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I . Experimental Section

1. Materials and general methods:

Materials: Methylbenzene was distilled over sodium, and all other solvents and
chemical reagents were purchased from commercial sources and without
further purification. All reactions were carried out under an atmosphere of
nitrogen.

Instruments: The '"H NMR spectra were recorded on a Bruker AVANCE Il 400
MHz NMR instrument at 298 K in CDCIl; or DMSO-dg. Chemical shifts are
expressed in ppm relative to TMS (0 ppm). HRMS analyses were carried out
on LC-QTOF-MS(G6520B/G6520B). Electronic absorption spectra were
measured on a Beijing PuXi Tu-1901 spectrometer. Fluorescence spectra were
recorded on a Varian carye clipse spectrometer with Xe lamp as the excitation
source at room temperature. Confocal laser scanning microscopy (CLSM)
images were performed on an Olympus FV1000-IX81 CLSM and a Leica TCS
SP confocal system (Leica, Germany). Flow cytometry experiments were

conducted by BD FACSArialll (BD Biosciences).

2. Synthesis and characterization of G-Mito-Pc, G-Pc, and PEG-Pc:
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Scheme S1. Synthetic routes of G-Mito-Pc, G-Pc, and PEG-Pc



First-stage targetin
o EGFR Receptor L _g_ AR

PEG-Pc G-Pc  G-Mite-Pc

i
1
1
1
]

Scheme S2. Schematic illustration of the tumor and mitochondria dual-

targeted PDT.

Synthesis and Characterization of 1a:

The trimethylene glycol monomethyl ether (9.8 mL, 61 mmol) was dissolved in
dichloromethane (100 mL). Triethylamine (10.2 mL,73mmol) was added to the
reaction mixture. Then the 4-toluenesulfonyl chloride (2.387g, 12.5 mmol) was
added and the reaction mixture was stirred at room temperature overnight. After
the reaction was complete the solvent was removed under reduced pressure in
vacuo and the resulting oily mixture was washed with hydrochloric acid and
dichloromethane three times and dried over Na,SO,. The solvent was
subsequently evaporated to dryness under reduced pressure. This oil was
purified via silica gel chromatography using 75% EtOAc in Petroleum ether as

eluent resulting in a colorless oil (3.310 g, 76%)."H NMR (400 MHz, CDCl;) &



7.80(d, J=7.2Hz,2H),7.35(d, J=7.6 Hz, 2 H), 3.80 — 3.60 (m, 16H), 2.45
(s, 3H).

Synthesis and Characterization of 2a:

The mixture of 1a (1.046 g, 3.0 mmol) and gefitinib (1.341 g, 3.0 mmol) was
dissolved in anhydrous DMF (10 ml). Then the anhydrous K,CO3 (1.242 g, 9

mmol) was added to the reaction mixture. The reaction was stirred under

nitrogen atmosphere at 90 °C 24 h. When the reaction was completed, the

solvent was removed under reduced pressure and the resulting yellow oily
mixture was washed water and dichloromethane three times and dried over
Na,SO,. The solvent was subsequently evaporated to dryness under reduced
pressure. This oil was purified via silica gel chromatography using 10% MeOH
in CH,Cl, as eluent resulting in a yellow oil (0.785 g, 65%)."H NMR (400 MHz,
CDCl3): 8 7.79 (s, 1H, Ar-H), 7.75 (s, 1H, Ar-H), 7.17-7.15 (m, 1 H, Ar-H), 7.05-
7.00 (m, 1 H, Ar-H), 6.95-6.93 (m, 1 H, Ar-H), 6.61 (s, 1 H, Ar-H), 4.18(t, J=12.0
Hz, 2 H, CH,), 4.09(t, J=8.0 Hz, 2 H, CH,), 3.92(s, 3 H, CHj3), 3.75(t, J=8.0 Hz,
2 H, CHy), 3.67(t, J=8.0 Hz, 4 H, CH,), 3.59-3.57 (m, 2 H, CH,), 3.53-3.50(m,
8H, CH,), 3.49-3.46(m, 2 H, CH,), 3.21(s, 1H, OH), 2.52-2.48 (m, 2H, CH,),
2.43(s, 4H, CHy), 2.04-2.00 (m, 2 H, CH5).

