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Supplementary Method 

 

Metabolite extraction Analytical processes were performed in random order, 

including extraction, derivatization, reconstitution, and MS analysis. Metabolite was 

extracted by mixing 50 µL of mid-trimester maternal serum and tertiary solvent 

mixture (750 µL, methanol:isopropanol:water, 3:3:2, v/v/v) followed by 10-min 

sonication and centrifugation (13,200 rpm for 5 minutes at 4°C). Aliquot (750 µL) was 

transferred into a new 1.5-mL tube and concentrated to complete dryness in a speed 

vacuum concentrator (SCANVAC, Korea). The dried extracts were stored at -80°C 

until GC-TOF MS analysis. 

For lipid analysis, the Folch method was applied with minor modification as follows: A 

50 µL of plasma sample was vigorously mixed with 225 µL of MeOH for 10 s 

followed by the addition of chloroform (450 µL) and incubation for 1 hr. Water (187.5 

µL). After phase separation, lower phase was transferred to a new vial and 

concentrated to complete dryness (SCANVAC, Korea). Dried extract was stored at -

80°C until reconstitution for LC-Orbitrap MS analysis. 

GC-TOF analysis for primary metabolite profiling The first derivatization process 

was done with 5 µL of 40 mg/mL methoxyamine hydrochloride (Sigma-Aldrich, St. 

Louis, MO, USA) in pyridine (Thermo, USA) (90 min at 200 rpm at 37°C). The 
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mixture was derivatized with 45 µL of N-methyl-N-trimethylsilyltrifluoroacetamide 

(MSTFA + 1% TMCS; Thermo, USA) for 1 h at 200 rpm at 30°C 1-3. Internal retention 

index markers (13 fatty acid methyl esters) was added to the derivatization mixture.  

Following the derivatization, 0.5 µL of sample was injected using an Agilent 7693 ALS 

(Agilent Technologies, Wilmington, DE, USA). Metabolites were chromatographically 

separated by an Agilent 7890B gas chromatography (Agilent Technologies) with an 

RTX-5Sil MS column (Restek, Gellefonte, PA, USA). Mass spectrometry analysis was 

conducted on a Leco Pegasus HT time of flight mass spectrometer controlled by 

Chroma TOF software 4.50 version (LECO, St. Joseph, MI, USA). The GC oven 

temperatures were programmed as follows: held at 50°C for 1min, ramped to 330°C at 

20°C/min, and held constant for 5 min. Acquired data were further processed based on 

Binbase database 3, which generate chemical name, spectra information, retention time, 

unique ion, and peak height in excel format. A mixture of 33 pure standard compounds 

was analyzed every 10 samples for quality control purpose. 

LC-Orbitrap MS analysis The dried extract was reconstituted with 50 µl of 

acetonitrile (70%) for LC-Orbitrap MS analysis. The lipid was chromatographically 

separated with a 150 mm × 2.1 mm UPLC BEH 1.7-μm C18 column (Waters 

Corporation, Milford, MA, USA) equipped with 5.0 mm × 2.1 mm UPLC BEH 1.7 μm 



 4

C18 VanGuard Pre-Column (Waters Corporation, Milford, MA, USA). The liquid 

chromatography was conducted by Ultimate-3000 UPLC system (Thermo Fisher 

Scientific Inc., Waltham, MA, USA).  

The lipid extract was chromatographically separated by binary solvent system 

consisting of solvent A (water with 10mM ammonium formate and 0.2% formic acid) 

and solvent B (acetonitrile with 0.2% formic acid). The gradient was as follows: 

equilibration in 10% solvent B for 1 min, 10–75% solvent B gradient until 7.5 min, 

75–95% solvent B gradient until 7.6 min, 95% solvent B until 10.4 min, 95-10% 

solvent B gradient until 10.5min, and re-equilibration in 10% solvent B until 16 min.  

Ten microliter of the lipid extract was used for both MS1 and MS/MS analysis. MS 

analysis was executed with positive and negative ionization mode using Q-Exactive 

Plus Orbitrap (Thermo Fisher Scientific Inc., Waltham, MA, USA). MS/MS analysis 

was conducted in data-dependent manner (HCD, 30 eV). Raw data (.raw format) were 

transformed to Analysis Base File (ABF) format by Reifycs Abf Converter 

(http://www.reifycs.com/AbfConverter/index.html). Data process (peak detection, 

smoothing, and deconvolution) and compound identification were done by the MS-

DIAL software and Lipid Blast library (MS1 tolerance: 0.005 Da; MS2, 0.0075 Da; 

similarity score, 70%) 4, 5. A total of 222 lipids were identified and used for subsequent 
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statistical analysis following manual inspection on peak quality by Tracer Finder 

(Thermo Fisher Scientific Inc., Waltham, MA, USA). 
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