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1. General

Reagents were obtained from commercial suppliers and used as received. Lipase preparation PSIm was purchased from
Amano Enzyme Inc. The other lipases were purchased from Sigma-Aldrich. 1H-NMR and 13C-NMR data were recorded
on a Bruker Avance 400 (100) MHz and/or a Bruker Avance 500 (125) MHz, respectively. Chemical shifts are reported as
δ values (ppm) with CDCl3 (1H-NMR δ 7.26, 13C-NMR δ 77.16) as an internal standard. J values are given in Hertz (Hz).
High resolution mass spectroscopy was performed by the Instrument Station of National Center for Genetic Engineering
and Biotechnology (BIOTEC), Thailand. Thin layer chromatography (TLC) was performed on precoated Polygram® SIL
G/UV 254 silica plates (0.20 mm, Macherey-Nagel), visualized with UV-detection. Flash column chromatography was
performed on silica gel 60, 0.040-0.063 mm (SDS) or neutral aluminum oxide.

Lipase abbreviations: Aspergillus niger lipase (ANL), Candida antarctica lipase A, (CALA), Candida antarctica lipase
B, (CALB), Candida rugosa lipase (CRL), Mucor javanicus lipase (MJL), Mucor miehei lipase (MML), Pseudomonas
fluorescens lipase (PFL), porcine pancreas lipase (PPL), Burkholderia cepacia lipase (PSCI and PSIm), Rhizopus arrhizus
lipase (RAL), and Rhizopus niveus lipase (RNL).

2. Generation of complex dynamic system for lipase screening

Pyridine-2-carbaldehyde, 3-phenylpropanal, butanal, octanal, 2-methylpropanal, 3-methylbutanal, ethyl 2-oxoacetate so-
lution, cyclohexanecarbaldehyde, 2-ethylbutanal (0.1 mmol each), triethylamine (0.1 mmol), methyl 2-sulfanylacetate
(0.2 mmol), butane-1-thiol (0.2 mmol), phenyl acetate (0.3 mmol), together with dry toluene (0.6 mL) were mixed in a
vial, then transferred into a sealed-cap vial (1.5 mL) containing lipase (5 mg for CALB, 30 mg for CALA, 10 mg for
MML, 50 mg for each other lipase) and ground 4 Å molecular sieves (20 mg). The sealed vials were then kept standing at
r.t. NMR was used to follow the reaction progress.

3. Reaction system with 3-phenylpropanal

3-Phenylpropanal (0.1 mmol), triethylamine (0.1 mmol), methyl 2-sulfanylacetate (0.1 mmol), butane-1-thiol (0.1 mmol),
phenyl acetate (0.3 mmol) and dry toluene (0.6 mL) were mixed in a vial, then transferred into a sealed-cap vial (1.5 mL)
containing lipase (5 mg for CALB, 50 mg for each other lipase) and ground 4 Åmolecular sieves (20 mg). The sealed vials
were then kept standing at r.t. 1H-NMRwas used to follow the reaction progress. The reactions were quenched with dilute
HCl (1 M), extracted with CH2Cl2 (2 mL × 3), and the combined organic layer was dried over MgSO4 and the solvent
evaporated. The crude mixture was purified by column chromatography.
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4. Synthesis of compounds 1C and 1D

Methyl 2-((1-acetoxy-3-phenylpropyl)thio)acetate (1C). Colorless oil. 1H-NMR (500 MHz, CDCl3, 25 °C) δ 2.08 (s,
3H, CH3), 2.11-2.25 (m, 2H, CH2), 2.74 (t, J = 8.3 Hz, 2H, CH2), 3.37 (d, J = 16.0 Hz, 1H, CH2), 3.55 (d, J = 16.0 Hz,
1H, CH2), 3.72 (s, 3H, CH3), 6.02 (t, J = 6.8 Hz, 1H, CH), 7.17 (d, J = 7.6 Hz, 2H, CH), 7.21 (t, J = 7.1 Hz, 1H, CH),
7.29 (t, J = 7.6 Hz, 2H, CH); 13C-NMR (125 MHz, CDCl3, 25 °C) δ 21.2, 32.1, 32.9, 36.6, 52.7, 78.9, 126,4, 128.5, 128.7,
140.5, 170.6, 170.7. HRMS: found 305.0818, calc. for C14H18NaO4S [M+ Na+] 305.0818.

2-Phenethyl-1,3-oxathiolan-5-one (1D). Colorless oil. 1H-NMR (500 MHz, CDCl3, 25 °C) δ 2.10-2.19 (m, 1H, CH2),
2.29-2.39 (m, 1H, CH2), 2.75-2.88 (m, 2H, CH2), 3.65 (d, J = 16.2 Hz, 1H, CH2), 3.71 (d, J = 16.2 Hz ,1H, CH2), 5.46
(t, J = 6.2 Hz, 1H, CH), 7.18-7.25 (m, 3H, CH), 7.36-7.85 (t, J = 7.4 Hz, 2H, CH); 13C-NMR (125 MHz, CDCl3, 25 °C)
δ 31.5, 31.8, 38.5, 81.5, 126.6, 128.6, 128.8, 139.9, 172.8. HRMS: found 231.0450, calc. for C11H12NaO2S [M + Na+]
231.0450.

