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Abstract

Blood and cerebrospinal fluid are two biofluids with very important functions in the
human body. To study these two biofluids, multi-omics analysis and pathway analysis are
necessary. Therefore, a source of information that includes all the omics data of these
biofluids is needed in order to conduct comparative studies and and metabolic pathway
analysis. With the current information sources available on the internet, this is not possible,
as many of them do not contain specific information about the fluids, are incomplete,
outdated, and have redundant information.

Therefore, the LifeFluids project emerged with the objective of creating multi-omics
databases of the composition of the body's biofluids. In this final degree project, two unified
databases were created for blood and cerebrospinal fluid, compiling information on their
composition of metabolites, proteins, transcripts, and chemical elements. Afterwards, multi-
omics profiling and pathway analysis were performed with the obtained data to evaluate the
metabolic pathways involving both biofluids.

The methodology involved identifying necessary and available sources for collecting
information on the mentioned omics, creating the databases, studying correlations between
the two biofluids to identify common elements, and analyzing metabolic pathways.

For the creation of the databases, existing information sources were consulted and
integrated, such as recognized online databases like the Human Metabolome Database
(HMDB), Vesiclepedia (VSCP), and Marker DB (MDB), among others. Additionally,
literature and repositories were consulted. These sources use different nomenclatures, so
standardized identifiers were needed to normalize the data included in our database:
InChlKey for metabolites and chemical elements, Uniprot ID for proteins, and HGNC ID
for transcripts.

As a result, the Life Fluids database for blood contains 90.482 metabolites, 15.763
proteins, 1.463 transcripts, and 98 chemical elements. The Life Fluids database for
cerebrospinal fluid contains 2.090 metabolites, 5.447 proteins, 1.431 transcripts, and 47
chemical elements.

Afterwards, all this data was used to investigate associated diseases by studying the
metabolic pathways involved in each biofluid and the consequences that their perturbations
could have.

The newly created databases provide a valuable resource for researchers studying these

biofluids, enabling a more comprehensive analysis of the previously existing data.

Key words: blood, CSF, databases, metabolites, proteins, transcripts, chemical
elements, multi-omics profiling, pathway analysis.



1. Introduction

Blood and cerebrospinal fluid are two human body fluids or biofluids. Their study is
important in health research, as they are involved in the development of tools for the
diagnosis, monitoring, and treatment of different types of diseases.

Blood is a specialized biofluid with four main components: plasma, red blood cells,
white blood cells, and platelets. It has many diverse functions within the human body,
including transporting oxygen and nutrients from the lungs to the rest of the body's tissues,
transporting cells and antibodies that fight infections, bringing waste products to the kidneys
and liver, which filter and clean the blood, and many more [1].

On the other hand, we have cerebrospinal fluid (CSF), a clear, colorless, watery fluid
that is situated inside and around the brain and spinal cord, that is, the central nervous system.
Its main function is to act as a cushion that protects the brain and spinal cord from impacts
and other types of injuries. It also serves to remove waste products, and nourishment of the
brain [2].

The relationship between blood and CSF is close, as CSF is considered an
ultrafiltrate of blood plasma, the liquid portion of blood. Most of the CSF is produced
through a network of cuboidal cells known as the choroid plexus, a type of epithelial cells
with microvilli that cover the ventricles of the brain and allow the filtration of plasma
through them [3]. This forms what is known as blood-CSF barrier, shown in Figure 1.
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Figure 1. Schematic image of the blood-CSF barrier[4].

Some time ago, came about the need to develop new technologies to manage and store
data from all the components that biological systems have, such as biofluids. From here,
“omic” sciences emerged, technologies that can be applied to biological systems to obtain a
measurement of the biological molecules they contain, to obtain relevant information about
the underlying biology at a resolution that has never before been possible [5].



The "omic™ sciences include all sciences ending with the suffix -omics, such as
genomics, transcriptomics, proteomics and metabolomics. The objective of omic sciences is
to identify, characterize, and quantify all biological molecules that are involved in the
structure, function, and dynamics of a cell, tissue, or organism [6].

Genomics is the study of the structure, function, evolution, mapping, and editing of
genomes. A genome is the complete set of DNA (including all of its genes) in an organism.
Close to genome, we have transcriptomics which is the science dedicated to the identification
and quantification of the transcriptome. The transcriptome is the complete set of RNA
transcripts from DNA in a cell or tissue [5].

Proteomics is the study of the proteins present in a cell, tissue, or organism. Therefore,
proteomics is the application of technologies for the identification and quantification of
proteins present in a cell, tissue, or organism [7]. Proteomics is one of the most complex
omic sciences to study because the proteome is highly dynamic due to complex regulatory
systems that control protein expression levels [7].

Metabolomics involves the application of technologies for the identification and
quantification of metabolome, the complete set of small molecule metabolites found within
a biological sample, including metabolic intermediates in carbohydrate, lipid, amino acid,
nucleic acid, and other biochemical pathways, along with hormones and other signaling
molecules, as well as exogenous substances such as drugs and their metabolites. It is subject
to many factors such as diet, stress, physical activity, diseases, etc., of the studied system[5].

As a subset of metabolomics, we could find lipidomics (the study of lipids), volatilomics
(the study of volatile metabolites), and ionomics (the study of chemical elements ions).

We can say that metabolism is the set of chemical reactions that take place within living
organisms and that aim at the synthesis or degradation of substances[8]. These reactions
generally occur in chain, forming what we call "metabolic pathways," a series of reactions
that lead to the conversion of a substance to a final product [8].

In Figure 2, we can see a general map where an overview of the metabolic pathways of
biological systems is represented schematically, extracted from the iPath3.0 website.[9]. In
this map, it is represented how metabolites, proteins and different metabolic pathways are
interconnected, and the color classification of each pathway according to the type of
metabolism to which they belong.



Figure 2. Diagram with the metabolic pathways. Image from iPath 3.0 [9]

Thanks to the study of metabolic pathways in organisms, we can get an insight of the
biochemical processes that take place. As a result, we can identify the main metabolites,
proteins genes and transcripts involved in these pathways with the aim of studying associated
diseases, identifying the mechanisms involved, or understanding the effect of drugs on
specific pathways and, therefore, verifying their effectiveness [10].

Biomedical engineers in omics sciences play a key role in analyzing complex
biological data by cleaning and organizing it, applying statistical methods, and using
machine learning to identify patterns and predict outcomes. They design and manage large
databases to store and integrate various types of omics data, facilitating comprehensive
insights into biological processes.

