Pathway analyses

A. Pathway Analyses on BioCyc (www.biocyc.com, Karp et al. 2019; Paley and Karp, 2021).

Pathway coverage analyses were carried out on BioCyc using the metabolomics pathway coverage tool..
Here, the annotation for each of the significant pathways in Xp91-118 in both positive and negative ion

phases are presented. Annotation of gene loci in Xp91-118 are also available on BioCyc (www.biocyc.org).

a. Positive ion phase: Metabolic pathway coverage report identified of 18 pathways for metabolites

in the positive phase. The table below shows the pathways and metabolites.

Supplementary Table S3. Positive Phase Pathways and metabolites covered in each pathway. Only the
underlined compounds are the significant metabolites from our metabolomics annotation.
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http://www.biocyc.com/
http://www.biocyc.org/

Pathways

Covered Compounds

adenosylcobalamin salvage from cobinamide I

GMP
phosphate

nicotinate

biotin-carboxyl carrier protein assembly

phosphate
biotin
AMP

L-arginine biosynthesis I (via L-ornithine)

L-ornithine
phosphate
L-glutamine
AMP

L-asparagine biosynthesis II

L-asparagine
AMP

L-cysteine biosynthesis VI (from L-methionine)

L-cysteine
L-cystathionine
L-serine

L-methionine

phosphate
L-histidine degradation II urocanate
L-lysine biosynthesis I phosphate
L-lysine
L-tryptophan degradation I (via anthranilate) L-kynurenine
anthranilate
proline to cytochrome bo oxidase electron transfer L-proline
putrescine degradation II putrescine
phosphate
pyridoxal 5'-phosphate salvage I pyridoxine
pyrimidine ribonucleosides salvage II uridine
uracil
cytidine
superpathway of L-isoleucine biosynthesis I L-isoleucine
phosphate
superpathway of L-serine and glycine biosynthesis I L-serine
glycine
phosphate



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=COBALSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=NIACINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-1264
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=Pi
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ARGSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=L-ORNITHINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ASPARAGINESYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ASN
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-I9
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CYS
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=Pi
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5028
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=UROCANATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=DAPLYSINESYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=Pi
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=LYS
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=TRPCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-14736
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ANTHRANILATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-1544
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PRO
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-1221
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PUTRESCINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=Pi
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PLPSAL-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PYRIDOXINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6556
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=URIDINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CYTIDINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-3001
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ILE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=Pi
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SER-GLYSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SER
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=Pi

Supplementary Table S3 (continued).

Pathways

Covered Compounds

superpathway of pyrimidine deoxyribonucleoside
salvage

2'-deoxycytidine

superpathway of pyrimidine ribonucleotides de

L-glutamine

novo biosynthesis phosphate
UMP
orotate

taurine degradation IV taurine

tetrapyrrole biosynthesis I (from glutamate) AMP

5-aminolevulinate

b. Negative ion phase: A pathway covering set of 48 pathways covers significant metabolites in the

negative phase. The table below shows the pathways and metabolites in each pathway. While 24

metabolites originally cover pathways of Xp91-118, the different forms of the metabolites are also

included.



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7200
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7200
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=DEOXYCYTIDINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-162
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-162
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLN
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=OROTATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-981
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=TAURINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5188
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP

Supplementary Table S4. Negative Phase Pathways and metabolites covered in each pathway. Only

the underlined compounds are the significant metabolites from our metabolomics annotation.

Pathways

Covered Compounds

2-oxopentenoate degradation

(5)-4-hydroxy-2-oxopentanoate
pyruvate

2-oxopent-4-enoate

biotin biosynthesis I

S-adenosyl-L-methionine

S-adenosyl-4-methylthio-2-oxobutanoate

L-methionine
L-alanine

S-adenosyl-L-homocysteine

CMP-2-deoxy-D-manno-octulosonate
biosynthesis

phosphoenolpyruvate

2-deoxy-a-D-manno-2-octulosonate

D-galactonate degradation

D-galactonate
2-dehydro-2-deoxy-D-galactonate

pyruvate

glycerol and glycerophosphodiester
degradation

glycerol

glycine betaine biosynthesis I (Gram-
negative bacteria)

glycine betaine

glycolysis III (from glucose)

