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1. Materials and Methods 

Chemicals and instruments 

General Experimental Procedures: Nuclear magnetic resonance (NMR) spectra were recorded using a JEOL ECX400 Delta 

spectrometer with TMS as an internal standard; chemical shifts were expressed as δ values. An LTQ Orbitrap XL mass 

spectrometer (Thermo Fisher Scientific Inc., San Jose, CA, USA) was used for high-resolution electrospray ionization mass 

spectrometry (HR-ESI-MS) measurements. Low-resolution electrospray ionization mass spectrometry (LR-ESI-MS) spectra 

were recorded using an LXQ spectrometer (Thermo Fisher Scientific Inc., San Jose, CA, USA). Analytical thin-layer 

chromatography (TLC) was performed on pre-coated silica gel 60F254 and RP-18F254 plates (0.25 or 0.50 mm, Merck KGaA, 

Darmstadt, Germany). Preparative TLC was performed on pre-coated silica gel 70 PF254 plates (0.75 mm thickness; Wako 

Pure Chemical Industries, Ltd., Japan). Semi-preparative high-performance liquid chromatography (HPLC) separations 

were performed on a Shimadzu quaternary LC VL instrument with a UG 120 A column (250 × 10 mm; 5 μm I.D.). 

Methanol was purchased from Wako. High-glucose Dulbecco’s Modified Eagle Medium (DMEM), Dulbecco’s phosphate-

buffered saline (DPBS), trypsin EDTA, fetal bovine serum (FBS), and penicillin-streptomycin (100 U/mL) were purchased 

from Gibco (Life Technologies, Carlsbad, CA, USA). Other materials used for cell culture were purchased from Corning 

(NY, USA). TLC silica gel 60G F254 glass plates (20 × 20 cm) were obtained from Merck (Tokyo, Japan), and spots were 

visualized by spraying with 5% ethanolic H2SO4. 1H, 13C NMR, Distortionless Enhancement by Polarization Transfer 

(DEPT), and two-dimensional (2D) NMR spectra were acquired using a 400 MHz JNM-ECX400P spectrometer (JOEL, 

Japan). The spectra were processed using JOEL software, and the chemical shift (δ) values were expressed in ppm. OA 

was purchased from Cayman Chemical (Ann Arbor, MI, USA), and absorbance was measured using ARVO-MX (Perkin 

Elmer, Waltham, MA, USA) as previously reported (15) 



5  

 
2. Liquid chromatography/mass spectrometry profiling of vanilla bean extract 

LC-MS instrument conditions 

Samples of methanol BEs were separated using an Atlantis T3 C18 column (2.1×150 mm, 3 μm, 155 Waters, Milford, MA, 

USA) at a flow rate of 200 μL/min. LC gradient elution was performed using a mobile phase of 10 mM ammonium acetate 

solution, isopropanol, and methanol. The measurements were carried out in positive mode; the voltage of the MS capillary 

was 4.04 kV, flow rate of the sheath gas (nitrogen) was 50 psi, and auxiliary gas (nitrogen) was 20 psi. The high-resolution 

MS data were obtained in a scan range of m/z = 150–1100. MS/MS spectra were obtained by data-dependent acquisition 

using collision-induced dissociation (CID) in ion-trap mode for low-resolution masses. The raw data were processed using 

Xcalibur 2.2 (Thermo Fisher Scientific Inc., San Jose, CA, USA) as previously described (15). 

3. Lipid metabolism-related gene expression. 
 
Gene expression analysis was performed using real-time PCR to investigate how the supplementation of compound 34 

during LDA in HepG2 cells affects lipolysis and lipogenesis. HepG2 cells (2.0×105/well) were seeded into 24-well plates (n 

= 6 per treatment). After 24 h, the cells were treated with PBS: 0.25 mM PBS for the OA-only group, 0.25 mM PBS for the 

OA plus group, and 125 and 250 μM PBS for the compound 34 group. After another 24 h, RNA extraction and 

complementary DNA synthesis were performed according to the manufacturer’s instructions and as indicated previously. 

(15,54,55). The sequences of the primers used are shown in Table S1: adipose triglyceride lipase (ATGL), diacylglycerol 

O-acyltransferase 1 (DGAT1), sterol regulatory element-binding protein 1 (SREBP1), and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH). PCR was performed using a CFX 96 Real-Time PCR Detection System (Bio-Rad Laboratories 

Inc., Hercules, CA, USA) under the following conditions: 95 °C for 30 s, followed by 40 cycles at 95 °C for 5 s, 60 °C for 5 s, 
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and 72 °C for 10 s. All gene expression levels were analyzed using the ΔΔCt method and normalized to GAPDH. Data were 

represented as a relative expression based on the control group. 

4. Lipid droplet accumulation inhibition assay 
 
LDAI activity was determined using an Oil Red O assay with 24-well plates (n = 4 per treatment) based on a First, the 

staining of LDs in cultured hepatocytes was performed according to the manufacturer’s instructions. Next, HepG2 cells 

(1.5×104/well) were supplemented with 10% FBS, cultured, seeded into 35 mm dishes, and treated with the tested samples 

after 24 h. Oil Red O, a fat-soluble dye, is widely used for staining neutral lipids in LDs, as previously described (12). Next, 

quantification of LD inhibition was assessed for test compound 34 by comparing it to the untreated control group (+OA) and 

normalizing the LDA absorbance values (%) as previously reported (15). LD staining assay. Staining was performed as 

previously described with modifications (15). 

5. Statistical analysis 
 
For gene expression analysis, mean values were compared using a one-way analysis of variance (ANOVA), followed by 

Tukey’s multiple comparison test. Statistical analyses were performed using GraphPad Prism 8.0e (GraphPad Software 

Inc., La Jolla, CA, USA). Statistical significance was set at p < 0.05. 