Given the large amount of omics data available spread across various databases
performing multi-omics analysis present a significant challenge due to its disorganized,
decentralized and outdated nature. This problem arises from the existence of numerous
databases that collect this different information, often with incomplete records, duplicate
entries and is not up to date with the new publications. Furthermore, most sources are general
and fail to provide detailed omics information specific to biofluids, or the available
information is limited. This is why the Life Fluids (www.lifefluids.com) project has been
developed. It has the aim to create a set of databases for human biofluids, where information
on metabolites, proteins and associated genes, chemical elements, and transcripts of these
biofluids can be found, solving the previously mentioned problem.



http://www.lifefluids.com/

2. Objectives

The main objective is to obtain an integrative multi-omics profiling and pathway
analysis for human biofluids, specifically blood and cerebrospinal fluid (CSF).

The specific objectives are:

Objective 1: Obtain merged and curated databases of proteins, metabolites,
transcripts and chemical elements for blood.

To achieve this objective, | needed to identify the available sources of information on
the composition of blood for each of the omics included (metabolites, proteins and associated
genes, transcripts, and chemical elements), extract the data and translate it to specific
identifiers for each omics. This step will imply large amounts of data to be merged. Then, |
needed to identify the attributes that we will need to extract from these sources in order to
create a comprehensive database of the composition of the two biofluids. Finally, the created
databases for the metabolites, proteins and associated genes, and chemical elements for
blood and cerebrospinal fluid, are manually checked.

Objective 2: Obtain merged and curated databases of proteins, metabolites,
transcripts and chemical elements for CSF.

To achieve this objective, | will follow the same procedure as Objective 1 but applied
to CSF biofluid.

Objective 3: Pathway analysis of LifeFluids Blood databases created. Analyze the
created databases for blood to perform a multi-omics profiling.

To achieve this objective, | used the created databases, along with the previous work, to
analyze the different metabolic pathways and the correlations between them. Identify the
metabolic pathways present in the blood biofluid.

Objective 4: Pathway analysis of LifeFluids CSF database created. Analyze the
created databases for blood to perform a multi-omics profiling.

To achieve this objective, | will follow the same procedure as Objective 3 but applied
to CSF biofluid.

3. Methodology

During this thesis, two omics databases of blood and cerebrospinal fluid composition
were developed. To do so, first | divided the composition of these fluids into metabolites,
proteins and transcripts, and chemical elements.

Python was used for the creation and manipulation of all the database’s tables. | used
the functions of the Pandas Python library, that allows the manipulation of data in a
dataframe format and has enabled the combination of the necessary data from the different
information sources, to finally obtain each of the tables that constitute the database.



For all the tables, a 3-step methodology was used:

- Omics data translation (to a specific identifier for each omics used) and merging on
the metabolites data.

- Attributes retrieval.

- Manual curation to eliminate duplicates and retrieve missing information.

This is a data harmonization process, which has been performed because each source of
information has its own compound identifiers, and in some cases, different nomenclature.

To perform the multi-omics profiling and pathway analysis, the web application iPath
3.0 [9] was used. This tool allows for the observation of metabolic pathways involved in the
biofluids by entering the data obtained during the creation of the metabolite and protein
databases for both blood and cerebrospinal fluid.

3.1. Sources of information for databases

The content of this section is confidential.

3.2. New comprehensive blood and cerebrospinal fluid databases

The first step in developing each one of the databases is to choose the attributes that
each entry or compound will have in the databases of proteins, metabolites, transcripts, and
chemical elements. For each omics, specific attributes are needed to describe each compound
accurately.

The attributes will represent the characteristics or information we will have for each
one of the entries in the database. Once the attributes are chosen, it will be necessary to
search for the sources of information from which they will be extracted, ensuring that the
sources are reliable and up to date in order to guarantee the quality of the data included in
our database.

3.2.1. Proteins

The key attribute that defines the proteins in the database is the Uniprot identifier. The
Uniprot ID, is a unique and universal identifier assigned to proteins in the UniProt database.
This identifier provides a minimal description of the protein sequence and enables the search
of information about it in other sources[29].

Starting with the UniProt, the rest of the attributes, as shown in table 4, of the protein
database have been extracted.



Table 1. Proteins attributes description

Attribute Description

Life Fluids ID Identifier within the Life Fluids database

Protein Name Protein name

Gene symbol It’s the gene associated with the protein short form

abbreviation approved by the HGNC [30]

EV If it has been associated with extracellular vesicles

Uniprot ID The Uniprot code that identifies this protein

Diseases The diseases associated with the protein

Database The databases from which the protein has been extracted

Literature The articles from which the protein has been extracted or
identified

The attributes shown in Table 4 were extracted from the following sources:

First, human proteins were downloaded from Uniprot (https://www.uniprot.org). Next,
proteins were downloaded from Marker DB (https://markerdb.ca/downloads) along with the
diseases or conditions they are associated with. This provides a sort of dictionary of proteins
and associated diseases, containing the attributes shown in the previous table.

Then, files with blood proteins were downloaded from the sources listed in section 3.1.
a), obtaining the Uniprot identifiers of the blood proteins.

The next step was to match each file containing Uniprot IDs from the different sources
with the previously created “dictionary”. If a match was found, the data for: Uniprot ID,
Name, Gene Symbol, and Diseases from the dictionary were copied, adding for each entry
the database from which it was extracted in the field ‘Database’.

Finally, the columns 'EV" and 'Literature’ were filled in at the end, adding new proteins
found in the literature and indicating in the 'EV" field if the study is related to extracellular
vesicles.

In Figure 3, we can see the sources used to extract the information for the proteins,
starting from the Uniprot ID of each one.
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Figure 3. Diagram with the sources from which the proteins were extracted

In Figure 4, we can see the first rows of the blood proteins Life Fluids database, with its
corresponding attributes.

L ' u u
1 NumbErID‘ Name ‘ Gene_Symbol ‘ EV |Unipmt| Diseases ‘ Database | Literature

2 |LFPRO00OL HLA class | hit HLA-A P04439 DISEASE: AHPPA | HBFP | VSCP  LTPROOSO | LTPRO07S | LTPROO7S | LTPROO72 | LTPROOGS | LTPROOS6 | LTPROOGS | LTPRODSS | LTPROOSS |
3 |LFPRO0002 HLA class | hitHLA-B P01889 HPPA | HBFP | VSCP LTPRO079 | LTPROO7S | LTPROO7S | LTPROO72 | LTPROOGS | LTPROOS6 | LTPROOGS | LTPROOSY | LTPROOSS |
4 |LFPRO0003 Alpha-1-antii SERPINAL P01009 DISEASE: AHPPA | HBFP | MDB | LTPROOS3 | LTPRO030 | LTPROO7S | LTPROO77 | LTPROO7S | LTPROO71 | LTPROOGY | LTPROOGG | LTPROOGS |
5 |LFPRO0004 Basigin (5F7) BSG P35613 HPPA | HBFP | VSCP LTPRO0S2 | LTPRO0S1 | LTPROO73 | LTPROO77 | LTPROO7S | LTPROOGS | LTPROOGY | LTPROOS6 | LTPROOGS |
6 |LFPR0O000S Alpha-amino ALDH7AL P43419 HPPA | HBFP | VSCP LTPRO077 | LTPROO75 | LTPROOS6 | LTPROOGS | LTPROOS3 | LTPRO04T | LTPROD4G

