95% humidified air at 37 °C.
2.2 Cell imaging

Above cells were respectively seeded and cultured in confocal dishes at a density of

300, 000 cells per dish for 24 h. Then culture mediums were then replaced by fresh
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medium containing 2uM the AIE polyelectrolytes and incubated for certain hours.
Subsequently, mito-tracker Red was added into the medium with a similar procedure
and cultured for 30 min, the then and cells were fixed by paraformaldehyde, after which
the fixed cells were stained by DAPI and washed by PBS twice. The fluorescent signal
of the AIE polyelectrolytes inside cells was captured by confocal laser scanning
microscopy (CLSM) (Leica TSC SP8, Germany) with excitation at 488 nm and signal
collection from 500-540 nm. The fluorescent signal of DAPI inside cells was captured
with excitation at 405 nm and signal collection from 430-470 nm. The fluorescent
signal of Mitochondrial Red inside cells was captured with excitation at 561 nm and
collection from 560-600 nm.
2.3 Intracellular ROS detection

The intracellular ROS generation was monitored by the aid of a commercial ROS
detection fluorescent probe, 2,7-Dichlorodihydrofluorescein diacetate (DCFH-DA).
It undergoes hydrolysis and oxidation when enters cells, thus emitting bright
fluorescent signals, which can be harvested as a measurement for intracellular ROS
level. The operation was guided by the instruction book offered by the supplier
(Beyotime). Namely, the after cells were cultured for 24 h in confocal dishes then the
AIE polyelectrolytes were charged into fresh medium to replace the used culture

medium. After another 12-hour culture, DCFH-DA (10 uM) was added in the confocal

dishes by a similar procedure. Then the cell was incubated for 20 min (5% CO,, 37C),

which was followed by LED illumination for 5 min (70 mW/cm?), PBS rinse and
fixation by paraformaldehyde. the fluorescence signal was captured by CLSM and
analyzed by Image J software.
2.4 Cytotoxicity measurement

The quantitative cytotoxicity of TPA polyelectrolytes in the presence or absence of
white LED illumination was obtained by a strandard CCK assay. U87 glioma cancer
cells were seeded in 96-well plates with a concentration of 10000 cells per well. After

24-hour incubation, the AIE polyelectrolytes were charged by replacing the culture
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medium with fresh mediums containing the AIE polyelectrolyte at certain concentration
(0, 0.5, 1, 2, 5, 10 uM). Then the plates were placed back in the incubation box for
another 12 h, which was followed by illumination of LED white light (70 mW/cm?, 5
min) and a further culture for another 12 h. Then CCK was added and the cells were
maintained in incubation for another 2 h, followed by the cytotoxicity test by the aid of

microplate reader.

3 Synthesis
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Scheme S1 Synthetic routes of the AIE polyelectrolytes.
3.1 Synthesis of TPA-SPy.

TPA-containing precursor TPA-SPy was synthesized following a modified
procedure.! 4-Bromo-N-(4-bromophenyl)-N-phenylaniline (TPA-2Br) (418 g mol-,
0.5 mmol, 209 mg), pyridin-4-ylboronic acid (123 g mol’!, 1.5 mmol, 184.3 mg),
Pd[P(C¢Hs)s3]4 (1155 g mol-!, 0.05 mmol, 57.8 mg), and K,CO3 (138 g mol'!, 2 mmol,
276 mg) were dissolved in mixture of THF and H,O (30 mL, Vrygr:Vyater = 2:1). Then,
the mixture was refluxed at 120 °C for 24 h under argon protection, and then stirred for
another 30 min at room temperature. The solvent was removed using rotary evaporator
and filtered with CH,Cl,. The filtrate was removed using rotary evaporator and resultant
crude compound was purified by silica gel column chromatography with hexane/THF
by volume of 2:1 to obtain the yellow pure TPA-SPy with 62.1 % yield.

3.2 Synthesis of TPA-DPy.

TPA-2Br (209.07 mg, 0.5 mmol), 4-vinyl-pydine (105.14 mg, 1.5 mmol), Pd(OAc)2
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(11.22 mg, 0.05 mmol), P(otyl)3 (45.66 mg, 0.15 mmol), triethylamine 4mL, DMF
2mL were added into a 50 mL flask, separately. And then the air in the flask was

removed by three times of argon-air exchange, and at last the flask was protected with

an argon balloon, then heated to 90 ‘C and kept for 48 h. When the system cooled to

ambient temperature, the solvent was removed by rotating evaporation. And the product
was obtained as bright yellow powders with the purification of a silica gel column
chronmatography (eluent (v/v) hexane/THF =3:2).

3.3 Synthesis of TPA-SPy-4.

A Schlenk tube was charged with TPA-SPy (100 mg, 0.2214 mmol) and 10 mL
DMF. and then 1,4-dibromobutane (47.82 mg, 0.2214 mmol) were added into the
Schlenk tube. The mixture was refluxed at 80 °C for 36 h under argon protection and
then stirred for another 30 min at room temperature. The solvent was removed using
rotary evaporator. All products were washed by 10 mL THF and 10 mL hexane for 5
times to obtain the corresponding cationic polymers TPA-S4 as a yellow solid with
49.2% yield.

