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Abstract

“Affinity proteomics”, which identifies individual proteins by means of affinity reagents, plays a major role in the characterisation of the whole human proteome, a major current objective of the  genomics community. This enormous undertaking has produced new challenges, leading in turn to wide technological developments. These advances include the development of new affinity-based methods to identify and track proteins in biological samples, the adaptation of classical molecular tools to these new methods and the design of new protein binding reagents. The systematic study of the proteome requires an increase in the scale on which affinity reagents are produced. However, the number and diversity of affinity reagents, as well as the variety of constraints imposed by each type of assay, present a challenge for the selection of the appropriate reagent to be used in a given experiment. In order to perform this selection, the experimentalist needs information regarding the available molecular tools, an information need which is currently only partially addressed. Indeed information resources regarding affinity reagents are scattered and the level of precision in reagent description is quite uneven. This documentation issue has led to a corresponding need for the unambiguous description of affinity reagents. This paper proposes a solution through the definition of reporting guidelines targeted at affinity reagents. It presents MIAPAR, the Minimum Information about a Protein Affinity Reagent, developed by affinity reagent producers and users. The guidelines are illustrated by a real world example document and their relation to other Minimum Information guidelines is presented. 

Introduction 

Affinity proteomics, which identifies individual proteins by means of affinity reagents (also designated binding molecules or “binders”), plays a major role in the characterisation of the whole human proteome. This enormous undertaking has created new challenges in affinity proteomics, leading in turn to wide technological developments. Advances include the development of new affinity-based methods to identify and track proteins in biological samples, the adaptation of classic molecular tools to these new methods and the design of new  protein-binding reagents.

Affinity reagents serve various roles in experimental proteome studies. These include protein sample identification and detection, protein capture for isolation, purification and/or quantification, as well as functional studies. Achieving these objectives relies on an ever growing range of experimental methods, including ELISA, Western blotting, immunohistochemistry and affinity chromatography.  At the same time, due to the proteome-scale focus of an increasing number of experiments, approaches are shifting from a single setting to multiplex or multiparallel determinations, thus leading to high-throughput experimental workflows. As a particular example, the use of microarray approaches is expanding and takes various forms such as protein arrays, capture arrays, tissue arrays, lysate arrays, etc. (Hall et al, 2007). 

The selection of an applicable molecular tool is conditioned by the experimental objectives and the chosen approaches and methods. This applicability problem has led to a widening of the range of molecules being used as affinity reagents, for instance to respond to particular experimental objectives or solve issues linked with particular approaches (e.g. scale, nature of the material). Table 1 lists the major types of protein binders (Taussig et al, 2007). The best established are antibodies, for which along with monoclonal or polyclonal ‘natural’ antibodies, a wide range of recombinant constructs are available, from Fab fragments to single chain Fvs, diabodies, etc. (Holliger and Hudson, 2005). More recently, alternative affinity reagents have been developed; whose biophysical properties present advantages in various applications. They include protein scaffolds (Hosse et al, 2006), such as fibronectin, lipocalins and ankyrin and armadillo repeat domains, and nucleic acid aptamers (Pendergrast et al, 2005). 
At the same time, the systematic characterisation of the proteome has led to an increase in the scale on which affinity reagents are produced. A number of ambitious projects aim to develop systematic affinity reagent collections, including variant and modified forms. In Europe they include the EU ProteomeBinders consortium (Taussig et al, 2007), the Human Protein Resource (HPR) and Human Protein Atlas (HPA) (Pontèn et al, 2008), and the Antibody Factory. In the US, the National Cancer Institute has initiated the Clinical Proteomic Reagents Resource within the Clinical Proteomic Technologies Initiative for Cancer (CPTI). Globally, the HUPO Human Antibody Initiative aims to promote and facilitate the use of antibodies for proteomics research which embraces many of these activities.
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	Binder Category
	Binder Type

	Immunoglobulin
	

	
	Intact antibody (monoclonal or polyclonal)

	
	Antibody fragment (e.g. Fab, Fv based constructs, minibodies, diabodies, nanobodies, etc.)