7 |LFPR0O000G Meurexin-1-k NRXN1 Yes P53400 VSCP

& |LFPR0O0007 Complement C1R PO0736 HPPA | HBFP | VSCP LTPRO0S3 | LTPROO72 | LTPROO7L | LTPRO0G3 | LTPROOSS | LTPROOSY | LTPROOS3 | LTPROOSO | LTPRO047
9 |LFPRO000S Tenascin-X (TTNXB P22105 HPPA | HBFP | VSCP  LTPROO77 | LTPRO059

10 |LFPRO0009 Transmembri TMPRSS2 015393 DISEASE: L HBFP | VSCP LTPRO053

11 LFPROO010 Cathepsin D |CTSD P07339 HPPA | HBFP | VSCP  LTPRO0SZ | LTPRODSO | LTPRO043 | LTPROO7S | LTPROO7S | LTPROOY7 | LTPROO76 | LTPROOYS | LTPROO72 |
12 |LFPRO0011 Angiotensin- ACE P12821 DISEASE: VHPPA | HBFP | MDB | LTPROO69 | LTPRO05S | LTPROOS3

13 |LFPRO0012 CDY antigen | CD9 P21926 DISEASE: EHPPA | HBFP | VSCP  LTPROO77 | LTPROO75 | LTPROO72 | LTPRO0GY | LTPROOS6 | LTPROOGS | LTPRO059 | LTPROOS7 | LTPROOS3 |
14 |LFPR00013 Haptoglobin HP PO0738 DISEASE: CHPPA | HBFP | VSCP  LTPROOS3 | LTPRO0S0 | LTPROO7S | LTPROO77 | LTPROO7S | LTPROO71 | LTPROOGY | LTPROOS6 | LTPROOGS |
15 |LFPRO0014 Renin recept ATPGAP2 075787 DISEASE: NHPPA | HBFP | VSCP LTPRO0S2 | LTPRO079 | LTPROO77 | LTPRO0GS | LTPROOSS | LTPROOST | LTPROOS3 | LTPROD4S | LTPRO04T |
16 |LFPRO0015 HLA class | hit HLA-C P10321 DISEASE: RHPPA | VSCP LTPROO75 | LTPROD72 | LTPROOGY | LTPROOS6 | LTPROOGS | LTPROOSS | LTPROOS7 | LTPROOSS | LTPROOSS |
17 |LFPRO0016 Radixin RDX P35241 DISEASE: NHPPA | HBFP | VSCP  LTPRO043 | LTPRO079 | LTPROO77 | LTPROO7S | LTPROOGS | LTPROOGS | LTPROOSG | LTPROOGS | LTPROOSY |
18 |LFPRO0017 Acid ceramid ASAH1 Q13510 DISEASE: It HPPA | HBFP | VSCP  LTPRO0S2 | LTPRO0S0 | LTPROO7S | LTPROO7S | LTPROO77 | LTPROO7S | LTPRO0GY | LTPROOS6 | LTPROOGS |
19 |LFPRO0018 Receptor-typ PTPRS Q13332 HPPA | HBFP | VSCP LTPRO0S2 | LTPRO043 | LTPROOS7 | LTPRO0S3 | LTPROO48 | LTPROC46

20 |LFPRO0019 Hypoxia up-r HYOU1 QgyaLl HPPA | HBFP | VSCP  LTPRO079 | LTPROO77 | LTPROOS | LTPROOG9 | LTPROOSG | LTPROOGS | LTPRO0SY | LTPROOS7 | LTPROOSS |
21 |LFPRO0020 Latent-transf LTBP4 Q8N251 HPPA | HBFP | VSCP  LTPROO77

Figure 4. Screenshot of the first 20 rows of the blood proteins database

Finally, the attribute Life Fluids ID is the identifier assigned to the elements that are part
of the Life Fluids project databases. In Annex 1, it can be seen how this identifier is
calculated for each of the omics.

3.2.2. Metabolites

The most significant attribute for metabolites in this database is the InChlKey, the
International Chemical Identifier Key, developed by the IUPAC (the International Union of
Pure and Applied Chemistry). It is a compact version of the InChl code, which provides
information about molecular connectivity, charge, stereochemistry, isotopic enrichment,
hydrogen atom positions, and bonding in metal compounds, organized in a hierarchical,
layered format [31].

The InChIKey is a condensed, 27-character version of this descriptive identifier, making
it more practical for use in databases or internet searches [31].

Using the InChIKey as a reference, the remaining attributes of the metabolites database have
been extracted from various sources of information described in later sections. The rest of
the attributes are the following:



Table 2. Metabolites attributes description

Attribute Description

Life Fluids ID Identifier within the Life Fluids Database

Metabolite Name The metabolite’s common name

RefMet ID RefMet (Reference Set of Metabolite Names) is a highly curated

database of standardized names for metabolites [32].

Molecular_Weight

The molecular weight of the metabolite

Monoisotopic_Mass

Is the mass of the metabolite when it is composed of the most
abundant isotopes of its constituent elements.

Formula

The molecular formula that describes the metabolite.

Xlogp

The partition coefficient. Is the ratio of a substance in one medium
or phase to the concentration in a second phase when the two
concentrations are at equilibrium[33]. A high XLogP value
indicates that the molecule is more lipophilic, while a low XLogP
indicates that it is more hydrophilic.

InChlKey

The InChlKey that describes the metabolite

InChl

The InChl code that describes the metabolite

SMILES

The Simplified Molecular Input Line Entry System is a written
form of representing and describing the structure and composition
of molecules in a simple way using ASCII table characters[34].

HMDB

The Human Metabolome Database identification number

PubChemID

The compound identification number (CID) assigned to the
metabolite within the PubChem repository.

KEGG_ID

The metabolite identification number assigned to the metabolite in
the Kyoto Encyclopedia of Genes and Genomes (KEGG)[35].

Bin ID

The identifier assigned in BinBase[36], a database based on GC-
MS untargeted metabolomics

LipidMAPS

The identifier assigned to the metabolite within the Lipid MAPS
(Metabolites and Pathways Strategy) website and database, which
is responsible for lipid curation, classification, and
nomenclature[37].

CAS

The CAS (Chemical Abstract Service) registry number. CAS
REGISTRY compiles substances identified in the literature from
1957 to the present. Each chemical substance it contains has a
unique numeric identifier, with up to 10 digits divided into three
parts separated by hyphens, and with no chemical meaning[38].