Synthesis and Characterization of G-Mito-Pc:

A mixture of silicon(lV) phthalocyanine dichloride (122 mg, 0.20 mmol), alcohol

2a (125 mg, 0.20 mmol), and pyridine (1 mL, 12.36 mmol) in toluene (15 mL)

was kept stirring under nitrogen atmosphere at 115 °C for 2 h. To this reaction

mixture, a solution of 3a (177 mg, 0.40 mmol) and pyridine (0.5 mL, 6.18 mmol)
in toluene (10 mL) was added, and the mixture was kept stirring under reflux
for a further 4 h. After the reaction was completed, the solvents was removed
under reduced pressure. Then the residue was redissolved in CH,Cl,. Then it
was purified via silica gel chromatography using CH,Cl,:MeOH (25:1) as eluent
resulting in a blackish blue mixture (35 mg, 11%). '"H NMR (400 MHz, DMSO-
ds) © (ppm) 9.59-9.56 (m, 8 H), 8.45-8.41 (m, 8 H), 7.91 (t, J = 7.6 Hz, 4 H),



7.75-7.49 (m, 15 H), 7.19-7.13(m, 4 H), 4.37 (s, 2 H), 4.22 (s, 2 H), 3.91(s, 3
H), 3.57-3.51 (m, 3 H), 3.10 (t, J = 4.8 Hz, 2 H), 2.75(t, J = 4.8 Hz, 2 H), 2.71-
2.61(m, 2 H), 2.21 (t, J=4.8 Hz, 2 H), 1.97 (s, 2 H), 1.53 (t, J = 5.2 Hz, 2 H),
1.35(d, J =6.4 Hz, 2 H), 0.36(s, 2 H), 0.28 (t, J=5.2 Hz, 2 H), -0.41 (t, J= 8.0
Hz, 2 H), -1.58 (t, J = 8.0 Hz, 2 H), -1.72 (t, J = 6.8 Hz, 2 H), -2.08 (t, J = 5.2
Hz, 2 H),-2.21 (t, J = 5.2 Hz, 2 H). HRMS (ESI) m/z calcd for CggHgoCIFN1,0gSi
[M-Br]*: 1523.5558, found: 1523.5543.

Synthesis and Characterization of G-Pc:

A mixture of silicon(lV) phthalocyanine dichloride (122 mg, 0.20 mmol), alcohol

2a (125 mg, 0.20 mmol), and pyridine (1 mL, 12.36 mmol) in toluene (15 mL)

was kept stirring under nitrogen atmosphere at 115 °C for 2 h. To this reaction

mixture, a solution of 1-hexanol (177 mg, 0.40 mmol) and pyridine (0.5 mL, 6.18
mmol) in toluene (10 mL) was added, and the mixture was kept stirring under
reflux for a further 4 h. After the reaction was completed, the solvents was
removed under reduced pressure. Then the residue was redissolved in CH,Cl..
Then it was purified via silica gel chromatography using CH,Cl,:MeOH(10:1) as
eluent resulting in a blackish blue mixture (38 mg, 15%). '"H NMR (400 MHz,
DMSO-ds) & (ppm) 9.64-9.61 (m, 8 H), 8.48-8.45 (m, 8 H), 7.80 (s, 1 H), 7.25
(s, 1H),7.18 (s, 1 H), 7.12 (t, J= 8.8 Hz, 1 H), 6.99 (s, 2 H), 4.21 (s, 2 H), 4.08
(s,2H),3.84 (s,3H),3.52(d, J=9.6 Hz, 8 H), 3.10 (s, 2 H), 2.75 (s, 2 H), 2.40
(s,3H),2.34(s,4H),2.21(t, J=4.8Hz,2H),1.90 (s, 2 H), 1.52 (t, J=4.8 Hz,
3 H),0.28 (t, J=5.6 Hz, 2 H), 0.10 (s, 4 H), -0.68 (t, J = 8.0 Hz, 2 H), -1.61 (d,
J=8.0Hz, 2 H),-1.70 (t, J= 5.6 Hz, 2 H), -2.06 (t, J = 4.8 Hz, 2 H), -2.18 (t, J
=5.6 Hz, 2 H). HRMS (ESI) m/z calcd for CggHgsCIFN1,05Si [M+H]*: 1263.4803,
found: 1263.4836.

Synthesis and Characterization of PEG-Pc:

A mixture of silicon(IV) phthalocyanine dichloride (122 mg, 0.20 mmol),
triethylene glycol monoethyl ether (178 mg, 1.00 mmol), and NaH (23 mg, 1.00

mmol) in toluene (15 mL) was kept stirring under nitrogen atmosphere at 120



°C for 24 h. After the reaction was completed, the solvents was removed under

reduced pressure. And the residue was redissolved in CH,Cl,. Then it was
purified via silica gel chromatography using CH,Cl,:MeOH (15:1) as eluent to
give PEG-Pc as a a blackish blue solid (55 mg , 31.0%). "H NMR (400 MHz,
DMSO-dg contain a trace amount of pypridine-ds) & (ppm) 9.70-9.67(m, 8 H),
8.54-8.50 (m, 8 H), 3.17 (q, J=7.2 Hz, 4 H), 3.05 (t, J=4.8 Hz, 4 H), 2.83 (t, J
=4.8Hz,4H),232(t J=4.8Hz,4H),1.60(t, J=4.8Hz,4H),092(t J=7.2
Hz, 6 H), 0.33 (t, J = 5.2 Hz, 4 H), -2.03 (t, J = 5.6 Hz, 4 H). HRMS (ESI) m/z
calcd for Cy4gHs0NgOgSi [M+Na]*: 917.3442, found: 917.3419.

