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1. Materials and instruments

All solvents and chemical reagents were purchased from commercial reagents
corporation and used without further purification. The compositions of synthesized
materials were characterized by nuclear magnetic resonance (NMR; BUXI-INMR,
Wuhan). The morphologies and compositions of the materials were characterized by
scanning electron microscope (SEM; Nova NanoSEM450, USA), transmission electron
microscopy (TEM; JEM2100PLUS, Japan), atomic force microscopy (AFM; Bruker
Dimension Icon, Germany), thermogravimetric analysis (TGA; NETZSCH STA
449F5, Germany), electron paramagnetic resonance spectroscopy (EPR, Bruker A300,
Germany), X-ray photoelectron spectroscopy (XPS; Thermo Scientific K-Alpha,
USA), inductively coupled plasma atomic emission spectrometry (ICP-OES; Agilent
720ES (OES), USA) and ultraviolet-visible spectroscopy (UV-Vis; Agilent
Technologies Cary 60 UV-Vis, USA). The powder X-ray diffraction (PXRD) data were
collected on the Bruker D8 Advance diffractometer using a Cu target radiation with a
wavelength of 1.5406 A, a step size of 0.01, a scanning speed of 3 deg/min, and a
scanning range of 260 = 2-30°. The diffraction data were fully fitted using the Pawley
refinement method, and the refinement was completed using the Materials Studio
software. During the refinement process, the basic unit of the unit cell was taken as the
starting point, and the space group was fixed as P1. The refinement parameters included
zero point shift, background, lattice and pseudo-voigt. Keep fractional coordinates
fixed during lattice changes. The refinement results were evaluated using the weighted
profile R-factor (Ry,,) and the profile R-factor (R,). The electrochemical studies were
carried out by electrochemical workstation (CHI760E, Shanghai Chenhua)
2. Synthesis of pillar[S]arenes-based ligand

Pillar[5]arenes-based ligand CHO-P5 was synthesized according to the route in

Scheme S1.[51]
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Scheme S1. The synthesis route of CHO-P5.

Compound I: 1,4-dimethoxylbenzene (20.73 g, 150.10 mmol) and polyformaldehyde
(4.60 g, 150.10 mmol) was dissolved in 500 mL of 1,2-dichloroethane. Next, 75 mL of
trifluoroacetic acid (TFA) was added into the solution rapidly and reflux at 80°C for 3
h. After cooling to room temperature, the mixture was quenched by methanol and white
precipitate was obtained. Vacuum filtration was carried out, and the filter cake was
rinsed with methanol. The crude product was purified by column chromatography using
methanol as the eluent. Compound I was obtained as a white solid (Yield: 11.41 g,
50.7%). '"H NMR (400 MHz, CDCls) ¢: 6.81 (s, 10H), 3.77 (s, 10H), 3.68 (s, 30H).

Compound II: Compound I (6.00 g, 7.99 mmol) was dissolved in 200 mL of
dichloromethane, ammonium cerium nitrate (CAN) (8.76 g, 15.98 mmol) was dissolved
in 16 mL of water. Next, the CAN solution was slowly dropped into the system within
25 minutes under rapid stirring. After the addition was completed, the solution was
further stirred for 5 minutes. The mixture was quenched by water and then extracted by
dichloromethane for three times. The organic phase was washed with saturated salt
water, then dried with Na,SO,. After filtration, it was concentrated under reduced
pressure to obtain the crude product. The crude product was purified by column
chromatography using dichloromethane/petroleum ether 1:1 (v/v) as eluent. Compound

II was obtained as a red solid (Yield: 3.86 g, 67%). 'H NMR (400 MHz, CDCl;) J: 6.84 (s,



2H), 6.81 (d, J = 4.1 Hz, 4H), 6.67 (s, 4H), 3.79 (d, J = 3.1 Hz, 6H), 3.75 (s, 6H), 3.72 (d, J = 2.0
Hz, 12H), 3.64 (s, 6H), 3.59 (s, 4H).

Compound III: Compound II (1.80 g, 2.48 mmol) was dissolved in 74.66 mL of
tetrahydrofuran, and then 32 mL of NaBH, (0.48 g, 12.69 mmol) aqueous solution was
added. After 30 minutes of reaction, the solution rapidly lightened from red and finally
turned light yellow. The mixture was quenched by HCIL. After removing tetrahydrofuran
under reduced pressure, the aqueous phase was extracted three times with
dichloromethane. The organic phase was combined, and washed with saturated salt
water. The organic phase was dried with Na,SO,, filtered and concentrated under
reduced pressure to obtain the crude product. No purification was required and the next
step can be carried out directly.

