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A)

The experimental outline of the project is summarized below:

Acute Study (factors Heat, Hypoxia, H+H & Exercise)

He Pre testing (exercise tests, thermoregulatory function & hematology)
adap
prot: Post testing (exercise tests, thermoregulatory function & hematology)
|-|v Pre testing (exercise tests, thermoregulatory function & hematology)
ada
p Post testing (exercise tests, thermoregulatory function & hematology)
Hypoxia + Pre testing (exercise tests, thermoregulatory function & hematology)
Heat 10-d ay ada ptation period (hypoxia + exercise in the heat 35 *C)
prOtOCO| Post testing (exercise tests, thermoregulatory function & hematology)
Exercise Pre testing (exercise tests, thermoregulatory function & hematology) The ca mpaign utilized
training 10-days of exercise training in TH-NMR analyses
P rotocol Post testing (exercise tests, thermoregulatory function & hematology) and exercise data in
) _ _ , this study.
Figure 2: Graphical outline of the proposed project.
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Figure S1. Schematic overview of the X-Adapt project campaigns as described before [1-4]. Arrow
designates the campaign utilized in analyses in this study (A). (B) A detailed representation of
sampling protocol and distribution of subsections within the campaign. The vertical arrows designate
the 3-day sampling sessions of morning urine. Horizontal lines designate the comparisons between
groups of metabolic fingerprints analyzed in this study. Red lines: X-Adapt collection; Blue lines:

Extended sample collection.
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Figure S2. Physical characteristics of trained (T) and untrained (UT) participants involved in X-Adapt
project pre testing (pre) and post testing (post). Abbreviations: SV=stroke volume; HR=hearth rate;
COmax=cardiac output; Cl=cardiy index; Tre=rectal temperature; Wpeak=maximal power output;

PPO=peak power output; GME=gross mechanical efficiency
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Figure S3. X-Adapt nmMDS ordination representing data scatter and the explanatory parameters
(pH, salinity, total dissolved solids (TDS), participants) measured in urine samples. Dots: black-trained
participants, red-untrained participants. nmMDS stress value: 0.4561.



Feature
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2-Hydroxy-3-methylva... to Tartrate
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Performance achievable by adding Fumarate to
the first three features
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the first eleven features

Performance achievable by using the complete
signature

Figure S4. Predictive performance of the highest scoring models generated in this study, depending
on the number of included relevant variables.
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Figure S5. Schematic representation of npPERMANOVA (npermutations=5000) analysis. 10 day od
activity at Wpeak of 50% led to unsignifficant differences between untrained and trained participant
of the X-Adapt study.



Table S1. Sum of concentrations and numbers of metabolites observed in all groups.

Untrained pre post
Concentrations Number Concentrations Number
Average 27219.8 173.3 25596.3 170.3
SD 7311.2 15.1 7051.9 16.8
n 52.0 52.0 58.0 58.0
SEM 1013.9 2.1 926.0 2.2
Trained pre post
Concentrations Number Concentrations Number
Average 25681.2 168.1 27341.2 168.3
SD 6767.0 15.7 8045.3 15.2
n 50.0 50.0 60.0 60.0
SEM 957.0 2.2 1038.6 2.0

Pre= metabolites measured before tests, Post= metabolites measured after tests,
SD=standard deviation, n=number of samples, SEM= standard error of the mean



Table S2. The most important features for discriminating trained from untrained group obtained by
JADBIO machine learning approach.

Feature

Tartrate
2-Hydroxy-3-methylvalerate
5-Aminopentanoate
Fumarate

Cholate

Methanol
N-Acetylglucosamine
Butanone

Caprate

Alloisoleucine

Taurine

Nicotinurate
pH




Table S3: Group characteristics of individuals tested in this study measured and published before [1-
4] and their matched urinary physico-chemical parameters (bold) (measured in this study) (*
significant different comparing to trained group; ** significantly different according to Mann-

Whitney test for equal means).

Group Trained (n=10) Untrained (n=10)
Age (years) 23 (2) 25 (3)
Height (cm) 180 (5) 179 (3)
Mass (kg) 74 (3) 85 (14)*
BSA (m?) 1.96 (0.08) 2.05(0.17)
Body fat (%) 9.2 (2.3) 16.3 (4.9)*
VOzpeak (ml-kg™*-min?) 58 (6) 42 (5)*
Woeak (W) 364 (35) 309 (46)*
Woea/kg (W/kg) 4.9 (0.5) 3.6 (0.4)*
Salinity (%) 0.55(0.2) 0.57 (0.2)**
pH 3.7(0.7) 3.5(0.9)**
Conductivity (mS) 11.2 (3.8) 11.6 (4.0)**
Total dissolved solids (ppt) 8.4 (3.4) 8.8 (3.5)**

BSA=body surface area, VOpeak=maximal oxygen uptake, Wreak=maximal power output,
Woeat/kg=maximal power output per kg of body mass



Instructions for running a model on a local machine
JADBIO allows the user to download a model and run it on a local machine.
To run our model locally, the user must meet the following requirements:

1. Java SE Development Kit version 17 (https://www.oracle.com/java/technologies/javase/jdk17-
archive-downloads.html)

2. the Java executor (contained in model.zip - filename: jadbio-1.4.55-model-exe.jar)
3. model (contained in model.zip - filename: jadbio-1.3.31-model.bin)

After installing Java SE JDK, model.zip must be saved somewhere on the local machine. After saving
model.zip, provided by the authors, the folder must be extracted (e.g. with WinZip, 7zip). The model
must be executed with the command prompt (cmd) (Fig. 1, 2).

