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1. Materials and methods

1.1 Chemicals and materials

Zirconium chloride (ZrCls), 2-amino-terephthalic acid (BDC-NHz), N,N-
dimethylformamide (DMF), 4-hydroxyethyl piperazine ethyl sulfonic acid (HEPES),
phosphate buffer (PBS), sodium carbonate (NaxCOs3), 4-aminoantipyrine (4-AAP),
potassium ferricyanide (K3Fe(CN)g), 4-nitrophenyl phosphate disodium salt (PNPP)
and p-nitrophenol (p-NP) were purchased from Aladdin (Shanghai, China). Paraoxon
(PXN), profenofos (PFF), isoprocarb, carbaryl and parathion-methyl (PTM) were
purchased from Anpel (Shanghai, China). Glacial acetic acid, methanol and ethanol
were purchased from Jiangtian (Tianjin, China). Glutaraldehyde (2.5 wt% aqueous
water) was purchased from Kemiou (Tianjin, China). Aptamer used in this work (Table
S4) was purchased from Genewiz (Tianjin, China). All the chemicals and organic

solvents were analytical pure, and water was ultrapure water.

1.2 Synthesis of UiO-66-NH:

160 mg of ZrCls and 124 mg of BDC-NH> were dissolved in 40 mL DMF. Then,
1.4 mL of glacial acetic acid was added. After ultrasonic treatment for 5 min, the
mixture was transferred into a kettle and reacted at 120 °C for 48 h. After the reaction,
the mixture was cooled to room temperature. The solid product was centrifuged and
washed with DMF and methanol, respectively. Finally, the obtained UiO-66-NH> was
dried in vacuum at 120 °C for 12 h.

1.3 Synthesis of UiO-66-APT

UiO-66-NH> was dispersed in 500 pL of deionized water to the concentration of 5
mg/mL. Then, 500 pL of glutaraldehyde (2.5 wt% in aqueous water) was added, and
the reaction was carried out at room temperature for 2 h on a rotary oscillator at a speed
of 50 r/min. Then, the supernatant was removed by centrifugation, and 400 pL of
HEPES buffer (20 mM, pH7.4) and 100 pL of aptamer (2.5 uM in HEPES buffer) was
added (the aptamer was pre-heated at 95 °C for 2 min). The reaction continued at 37 °C
for 24 h, and the suspension was centrifuged, washed and re-dispersed with HEPES

1



buffer (20 mM, pH7.4) to obtain UiO-66-APT (UiO-66-5’C6, UiO-66-5’C12 and UiO-
66-3’C7), and finally stored at 4 °C for future use. The amount of aptamer that
conjuncted on UiO-66-APT can be obtained through determining the content of

aptamer in the supernate before and after modification.!
1.4 Catalytic ability evaluation

960 puL of HEPES buffer (20 mM, pHS.0), 20 uL of 20 mM PNPP solution, 20 pL
of catalysts suspension (5 mg/mL) were mixed evenly and the reaction was carried out
at 37 °C. During the reaction, the UV spectrum scanning of 300 ~500 nm was measured.
The amount of p-NP in supernatant was determined at the wavelength of 400 nm. As
the blank, PNPP was replaced with 20 pL of water.

For the hydrolysis of PXN, the above process was repeated by replacing 20 mM
PNPP solution with 1 mg/mL PXN solution (PXN was pre-dissolved in acetone).
Similarly, in the blank group, 20 pL of PXN solution was replaced by 20 puL of acetone
solution. Kinetic fitting was carried out according to the experimental results.

The determination of PTM hydrolysis required the addition of 20 pL of 10%
Na>COs solution as a chromogenic agent, and then detected at 450 nm.? For PFF, 960
pL of HEPES buffer (20 mM, pH7.0) was used instead of HEPES buffer (20 mM,
pHS8.0). After the reaction, 20 pL of 1.0% 4-AAP solution and 10 pL of 2.0%
K3Fe(CN)g solution were added as the chromogenic reagents, and then detected at 509
nm.? For isoprocarb, PBS buffer (20 mM, pH7.4 ) was used instead of HEPES buffer
(20 mM, pHB8.0). Then the fluorescence intensity at 281 nm before and after the
hydrolysis reaction was measured at 252 nm excitation wavelength.* For carbaryl,
HEPES buffer (20 mM, pH7.4) was used instead of HEPES buffer (20 mM, pHS8.0).
Then, the fluorescence intensity at 616 nm before and after the hydrolysis reaction was

measured at the excitation wavelength of 310 nm.’
1.5 Characterizations

Scanning electron microscopy (SEM) S4800 was used to determine the
morphology. Transmission electron microscopy (TEM) images were performed with a

electron microscope (JEM-2100F, Japan). Elemental mapping was carried out using the
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same electron microscope equipped with an energy dispersive X-ray spectrometer. The
powder X-ray diffraction (XRD) patterns were collected on a D8-Focus X-ray
diffractometer with Cu-Ko radiation and a scanning speed of 8 °/min. UV-visible
spectra (UV) was measured on a TU-1900 spectrophotometer. A Nicolet 6700
spectrometer was employed to collect the Fourier-transform infrared (FT-IR) spectra,
in KBr particles at room temperature over the range of 500~4000 cm’. X-ray
photoelectron spectroscopy (XPS) data was collected using a Thermo Scientific K-