Compound IV: The crude product of compound IIT (1.80 g, 2.49 mmol) was
dissolved in 90 mL of dichloromethane. Then, 3 mL pyridine was added. Next,
trifluoromethanesulfonic anhydride (7.12 mL, 42.33 mmol) was dropped in an ice bath.
The reaction was carried out at room temperature for 24 h. The mixture was quenched
by ice water. The aqueous phase was extracted three times with dichloromethane. The
organic phase was combined, and washed with saturated salt water. The organic phase
was dried with Na,SOy, filtered and concentrated under reduced pressure to obtain the
crude product. The crude product was purified by column chromatography using
dichloromethane/petroleum ether 1:2 (v/v) as eluent. Compound IV was obtained as a
white solid (Yield: 3.35 g, 64.3%).'"H NMR (400 MHz, CDCls) ¢: 7.33 (s, 2H), 6.80 (s,
2H), 6.78 (s, 2H), 6.76 (s, 2H), 6.70 (s, 2H), 3.85 (s, 4H), 3.79 (s, 6H), 3.73 (s, 6H),
3.69 (s, 6H), 3.66 (s, 6H), 3.61 (s, 6H).

CHO-P5: Compound IV (2.00 g, 2.03 mmol) and p-aldehyde phenylboric acid (1.52
g, 10.13 mmol) were dissolved in 80 mL of tetrahydrofuran, and 20 mL of K,COj; (3.36
g, 24.32 mmol) aqueous solution was added. Next, Pd(PPh;), (374.68 mg, 324.23
mmol) was added under N, atmosphere and refluxed at 80°C for 72 h. After the reaction
was completed, after cooling to room temperature and evaporating under reduced
pressure to remove the solvent tetrahydrofuran, the crude product was extracted three

times with dichloromethane, and the organic phases were combined. The organic phase



was dried with Na,SO,, filtered and concentrated under reduced pressure to obtain the
crude product. The crude product was purified by column chromatography using
dichloromethane/petroleum ether 1:1 (v/v) as eluent as the eluent. Compound IV was
obtained as a white solid (Yield: 1.28 g, 70%)."H NMR (400 MHz, CDCl3) o: 10.02 (s,
2H), 7.63 (d, J= 7.7 Hz, 4H), 7.08 (d, J = 7.6 Hz, 4H), 6.86 (s, 2H), 6.73 (d, /= 15.5
Hz, 4H), 6.55 (s, 2H), 5.92 (s, 2H), 3.94 - 3.83 (m, 4H), 3.82 - 3.71 (m, 6H), 3.68 (s,
6H), 3.57 (s, 6H), 3.38 (s, 6H), 3.30 (s, 6H).
3. Synthesis of pillar[S]arenes-derived COFs

COF-TPA: As shown in Scheme S2, 14.3 mg amino ligands 5,10,15,20-tetrakis(4-
aminophenyl)porphyrin (TAPP) and 169 mg aldehyde ligand 4,4"-p-
terphenyldicarboxaldehyde (TPA) was added to a Schlenk tube. Next, 1 mL 1,2-
dichlorobenzene was added into the solution. The mixed solution was ultrasonically
dispersed for 15 min and 0.1 mL of CH;COOH (6.0 mol/L) was added into the solution,
then carried out freeze-pump-thaw process for three times. Finally, the mixture was
stayed at 120°C for 3 days. The obtained crude product was washed with methanol and
collected by filtering. After vacuum drying at 60°C, a brown solid namely COF-TPA
(Yield: 78%) was finally collected.
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Scheme S2. The synthesis route of COF-TPA.
COF-P5: As shown in Scheme S3, COF-TPA (20 mg) and CHO-P5 (108 mg) was
added to a Schlenk tube. Next, super-dry tetrahydrofuran was added into the solution.

The mixed solution was ultrasonically dispersed for 15 min and 0.4 mL of CH;COOH



(6.0 mol/L) was added into the solution, then carried out freeze-pump-thaw process for
three times. Finally, the mixture was stayed at 120°C for 3 days. The obtained crude
product was washed with methanol and tetrahydrofuran for three times, respectively.
After vacuum drying at 60°C, the product namely COF-P5 (25 mg) was finally

collected.
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Scheme S3. The synthesis route of COF-PS5.
COF-P5-OH: As shown in Scheme 4, COF-P5 (20 mg) and 10 mL of deionized
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water were added into a single-necked flask. The solution was ultrasonically dispersed
for 15 min and 5 mL of CAN solution (62 mg) was added into the solution and stirred
at room temperature for 30 minutes. After the reaction was completed, it was washed
twice with water and twice with ethanol, and then vacuum-dried to obtain blackish-
brown powder named COF-P5=0 (19 mg).