3. Cells culture and measurements

Cells culture:

The cell lines Hela cells (human cervical cancer), A549 cells (human lung
adenocarcinoma), MDA-MB-468 cells (breast cancer) and HELF cells (
human embryonic lung fibroblast) were incubated with DMEM (Dulbecco's
modified Eagle's medium) with 10% fetal bovine serum (FBS). The cell line
A549 (human pulmonary carcinoma) was incubated with F12K medium with

10% fetal bovine serum (FBS). All cells were cultured at 37 °C with 5% CO..

Dark cytotoxicity assay:

Cells were seeded into a 96-well cell culture plate with the density of 5.0x104
cells /ml and cultured at 37 °C with 5% CO, for 12 h. G-Mito-Pc, G-Pc, and
PEG-Pc were diluted into DMSO (contain 5% CEL). After that, the compounds
were further diluted into different concentrations (1-0.50 pM ) with fresh
medium. The Per well was added in 100 L medium containing drug. After a 24
h incubation, the old medium was replaced by fresh medium. Then per well was

added in 10 yL MTT solution (5 mg/mL-'in PBS) and the cells were further



incubated for 4 h. The old medium was removed carefully and 100 yL DMSO
was added in per well. The absorbance at 570 nm was monitored by a
Microplate reader. The survival curves were plotted as a concentration

dependence curve of the drug.

Colocalization experiments

The cells were seeded in 20 mm confocal dishes and incubated at 37 °C with
5% CO, for 12 h. Then the cells were incubated with G-Mito-P, G-Pc, and PEG-
Pc respectively for 24 h. After washing out the excess compound with PBS
three times, the cells were stained with Mito Tracker green (2 uM) for 30
minutes, Lyso Tracker Red (2 uM) for 60 minutes or DAPI Tracker (2 uM) for
10 minutes at 37 °C respectively. After that, the cells were rinsed with PBS
three times and taken by Olympus FV1000-IX81 CLSM and a Leica TCS SP

confocal system (Leica, Germany).

Analysis of mitochondrial membrane potential (MMP):

Approximately 1.0 x10° Hela cells were seeded in 20 mm confocal culture
dishes and cultured to adhere for 12 h. Then the cells were incubated with
different concentration of G-Mito-Pc (0, 3 , 5, 10 nM) for 24 h with 5% CO,,
followed with illumination for 2 minutes by LED light (A=670 nm, 12.5 mWcm-
for 2 min, 1.5 J-cm-2). After 24 h of treatment, the cells were washed three times
with PBS and stained with a JC-1 dye (6 uM) to measure the mitochondrial
membrane potential according to the directions. After 70 minutes later, the
fluorescence intensity of the cells was measured by confocal laser scanning

microscopy with a 488 nm laser and a 543 laser.

The MTT assay of Photodynamic Cytotoxicity In Vitro



Cells were seeded into a 96-well cell culture plate with the density of
5.0x10%cells /ml and cultured at 37 °C with 5% CO, for 12 h. G-Mito-Pc, G-Pc
and PEG-Pc were diluted into DMSO (contain 5% CEL). After that, the
compounds were further diluted into different concentrations (0.1-10 nM for G-
Mito-Pc,1-500 nM for G-Pc or PEG-Pc ) with fresh medium. Per well was added
in 100 yL medium containing drug. After a 24 h incubation, the old medium was
replaced by fresh medium and the cells were exposed to red light (A=670 nm,
12.5 mWem2 for 2 min, 1.5 J-cm2). The cells after irradiation were cultured
again for 24 h. Then per well was added in 10 yL MTT solution (4 mg/mL in
PBS) and the cells were further incubated for 4 h. The old medium was removed
carefully and 100 uL DMSO was added in per well . The absorbance at 570 nm
was recorded by a Microplate reader. The survival curves were plotted as a

concentration dependence curve of the drug, and ICs, values were calculated.

