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Supporting methods 
 

Mutant library construction 
The 4-OT I2X/L8X/M45Y/F50A library was constructed by Quikchange mutagenesis. The following 

primers were used: Fw 5’-GGA GAT ATA CAT ATG CCT NNK GCC CAG ATC CAC ATC NNK GAA GGC CGC 

AGC G-3’ and Rv 5’-C GCT GCG GCC TTC MNN GAT GTG GAT CTG GGC MNN AGG CAT ATG TAT ATC 

TCC-3’. The mutated codons are indicated in bold. An amount of 40 ng of pJexpress 414 plasmid DNA 

containing the 4-OT M45Y/F50A gene was used as template1. The PCR reaction was conducted using 

Phusion polymerase (New England Biolabs) in 1x HF buffer (New England Biolabs) in 50 µl reaction 

volume. The following PCR program was used: 98 °C, 10 min (initial denaturation), followed by 18 

cycles of 95 °C for 30 s, 55 °C for 1 min, 68 °C for 4 min and a final elongation step of 68 °C for 10 min. 

The reaction mixtures were 2x diluted with water followed by the addition of 1 µl FastDigest DpnI 

(ThermoFisher Scientific) to digest the template DNA. Reaction mixtures were placed at 37 °C for 2 h, 

followed by a DpnI denaturing step of 80 °C for 10 min. An initial transformation in Escherichia coli 

Dh5α cells was performed and the plasmid DNA of individual colonies was isolated and sequenced to 

confirm the library quality. To collect the library DNA, four parallel transformations were performed 

using 50 µl of 10-beta competent E. coli cells (High efficiency, New England Biolabs) and 5 µl of the PCR 

reaction mixture. Transformants were selected on LB-agar plates supplemented with 100 µg/ml 

ampicillin. About 8000 colonies were resuspended in 10 mM sodium phosphate buffer and plasmid 

DNA was isolated and subsequently used to transform E. coli BL21(DE3) cells for expression of the 4-

OT mutants. 

Production and purification of enzymes 
The enzyme 4-OT M45Y/F50A was purified according to an earlier described purification procedure2. 

Mutant enzymes 4-OT I2M/L8Y/M45Y/F50A, 4-OT I2W/L8Y/M45Y/F50A, 4-OT L8F/M45Y/F50A and 4-

OT L8Y/M45Y/F50A were purified according to a modified protocol. Accordingly, the cell pellets were 

resuspended in 10 mM TRIS buffer pH 8 (instead of 10 mM sodium phosphate buffer). After loading 

on the DEAE-sepharose column, the column was washed 2x with 8 ml 10 mM TRIS buffer pH 8. The 4-



 

S4 
 

OT enzyme was eluted with 3x 8 ml of 10 mM sodium phosphate buffer pH 7.3. Typically, the second 

and third elution fraction would contain pure 4-OT (>95% purity as determined by SDS-PAGE). 

Fractions containing pure 4-OT enzyme were combined and concentrated using a vivaspin centrifugal 

concentrator (Sartorius, 5000 MWCO). After concentration to ~3 ml, the sample was two times 

diafiltrated with 20 ml of 10 mM sodium phosphate buffer pH 7.3 to remove any traces of the TRIS 

buffer. The concentration of purified 4-OT was determined by the Waddell method3. The purified 4-

OT was aliquoted, flash frozen in liquid nitrogen and stored at -80 °C until further use. All purified 4-

OT mutants were analyzed by electron spray ionization mass spectrometry to confirm the correct mass 

of the protein. PRO-ALDH(003) and PRO-NOX(009) were provided as crude cell-free extracts by 

Prozomix Ltd, and used without any further purification. 