COF-P5=0 (20 mg) and 10 mL of deionized water were added in a single-necked
flask, and ultrasonically dispersed for 15 minutes. Next, 5 mL of NaBH, aqueous (8
mg) was added into the solution, and stirred at room temperature for 30 minutes. After
the reaction was completed, the mixture was washed three times with water and ethanol
respectively, and then vacuum dried to obtain blackish-brown powder named COF-P5-

OH (18 mg).
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Scheme S4. The synthesis route of COF-P5-OH.
COF-P5-OH-Fe: As shown in Scheme 5, COF-P5-OH (30 mg) and 20 mL of

ethanol were added into a 48 mL pressure-resistant bottle. The solution was
ultrasonically dispersed for 15 minutes, and blow with N, for 15 minutes. Next,
FeCl,-4H,0 (8.6 mg) was added into the mixture and ultrasonically for 10 minutes and
reacted at 70°C for 4 hours. After the reaction was completed, the precipitate was
collected and washed three times with ethanol to obtain the brown solid COF-P5-OH-
Fe (23 mg, Yield: 75%). COF-TAP-Fe and COF-P5-Fe were prepared in similar

method.

Scheme S5. The synthesis route of COF-P5-OH-Fe.

4. Electrochemical studies

The electrochemical impedance spectroscopy was carried out at a frequency range
of 10-100 kHz. The electrolyte was [Fe(CN)g]>* (5 mmol/L) and KC1 (0.1 mol/L). The
samples of COFs were dispersed by ultrasonic and the uniformly dripped on a fluorine
doped tin oxide (FTO) electrode. Mott-Schottky curves were measured at a frequency

of 1000, 1500 and 2000 Hz, respectively. The electrolyte was the aqueous solution of



Na,SO4 (0.5 M). The working electrodes were prepared as follows: 5 mg of
photocatalyst powder was dispersed in the mixture of 475 pL of ethanol and 25 pL of
nafion solution (5% w/w, water and isopropyl alcohol), which was dip-coated on the
surface of FTO glass substrate and dried. A platinum wire and a saturated calomel
electrode were used as the counter electrode and the reference electrode, respectively.
The test conditions of i-t curves were the same with Mott-Schottky curves. And the
lamp (100 mW/cm?) was turned on and off for 10 s.

5. OXD-like and POD-like activity measurements

The OXD-like activities of COFs were investigated with the irradiation of white light
and without light irradiation, respectively. 30 uL. of COFs (0.5 mg/mL), 120 puL of
3,3,5,5-tetramethylbenzidine (TMB, 10 mM) were added into 2850 puL of HAc-NaAc
buffer (0.2 M, pH 4.0) and the obtained mixture was incubated at room temperature for
5 min with the irradiation of white light irradiation. It was then transferred to a cuvette
for UV-Vis spectroscopy analysis.

The POD-like activities of COFs were investigated with the irradiation of white light
and without light irradiation, respectively. 30 uL. of COFs (0.5 mg/mL), 120 puL of
3.,3,5,5-tetramethylbenzidine (TMB, 10 mM) and 30 pL of H,O, (40 mM) were added
into 2820 puL of HAc-NaAc buffer (0.2 M, pH 4.0) and the obtained mixture was
incubated at room temperature for 5 min with the irradiation of white light and without
light irradiation, respectively. It was then transferred to a cuvette for UV-Vis
spectroscopy analysis.

To achieve the optimal analytical performance, pH values of HAc-NaAc buffer
solution was optimized. The pH values of the HAc-NaAc buffer solution were changed
to 2, 3,4, 5,6 and 7, respectively and the above experiment was repeated.

6. Steady-State Kinetics test

The steady-state kinetic experiment of COF-P5-OH-Fe was carried out under the
optimal conditions with various concentrations of TMB and fixed concentration of
H,0, (1.5 mM) or with various concentrations of H,O, and fixed concentration of TMB
(1.5 mM), the kinetic tests were operated in time scan mode at 652 nm by microplate

reader.



The V. and K, were derived via the following equation:
1/v = K/ Viax (1/[S]H1/Kyy)

Where v was the initial velocity, V.x was the maximum velocity of reaction, K., was
the constant of Michaelis-Menten equation, and [S] was the concentration of the
substrate.

