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Introduction

There are a number of resources containing enzyme kinetics data. Two widely used data-

bases are BRENDA [1] and SABIO-RK [2]. While these databases contain kinetic constants,

the key to ensuring that these resources can be usefully employed in a systems biology

environment is in the richness of the metadata associated with these values.

Obvious requirements for these metadata include the environmental conditions, such as pH

and temperature, under which these constants were measured. However there are other, more

subtle, metadata that must also be captured and recorded along with the kinetic parameters to

allow the database to be utilised correctly in modelling and simulation studies. This article

describes these metadata and also introduces the KineticsWizard, a data capture tool that

allows the experimentalist to specify these data in an intuitive manner.

The data capture tool is designed to be used by experimentalists, and as such, it is intended

to hide much of the more technical aspects of data management from the user and present an

intuitive, biologist-focussed interface from which the necessary metadata can nevertheless be

input.
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The tool itself is part of a larger system in which kinetic constants are determined through

analysis and fitting of spectrophotometric data, and then automatically submitted to a data

resource. In addition, the original raw data are also archived, providing the facility to map

kinetic parameters back to their original source data, which could then be reanalysed or

refitted if necessary.

Enzyme kinetics studies are a subset of the experimental programme of the Manchester

Centre for Integrative Systems Biology (MCISB), and will be supplemented by both quan-

titative metabolomics and proteomics studies. The informatics infrastructure designed by the

MCISB is one of a distributed, loosely-coupled system [3], in which a number of indepen-

dent data resources are populated, and then later queried via web service interfaces in order

to parameterise SBML models [4, 5].

The key to the development of such a distributed system is to ensure a consistent means of

identifying species, reactions, and parameters across each of these data resources.

Problems of Currently Published Enzyme Kinetics Data

Kummer and Sahle highlighted a number of issues with enzyme kinetics data currently

published in existing resources [6]. Some of these problems are summarised below.

Importance of the kinetic equation

In addition to specifying kinetic parameters, such as Vmax and KM, it is also necessary to

specify the kinetic equation that is either assumed or was used to determine the constant.

This additional information is crucial to ensure that modellers use the constant in the

intended manner.

Furthermore, it is insufficient to specify the equation as a textual description, such as

‘‘Michaelis-Menten’’, as these terms can be used inconsistently and do not unambiguously

describe the intended kinetic equation.

Additionally, in cases where the reaction involves species with different stoichiometries, it is

important to specify to which participant the parameter applies.

The Vmax parameter

Vmax parameters are often specified without any indication of the enzyme concentration

contained within the term. While many Vmax parameters are generated from in vitro studies,

the enzyme concentration is commonly either unspecified or poorly estimated. This reduces

the usability of the parameter in modelling studies, as in these cases the enzyme concentra-

tion must be estimated, introducing unnecessary imprecision into the system.
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Coherent unit notation

For parameters to be used reliably in modelling and simulation studies, standard units must

be specified. Taking the example of enzyme concentration, it is common to see these values

described by units such as ‘‘enzyme mass per dry weight of protein’’, which dramatically

reduces the usability of the parameter.

Further Issues

In addition to the problems highlighted by Kummer and Sahle, there also remains the issue

of inconsistent naming of reaction participants. It has been reported that relying on textual

descriptions of small molecules and enzymes can result in inconsistencies, as the naming of

such species is largely subjective and can differ greatly from individual to individual [7].

Capture of Enzyme Kinetics Data

A submission tool is introduced here which has been designed to provide solutions to the

problems specified above. The philosophy of the tool is to provide the facility for experi-

mentalists to submit the required metadata without unduly burdening them with some of the

more tedious tasks that this entails.

To provide this, the tool draws heavily on the use of existing data resources which are

relevant to the task, and queries these resources via web service interfaces where possible.

Exploiting existing data resources greatly reduces the volume of data that the experimentalist

must submit. For example, consider the case of specifying a publication. Rather than

providing a user with an interface to specify journal name, authors, paper title, etc., the

philosophy followed here is to prompt the user for a PubMed identifier (id). Once this id is

associated with a given parameter, web services can be queried from which the above fields

can be extracted.

Furthermore, specifying and storing metadata as external database links greatly enhances the

usability of the data resource, providing it with the facility to be queried with standard terms,

and greatly enhancing its usability in a distributed, web service-driven infrastructure.

To illustrate this principle, a data submission tool is introduced here to show practical

implementations of this approach.

Specifying the reaction components

The tool facilitates the consistent specification of reaction components by providing an

interface to the KEGG database web service [8]. The user is presented with the following

interface, which allows them to specify an organism and a gene name. Upon specifying

these terms, the KEGG web service is queried and all reactions catalysed by the supplied
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gene are returned. (Fig. 1). An individual reaction can then be specified, and as this reaction

is an entry in the KEGG database, the entry can be queried to harvest a number of terms that

would otherwise have to be specified by the user.