Progress curves of the enzyme-catalyzed reactions 
To monitor the progress of the enzymatic addition of 1 to 2a, the reaction mixtures consisted of the 

following: 5 mM 2a, DMSO (5% v/v), 100 µM 4-OT (2 mol% compared to 2a) in 20 mM sodium 

phosphate buffer pH 6.5, 500 µl final volume. The reaction was initiated by the addition of 1 to a final 

concentration of 150 mM (from a freshly prepared 1.5 M stock solution in 20 mM sodium phosphate 

buffer pH 6.5). Every 8 min a sample was withdrawn from the reaction mixture and a UV-VIS spectrum 

was measured from 200 to 500 nm. After the measurement, the sample was returned to the reaction 

mixture. The progress curve was constructed based on the depletion in absorbance at 249 nm, which 

corresponds to the λmax of substrate 2a4. After 88 minutes, the reaction mixtures were extracted with 

500 µl toluene. The organic layer was separated from the aqueous layer by centrifugation. A sample 

from the organic layer was transferred to a GC vial and analyzed by GC with a chiral stationary phase 

(see library screening). No product 3a could be identified for the control reaction without enzyme. 

To monitor the progress of the enzymatic addition of 1 to 2c, the reaction mixtures consisted of the 

following: 1.3 mM 2c, DMSO (45% v/v), 18 µM 4-OT (1.4 mol% compared to 2c) in 20 mM sodium 

phosphate buffer pH 6.5, 500 µl final volume. The reaction was initiated by the addition of 1 to a final 

concentration of 65 mM (from a freshly prepared 650 mM stock solution in sodium phosphate buffer 
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pH 6.5). Every 8 min a sample was withdrawn from the reaction mixture and a UV-VIS spectrum was 

measured from 200 to 500 nm. After the measurement, the sample was returned to the reaction 

mixture. The progress curve was constructed based on the depletion in absorbance at 320 nm, which 

corresponds to the λmax of substrate 2c4.  

Crystallization and data collection 
The newly engineered artificial Michaelase (4-OT L8Y/M45Y/F50A) was crystallized by hanging drop 

vapour diffusion at 293 K. Drops consisted of equal volumes of protein solution (14.5 mg/ml) in 10 mM 

sodium phosphate buffer, pH 7.3 and 18% (w/v) PEG 3350, 0.2 M sodium formate, 0.1 M Bis-Tris 

propane-HCl, pH 7.0. Rod-like crystals appeared within a few days and were cryoprotected using 24% 

(w/v) PEG 3350, 16% (v/v) glycerol, 50 mM sodium formate, 50 mM Bis-Tris propane-HCl, pH 6.5. 

Diffraction data were collected at beamline P11 of DESY (Hamburg, Germany) and indexed, integrated 

and scaled using XDS5. Statistics are given in Table S2. 

Structure determination and refinement  
The structure of 4-OT L8Y/M45Y/F50A, containing three hexamers (chains A-F, G-L and M-R) in the 

asymmetric unit of the P 212121 cell, was determined by molecular replacement using PHASER6 with 

the wild-type 4-OT structure (PDB entry: 4X19)7 as a search model. Crystallographic refinement was 

carried out with Refmac8 using non-crystallographic symmetry restraints, and alternated with map 

inspection and manual rebuilding in Coot9. Refinement statistics and model quality are given in Table 

S2. Structural figures were prepared with PyMOL (The PyMOL Molecular Graphics System, Version 2.0 

Schrödinger, LLC). Atomic coordinates and structure factors have been deposited at the Protein Data 

Bank with entry 6FPS. 

 

 

Solvent screening 
The effect of increasing concentrations of different co-solvents on the enantioselectivity of 4-OT 

M45Y/F50A for the addition of 1 to 2a was investigated. Small scale reactions were set up consisting 
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of the following: 325 µg 4-OT M45Y/F50A (160 µM), 3 mM 2a, 50 mM 1, and co-solvent in 20 mM 

sodium phosphate buffer pH 5.5, 300 µl final volume. The reactions were performed in a 1 mm quartz 

cuvette. The following co-solvents were used: DMSO, ethanol, methanol, isobutanol, PEG400, 1,4-

butanediol, 1,3-propanediol, ethylene glycol, glyceline, and ethaline in concentrations ranging from 