ChEBI

The identifier of the metabolite within the Chemical Entities of
Biological Interest (ChEBI) dictionary, a dictionary of molecular
entities focused on small chemical compounds[39].

DrugBank_ID

The metabolites identifiers in DrugBank database, an online
database containing information on drugs and drug targets[40]

Kingdom / Superclass /

Class / Subclass

These four columns describe the taxonomic classification of the
metabolite.

Disease The diseases associated with the metabolite
Database The databases from which the metabolite has been extracted
Literature The articles from which the metabolite has been extracted or

identified.




The attributes shown in the table, were extracted from the following sources:

PubChem (https://pubchem.ncbi.nim.nih.gov/idexchange/idexchange.cgi) is a public
repository for information on chemical substances and their biological activities, launched
in 2004 as a component of the Molecular Libraries Roadmap Initiatives of the US National
Institutes of Health (NIH)[41].

PubChem Identifier Exchange Service =

Input ID List input list of IDs @
InChiKeys hd Choose input IDs
Enter [Ds

Seleccionar archivo | Sin archivos seleccionados Upload a file with IDs...
Operator Type Exchange operator [
Same CID v Choose operator type
Output IDs Qutput ID type @
CIDs bt Choose output ID type
Output Method Qutput Method @

Two column file showing each input-output correspondence Choose output method

Figure 5. Screenshot of the PubChem Identifier Exchange Service interface through which some of the data for our
database was obtained

This website (figure 5 shows its interface) allows you to enter a series of identifiers as
input; in our case, we will choose the InChlKey. Next, you enter the identifiers in text format
and select the type of output you want, which in our case will be the CID (the PubChem
identifier), InChl code, SMILES, and the compound's synonyms. Finally, you click on
'submit job," and it returns a text document in list format with the InChlKeys entered as input
along with their corresponding output.

PubChem allows translation between these types of identifiers: CID, InChl, InChIKey,
SMILES, synonyms and IUPAC Names.

The Chemical Translation Service (CTS) (https://cts.fiehnlab.ucdavis.edu/batch) works
in a similar way to PubChem. Figure 6 shows the interface of this tool, which allows to enter
a list of compound identifiers and translates them to one or several types of compounds at
once. That is to say, we can enter a list of InChlKeys, and CTS will translate them, for
example, to their corresponding chemical name, ChEBI, InChl code, etc. Unlike PubChem,
CTS allows for batch conversion and also enables translation to more types of compounds.




Batch Conversion

To convert multiple identifiers, enter them in the box below or upload them as a text file. IDs should be separated by line
breaks. Select your source and target types, and click the Convert button. You may select multiple target types.

InChIKey v
Convert ¥

Chemical Name «

[ Seleccionar archivo ] Sin archivos seleccionados

Please report any issues on our bug tracking system.

Figure 6. Screenshot of the PubChem Identifier Exchange Service interface through which some of the data for our
database was obtained.

Finally, ClassyFire (http://classyfire.wishartlab.com/) is a web-based application for
automated structural classification of chemical entities. It provides a hierarchical chemical
classification of chemical entities, based on a chemical taxonomy [42].

Works similarly to the two previous ones. In ClassyFire, the users input the InChl of the

compounds from which they want to obtain taxonomic data, and the web returns as an output
a list containing the superclass, class, subclass, and kingdom of the introduced compounds.

InChiKey { InChl )

Il

HMDB PubChem (|5 ClassyFire

Lipid MAPS I@ ChEBI ) Kingdom

Disease

HMDB ID

PubChem ID

|
CAS
|

)( KEGG ID ) Superclass
|

Molecular :

weight ) ( AT )

Subclass
DrugBank ID Formula

Figure 7. Diagram made with BioRender [43] showinga summary from where the metabolites' attributes were
extracted
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)

In Figure 7 is shown a summarized and visual representation of the sources from which
the data were taken to fill the fields of the metabolites database, starting with the InChlKey
for each of the metabolites. There are attributes that do not appear in the previous figure



because they are extracted from a different source. The attributes xlogP and monoisotopic
mass were extracted using Python with the library pubchempy, which allows obtaining data
such as the monoisotopic mass, molecular weight or xlogP from the PubChem ID (CID) of

a compound.

The RefMet attribute was extracted from the Metabolomics Workbench website
(https://www.metabolomicsworkbench.org), where entering the names of the metabolites

returns a list with the standardized name. Finally, the Literature and Database attributes have
been updated each time new information from a new source was added.

In Figure 8, we can see the first 20 rows of the Life Fluids database of blood metabolites.

a
2 |LFMBOD00L water
3 |LFMB00002 bi

2 |LFMB0D003
5 |LFMBOD00S
6 |LFMB0000S
7 |LFMB0D00S
8 |LFMB0D00T

168,103

9 |LFMB0D0OS.
10 |LFMBODO0S c ac Oxalicaci 90,0349 89,99530854 C2H204
11 |LFMBODO10

12 |LFMBO0011

13 |LFMBO0013

14 |LFMBODO14.

15 |LFMBO001S  bilirubin B

16 |LEMBO0O16  porphobi P

17 |LFMBO0017  5-hya

18 |LFMBO0O1E  -histidir Histidi

19 |LFMBO0019  I-tryptopl Tryptoy

20 |LFMBO002D oxogluta Oxoglu

21 [LFmBOD021 1

Figure 8. Screenshot of the first 20 rows of the blood metabolites database :,

3.3.3. Transcripts

18,0153 18,01056468 H20
103,081 103,0381764 C2HSN30:
60,0553 60,03236276 CHAN20

1131179 113,0589119 C4H7N3O

17,0305 17,0265491 H3N
179,1727 175,0582432 CSHONO3
1811332 131,0694765 C4HIN3O:

98,078 97,96737972 H204S
97,9952 97,97689557 H304P
1921235 192,0270026 C6HBO7
580,7 580,3104351 C33H42NA06
584,6621 582,2634849 C33H3ENA
26,2202 226,0953569 C10H14N2
1911834 191,0582432 C10HINO:
155,1546 155,0684765 C6HON3O:
2082252 204,0898776 C11H12N2
145,0081 146,0215233 C5HE05
125,147 125,0146643 C2HTND3:

Formula | Xlogp | inChikey | Inchi | SMILES | HMDB_ID |PubChem _ID | KEGG_ID [ Binvestizate ID | Lipid_Maps

