
 

 

 

Genome-scale modelling of human adipocyte
metabolism
Citation for published version (APA):

Sarathy, C. (2022). Genome-scale modelling of human adipocyte metabolism: strategies for multi-omics
integration and visualisation. [Doctoral Thesis, Maastricht University]. Ipskamp.
https://doi.org/10.26481/dis.20220704cs

Document status and date:
Published: 01/01/2022

DOI:
10.26481/dis.20220704cs

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20220704cs
https://doi.org/10.26481/dis.20220704cs
https://cris.maastrichtuniversity.nl/en/publications/7e1c834e-71eb-4563-be90-18843517d8f7


Summary



Chapter 7. Summary

Over the last few decades, there have been tremendous advances in technologies

that can measure all the biomolecules in a cell. The suffix, ‘omics’, is added to

describe these technologies depending on which type of molecule they examine,

for example, DNA (genomics), RNA (transcriptomics) and proteins (proteomics).

The ability to rapidly quantify a myriad of cellular molecules in a cost effective

manner has revolutionised biomedical research. It has opened opportunities for

investigating the changes occuring in our body during a disease (such as cancer,

COVID) at cellular and molecular level. The molecular components of the altered

processes serve as targets for developing drugs or novel therapies.

One of the commonly used approaches to interpreting such large-scale omics

data is through simulating biological processes. Such simulations are achieved

using mathematical models that combine information from multiple sources.

Models have been used to simulate a wide range of biological phenomena such as

spread of a disease, development of an embryo and propagation of electric signals

in neurons. The studies conducted in this thesis used genome-scale models of

cellular metabolism (metabolic models). Essentially, metabolic models are maps

representing thousands of chemical reactions taking place within a cell. These

models consist of numerous compounds or metabolites and enzymes participating

in the reactions and are often very large. Combining metabolic models with omics

data obtained from a disease of interest, provides an opportunity to simulate and

investigate disease-specific cellular malfunctions. However, such an integration

is not straightforward. In this thesis, two novel approaches were developed to

incorporate omics data into human models of metabolism. These methods were

then applied onto a model of adipocytes to study the metabolic changes occurring

in obesity and during weight loss.
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Visualisation is a crucial part of analytical pipelines as it provides a visual context

via graphs and charts. It also facilitates identifying trends in large datasets. In

the context of metabolic models, our understanding of the disease under study

can be improved by methods that allow combining them with omics data through

visual exploration. Chapter 2 presents a computational method developed called

EFMviz for visualising networks of cellular metabolism. EFMviz allows users to

select reactions of interest. It then extracts components from the model that are

connected to these reactions and visualises them as networks. These networks show

the connections between genes, reactions and metabolites in the cell. In addition,

EFMviz allows for viewing different types of omics data (from transcriptomics,

proteomics and metabolomics) on the networks and can display the changes in

the amount of molecules between normal and disease conditions. Chapter 2

demonstrated the visualisation of subsets of reactions from microbial and human

models. This workflow has been adapted in other chapters as well - Chapters 3 and

4, where it was instrumental in interpreting the analysis of data from the DiOGenes

Study. To improve its usability, EFMviz has been integrated into COBRA Toolbox, a

software suite that is widely used by researchers working with metabolic models.

Another ongoing challenge in the field of metabolic modelling is comparing

different phenotypes in large models for identifying disease-specific metabolic

signatures. Chapter 4 addressed this challenge by developing an algorithm called

ComMet (Comparing Metabolic states). Given two metabolic models of a cell,

for instance, representing its healthy and diseased states, ComMet can extract

the pathways having significant modifications in their reaction rate. Chapter 4

illustrated application of ComMet in a model-based manner on two simulated
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metabolic states of an adipocyte. In terms of usability, ComMet is applicable in both

model-based and data-driven manner. In Chapter 4, we successfully predicted the

metabolic pathways affected by the simulated perturbation. On the other hand,

Chapter 5 illustrated a data-driven application of ComMet. Transcriptomics data

was used in place of simulated conditions to represent two states of adipocytes -

before and after weight loss. ComMet successfully identified adipocyte-specific

modules affected by the weight loss intervention.

Chapter 3 demonstrated the value of integrative analytical pipelines to study

adipocyte metabolism in obesity. The integrative workflow developed in Chapter

3 is based on metabolic network analysis and it successfully combined plasma

metabolomics and transcriptomics data (from adipose tissue) related to human

obesity. Using this workflow, we examined the relationship between dysregulated

adipocyte metabolism on BCAA levels in circulation. Through network visualisation

we clearly illustrated how different molecules interact and contribute towards the

biological phenomenon under study. This enabled identifying several adipocyte-

specific genes, metabolites and processes that are significantly associated with

plasma BCAAs. In addition, sex disparities were uncovered in these molecular

aspects of adipocyte metabolism.

Taken together, the findings of the studies presented in this thesis provide testable

hypotheses for future research and several targets for validating the predictions.

Thus, future studies can build upon our findings to improve our overall understand-

ing of adipocyte metabolism in obesity.
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In summary, mathematical models are instrumental to studying biological pro-

cesses such as metabolism. This thesis showcased novel methods and workflows

to overcome the challenges around integrating large-scale data with human meta-

bolic models. Our approaches enabled integrating multiple types of omics data

to investigate adipocyte metabolism in obesity. Moreover, we demonstrated sev-

eral ways to visualise molecular data in the form of networks, which improved in-

terpretability of our analyses. The methods developed here are building blocks

for applications in human health as they can be used for studying several other

human diseases. The data integration strategies presented here have great po-

tential in using omics data from individuals to generate personalised models of

diseased functions and thus, contribute to developing personalised medical treat-

ments.
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