2-phospho-D-glycerate
2-phospho-D-glycerate

pyruvate

phosphoenolpyruvate
2-phospho-D-glyceroyl-phosphate
2,2-diphospho-D-glycerate

glyoxylate cycle

(S)-malate
oxaloacetate
cis-aconitate
D-threo-isocitrate
glyoxylate

succinate

indole-2-acetate biosynthesis V
(bacteria and fungi)

(indol-2-yl)acetate



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5162
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=4-HYDROXY-2-KETOVALERATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=OXOPENTENOATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=BIOTIN-BIOSYNTHESIS-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=S-ADENOSYLMETHIONINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ADENOSYL-HOMO-CYS
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-1269
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-1269
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PHOSPHO-ENOL-PYRUVATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=KDO
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GALACTCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=D-GALACTONATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PYRUVATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-381
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-381
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLYCEROL
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=BETSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=BETSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=BETAINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ANAGLYCOLYSIS-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-PG
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=23-DIPHOSPHOGLYCERATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLYOXYLATE-BYPASS
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=MAL
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SUC
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5026
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5026
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=INDOLE_ACETATE_AUXIN

Supplementary Table S4 (continued).

Pathways

Covered Compounds

L-arginine biosynthesis I (via L-ornithine)

N-acetyl-L-ornithine
L-ornithine

acetate
2-oxoglutarate

L-glutamate

N-acetyl-L-glutamate
L-glutamine
L-citrulline
L-arginine

fumarate

L-aspartate
AMP

L-asparagine degradation I

L-asparagine

L-aspartate

L-cysteine biosynthesis VI (from L-methionine)

L-cysteine

O-succinyl-L-homoserine
L-cystathionine

succinate

L-homocysteine

L-serine
S-adenosyl-L-methionine
S-adenosyl-L-homocysteine
L-methionine

S-ribosyl-L-homocysteine

L-histidine degradation II

N-formyl-L-glutamate
L-glutamate
formate

N-formimino-L-glutamate

urocanate
L-histidine



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ARGSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=N-ALPHA-ACETYLORNITHINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ASPARAGINE-DEG1-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ASN
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=L-ASPARTATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-I9
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CYS
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-564
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5028
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-600
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=HIS

Supplementary Table S4 (continued).

Pathways Covered Compounds

L-lysine biosynthesis I L-aspartate
L-aspartyl-4-phosphate
L-aspartate-semialdehyde
pyruvate

2-oxoglutarate

L-glutamate
L,L-diaminopimelate
succinate
meso-diaminopimelate

L-lysine

L-lysine degradation VI L-2-aminoadipate
L-lysine
2-oxoglutarate

L-glutamate

L-phenylalanine biosynthesis I chorismate

keto-phenylpyruvate
L-glutamate
L-phenylalanine

2-oxoglutarate

L-proline biosynthesis I L-glutamate
L-glutamate-5-semialdehyde
L-proline
(S)-1-pyrroline-5-carboxylate

L-threonine degradation II glycine
L-2-amino-2-oxobutanoate

L-threonine

L-tryptophan degradationI (via | L-tryptophan

anthranilate) L-kynurenine

formate

L-alanine



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=DAPLYSINESYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=L-ASPARTATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=LYS
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5298
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-468
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLT
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PHESYN
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CHORISMATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-KETOGLUTARATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PROSYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLT
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=L-DELTA1-PYRROLINE_5-CARBOXYLATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=THREONINE-DEG2-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=THR
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=TRPCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=TRPCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=TRP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=L-ALPHA-ALANINE

Supplementary Table S4 (continued).

