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1. Supporting experimental

1.1 Materials

Iron (III) chloride hexahydrate (FeCl;*6H,0) was purchased from Kemiou (Tianjin,
China). Hydrogen peroxide (H,O,, 30%) was purchased from Aladdin (Shanghai,
China). N-Hydroxysulfosuccinimide (NHS) was purchased from Shanghai yuanye Bio-
Technology (Shanghai, China). 2,2°:6’,2”’-Terpyridine, 2,2°:6’,2’-terpyridine-4’-
carboxylic acid, methyl green (MeG), malachite green (MG) and 2-
morpholinoethanesulfonic acid (MES) were purchased from Xiensi (Tianjin, China). 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC) was purchased from Meryer
(Shanghai, China). Crystal violet (CV) was purchased from Guangzhou chemical
reagent factory (Guangzhou, China). Aptamers used in this study (Table S1, Figure
S6) were purchased from GENEWIZ (Tianjin, China).

1.2 Fluorescence analysis

Equal volume of CV solution (1 uM) and aptamer solution (1 uM) were thoroughly
mixed, and the fluorescence intensity at 571 nm was determined under the emission at
612 nm. The blank test was performed using PB buffer solution (0.1 M, pH 7.2) instead

of the aptamer solution.
1.3 Molecular dynamics simulation

The molecular dynamics (MD) simulations were employed using Gromacs 2023.2
software package'. The Amber ff14SB force field” was utilized to pretreat aptamer
molecules. The force field parameters and partial charges of Tpy(Fe) catalyst was built
by Sobtop? and was refitted by restrained electrostatic potential (RESP) charge®*. Each
aptamer model is attached to Tpy(Fe) catalyst via a peptide bond, forming catalyst-
aptamer molecules. The Apt-Tpy(Fe) structure was treated by Gaussian 09C> at
TPSSh6%/def2SVP7 method with geometry optimization and vibration analysis. The
simulation system was then built by extending the Apt-Tpy(Fe) into a rectangular box
with 0.8 nm margins. Each system was solvated with TIP3P water®. After undergoing

2000 steps of steepest descendent energy minimization and balanced simulation in 200



ps, stable Apt-Tpy(Fe) model was obtained. Subsequently, a CV molecule was placed
into each Apt-Tpy(Fe) system and filled with TIP3P water. To equilibrate the system,
an appropriate amount of Na+ ions were added. Then the energy minimization was
performed again, followed by a 40 ns production simulation under the NPT ensemble.
The distance between the geometric center of CV substrate and the Fe site of Apt-
Tpy(Fe) was calculated every 1 ns. The temperature and pressure are controlled by
velocity rescale thermostat® and stochastics cell rescale barostat!'®. The conformation
was analyzed using Visual Molecular Dynamics (VMD) !'! and Discovery Studio
Visualizer. The distances between CV molecule and Fe site were measured by using

MDAnalysis Python library.
1.4 Molecular docking

The tertiary structure of the substrate was obtained from the ZINC database
(https://zinc.docking.org/). The secondary structure of the aptamer was predicted using
the RNA fold website (http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi)
and then submitted to the RNA Composer website for tertiary structure modeling
(http://rnacomposer.ibch.poznan.pl/). Molecular docking was performed using
AutoDock Vina'? based on the structure of Apt-Tpy(Fe) after MD simulation, and the

best docking results were analyzed and visualized by Pymol (www.pymol.org).
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2. Supporting Figures
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Figure S1. HPLC monitoring of the EDC/NHS reaction between amino-modified

aptamer and Tpy(Fe).

The decreasing of Tpy(Fe) and aptamer together with the increasing of Apt-Tpy(Fe)
indicated the formation of Apt-Tpy(Fe) conjugates.