Chromatin condensation assay using Hoechst 33258 staining

To study the change about the chromatin morphology, approximately 1.0 x10°
Hela cells were seeded in 20 mm confocal dishes and incubated for 12 h. Then
the cells were cultured with different concentrations of G-Mito-Pc (0, 3, 8 nM)
for 24 h, followed with illumination for 2 minutes by LED light (A=670 nm, 12.5
mWcm-2 for 2 min, 1.5 J-cm-2). The cells were cultured with G-Mito-Pc (0 and
0.5 uM) in the dark as the parallel control. After 24 h, the cells were washed
three times with PBS, fixed with paraformaldehyde for 10 minutes, and stained
with Hoechst 33258 dye (5 pg/ml) for 30 minutes . The fluorescence intensity

of the cells was measured by confocal microscopy with a 405 nm laser.

Cell morphology research experiment



The Hela cells suspension of 10 ml were seeded into culture bottles with the
density of 10.0x10%cells /ml and cultured at 37 °C with 5% CO, for 12 h. G-Mito-
Pc, G-Pc, and PEG-Pc were diluted into DMSO (contain 5% CEL). After that,
the compounds were further diluted into 3 nM with fresh medium. After a 24 h
incubation, the old medium were replaced by fresh medium and the cells were
exposed to red light (A=670 nm, 1.5 J-cm=2). The cells after irradiation were
cultured again for 24 h. Then the images were taken by the Ordinary Inverted

Microscopy.

Molecular dynamics simulations

The membrane models were constructed of 54 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC), 36 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE) and 10 cholesterol molecules in each of the leaflet to resemble the
mitochondrion membranes' using CHARMM-GUI web server2. Subsequently,
the models were immerged into a TIP3P water box of size 7.8 x 7.8 x 10.9 nm3
and further subjected to molecular dynamics (MD) simulation using AMBER16
software package® with the Lipid14* and AMBER ff99SB force field®.
Appropriate sodium and chloride ions were added into the system for charge
neutralization at 0.15 M ionic strength. Each photosensitizer (G-Pc and G-Mito-
Pc) was positioned in the bulk solution with a center-of-mass distance of 4 nm
away from the center of the membrane in the z direction (see Figure S19 for
the initial structure of the model). The geometries of G-Pc and G-Mito-Pc were
optimized at the B3LYP/6-31G*® using Gaussian 0978, and the generalized
AMBER force field (GAFF) parameters of the molecules were generated using
Antechamber implemented in AmberTools® 0. Periodic boundary conditions
were applied in all three directions. The cutoff value for the noncovalent
interactions was 1.0 nm. Electrostatic interactions were calculated by Particle-
Mesh Ewald (PME) method''. All covalent bonds were constrained using the

SHAKE algorithm'2. For each system, energy minimization was performed



using steepest descent method for 5000 steps, followed by conjugated gradient
algorithm for 5000 steps’3. The minimized structure was first gradually heated
to 303 K for 0.5 ns, and then equilibrated for 2 ns with force constants of 10.0
and 2.5 kcal-mol-'-A-2, respectively. G-Pc and G-Mito-Pc were pulled into the
center of membrane with a force constant of 10 kcal-mol-'-A-2. Finally, a 100
ns-long productive MD simulation was carried out for each system. All of the
simulations were carried out at constant pressure (1 bar) and 303 K in the
isothermal-isobaric (NPT) ensemble in control of the Berendsen (semi-
isotropical coupling) barostat'# and the Langevin algorithm?5, respectively. The
equilibrated MD trajectories (the last 80 ns) were used for the analysis of free
energy and membrane integrity.

The free energy was dependent on the distance between the Pc silicon
atom of the photosensitizer and the mass center of the bilayer in z direction (d),
and the angle between the normal vectors of the planar Pc moiety and the
bilayer surface (a) (see Figure S20). The free energy difference (AG) was
calculated using following equation:

AG = —RTIn[p(d, a)/p,(d, @)]

where R is the ideal gas constant, T is the temperature, p is the Boltzmann
probability of configurational state, and the p, means the most likely state in the
simulations. The integrity of cell membrane were evaluated by the lipid order
parameter, which is experimentally measured by nuclear magnetic resonance.
We calculated the so-called deuterium order parameter (Scp) using following
equation 16:

1
SCDZEG cos’ A-1)

where 0 is the instantaneous angle between carbon-deuterium bond and the

direction of bilayer normal, and the angular brackets denote time average
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Figure S3. The absorbance spectra of DPBF at 415 nm in different DMF

solutions (contain G-Mito-Pc, G-Pc or PEG-Pc )
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Figure S8. Confocal microscopy images of Hela cells. The cells were incubated
with a) G-Mito-Pc (0.25 pM, up row), b) G-Pc (0.50 uM, middle row) and c)
PEG-Pc (0.50 uM, down row) at 37 °C for 24 h and then incubated with
MitoTracker Green (2.00 yM) at 37 °C for 30 min. Cells were viewed in green
channel for Mito Tracker Green (Aex = 488 nm, Ae,, = 510-570 nm) and red
channel for G-Mito-Pc, G-Pc and PEG-Pc (Aex = 633 nm, Aeyy, = 690 nm),

respectively
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Figure S9. Confocal microscopy images of Hela cells. The cells were incubated
with a) G-Mito-Pc (0.25 pM, up row), b) G-Pc (0.50 uM, middle row) and c)
PEG-Pc (0.50 uM, down row) at 37 °C with 5% CO, for 24 h and then incubated
with LysoTracker Red (2.00 uM) for 60 min. Cells were viewed in green channel
for Lyso Tracker Red (Aex = 568 nm, Aery = 575-595 nm) and red channel for G-