Pathways

Covered Compounds

L-tyrosine degradation I

2-oxoglutarate

L-tyrosine
4-hydroxyphenylpyruvate
L-glutamate

fumarate

acetoacetate

L-valine degradation I

(5)-2-amino-2-methylpropanoate
2-oxoglutarate
L-glutamate

2-methyl-2-oxobutanoate

L-valine

levulinate degradation

4-hydroxypentanoate
AMP

4-oxopentanoate

methylglyoxal degradation I

(R)-lactate

(5Z)-dodec-5-enoate)

pyruvate
octane oxidation octanoate

AMP
palmitate biosynthesis II laurate
(bacteria and plants) AMP

palmitate
palmitoleate biosynthesis I (from | palmitoleate

phosphopantothenate
biosynthesis I

2-methyl-2-oxobutanoate
(R)-pantoate

[-alanine

AMP



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=TYRFUMCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-KETOGLUTARATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=3-KETOBUTYRATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=VALDEG-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-466
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=VAL
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7948
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-20688
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-16942
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5386
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=D-LACTATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PYRUVATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=P221-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-195
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5971
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5971
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=DODECANOATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PALMITATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6282
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6282
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-9245
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PANTO-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PANTO-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-KETO-ISOVALERATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP

Supplementary Table S4 (continued).

Pathways

Covered Compounds

protocatechuate degradation I (meta-
cleavage pathway)

2-hydroxy-4-oxobutane-1,2,4-tricarboxylate

pyruvate

oxaloacetate

(1E)-4-oxobut-1-ene-1,2,4-tricarboxylate
(1E,2E)-4-hydroxybuta-1,2-diene-1,2,4-tricarboxylate

protocatechuate

protocatechuate degradation II (ortho-
cleavage pathway)

2-oxoadipate

2-carboxy-cis,cis-muconate

protocatechuate
purine nucleotides degradation II xanthine
(aerobic)

GMP

AMP

hypoxanthine

purine ribonucleosides degradation

D-ribose 5-phosphate

hypoxanthine

xanthine
pyridoxal 5'-phosphate salvage I pyridoxine
pyrimidine nucleobases salvage I UMP

uracil

S-methyl-5-thio-a-D-ribose 1-phosphate
degradation

2-oxoglutaramate

2-oxoglutarate

L-methionine
4-(methylsulfanyl)-2-oxobutanoate
L-glutamine

formate

sorbitol biosynthesis II

D-gluconate

keto-D-fructose

Supplementary Table S4 (continued).



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=P184-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=P184-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=4-OH-4-ACETYL-2-OXOGLUTARATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=3-4-DIHYDROXYBENZOATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PROTOCATECHUATE-ORTHO-CLEAVAGE-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PROTOCATECHUATE-ORTHO-CLEAVAGE-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=3-KETO-ADIPATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=3-4-DIHYDROXYBENZOATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6353
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6353
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=XANTHINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=HYPOXANTHINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-1296
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=RIBOSE-5P
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=XANTHINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PLPSAL-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PYRIDOXINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7183
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=UMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=URACIL
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-4361
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-4361
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-KETO-GLUTARAMATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=FORMATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5530
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLUCONATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-15382

Pathways

Covered Compounds

stearate biosynthesis II (bacteria and
plants)

stearate
AMP

superpathway of B-D-glucuronosides
degradation

aldehydo-D-glucuronate
pyruvate

2-dehydro-2-deoxy-D-gluconate

D-mannonate

superpathway of branched chain amino
acid biosynthesis

2-oxobutanoate
L-threonine
pyruvate

(S)-2-aceto-2-hydroxybutanoate

2-oxoglutarate
L-isoleucine
L-glutamate

(S)-2-methyl-2-oxopentanoate

(S)-2-acetolactate

(2R)-2,2-dihydroxy-2-methylbutanoate
L-valine

2-methyl-2-oxobutanoate
4-methyl-2-oxopentanoate

L-leucine

superpathway of L-isoleucine
biosynthesis I

2-oxobutanoate

L-threonine

pyruvate
(S)-2-aceto-2-hydroxybutanoate
2-oxoglutarate

L-isoleucine

L-glutamate
(S)-2-methyl-2-oxopentanoate

O-phospho-L-homoserine

L-homoserine
L-aspartate-semialdehyde
L-aspartyl-4-phosphate
L-aspartate, oxaloacetate

Supplementary Table S4 (continued).