	Protein scaffold
	Fibronectin

	
	Ankyrin repeat

	
	Armadillo repeat

	
	Lipocalin (anticalin)

	
	Affibody

	Peptide ligand
	

	Nucleid acid aptamer
	

	
	DNA aptamer (single or double chain)

	
	RNA aptamer (single or double chain)

	Small  chemical entities
	


In a context of a broadening availability of tools and methods, the experimental scientist has to define the most efficient binder applicable to the method and approach  selected. However the variety of molecular types and properties of affinity reagents, and the constraints imposed by each assay type, present a challenge for robust comparison and selection of binders that are appropriate in a given context. (Stoevesandt and Taussig, 2007)

In order to compare and select binders, users need comprehensive information regarding each reagent. Currently multiple information sources exist, including commercial catalogues of antibodies, portals centralising affinity reagent properties from various sources, and experimental results published in the literature describing the successful use of a binder in a specific application. Current large scale production initiatives also add other sources such as validation and quality control results from production centers and independent quality assessment laboratories (for example. the Antibodypedia portal, http://www.antibodypedia.org/). Moreover current available information may be incomplete. For example, the identification of a protein belonging to a gene family by a given antibody may be reported with no information concerning the assessment of possible cross-reactivity of the antibody with other family members. Existing information may also be biased, for instance by unsubstantiated reports from a commercial producer. Data may also appear contradictory at first glance, for instance due to a lack of precision in target or sample description. 

Experimentalists are then faced with a potentially arduous and time consuming task of integration of inconsistent information from multiple sources. To ease this binder selection task, there would be great benefit in fast and easy access to reliable and complete information regarding each binder. As in many other domains where bioinformatics tools play an increasing role in assisting experimentalists in selection, design, and planning, it becomes necessary to define community standards for the minimum information required to unambiguously describe a protein binder and its target. Formalizing the properties of both the individual molecules and their interactions in an exchange format supported by an ontology indeed facilitates the exchange of information between different data systems. This formalization also permits the complete and consistent presentation of affinity reagent information to users. Moreover systematic analysis of practices in the field of protein affinity reagents may also reveal additional needs. Beyond the selection of relevant binders for a particular experimental setting, thorough documentation of existing binders might also be an invaluable tool for production planning of new binders, substitution of binders no longer available or with inadequate specificity, or possible molecular alternatives (protein scaffold, aptamer, etc.) to a given antibody. 

MIAPAR, the Minimum Information About a Protein Affinity Reagent, is a proposal developed within the community as a first step in formalizing such standards. It defines a checklist of required information for use by binder producers, quality control laboratories, binder users and databases.

MIAPAR: Scope, principle and process

The purpose of MIAPAR is to permit the reliable identification of binder-target-application triples. A binder is designed and produced for the detection of a particular target protein or peptide, often within a complex mixture. For maximum benefit of potential users, reporting of data about the binder must describe (or reference) both its intended target and its qualities as a molecular tool. These parameters are: 

· binder (and target) production processes, which may have influence the characteristics of the binder and permit the unambiguous identification of the molecules,

· properties of the reagent as a binding tool, including its specificity, affinity, binding kinetics and cross-reactivity; 
· the use of the binder in applications. 

The production process, the qualities of the binder as a tool and the claimed applications must be supported, for instance through links to standardized protocols or experimental records.

The underlying principle in MIAPAR is similar to that of other reporting guidelines developed as part of the Human Proteome Organization (HUPO) Proteomics Standards Initiative (PSI) (Taylor et al, 2006). Required information is structured in such a way as to allow for the entry into databases and enable useful querying and automated data analysis. This structure is defined in order to achieve a comprehensible coverage and clarity. The objective is also to provide unambiguous reports, which suggests the use of standard naming conventions, such as database accession numbers, controlled vocabularies and the like to describe entities, processes, etc. As with other reporting guidelines adhering to the MIBBI proposal (Taylor et al, 2008), MIAPAR respects the criteria of sufficiency, i.e. that a reader should be able to understand and evaluate the conclusions and their experimental corroboration, interpret the validity of the project and its outcome, and perform comparisons with similar projects. MIAPAR also respects the criteria of practicality, i.e. that the guidelines should not be so burdensome as to prohibit their widespread use. The objective is not to describe in detail experimental results that will typically be recorded in databases or Laboratory Information Management Systems (LIMS). Nor is MIAPAR intended as a substitute for production protocols and procedures that are documented elsewhere, and its minimal information will not be sufficient to reproduce binder and target production or synthesis. Finally, the guidelines are not expected to be static. They have been assembled through consultations with a large number of experts and will evolve based on community requirements in the context of a rapidly developing technological framework. 

