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Metabolic analysis in living organisms is important for understanding
biological systems, having wide applications ranging from therapeutics,
drug discovery and biotechnology. For example, metabolic profiles can be
used to identify biomarkers for early disease prognosis. In natural
products research, bioactive secondary metabolites are considered as new
drug leads. In biotechnology, metabolic engineering is routinely used for
optimization of metabolite production.

Depending on applications, metabolic analysis can be carried out by
one of two paradigms: network analysis and metabolite identification.
Firstly, network analysis investigates metabolic networks to
systematically identify active metabolic pathways and metabolite
production patterns. So, metabolic network analysis is used for biomarker
discovery and metabolite production optimization. Secondly, in metabolite
identification paradigm, the presence and concentration of individual
metabolites are investigated. For example, discovery of new drug leads
from natural products involves structure determination of individual
metabolites with promising bioactivities or novel chemical scaffolds.

Despite the importance of metabolic analysis, necessary computational
tools are still lacking. The technological advances increased the amount
of experimental data that can be collected, making manual analysis
challenging. For example, analysis of genome—scale metabolic networks with
thousands of metabolites in manually infeasible, requiring computational
tools. In natural products research, integration of computational tools
with spectral databases are needed for rapid identification of known
compounds. Also, software tools for online processing of NMR measurements,
a central technique for metabolite identification, are still lacking.
Easy—to—use computational tools enable researches to quickly analyze and
interpret experimental data, reducing cost and effort.

In this thesis, we explore computational methods and tools needed for
different paradigms for metabolic analysis, presenting two novel tools,
NetPathMiner and NMRPro. First, we present NetPathMiner, a software in R
framework, for identification of active metabolic pathways based on gene

expression. Second, we review computational resources for rapid




identification of natural products identifying the need for software tools
for processing nuclear magnetic resonance (NMR) spectra. Finally, we
present NMRPro, a web component for online interactive processing of NMR
spectra. We discuss each topic briefly below.

NetPathMiner is a general framework for mining, from genome—scale
networks, paths that are related to specific experimental conditions.
NetPathMiner interfaces with various input formats including KGML, SBML
and BioPAX files and allows manipulation of networks in three different
forms: metabolic, reaction and gene representations. NetPathMiner ranks
active paths and applies clustering and classification to the ranked paths
for easy interpretation, providing static and interactive visualizations
of networks and paths.

Rapid identification of previously isolated compounds in an automated
manner, called dereplication, steers researchers toward novel findings,
thereby reducing the time and effort for identifying new drug leads.
Dereplication identifies compounds by comparing processed experimental
data with those of known compounds, and so, diverse computational
resources such as databases and tools to process and compare compound data
are necessary. Automating the dereplication process through the
integration of computational resources has always been an aspired goal of
natural product research. To increase the wutilization of current
computational resources for natural products, we provided an overview of
the dereplication process, and then listed useful resources, categorizing
into databases, methods and software tools and further explained them from
a dereplication perspective. Finally, we discussed the current challenges
to automating dereplication and proposed solutions.

Finally, we present NMRPro, an integrated web component for
interactive processing and visualization of NMR spectra. Web applications
are well used recently because they are platform—independent and easy to
extend through reusable web components. Although available web
applications can analyze NMR spectra, they still lack the necessary
processing and interactive visualization functionalities. Incorporating
NMRPro into current web applications enables easy-to—use online
interactive processing and visualization.

In conclusion, we surveyed the current status of computational tools
for metabolic analysis and presented two novel tools, which can be
building blocks for automating vresearch in natural products and

metabolomics.
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