https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5989
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5989
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=STEARIC_ACID
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLUCUROCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLUCUROCAT-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CPD-15530
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=D-MANNONATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=BRANCHED-CHAIN-AA-SYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=BRANCHED-CHAIN-AA-SYN-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-OXOBUTANOATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=LEU
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-3001
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-3001
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-OXOBUTANOATE

Pathways

Covered Compounds

superpathway of L-methionine
biosynthesis (by sulfhydrylation)

sulfate
L-homocysteine
L-methionine
L-homoserine

O-acetyl-L-homoserine

acetate
L-aspartate-semialdehyde
L-aspartyl-4-phosphate
L-aspartate

2-oxoglutarate

oxaloacetate

L-glutamate

superpathway of pyrimidine
deoxyribonucleotides de
novo biosynthesis

L-glutamine

L-glutamate

uMp

orotate
N-carbamoyl-L-aspartate
L-aspartate

superpathway of sulfate
assimilation and cysteine
biosynthesis

2-phospho-L-serine
L-serine
2-phospho-D-glycerate
2-oxoglutarate
L-glutamate
O-acetyl-L-serine
L-cysteine

acetate

sulfate

Supplementary Table S4 (continued).
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https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5345
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5345
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SULFATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLT
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7211
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7211
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7211
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLN
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=L-ASPARTATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SULFATE-CYS-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SULFATE-CYS-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SULFATE-CYS-PWY
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=3-P-SERINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SULFATE

Pathways

Covered Compounds

superpathway of tetrahydrofolate
biosynthesis

4-aminobenzoate
pyruvate
L-glutamine
chorismate

L-glutamate

formate
AMP

taurine degradation IV

2-oxoglutarate
taurine

succinate

tetrapyrrole biosynthesis I (from
glutamate)

L-glutamate
AMP

5-aminolevulinate

trehalose degradation VI (periplasmic)

a-D-glucopyranose

[-D-glucopyranose

UDP-N-acetylmuramoyl-pentapeptide
biosynthesis I (meso-diaminopimelate
containing)

D-alanine
meso-diaminopimelate
L-glutamate
D-glutamate
L-alanine

phosphoenolpyruvate

UTP and CTP dephosphorylation I

CMP

UMP
cytidine
uridine
L-glutamine

L-glutamate

B. Pathway Analyses on MetaboAnalyst
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https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6612
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6612
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=P-AMINO-BENZOATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=AMP
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-981
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=2-KETOGLUTARATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=SUC
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5188
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-5188
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLT
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=5-AMINO-LEVULINATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY0-1466
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=ALPHA-GLUCOSE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=GLC
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6387
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6387
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-6387
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=D-ALANINE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PHOSPHO-ENOL-PYRUVATE
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=PWY-7185
https://biocyc.org/GCF_000192045/NEW-IMAGE?object=CMP

The additional pathways identified in Pseudomonas putida KT2440 using annotated metabolites in our

study are shown in the figures below (Please see figure 3 in main paper for additional details).
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Aminoacyl-tRNA biosynthesis

cmmcmcm:ﬁz---cu:mg

CO288 CO3511 C02163 CO2232 O35 CO212 Co2a8d

ooELLR

- 00183 CO004l - - CO0123 C00133 0007 CO00a2 - CO0025 CO3a02

CO5M1 C02551 CO2430 CO023d CO2554 CO0385 CO1931 CO31F7 COXMT CO2E2 CO3512 CO0M: COIfd? CO2ad7 Coalla

CO5E2 00101 C03234

C00064: L-Glutamine; C00097: L-Cysteine; C00027: Glycine; C00065: L-Serine; C00072: L-
Methionine; C00047: Lysine; C00407: Isoleucine; C00148: L-Proline

Supplementary Figure S2a(i). Metabolites putatively identified in X. perforans that are involved in

aminoacyl tRNA biosynthesis
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Pynimidine metabolism

C00055 C00222 C11038

/ \ C00112 C00239 C01013 C11039

C00063 C00015 C00705 - -

C00075 /CM\A‘E%CDU}CUMUB C00337  CO0169
C00105 C00460 C00363 C00119 - C00438

C00429 C00365 C00459
- C02642 C00526 C00364

C00099 Cco021 C02376 C21028

\$/$

Co0o672 C00178 C21029

!

