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While it is now possible to produce structures for large macromolecular complexes at better than 3Å
resolution electron cryo-microscopy (cryoEM), the vast majority of structures are determined to lower
resolutions (3-10Å). As atomic details are often lacking in this resolution range, accurate interpretation
of macromolecular structure is often challenging and somewhat limited [1]. To this end we have
developed and applied a number of de novo model building and validation tools [2-4].
Designed specifically for subnanomter resolution cryo-EM density maps, Gorgon
(http://gorgon.wustl.edu) offers an integrated set of utilities including feature recognition, rigid-body and
flexible fitting and de novo modeling [5,6]. With Gorgon, modeling a single protein structure has been
reduced from a manual, weeks-long project to a computationally guided process often requiring less
than a day to complete a structural model for a single protein. In the latest version of our Gorgon
molecular modeling software, we have improved upon a number of our core algorithms allowing for
faster and more accurate modeling of entire macromolecular assemblies. Additionally, these core
features, plus a host of new functionality, will be made available through a stand-alone toolkit, The
Gorgon Toolkit, which will be compatible with our own molecular viewer, Gorgon Explorer, as well as
other visualization software such as UCSF’s Chimera. Additionally, design considerations of The
Gorgon Toolkit will also provide enhanced interoperability with various image processing and modeling
software.
While Gorgon provides an interactive modeling environment for subnanometer resolution cryo-EM
density maps, Pathwalking offers a more automated solution for model building in density maps better
than 7Å resolution [7]. Recent improvements in our Pathwalking utilities, available in EMAN2.12,
nearly completely automate the model building process, as well as incorporate a number of new density,
geometrical and biophysical constraints to insure optimal structural modeling. Additionally, new
features in Pathwalking also allow for simultaneous modeling of multiple protein structures in one
density map. In a recent example of Pathwalking on a ~4.5Å resolution cryo-EM density map of a
ribosome, we were able to automatically compute Cα backbone models for every protein component in
the ribosome in less than a day. While some registration errors were present, the unsupervised
Pathwalking produced models with the correct folds. As an extension to Pathwlaking, we are adapting
our Pathwalking tools to generate reference models in successive map-refinement iterations,
consequently improving 2D image classification and 3D reconstruction. By combining this with a deep
learning approach, we can monitor structural variations in the 2D particle images, allowing us to 1)
identify the most homogenous group of particles and thereby producing the highest resolution density
maps possible with the least amount of noise and 2) characterize particle motions.
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In addition to cryo-EM modeling tools, we have implemented a Fitting Validation and Evaluation Server
(FiVES). FiVES uses a number of statistical measures to evaluate the fit an atomic model to a cryo-EM
density map, including the comparison of fittings from multiple software packages, evaluation of fit as
compared to proteins of similar size, quality of fit and uniqueness of fit. FiVES is available as webservice and only requires the user to provide their map, model and map resolution. Results of the
statistical analysis are made available through an interactive webpage, as well as downloadable file
containing all of the raw data and statistical analysis. FiVES is currently available for beta-testing at
http://ncmi.bcm.edu/FiVES.
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Figure 1. Examples of (A) de novo modeling in Gorgon, (B) Pathwalking on the 4.5Å resolution
structure of a ribosome and (C) FiVES output.
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