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By utilizing our method we predicted the functions of 1340 unknown metabolites. As part of this
project we developed a tool for clustering of simple and bipartite graphs which we have utilized in
several other research works. This tool is a significant academic and social achievement.

We have developed a method to predict the activity of metabolites and have
been able to predict the function of 1340 unknown metabolites using this method. As part of the
project, we have also developed a tool called DPClusSBO for clustering simple graphs and bipartite
graphs. We have published many papers centered around this project and the tool we developed is
being used by our collaborators in Malaysia, Brazil and Indonesia. We hope that this tool will be
used more widely in the future, and we would like to expand the application of the tool ourselves
such as for searching for antibiotics based on traditional medicines.
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Background
Numerous chemical reactions of various types called metabolic reactions are continuously occurring in

living organisms. It is to gain energy, and to obtain molecules that make up cell, and to relate to the
environment to increase the survival probability.

Molecules hiosynthesized by this metabolic reaction are called metabolites. Metabolites are divided into
primary and secondary metabolites according to their role. Primary metabolites are metabolites essential
for maintaining normal physiological processes such as cell growth, development, and reproduction. The
primary metabolites are amino acids, sugars, nucleic acids, etc. Many organisms biosynthesize primary
metabolite by primary metabolic pathway.

Secondary metabolites are metabolites that are not classified as primary metabolites. Secondary metabolites
are mainly biosynthesized by bacteria, fungi, and plants, and many are endemic to the species. Deficiencies
in secondary metabolites do not result inimmediate death, but affect the survival and health of the organism
over an extended period of time. In some case, no major change is observed. Secondary metabolites are
important to adapt to the environment and increase the probability of survival.

Through evolution process, organisms acquired pathways that biosynthesize diverse metabolites.
Evolutionary pressures have led production of various secondary metabolites and constructed pathways to
improve fitness for survival of organisms. Metabolites that are involved in growth, development, and
reproduction of an organism are called “primary metabolites” and their production isreferred asthe “central
metabolic pathway” which are key componentsin maintai ning normal physiological processes. On the other
hand, “secondary metabolites” are remai ning compounds, that, although important, are not essential for the
survival of an organism under suitable environment.

In species-metabolite relational database KNApSACcK, currently there are 111199 records involving 50899
metabolites and 22350 species. However, the activities of only 3,210 metabolites are recorded in
KNApSACcK metabolite activity database. Given the importance of metabolitesin agriculture, ecology and
healthcare it would be of great significance to predict the functions of the other metabolites included in the
KNApSACcK database. In this regard a computational method would be less expensive and fast approach.
In the current work we propose to develop a computational method to predict the functions of a huge set of
metabolites whose functions are unknown, utilizing structural similarity networks. Such networks contain

relations between metabolites concerning chemical similarity of metabolites.

Objectives

To understand the interaction of plants with environment, the interdependence of various organisms and
ecology in general, it is first necessary to know the functions of metabolites, specially the secondary
metabolites. Knowing the functions of secondary metabolites will also help to analyze the evolution of
metabolic pathways and diversity of enzymesin plants.

Conventional agricultural industry relies on a wide use of chemical pesticides and fertilizers. However,
increased demand for organic products shows that consumers prefer reduced chemical use. Volatile organic
compounds (VOCs) are specia type of metabolites. VOCs emitted by bacteria and fungi might have the
potential to be alternatives to the use of chemical pesticides to protect plants from pests and pathogens.
microbial VOCs are seen as biocontrol agents to control various phytopathogens and as biofertilizers for

plant growth promotion. Furthermore, metabolites are deeply involved in human health care. The use of



VOCs as biomarkers to detect human diseases is rapidly increasing. Plant metabolites are a major sources
of drugs and they are widely used in pharmaceutical industries. The above discussion implies the
importance of function prediction of huge set of metabolites.

The secondary metabolites synthesized by plants, fungi and microorganisms are diverse, e.g. there are at
least 30,000 terpenoids, 9,000 flavonoids, 1,600 isoflavonoids and 12,000 alkaloids. These metabolites
have been deposited in the species-metabolite relational database(DB) known asthe KNApSAcK Core DB,
which contains 109,976 species-metabolite relationships involving altogether 22,399 species and 50,897
metabolites. Out of 50,897 metabolites of the KNApSAcK database the activity of only 3,161 metabolites
are recorded. Given the importance of metabolites in agriculture, ecology and healthcare it would be of
great help to various sectors to predict the activities of the unknown metabolites by using some
computational means. However, a computational method would be less expensive and fast approach.
Therefore, as afirst step it iswise to develop and apply a computational approach which is the focus of our
work.

Previously it was reported that structural similarity between metabolites imply similar activities. Severa
study used primary, secondary and tertiary structure similarities between proteins for predicting protein
functions (e.g. Nature Reviews Molecular Cell Biology 8.12 (2007): 995-1005). At metabolite level also
there have been a number of researches showing activity structure relationships (e.g. Free radical biology
and medicine 20.7 (1996): 933-956). It has been reported that structural similarity between metabolites
implies similar functions.

Network clustering algorithms have been successfully applied in different fieldsin recent years. In systems
biology, network clustering has been applied in protein-protein interaction networks, gene expression
networks and metabolic pathways. Many more such applications of network clustering can be mentioned.
In the present work, we applied network clustering for activity prediction of metabolites.

In summary, the purpose of the present proposal is to develop a computational method for function
prediction of metabolites by clustering the structural similarity based network utilizing the concepts of
network clustering and False Discovery Rate (FDR).

Data Set

We collected molecular structure data of 50,037 Stepl: Determination of highly
structurally similar(HSS) metabolite pairs

metabolites recorded in KNApSAcK Core

database. We obtained molecular structures from —| Step2: Constructing a tailored

network of metabolites
KNAPpSAcK database as MOL formats and input

to COMPLIG algorithm for calculating structural | Step3: Network Clustering by DPClusO

similarity between metabolites. From !
KNApPSACK Metabolite Activity database, we Step4: Function prediction based on

statistically significant cluster-function pairs
downloaded 9,809 secondary metabolite-

biological activity relationships involving in total

155 types of activity categories. ) |
Flow of the proposed method ___| StepS: Consider the predicted

metabolites as known metabolites

Figure 1 shows prediction method. First, we
determined Highly Structurally Similar (HSS) Figure 1 Flow of the proposed method




metabolite pairs based on COMPLIG algorithm and then constructed a restricted network of secondary
metabolites. Next, we extracted clusters from the network by overlapping graph clustering agorithm
DPClusO, and validated the relationship between cluster and bioactivity by calculating p-values using a
hypergeometric distribution. Finally, we select statistically significant cluster-activity pairs based on false

discovery rate (FDR) analysis and predict activities of some activity unknown metabolites.

We developed a method for prediction of metabolite activities. Also as part of this project we developed a
tool called DPClusSBO for clustering of simple and bipartite graphs. We published a number of papers
keeping this project at the core in reputed journals including BMC Medical Genomics, |EEE/ACM
transactions on computational biology and bioinformatics, BMC Bioinformatics, Reproductive biomedicine
online, Applied Network Science, Journal of Computer Aided Chemistry, Academia Journal of Medicinal
Plants.By utilizing our method, we predicted the functions of 1340 unknown metabolites. As part of this
project we developed atool for clustering of simple and bipartite graphs which we have utilized in several
other research works. Our collaborators in Malaysia, Brazil and Indonesia are also using this tool and we
hope thistool will be utilized by many other researchersin future. Also, we will useit for finding antibiotic
drugs based on traditional medicine formulas under the next KAKENHI project we got.
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