C01205

C00280: Cytosine, C00475: Cytidine; C00881: Deoxycitidne; C00064: L-Glutamine; C00295: Orotate;
C00299: Uridine, C00106: Uracil

Supplementary Figure S2a(ii). Metabolites putatively identified in X. perforans that are involved in
pyrimidine metabolism
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Glycine, serine and threonine metabolism

CG'D114 C{H}I}-'-'IE Co01688

l
- - “T/“‘i“ -

CO071S C15925 CODd441 CO01102

NS

Co0l88 CO0Z213

N

CO0109 CO00258
CO5515 C0l1242 CO0101 CO0168 COD631

7RSS |

CO3508 CO2972 CO0014 CO00143 C01005 CO01597

/ NV

CO2051

/

COo0011 COD0TE CODD22 CO2737

C02291: L-cystathionine, C06221: Ectoine, C00097: Cysteine, C00200: Creatine, C00065: L-Serine

Supplementary Figure S2a(iii). Metabolites putatively identified in X. perforans that are involved
in glycine, serine and threonine metabolism
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Cyanoamino acid metabolism

C02512 - C01594 COSE70 - C08334 (C05143 CO08325

W W W W W W W W

CO5711 C00049 CO2659 CO06114 - C18796 CO03742 C00844

W

Co0sE1

C00152: L-Asparagine, C00027: Glycine, C00065: L-serine

Supplementary Figure S2a(iv). Metabolites putatively identified in X. perforans that are involved
in cyanoamino acid metabolism
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Arginine biosynthesis

C00026 C00086
v \!
00064 C00025 C00011
C00014 C00624
\
C04133
\’
C00169 C01250
\
C00437
\’
C15532
!
C00049
-
C03406
\
C00062 C00122

C0064: L-Glutamine, C00227: L-Citrulline, C00077: L-Ornithine

Supplementary Figure S2a (v). Metabolites putatively identified in X. perforans that are involved
in arginine biosynthesis
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Cyeteine and methionine metabolizsm

COD049 CO4188 COO170 C11537

R

Co0263 CO03082 CO4582 CO308% CO1962 COB52B

U\

CO1077 CO1118 COD441 R
\Y/ C01234 |  CODZB3 CO1005 CO2218 CODOST9

/\ L S |

CO01180 COBZ76 CO258% COD155 COoD109 CO0857 CO03232 CO5824
~. ! 1 /o
CO2356 Co0022 CO0197

!
C00019 CODA09 C21015

\ !
COoD021 C21016

l
C03539

C00491: L-Cystine, C00065: L-Serine, C02291: L-Cystathionine, C00097: L-Cysteine, C00072: L-Methionine

Supplementary Figure S2a (vi). Metabolites putatively identified in X. perforans that are involved
in cysteine and methionine metabolism
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Sulfur metabolizm

Co0320

Co00s9

C00224 C11142 - Co0263

W

C00053 C1114%5 C15521 CO097S CO0283 Co111a
\ Ma’ \\Q

Coo094 - CO0033 C19692 C0O0042 CO0155

C00065: L-Serine, C00245: Taurine, C00097: L-Cysteine.

Supplementary Figure S2a(vii). Metabolites putatively identified in X. perforans that are involved
in sulfur metabolism
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Glvoxvlate and dicarboxylate metabolism

COoa1T CO0ER COB0ME COOOa3 COD0ZT CODZs

/A

i 4 | i
COOLSE COOL49 COO3LL COOM60 COLlZ7  coolée  Coooss cooozd [N cooots coocor [N

\/ b W 43 P £
COD0EE

CO00Z CODWE COD0ZEE CO0Z38 CODD11 COD33Z

+
COL146 CO0B3L

C00027: Glycine, C00065: L-Serine, C00064: L-Glutamine.