1% to 70%. The decrease in absorbance at 249 nm, corresponding to the concentration of 2a, was 

followed over time. In case 4-OT M45Y/F50A precipitated during the course of the reaction, the 

reaction mixture was discarded. After the reaction was finished, the reaction mixture was extracted 

with 700 µl toluene. The organic layer was collected and concentrated by applying a N2 flow. A sample 

of the remaining organic layer was analyzed by GC to determine the enantiopurity of the enzymatic 

product 3a. The following GC program was used: gradual temperature increase: 40 °C to 120 °C at 10 

°C per min. Gradual temperature increase 120 °C to 140 °C at 0.5 °C per min. Gradual temperature 

decrease 140 °C to 40 °C at 10 °C per min. Flame ionization detection: Retention time S-enantiomer: 

30.4 min, retention time R-enantiomer 31.3 min. The assignment of the absolute configuration was 

based on earlier reported data1,4.  

Synthesis of racemic references 
 

Synthesis of racemic γ-nitrobutyraldehydes 

The racemic γ-nitrobutyraldehydes 3a-d, which served as reference compounds for analyses by HPLC 

and GC on a chiral stationary phase, were synthesized according to literature procedures4.  

Synthesis of racemic γ-nitrobutyric acids (4a-d) 

The racemic γ-nitrobutyric acids 4a-d were synthesized from the corresponding racemic γ-

nitrobutyraldehydes 3a-d according to literature procedures10. The racemic γ-nitrobutraldehyde 3a 

(0.5 mmol) was dissolved in 3 ml of tert-butanol:water (3:1) and cooled to 0°C. To this NaH2PO4·2H2O 

(1 mmol), 2-methyl-2-butene (2 mmol) and NaClO2 (6.96 g, 1.5 mmol) were added and the mixture was 

stirred for 30 min. The reaction mixture was quenched with a saturated NH4Cl solution and extracted 

with EtOAc. The organic layer was dried over anhydrous MgSO4, concentrated in vacuo and the crude 

reaction product was purified by silica gel column chromatography using petroleum ether:EtOAc (8:2) 

to get racemic 4a. The same procedure was followed for the synthesis of 4b- 4d. 
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Synthesis of racemic γ-aminobutyric acids (5a-d) 

Racemic γ-aminobutyric acids 5a and 5c were commercially available. Racemic 5b and 5d were 

synthesized from the corresponding racemic γ-nitrobutyric acids (4b and 4d) according to literature 

procedures11. Racemic 4b (0.1 mmol) was dissolved in 10% ethanol (3 ml) and cooled to 0°C. To this 

NiCl2·6H2O (1 mmol), followed by NaBH4 (1 mmol) was added carefully. The reaction mixture was 

stirred at room temperature for 24 h. After complete conversion, the reaction mixture was filtered 

through celite pad and the filtrate was concentrated in vacuo. The resulting concentrated mixture was 

acidified to pH 3-4 and then loaded on a column packed with cation exchange resin (5 g of Dowex® 

50WX8 hydrogen form). After washing with deionized water (4 column volumes), the product was 

eluted out with 0.5 M (4 column volumes) - 1 M ammonia solution (4 column volumes). The ninhydrin-

positive fractions were collected, combined and lyophilized to yield racemic product 5b. Racemic 5d 

was synthesized by following the same procedure.  

Product derivatization for determination of enantiomeric excess and 

reaction progress 
 

Derivatization of 3b and 3c for enantiomeric excess determination 

The aldehyde functionality of 3b was derivatized to a cyclic acetal according to a literature 

procedure4,12. The aldehyde functionality of 3c was also derivatized to the cyclic acetal. To a solution 

of 100 mg (0.44 mmol) racemic 3c in 16 ml DCM (anhydrous) and 0.51 g (8.2 mmol) ethylene glycol 

(anhydrous), 15 mg of paratoluene sulfonic acid was added. The reaction was stirred overnight at room 

temperature. After silica column purification the cyclic acetal was obtained (91 mg, 76% yield). 