3.4 Synthesis of TPA-SPy-6, TPA-DPy-4, TPA-DPy-6
TPA-SPy-6 (57.2%), TPA-DPy-4 (54.3%) and TPA-DPy-6 (49.2%) were obtained

by a similar method.
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Supplementary Figures

) — NO~OTNOO wn
© © ORNRKTE TN = =
oo oo [ A e ) ~
% LN N g
| |
[ [
| |
N’| Z °N
|
. .
i
ﬂf |
ik
== i b
3 88 2u3
3 ; > <t ; =+ = oW o
11 10 9 8
Chemical shift (ppm)
Figure S1. 'H NMR spectrum of TPA-SPy in CDCl;.
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Figure S2. 3C NMR spectrum of TPA-SPy in CDCl;
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Figure S3. 'H NMR spectrum of TPA-DPy in CDCl;
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Figure S4. 3C NMR spectrum of TPA-DPy in CDCl;
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Figure S5. 'H NMR spectrum of TPA-SPy-4 in DMSO-d
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Figure S7. '"H NMR spectrum of TPA-DPy-4 in DMSO
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Figure S9. TEM images of TPA-SPy-6, TPA-DPy-4 and TPA-DPy-6, scale bar: 200,

100, 50 nm, respectively.
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IRF data of the tests.
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2) for different groups, including (a) S4, (b) S6, (c) D4, (d) D6, (e) SD4, (f) Rose
Bengal and (g) control (Cgmple = 10 uM, Cagpa = 100 uM.); (h) the actual UV/vis
absorption spectra of the samples; (i) the spectrum of the LED while light provided by

the seller.

(a)

- 1.0 —0 min

3 —1 min

5 0.8

E} —2 min

206 —3 min

—4 min
E 0.4 — 5 min
202
0.0 0.0 - - .
400 500 600 700 300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(d) () (L,
- - E

‘___1 .0 —O0min| __1.0 —0 min £ Original
308 —; mint Zo.8 _; e 8120 mm 1% Week
y 3m!n - —3 ! @ = 2°¢ Week
£°° amin| &0 amin| E 801 [ 3" Week

N - . © th

go4 Asmin| g04 smin| £ mm 4" Week
So2 So.2 s ]

T
0.0 0.0 £ ol
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)

Figure S13. UV/vis absorption spectra of the sample under white light illumination (70
mW/cm?). (a) Rose Bengal, (b) S4, (¢) S6, (d) D4, (e) D6; (f) hydrodynamic diameter
changes of the samples when stored in refrigerator (4 °C).
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Figure S14. PL spectra of (a) S4, (b) S6, (¢) D4 and (d) D6 in THF/water mixture with
varying amount of THF.
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Figure S15. PL spectra of (a) S4, (b) S6, (¢) D4 and (d) D6 in solvent with different
polarity.
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Figure S16. CLSM images of A549 cancer cells incubated with S4 and Sé for 12 h,
and U87 cancer cell incubated with D4 and D6 for 12 h.
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DAPI Mito-tracker Merge
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Figure S17. CLSM images of A540 cancer cell, HepG2 cancer cells, and HepG1-6
cancer cell incubated with S4 for 12 h, from which we can see that S4 preferentially
accumulates at nucleus for all cells (Cg4: 2 UM, scale bar: 50 um).
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Figure S18. CLSM images of A540 cancer cell, HepG2 cancer cells, and HepG1-6
cancer cell incubated with D4 for 12 h, from which we can see that D4 preferentially

accumulates at cytoplasm and overlaps with mito-tracker for all cells (Cp4: 2 uM, scale
bar:50 pum).
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Figure S19. UV/vis of the sample obtained during the preparation of SD4. The
absorption spectra seem to be merely the addition of S4 and D4, while the spectroscopy
of SD4 becomes a new one, implying the its homogenization. The bule shift of the
spectra of S4 and D4 in comparison with initial testing might arise from the changed
DMSO/water ratio.

Table S2 Summary of therapeutic efficacy of some organelle-targeting PDT agent.

Sample name Organelle Cell line Cell viability at 2 yM  reference
TBD-3C Plasma Membrane Hela ~100% 2
TPETSAI Plasma Membrane MDA-MB-231 ~80% 3
Chimeric peptide Plasma Membrane and
4T1, Hela ~40%-50% 4
nanorods nucleus

Plasma Membrane,
Chimeric peptide 4T1, COS7 >60% 5
Mitochondria

P-PpIX Plasma Membrane 4T1 ~90% 6
TTVP Plasma Membrane Hela ~10% 7
TPANPF6 Mitochondria Hela >80% 8
MCF-7, MDA-MB-
TPA-DT-Qy Mitochondria ~20% 9
231
AIE-Br Mitochondria Hela ~30% 10
TPATrzPy-3+ Mitochondria Hela ~80% 11
HIM-MnO2 Mitochondria 4T1, B16F10 ~60% 12
TPECM2TPP Mitochondria Hela ~40% 13
ICG+HAUNS Endoplasmic Reticulum CT-26 ~90% 14
Ir-Es, Ir-Me Nucleus HepG2 ~90% 15
TFPy, TFVP, TPE- Mitochondria, Plasma
Hela >60% 16
TFPy three in one Membrane, Lysosome
TPA-TPP-MeO Mitochondria, Lysosome Hela ~80%-90% 17
TPA-2PI Mitochondria 4T1 ~5% 18
This
S4+D4 Nucleus, Mitochondria us7 14%
work
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