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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outdated, and have redundant information.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: 

InChIKey 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. 
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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. 

 

 

 
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]. 
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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. 
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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/


Integrative multi-omics profiling and pathway analysis for human biofluids 

Bachelor’s degree in Biomedical Engineering, Universitat Rovira i Virgili                       5     

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, I 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, I 

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, I 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, I 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, I 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 I 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. I 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. 
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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. 
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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. 

 
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 InChIKey, the 

International Chemical Identifier Key, developed by the IUPAC (the International Union of 

Pure and Applied Chemistry). It is a compact version of the InChI 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: 
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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. 

InChIKey The InChIKey that describes the metabolite 

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

 

PubChem (https://pubchem.ncbi.nlm.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]. 

 

 
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 InChIKey. 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), InChI code, SMILES, and the compound's synonyms. Finally, you click on 

'submit job,' and it returns a text document in list format with the InChIKeys entered as input 

along with their corresponding output. 

 

PubChem allows translation between these types of identifiers: CID, InChI, 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 InChIKeys, and CTS will translate them, for 

example, to their corresponding chemical name, ChEBI, InChI code, etc. Unlike PubChem, 

CTS allows for batch conversion and also enables translation to more types of compounds.  
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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 InChI 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. 

 

 

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

extracted 

  

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 InChIKey 

for each of the metabolites. There are attributes that do not appear in the previous figure 
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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. 

 

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

 

3.3.3. Transcripts 

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

 

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

 

 
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) 

 

 
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) 

 

 
Figure 13. Filling the table with information from other sources 

 

4. Complementing the table with literature from different repositories 
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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). 

 

 
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 lf_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. 

 
Figure 158. General structure of the Python code developed. 
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3.4.1. Python libraries used. 

To perform the merging between the different sources to create the databases, I 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: 
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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, I had 

to enter into the search engine the proteins and metabolites of the biofluids’ metabolic 

pathway I 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. 
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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. 
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5. Conclusions 

For this project, I 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. 
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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’Investigació Sanitària 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, I 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 = 
𝐿𝐹 ∗ 100

𝐷𝐵
 – 100 = 

90428 ∗ 100

37228
 – 100 = 142,90 % ≅ 143 % 

 

 

Blood proteins increase calculation. 

 

Database Number of entries 

HPPA 4608 

Blood_LFPR 15763 

 

Percentage of increase = 
𝐿𝐹 ∗ 100

𝐷𝐵
 – 100 = 

15763 ∗ 100

4608
 – 100 = 242,08 % ≅ 242 % 

 

 

Blood transcripts increase calculation. 

 

Database Number of entries 

exRNA 1361 

Blood_LFTR 1463 

 

Percentage of increase = 
𝐿𝐹 ∗ 100

𝐷𝐵
 – 100 = 

1463 ∗ 100

1361
 – 100 = 7,49 % ≅ 7,5 % 

 

 

CSF metabolites increase calculation. 

 

Database Number of entries 

HMDB 396 

CSF_LFMB 2090 

 

Percentage of increase = 
𝐿𝐹 ∗ 100

𝐷𝐵
 – 100 = 

2090 ∗ 100

396
 – 100 = 427,78 % ≅ 428 % 

 

 

CSF proteins increase calculation. 

 

Database Number of entries 

CSF-PR 2729 

CSF_LFPR 5447 

 

Percentage of increase = 
𝐿𝐹 ∗ 100

𝐷𝐵
 – 100 = 

5447 ∗ 100

2729
 – 100 = 99,60 % ≅ 90 % 



Integrative multi-omics profiling and pathway analysis for human biofluids 

Bachelor’s degree in Biomedical Engineering, Universitat Rovira i Virgili                       22     

 

CSF transcripts increase calculation. 

 

Database Number of entries 

exRNA 1375 

CSF_LFTR 1431 

 

Percentage of increase = 
𝐿𝐹 ∗ 100

𝐷𝐵
 – 100 = 

1431 ∗ 100

1375
 – 100 = 4,07 % 

 

 

Calculation of the proportion of blood and CSF metabolites 

 

Proportin of blood and CSF metabolites = 
𝐵𝑙𝑜𝑜𝑑 𝑚𝑒𝑡𝑎𝑏𝑜𝑙𝑖𝑡𝑒𝑠

𝐶𝑆𝐹 𝑚𝑒𝑡𝑎𝑏𝑜𝑙𝑖𝑡𝑒𝑠
 = 

90.482

2.090
 = 43,29 ≅ 43 

 

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

 

Proportin of lipid-like molecules = 
29.602∗𝟏00

90.4298
 = 32,71 % ≅ 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:  

 

LFID = 
𝐿𝐹

𝐿𝑖𝑓𝑒 𝐹𝑙𝑢𝑖𝑑𝑠
 + 

𝑀𝐵

𝑀𝑒𝑡𝑎𝑏𝑜𝑙𝑖𝑡𝑒𝑠
 + 

0000001

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑎𝑑𝑑𝑒𝑑
 = LFMB0000001 

 

 

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/1WnbpPZvOJpJk9oG0n9OzlnpfGMHyGCFn?usp=

sharing 

 

 

 

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