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Table S-1. EI-MS spectrum of 61 authentic standards of metabolites
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RT (min) Metabolites Derivatization EI-MS spectrum of authentic standard
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Table S-2. Statistical analyses of metabolites in control and IPF

Control IPF
Metabolites RSD of QC (%) Internal standard P value FDR VIP
Mean Stdev Mean Stdev
Cysteine 5.1 Tryptophan ds 1.0 0.3 2.3 0.8 3.7E-07 2.0E-05 1.7E+00
Malic acid 2.9 Fructose Cs 1.0 0.2 15 0.3 6.4E-05 5.7E-04 1.6E+00
Glycine 11.0 Glycine ds 1.0 0.2 1.7 0.4 1.5E-05 3.9E-04 1.6E+00
Serine 6.1 Tryptophan ds 1.0 0.3 1.9 0.6 6.4E-05 5.7E-04 1.5E+00
Proline 3.7 Tryptophan ds 1.0 0.3 2.0 0.7 8.4E-05 6.4E-04 1.5E+00
Leucine 3.9 Tryptophan ds 1.0 0.3 1.9 0.6 4.8E-05 5.7E-04 1.5E+00
Isoleucine 4.2 Tryptophan ds 1.0 0.3 1.8 0.6 1.4E-04 6.9E-04 1.5E+00
Pyroglutamic acid 7.7 Fructose *Cs 1.0 0.3 1.8 0.6 1.1E-04 6.9E-04 1.5E+00
Phenylalanine 3.6 Tryptophan ds 1.0 0.3 1.9 0.7 1.4E-04 6.9E-04 1.4E+00
Glutamic acid 8.6 Tryptophan ds 1.0 0.4 2.0 0.8 4.8E-05 5.7E-04 1.4E+00
Glucose 1.0 Fructose 3Cs 1.0 0.3 0.5 0.3 2.3E-04 1.0E-03 1.4E+00
&Zgﬁ;é acetone 10.5 Fructose 3Ce 1.0 0.2 13 03  15E-03 4.1E-03 1.3E+00
Inosine 6.2 Alanine d7 1.0 0.4 1.6 0.4 5.6E-04 2.3E-03 1.3E+00
Threonine 4.1 Alanine d7 1.0 0.2 14 0.3 1.5E-03 4.1E-03 1.3E+00
Aspartic acid 4.3 Tryptophan ds 1.0 0.4 1.9 0.9 1.4E-04 6.9E-04 1.3E+00
Uracil 6.1 Alanine d7 1.0 0.5 1.6 0.5 2.2E-03 5.7E-03  1.3E+00
Alanine 1.6 Alanine d7 1.0 0.2 1.3 0.3 1.5E-03 4.1E-03 1.3E+00
Lactic acid 9.0 Tryptophan ds 1.0 0.3 1.9 0.9 1.5E-03 4.1E-03 1.3E+00
Hypoxanthine 5.1 Tryptophan ds 1.0 0.4 15 0.4 15E-03  4.1E-03 1.2E+00
Arachidonic acid 25.8 Glycine ds 1.0 0.4 2.0 1.1 2.6E-03 6.2E-03  1.1E+00
Valine 3.6 Alanine d7 1.0 0.2 1.3 0.2 1.5E-03 4.1E-03 1.1E+00
mono-methylphosphate 6.7 Stearic acid dss 1.0 0.3 1.6 0.7 2.9E-02 5.3E-02 1.1E+00
Tryptophan 2.6 Tryptophan ds 1.0 0.4 15 0.5 4.4E-03  9.9E-03 1.1E+00
Uridine 26.9 Stearic acid dss 1.0 0.4 1.7 0.8 1.9E-02 3.8E-02 1.0E+00
Mannose-6-phosphate 3.3 Fructose 3Cs 1.0 0.6 1.7 0.8 1.0E-03 4.0E-03 1.0E+00
Glucose-6-phosphate 3.0 Fructose **Cs 1.0 0.6 1.7 0.7 2.6E-03 6.2E-03  1.0E+00
Spermidine 14.4 Stearic acid dss 1.0 0.3 0.7 0.2 1.3E-02 2.7E-02 9.9E-01
Succinic acid 5.3 Fructose 3Cs 1.0 0.3 0.8 0.2 9.6E-03 2.1E-02  9.2E-01
4-Hydroxyproline 2.2 Tryptophan ds 1.0 0.3 1.8 1.5 4.1E-02 7.2E-02  7.9E-01
Phosphoric acid 2.4 Fructose **Cs 1.0 0.2 1.1 0.2 4.6E-02 7.8E-02 7.8E-01
1-Hexadecanol 5.0 Fructose 3Cs 1.0 0.1 1.2 0.3 1.5E-02 3.0E-02  7.8E-01

The metabolite intensity is expressed as mean and stdev (Standard deviation) after
normalization with average value of variables in control subjects. Statistically significant
values are shown in red color. RSD: Relative Standard Deviation, FDR: False Discovery Rate,
VIP: Variable Importance Projection, N.A.: Not assessed.
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Control IPF