Alpha+ photoelectron spectrometer equipped with an Al Ka X-ray source (1486.6 eV).
1.6 Molecular dynamics simulation

The molecular dynamics (MD) simulation was performed using the GROMACS
2021.3 software package® under the Amber ff99SB force field.” Based on the optimized
crystal structure, the topological structure of UiO-66-NH> was generated by Sobtop
program.® The PXN aptamer models were constructed based on the secondary structure,
assembled with alkyl linker and finally connected onto UiO-66-NH> by glutaraldehyde
to form UiO-66-APT. Then the simulation systems were established by expanding the
UiO-66-APT structure with a margin of 0.8 nm. Substrate molecules were randomly
inserted, and the boxes were filled with TIP3P water.” Moderate Na* ions were added
to equilibrate the systems. Afterward, energy-minimization was accomplished in 5000
steps with the steepest descendant algorithm, followed by 100 ps equilibration stage
and 2 ns production simulation stage under the NPT ensemble. In a simulation system,
the UiO-66-ATP model was established through uniformly connecting appropriate
aptamer to a Ui0-66-NH: cell. Then, PXN molecules were randomly inserted into each
system (the number of aptamer and PXN in each system was 1 : 1). The statistical mean
distance was calculated every 1 ps from 0 to 2 ns for the entire locus. The average
distance between the PXN molecules and the catalytic active center was calculated by
taking the first 100 of the minimum median distances. The atoms within the whole UiO-
66-ATP were selected for evaluating the radius of gyration. Finally, the conformations
were observed and analyzed by Visual Molecular Dynamics (VMD),'® MD analysis
python package!! and GROMACS analysis tools.



2. Supporting Figures
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Fig. S1 The catalytic ability of UiO-66-NH> and UiO-66-3"C7 on PXN under
different pH (a) and temperature (b) conditions.

960 puL of HEPES buffer (20 mM), 20 pL of 0.5 mg/mL PXN solution, 20 pL of
catalysts suspension (5 mg/mL) were mixed evenly. The reaction was kept for 30 min
under different pH or temperature conditions, then the absorbance of the reaction

solution at 400 nm was determined.

(a) (b)
<100 i W e . —— After 6 cycles
S ] = —— Original
> =
= 80
Q —_
© n
o 3 ‘
£ 60+ S
s 2z
@ ‘@
g 40 §
e =
‘©
s 204
o
0 |

0 1 2 3 4 5 6 10 20 30 40 50 60
Cycles 20 (degree)

Fig. S2 The reusability of UiO-66-3C7 (a). The XRD of original UiO-66-APT and
recycled after 6 times (b).

960 pL of HEPES buffer (20 mM, pH&8.0), 20 puL of 1 mg/mL PXN solution, 20 puL of
Ui0-66-3’C7 suspension (5 mg/mL) were mixed evenly. The reaction was kept for 30
min under 37 °C, then the absorbance of the reaction solution at 400 nm was determined.
Assuming the original catalytic ability of UiO-66-3’C7 as 100%. After each catalytic
cycle, the catalyst was centrifuged from the reaction solution, washed with deionized

water, and then immersed in a fresh substrate solution for the next cycle. It can be seen
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from Fig. S2 that after 6 cycles, UiO-66-3’C7 still retained 87 % of the catalytic ability.
This high stability is beneficial from the rigid crystal structure of the MOFs.
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Fig. S3 The reaction rate versus PXN concentration plots.



3. Supporting Tables

Table S1. Element content results obtained from EDS-mapping test.

UiO-66-NH:

Element Line type Mass (%) Wt % Sigma Atom (%)
C K 76.02 0.75 82.26
O K 19.27 0.47 15.65
Zr L 291 0.23 0.41
N K 1.80 0.76 1.67
P K 0.00 0.07 0.00

Total 100.00 100.00
Ui0-66-5'C6

Element Line type Mass% Wt % Sigma Atom%
C K 74.40 1.01 82.53
O K 17.42 0.58 14.51
Zr L 5.86 0.42 0.86
N K 2.11 1.04 2.01
P K 0.21 0.14 0.09

Total 100.00 100.00
Table S2. The amount of aptamer conjunted on UiO-66-APT.
Apt t obtai
Nanocatalysts Aptamer amount (mg/g) I;rzﬁelr Ca}r)n 81];118 (Orz;gn)ed
Ui0-66-3"C7 8.77 9.13
Ui0-66-5"C6 9.29 9.43
Ui0-66-5"C12 8.40 9.05
Table S3. Radius of gyration results of UiO-66-APT.
Nanocatalysts Ui0-66-3'C7 Ui0-66-5'C6 Ui0-66-5'C12

Radius of gyration (nm) 118 80 100




Table S4. Sequences of aptamer conjuncted onto UiO-66-NH,.

APT

Aptamer sequence

3'Cc7

5'-AAGCTTGCTTTATAGCCTGCAGCGATTCTTGATCGGAAAAGGCT
GAGAGCTACGC-(CH;);-NH,-3'

5'Co

5'-NH;-(CH)s~AAGCTTGCTTTATAGCCTGCAGCGATTCTTGATCGG
AAAAGGCTGAGAGCTACGC-3'

5'C12

5'-NH;-(CH3)12-AAGCTTGCTTTATAGCCTGCAGCGATTCTTGATCGG
AAAAGGCTGAGAGCTACGC-3'
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