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Expanding the drug discovery space with predicted metabolite-target interactions

Supplementary Materials 1

Andrea Nuzzo'®, Somdutta Saha'®, Ellen Berg?, Channa Jayawickreme!, Joel Tocker?, James R.

*
Brown'™"

! GlaxoSmithKline Pharma R&D, Collegeville, Pennsylvania, USA

2 Eurofins Discovery, Burlingame CA, USA

* Primary corresponding author: James.R.Brown@gsk.com

&Secondary corresponding author: andrea.8.nuzzo@gsk.com

*Current address: EMD Serono Research & Development Institute, Inc., 45A Middlesex
Turnpike, Billerica, MA 01821 USA

“Current address: Kaleido Biosciences, Inc. 65 Hayden Avenue, Lexington, MA 02421 USA



Scaled significance (-log(q - value))®

cD uc
60
40
®
20
0
-1 0 1 -1 0 1
Differential abundance in disease compared to controls
gll r2
0
-1000 0.75
-2000
0.50
-3000
0.25
-4000
5 10 15 20 5 10 15
iterations
Generalized —— ¢usters — mixed_effects
ML model

Predicted

Predicted

Predicted

CcD

nonlBD

uc

CcD

nonlBD

uc

CcDh

noniBD

uc

2
2%

7%

9
1%

1
13%

2%

<

True

5
6%

0%

HMDBO05360*; C50:1 TAG
HMDB05065; C18:1 carnitine
HMDB03269; nicotinuric acid

HMDBO01186; N1-acetylspermine
redundant ion; NH4_C18:3 C
HMDBO03464; 4-guanidinobutanoic acid
HMDB12107*; C24:1 SM

redundant ion; NH4_C16:1 CE
HMDBO01414; putrescine

redundant ion; NH4_C52:1 TAG
HMDBO04956; C24:0 Ceramide (d18:1)
HMDBO00897; 7-methylguanine
MDB04159; urobilin

HMDB00251; taurine

HMDB00884; ribothymidine
redundant ion; NH4_C48:1 TAG
redundant ion; NH4_C42:0 TAG

HMDBO05436*; C52:6 TAG

HMDB08048*; C38:4 PC
HMDB00638; dodecanoate

E

0.0%

HMDB05367*; C52:1 TAG
HMDBO00666; heptanoate
HMDB05385*; C54:5 TAG
HMDBO00711*; 2-hydroxyoctanoate
HMDB00182; lysine
HMDBO00139; glycerate
HMDB12103; C22:0 SM
redundant ion; NH4_C48:1 TAG
HMDB00682; indoxy! sulfate
HMDB15052; metronidazole
redundant ion; NH4_C34:1 DAG
HMDBO00063; cortisol
HMDB11130; C18:0 LPE
HMDB00929; tryptophan
HMDB05410*; C56:3 TAG
HMDB00262; thymine
redundant ion; NH4_C36:2 DAG
HMDBO00039; butyrate
redundant ion; NH4_C52:2 TAG
HMDB01921; metformin

o
<
IS

HMDB03269; nicotinuric acid
site_name

HMDBO07216*; C36:1 DAG
HMDB05015; gabapentin
HMDBO00801; phytanate
HMDBO05065; C18:1 carnitine
HMDBO00666; heptanoate
HMDBO05032; cetrizine
redundant ion; NH4_C44:1 TAG
HMDB00245; porphobilinogen
HMDB00210; pantothenate
1TAG

redundant ion; NH4_C50:

HMDBO00802; pterin

HMDB33585; acesulfame

redundant ion; NH4_C38:4 DAG
MDB08925%; C34:0 PE

HMDBO00209; phenylacetate

HMDBO00086; alpha—glycerophosphocholine
HMDB08138*; C36:4 PC

HMDBO00300; uracil

0 10 20 30 40

value

-B

05% 1.0% 15% 2.0%

Feature importance

0.2% 0.5%

0.8%
Feature importance

0.0% 05% 1.0% 1.5%
Feature importance

HMDB03269; nicotinuric acid

site_name

HMDB00245; porphobilinogen

HMDB08048*; C38:4 PC

HMDBO05065; C18:1 carnitine

HMDBO04193; N1-methyl-2-pyridone-5-carboxamide
HMDB13122*; C18:1 LPC plasmalogen
HMDB07970*; C34:0 PC

redundant ion; NH4_C48:1 TAG

HMDBO00786; oxypurinol

HMDB00201; C2 carnitine

HMDB00897; 7-methylguanine

HMDB35665; 1.2.3.4-tetrahydro-beta—carboline—1.3-dicarboxylate
HMDBO00872; tetradecanedioate