-0,5 XLYOFNOQ InChi=10 HMDBO0021 962 C00001 13670- CHEBI 15377 HMDB  LTMBC08S
-0,7 OHIMTUPL InChi~1 NC(=0)N HMDB02292 7913 008555  ['7449 108-1€ CHEBI:18138 ids BV | HMDB
-1, XSQUKIIIFi InChI=1NC(N)=0 HMDBO00D2! 1176 C00086 [ 33986',' 104956, 34185, " 4744-% CHEBI: DBO3904 iyl a1 BV | MDB LTMBOOSG |
-1,8 DDRIAANP InChi~] CN1CC(~C HMDBO0ODS! 588 000791  ['34042',°31"," 1097087 60-27- CHEBI:16737 roxa BY | MDB | BEDS | HI

: -1,8 LEHOTFFK InChi=] 0=CINC2 HMDBOOOD! 1175 C00366 [ 171555', 33210"," 23", 3805 13154 CHEBI- DBO16%6 etes BV | MDB LTMBO0SS
-0,7 QGZKDVFC InChi-1N HMDB000DO! 222 C00014 10264/ CHEBI:13759 Short bow HMDB | B LTMBOOSS |
0,3 QIAFMBKC InChi=]0C(=0)Ch HMDB0O0DT: 464 001586 [ 34035, 411171'," 117481, 14048(CHEBI-18089 ia BV | MDB LTMBOOSS
-1,2 GVSVTCOR! InChi=1 CN(CC(O) HMDBO0ODO! 586 000300 [ 360149',° 390391 57-00- CHEBI DBOD148 sis BV | MDB LTMBOOSS |
-0,3 MUBZPKHC InChl=1 0C(=0)C( HMDBOO023: 971 C00208  ['4923] 10377- CHEBI DBE3802 Hemodia BV | HMD LTMBO0SS
-1,5 QAOWNCA InChi=1 0S(@)(=0 HMDB00014 1117 000059 [ 12266", " 34004 1] 10404- CHEBI26819 Molybder BV | HMD LTMBO0SS
-2,1 NBIIXXVUZ InChl=1 OP(@){0) HMDBOO0O14: 1004 CO000S [ 171588°,'4"," 131517"," 3413:1339-2 CHEBI-26078 Type 44 B BV | MD8 LTMBO0BS
-1,7 KRKNYBCH InChi=10C(=0)CC HMDBO0ODO! 311000158 [ 17009'," 209165 288" 409 12262 CHEBI: DB04272 roxa BY | MDB LTVBOD8S

KSQFFIKKL/ InChl=]CCC1=C(C HMDBOOO41! 440784 CO5791 17208 2260 rect HMDB

2,9 BPYKTIZUT InChi=1CC1=C(C= HMDB0O0DO! 5280352 000486 635-65 CHEBI-16990 MDB | N\ LTMBO0SS |
-3,5 QSHWIQZF InChl=1 NCC1=C(C HMDBOO0D2 1021 C00831 487-3C CHEBI DBO2272 MDB | HN LTMBO0ES |
1,1 DUUGKQCE InChi=] 0C(=0)CC HMDB00007! 1826 DOSE35 315521 11330: CHEBI:27823 0phi BY | MDB LTVBOD8S
-3,2 HNDVDQJ InChi=1 N[C@@H HMDBO00DT 6274 000135  ['150'," 58170'," 18480"," 36441150-3¢ CHEBI: DBOD117 ue fiBV | MDB LTMBODSS |
-1,1 QIVBCDLI/ InChi=] NIC@@H HMDB000DS: 1148 000078 [ 233084°," 85110, 17224, ' 1:73-22- CHEBI: DBO01S0 sy BV | BEDS | HMDB
-0,8 KPGXRSRH InChl=10C(=0)CC HMDBO00D2 51000026  [2947] 17081- CHEBI: DBO2926 ophr BV | HMD LTMBC08S |
-4,1 XOAAWQZ InChi=1 NCCS(0): HMDB000D2! 1123 000245 ['52024","411°," 390394 107-3¢ CHEBI DBO1956 fail BV | MDB LTMBOOSG |

First, the complete set of genes from HUGO Gene Nomenclature Committee or HGNC
(www.genenames.org) was downloaded, which will serve as a dictionary. Second, the set of
genes related to blood or cerebrospinal fluid was downloaded from the exRNA Atlas website
(www.exrna-atlas.org/). From here, with the help of a Python script, the two datasets were
merged, creating a new one that contained the exRNA set genes that matched 70% with the

HGNC genes.

Table 3. Transcripts attributes description

Attribute

Description

Life Fluids ID

Identifier within the Life Fluids Database

Approved symbol

The HGNC approved gene symbol.

Approved name

The gene name approved by the HGNC[30]

HGNC_ID

A unique ID created by the HGNC for every approved
symbol

Location

The location or region of the gene on the chromosome

miR

Micro-non-protein coding genes that encode microRNAs
(MiRNA)

Alias symbols

Other symbols used to name this gene

Database

The databases from which the transcript has been extracted



https://www.metabolomicsworkbench.org/

In Figure 9, you can see what the first rows of the database look like.

NumberID ‘Approved symbol| Approved name | HGNCID | Location ‘ miR |Alias symbols‘ Database
LFTRO0001 MIRLET7A1 microRNA let-7a-1 HGNC:31476 9q22.32 MI0000060 hsa-let-7a-1  exRNA | VSCP
LFTRO0002 MIRLET7A2 microRNA let-7a-2 HGNC:31477 11q24.1 MI0O000061 hsa-let-7a-2  exRNA | VSCP
LFTRO0003 MIRLET7A3 microRNA let-7a-3 HGNC:31478 22q13.31 MI0000062 hsa-let-7a exRNA
LFTRO0003 MIRLET7A3 microRNA let-7a-3 HGNC:31478 22q13.31 MI0000062 hsa-let-7a-3  exRNA | VSCP
LFTRO0O004 MIRLET7B microRNA let-7b HGNC:31479 22q13.31 MI0O000063 hsa-let-7b exRNA | VSCP
LFTRO0O005 MIRLET7C microRNA let-7c  HGNC:31480 21g21.1 MI0000064 hsa-let-7c exRNA | VSCP
LFTRO0006 MIRLET7D microRNA let-7d  HGNC:31481 9g22.32 MI0000065 hsa-let-7d exRNA | VSCP
LFTRO0007 MIRLET7E microRNA let-7e HGNC:31482 19q13.41 MI0000066 hsa-let-7e exRNA | VSCP
LFTROO008 MIRLET7F1 microRNA let-7f-1 HGNC:31483 9g22.32 MI0000067 hsa-let-7f-1  exRNA | VSCP
LFTROO0O09 MIRLET7F2 microRNA let-7f-2 HGNC:31484 Xp11.22 MI0O000068 hsa-let-7f exRNA
LFTROO009 MIRLET7F2 microRNA let-7f-2 HGNC:31484 Xp11.22 MI0O000068 hsa-let-7f-2  exRNA | VSCP
LFTRO0010 MIR21 microRNA 21 HGNC:31586 17923.1 MI0000077 hsa-mir-21 exRNA | VSCP
LFTRO0011 MIR25 microRNA 25 HGNC:31609 7q22.1  MI0000082 hsa-mir-25 exRNA | VSCP
LFTRO0012 MIR26B microRNA 26b HGNC:31612 2g35 MI0000084 hsa-mir-26b  exRNA | VSCP
LFTRO0013 MIR28 microRNA 28 HGNC:31615 3928 MI0000086 hsa-mir-28 exRNA | VSCP
LFTRO0014 MIR30A microRNA 30a HGNC:31624 6913 MI0000088 hsa-mir-30a  exRNA | VSCP
LFTRO0015 MIR31 microRNA 31 HGNC:31630 9p21.3  MI0O000089 hsa-mir-31 exRNA | VSCP
LFTRO0016 MIR32 microRNA 32 HGNC:31631 9g31.3  MI0O000090 hsa-mir-32 exRNA | VSCP
IFTRONNT7 MIR32A micraRNA 33a HGNC-31A34 270122 MINNONNGT hea-mir-23a axRNA

