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Materials and Methods

Unless otherwise noted, all chemicals and reagents for chemical reactions were 

obtained from commercial suppliers (Sigma-Aldrich, Acros, TCI, Frontier scientific) 

and used without further purification. The DNA sequences were all purchased from 

Sangon (Shanghai, China). The DNA strand concentrations were determined by 

measuring the UV absorbance of sample at 260 nm by using the molar extinction 

coefficient values provided by the manufacturer. Water purified on a Milli-Q A10 water 

purification system (specific resistance of 18.2 MΩ at 25 oC) was used for all 

experiments.

High Performance Liquid Chromatography (HPLC). The enantioselectivity was 

determined by Agilent HPLC 1260 analysis using Daicel chiralcel OJH column and 

Daicel CHIRALPAK-IJ column with a UV-detector by using ethanol, isopropanol and 

n-hexane as eluents at 25 °C.

Circular Dichroism (CD) Spectroscopy. All CD spectra were recorded on a dual 

beam DSM 1000 CD spectrophotometer (Olis, Bogart, GA) with a 10 mm or 1.5 mm 

path-length quartz cell. Each measurement was recorded from 220 to 400 nm at 20 ºC 

under N2 purge. The scan rate was 0.5 nm per second. The average scan for each sample 

was subtracted by a background CD spectrum of corresponding buffer solution. 

UV Melting Experiment. UV melting experiments were carried out on Shimadzu 2450 



S4

spectrophotometer (Shimadzu, Japan) equipped with a Peltier temperature control 

accessory. A sealed quartz cell with a path length of 1.0 cm was used. The UV melting 

curves of the G-quadruplexes and G4-based biocatalysts were monitored by UV 

absorption at 295 nm with a heating rate of 0.5 °C/min. Data were analyzed by using 

Origin 8 software. The melting temperatures (Tm) can be obtained from the best 

sigmoidal curve fit of the melting profile.

UV-Vis Absorption Titration Experiments. Absorption spectra were measured on 

Shimadzu 2600 spectrophotometer (Shimadzu, Japan) with a 1 cm path-length quarter 

cell. UV-vis absorption titrations were carried out by the stepwise addition of G-

quadruplex solution to a cell containing FeTMPyPn (n = 4, 3, 2). Absorption spectra 

were recorded in the range of 300-550 nm at room temperature. The titration was 

terminated when the wavelength and intensity of the Soret band for FeTMPyPn did not 

change any more upon three successive additions of G-quadruplexes.

Nuclear Magnetic Resonance (NMR) Titration. NMR titration experiments were 

performed on Bruker-700MHz NMR instrument in potassium phosphate buffer 

(10mM, pH 7.0), containing 5% D2O. The strand concentration of NMR samples was 

0.25 mM. Before experiment the samples were heated at 95 °C for 3 min and annealed 

to room temperature.

Isothermal Titration Calorimetry (ITC).1 ITC measurements were carried out at 25 
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°C using a MicroCal TM ITC 200 titration calorimeter (MicroCal, GE). Experiments 

were performed in potassium phosphate buffer (10mM, pH 7.0). The reference cell in 

the ITC was filled with ultrapure water (18.2 MΩ). A pre-folded G-quadruplex DNA 

was loaded into the calorimeter cell. Then the syringe was loaded with FeTMPyPn (n 

= 4, 3, 2) (1.5 mM) in corresponding buffers. Following the auto-equilibration and an 

initial 60 s delay, the FeTMPyPn titrant divided into 25 injections was added into the 

cell with 250s injection intervals. The stir rate was 1000 rpm. All data were recorded 

with the GE Instruments software provided. Calorimetric data were further analyzed 

according to relevant model using MicroCal ORIGIN software and MATLAB. Data 

analysis gives ΔH (binding enthalpy change, kcal/mol), Ka (binding constant, M-1), and 

n (number of bound FeTMPyPn cofactor) whereas the change in Gibbs energy and the 

entropic contribution were determined by the relationships ΔG = -RTlnKa and ΔG = 

ΔH-TΔS, respectively.

Fluorescence quench titration assay.2 Fluorescently labelled oligonucleotide was 

dissolved in assay buffer (potassium phosphate buffer 10 mM, pH 7.0), which is in 

agreement with the catalytic buffer. The resultant strand concentration of 

oligonucleotide was 100 nM. FeTMPyPn (n = 4, 3, 2) was prepared at a concentration 

of 5 mM in water and diluted to an appropriate concentration before titration. The 

fluorescence experiments were recorded on a FLS920 fluorescence spectrometer 

(Edinburgh) with a 1 cm path length quartz cuvette at 20 oC. Fluorescence intensity of 

FAM-labeled DNA was recorded after the addition of FeTMPyPn. Interval time 



S6

between two titration points was 10-15 minutes in order to reach the binding 

equilibrium. Each quench titration assay was conducted in triplicate. If not stated 

otherwise, the titration curve was fitting as one site specific binding by using software 

Origin 8.1.
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General Procedures