5. NMR-spectra of compounds 1C and 1D

Figure S1. 1H-NMR and 13C-NMR spectra of compound 1C
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Figure S2. 1H-NMR and 13C-NMR spectra of compound 1D

6. NMR response patterns

Figure S3. 1H-NMR spectra for monitoring the dynamic hemithioacetal systems; full spectra with ANL, CALA, CALB, CRL, MJL,
MML, PFL, PPL, PSCI, PSIm, RAL, RNL, probe (from top to bottom)
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Figure S4. 1H-NMR spectra for monitoring the dynamic hemithioacetal systems; top) enlarged area with ANL, CALA, CALB, CRL,
MJL, MML, PFL, PPL, PSCI, PSIm, RAL, RNL, probe (from top to bottom)

Figure S5. 1H-NMR spectra for monitoring the reaction system with 3-phenylpropanal using different lipases; full spectra with CALB,
CRL, PFL, PSIm, probe (from top to bottom)
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Figure S6. 1H-NMR spectra for monitoring the reaction systemwith 3-phenylpropanal using different lipases; enlarged area with CALB,
CRL, PFL, PSIm, probe (from top to bottom)

7. Linear discriminant analysis (LDA)

LDA analyses were performed using R (R Core Team, R Foundation For Statistical Computing, Vienna, Austria, 2015),
and XLSTAT-Pro statistical analysis software version 2013.1 (Addinsoft, New York, NY) using forward stepwise discrim-
ination. The dependent variables in this case, 12 classes of lipases, were grouped according to the discriminant functions
calculated from the explanatory (or predictor) variables. The region from 6.7 - 4.6 ppm of the 1H-NMR spectra of the
12 classes of lipases were divided into 21 regions at 0.1 ppm interval, and the integrated NMR intensities at each 0.1 ppm
was recorded as explanatory variables. The training matrix (Table S1) was built with the 12 lipases using 21 integrated
intensities (I01-I21), where each experiment was done in three replicates. The training matrix was then subjected to LDA
analysis, and the factor scores for each of the 12 lipases were calculated (Table S3). Results from manova tests and
cross-validation (jackknife) analysis are displayed in Table S5, Table S6, and Table S7. The 1H-NMR spectrum of the
probe lipase PFL was recorded and processed in the same manner (Table S2). The factor scores calculated by posterior
probability (Table S4) were used to predict the classification of the probe lipase. Cross-validation was also performed on
the dataset where lipases ANL, CALA, CRL, MJL, MML, PPL, RNL, and RAL were grouped as lipase class LIP. The
calculated contigency table and test results are displayed in Table S8 and Table S9, respectively.
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Table S1. Training matrix of NMR-response patterns from 6.7 – 4.6 ppm

Lipase I01 I02 I03 I04 I05 I06 I07 I08 I09 I10 I11 I12 I13 I14 I15 I16 I17 I18 I19 I20 I21
ANL . . . . . . . . . . . . . . . . . . . . .
CALA . . . . . . . . . . . . . . . . . . . . .
CALB . . . . . . . . . . . . . . . . . . . . .
CRL . . . . . . . . . . . . . . . . . . . . .
MJL . . . . . . . . . . . . . . . . . . . . .
MML . . . . . . . . . . . . . . . . . . . . .
PFL . . . . . . . . . . . . . . . . . . . . .
PPL . . . . . . . . . . . . . . . . . . . . .
PSCI . . . . . . . . . . . . . . . . . . . . .
PSIm . . . . . . . . . . . . . . . . . . . . .
RAL . . . . . . . . . . . . . . . . . . . . .
RNL . . . . . . . . . . . . . . . . . . . . .
ANL . . . . . . . . . . . . . . . . . . . . .
CALA . . . . . . . . . . . . . . . . . . . . .
CALB . . . . . . . . . . . . . . . . . . . . .
CRL . . . . . . . . . . . . . . . . . . . . .
MJL . . . . . . . . . . . . . . . . . . . . .
MML . . . . . . . . . . . . . . . . . . . . .
PFL . . . . . . . . . . . . . . . . . . . . .
PPL . . . . . . . . . . . . . . . . . . . . .
PSCI . . . . . . . . . . . . . . . . . . . . .
PSIm . . . . . . . . . . . . . . . . . . . . .
RAL . . . . . . . . . . . . . . . . . . . . .
RNL . . . . . . . . . . . . . . . . . . . . .
ANL . . . . . . . . . . . . . . . . . . . . .
CALA . . . . . . . . . . . . . . . . . . . . .
CALB . . . . . . . . . . . . . . . . . . . . .
CRL . . . . . . . . . . . . . . . . . . . . .
MJL . . . . . . . . . . . . . . . . . . . . .
MML . . . . . . . . . . . . . . . . . . . . .
PFL . . . . . . . . . . . . . . . . . . . . .
PPL . . . . . . . . . . . . . . . . . . . . .
PSCI . . . . . . . . . . . . . . . . . . . . .
PSIm . . . . . . . . . . . . . . . . . . . . .
RAL . . . . . . . . . . . . . . . . . . . . .
RNL . . . . . . . . . . . . . . . . . . . . .