6. Complementary metabolite identification via DFF and, 1H-NMR analyses of selected bean extracts 
 
Natural products are usually synthesized as mixtures of structurally similar compounds instead of as a single compound. 

Because of their shared structural characteristics, numerous compounds of the same class are subject to similar MS/MS 

fragmentation and exhibit several identical product ions and/or neutral losses. The objective of DFF is to accurately detect 

all compounds of a specific class in a complex extract by filtering out non-targeted LC-MS/MS datasets for MS/MS spectra 
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that contain class-specific product ions and/or neutral losses (13, 27). The LC/MS profiling of the methanolic extract was 

presented as a 3D LC/MS plot with retention time and MS values (Figure S5-A). The LC/MS measurement and analysis of 

the vanilla BE revealed phenolic acid derivative metabolites (1). 

It was possible to identify the phenolic derivative metabolites as major chemical constituents of the extract compared to the 

in-house standards. DFF is a straightforward and rapid strategy for detecting entire classes of compounds in a mixture of 

natural food products. DFF is especially relevant for the dereplication and discovery of natural product compounds. DFF 

was used for screening metabolites from LC-MS/MS datasets of BE8. The complementary results are 3D images and their 

DFF. The identified vanillin was further detected in the 3D LC-MS comparison of BE8 and vanillin standard and by using 

the DFF approach, as shown in the graph with the characteristic ion products and precursors from the LC-MS/MS analysis. 

As shown in the 3D plot in Figure 2A, vanillin (1) was found in the extract based on the retention time and MS/MS spectra 

of the authentic standard. The fragmentation behaviors of 1 were used for DFF analysis (Figure S5-B). The DFF results 

supported the GNPS and FooDB findings on this BE8 extract. Since vanillin has been previously reported to be effective in 

treating obesity, it would be interesting to investigate the effect of BE8 extract on NAFLD. Therefore, the LDAI activity of 

BE8 extract in HepG2 cells needs further investigation. 

7. Identification of 34 using complementary LC-MS/MS diagnostic fragmentation filtering approach 
 
Natural products are usually synthesized as mixtures of structurally similar compounds instead of as a single compound. 

Because of their shared structural characteristics, numerous compounds of the same class are subject to similar MS/MS 

fragmentation and exhibit several identical product ions and/or neutral losses. The objective of DFF is to accurately detect 

all compounds of a specific class in a complex extract by filtering out non-targeted LC-MS/MS data sets for MS/MS spectra 
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that contain class-specific product ions and/or neutral losses (15, 32,33). DFF allows for the further discovery of all related 

natural products in a complex sample (13, 25, 27), but the main limitation of DFF approach is that the analyst must first 

define which product ions and/or neutral losses are specific to the targeted natural product class. Thus, in this study 

additionally to the identification of 34 by GNPS-MN analysis, DFF analysis of BE8 was performed as a complementary 

analysis for the identification of 34. The proposed fragmentation results from synthetically prepared 34 was used for the 

DFF analysis. The LC–MS/MS analysis also resulted in the identification of 34 from the modified BE8. This result 

supported the identification of compound 34 by the GNPS-NM. Compound 34 was identified for the first time from the 

converted BE (m/z = 339.1339). The fragmentation pathway (Figure 4-A–C) demonstrates the possible fragments that 

defined the fragmentation characteristics of compound 34. This fragmentation can be used for the analysis of the modified 

BE after heat treatment and acid modification. 

The identification of 34 in the modified extract was also confirmed by using the complementary DFF approach, as shown in 

the 2D LC/MS representation plot (Figures 6). This evidence suggested that the LC/MS measurement and analysis of the 

modified extract revealed the presence of newly formed β-carboline alkaloid secondary metabolite 34 and the remaining L- 

tryptophan. It was possible to identify 34 as a newly formed chemical constituent in the modified BE by its comparison with 

the in-house β-carboline alkaloid synthetic standard. The identification of 34 was possible by using a complementary 

diagnostic fragmentation filtering approach (Figure S6). In Figure 6, the red dotted line represents the diagnostic product 

ions required to be considered a putative metabolite 34. The blue dotted line represents the [M+H]+ ions that are precursors 

of the β-carboline alkaloid 34. Further research on analogous metabolites is required to fully explore the bioavailability of 

similar molecules in foods with a piperidine C-ring substituted with various moieties at C-1. 
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Figure S1. 1H NMR, 1H-1H COSY, 13C NMR, and Dept 135 spectrum of β-carboline alkaloid (34) in CDCl3. 
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Figure S2. HPLC profiling of selected bean extracts: The comparison of BE2, BE4, BE5, and BE8 spectra. 
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Figure S3. A schema of the general data processing workflow of LC-MS data. 
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Table S1. LC-MS profiling using MZmine of bioactive bean extracts BE2, BE4, BE5, and BE8: Retention time (RT, min), 
MS1, MS2 and MS3 (m/z). 
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Figure S4. LC-MS profiling of bioactive bean extracts. (A) Diagnostic Fragmentation Filtering (DFF) plot for metabolites 
analysis. (B) 3D visualization of MS data. 
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Figure S5. (A) Three-dimensional (3D) liquid chromatography/mass spectrometry (LC-MS) comparison of bean extract 
8 (BE8) and vanillin. (B) Diagnostic fragmentation filtering (DFF) plot of the vanillin in BE8. 
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Figure S6. Diagnostic fragmentation filtering (DFF) identification of β-carboline alkaloid 34: DFF analysis of 34 in modified 
vanilla BE -8 mixture after 30 min and 1 h of treatment. 
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Table S2. List of 
primers. 

 