HPLC condition: HPLC analyses were performed on a Shimadzu Prominence LC-
20AT high-performance liquid chromatography system using a Grace Vydac 218TP
C18 column (250 x 4.6 mm, 5 pm, 300 A) under the detection wavelength of 260 nm.
Mobile phase A consisted of 100 mM triethylammonium acetate buffer (pH 7.0), and
mobile phase B was acetonitrile. Gradient elution program (0—5 min, hold at 5% B; 5—
25 min, linear gradient to 35% B; 25-30 min, linear gradient to 60% B) was used with

the flow rate of 1.0 mL/min.
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Figure S2. ESI-MS spectrum analysis of Tpy(Fe) (a), aptamer (b) and the conjunction
product (c), which showing a multiply charged ion peak at m/z 1498.4511. For the 9~
charge state, this peak corresponds to a neutral molecular mass of approximately

13495.1 Da, supporting the successful formation of the Apt-Tpy(Fe) conjugate.
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Figure S3. The Raman spectrum of CV aptamer (Apt), Typ(Fe) and Apt-Typ(Fe).
The formation of -NH-CO- bond was verified by the characteristic Raman shifts at

1237 cm! and 1680 cm’!
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Figure S4. The effect of EDC/NHS reaction time on the degradation ability of Apt-
Tpy(Fe) toward CV.
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Figure SS. (a) Fluorescence analysis of CV that binds to aptamers with different
affinities. Time-dependent degradation of CV (b) and reaction kinetics of CV

degradation (c) catalyzed by 3°’C;H-Tpy(Fe), 3°’C;M-Tpy(Fe) and 3°C,;L-Tpy(Fe).
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Figure S6. The frequency distribution of binding energy of 3’C;H-Tpy(Fe), 3°C;M-
Tpy(Fe) and 3°C;L-Tpy(Fe).
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Figure S7. Time-dependent degradation of CV (a) and reaction kinetics of CV

degradation (b) catalyzed by 3’C;H-Tpy(Fe), 5°CsH-Tpy(Fe) and 2°TC¢H-Tpy(Fe).
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Figure S8. Catalytic selectivity of Apt-Tpy(Fe) for different substrates
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Figure S9. Mass spectrometry analysis of the aptamers used in this study: H (a),

3°C/H (b), 3°C;M (c), 3°C5L (d), 5°CeH (e) and 2°TC4H (h).



3. Supporting Tables

Table S1. Sequences of aptamers used in this study

Aptamer Sequence (5°—3’)
H AACGACCACCGGTGCGCCGTACAGGTAACTAGCGTCGTCGTT
M AACGACGGGCTGGACGTCATCAACCTTCCACATGCAGTCGTT
L AACGACACACACACTCTATATCATTAGCATGTACTCTGTCGTT
AACGACCACCGGTGCGCCGTACAGGTAACTAGCGTCGTCGTT-
3’C/H
(CHy);-NH,
AACGACGGGCTGGACGTCATCAACCTTCCACATGCAGTCGTT-
3’C:-M
(CH,)7-NH,
AACGACACACACACTCTATATCATTAGCATGTACTCTGTCGTT
3°CsL
-(CH,);-NH,
NH,-(CHy)¢-
5°CeH
AACGACCACCGGTGCGCCGTACAGGTAACTAGCGTCGTCGTT
" AACGACCACCGGTGCGCCGT/iNH,(CH)4d T/
TCH
ACAGGTAACTAGCGTCGTCGTT
Table S2. The residues interact with CV molecule
Aptamer Residues

1A, 2A, 3C, 4G, 5A, 22C, 23A, 29C, 30T, 31A, 32G, 35T, 36C,
3’C;H-Tpy(Fe)
37G, 38T, 39C

1A, 2A, 3C, 4G, 22C, 23A, 24G, 27A, 29C, 30T, 31A, 32G, 36C,
5’CsH-Tpy(Fe)
37G, 38T, 39C

2TC4H-Tpy(Fe) 2A, 3C, 4G, 21A, 22C, 23A, 31A, 32G, 33C, 36C




Table S3. R factor in the degradation of CV, MeG and MG

Substrate Catalyst R factor

Tpy(Fe)+H 1.00
3’C;H-Tpy(Fe) 1.60

Cv
5’C¢H-Tpy(Fe) 1.50
2TCcH-Tpy(Fe) 1.74
Tpy(Fe)+H 1.00
3’C;H-Tpy(Fe) 0.87

MeG
5’C¢H-Tpy(Fe) 0.88
NTCcH-Tpy(Fe) 0.73
Tpy(Fe)+H 1.00
3’C;H-Tpy(Fe) 0.76

MG
5’C¢H-Tpy(Fe) 0.87
2TCcH-Tpy(Fe) 0.98
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