Supplementary Figure S2a(viii). Metabolites putatively identified in X. perforans that are involved in
glyoxylate and dicarboxylate metabolism

20



Lysine depgradation

C00322 C04092 C01149
C00527 C00408 (C03273 C12455 (C01181
W \x\\\ﬁﬁ g/f/
C0o0877 C00489 C00431
oy Y
C01144 C03196
N N
C00332 C00026
oy N
Co0024 C00042

C00047: L-Lysine, C00990: 5-Aminopentanamide.

Supplementary Figure S2a(ix). Metabolites putatively identified in X. perforans that are involved in lysine
degradation.
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Pantothenate and Cod hiosynthesis

C00022 C00429
\’ VAN
C06010 C02642 -

v
C04272 C00183
NS
C00099 C00522 Co0141
N N S
C00864 C00966
\
C04079 C03492 /-
~
C00831 C04352
N
C01134
\’
C00882
)
C00010

C00106: Uracil, C00097: L-Cysteine

Supplementary Figure S2a (x). Metabolites putatively identified in X. perforans that are involved in
pantothenate and CoA biosynthesis.
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Alanine aspartate and glutamate metabolism

CoZ3e2 CO0045 CO0041 CO0334 CO0%40

N

CO0036 - CO03406 CO3794|  CO0438 CODOZ? COD232 CO3912 CODDZG

W

Coo122 COD042 CODD25

CO0014 CO016% CO0352 CO30090

C00152: L-Asparagine, C00064: L-Glutamine

Supplementary Figure S2a(xii). Metabolites putatively identified in X. perforans that are involved in
alanine, aspartate and glutamate metabolism.
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Methane metabolism

C14180 CO00218 CO0O0les C00354 C00033

Vool VAN v

C01031 CO0067 CO0O0258 CO00118 CO00111 CO0085 CO0024

v o v v

C00058 CO00022 CO00B631 co0227

v v

C00011 CoO0074 CO00197

v \’
C00036 C03232
v v

C00149 CO01005 CO00143

NV

* C00101

co4377

C00027: Glycine, C00065: L-Serine

Supplementary Figure S2a (xii). Metabolites putatively identified in X. perforans that are involved in
methane metabolism.
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NEGATIVE PHASE SIGNIFICANT METABOLITES AND PATHWAYS

Metabolites putatively identified in X. perforans that are involved

Metabolites putatively identified in X. perforans that are involved
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AminoacyI-tENA biosynthesis

B cooore cooocs I cooen comsn cooe

+ + 3 " l L

Cimddi

L

[=CRte

Comide Cigods

coolim Coomel Coodt ooy coss comen comne coos [ coos o

v

+

3

v

*

Ot Coofid Codied Clods CoGiih COedds Coodesd  Colelgd COofEs Cocdal COOGhd Cloffd Colesal Codcd COoodiT ClinMT oot Coofdd Cool COSTod COooteT Codid

v

C00125: L-Histamine; C00064: L-Glutamine; C00065: L-Serine; C00072: L-Methionine; C00148: L-

Proline

Supplementary Figure S2b(i). Metabolites putatively identified in X. perforans that are involved

aminoacyl-tRNA biosynthesis
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Sulfur metabolism

C00320
Co0058

C00224 C11142 - C00263

W

CO0053 Cl1114%5 C15521 CO0S79 CO0283 Cc01118
\A Ln/%;w \\<

C00094 CO00097 CO0033 C19692 - C00155

C00065: L-Serine, C00245: Taurine, C00042: Succinate.

Supplementary Figure S2b(ii). Metabolites putatively identified in X. perforans that are involved in sulfur
metabolism

27



Pantothenate and CoA biosynthesis

C00022 C00429
J /N
C06010 Co2642
\’
C04272 C00183
N
C00099 C00522 C00141
N N S
C00966
C04079 C03492 C00097
C04352
P
Co1134
v
C00882
v
C00010

C00106: Uracil, C00864: Pantothenate C00821: Pantetheine

Supplementary Figure S2b(iii). Metabolites putatively identified in X. perforans that are involved

pantothenate and CoA biosynthesis
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Alanine, aspartate and glutamate metabolism

