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A B S T R A C T

Since its first release in 2008, Norine remains the unique resource completely devoted to nonribosomal
peptides (NRPs). They are very attractive microbial secondary metabolites, displaying a remarkable di-
versity of structure and functions. Norine (http://bioinfo.lifl.fr/NRP) includes a database now containing
more than 1160 annotated peptides and user-friendly interfaces enabling the querying of the database,
through the annotations or the structure of the peptides. Dedicated tools are associated for structural
comparison of the compounds and prediction of their biological activities. In this paper, we start by de-
scribing the knowledgebase and the dedicated tools. We then present some user cases to show how useful
Norine is for the discovery of novel nonribosomal peptides.
© 2016 The authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

1. Introduction

Nonribosomal peptides (NRPs) are attractive natural compounds
because of their numerous biological activities potentially exploited by
industries in diverse areas such as phytosanitary sector, cosmetics or
health. They are produced by microorganisms (including bacteria
and fungi) through specialized biosynthetic pathways. NRPs are
biosynthesized by enzymaticmodular complexes calledNonRibosomal
Peptide Synthetases (NRPSs)working asmultidomain assembly lines.1

Themode of synthesis leads to the production of compounds display-
ing abroad rangeof structures. Indeed, if someof them look like classical
peptides because they are linear, most of them are more complex, in-
cluding one ormore cycles and branches.Moreover, those peptides are
composed of monomers that are not limited to the 20 proteinogenic
amino acids. Up to now, we have identified more than 530 building
blocks composing the different NRPs. The structural biodiversity is also
due to themonomermodifications occurringduring the synthesismade
by the NRPSs themselves or performed post synthesis by accessory
enzymes (also named tailoring or decorating enzymes). Famous ex-
amples for NRPs are the antibiotics penicillin,2 bacitracin and

vancomycin,3 or the immunosuppressor cyclosporine.4 In addition, some
NRPs show antitumor activity such as Dactinomycin.5 A current wor-
rying public health issue is to find and develop newdrugs to overcome
multi-resistant pathogens. Therefore, it is important to develop bioin-
formatics tools for secondarymetabolite discovery, such as antiSMASH6

and tools especially dedicated to NRPSs and NRPs, such as Florine,7

NaPDos,8 and Norine.9,10 The development of Norine was first moti-
vated by the availability of computational tools allowing structure
comparison of all NRPs,11 in spite of their complexity. For this purpose,
we needed a database gathering all known NRPs, annotated accord-
ing to their monomeric structure (i.e. monomer composition and 2D
topology). Until now, the Norine team screened the literature to enter
new peptides and annotated themmanually. To get a more complete
database,wehave recently opened it to crowdsourcing through an easy-
to-use web-based application.10 Moreover, a semi-automatic process
to extract data from external sources is currently under development.

2. The Norine database

2.1. Description and querying

Norine is a platform that includes the unique database dedi-
cated to NRPs, associated with computational tools for their analysis.
It has gained an international recognition thanks to high quality and
manually curated annotations. Containing about 700 annotated NRPs
for its first release in 2008, Norine database now contains more than
1160 NRPs that are clustered into 214 families, and composed of
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at least 530 distinct monomers. Among the peptides, 73.5% are
tagged with the “curated” status, which means that their
nonribosomal origin is supported experimentally (for example due
to identified NRPS) while 26.5% are annotated with “putative” status
due to only presumed nonribosomal origin (often based on struc-
tural features). Two thirds of the peptides are cyclic or partially cyclic
or contain at least one cycle. The sizes of the peptides range from
2 to 26 monomers, if polytheonamide is excluded, which was de-
scribed as being the biggest NRP with 49 monomers for a long time
but recently was identified to be an RiPP (Ribosomally synthe-
sized and post-translationally modified peptide).12 Thus, in the near
future, a third category will be created to tag all deprecated pep-
tides when the hypothetical NRPS origin is finally excluded.

Each peptide page includes a comprehensive description of the
peptide with the name, activities and structural atomic and mo-
nomeric details. The monomeric structure can be automatically
obtained through the integrated smiles2monomers tool (s2m) when
SMILES are available.13 When identified, links to UniProt (for syn-
thetases), PDB and PubChem (for structural data on the peptides)
are provided. Moreover, a direct link to the NRPS gene clusters an-
notated in MIBiG14 will be added soon.

Norine is queried from all over the world by biologists and bio-
chemists to further analyze the nonribosomal peptides they study.
For example, Desriac et al.15 queried Norine to predict the antibac-
terial activity of a putative NRP produced by Pseudoalteromonas, while
Bills et al.16 used Norine to investigate the structural differences
between bacterial and fungal NRPs. Indeed, for this purpose, the

Norine platform provides visualization and editing applets for mo-
nomeric structure as well as tools to comparemonomeric structures.
Currently, Norine can be queried either by annotations (through
“general search” tab) or by structural information (through “struc-
ture search” tab) of the peptides.

2.1.1. General search
Norine provides a basic interface that enables to query the da-

tabase and search for peptides by combining multiple criteria, such
as the name of the peptide, the Norine ID, the biological activities,
the structure type, the producing organism, or the title or authors
of references associated to the NRP. The main advantage of this in-
terface is that it allows users to extract data and get statistics
according to different criteria. For example, one can query for all
siderophores produced by “any bacteria” (check “siderophore” in
the “activity” field and enter “bacteria” in the “organism search”
field), or all peptides with a linear structure, or simply search for
all NRPs produced by the genus “Pseudomonas” (enter “pseudomo-
nas” in the “organism search” field) (see the results in Fig. 1). The
first output is a list of all the peptides corresponding to the crite-
ria selected, classified by families. A click on a peptide name directs
to the peptide page containing all details on the compound. More-
over, a click on the pie chart icon located above the list of results
provides graphical output (Fig. 1). Pie charts and diagrams enable
to filter the obtained results in order to refine them, by clicking on
a slice, for example by structure type or monomers size.

Fig. 1. Graphical output provided with Pseudomonas query in “organism search” form. (A) Pie charts representing the percentages of the nonribosomal peptides produced
by Pseudomonas, according to their status, their class, their structure types and their activities. (B) Histogram representing size distribution of the peptides produced by
Pseudomonas. For lipopeptides, the fatty acid is considered as one monomer.
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