Typical procedure for cyclopropanation bioconversions under anaerobic 

conditions. Reactions (1 mL) were conducted in 10 mL Schlenk tubes (Synthware 

Glass, Beijing). G4-based biocatalysts were added to the tube with a small stir bar in 

phosphate buffer (10 mM, pH = 7.0) and a solution of the reductant (Na2S2O4, or 

NADPH) were combined in tube and degassed by bubbling argon through the solution 

for 5 min. The headspace of tube was made anaerobic by flushing argon over the 

solution (with no bubbling). A styrene solution in DMSO (20 L, typically 1.5 M) was 

added to the reaction vial via a glass syringe, and left to stir for about 30s. An EDA 

solution in DMSO was then added (20 L, 0.5 M) and the reaction was left to stir for 

appropriate time. The final concentrations of the reagents were typically: 30 mM 

styrene, 10 mM EDA, 5 mM Na2S2O4 or 0.5 mM NADPH, 12.5 M mA9A-FeTMPyPn 

(n = 4, 3, 2). After 2 hours of reaction, the product was extracted with ethyl acetate (3 

× 2 mL). The organic layer was washed with brine (1 × 5 mL). After a short flash 

chromatography containing anhydrous Na2SO4 and the evaporation of solvent, the 

crude product was analyzed by HPLC, using 2-methylanisole as internal standard. 

Synthesis of cyclopropane products.3 Under inert gas conditions, [Cu(MeCN)4]PF6 

(52 mg) was dissolved in 20 mL anhydrous dichloromethane. Under stirring, olefin 

(140 mmol) was added to the solution and stirred for further 90 min at room 

temperature. Subsequently, a solution of ethyl diazoacetate or butyldiazoacetate (14 

mmol) in 20 mL anhydrous dichloromethane was dropped to the solution over 4 hours. 
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The reaction mixture was allowed to stirrer at room temperature overnight. The pure 

product was obtained after flash chromatography.

Synthesis of cofactor FeTMPyPn.4 

The pH of an aqueous solution of H2TMPyP (0.15 mmol) in 60 ml water was adjusted 

to 2 (with 1 M HCl), and a 40-fold molar excess FeCl2.4H2O was added and the solution 

was stirred and heated under reflux. The course of the metalation was followed by the 

decrease of the fluorescence of the metal-free porphyrin using UV light at 356 nm. The 

metalation was completed in 24 hours. The solution was filtered through a filter paper. 

The Fe porphyrin was precipitated as the PF6
- salt with a saturated aqueous solution of 

NH4PF6 (2 ml). The precipitate was thoroughly washed with diethyl ether (5 × 5 mL). 

The dried precipitate was then dissolved in acetone (the smallest possible amount) and 

precipitated as the chloride salt with saturated acetone solution of methyl-tri-

noctylammonium chloride (2 mL). The precipitate was washed with acetone and 

dissolved in the smallest possible amount of water. The whole precipitation procedure 

was repeated once again to ensure high purity.
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Synthesis of diazo esters.5

O

O

O

R OH

toluene, 150oC O
R

O O (1) p-ABSA, Et3N, MeCN, r.t.

(2) 5% KOH (aq.), Et2O, r.t.

H
O
R

O

N2

R = CH(i-Pr)2
CCH3(i-Pr)2
CH(Cy)2

A solution of R-OH (50 mmol) and 2,2,6-trimethyl-4H-1,3-dioxin-4-one (50 mmol) in 

10 mL of toluene was placed in a 50-ml flask. The flask was immersed in an oil bath 

that had been preheated to 150 oC, and the solution was vigorously stirred. The 

evolution of acetone became apparent within several minutes, heating was continued 

for a total of 6 hours. The reaction was cooled, and then the toluene was removed, and 

the product was distilled. To the solution of first step product (10 mmol) in acetonitrile 

(12ml) was added Et3N (13 mmol). The reaction mixture was cooled in an ice bath and 

a solution of p-ABSA (11 mmol) in acetonitrile (12 ml) was added slowly. The reaction 

mixture was allowed to warm to r.t. After stirring for 10h, solvent was removed under 

reduced pressure. The residue was dissolved in ether (60 ml) and washed with 5% 

aqueous KOH solution. To a solution of the crude product in ethyl ether was added 5% 

KOH (50 ml), and the reaction mixture was stirred for 1h. The organic phase was 

separated, dried over Na2SO4 , and concentrated under reduced pressure. Purification 

by vacuum distillation provided the desired diazo esters as yellow liquid.
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Supplementary Results

Figure S1. UV-melting spectra of mA9A and mA9A-FeTMPyPn (n = 4, 3, 2).
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Figure S2. (a) The diagrams of site-specific FAM labelled mA9A G-quadruplex. (b) 

CD spectra of FAM labelled mA9A (FAM labelled G4 strand concentration 15 M, 

potassium phosphate buffer 10 mM, pH 7.0).
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Figure S3. FeTMPyPn (n = 4, 3, 2)-dose-responsive FAM-mA9A emission spectra. 
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Synthesis and Characterization

(1RS, 2RS)-Ethyl 2-phenylcyclopropane-1-carboxylate.4 Prepared 

using general procedure, starting from styrene. Purified by column 

chromatography (SiO2, EtOAc: pentane = 1: 10), to afford the product as a white solid. 