I01: 6.7-6.6 ppm, I02: 6.6-6.5 ppm, I03: 6.5-6.4 ppm, I04: 6.4-6.3 ppm, I05: 6.3-6.2 ppm, I06: 6.2-6.1 ppm, I07: 6.1-6.0 ppm, I08: 6.0-5.9 ppm, I09: 5.9-5.8 ppm, I10: 5.8-5.7 ppm, I11: 5.7-5.6 ppm,
I12: 5.6-5.5 ppm, I13: 5.5-5.4 ppm, I14: 5.4-5.3 ppm, I15: 5.3-5.2 ppm, I16: 5.2-5.1 ppm, I17: 5.1-5.0 ppm, I18: 5.0-4.9 ppm, I19: 4.9-4.8 ppm, I20: 4.8-4.7 ppm, I21: 4.7-4.6 ppm

Table S2. NMR response pattern for probe lipase from 6.7 – 4.6 ppm

Lipase I01 I02 I03 I04 I05 I06 I07 I08 I09 I10 I11 I12 I13 I14 I15 I16 I17 I18 I19 I20 I21
Probe . . . . . . . . . . . . . . . . . . . . .
Probe . . . . . . . . . . . . . . . . . . . . .
Probe . . . . . . . . . . . . . . . . . . . . .
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Factor scores

Table S3. Factor scores

Lipase LD1 LD2 LD3 LD4 LD5 LD6 LD7 LD8 LD9 LD10 LD11
ANL . . . . . . . . . . .
CALA . . . . . . . . . . .
CALB . . . . . . . . . . .
CRL . . . . . . . . . . .
MJL . . . . . . . . . . .
MML . . . . . . . . . . .
PFL . . . . . . . . . . .
PPL . . . . . . . . . . .
PSCI . . . . . . . . . . .
PSIm . . . . . . . . . . .
RAL . . . . . . . . . . .
RNL . . . . . . . . . . .
ANL . . . . . . . . . . .
CALA . . . . . . . . . . .
CALB . . . . . . . . . . .
CRL . . . . . . . . . . .
MJL . . . . . . . . . . .
MML . . . . . . . . . . .
PFL . . . . . . . . . . .
PPL . . . . . . . . . . .
PSCI . . . . . . . . . . .
PSIm . . . . . . . . . . .
RAL . . . . . . . . . . .
RNL . . . . . . . . . . .
ANL . . . . . . . . . . .
CALA . . . . . . . . . . .
CALB . . . . . . . . . . .
CRL . . . . . . . . . . .
MJL . . . . . . . . . . .
MML . . . . . . . . . . .
PFL . . . . . . . . . . .
PPL . . . . . . . . . . .
PSCI . . . . . . . . . . .
PSIm . . . . . . . . . . .
RAL . . . . . . . . . . .
RNL . . . . . . . . . . .

Table S4. Predicted lipase and scores for probe lipase

Lipase Prediction LD1 LD2 LD3 LD4 LD5 LD6 LD7 LD8 LD9 LD10 LD11
Probe RNL . . . . . . . . . . .
Probe RNL . . . . . . . . . . .
Probe RNL . . . . . . . . . . .

Manova tests and cross-validation

Table S5. Manova tests

Test Df Residuals Measure Approx. F Df (num) Df (den) Prob>F
Wilks 1.64e-12 . . 9e-11***
Pillai . . 3.4e-05***

Hotelling-Lawley . 7.8e-11***
Roy <2e-16***

Table S6. Cross-validation (jackknife) contingency table

Lipase ANL CALA CALB CRL MJL MML PFL PPL PSCI PSIm RAL RNL
ANL
CALA
CALB
CRL
MJL
MML
PFL
PPL
PSCI
PSIm
RAL
RNL
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Table S7. Cross-validation results (total = 0.3889)

ANL CALA CALB CRL MJL MML PFL PPL PSCI PSIm RAL RNL
0.6667 0.0000 1.0000 0.0000 0.0000 0.0000 1.0000 0.3333 0.6667 0.6667 0.0000 0.3333

Cross-validation on grouped dataset

Table S8. Cross-validation contingency table, grouped dataset

Lipase CALB LIP PFL PSCI PSIm
CALB
LIP
PFL
PSCI
PSIm

Table S9. Cross-validation results, grouped dataset (total = 0.9722)

CALB LIP PFL PSCI PSIm
1.0000 1.0000 1.0000 0.6667 1.0000
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