Mito-Pc. G-Pc and PEG-Pc (A¢x = 633 nm, A, = 690 nm), respectively.
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Figure S$10. Confocal microscopy images of Hela cells. The cells were
incubated with a) G-Mito-Pc (0.25 pM, up row), b) G-Pc (0.50 yM, middle row)
and c) PEG-Pc (0.50 uM, down row) at 37 °C for 24 h and then incubated with
DAPI Tracker (2.00 uM) for 10 min. Cells were viewed in blue channel for DAPI
Tracker (Aex = 405 nm, Ay = 425-475 nm) and red channel for G-Mito-Pc, G-

Pc and PEG-Pc (Aex = 633 nm, Ae, = 690 nm), respectively.
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Figure S11. Confocal microscopy images of A549 cells. The cells were
incubated with a) G-Mito-Pc (0.25 pM, up row), b) G-Pc (0.50 yM, middle row)
and c) PEG-Pc (0.50 uM, down row) at 37 °C for 24 h and then incubated with
MitoTracker Green (2.00 uM) at 37 °C for 30 minutes. Cells were viewed in
green channel for Mito Tracker Green (A¢x = 488 nm, Ay, = 520-560 nm) and
red channel for G-Mito-Pc, G-Pc or PEG-Pc (Aex = 633 nm, Aey = 690 nm),

respectively.
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Figure S12. Confocal microscopy images of A549 cells. The cells were
incubated with a) G-Mito-Pc (0.25 pM, left row), b) G-Pc (0.50 uM, middle row)
and c) PEG-Pc (0.50 uM, right row) at 37 °C with 5% CO, for 24 h and then
incubated with LysoTracker Red (2.00 uM) for 60 minutes. Cells were viewed
in green channel for Lyso Red (A¢x = 568 nm, A, = 575-595 nm) and red
channel for G-Mito-Pc., G-Pc or PEG-Pc (Aex = 633 nm, Ae,, = 690 nm),

respectively.
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Figure S13. Confocal microscopy images of A549 cells. The cells were
incubated with a) G-Mito-Pc (0.25 uM, up row), b) G-Pc (0.5 uM, middle row)
and c) PEG-Pc (0.50 uM, down row) at 37 °C for 24 h and then incubated with
DAPI Tracker (2.00 uM) for 10 minutes. Cells were viewed in blue channel for
DAPI Tracker (Aex = 405 nm, Aem = 425-475 nm) and red channel for G-Mito-

Pc. G-Pc and PEG-Pc (Aex = 633 nm, Aem = 690 nm), respectively.
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Figure S14. Confocal microscopy images of MDA-MB-468 cells. The cells were
incubated with a) G-Mito-Pc (0.25 uM, up row), b) G-Pc (0.50 uM, middle row)
and c) PEG-Pc (0.50 uM, down row) at 37 °C for 24 h and then incubated with
MitoTracker Green (2.00 yM) at 37 °C for 30 min. Cells were viewed in green
channel for Mito Tracker Green (Aex = 488 nm, Aem = 510-570 nm) and red
channel for G-Mito-Pc, G-Pc or PEG-Pc (Aex = 633 nm, Aem = 690 nm),

respectively.
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Figure S15. Confocal microscopy images of MDA-MB-468 cells. The cells were
incubated with a) G-Mito-Pc (0.25 uM, left row), b) G-Pc (0.50 uM, middle row)
and c) PEG-Pc (0.50 pM, right row) at 37 °C with 5% CO2 for 24 h and then
incubated with LysoTracker Red (2.00 uM) for 60 minutes. Cells were viewed
in green channel for Lyso Red (Aex = 568 nm, Aem = 575-595 nm) and red
channel for G-Mito-Pc, G-Pc or PEG-Pc (Aex = 633 nm, Aem = 690 nm),

respectively.
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Figure S16. The confocal microscopy images of MDA-MB 468 cells. The cells
were incubated with a) G-Mito-Pc (0.25 uM, up row), b) G-Pc¢ (0.50 uM, middle
row) and c) PEG-Pc (0.50 uM, down row) at 37 °C for 24 h and then incubated
with DAPI Tracker (2.00 uM) for 10 minutes. Cells were viewed in blue channel
for DAPI Tracker (Aex = 405 nm, Aen, = 425-475 nm) and red channel for G-Mito-