7. Determination of reactive oxygen species (ROS)

To determine the ROS produced by COFs, p-benzoquinone (PBQ), histidine (His),
catalase (CAT) and tert-butyl alcohol (~-BuOH) were selected as the scavenger of -O,~,
10,, H,0, and -OH, respectively. The experimental procedure was as follows: the final
concentration of 0.5/1 mM PBQ, CAT, His or --BuOH was added to HAc-NaAc buffer
solution (pH 4.0) containing COFs and TMB. Next, the mixed solution was incubated
under the irradiation of white light for 5 min, and the absorbance at 652 nm was
monitored via a UV-Vis spectrophotometer.

To further verify the species of ROS generated by COFs, -O,~, ‘OH and 'O, were
determined by EPR spectrometer using 5,5-dimethyl-1-pyrroline-1-oxide (DMPO) and
2,2,6,6-tetramethyl-piperidin (TEMP) as spin trapping agents.

8. Antibacterial experiments

The antibacterial effect of COFs was carried out by plate coating method. Single
colonies of Escherichia coli (E. coli) cultured on plates were selected and dissolved in
Luria-Bertani (LB) liquid medium, and incubated in an incubator at 37°C for
continuous shock culture overnight. The bacteria were re-inoculated in LB medium at
37°C and 200 rpm until logarithmic growth. For plate coating tests, the concentration
of bacterial solution was adjusted by phosphate buffer to the value of ODgy was 0.4.
To investigate the antibacterial effect of the light-responsive POD mimics, the diluted
bacterial solution was added into different centrifuge tubes respectively: Control, H,O,,
COF-P5-OH-Fe, COF-P5-OH-Fe + H,0,. Next, they were incubated at 37°C for 30
min and followed by the irradiation of white light (100 mW-cm-2), 850 nm light (100
mW-cm2) or not for 30 min. After incubation, the treated bacterial solution was diluted.
And then the diluted bacterial solution was evenly pushed onto the surface of the solid

medium and cultured on a plate at 37°C for 14 h. The number of colonies was observed



and counted. What’s more, ascorbic acid was added to the above groups as a ROS
scavenger to investigate the photocatalytic antibacterial mechanism of COFs. The
antibacterial effect of COFs on Staphylococcus aureus (S. aureus) was carried out by
the similar method.

9. Supplementary figures and tables
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Figure S1. 'TH NMR spectrum of compound 1.
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Figure S2. '"H NMR spectrum of compound II.
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Figure S3. "TH NMR spectrum of compound IV.
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Figure S5. PXRD patterns of (a) COF-TPA, (b) COF-P5, (c) COF-P5=0 and (d) COF-P5-OH and
(e) COF-P5-OH-Fe.
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Figure S8. SEM images (a) of COF-P5; (b) COF-P5=0; (c) COF-P5-OH; (d) COF-TPA-Fe and (e)
COF-P5-Fe.
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Figure S9. TEM images (a) of COF-P5; (b) COF-P5=0; (c) COF-P5-OH; (d) COF-TPA-Fe and (e)
COF-P5-Fe.
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Figure S10. (a) XPS full spectrum of COF-P5-OH-Fe; XPS spectra of COF-TPA: (b) full
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100 4.5%
8.4%
80 5.3%
2
E 601 COF-TPA
5 ,. |—cores
2 401— cor-p5=0
—— COF-P5-OH
20— COF-P5-OH-Fe
—— COF-P5-Fe
01— COF-TPA-Fe
0 200 400 600 800

Temperature (°C)

Figure S11. TGA analysis of COF-TPA; COF-P5; COF-P5=0; COF-P5-OH; COF-P5-OH-Fe;
COF-P5-Fe and COF-TPA-Fe.
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Figure S13. Mott-Schottky plots of (a) COF-TPA; (b) COF-P5; (¢) COF-P5=0; (d) COF-P5-OH;
(e) COF-TPA-Fe and (f) COF-P5-Fe.
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Figure S14.VB-XPS plots of (a) COF-TPA; (b) COF-PS5; (c) COF-P5=0; (d) COF-P5-OH; (e)
COF-TPA-Fe and (f) COF-P5-Fe.
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Figure S15. OXD-like activity of different samples under white light irradiation.
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Figure S16. The steady-state kinetic curves of COF-P5-OH-Fe under the irradiation of white light

with (a) varying TMB concentration or (b) varying H-0O concentration.
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Figure S17. The steady-state kinetic curves and Lineweaver-Burk plots of COF-P5-OH-Fe without

light irradiation with (a, b) varying TMB concentration or (¢, d) varying H-0O: concentration.
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Figure S18. The steady-state kinetic curves and Lineweaver-Burk plots of COF-TPA without light
irradiation with (a, b) varying TMB concentration or (c, d) varying H.O- concentration.
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Figure S19. (a) TEM image of COF-P5-OH-Fe after catalysis; (b) FTIR spectra of COF-P5-OH-
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Fe before and after catalysis; (c-g) XPS spectra of COF-P5-OH-Fe after catalysis.