1H NMR (500 MHz, Chloroform-d) δ 7.30 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.5 Hz, 2H), 4.76 (dd, J = 12.7, 

6.1 Hz, 1H), 4.73 (dd, J = 6.2, 3.2 Hz, 0H), 4.55 (dd, J = 12.6, 9.4 Hz, 1H), 3.99 – 3.93 (m, 1H), 3.85 – 3.79 

(m, 1H), 3.79 – 3.72 (m, 1H), 2.08 (ddd, J = 14.2, 7.7, 3.2 Hz, 1H), 2.00 – 1.94 (m, 1H). 

13C NMR (126 MHz, CDCl3) δ 137.97, 133.68, 129.30, 128.93, 102.21, 80.26, 65.12, 65.05, 39.43, 37.27. 

Derivatization for HPLC analysis of reaction progress13 

For the cascade reactions, a sample (50 µl) from the reaction mixture was taken at constant time 

intervals and mixed with 50 µL of derivatizing agent, which contains O-benzylhydroxylamine 

hydrochloride 40 mg mL–1; 0.25 mmol mL–1 in pyridine:methanol:water (9:9:2). After incubation for 30 

min at room temperature, the sample was centrifuged at 13,000 rpm for 10 min and then the 
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supernatant was analyzed by reverse phase HPLC using a C18 column (Kinetex 5u EVO C18 100A, 150 

mm x 4.6 mm, Phenomenex®). Mobile phase A was water with 0.1% TFA and mobile phase B was ACN 

with 0.1% TFA. The detailed mobile phase gradient was as follows: 0 min, 5% B; 0.01–6 min, 8-35% B; 

6–14 min, 35–85% B; 14–15.5 min, 85–90% B; 15.5–16.5 min 90–8% B and 16.5–20 min, 5% B, while 

the flow rate was 1 ml/min. 

Derivatization of 4a-d for enantiomeric excess determination 

The compound 4a (0.1 mmol) was dissolved in dichloromethane (1 ml) and methanol (0.2 ml), and 

cooled down to 0 °C. To this cooled solution, EDC.HCl (0.15 mmol) was added, followed by DMAP (0.01 

mmol). After 1 h, the reaction mixture was quenched with saturated NH4Cl, extracted with diethyl 

ether and the organic layer was dried over anhydrous Na2SO4. The dried organic layer was 

concentrated in vacuo and the crude product was purified by silica gel column chromatography 

(hexane/ethylacetate 9:1) to yield the methyl ester of 4a (75% yield). The same procedure was 

followed for derivatization of 4b-d. 

Derivatization of 5a-d for enantiomeric excess determination 

γ-Aminobutyric acids 5a-d were derivatized to diastereomers using sodium 2,4-dinitro-5-fluorophenyl-

L-valine amide14. To a solution of 5a in water (0.1 ml, 1 mg/ml), a freshly prepared solution of sodium 

2,4-dinitro-5-fluorophenyl-L-valine amide in MeCN/water 10:90 (0.1 ml, 10 mg/ml) was added. To this 

triethylamine (2.5 µl) was added and the sample was vortexed at high speed. After 10 min incubation 

at room temperature, the sample was directly analyzed by HPLC. The same procedure was followed 

for derivatization of 5b-d. 
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Supporting Tables 
 

 

Table S1. Enantioselectivity of 4-OT mutants for the addition of 1 to 2a to yield 3aa.  

 
 

Entry 4-OT mutant Co-solvent Product e.r.b Abs. Conf.c 

1 M45Y/F50A 5 % DMSO 90:10 S 

2 I2W/L8Y/M45Y/F50A 5 % DMSO 99:1 S 

3 I2M/L8Y/M45Y/F50A 5 % DMSO 99:1 S 

4 L8F/M45Y/F50A 5 % DMSO 99:1 S 

5 L8Y/M45Y/F50A 5 % DMSO 99:1 S 

6 L8Y/M45Y/F50A 25 % EtOH >99:1 S 
a Assay conditions: The reaction mixture consisted of 150 mM 1, 5 mM 2a, and 100 µM of biocatalyst in 20 mM sodium phosphate 

buffer pH 6.5, 300 µl reaction volume. 
b Determined by GC with a chiral stationary phase. 

c Determined by literature comparison1,4. 
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Table S2. Crystallographic data. 