CoZ3e2 CO0045 Co0041 CO0334 CO0%40

N

CO0036 - C03406 CO3794| COD438 CODD22 COO232 CO3912 COOO26

Cool122

CO0014 COO0165 COO352 CO3090

C00152: L-Asparagine, C00042: Succinate C00064: L-Glutamine

Supplementary Figure S2b(iv). Metabolites putatively identified in X. perforans that are involved in alanine,
aspartate and glutamate metabolism
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beta-Alanine metabolism

CO0100 CO05668 CO5665 C00222 CO00555 C00429
W W W
Co0894 C00099 CO00024 CO00334 COD2642 -
W

C00106: Uracil, C00864: Pantothenate

Supplementary Figure S2b(v). Metabolites putatively identified in X. perforans that are involved in beta-
Alanine metabolism
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DPurine metabolism

CO03D1  CODER) Co2001 CODI04 CO2350 C11821 COD058 COL3dd
N ) b ) 4 b v
CooLL? CODG03 CODDEL CO2348 Cl3248 CO0224 COL34S

! ¥y + 4
CO0119 COM0E6 CODMME  CO0160 CO0053  CO6196

¥ PN
03000 COOO1L COOOL4  COO2ES
b
cossae
¥
coaats
)
Coa640
b
cozaTa
)
15667
¥
coaTst
b
coasza
¥
coaeT7

¢ N

cmm Cod051

cmm

EUZE?S

CCC@E CO!LZEQ CO0Zo4
cm COM‘M CCOZBE ccoz Em CiOI3E0
L)

cm ECO!IAT CO0206  COO0350

OO0

C00064: L-Glutamine, C00020: AMP, C00144: GMP C00262: Hypoxanthine; C00285: Xanthine

Supplementary Figure S2b(vi). Metabolites putatively identified in X. perforans that are involved in purine
metabolism
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Cyanoamino acid metabolism

C02512 - C01594 C05670 C00037 C08334 C05143 C08325

2

C05711 C00049 C02659 Cc06114 - C18796 C03742 C00844

C00561

C00152: L-Asparagine, C00065: L-Serine

Supplementary Figure S2b(vii). Metabolites putatively identified in X. perforans that are involved in
cyanoamino acid metabolism

32



Arginine biosynthesis

i
0

C00014

C00169

C15532

)

C00062

C00026

l

C00025

\

C00624

!

C04133

!

C01250

!

c00437

|

Co0077

C00049

/

C03406

— )

co0122

C00086

l

C00011

C00064: L-Glutamine, C00227: L-Citrulline

Supplementary Figure S2b(viii). Metabolites putatively identified in X. perforans that are

arginine biosynthesis

33

involved

in



Citrate cycle (TCA eyele)
C00091

\.
e Vn

C00036 Cc00122 C00024
! /
C00158
/
coo417
e
C00311 C15973
/ |
C05379 C15972
| e
C00026 C00068
¢
C05381 C05125
/ ~N
C16254 C16255

C00149: (S)-Malate, C00042: Succinate

Supplementary Figure S2b(ix). Metabolites putatively identified in X. perforans that are involved in TCA
cycle.
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Histidine metabolism

C00860 C05130 Cc05127 C02739
C01929 C02835 c05827 c02741 C00119

C04896

- C04916

/N

C03680 C04666 C04677 C01100
\ /

C00439 C01267

C01045

C00025

C00125: L-Histidine, C00785: Urocanate

Supplementary Figure S2b(x). Metabolites putatively identified in X. perforans that are involved in histidine
metabolism.
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Cysteine and methionine metabolism

C00049 (04188 CO00170 Co00491 C11537

Doy

C00263 CO03082 C04582 C03089 CO01962 C05528

/ VN

C01077 CO01118 C00441

C15606 %2% C00283 C01005 C02218 CO00979

C01180 (C08276 (C02989 CO00155 C00109 C00097 CO00957 C03232 C05824
~ (WA
C02356 Ccoooz22 C00197
C00019 (C00409 C21015
N\
C00021 C21016
!
C03539

C00065: L-Serine, C02291: L-Cystathionine, C00072: L-Methionine

Supplementary Figure S2b(xi). Metabolites putatively identified in X. perforans that are involved in cysteine
and methionine metabolism.
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