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Transition of scientific journals from paper to online

publication opened new opportunities for conveying

ideas and sharing data in novel ways. For manuscripts

describing macromolecular structures, in particular, a

number of tools are currently available for enhancing

presentation and improving visualization, as well as

for preservation and sharing of the large amounts of

original data. For example, Proteopedia (http://proteo

pedia.org) makes it possible to help visualize

and understand the relationship between the three-

dimensional structures of biological macromolecules

and their functions in novel, interactive ways via Inter-

active 3D Complements (I3DC) (http://proteopedia.

org/w/I3DC), Molstack (http://molstack.bioreproducib

ility.org/) gives the authors opportunity to interactively

present and compare different coordinates and density

maps, whereas Integrated Resource for Reproducibility

in Macromolecular Crystallography (IRRMC) (http://

proteindiffraction.org) serves as a hassle-free reposi-

tory for diffraction images.

Proteopedia is a tool for sharing knowledge about

the structure and function of proteins, DNA, and

other macromolecules on the web, developed by scien-

tists at the Weizmann Institute of Science in Israel. It

is a mature web site that can be viewed on virtually all

devices via a web browser, including computers,

tablets, and smart phones (IOS and Androids). It is a

web-based Wiki for crowd sourcing concepts on the

3D structure/function relationships of biological

macromolecules [1–4]. As it ties text to 3D interactive

images, Proteopedia aims to serve as a forum for the

scientific community to share, retrieve, and discuss

information related to proteins, macromolecules, small

molecules, and chemicals of interest. It also aims to

maintain low barriers to contribution.

The procedure for authors to create these I3DCs is

very simple. Once a paper is accepted, the author or

journal’s editorial office should notify Proteopedia

with an email to manuscript@proteopedia.org. Proteo-

pedia will then develop, in close collaboration with the

authors, an I3DC on Proteopedia, that will enhance

the paper and allow it to reach a wider audience.

A link within the publication to an I3DC in Proteo-

pedia enables readers to rotate molecular scenes with

the same initial orientation, color schemes, and label-

ing as figures in the publication. Links to the I3DC in

Proteopedia can be placed in the text of the publica-

tion, and/or in the online text file included on the jour-

nal website as supplementary material. The I3DC has

a link directly back to the original journal article and

the journal article has a link pointing to Proteopedia.

It is not visible to the public until the online version of

the article appears on the journal’s website.

A full description of the process for creating I3DC

is available at http://proteopedia.org/jrnld. There are

already ~ 90 I3DCs in Proteopedia (see list: http://pro

teopedia.org/w/Proteopedia:I3DC) complementing sci-

entific publications from 13 journals, which serve as

complements to published papers in scientific journals.

An illustration of the Proteopedia entry for a paper

published in FEBS Open Bio (http://proteopedia.org/

w/Journal:FEBS_Open_Bio:2) is seen in Fig. 1.

Another tool for enhancement of presentation of

structural models is called Molstack. Molstack [5]

allows the visualization and comparison of selected

sets of coordinates and electron density maps. The

idea behind the platform is to give authors the ability

to present various combinations of coordinates and

density maps in an interactive environment that is

more informative than a static figure in a publication.

Molstack can be used to supplement published figures

or present in 3D various coordinates and maps that

would otherwise not be published in any fashion. For

example, omit maps that are customarily requested by

reviewers for data presenting small molecule binding

to the protein are usually published as a single figure

in supplementary materials, if they are published at

all. However, 2D figures may not only be hard to

interpret but may also be impossible to reproduce for

more thorough analysis due to variations in computa-

tional protocols, lack of data, or missing metadata.

Molstack’s flexibility allows authors to upload any

coordinate or density data and present a multitude of

different models and their supporting crystallographic

data. Molstack allows side-by-side views of different

model/map combinations with all rotations/translationdoi: 10.1111/febs.14316
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Fig. 2. Screenshot from Molstack. The users of the Molstack are presented with dual, synchronized side-by-side windows which make

Molstack particularly useful for comparisons of density maps and their different interpretations. Users can navigate the data using links to

author-predefined scenes and are presented with short descriptions.

Fig. 1. An example of an I3DC in Proteopedia for a FEBS OpenBio manuscript (http://proteopedia.org/w/Journal:FEBS_Open_Bio:2). The

green hyperlinks in the text change the live structures on the right so as to illustrates the points in the text. Users can rotate, zoom and

interact with the 3D structures for a full 360° view.
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linked between the two stacks and controlled by the

user. The data may represent alternative ligands,

ligands in alternative conformations, or speculative

interpretations of densities. Molstack can be used to

present reinterpretations, re-refinements, or corrections

of existing structures (Fig. 2) or present supporting

data, such as anomalous difference maps. Collections

of related structures, for example, structures with dif-

ferent ligands or different mutations, can be shown for

comparison.

Providing easy access to experimental data is a nec-

essary condition for assuring reproducibility of pub-

lished results. This is particularly important for

macromolecular crystallography, where original data-

sets are quite large. Currently, the largest public repos-

itory of raw diffraction data is the Integrated

Resource for Reproducibility in Macromolecular Crys-

tallography (IRRMC), available at http://proteindiff

raction.org [6]. The process of deposition of images

into the proteindiffraction.org repository is straightfor-

ward. A potential depositor can sign-up for a reposi-

tory account via a simple registration form or one can

proceed using an existing ORCID or LinkedIn

account. Diffraction datasets can by uploaded using

an intuitive ‘drag-and-drop’ interface. Uploaded data

are handled differently according to their category.

For datasets associated with released PDB depositions,

the only required information is the PDB ID—other

metadata are acquired automatically. Data can be also

uploaded before being released by the PDB and can be

kept ‘on hold’ until PDB deposit is released. Another

category comprises the diffraction data that did not

lead to structure determination. Such data are immedi-

ately public and it is assumed that authors of the data

should be contacted and credited before a correspond-

ing structure is deposited to PDB. Deposition of data

implies acknowledgement that it can be freely used

according to the Creative Commons CCO license

(Public Domain Dedication Waiver).

Deposition of original diffraction data to a special-

ized repository offers several benefits. Together with

PDB deposit or metadata submitted together with

diffraction images, data in a repository provide a full

description of diffraction experiment in the form that

would allow others to easily perform data reduction

and structure redetermination. All datasets uploaded

to proteindiffraction.org are assigned Digital Object

Identifiers (DOIs) and can be cited in publications.

Once uploaded to a repository, the raw data are safely

archived, freeing the local storage and freeing the crys-

tallographer from the necessity to track where the data

currently resides. Recent papers showing that old

diffraction data may be processed to higher resolution

or provide a better structural model [7,8] offer a nice

illustration of benefits of such a resource.
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