PDB entry 6FPS 

Data collection  

Space group P 212121 

Cell dimensions a, b, c (Å) 90.0, 99.5, 118.3 

Resolution (Å) 46-1.90 (1.93-1.90) 

Rmerge  0.081 (1.43) 

Rpim 0.044 (0.820) 

CC1/2 0.999 (0.742) 

< I/σ >  14.2 (1.5) 

Completeness (%) * 100.0 (100.0) 

Redundancy * 8.1(7.7) 

Refinement  

Resolution (Å) 46-1.90 (1.93-1.90) 

Unique observations * 80195 (4096) 

R / Rfree 0.201 / 0.222 

Number of atoms  

    protein 8283 

    waters 341 

Ligand molecules phosphate ion (1), glycerol (1) 

Average B-factor protein (Å2) 39.3 

Root mean square deviations  

     Bond lengths (Å) 0.015 

     Bond angles (o) 1.64 

Ramachandran  

     Favored (%) 99.9 

     Allowed (%) 0.1 

     Outliers (%) 0.0 

 

* values in brackets refer to the highest resolution shell 
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Supporting Figures 

 

GC chromatograms of products from small scale reactions 

  

Racemic 

No enzyme 

4-OT M45Y/F50A 

4-OT L8F/M45Y/F50A 
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Figure S1. GC chromatograms of racemic or enzymatically obtained 3a in small scale reactions. The 

experimental conditions and product e.r. values are listed in Table S1.   

4-OT I2M/L8Y/M45Y/F50A 

4-OT I2W/L8Y/M45Y/F50A 

4-OT L8Y/M45Y/F50A 

4-OT L8Y/M45Y/F50A 

25% EtOH 
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UV absorbance spectra monitoring the 4-OT L8Y/M45Y/F50A catalyzed 

addition of 1 to 2a-d  

 

Figure S2. UV spectra showing the conversion of 2a catalyzed by 4-OT L8Y/M45Y/F50A in 20 mM 

sodium phosphate buffer, pH 6.5, 20% ethanol. 

 

Figure S3. UV spectra showing the conversion of 2b catalyzed by 4-OT L8Y/M45Y/F50A in 20 mM 

sodium phosphate buffer, pH 6.5, 20% ethanol. 
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Figure S4. UV spectra showing the conversion of 2c catalyzed by 4-OT L8Y/M45Y/F50A in 20 mM 

sodium phosphate buffer, pH 6.5, 30% ethanol. 

 

Figure S5. UV spectra showing the conversion of 2d catalyzed by 4-OT L8Y/M45Y/F50A in 20 mM 

sodium phosphate buffer, pH 6.5, 20% ethanol. 
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1H NMR spectra of enzymatically obtained 3a-d 

 
 

Figure S6. 1H NMR spectrum of enzymatically prepared (S)-5-methyl-3-(nitromethyl)hexanal (3a) (400 

MHz, CDCl3). 

 
 

Figure S7. 1H NMR spectrum of enzymatically prepared (R)-4-nitro-3-phenylbutanal (3b) (400 MHz, 

CDCl3). 
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Figure S8. 1H NMR spectrum of enzymatically prepared (R)-3-(4-chlorophenyl)-4-nitrobutanal (3c) 

(400 MHz, CDCl3). 

 
Figure S9. 1H NMR spectrum of enzymatically prepared (R)-3-(4-fluorophenyl)-4-nitrobutanal (3d) 

(400 MHz, CDCl3). 
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HPLC and GC chromatograms for enantiomeric excess determination of 3a-d 

 Figure S10. GC chromatograms of racemic and enzymatically obtained 3a.  