Pc. G-Pc or PEG-Pc (Aex = 633 nm, Acy = 690 nm), respectively.
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Figure S17. The confocal microscopy images of MMP for HelLa cells after PDT

(treated with G-Pc or PEG-Pc).
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Figure S18 a) Confocal fluorescence images of mixed Hela (round)

and HEIF cells (strip) after incubation with G-Mito-Pc, G-Pc, and PEG-



Pc for 24 h (all at 0.5 pM). b) Average fluorescence intensity of G-Mito-
Pc, G-Pc, and PEG-Pc in Hela and HELF cells. All the images share
the same scale bar of 30 um. (Data are expressed as the mean + SD
of three independent experiments. Statistical Data: *** p< 0.001, ** p<

0.01, *p < 0.05).

Control 1nM 5nM 10 nM

Figure S19. Flow cytometry quantification of annexin V-FITC and Pl double
labeled HeLa cells. The cells were treated with the G-Mito-Pc (1 nM, 5 nM, and
10 nM) at 37 °C for 12 h. After that, the cells were treated by LED light irradiation

for 2 min and measured 30 min later.

Control in dark Control with light 0.003 pM 0.008 pM

Figure S20 The fluorescent images of Hela cells treated with G-Mito-Pc and

stained with Hoechst 33258. All the images share the same scale bar of 30 um.




Figure S21. Phase contrast images of Hela cells treated with G-Mito-Pc, G-Pc
or PEG-Pc at the consistent concentrations (3 nM). Note that images were

taken after 24 h of PDT treatment.

Figure S22. Initial structure of the G-Pc model (A) and G-Mito-Pc model (B).
G-Pc and G-Mito-Pc contain three moieties with different colors. Pc and
Gefitinib moieties are shown in yellow and purple, respectively. TPP and
hexyloxy moieties are all shown in cyan. DOPC, DOPE and cholesterol
molecules are showed with line in red, blue and green, respectively. The
phosphorous atoms, sodium and chloride ions are shown as ice blue, orange

and green van de Waals spheres, respectively.



Figure S23. Distance between silicon and the mass center of the bilayer in z
direction (d) and the angle between the normal vectors of the planar Pc moiety

and the bilayer surface (a).
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Figure S24. Deuterium order parameters Sy of the oleic chain. The carbon

index started from the carboxyl group of the fatty acid chain. The legend

“control” indicates that there was no membrane insertion of other molecules.



Table S1. Photophysical and Photochemical Data for G-Mito-Pc, G-Pc, and
PEG-Pc in DMF.

Compd ir::x (nleog g) ﬂ/::x (nm) Db D,°
G-Mito-Pc 675 (5.57) 680 0.44 0.40
G-Pc 674 (5.32) 679 0.10 0.10
PEG-Pc 674 (5.63) 680 0.43 0.30

agxcited at 610 nm. Using ZnPc in DMF as the reference (®r = 0.28 and ®A = 0.56 in

DMF).

Table S2. IC5, values for G-Mito-Pc, G-Pc, and PEG-Pc in vitro anticancer

activity assays.

IC& (nM)
Compd Hela cells A549 cells MDA-MB 468 cells
G-Mito-Pc 1.57+0.88 5.03+0.81 0.96+0.89
G-Pc 35+0.26 55+0.11 32+0.32
PEG-Pc 119+1.27 157+1.96 40+0.18

In the presence of light (A= 670 nm, 12.5 mWcm2 for 2 min, 1.5 J-cm2). Data are
expressed as mean values * standard error of mean value (SEM) of three independent

experiments.

NMR and HRMS spectrum



200 0—

FEr A
[351 A

506°E
EroE

BEOE

paO'E

G
9026
GLLE
szsed
65 b
IR
IR

1924,
9EE"L~
soe s

5644
LYYW

™3
J

HO_ g O 0TS

el

1o

= ZD

E oo

0.0

05

1.0

15

20

(o0

i 7.0 6.5 6.0 55 50 45 4.0 35 30

75

=]

1 (ppm)

TH NMR spectrum of 1a

LL99—
Ze6'9

656'9~L
S00°L-F
omo.h\
mm_..h&m
LlL

SGL LA
BBL L

Fioz

.TND,W
~z0'e

Lol
reoe

¥BL'T
A
- ety

o0
Nzoe
MZ0'Z
hepg

5.0

5.5

6.0

6.5

7.0

7.5

35 30 25 20 15 1.0 0.5 0.0
1 (ppm)