Figure 9. Screenshot of the first rows of the blood transcripts Life Fluids database

3.3.4. Chemical Elements

The tables of chemical elements share most attributes with those of metabolites. They
differ in that chemical elements do not have taxonomic attributes (kingdom, superclass, class
and subclass), instead, they have other attributes specific to chemical elements: Usual Form,
Usual Form Formula, KEGG ID for the Usual Form, Main Group and Group. These
attributes are explained below.

Table 4. Chemical elements attributes description

Attribute Description

Usual_Form The form in which the element is commonly found
in nature

Usual Form Formula The formula of the element when it is in its usual
form

KEGG_ID For Usual Form The identification number assigned to the
metabolite in the Kyoto Encyclopedia of Genes and

Genomes (KEGG)
Main Group They can be metals, metalloids, and non-metals
Group The group to which they belong according to their

chemical properties and the position they occupy in
the periodic table.

These attributes have been extracted from the Human Metabolome Database (HMDB).
Additionally, two studies have been consulted to complete the chemical elements databases,
explained in section 3.1. d).



Figure 10 shows the first rows of the blood chemical elements Life Fluids database.

1 |NumberiD |Name|Symbol | jic_Mass | Molecular_Weight | InChiKey | InChi | HMDB_ID | PubChem_ID | KEGG_ID | Usual Form | Usual Form Formula | KEGG_ID For Usual Form | CAS_#| ChEBI_ID | Drugbank_ID | Main Group | Group | Diseases| Database | Literature
2 [LFCE00L  HydrogH 1,007825022 1,008 UFHFLCQUINChI=HMDBOOOL 5362549 Diatomic 00282 12408-( CHEBI'18276 Non-metal Alkali Metals  BEDB

3 [LFCE002  HeliunHe 4,002603254 4,0026 SWQIXIO(InChi= HMDB0D37 23987 D04420 71086-1CHEBI:30219 Non-metal  Noble Gas BEDB | HMDB

4 |LFcE003  LithiunLi 7,016003437 7 WHXSMMInChi=HMDBOODS 3028194 C15473  Cation i+ 13982-( CHEBI:30145 Metal Alkali N ["Alzhein BEDB | HMDB

5 |LFceoos  Beryili Be 5,012183065 9,012183 ATBAMAFINChi=HMDBO002 560467 C16460 Cation  Bes2 7880-41-7 Metal Alkaline Earth Me BEDB | HMDB

6 |LFcE00s  Boron B 11,00930536 10,81 ZOXJGFHLINChI=HMDB0002 5462311 cation  B+3 06266 11129-1CHEBI 27560 Metalloids  Metalloids BEDB | HMDB

7 |LFcE007  Nitrog N 14,003074 14,007 UGRMHOSINChi=HMDBO001 57370662 Distomic Co0657 117302 CHEBI117997 Non-metal  Non-m ['Pregnan BEDB

8 [LFCEO08  OxygeiO 15,99491462 15,999 MYMOFIZ InChi= HMDBO0OL 159832 Diatomic coooo7 17778-4CHEBI 115379 Non-metal Chalcogens  BEDB

9 [LFcEO0S  fluorinF 18,99840316 18,99840316 YCKRFDGAINChI=HMDBO00O 5360525 Anion F- coo742 7782-61-4 Non-metal  Halogens BEDB | HMDB
10[LFCE010  Neon Ne 19,99244018 20,18 GKAOGPII InChi=15/Ne 23935 12794-67-1 Non-metal Noble Gas BEDB

11|lFcE011  sodiunNa 22,98976928 22,9897693 KEAYESYHINChI=HMDBO000 5360545 cation  Na+ co1330 173411 CHEBI:26708 Metal Alkali N ['Primary BEDS | HMDB
12|lFcE012  MagneMg 23,9850417 24,305 FYYHWMCINChi=HMDB0O00 5462224 cation  Mgs2 00305 13446- CHEBI:25107 Metal Alkalin ["Alzhei BEDS | HMDB

13 [LFcE013  Alumir Al 26,98153853 26,9815 XAGFODP InChl=HMDBO001 5359268 C06264 39302-ICHEBI289 DBO1370  Metal Other h["Alzhei MDB | HV LTMB00S6
14[LFcE014  Siliconsi 27,97692653 28,085 XUIMIQQUINChI=HMDB0002 5461123 cation  sit4 cos263 13537-(CHEBI27573 Metalloids M s BEDB | HVDE
15[LFCE015  PhosplP 30,573762 30,5738 OAICVXF) InChi=HMDBO0D1 5462309 C06262 7723-14-0 Non-metal N ‘erebro MDB | BEDB | HMDB
16 |LFCE016  Sulfur S 31,97207117 32,07 NINIDFKC InChi=HMDB0000 5362487 Anion s2 cooos7 13981-57-2 Non-metal Chalcogens  BEDB | HMDB
17|LFCE017  Chlorircl 34,96885268 35453 ZAMOUSCInChi=HMDB0303 5360523 Anion a- Co0698. 22537.1CHEBI 23116 Non-metal  Halogens HMDB

18|LFCE0I8  Argon Ar 39,96238312 39,9 XKRFYHLGInChi= HMDBO037 23968 129004 CHEBI 49475 Non-metal Noble Gas BEDB | HMDB

19 |LFCE019  PotassK 38,96370649 39,0983 ZIMIMSIVINChi=HMDBO00O 5462222 cation K+ 0238 1415-9: CHEBI 26216 Metal Alkali N ['21-Hydr( BEDB | HMDB

20 |LFCE020  Calciurca 39,96259086 40,08 OYPRIOBEINChI=HMDBO0OD 5460341 cation  Ca®2 00076 18092-¢CHEBI:293 DBO1373  Metal Alkalin ["Alzhein BEDB | HMDB

Figure 10. Screenshot of the first rows of the blood chemical elements Life Fluids database

3.3. Code development

To obtain each one of the tables of the database, a Python code was developed to

combine the different sources used. The following list, shows a simple explanation of the
steps taken to create each one of the databases, using the example of the CSF proteins
database creation, although the same procedure was applied for each one of the databases.