MIAPAR is designed to be used for the reporting of several processes. The first is the production of new binders. This can be part of a large scale activity performed by academic or commercial producers or systematic initiatives. In this case the MIAPAR document can be used as a basis to accurately and unambiguously describe the qualities of binders as molecular tools in the producer catalogue or public databases/repositories. This can also be the production of one specific affinity reagent in the laboratory, where there is no suitable commercial binder or the production is the goal of the research (new binder type, new production process, etc.). In such a case the MIAPAR document can complement the scientific publication describing the binder. The second process is binder quality control. The initial MIAPAR document could be updated with the corresponding reagent quality reports produced by laboratories charged with independent characterisation and evaluation of available affinity reagents. The third process is the application of the binder by a user in a specific experiment, such as protein identification in tissue samples. A reference to the corresponding MIAPAR document in the paper reporting the experiment would allow unique identification of the binder used. This process could also lead to updating of the MIAPAR document with the report of a successful experimental use of the binder in a particular application. 

Naming conventions

Whereas MIAPAR provides a list of descriptive items in order to uniquely and ambiguously document a binder, it does not define terms to be used to fill in the descriptions. Use of database accession numbers, controlled vocabularies and ontologies for describing entities, processes and conditions is strongly recommended for MIAPAR documents. The benefit to readers of the document and to database curators is that such use of database accession numbers to identify molecules facilitates mapping to well characterized database entries. Use of controlled vocabularies greatly reduces the risk of using terms with multiple meanings. Furthermore, once the data are integrated into databases, the use of such naming conventions greatly assists in cross-linking, search and analysis procedures.

Regarding molecules, they may be identified by a database accession number from a public database, such as UniProt (The UniProt Consortium, 2008) for proteins, Ensembl (Flicek et al, 2008) or Entrez Gene (Maglott et al, 2005) for genes and the like. The PSI-PAR controlled vocabulary under development (see below) provides a list of recommended databases and unified names for these resources. 

A number of controlled vocabularies are available in the OBO Foundry http://www.obofoundry.org/ (Smith, Ashburner et al, 2007) and may be used to describe, e.g. proteins, tissues, diseases and molecular interactions, including protein affinity interactions. A controlled vocabulary to address specifically the field of protein affinity reagents is currently being developed in order to cover the terms not described in existing controlled vocabularies. This vocabulary is based on the Molecular Interactions (MI) vocabulary maintained as part of the Proteomics Standards Initiative (PSI). A draft version is available online through the European Bionformatics Institute (EBI) Ontology Look-up Service (OLS) http://www.ebi.ac.uk/ontology-lookup/browse.do?ontName=PAR .

Reporting requirements for bioactive entities

The information required for the description of binder/target pairs can be divided into: 

· that which identifies the source of the report, 

· that  which refers to the characteristics of the molecular entities involved, 

· that which demonstrates their individual properties and association in a binder/target pair (i.e. a report of experimental data).  

Information about a binder/target pair can be represented as a set of two molecular entities (binder and target) and a relation (binding between the two). As a consequence the information to be considered can be split into three categories.

1.  Header

The header holds the essential administrative information required to identify the source of the affinity reagent description. It may refer to the organization producing the binder, the authors of a paper introducing a new binder, etc. 

2.  Molecular entities

Each entity is documented with identification information, structural and biophysical properties as well as experimental data reporting generation and characterization processes. Details of each experimental stage could be described using the relevant Minimum Information guidelines.