HMDB11511; C20:0 LPE

HMDB00623; dodecanedioate

HMDB07199%; C38:5 DAG

HMDB00881; xanthurenate

HMDB11697; C24:0 SM

redundant ion; NH4_C44:1 TAG

00 03 06 09
SHAP values

consent_age

HMDBO01886; 3-methylxanthine
site_name

HMDB00872; tetradecanedioate
HMDBO00714; hippurate
HMDBO00672; hexadecanedioate
MDB00259; serotonin

redundant ion; NH4_C51:1 TAG
HMDBO00866; acetytyrosine
HMDBO00897; 7-methylguanine
HMDB15070; oxymetazoline
HMDB04159; urobilin

HMDB12252; linoleoyl ethanolamide
HMDBO06344; phenylacetylglutamine
HMDB00722; taurolithocholate
HMDBO00679; homocitrulline
HMDB00761; lithocholate
HMDB10325; ethyl glucuronide
HMDB00017; 4-pyridoxate
HMDB00245; porphobilinogen

0.0 0.5 1.0 1.5
SHAP values

HMDB12252; linoleoyl ethanolamide
HMDB00619; cholate

HMDBO00826; pentadecanoate
HMDB04956; C24:0 Ceramide (d18:1)
HMDBO06725; C14:0 CE
HMDBO00708; glycoursodeoxycholate
HMDBO06344; phenylacetylglutamine
HMDB01954; 3-hydroxyoctanoate
HMDB01046; cotinine

HMDBO01186; N1-acetylspermine
HMDB00036; taurocholate
HMDBO00672; hexadecanedioate
HMDB00651; C10 carnitine
HMDB01999; eicosapentaenoate
redundant ion; NH4_C36:0 DAG
HMDB11212*; C34:4 PC plasmalogen
HMDBO00779; phenylalanine
HMDB00216; norepinephrine
HMDB05432*; C48:3 TAG
HMDB03282; 1-methylguanine

0.00 0.05 0.10
SHAP values

diagnosis [l co [ uc [l noniso

Supplementary Fig. 1. Metabolomics results from each analytical method. (a) Volcano plots depicting the differential abundance per each nmetabolite in
Crohn’s disease (CD) and Ulcerative Colitis (UC) patients by FDRadjusted p-value using bootstrapped power estimation and Mann-WitheyU test. (b) Confu-
sion matrix, top 20 feature importance and top 20 SHAP values per features obtained from the XGBoost classifier analysis. (c) Generalized log-likelihood (gll)
and r-squared (r2) for the generalized XGBoost classifier based on cluster only (blue) and clusters + random effects (orange). (d) Confusion matrix, top 20
feature importance and top 20 SHAP values per features obtained from the generalized XGBoost classifier based on cluster only. (e) Confusion matrix, top 20
feature importance and top 20 SHAP values per features obtained from the generalized XGBoost classifier based on clusters + random effects.
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Supplementary Fig. 2. Consensus score diagnostic plot. (a) Distribution of the single descriptors selected from
each model, divided by disease state if the method recognizes the category before computation of the consensus
scoring. (b) Distribution of the computed consensus score per each metabolite in Crohn’s disease (CD) and Ulcer-
ative Colitis (UC) patients. (c-h) Correlation plot between each single indicator used to discriminate disease
classes (horizontal axes) and consensus scoring (vertical axes). (i) The qqgplot of consensus scoring per disease
state.
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Supplementary Fig. 3. Ontological analysis of the selected 192 metabolites. (a) distribution of the consensus
scores of all metabolites by group of origin. Wilcoxon ranked test was used to compare between CD and UC for
each group, no significant difference was detected. Hinges represent first and third quartiles, while whiskers
represent 95% CI. (b) Number of metabolites ranking in the top quartile of the consensus scoring per each origin
subgroup. (¢) total number of metabolites per each origin. (d) intersection matrix describing the overlapping
origins of metabolites.
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Supplementary Fig. 5. Overview of the connections discovered for the targets. Metabolites were connected through similar ChREMBL compounds where similar-
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