Minimum Information about a Protein Affinity Reagent
Introduction

The development of antibodies as specific protein recognition tools can arguably be said to be one of the most important advances in modern biology. Using these agents, the expression profile of a protein can now be visualised and even quantified, its interaction partners identified often whilst the protein remains in situ in the cell in its native fold and its role in a cell may be defined by the compromising of a specific process when the protein is removed. The utilisation of this simple, but highly specific, protein-protein interaction has had implications in both basic research and the diagnosis and treatment of particular disease conditions and they are invaluable tools in many areas of biology. The modular design of antibodies has made it easy for the scientist to add additional tags and labels to the antibody structure enabling the tracking of antibody binding and allowing the user to observe a protein as is passes through the various stages of its life cycle. Moreover, these are no longer the only molecular tools that can be designed to recognise a specific protein. An increasing number of small molecules, nucleic acid aptamers and protein scaffolds have been designed to expressly target a particular protein and now contribute to our ability to investigate the biology of that particular entity.
However, since the first use of antibodies as a tool for protein identification, these reagents have also amassed an enormous legacy of over-interpretation of the data that has been derived from their use. In this both the producers and the users of these reagents have played a part – the former by inadequately testing and describing the limitations of the antibodies particularly with regard to their specificity and cross-reactivity and the latter by naively assuming that “no news is good news” and not questioning this lack of information. As a result, a band appearing on a western blot has often been taken as the protein of interest with few or no caveats, whereas in many cases it may be one of several targets for that antibody or reagent. In a worse case scenario, an anecdotal report at a conference told of one commercially available “specific” antibody which cross-reacted with over 90 other proteins from the same species. Whilst this is obviously an extreme case, it is not unusual for the result from an antibody-based identification being given as one specific protein product of a closely related gene family, often with no accompanying statement or evidence that the antibody does not cross-react with the other members. This situation may well worsen, as ever-increasing numbers of isoforms are identified as the translation products of the genes from higher organisms. Without a clear understanding of against which part of a protein molecule an affinity agent has been raised, erroneous and misleading claims may be made about the expression pattern of these specific forms of a protein.
A number of large-scale initiatives now exist, both in Europe and the USA, aimed at producing comprehensive affinity reagent resources specifically for the analysis of the human proteome. These reagents are seen as needing to fulfil the criteria of covering a broad diversity of target recognition, high individual specificity (low crossreactivity), a range of binding affinities, utilisation in quantitative as well as qualitative assays, and adaptability to many different assay designs. All these initiatives see the necessity of communicating such information on the different reagents to the user community, and holding the data on each entity on a centralized database where it can be readily accessed. As such, a need to identify the minimum information required to unambiguously describe both the binder and its protein target, and to formalise this description as an ontology that will facilitate the exchange of information between different data systems. This document is a step in this process, a community effort to define a checklist of required information.
MIAPAR: Principles and process.

In order that the maximum benefit be derived from the publication of data on the usage of one or more protein affinity reagents, it is important that certain crucial information is included in every such paper such that the properties of these molecules are fully represented, the specificity profile and any limitations to the knowledge of that profile be clearly stated. To this end, members of the protein affinity community have come together to define a minimum amount of information which should be present, or directly traceable, in any publication, database entry or commercial catalogue describing either the production or use of such reagents, or which advertises them for sale or distribution. By supplying such information, the author is ensuring that experimental data generated by the use of such reagents is unambiguous and that the results, and in many cases, the limitations of those results can clearly be understood by the scientific community. It should be noted that this is only the minimal information required for the use of these reagents to be fully and correctly interpreted, it is not intended that their production or synthesis be reproducible from this. Similarly, it is not reasonable that a paper be rejected because the author has failed to test an antibody for cross-reactivity against the purified products of the ~20,500 human protein coding genes but it is realistic to expect that a clear understanding of its selectivity profile against closely related proteins be known or, if this data is unavailable, a statement to that end should be made in the publication such that both reviewers and subsequent readers understand just how conclusive any statements made based on this data can be. It is intended that these guidelines be adhered to by anyone planning on publishing a paper where protein identification is dependant on an interaction with a protein affinity reagent, and also by the implementers of resources such as a databases to hold this information and any body or institution funding such discovery work and requiring the results to be published at the end of the granting period. 
As with other such reporting guidelines [ref], MIAPAR adheres to the criteria of Sufficiency (a reader should be able to understand and critically evaluate the interpretation and conclusions, and to support their experimental corroboration) and Practicability (the guidelines should not be so burdensome as to prohibit its widespread use). MIAPAR is effectively an extension of the existing MIMIx guidelines for molecular interactions, with the principles and practises described in that document being extended here to the more specific field of affinity reagent and target molecules. 
Controlled Vocabularies

Where possible, the user is asked to make use of existing controlled vocabularies, or ontologies, to describe entities, processes and conditions described within a paper. This benefits both the human reader, in that it reduces the possibility of ambiguity where a term is used which may have multiple meanings, and also assists in the process of curation of the information into data resources and subsequent search and analysis procedures. A number of such controlled vocabularies are available on the OBO website (www.obofoundry.org/) and may be used to describe, for example, tissues, disease and molecular interactions (including protein affinity interaction). 