More precisely, for the binder being produced, its nature and method of production should be recorded as this has implications for its affinity as well as size, valency and stability. Sufficient detail should be given so that a user can identify any factors in the process which may impact on its application and resulting experimental data, 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 reagent cross-reactivity and effectiveness. Targets should be linked to a reference entity identifiable using an accession number from a public database. For instance, proteins may be associated with an identifier to a reference protein in a relevant public database, such as UniProtKB, thus immediately indicating its sequence and species of origin. Where the target against which the binder has been raised differs from the reference entity, this should be made clear, so that any implications regarding the specificity of the binder may be clearly understood.

3.  Binder / Target interaction

It is almost impossible to judge accurately the effectiveness of an affinity reagent if its binding profile is unknown or untested. Full details of specificity and selectivity need to be made clear to the user for a proper evaluation of the usefulness of the reagent within the particular experimental context. Experimental evidence is used to demonstrate the binding characteristics, i.e. the properties of the binder towards the considered target and other relevant entities. These binding characteristics are associated with information on binder based application, e.g. technical and research settings. Indeed it is important that the experimental method be clearly stated, as a binder which is effective as an affinity reagent in a Western Blot may not be of use in immunohistochemistry. By making this clear from the outset, the supplier may, at the very least, save the user time and expense, by avoiding useless experiments  employing inappropriate binders.

The MIAPAR checklist is presented in Table 2.


	Report item
	Description

	Header
	A report should contain essential administrative information:

	
	Contact email
	

	
	Contact Person
	

	
	Organization
	Company, Institution, etc.

	Molecular Entities
	Binder and target should be described separately with the following parameters

	
	Target
	Description
	Target identification (name, source organism, references to gene and gene product), structural characteristics (amino acid sequence), differences to the reference entity, enzymatic or chemical modifications.

	
	
	Production
	Description of method, protocols, materials, reagent and literature reference for target generation, purification, quantification, chemical or enzymatic modification; for production

Experimental data: Report of production yield

	
	
	Molecular characterization
	As above, for molecular characterization.

Experimental data:

Characteristics of the molecule, biophysical properties (observed molecular weight, purity, folding state) 

	
	Binder
	Description
	Binder identification (name, source organism, references to gene and gene product, etc.), structural characteristics (binder class, amino acid sequence, , structural features, crystallography, enzymatic or chemical modifications, etc.), biophysical properties (observed molecular weight, stability, solubility, etc.) 

	
	
	Production
	Description of method, protocols, materials, reagent and literature reference for  binder generation; screening or selection, in vitro maturation, largescale production, purification, chemical or enzymatic modification

	Binder / Target interaction
	The interaction should be reported with a summary of the binding features and a list of experiments which lead to these results

	
	Binding description
	Summary of the main features of the binding interaction (specificity, affinity, cross-reactivity, kinetic constants, potential application, both technical and as research fields)

	
	Each experimental set-up leading to the evaluation of a binding feature should be described separately, with the following parameters

	
	Experiment
	Description of binding and detection method, detailed protocols, materials, reagents and literature references 

Experimental data:

Report of the data associated with the binding feature(s) examined


Example MIAPAR document

Based on the checklist in Table 2, we present here an example document prepared to fulfill MIAPAR requirements, based on a paper by Cornillot et al, 1998. The aim of this study was to prepare monospecific monoclonal antibodies against the protein galectin 1(Gal1), purified from human brain (hGal1) (Bladier et al., 1989), which also recognize Gal1 from other mammalian species, but not the related proteins Gal2 or Gal3. The process was performed according to the experimental scheme presented Figure 1.


Figure 1. Experimental scheme corresponding to the example of binder production from Cornillot et al, 1998.

The resulting MIAPAR-compliant document is presented below. 

1. Header

	Contact email
	

	Contact Person
	Dominique Bladier

	Organization
	Laboratoire de Biochimie et Technologie des Protéines, Université Paris Nord, UFR Santé, Médecine et Biologie Humaine, 74, rue Marcel Cachin, 93017 Bobigny Cedex, France


2. Molecular entities

	Target
	Description
	Human galectin-1

Uniprot id: P09382

	
	Production
	See  (Bladier et al., 1989)



	
	Molecular characterization
	See  (Bladier et al., 1989)


Binder
	Binder
	Description
	Monoclonal antibody to human brain galectin-1. 