Figure S11. HPLC chromatograms of racemic and enzymatically obtained derivatized 3b. 

Racemic 

4-OT L8Y/M45Y/F50A 

Racemic 

4-OT L8Y/M45Y/F50A 
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 Figure S12. HPLC chromatograms of racemic and enzymatically obtained derivatized 3c. 

 

Figure S13. HPLC chromatograms of racemic and enzymatically obtained 3d. 

  

Racemic 

4-OT L8Y/M45Y/F50A 

Racemic 

4-OT L8Y/M45Y/F50A 
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UV spectra and HPLC chromatograms of the one-pot synthesis of 4a-d 

 

Figure S14. UV spectra showing the conversion of 2a by 4-OT L8Y/M45Y/F50A in the first step of the 

enzymatic cascade. 

 

Figure S15. HPLC chromatograms showing the conversion of 4-OT L8Y/M45Y/F50A synthesized 3a by 

PRO-ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was 

derivatized to the corresponding (O)-benzyl oxime. 
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Figure S16. UV spectra showing the conversion of 2b by 4-OT L8Y/M45Y/F50A in the first step of the 

enzymatic cascade. 

 

Figure S17. HPLC chromatograms showing the conversion of 4-OT L8Y/M45Y/F50A synthesized 3b by 

PRO-ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was 

derivatized to the corresponding (O)-benzyl oxime. 
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Figure S18. UV spectra showing the conversion of 2c by 4-OT L8Y/M45Y/F50A in the first step of the 

enzymatic cascade. 

 

Figure S19. HPLC chromatograms showing the conversion of 4-OT L8Y/M45Y/F50A synthesized 3c by 

PRO-ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was 

derivatized to the corresponding (O)-benzyl oxime. 
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Figure S20. UV spectra showing the conversion of 2d by 4-OT L8Y/M45Y/F50A in the first step of the 

enzymatic cascade. 

 

Figure S21. HPLC chromatograms showing the conversion of 4-OT L8Y/M45Y/F50A synthesized 3d by 

PRO-ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was 

derivatized to the corresponding (O)-benzyl oxime. 
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Figure S22. UV spectra showing the conversion of 2a by 4-OT A33D in the first step of the enzymatic 

cascade. 

 

Figure S23. HPLC chromatograms showing the conversion of 4-OT A33D synthesized 3a by PRO-

ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was derivatized 

to the corresponding (O)-benzyl oxime. 
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Figure S24. UV spectra showing the conversion of 2b by 4-OT A33D in the first step of the enzymatic 

cascade. 

 

Figure S25. HPLC chromatograms showing the conversion of 4-OT A33D synthesized 3b by PRO-

ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was derivatized 

to the corresponding (O)-benzyl oxime. 
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Figure S26. UV spectra showing the conversion of 2c by 4-OT A33D in the first step of the enzymatic 

cascade. 

 

Figure S27. HPLC chromatograms showing the conversion of 4-OT A33D synthesized 3c by PRO-

ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was derivatized 

to the corresponding (O)-benzyl oxime. 

  



 

S26 
 

 

Figure S28. UV spectra showing the conversion of 2d by 4-OT A33D in the first step of the enzymatic 

cascade. 

 

Figure S29. HPLC chromatograms showing the conversion of 4-OT A33D synthesized 3d by PRO-

ALDH(003) in the second step of the enzymatic cascade. The aldehyde functionality was derivatized 

to the corresponding (O)-benzyl oxime. 
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1H NMR spectra of enzymatically obtained 4a-d 

 
 

Figure S30. 1H NMR spectrum of (S)-5-methyl-3-(nitromethyl)hexanoic acid (4a) obtained by 4-OT 

L8Y/M45Y/F50A and PRO-ALDH(003) (400 MHz, CDCl3). 

 
 

Figure S31. 1H NMR spectrum of (R)-4-nitro-3-phenylbutanoic acid (4b) obtained by 4-OT 

L8Y/M45Y/F50A and PRO-ALDH(003) (400 MHz, CDCl3). 
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Figure S32. 1H NMR spectrum of (R)-3-(4-chlorophenyl)-4-nitrobutanoic acid (4c) obtained by 4-OT 

L8Y/M45Y/F50A and PRO-ALDH(003) (400 MHz, CDCl3). 