Reporting requirements for a bioactive entity
The minimum reporting requirements are divided into the following sections


1. Protein Affinity Reagent Production

The type of reagent being produced, and the method by which it is synthesised, should be recorded as this has implications for their affinity as well as size, valency and stability. Sufficient detail should be given that a user can identify any factors in the process which may impact on their results, but not such that the methodology is immediately reproducible by a third party. Similarly, it is equally important that the exact details of a target against which an affinity reagent is raised or designed be fully stated such that the user can understand the implications of this for regent cross-reactivity and performance. For example, a reagent which was raised a highly conserved region of a large protein family which is buried in the hydrophobic centre of the native protein and is unlikely to be appropriate for the specific identification of a member of that family in an immunohistochemistry experiment. Targets should be identified using an accession number to a recognised protein sequence database, such as UniProtKB, thus immediately indicating the sequence and species of origin of the target protein. Where the protein has, in any way, been modified from the indicated sequence, this should be made clear such that any implications to the behaviour of specificity of the final product may be clearly understood.
2. Affinity reagent characteristization

It is almost impossible to accurately judge the effectiveness of an affinity reagent, if its selectivity profile is unknown or untested. Full details of all specificity and selectivity need to be made clear to the user such that a judgement may be reached as to the usefulness of the agent. It is important that the experimental method be clearly stated, as a reagent which is effective as an affinity reagent in a Western Blot may not be of use in immunohistochemistry. By making this clear from the onset, the supplier may, at the very least, save the user  time and expense, and may prevent an erroneous conclusion being drawn from the absence of an interaction.
Conclusion

The main aim of this document is to strengthen the quality of data generated by the use of protein affinity reagents, without compromising the processes by which they are produced or the quantity of data produced. By following such guidelines, authors will produce a well documented and unambiguous description of the molecule, or series of molecules which they are describing, which will allow anyone wishing to reproduce or analyse the results the best chance of success. It is to be hoped that more groups will recognise the value of putting such data into the public domain to become part of an ever increasing knowledge bank on protein affinity reagents, with a marked increase in the quality of data generated.
	Affinity Reagent Production
	

	Affinity reagent identifier
	The reagent should be given a clear identifier, such as an accession number traceable through an external resource such as a journal article (which may be the article currently under preparation) , database or a catalogue which is available to subsequent users of this reagent. If a name is also given to this reagent it should be informative and unambiguous.  Small molecules should be described by their IUPAC name, structure and preferably an InChi key.

	Target Identity
	The target against which the affinity reagent has been raised must be clearly and unambiguously identified, preferably by an accession number to a recognised protein sequence database e.g. UniProtKB. If the affinity reagent has been raised against a specific part of the target molecule this should be identified by reference to the sequence as given in this protein sequence database. Isoform identifiers should be given if the affinity reagent is raised against a particular splice variant of a protein.

	Target state
	Any changes to the target molecule against which the affinity reagent is raised should be clearly described, if these changes may in any way effect the specificity of the affinity reagent. For example, binding to a carrier protein, denaturation …should be included in the experimental details.

	Affinity reagent class
	The class of affinity reagent, for example immunoglobulin, polyclonal/monoclonal , protein scaffold, peptide, nucleic acid aptamer, small molecule or hybrid molecule should be stated in enough detail to allow a full understanding of the mechanism of action of the reagent.

	Host organism
	If the agent is raised in a particular host organism, for example rabbit or mouse hybridoma cells, this should be stated

	Affinity reagent synthesis
	All stages in the synthetic process, both in vivo and engineered, should be included. For example, details of cDNA cloning, immunization and hybridoma generation should be described in reasonable detail. Cell lines should either be given a recognised designator or be described in full. Chemical syntheses should be fully described.

	Affinity reagent purification
	The method(s) by and degree to which a reagent has been subsequently purified should be described in reasonable detail.

	
	

	
	

	Affinity reagent characteristization
	

	Experimental method
	Each experimental procedure by which an antibody is characterised should be clearly described, with both the scope and the limitations of the assay clearly delineated. The technical application should be made clear e.g. western blot, ELISA, immunohistochemistry.

	Target identity
	The target(s) of a validation experiment should be clearly identified, preferably by an accession number to a recognised protein sequence database e.g. UniProtKB. When the target may be a mixture of proteins, for example several splice variants or a the products of a family of closely related genes this should also be stated. If other contaminating proteins may be present, this should also be made clear

	Target state
	The state of a target protein (e.g. native/denatured) should be given if this is not immediately apparent from the assay type.

	Affinity reagent specificity
	The specificity profile of all affinity reagents should be fully reported, in as far as it is known. When a protein is raised against a single protein product of a closely related gene family, it is reasonable to expect that the cross-reactivity be tested against all other family members. Similarly, if a reagent is claimed to be splice variant specific, it is reasonable to expect that it be tested against all known splice variants.

	
	

	
	