Clone name: C2D1 and C2D2

See (Cornillot et al, 1998)

	
	Production
	See detailed steps below


Binder Production:

	Step name
	Materials
	Reagents
	Methods

	Hybridoma production

CV term: PAR:1105
	Cell fusion
	Splenocytes 
	PEG 1500 was purchased from Boehringer Mannheim (Meylan, France)
	Splenocytes were fused with non-Ig producing mouse myeloma cell line Ag8-X63 as described by Köhler and Milstein (1975) with PEG mediated fusion. 

	
	
	Non-Ig producing mouse myeloma cell line Ag8-X63 -X63 from ECACC (Salisbury, UK)
	
	

	
	Hybridoma screening
	hGal1 (P09382)

	
	ELISA

CV term: PAR:0411

	
	
	rhGal3 (P17931)
	
	

	Cell cloning

CV term: PAR:1048
	hGal1-positive and rhGal3-unreactive hybridomas
	
	Two steps limiting dilution cycle performed until obtaining “all-positive” plates (Harlow and Lane, 1991).

	Antibody harvesting

Cv term: PAR:1137
	Balb/c mice were from IFFA CREDO (L’Arbresle, France) primed with pristane (2,6,10,14 tetramethylpentadecane) 
	
	Mouse Ascites

Balb/c mice primed with pristane (2,6,10,14 tetramethylpentadecane) were injected intraperitoneally with 5–10*106 hybrid cells suspended in 1 ml of RPMI. Ascitic fluid was collected 2–3 weeks later.

	Antibody purification
	T-gel
	
	MAbs were purified by salt-promoted-adsorption on T-gel (Belew et al., 1990) and anti-Gal1 activity was checked by ELISA.

	Antibody typing
	
	Isotyping kit (Sigma)
	Ig typing of the mAbs was done using Isotyping kit (Sigma) according to the manufacturer’s instructions.


3. Binder/Target interaction

	Binding description
	Specificity:

The two mAbs detected as little as 1ng of hGal1, i.e., about 35*10–6 nmol. 
Binding site:

The unlabelled mAbs likely bind to identical or very close epitopes. The epitope is not localized in the carbohydrate recognition domain of galectin-1.
Binding constant:

KA values: 5.6*107M–1 for C2D1 and 3.6*107M–1 for C2D2
Selectivity:

mAb specifically bound hGal1 but failed to recognize the human and murine Gal3. mAb revealed hGal1 as a unique polypeptide in the extracts of human and rat brain and Vero cells but not of murine brain; rhGal2 was not immunodetected.
Applications: 

Immunohistochemistry

	Experiment
	See detailed steps below


	Step name
	Materials
	Reagents
	Methods
	Results

	Specificity

CV term:

PAR:1128
	hGal1
	hGal1 (P09382)
Crude supernatant (100 ml) or purified

antibodies diluted 1:1000 with 0.01% BSA (w/v) in 0.1 M PB


	0.1M Na2HPO4/NaH2PO4 buffer pH 7.6
	Micro well ELISA
	The two mAbs detected as little as 1ng of hGal1, i.e., about 35*10–6 nmol.

The interaction was not affected by the presence of lactose up to 0.5 M. 

	
	
	
	peroxidase-conjugated rabbit anti-mouse Ig (Jackson IR, West Grove, PA)


	
	

	
	
	
	
	
	MAbs reactivity was not modified when hGal1 was added to microwells previously coated with asialofetuin; in this case, addition of 0.1 M lactose abolished the signal.

	
	
	
	Blocking solution 3% BSA
	
	

	
	
	
	orthophenylene diamine chloride (OPD) as peroxidase substrate

0.5 M H2SO4.
	
	

	
	galectin-1/asialofetuin complexes
	hGal1(P09382)
asialofetuin


	Same as above
	
	

	Binding site

CV term: PAR:0117
	unlabelled mAbs
	
	Competition binding

CV term: PAR:0405
	The extent of epitope overlap was determined by competition assay using the two unlabelled mAbs; their mutual inhibition capacity suggests that they likely bind to identical or very close epitopes. 

Binding to galectin-1/asialofetuin complexes indicates that its epitope is not localized in the carbohydrate recognition domain of galectin-1.

