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Abstract

Summary: Here, we present MetaBridge, a tool that collates protein interactors (curated

metabolite-enzyme interactions) that influence the levels of specific metabolites including both bio-

synthetic and degradative enzymes. This enables network-based integrative analysis of metabolo-

mics data with other omics data types. MetaBridge is designed to complement a systems-biology

approach to analysis, pairing well with network analysis tools such as NetworkAnalyst.ca, but can

be used in any bioinformatics workflow.

Availability and implementation: MetaBridge has been implemented as a web tool at https://www.

metabridge.org, and the source code is available at https://github.com/samhinshaw/metabridge_

shiny (GNU GPLv3).

Contact: bob@hancocklab.com

1 Introduction

With the decreasing costs of high-throughput technologies,

(Goodwin et al., 2016), systems biology studies increasingly involve

multiple high-throughput assays employing different omics methods

(transcriptomics, proteomics, metabolomics, etc.), providing data

based on different levels of biological information flow (Karahalil,

2016). Running concurrent high-throughput assays supplements the

individual weaknesses of each platform such as resolving power and

analyte detection thresholds. However, each omics data type is usu-

ally analyzed independently. While independent analyses of these

data types can provide useful information, integrated analysis offers

direct compensation for the limitations of individual platforms

(Kaever et al., 2014).

Deriving methods for integrative analysis of metabolomics data

are particularly difficult, but can yield some of the most promising

results (Patti et al., 2012). Metabolomics data are challenging to inte-

grate with other omics platforms due the relative sparsity of data and

the indirect relationship between the metabolome and other omics

outputs. In contrast to transcripts and proteins, which can be usually

directly linked to a source gene, metabolites are often the end result of

multiple distinct biochemical pathways (Trivedi et al., 2017).

This challenge has been tackled using a number of different

approaches (Wanichthanarak et al., 2015). However, each approach

suffers from various drawbacks, from statistical approaches that are

blind to the underlying biology to command-line tools which require

significant technical expertise.

MetaBridge is a biologically-informed tool that identifies con-

nections between metabolites and their interacting proteins, such as

synthetic or degradative enzymes. MetaBridge scaffolds metabolites

onto known biological reactions, accounting for the complex rela-

tionships between metabolites and enzymes influencing their con-

centrations. MetaBridge is available as a web tool that does not

require any specialized knowledge and can be readily accessed

through any modern web browser.
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2 Materials and methods

MetaBridge draws upon the curated biological pathway databases

KEGG and/or MetaCyc to map metabolites to their directly interact-

ing enzymes (Caspi et al., 2016; Kanehisa et al., 2017). MetaBridge

is distributed in a visual interface using the interactive framework

‘Shiny’ developed by RStudio (Chang et al., 2017).

Pre-processing must be conducted externally to obtain a list of

metabolites of interest and corresponding metabolite IDs. We rec-

ommend MetaboAnalyst (Xia et al., 2015) for metabolomics ana-

lysis and pre-processing, as shown in Figure 1.

The user uploads a CSV spreadsheet of their metabolites as

KEGG, HMDB, PubChem, or CAS IDs. The user selects the column

of their spreadsheet containing the metabolite IDs, and chooses the

database to map against.

MetaBridge maps the provided metabolite IDs to their

MetaCyc Object IDs (Fig. 1). Then, using pathway-tools, (Karp

et al., 2016) MetaBridge identifies all of the reactions in which the

metabolite participates. Next, MetaBridge identifies all of the genes

that encode for enzymes in these reactions. Finally, MetaBridge

identifies the corresponding gene names and Ensembl gene IDs for

each of the MetaCyc Gene IDs. Note that MetaCyc is not species-

specific.

If the user did not upload KEGG IDs, MetaBridge converts the

metabolite IDs to KEGG IDs (Fig. 1). Then MetaBridge identifies

the KEGG-annotated interacting enzymes by EC number. Next,

MetaBridge identifies the set of human genes that code for these

enzymes. For each metabolite uploaded, MetaBridge also identifies

the KEGG pathways in which the metabolite participates.

The user can download the complete results of this MetaBridge

mapping as a CSV spreadsheet containing each metabolite, the reac-

tions or enzymes for each metabolite and the genes and gene IDs of

each reaction or enzyme. Additionally, a summary table is displayed,

showing for each metabolite: (i) how many unique reactions in

which each metabolite participates (MetaCyc) or how many unique

enzymes with which each metabolite interacts (KEGG), and (ii) how

many unique genes code for the enzymes in each reaction. The user

can select any summarized metabolite to see its full mapping details.

If the user has mapped metabolite interactors via KEGG, they have

the option to visualize their results using Pathview (Luo and

Brouwer, 2013).

We recommend integrative network analysis for comparative

analysis with other omics types. Specifically, as demonstrated

in Figure 1, NetworkAnalyst (Xia et al., 2014) allows for gener-

ation of protein-protein interaction networks from these lists of

enzymes. In our experience, these networks interconnect well

with protein–protein interaction networks from other omics

datasets.

3 Conclusion

MetaBridge enables a molecular interaction-based approach to

assessing metabolomics data that draws on our previous success in

utilizing high-quality curated biological data to facilitate biological

inference (Yeung et al., 2015). MetaBridge uses high-quality curated

molecular interactions to identify directly interacting enzymes, ena-

bling subsequent analysis alongside transcriptomic and proteomic

data and thus biologically-relevant data integration.

MetaBridge is designed to be open and workflow-agnostic, com-

patible with other analysis techniques. MetaBridge is accessible in any

web browser, and one can get started in seconds at metabridge.org.
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Fig. 1. Use of MetaBridge in an integrative analysis pipeline. The user begins

by pre-processing their metabolomics data (MetaboAnalyst), identifying

metabolites of interest and their IDs. The user then uploads these metabolite

IDs to MetaBridge to identify directly interacting enzymes. The user receives

a gene list, and can upload this list to e.g. NetworkAnalyst for network-based

integration. Here, a metabolomic network (expanded by including first order

interactors) has been integrated with a transcriptomic network, revealing

novel nodes for investigation
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