Step 1

Using the cd path command (Fig. 1), the user navigates to the same directory (e.g. Folder) that
contains the model executor (.jar) and the model (.bin).

Figure 1. First command to navigate to the folder containing the model. In this case, we used the cd
C:\Users\LDeutsc\Desktop\model command because Executor and Model were in the
model folder on the desktop.

. jadbio-1.3.31-model.bin 4, 05. 2022 20:4 Datoteka BIN 23 KB
._iadbio—1.4.55—mode|—exe‘jar 4, 05. 2022 20:4 Executable Jar File 11.249 KB

Figure 2. The two files needed for the overview of the model. Both files are contained in the
model.zip folder.

Step 2
The next step is to preview the model using the following command:

Java --enable-preview -jar Jjadbio-1.4.55-model-exe.jar -n Jjadbio-
1.3.31-model.bin

This allows the user to get an overview of the model, key features and information about the analysis
(which algorithm was used, version of JADBIO and other information about the model) (Fig. 3).

jadbio FK.training’, aset_id
etable=false, ma 25, max_signatures=null




Figure 3. Overview of the model.
Step 3

To test the model, the user must prepare data. For the model to work properly, the concentrations
must be in uM. The user needs to prepare the dataset as shown in Figure 4 and save it in a .csv
document (comma separated values). After preparation, the prepared dataset must be saved in the
same directory as the model executor and the model itself.

A B C D] E F G H | J K L M N
1 |Sample pH Tartrate  2-Hydroxy 5-Aminope Fumarate Cholate Methanol N-Acetylgl Butanone Caprate Alloisoleuc Taurine  Nicotinurate
? | xadapt_001 3.31 3 0 0 0 0 8 0 0 21.5 0 102.8 0
3 xadapt7002_| 3.83 0 0 0 0 1 1.9 0 0 0 0 0 0
1 xadapt_003 5.52 0.8 0 0 0 0 4.1 0 0 0 0 0 0
3 | xadapt_004 3.6 0 0 0 1.2 0.3 6.9 0 0 0 0 0 0
5 | xadapt_005 4.87 10.1 0 0 0 0.3 15.4 44.8 0 0 0 42.6 0
7 |xadapt_006 3.78 8.8 0 0 0 0.3 3.4 35.1 0 0 0 0 0
3 | xadapt_007 4.45 4.8 0 0 0 0 3.1 0 0 0 1.4 0 0
3 xadapt_008 3.88 0 0 0 0 0 12.6 0 0 0 0 0 0
0 xadapt_009 3.62 1.9 0 0 0 0 0 0 0 0 0 0 0
1 |xadapt_011 3.74 2.8 0 0 0 0 7.2 0 4.8 0 0 0 0
2 xadapt_012 3.98 20.6 0 0 0 0.4 0 0 0 0 0 0 0
3 xadapt_013 3.82 0 0 0 0 0 0.8 0 0 11.3 0 0 0
4 xadapt_014 3.23 4.7 0 0 0 1.6 5.1 15 0 0 0 0 0
Figure 4. Prepared dataset.
Step 4
After saving the dataset, the user must use the next command in the terminal:
java --enable-preview -jar Jjadbio-1.4.55-model-exe.jar -m Jjadbio-

1.3.31-model.bin -1 testl.csv -o result.csv

This command runs the model on test data (MPtest.csv in our case) and creates a new dataset with
predictions (MPtest-output.csv) (Fig. 5).

ktop\model>Java --enable-preview -jar jadbio-1.4.55-model-exe.jar -m jadbio-1.3.31-model.bin -i testl.csv -o result.csv
d model from jadbio-1 31-model.bin

S-uccess%ulliv‘ d input dataset from testl.csv
Successfully wrote predictions to result.csv

Figure 5. Executing the model and creating the output .csv file with predictions in the same directory.
Step 5

After model execution, the user can check the calculated predictions by opening the .csv file directly
by clicking on the created .csv file and opening it in any data analysis program (Excel, Past, R ...). As
shown in Fig. 6 the model classifies the data between different classes (MP1, MP2 and MP3). The first
column is the same as in the test data created by the user. For issues with classification of MP2 class
please see also Figure 2 in the original publication (Deutsch and Stres, 2021)



Sample name Prob ( class =trained ) Prob ( class = untrained )

xadapt_001
xadapt_002
xadapt_003
xadapt_004
xadapt_023
xadapt_024
xadapt_025
xadapt_026
xadapt_027
xadapt_029
xadapt_030
xadapt_031
xadapt_032
xadapt_033
xadapt_034

0.694572528
0.815910454
0.955969117
0.857383888
0.798564526
7.00E-06
0.110582248
0.360483234
5.47E-31
0.214583769
7.17E-04
0.582942833
0.394083655
2.21E-06
3.87E-08

0.305427472
0.184089546
0.044030883
0.142616112
0.201435474
0.999992999
0.889417752
0.639516766

1
0.785416231
0.999282937
0.417057167
0.605916345
0.999997793
0.999999961

Figure 6. The newly created .csv file with predictions calculated from test data.
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