	Affinity constant
	Biot-hGal1

mAb


	streptavidin–peroxidase
	ELISA. Binding experiments see (Murray and Brown ,1990).
	KA values were calculated as 5.6*107M–1 for C2D1 and 3.6*107M–1 for C2D2

	
	
	OPD
	
	

	Selectivity
	hGal1 (P09382)
rhGal3 (P17931)
mGal3 (P16110)

	
	ELISA

CV term: PAR:0411
	mAb specifically bound hGal1 but failed to recognize the human and murine Gal3 

	
	hGal1

Tissue extracts
	
	Immunoblotting

CV term: PAR:0113

	mAb revealed hGal1 as a unique polypeptide in the extracts of human and rat brain and Vero cells but not of murine brain; rhGal2 was not immunodetected too.


Application test

	Application name
	Materials
	Reagents
	Methods
	Results

	Histochemical study


	Sections of adult rat olfactory bulb


	3% bovine serum albumin (BSA)


	Immunochemistry

CV term: PAR:1027
	Second-order neurons, mitral cells in mitral cell layer, and tufted cells in the external plexiform layer, as well as interneurons, periglomerular cells, were positively stained. Cells of the granular cell layer were also immunodetected.



	
	mAb (ascitic fluid diluted 1:200 in saturation buffer supplemented with 0.1% Triton X-100)


	10% normal horse serum


	
	

	
	
	biotinylated horse anti-mouse immunoglobulins


	
	

	
	
	streptavidin–peroxidase


	
	

	
	
	diaminobenzidine as substrate.


	
	


Relation to other Minimum Information checklists

The MIAPAR guidelines have been developed within the ProteomeBinders consortium in close collaboration with the HUPO-PSI Molecular interactions work group. As a standard for representation of binder / target interactions, MIAPAR extends the MIMIx guidelines for molecular interactions (Orchard et al, 2007) with specific principles and practice appropriate for affinity reagents and their target molecules. As a standard to describe molecular tools, MIAPAR complements MIMIx with further characterization of the molecules involved, their method of production and binding characteristics, and further document the use of the binders in experimental applications. 

Given its design, MIAPAR can be considered as part of the set developed within the framework of the MIAPE (Minimum information about a proteomics experiment) guidelines (Taylor, C.F. et al, 2007). Within MIAPAR, information regarding experiments is limited to the essential information required to document the properties of the binder as a molecular tool. When required, more complete descriptions should be provided using the relevant guidelines defined in other modules, for example the immunohistochemical application in the example MIAPAR document provided could be more fully described using the MISFISHIE (Minimum information specification for in situ hybridization and immunohistochemistry experiments) guidelines (Deutsch et al, 2008). All these guidelines are being managed through a central repository of standards, as part of the MIBBI project (Taylor et al, 2008), to provide a single entry point for guidelines users and ensure that these standards are complementary and non-overlapping.
Conclusion:

MIAPAR has been developed to facilitate data sharing within the consortium and the scientific community at large. MIAPAR does not dictate a specific format for reporting information, but does provide a checklist of the information which should be included somewhere within such a report. It is also a first stage towards the design of a data model and information infrastructure associated with the affinity reagents domain. In particular, an XML exchange format based on the PSI-MI XML2.5 format (Hermjakob et al, 2004) and associated controlled vocabulary are currently undergoing validation. Plans have also been made to adapt the IntAct (Kerrien et al, 2006) database to support the management of affinity reagent data. The current MIAPAR guidelines also serve as a basis for the design of a more complete knowledge model to be used for information exploitation and inference.   

We expect that MIAPAR will be updated as other binder types, production methods or experimental applications of affinity reagents emerge. There is still considerable room for evaluating the characteristics of binders which should be documented in order to support their efficient use in a wide range of experimental settings. The eventual accepted specification will be achieved through discussion and consensus. Suggestions from the community are actively encouraged and will be collected and incorporated into a planned second release, to be published on the PSI-PAR HUPO-PSI website: http://www.psidev.info/index.php?q=node/281. After a suitable period of dialogue and revision by the community, and if there is widespread acceptance by the community, we would encourage binder producers and users to promote compliance with MIAPAR. 
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