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iPPI-DB, for inhibitors of Protein-Protein Interaction DataBase, is a web application first released in 2012, which stores physicochemical and pharmacological data about PPI modulators and their targets. Users can query the database using either pharmacological criteria or chemical similarity with a user-defined query compound. The database is manually curated from the scientific literature and contains more than a thousand non-peptide inhibitors (iPPI) across 18 families of Protein-Protein Interactions. In the initial version, The chemical structures, as well as the physicochemical and the pharmacological profiles of these compounds and their targets, were extracted from the literature, computed and retrieved using numerous manual steps. This rather tedious procedure was seriously hindering the updates of the database.

For this project, we applied a combination of Agile methods and a User-Centered Design (UCD) approach to completely redesign the iPPI-DB web application. The main goal of this redesign is to focus on the needs of the user, ensuring that the end product fits the purpose, increasing the number of entries in the database and easing the query process. We adopted an iterative approach, interleaving successive series of design, tests and implementation steps, involving users in each iteration. This process, although it required an important involvement from the users during the project, has been extremely beneficial, as it allowed us to build a constructive dialog between scientists and the development team, and quickly validate or ask for corrections in the software.

The resulting web application provides a rich, robust, and innovative software environment to facilitate the growth and the maintenance of the database, and to query it using a highly intuitive and extremely powerful user interface.

Introduction

Pharmaceutical innovation is still impaired by the paucity of clinically testable targets and by the fact that only a few are successfully exploited in each therapeutic area [START_REF] Teague | Learning lessons from drugs that have recently entered the market[END_REF]. This stands in sharp contrast with the number and diversity of roles of Protein-Protein Interactions. Indeed, with about 130,000 binary PPIs and possibly more just in humans [START_REF] Venkatesan | An empirical framework for binary interactome mapping[END_REF], the development of drugs targeting these systems, represents a significant step toward expanding the druggable genome [START_REF] Laraia | Overcoming Chemical, Biological, and Computational Challenges in the Development of Inhibitors Targeting Protein-Protein Interactions[END_REF] and a possible leverage on the pharmacological modulation of disease-associated cellular pathways.

Historically, the design of small molecular drugs targeting PPIs has been extremely challenging, such that it seems there is a pharmacological cost to pay when choosing such target: selecting the right PPI and the right drug chemotype to work with. Yet, a growing number of successful examples is demonstrating on a daily basis that such an endeavor is accessible when deploying the necessary means: solid knowledge of the biological pathways around the chosen target and extensive medicinal chemistry to identify and optimize new chemical probes. The recent approval of Venetoclax [START_REF] Leverson | Exploiting selective BCL-2 family inhibitors to dissect cell survival dependencies and define improved strategies for cancer therapy[END_REF], as a small molecular drug targeting some of the anti-apoptotic members of the Bcl-2 family in specific types of Lymphoma, is the perfect example of this virtuous combination that can be learned from.

In the light of this context, there is great value in storing in organized databases the knowledge coming from such studies. It is the purpose of several consortia such as ChemBL [START_REF] Gaulton | The ChEMBL database in 2017[END_REF] or Pubchem [START_REF] Wang | PubChem BioAssay: 2017 update[END_REF]. In the field of PPIs, two databases have paved the way either by automatically deriving chemical data from ChemBL like TIMBAL [START_REF] Higueruelo | TIMBAL v2: update of a database holding small molecules modulating protein-protein interactions[END_REF], or by focussing on co-crystallized compounds like the 2P2I database [START_REF] Basse | 2P2Idb v2: update of a structural database dedicated to orthosteric modulation of protein-protein interactions[END_REF]. But none of them has a thorough modeling of the data, nor an elaborated web application to query them.

When we developed iPPI-DB, we decided to use a complementary approach vis a vis the existing iPPI databases. First, we chose to manually store a substantial number of metadata about the PPI targets, the chemical compounds and their activities, as well as the experimental assays that produced those activities. Second, we designed an intuitive web application to allow users to efficiently access the desired data. We first reported iPPI-DB in 2013 [START_REF] Labbé | iPPI-DB: a manually curated and interactive database of small non-peptide inhibitors of protein-protein interactions[END_REF] and significant improvements were subsequently made to add more PPI modulators and targets, as well as a chemical similarity query mode [START_REF] Labbé | iPPI-DB: an online database of modulators of protein-protein interactions[END_REF].

In those initial versions of the database, the addition of new data was fastidious. The new version of iPPI-DB has been created to ease the addition of new entries through a convivial interface and to improve query capabilities for data retrieval. The resulting database is available through a powerful web application that will enable users to query and navigate the contents of the database in a multitude of ways, but also a contribution wizard that guides them through the process of suggesting new entries.

We here describe the organisation and approaches we adopted during the project, focusing on two points in particular: the project management, and the user centered design methodologies we used.

Project management and coordination

The size and ambition of the iPPI-DB project required the combined efforts of a research group and a software engineering team, mobilizing an important number of different expertises over the course of two years. We describe here the main guidelines that we adopted to facilitate the development of this new version, which can all be linked to the Agile methods [START_REF] Kane | Agile methods in biomedical software development: a multi-site experience report[END_REF], a set of practices that have been increasingly adopted in Bioinformatics software development [START_REF] Prlić | Ten simple rules for the open development of scientific software[END_REF]. This approach focuses on collaboration, communication, and interaction between the different stakeholders.