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane, flow rate 1 mL/min, = 

225 nm. 2-methylanisole as internal standard.



 O

O
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(1RS, 2RS)-Ethyl 2-(4-methylphenyl) cyclopropane-1-

carboxylate.6 Prepared using general procedure, starting from 4-

methylstyrene. Purified by column chromatography (SiO2, EtOAc: pentane = 1: 10), to 

afford the product as a white solid.

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane, flow rate 1 mL/min, = 

225 nm. 2-methylanisole as internal standard.



 O

O
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(1RS, 2RS)-Ethyl 2-(4-methoxyphenyl) cyclopropane-1-

carboxylate.4 Prepared using general procedure, starting from 

4-methoxystyrene. Purified by column chromatography (SiO2, EtOAc: pentane = 1: 

20), to afford the product as liquid.

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane: ethanol = 98: 2, flow rate 

0.8 mL/min, = 225 nm. 2-methylanisole as internal standard.





O

O

O



S16

(1RS, 2RS)-Ethyl 2-(4-chlorophenyl) cyclopropane-1-

carboxylate.4 Prepared using general procedure, starting from 

4-chlorostyrene. Purified by column chromatography (SiO2, EtOAc: pentane = 1: 50), 

to afford the product as a white solid. 

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane: ethanol = 98: 2, flow rate 

0.5 mL/min, = 225 nm. 2-methylanisole as internal standard.





Cl

O

O
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(1RS, 2RS)-Ethyl 2-(4-fluorophenyl) cyclopropane-1-

carboxylate.7 Prepared using general procedure, starting from 4-

fluorostyrene. Purified by column chromatography (SiO2, EtOAc: pentane = 1: 50), to 

afford the product as a white solid. 

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane: ethanol = 98: 2, flow rate 

0.5 mL/min, = 225 nm. 2-methylanisole as internal standard.





F

O

O
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(1RS, 2RS)-Ethyl 2-(3,4-difluorophenyl) cyclopropane-1-

carboxylate.8 Prepared using general procedure, starting from 

3,4-difluorostyrene. Purified by column chromatography (SiO2, 

EtOAc: pentane = 1: 50), to afford the product as pale yellow liquid. 

HPLC analysis condition: Daicel CHIRALPAK-IJ, n-hexane: isopropanol = 98: 2, flow 

rate 0.3 mL/min, = 235 nm. 2-methylanisole as internal standard.





F
F

O

O
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(1RS, 2RS)-Ethyl 2-methyl-2-phenylcyclopropane-1-carboxylate.6 

Prepared using general procedure, starting from 2-phenyl-1-

propene. Purified by column chromatography (SiO2, EtOAc: pentane = 1: 10), to afford 

the product as a white solid.

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane, flow rate 1 mL/min, = 

225 nm. Thioanisole as internal standard.

  O

O
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(1RS, 2RS)-tert-Butyl 2-phenylcyclopropane-1-carboxylate.6 

Prepared using general procedure, starting from styrene and t-

BuDA. Purified by column chromatography (SiO2, EtOAc: pentane = 1: 30), to afford 

the product as pale yellow liquid. 

HPLC analysis condition: Daicel CHIRALPAK-IJ, n-hexane, flow rate 1 mL/min, = 

225 nm. Thioanisole as internal standard.



 O

O
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(1RS, 2RS)- 2-methyl-1-(1-methylethyl)propyl 2-

phenylcyclopropane-1-carboxylate.9 Prepared using general 

procedure, starting from 2-Methyl-1-(1-methylethyl)propyl 2-diazoacetate. Purified by 

column chromatography (SiO2, EtOAc: pentane = 1: 30), to afford the product as pale 

yellow liquid.

HPLC analysis condition: Daicel CHIRALPAK-IJ, n-hexane, flow rate 0.8 mL/min, 

= 225 nm. 4-Methoxystrene as internal standard.



 O

O
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(1RS, 2RS)- 1,2-dimethyl-1-(1-methylethyl)propyl 2-

phenylcyclopropane-1-carboxylate.10 Prepared using general 

procedure, starting from 2,3,4-Trimethyl-3-pentyl diazoacetate. Purified by column 

chromatography (SiO2, EtOAc: pentane = 1: 50), to afford the product as pale yellow 

liquid. 

HPLC analysis condition: Daicel CHIRALPAK-IJ, n-hexane, flow rate 0.5 mL/min, 

= 225 nm. 4-Methoxystrene as internal standard.



 O

O
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(1RS, 2RS)- dicyclohexylmethyl 2-phenylcyclopropane-1-

carboxylate.11 Prepared using general procedure, starting from 

2,3,4-Trimethyl-3-pentyl diazoacetate. Purified by column 

chromatography (SiO2, EtOAc: pentane = 1: 30), to afford the product as pale yellow 

liquid. 

HPLC analysis condition: Daicel Chiralcel-OJH, n-hexane, flow rate 0.6 mL/min, = 

235 nm. Thioanisole as internal standard.



 O

O
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HPLC Traces of Products
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