Identity RSD of QC (%) Internal standard P value FDR VIP
Mean Stdev Mean Stdev

Ornitine 10.2 Tryptophan ds 1.0 0.3 0.8 0.2 8.0E-02 1.3E-01 7.7E-01
Anhydrosolbitol 2.1 Fructose *Cs 1.0 0.5 1.3 0.4 3.3E-02 5.9E-02 7.3E-01
Behenic acid 20.3 Stearic acid dss 1.0 0.2 0.9 0.2 1.2E-01 1.8E-01 6.6E-01
Diethylene glycol 22.6 Benzoic acid ds 1.0 0.5 0.7 0.3 5.2E-02 8.5E-02 6.6E-01
Stearic acid 35 Stearic acid dss 1.0 0.1 11 0.2 29E-01 4.1E-01 4.8E-01
Citric acid 54 Citric acid d4 1.0 0.2 1.1 0.4 3.4E-01 46E-01 4.7E-01
::izsphoe”y'py’“"ic 7.3 Citric acid ds 1.0 0.2 1.1 04  24E-01 33E-01 4.2E-01
Glyceric acid 5.6 Fructose °Cs 1.0 0.2 11 0.4 5.2E-01 6.4E-01 3.7E-01
Pyruvic acid 7.6 Stearic acid dss 1.0 0.4 0.9 0.3 2.0E-01 2.9E-01 3.7E-01
Cholesterol 6.6 Fructose 3Cs 1.0 0.2 11 0.3 6.8E-01 7.1E-01 3.7E-01
Dodecanoic acid 19.2 Fructose °Cs 1.0 0.1 0.9 0.3 1.2E-01 1.8E-01 3.3E-01
Lysine 11.6 Tryptophan ds 1.0 0.3 1.1 0.5 5.2E-01 6.4E-01 3.1E-01
Myristic acid 10.2 Stearic acid dss 1.0 0.2 0.9 0.2 5.2E-01 6.4E-01 3.1E-01
Scyllo-Inositol 2.6 Fructose *Cs 1.0 0.5 1.2 0.7 1.0E+00 1.0E+00 3.1E-01
Hypotaurine 9.6 Alanine d7 1.0 0.4 1.1 0.4 6.5E-01 7.0E-01 2.8E-01
Fumaric acid 9.7 Alanine d7 1.0 0.4 11 0.4 44E-01 5.8E-01 2.8E-01
Oleic acid 19.1 Stearic acid dss 1.0 0.2 1.0 0.2 6.2E-01 6.8E-01 2.4E-01
Arachidic acid 4.7 Alanine d7 1.0 0.2 1.0 0.2 6.2E-01 6.8E-01 2.3E-01
Gluconic acid 6.3 Fructose 3Cs 1.0 0.3 0.9 0.3 6.2E-01 6.8E-01 2.3E-01
Hexadecanoic acid 5.0 Stearic acid dss 1.0 0.2 1.0 0.2 6.2E-01 6.8E-01 1.5E-01
zzi’gydroxyb”ty"c 8.0 Benzoic acid ds 1.0 1.0 0.9 07  86E-01 87E-01 15E-01
Palmitoleic acid 11.7 Stearic acid dss 1.0 0.3 1.0 0.4 6.8E-01 7.1E-01 1.4E-01
Myo-inositol 1.6 Fructose **Cs 1.0 0.4 1.0 0.3 5.9E-01 6.8E-01 1.4E-01
gcoigosahexae”"ic 30.8 Glycine ds N.A. NA. NA. NA. N.A. NA. N.A.
Asparagine 314 Fructose *Cs N.A. N.A. N.A. N.A. N.A. N.A. N.A.
D-a-Tocopherol 33.3 Stearic acid dss N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Lignoceric acid 34.5 Glycine ds N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Pentadecanoic acid 39.0 Stearic acid dss N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Boric acid 43.1 Glycine ds N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Glutamine 45.5 Fructose **Cs N.A. N.A. N.A. N.A. N.A. N.A. N.A.

The metabolite intensity is expressed as mean and stdev (Standard deviation) after
normalization with average value of variables in control subjects. Statistically significant
values are shown in red color. RSD: Relative Standard Deviation, FDR: False Discovery Rate,
VIP: Variable Importance Projection, N.A.: Not assessed.
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Experimental group
(Control = 15, IPF = 13)

- Spike multiple internal standards (n=7)

l (alanine d,, glycine ds, citric acid d,, stearic acid d,s,
. / tryptophan ds, fructose 13Cg, and benzoic acid ds)
Sample preparation

- Randomization of sample injection order
GC-MS data acquisition =——{ - Application of QC samples
l (3~5 samples interval)

Metabolite identification ~+—— Raw data
(Comparison of RT and EI-MS spectrum with authentic STD)l

- Baseline correction
Data export (netCDF) - Data smoothing

- Noise reduction

l - Peak extraction

) - Peak alignment
MetAlign

|

- Retention time

Peak table export ((CSV) *——- Mass value
/\ - Peak intensity
Metabolite peak integration Internal standard peak integration

-

Calculate peak area ratio (metabolites/internal standards)

!

Select internal standard for each metabolite*
(Lowest RSD in QC samples)

l Normalization with respective internal standard

Remove inappropriate metabolites
(RSD > 30% in QC samples)

Uni- and Multi- variate statistical analysis

MetaboAnalyst SIMCA-P* 12 Model validation
- R%Y

Wilcoxon rank-sum test PLS-DA - RX

- Q2 (cumulative)
\l/ - CV-ANOVA
FDR < 0.05 VIP>1 - AUC of ROC curve using

Target validation cross-validated predicted Y

ATP (Control = 15, IPF = 13) values
y-GCS 1 (Control = 12, IPF = 12)
GSS 1 (Control = 12, IPF = 11)
OAT 1 (Control = 12, IPF = 12)

I, Pathway study ROC curve analysis

Figure S-1. Workflow of study

*: alanine, glycine, citric acid, stearic acid, and tryptophan were normalized by their isotope-
labeled internal standards.

t: these enzymes were measured in the samples which had sufficient amount of tissues for
quantification.
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Figure S-2. ROC curve of metabolite signatures. (A) ROC curve generated from 25
metabolite signatures (FDR < 0.05 and VIP > 1) and (B) the 1000-iteration permutation test
result.
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