1. Creation of an empty dataframe with the names of the attributes (Figure 11)

Name

RefMet

Molecular weight

Monoisotopic

Mass

Database

Literature

Figure 11. Empty metabolites dataframe with the names of the attributes

2. Filling the empty dataframe with the data from the first source (Figure 12)

HMDB CSF
metabolites

Life Fluids CSF

metabolites
database

Figure 12. Filling the empty metabolites dataframe with the HMDB data

3. Continue filling the table with the information of the different sources and saving
the origin of the data in the table (Figure 13)

BinVestigate "
CSF metabolites
Life Fluids CSF
Marker DB CSF J
metabolites

4. Complementing the table with literature from different repositories

Figure 13. Filling the table with information from other sources

metabolites
database



5. In case of obtaining new compounds from the literature or other sources, fill the

empty fields with the on-line data sources (Figure 14).

PubChem \'

CTS

| LifeFluids CSF
metabolites
- database

ClassyFire
RefMet —/

Figure 14. Filling the empty fields with the on-line data sources

6. Manual curation of the data, ensuring the data is correct, and that there are no

duplicate entries, removing one of the copies if found.

7. Finally, assign a Life Fluids ID for each entry in the database.

The code shown in Figure 15, is a summarized representation of the Python code that
has been used, in general, for merging a Life Fluids database (for example, blood proteins)
with another information source (for example, the blood proteins extracted from
Vesiclepedia). In the following code, generic variables representing different elements of
the table are used: the columns represent the attributes of the database, the identifier is
what will be used to compare the tables, and If _database is the Life Fluids database that is
being developed, and new_source is the online database or source we are merging it with.
The rest of the elements are explained in the comments of the code in Figure 15.

Additionally, the Python scripts developed throughout this work are available in the

link found in the Annex 2.

# Create an empty dataframe
new_dataframe - pd.DataFrame(columns = ['Celumnl’, 'Column2’,'Column3’, "Columnd’])

# Iterate through the rows of the new source to add
for a in new_source.index:

# The identifier of each entry (for example, the InChIKey for metabolites
# or the Uniprot ID for proteins)
identifier = new_source[ 'Columnl’][a]

# Search for the coincidences of the identifier in our database
coincidences = 1f_database[ 'Columnl’].str.contains(fr'\b{identifier}\b’,na=False)
total = coincidences.sum()

# If there is are coincidences, add the information source to our database
if total.item() »>= 1:

# ALL the positions where there are matches
positions = [index for index, element in enumerate(coincidences) if element]

for b in positions:

# Let's imagine that column4 is where we store the source of origin.

# These Llines of code update this column based on whether the information was already added

if pd.isna(lf_database.loc[b, "Columnd']):
1f_database.loc[b, "Columnd’] = new_source.loc[a, ' Columnd’]
elif str(new_source.loc[a, ‘Columnd’]) not in str(1f database.loc[b, 'Columnd’]):
1f_database.loc[b, "Column4’] = str(1lf_database.loc[b, 'Columnsd’])+
" | " +str(new_source.loc[a,'Columnd'])

# If there are no coincidences, add a new entry to the database
elif total.item() == @:
new_row = pd.DataFrame([{
“Columni’ :new_source[ 'Columni’][a],
"Column2’ :new_source[ 'Column2’][a],
“Column3’: new_source['Celumn3’][a],
“Columnd’: new_source[ Columnd][a]}],
columns = ['Columnl’, 'Column2’, 'Column3’, 'Column4’])
new_dataframe = pd.concat([new_dataframe, new_row], ignore_index=True)

1f_database = pd.concat([1f_database,new_dataframe], ignore_index=True)
1f_database = 1f_database.drop_duplicates().reset_index(drop=True)

Figure 158. General structure of the Python code developed.



3.4.1. Python libraries used.

To perform the merging between the different sources to create the databases, | used
various Python libraries that provide the necessary tools to perform this task.

a) Pandas

It has been the main library used, because this Python package allows the manipulation
and analysis of data in a dataframe format. With the tools offered by Pandas, we can read,
write, and handle files of different types such as CSV and Excel. Pandas has facilitated
working with databases, especially enabling merging, concatenation, and the handling of
missing and duplicate entries.

b) Pubchempy

Provides a way to interact with PubChem in Python. It allows, among others, chemical
searches by name, substructure and similarity of chemical substances[44]. We used it to get
metabolites’ properties like the Molecular weight, Molecular formula and xlogp starting with
the CID (the PubChem ID) of the compound.

c) Molmass

Molmass was used to calculate the molecular mass or the monoisotopic mass starting
with the molecular formula of a compound. However, it has more functionalities, such as
obtaining information about the composition of the chemical formula of a compound or
simply obtaining information about the physicochemical and descriptive properties of a
specific chemical element [45].

3.4.2. API connection to a database

Some of the databases we have used to extract data, such as MarkerDB or Binvestigate,
offer an API (Application Programming Interface) service. APIs are mechanisms that allow
two software components (in our case, the database from which we want to extract
information and the computer with the Python code we will use to extract the data) to
communicate via a series of protocols and functions[46].

For example, the MarkerDB API has a series of 'GET' functions that allow the extraction
of data on conditions, chemicals, gene biomarkers, protein biomarkers, and karyotype
biomarkers[20].

The example in Figure 16 shows how to extract the ‘Uniprot ID' attribute of a series of
proteins, using the protein name as input, through the MarkerDB’s API:



# Create a List to store the Uniprot ID obtained through the API
markerDB_uniprots = []
# Iterate through the previously Loaded MarkerDB dataframe containing the protein names
for a in MarkerDB.index:
# GET request to the Marker DB's API
response = requests.get("http://markerdb.ca/api/vl/proteinapi/proteinrequest?api_key=cc69fb7c1la4889bbae7c0701d5188c178&page=1!
+ MarkerDB.Name[a])
# Extraction of the proteins data in a .json format
data = response.json()
data = data['proteins']
data = data[e]

# Store the Uniprot ID of the protein in the previously created List
markerDB_uniprots.append(data[ 'uniprot_id'])

print(markerDB_uniprots)

Figure 16. Code used to extract Uniprot IDs starting with the protein names, via Marker DB’s API

3.4. Pathways Analysis

Pathway analysis is a critical step in understanding the biological significance of large
scale omics data, such as genomics, proteomics and metabolomics. The Interactive Pathways
Explorer or “iPath3”, which is a web-based tool for the visualization, analysis, and
customization of various metabolic pathway maps [9].