4.0

4.5

TH NMR spectrum of 2a



%108 |+ESI Scan (0.18-0.28 min, 7 Scans) Frag=135.0v 2<7-24001.d Subtract
6.25
3
575 (\0
552: 3031198 @ N\) o~
5 (0]
475
45 795.2837
425 N
4 |
e OH/\/O\/\O/\/O\/\N \N)
35
3%
3
275
25 F
225 Cl
2
' C3H,,CIFN,O, [M+H]*:623.2648
125
1
07
- 362.3260 5125036
o O P R T P W N ; " g
300 30 abo 450 500 550 EG 700 750 800 850 900 s50 1000 050 1100 1150 1200 1250 1300
Counts vs. Mass-to-Charge (m/z)
HRMS spectrum of 2a
TN OO MOOD oS b 0 — b 0D = = = WD =
N MNOOM M~ — @ @ — 0 @ W — @ D0 = = O O WD )
00 00 03 0O P P P P P (0 000 0 O f— @ @ WL <o LW W™ .
e e e el S e e S el e S e I eI Do o —— = Q
e | ————— e | T
Br
HO A~ ~ ~%
2 T™MS
o
[ o d o =T
Ts) =2 Q-
T T T T T T T T T T (] — T T T ﬁ— \;a- T T T T
5 80 75 70 65 60 55 50 45 40 35 30 25 20 156 10 05 00 -05

"H NMR of 3a

1 (ppm)



EDU:\I‘—-I‘—-LDl'.D‘:!‘f".lNC"lv—ChG!l‘:!‘l.'".lc‘l1—Gm?ﬂrmrhmmﬂm‘ﬁ'mw—ﬂmw—kﬂmmﬂgw
N N N N N NS, e o e OO T e o et e T A N e O M T T e e D R MR O T T e
OO OO O 00 00 00 00 00 P P P P P P P P P e Pe Pe E3 E3 ES 3 O3 O A Il ol . = = — D o T Y
ki iaytan Pl L P o e o PRt it el ol SRR et
R — T e, = . .
Br 1
P
-
0
0 W
M *
%Ovﬁowowﬁ ‘"ﬂ
N
| F ‘ % TMS
1 Cl | [ 1
L | VNI \J\_‘{Jl ; M
(et IL“fAr—‘ 5 % g -ul_'"I\; s 'y i Lt
w0
= = N D [ e o B T o R P o I e P — [ =] o Oh O WD
=] ~.—I‘--u-jl."".| — Mmoo MmMMm— Mo Mmoo = (o] L3 E K 8 ]
=] T oo — o T T (e e = B B I I L B o™ B ¥ I U = I
9 8 Fi G 5 4 3 2 1 0 -1 -2
1 (ppm)
TH NMR of G-Mito-Pc
ZX-2-1#59 RT: 0.75 AV: 1 NL: 647E5S
T: FTMS +p ESI Full ms [800.0000-2000.0000]
1524.5570
90
80 15255568
870?
s 1
3 %7
< ]
2 5] 1526.5575
s 7 F
'140: (o]
] CyoHg, CIFN,,0,Si [M-Br]*: 1523.5558
30
E 15275502
20
] 1528.5608
15235 15240 15245 1525.0 16255 1526.0 1526.5 1527.0 15275 1528.0 15285 15200

mz

HRMS spectrum of G-Mito-Pc.



o s

B.00-=

H NMR of G-Pc

0%
424
4
38
364
3.4
32
3
28
26
2.4
224
2
184
16
1.44
124
14
08
06
044
02

(+ESI Sean (0.128:0.273 min. 10 Seans) Fiag=135.0V 24-2-2-2d Subhiact

1265.4850

1286.4845

1267.4852

o
o] (o] F
OOy S

F
1

CsHCIFN,,0,Si [M+H]*: 1263.4803

HRMS spectrum of G-Pc.

1266

1287
Counts vs. Mass-toChaige (m/z)

1268

15w dm ade @




BEDEZ
mw_u.m-#.
ZLe-
oooa=
G1ED
ZEEDA
SFE0A
20670+
026704
LEGD
B85 F.

—_—

B6S |
Z19 1
90€ T
BLEZ
mmm.m._\/
0152+

—00°#

GLGE-]
BLS 2L
[Srdvi )

g918°g]
BZRE

HWe'd

SE0E]
BFOE]
190'E ]
L8 LE ]

BLLET
faee
6BE Ly
062 4y
m_um.m;
Z1sey
BLs B
27587
EESB
EBS B~
106
5896
LD
896

¥ == LB

-J.]_n__n_.m

10

1 (ppm)

H NMR of PEG-Pc.

i
w
@
u
®

9~ ~0Ou~o—

N
Si’

s

g OO

N

. 6706

W

T |

175

9

w5 o6 G165 U7

HRMS spectrum of PEG-Pc.

