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Introduction

Metabolic networks such as one shown in Figure 77 are generally represented
by directed graphs where nodes represent metabolites and an edge corre-
sponds to the presence of a reaction between any two metabolites. There
are, however, various problems associated with this representation.

e A reaction may have more than one substrate which react to give one or more products,
a scenario which cannot be captured by ordinary graphs.

e By treating each metabolite separately in a reaction dependence between the metabolites
is lost.

e There may be more than one reaction involving any two metabolites. Ordinary graphs
are not ideal for representing multiple connections between metabolites.

A better solution is to use hypergraphs, where an edge can link more than two
vertices. This allows enumeration of multiple reactions connecting metabo-
lites and pathway prediction between metabolites or groups of metabolites.
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Figure 1: A standard representation of the cysteine metabolism network in P. fluo-
rescens PfO-1 from KEGG(1].

Hypergraphs are a generalisation of ordinary graphs where an edge (reaction)
may connect any number of nodes or vertices (metabolites) as shown in

sequence of distinct reactions (or hyperedges) connecting the metabolites.
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Rahnuma is a pathway analysis and comparison tool that represents meta- Pathway Analysis Minimum predicted pathway lengths to ammonia from
bolic networks as hypergraphs.

selected amino acids are shown below along with the experimental results|2].
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Case Study 1: Predicting Amino Acid Assimilation Pathways

Observation: Alanine is rapidly assimilated as a carbon and nitrogen source in P. fluorescens PtO-1.

Hypothesis: Alanine has short pathways to the TCA cycle and ammonia.

Analysis: We first used KEGG’s PathComp tool to calculate pathways from alanine to the TCA cycle
and ammonia. Pathways were calculated separately for each metabolite in the TCA cycle. Results are

shown below where n denotes the pathway length.
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Figure 4: A subset of reactions reported by Rahnuma to be

Pathway predictions based on the KEGG refer- possibly involved in alanine assimilation pathways in P. fluo-
rescens PtO-1. Reactions involved in two possible pathways to
: . _ the TCA cycle (red and green) and one pathway to ammonia
could have an unidentified aminotransterase corre- (blue) are highlighted with possible routes for carbon and ni-
sponding to reaction RO0258 which would lead |trogen flow marked as dashed lines. Also shown in dashed line

to a shorter pathway of length 2 from alanine to (black) is a predicted reaction corresponding to an aminotrans-
ferase which might be present in nitrogen assimilation pathway:.
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ammonia (Figure 77).

Case Studies

Case Study 2: Pathway-Based Network Comparison

Case Study 3: Rahnuma vs. KEGG’s PathComp

Task: Compare the metabolic networks of P. fluorescens PtO-1 and P. syringae pv. tomato DC3000 to Objective: Compare the performance of Rahnuma with that of KEGG’s PathComp tool.

identity reactions involved in amino acid assimilation that are missing in one of the two networks.

Analysis Besides allowing network comparison, Rahnuma provides edge over PathComp in many areas.

Method: We performed pathway-based comparisons of metabolic networks of P. fluorescens PtO-1 and Some of these are mentioned below.
P. syringae pv. tomato DC3000 allowing pathways with length up to 6 reactions. Longer pathways are
biologically unlikely based on current knowledge of amino acid assimilation in bacteria and include reactions Pathway Prediction As shown in Case Study 1, PathComp fails to identify alanine assimilation path-

that may not be involved in the assimilation pathways in vivo.

Results: The results for network comparison are summarised in Figure 77.
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Figure 5: Number of reactions present in one but missing in the other network.

Example: Reactions present in P. syringae pv. tomato DC3000 but missing (either absent or unidentified)
in P. fluorescens PtO-1 that are present in pathways between amino acids and ammonia are listed below.

ways which are picked by Rahnuma. Some other cases where PathComp fails to identity pathways such
as arginine, lysine, methionine and serine can be seen in Figure 77,
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Figure 6: Number of assimilation pathways of unit length to ammonia in KEGG's reference
network reported by PathComp and Rahnuma for selected amino acids.

Multiple Pathways Rahnuma explores all reactions between the metabolites and, therefore, reports
all possible pathways from a metabolite to another metabolite or group of metabolites (Figure ?7).
PathComp, on the other hand, works only on binary relationship between the metabolites. For example,

Rxn Id Reaction

Amino Acids

R00565 | L-Ornithine + Guanidinoacetate <=> L-Arginine + Glycine

L-Arginine, L-Aspartate, L-Glutamate
L-Glutamine, L-Isoleucine, L-Leucine
L-Phenylalanine, L-Tyrosine, L-Valine 2. Glycine <R00366> Ammonia (Enzyme: Aminoacetic acid:oxygen oxidoreductase)

~v-Aminobutanoate

Rahnuma reports the following nitrogen assimilation pathways of unit length from glycine.

1. Glycine <R00364> Ammonia (Enzyme: Glycine:ferricytochrome—-c oxidoreductase)

RO1731 | L-Aspartate + Prephenate <=> Oxaloacetate 4+ L-Arogenate

L-Asparagine, L-Aspartate

Invalid Pathways PathComp, unlike Rahnuma., treats all reactions as reversible and, as a result, also

R01989 | L-Ornithine + vy-Guanidinobutanoate <=> L-Arginine + y-Aminobutanoate

(same as R00565)

Network comparison can be extended to study a wide range of scenarios:

e genome-'X’ome (X: metabolome, transcriptome, proteome) comparisons e understanding host-pathogen interactions v—Aminobutanoate (GABA) <R00261> L-Glutamate <R00248> Ammonia

e predicting knock-out/insertion effects e investigating toxic effects

reports pathways that are biologically incorrect. An example of invalid pathway reported by PathComp
is the following.

R00261 is an irreversible reaction that only breaks glutamate into GABA and CO».
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