This internet tool offers an interactive format that allows you to navigate and search for
information about metabolic pathways in various ways. Firstly, there is a list with four
options of interactive metabolic pathway maps that can be explored:

- Metabolic pathways

- Biosynthesis of secondary metabolites

- Microbial metabolism in diverse environments
- Biosynthesis of antibiotics.

In the metabolic pathways option, we can see a map of the human body's metabolic
pathways, where the proteins and metabolites of each pathway are color-coded, as seen in
figure 2. The map allows you to zoom in and select different metabolites and proteins of
each pathway to obtain information about them.

This application allows to create personalized metabolic pathway maps. To do so, | had
to enter into the search engine the proteins and metabolites of the biofluids’ metabolic
pathway | want to evaluate, and the application returns a metabolic pathway map with the
introduced data highlighted in the map (as seen in Figure 30 and 31).

To enable iPath 3.0 to highlight specific compounds, we will input the protein data
obtained from the databases created. For proteins, we will provide the UniProt IDs, and for
metabolites, we will input the KEGG IDs of the biofluid compounds.



4., Results
4.1. Life Fluids’ blood database

The content of this section is confidential.

4.2. Life Fluids’ cerebrospinal fluid database

The content of this section is confidential.

4.3. Metabolites correlation between the two fluids

The content of this section is confidential.

4.4. Metabolic profiling and pathway analysis

The content of this section is confidential.

4.5. Diseases association

The content of this section is confidential.

4. Discussion

5.1. Creation of the databases

The content of this section is confidential.

5.2. Manual curation

The content of this section is confidential.

5.3. Proteins

The content of this section is confidential.

5.4. Metabolites

The content of this section is confidential.

5.5. Transcripts

The content of this section is confidential.

5.6. Chemical elements

The content of this section is confidential.



5. Conclusions

For this project, | have developed a set of databases of the omic composition of blood
and cerebrospinal fluid. For each biofluid, I have created a table of metabolites, proteins,
transcripts, and chemical elements.

The objective was to create a single source by merging various information sources such
as online databases or repositories of scientific studies, where all the omic data of these two
biofluids, blood and cerebrospinal fluid, can be found for subsequent use in metabolic
pathway analysis and profiling.

The existing information has been unified, improving previous databases that offered
duplicated, decentralized, and non-biofluid-specific information, and thereby meeting the
objectives.

As a result, we have obtained the databases that will form part of the Life Fluids project:
the blood databases with 90.482 metabolites, 15.763 proteins, 1.463 transcripts, and 98
chemical elements; and the CSF databases with 2.090 metabolites, 5.447 proteins, 1.431
transcripts and 47 chemical elements.

Additionally, the data obtained for proteins and metabolites has been used for a practical
purpose: multi-omics profiling and pathway analysis. This allows the study of metabolic
pathways involved in different processes occurring in blood, cerebrospinal fluid, or both, to
investigate associated diseases or conditions by examining the affected pathways and their
potential consequences.

This work highlights the importance of integrating existing omics data into a single
source to facilitate subsequent multi-omics analyses. For the future, it is suggested to expand
the database to include more biofluids.



6. My contribution

During this work, I contributed to the Life Fluids project by creating databases of the
composition of blood and cerebrospinal fluid. The databases contain information on the
metabolites, proteins, transcripts, and chemical elements of these two biofluids.

Previous to developing this work, I completed an internship within the same research
group (GIOTEC at the Institut d’Investigacié Sanitaria Pere Virgili), during which I
improved the pre-existing databases that had been previously developed by the research

group.

The pre-existing databases had information on the composition of urine, breath, saliva,
and blood metabolites, although the last one was incomplete.

My contribution also involved improving the previous databases by adding columns for
monoisotopic mass and XlogP to the metabolite tables of all biofluids, associating
compounds with diseases, and creating the transcript tables for the breath, saliva, and urine
databases. Additionally, |1 completed the blood protein database and created the
comprehensive databases for blood and cerebrospinal fluid.
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8. Annex 1
Blood metabolites increase calculation.

Database Number of entries

HMDB 37.228
Blood LFMB 90.482
Percentage of increase = L 190 100 =22222190 100 = 142,90 % = 143 %

DB 37228

Blood proteins increase calculation.

Database Number of entries

HPPA 4608
Blood LFPR 15763
Percentage of increase = LE190 100 =27%190 100 = 242,08 % = 242 %
DB 4608

Blood transcripts increase calculation.

Database Number of entries

exRNA 1361
Blood LFTR 1463
Percentage of increase = 2222 _ 100 = 2219 _100=749% = 7,5%

DB 1361

CSF metabolites increase calculation.

Database = Number of entries

HMDB 396
CSF_LFMB 2090
Percentage of increase = “——22 — 100 = 2222199 _ 100 = 427,78 % = 428 %

396

CSF proteins increase calculation.

Database = Number of entries

CSF-PR 2729
CSF_LFPR 5447
Percentage of increase = LFr100 100 =32721% 100 = 99,60 % = 90 %

2729



CSF transcripts increase calculation.

Database = Number of entries

exRNA 1375
CSF_LFTR 1431
Percentage of increase = L1990 100 = % -100=4,07%

Calculation of the proportion of blood and CSF metabolites

Blood metabolites _ 90.482

Proportin of blood and CSF metabolites = —— =
CSF metabolites 2.090

=43,29 = 43

Calculation of the proportion of lipid-like molecules in the metabolites database

Proportin of lipid-like molecules = 22222250 = 39 71 96 = 33%

Calculation of the Life Fluids ID

For each omics, a specific abbreviation is used: MB for metabolites, PR for proteins,
TR for transcripts and CE for chemical elements.

LF is the abbreviation of Life Fluids.
LFID = LF + omics abbreviation + position added

For example, the first metabolite would be:

LF MB 0000001

LFID = + + = LFMBO0000001

Life Fluids Metabolites Position added

9. Annex?2

Here is the link to the folder containing the Python scripts and the tables that make up the
Life Fluids Project Database:

https://drive.google.com/drive/folders/IWnbpPZvOJpJk90G0n90zInpfGMHyYyGCFn?usp=
sharing



https://drive.google.com/drive/folders/1WnbpPZvOJpJk9oG0n9OzlnpfGMHyGCFn?usp=sharing
https://drive.google.com/drive/folders/1WnbpPZvOJpJk9oG0n9OzlnpfGMHyGCFn?usp=sharing
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