Figure 1. Specifying the reaction components.

The first of these is the enzyme itself. As the user specified a gene name, KEGG can be

queried to determine the UniProt id of the enzyme. From this reference, a range of additional

information can be subsequently harvested, such as protein name, synonyms, molecular

weight, protein sequence, EC number and via external links to other resources, perhaps

even also the protein structure. Specifying and ultimately storing metadata as external

database references, rather than simply a textual name, can therefore greatly enhance the

subsequent usability of this data.

The same principle applies to the reactants and products. By selecting a KEGG reaction, the

web service can be queried to determine the reaction participants as entries in either KEGG

or the ChEBI database[9], and also the stoichiometry of each of the participants. Conse-

quently the selected reaction, textually presented to the user as ‘‘ATP + D-Glucose <–> ADP

+ D-Glucose 6-phosphate’’, will be defined computationally as an unambiguous set of

reactants (CHEBI:15422 and CHEBI:17634), products (CHEBI:16761 and CHEBI:15954)

and enzyme (UniProt:P04806).

It is also important to specify the reactant to which the parameter applies. The interface

allows the user to specify this term upon selecting a reaction.
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Specifying the Kinetic Equation

The specification of the kinetic equation once again exploits a web service to an existing

data resource: in this case, the Systems Biology Ontology (SBO) [10]. SBO consists of a

number of vocabularies, one of which – mathematical expression – can be used to describe

reaction mechanism.

The user is presented with a tree of these SBO terms, and upon selection of a term, the

underlying kinetic equation can be attained. (Fig. 2). This provides two advantages. The first

is that the selected SBO term can be used to map to an appropriate data fitting algorithm

used in the next step of the data analysis and submission pipeline. The second is that, upon

submission, the kinetic parameters are immediately annotated with an unambiguous, stan-

dard term that defines the assumed mechanism of reaction and fitting. Rather than defining

the reaction mechanism textually as ‘‘Michaelis-Menten’’, the standard SBO term

SBO:0000029 is used. Using such a defined term specifies the mechanism precisely: in this

case it indicates that the mechanism is considered to be irreversible. Furthermore, the user is

not prompted with the requirement of specifying the kinetic equation directly – a task that

would be difficult to standardise and in many cases would be prone to error. This, along with

other metadata such as synonyms and a description of the term, can be accessed directly

from the SB ontology.

Figure 2. Specifying the kinetic equation.
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A further advantage of the use of SBO is that the kinetic equations themselves refer to SBO

terms to define the kinetic constants. Therefore, the constants themselves are not referred to

in potentially ambiguous terms such as KM and kcat, but by the standard SBO terms

SBO:0000027 and SBO:0000025 respectively.

The Vmax parameter

Due to the nature of the kinetic assay experiments being performed, the enzyme concentra-

tion is known accurately at the time of experiment. As such, the user is prompted for this

value and as such, upon data fitting, the kcat value is calculated and submitted to the data

resource, rather than the Vmax.

Coherent unit notation

The user is presented with an interface that prevents the user from supplying units for the

required terms. Substrate and enzyme concentrations are assumed to be accurately measured

and their input is forced to be in mM and nM respectively. Dictating the units at the point of

data submission ensures that these values will be consistent and not contain any ‘‘fuzzy’’,

imprecise or inconsistent terms.

Discussion

The benefit of this approach is that kinetic parameters stored in data resources are associated

to standardised terms, which greatly facilitates to querying of such resources. If a user then

has an unparameterised but MIRIAM-compliant [11] SBML file, the task of parameterising

the SBML file with kinetic parameters is greatly simplified, as both the SBML file and the

data resource are annotated with consistent terms for metabolites, enzymes, EC codes, etc.

Therefore, the task of automatically parameterising an annotated SBML becomes far easier,

as the ambiguity that may exist between mapping metabolites or enzymes in the model with

those in the database is removed.

It is the intention of submitting kinetic parameters, and their associated metadata terms, to

send them to SABIO-RK automatically upon completion of the submission wizard. SABIO-

RK stores kinetic parameters with references to the database terms that are collected through

the submission process. Furthermore, SABIO-RK contains a web service interface that

allows queries to be formed in terms of these database terms. (Fig. 3).
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Figure 3. Overview of the MCISB informatics infrastructure. (MeMo is the MCISB

metabolomics database [12]).

Whilst the importance of associating kinetics parameters with standardised database terms

has been discussed, it is also necessary to ensure that this can be performed in a manner that

is intuitive to the experimentalist. In order to facilitate this, existing web services are

exploited such that options can be presented to users in human-readable format, while

behind the scenes, many database references are gathered which allows the concept to be

unambiguously specified using standardised terms.
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