References



=

10.

11.

12.
13.

14.

15.

16.

Horvath, S. E.; Daum, G., Lipids of mitochondria. Prog Lipid Res 2013, 52 (4), 590-614.

Jo,S.; Lim,J.B.; Klauda,J.B.; Im, W., CHARMM-GUI Membrane Builder for Mixed Bilayers and
Its Application to Yeast Membranes. Biophys J 2009, 97 (1), 50-58.

Salomon-Ferrer, R.; Case, D. A.; Walker, R. C., An overview of the Amber biomolecular simulation

package. Wires Comput Mol Sci 2013, 3 (2), 198-210.

Dickson, C.J.; Madej, B.D.; Skjevik, A. A.; Betz, R.M.; Teigen,K.; Gould,I.R.; Walker, R.C,,

Lipid14: The Amber Lipid Force Field. / Chem Theory Comput 2014, 10 (2), 865-879.

Showalter, S. A.; Bruschweiler, R., Validation of molecular dynamics simulations of biomolecules

using NMR spin relaxation as benchmarks: Application to the AMBER99SB force field. J Chem

Theory Comput 2007, 3 (3), 961-975.

Lee, C.T.; Yang, W.T.; Parr, R. G., Development of the Colle-Salvetti Correlation-Energy Formula

into a Functional of the Electron-Density. Phys Rev B 1988, 37 (2), 785-789.

Gaussian 09. M. J. Frisch GW, Trucks HB, Schlegel GE, Scuseria MA, Robb JR, Cheeseman

G,Scalmani V, Barone GA, Petersson H, Nakatsuji X,Li M, Caricato A, Marenich J, Bloino BG, Janesko

R, Gomperts B, Mennucci HP, Hratchian JV, Ortiz AF, Izmaylov JL, Sonnenberg D, Williams-Young

F, Ding F, Lipparini F, Egidi J, Goings B, Peng A, Petrone T, Henderson D, Ranasinghe VG, Zakrzewski

J, Gao N, Rega G, Zheng W, Liang M, Hada M, Ehara K, Toyota R, Fukuda J, Hasegawa M, Ishida T,

Nakajima Y, Honda O, Kitao H, Nakai T, Vreven K, Throssell JA, Montgomery Jr., JE, Peralta F,

Ogliaro M, Bearpark JJ, Heyd E, Brothers KN, Kudin VN, Staroverov T, Keith R, Kobayashi J, Normand

K, Raghavachari A, Rendell JC, Burant SS, lyengar J, Tomasi M, Cossi JM, Millam M, Klene C, Adamo

R, Cammi JW, Ochterski RL, Martin K, Morokuma O, Farkas JB, Foresman and DJ. Fox. Gaussian,

Inc.:Wallingford CT, 2016.

Petersson, G. A.; Bennett, A.; Tensfeldt, T. G.; Allaham, M. A.; Shirley, W. A.; Mantzaris, J., A

Complete Basis Set Model Chemistry .1. The Total Energies of Closed-Shell Atoms and Hydrides of

the 1st-Row Elements. J Chem Phys 1988, 89 (4), 2193-2218.

Wang, J. M.; Wolf, R. M.; Caldwell,J. W.; Kollman, P. A,; Case, D. A., Development and testing

of a general amber force field. / Comput Chem 2004, 25 (9), 1157-1174.

Wang, J. M.,;  Wang, W.; Kollman, P. A,; Case, D. A., Automatic atom type and bond type

perception in molecular mechanical calculations. J/ Mol Graph Model 2006, 25 (2), 247-260.

Darden, T.; York, D.; Pedersen, L., Particle Mesh Ewald - an N.Log(N) Method for Ewald Sums in

Large Systems. J Chem Phys 1993, 98 (12), 10089-10092.

Ryckaert J-P, Ciccotti G and Berendsen HIC.J. Chem. Phys. 1977; 23: 327-341.

Chu, J. W.; Trout, B. L.; Brooks, B. R., A super-linear minimization scheme for the nudged elastic

band method. J Chem Phys 2003, 119 (24), 12708-12717.

Zhang, Y. H.; Feller, S. E.; Brooks, B. R.; Pastor, R. W., Computer-Simulation of Liquid/Liquid

Interfaces .1. Theory and Application To Octane/Water. J Chem Phys 1995, 103 (23), 10252-10266.

Jones, A.; Leimkuhler, B., Adaptive stochastic methods for sampling driven molecular systems. J

Chem Phys 2011, 135 (8).

Poger, D.; Van Gunsteren, W. F.; Mark, A. E.,, A New Force Field for Simulating

Phosphatidylcholine Bilayers. J Comput Chem 2010, 31 (6), 1117-1125.