2.1.

Iterative approach Given the complexity of this project, which includes contributions from experts in Structural Bioinformatics, Software and Database Development, User Interface Design, we structured the project around an iterative approach, interleaving successive series of design, software development, and user tests. Such iterations initially focused on specific topics, such as the analysis of the existing version of iPPI-DB, the redesign of the database, or the design or the web interfaces. This approach, although it required a significant involvement from the researchers, has been extremely beneficial, as it allowed us to build a constructive dialog between scientists and the development team, and quickly validate or correct the software when needed.

2.2.

Supporting infrastructure To support the development of this project, we heavily relied on the infrastructure provided by the IT department. It includes (1) a gitlab server that provides version control and sharing for the source code of the application and other capabilities [START_REF] Perez-Riverol | Ten Simple Rules for Taking Advantage of Git and GitHub[END_REF] such as issue tracking and release management, (2) a virtual machine that hosts the system, (3) and a GitLab CI/CD server to automatically run tests and deploy the latest version. This infrastructure enables:

• Collaborative software development, enabling all partners to access the source code and contribute through source modifications or issue reports, • Quality monitoring through continuous testing • Automated deployment of new versions. This infrastructure enabled us to adopt "DevOps" practices1 to build and share the source code and accelerate the deployment of corrections and new features.

User-Centered Design Approach and Technical architecture

We adopted a User-Centered Design (UCD) approach where the needs of users are taken into account all along the project. During the early stages of this process, we focus on understanding user behaviors, needs, and goals. This results in the identification of three kinds of users: (1) The common users who for instance search for compounds based on chemical similarity or PPI target; (2) The external contributors who suggest new entries based on data from in publications; and (3) The core curators who both enter new data and validate external contributions. Along with these different types of users we defined different goals, expectations, and needs. We used specific UX methodologies to answer questions and to design the different interfaces.

Query interface revisited

The query interface allows selecting and visualizing the different compounds available, based on biological, chemical, and pharmaceutical criteria. Based on the needs expressed by the users, providing a convivial and efficient interface was mandatory to extract the best of the available data.

We invited the users to Six Up and One Up workshops [START_REF] Bowles | Undercover User Experience Design[END_REF], to design mockups and prototypes for the different pages. During such workshops, each participant receives six templates of an empty screen and has to draw six different versions of the user interface. These different prototypes are then presented and compared. This allows identifying the redundant functionalities and needs, the eventual pain points and to bring up new design questions. As a result, all prototypes are summarized in a final accurate version. This method allows us to create a consensus prototype within two meetings. Although this approach has been previously applied in some bioinformatics projects [START_REF] Karamanis | Designing an intuitive web application for drug discovery scientists[END_REF], it remains largely unusual. The process is easy to set up with biologists and engineers and is highly effective. Using this methodology helps to generate many ideas over a short time, and gives to all participants the opportunity to contribute. Additionally, since these query capabilities already existed in the previous version of iPPI-DB, providing many different points of view enabled us to avoid retaining the same user interface with which many participants (but not all) were already familiar.

The revisited query interface now lets users select, filter and visualize the different compounds available, based on biological, chemical, and pharmaceutical criteria. It also allows to refine and combine multiple filters to build complex queries, share them easily as URLs with collaborators, and download corresponding data. Query results can be displayed with different layouts (thumbnails, list, or table ), and all of them can be sorted according to different parameters.

3.2.

New contribution interface iPPI-DB was developed as a manually curated database from the scientific literature that contains the structure, some physicochemical characteristics, the pharmacological data and the profile of the PPI targets of several hundred modulators of protein-protein interactions. The main limitation of this system is the addition of new entries: the full process relies on several disconnected scripts, different languages and processes, namely in R, Java, Perl, python, starting from simple data sheets compiling the data. This makes the update process complex and error-prone.

We designed a new contribution interface to ease this task, in close collaboration between the developers and the users. To that end, we ran prototyping meetings with users, in order to create a convivial interface which uses a step-by-step approach to lower the workload for the experts. During these focus groups, we discussed openly between all the participants about the functionalities of the interface to provide simple, scaled down versions of it. The interfaces were designed as wireframes, and later refined as interactive prototypes, which users tested to validate the usability of the interface. We iterated our design through different rounds of tests.

The resulting contribution interface is wizard-based, i.e, it is a succession of screens that guide users to enter the data needed to populate the database. Users provide the architecture of the PPI complex(es), the chemical compounds tested for modulation, and the various assays in which those compounds were tested. The interface requests minimal participation from users to reduce the risks for errors and facilitate contributions: whenever contributors provide some information, the server automatically retrieves additional details from other reference databases, such as Pubmed, Uniprot, or the PDB.

Conclusion

The upcoming iPPI-DB web application provides a rich, robust, and innovative software environment to facilitate the growth and the curation of the database, as well as to query it using a highly interactive and powerful user interface.

https://en.wikipedia.org/wiki/DevOps
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