 

 
 

Figure S33. 1H NMR spectrum of (R)-3-(4-fluorophenyl)-4-nitrobutanoic acid (4d) obtained by 4-OT 

L8Y/M45Y/F50A and PRO-ALDH(003) (400 MHz, CDCl3). 
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 Figure S34. 1H NMR spectrum of (R)-5-methyl-3-(nitromethyl)hexanoic acid (4a) obtained by 4-OT 

A33D and PRO-ALDH(003) (400 MHz, CDCl3). 

 
 

Figure S35. 1H NMR spectrum of (S)-4-nitro-3-phenylbutanoic acid (4b) obtained by 4-OT A33D and 

PRO-ALDH(003) (400 MHz, CDCl3). 
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Figure S36. 1H NMR spectrum of (S)-3-(4-chlorophenyl)-4-nitrobutanoic acid (4c) obtained by 4-OT 

A33D and PRO-ALDH(003) (400 MHz, CDCl3). 

 
 

Figure S37. 1H NMR spectrum of (S)-3-(4-fluorophenyl)-4-nitrobutanoic acid (4d) obtained by 4-OT 

A33D and PRO-ALDH(003) (400 MHz, CDCl3). 
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1H NMR spectra of racemic derivatized 4a-d 

 
 

Figure S38. 1H NMR spectrum of racemic methyl 5-methyl-3-(nitromethyl)hexanoate (400 MHz, 

CDCl3). 

 
 

Figure S39. 1H NMR spectrum of racemic methyl 4-nitro-3-phenylbutanoate (400 MHz, CDCl3). 



 

S32 
 

 
 

Figure S40. 1H NMR spectrum of racemic methyl 3-(4-chlorophenyl)-4-nitrobutanoate (400 MHz, 

CDCl3). 

 
 

Figure S41. 1H NMR spectrum of racemic methyl 3-(4-fluorophenyl)-4-nitrobutanoate (400 MHz, 

CDCl3). 
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HPLC and GC chromatograms for enantiomeric excess determination of 

derivatized 4a-d 

Figure S42. GC chromatograms of racemic and enzymatically obtained derivatized 4a. 

 

  

Racemic 

4-OT L8Y/ 
M45Y/F50A 

4-OT A33D 
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 Figure S43. HPLC chromatograms of racemic or enzymatically obtained derivatized 4b.  
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Figure S44. HPLC chromatograms of racemic and enzymatically obtained derivatized 4c. 
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Figure S45. HPLC chromatograms of racemic and enzymatically obtained derivatized 4d. 
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1H NMR spectra of chemoenzymatically obtained 5a-d 

 

Figure S46. 1H NMR spectrum of chemoenzymatically prepared (S)-Pregabalin (5a) (400 MHz, D2O 

and NaOD). 

 

Figure S47. 1H NMR spectrum of chemoenzymatically prepared (R)-Phenibut (5b) (400 MHz, D2O and 

NaOD). 
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Figure S48. 1H NMR spectrum of chemoenzymatically prepared (R)-Baclofen (5c) (400 MHz, D2O and 

NaOD). 

 

Figure S49. 1H NMR spectrum of chemoenzymatically prepared fluorophenibut (5d) (400 MHz, D2O 

and NaOD).  
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HPLC chromatograms for enantiomeric excess determination of derivatized 

5a-d  
 

Figure S50. HPLC chromatograms of racemic and chemoenzymatically obtained derivatized 5a. 

 

Figure S51. HPLC chromatograms of racemic  and chemoenzymatically obtained derivatized 5b. 
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 Figure S52. HPLC chromatograms of racemic and chemoenzymatically obtained derivatized 5c. 

 

Figure S53. HPLC chromatograms of racemic and chemoenzymatically obtained derivatized 5d. 
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