Figure S21. The POD-like activity of COF-P5-OH-Fe and the physical mixture of COF-P5 and
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Figure S20. CV curves of different samples.
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Figure S22. Effects of N; and different radical scavengers on the POD-like activity of COF-P5-
OH-Fe without light irradiation.
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Figure S23. (a) Photographs of S. aureus colonies after different treatment; (b) Survival rate of S.
aureus after different treatments. Data are presented as mean + SD (n = 3, ***p < 0.001, **p <
0.01, *p < 0.05).
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Figure S24. Transcriptomic profiling of E. coli treated with the control group and COF-P5-OH-Fe
samples: (a) Volcano plots illustrate the differential gene expressions in the white light group and
control group; (b) Heat map of differential expressed genes involved in white light group, dark
group and control group; (c) GO enrichment analysis for genes that are differentially expressed in
the white light group and control group; (d) KEGG pathway enrichment analysis for genes (down
regulation) that are differentially expressed in the white light group and control group; (¢) KEGG
pathway enrichment analysis for genes (down regulation) that are differentially expressed in white
light group and dark group, mainly including phenylalanine, tyrosine and tryptophan biosynthesis,
biosynthesis of amino acids, thiamine metabolism, arginine biosynthesis, phenylalanine
metabolism and etc.



Table S1. Kinetic parameters of different nanozymes.

Catalyst Substrate Vinax (108 M-s71) K (mM) Ref.
TMB 10.00 0.434
HRP 1S2]
H,0, 8.71 3.70
TMB 9.59 0.088
COFFe/cop-ph (531
H,0, 8.28 2.52
, TMB 35 0.055
Citrate-Capped (s4]
PtNPs
H,0; 32 63
TMB 4.79 0.091
FCPPOPEPA (53]
H,0, 2.35 1.95
TMB 10.66 0.224
PMCS [S6]
H,0, 12.15 40.16
TMB 2.10 0.42
MIL-100 (Fe) [57)
H,0, 1.40 0.06
TMB 8.78 1.08
MIL-53 (Fe) (s8]
H,0, 1.86 0.04
TMB 68.67 0.21
CF (9]
H,0, 28.57 21.02
Fe,04@COF@Os TMB 134 1.12 .
(AA) H,0, 110 1.09
TMB 4.82 0.014
H,TCPP-NiO [s11]

H,0, 13.8 39.1
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Reflex Pawley Refinement Report

Summary Report

Final Ryp: 8.76% Final Rp: 6.03%
Final pr (without 7.16% Final CMACS: 0.00%
background):
Setup
20 Range (degrees): 2.00-30.00 Step Size (degrees): 0.011
Experiment: COF-TPA
Excluded Regions: -
Number of Peaks: 1850 Refined: 930
Radiation
Type: X-ray Source: Copper
r1 (R): 1.540562 i (R): 1.544390
Io/1q: 0.500 Monochromator: None
Anom. Dispersion: No Polarization: 0.500
Lattice Parameters
Lattice Type: Triclinic Space Group: P1
Parameter ” Value “ Refined?
a 35.00903 + 0.00306 Yes
b 35.01314 + 0.00471 Yes
c 3.63343 = 0.00131 Yes
a 90.00000 No
B 90.00000 No
¥ 90.00000 No
Pattern Parameters
Profile Function: Pseudo-Voigt
FWHM
Parameter ” Value “ Refined?
u 0.40049 + 0.45626 Yes
\ 1.99118 + 0.08996 Yes
w -0.04020 £+ 0.00180 Yes



Profile

Parameter Value Refined?
NA 0.04407 + 0.00913 Yes
NB 0.02863 + 0.00083 Yes
Line Shift
Instrument Bragg-Brentano
Geometry:
Parameter Value Refined?
Zero Point 0.00000 Yes
Shift #1 0.00000 Yes
Shift #2 0.00000 Yes

Sample Parameters

Crystallite Size

Parameter Value Refined?
A 1155.68757 = 30.76036 Yes
B 152.23017 £ 0.96400 Yes
C 500.00000 No

Lattice Strain

Parameter Value Refined?
A 0.00264 + 0.05691 Yes
B 0.01144 £ 0.08892 Yes

C 0.38234 + 0.05572 Yes
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