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            Abstract
Determining the three-dimensional structures of macromolecules is a major goal of biological research, because of the close relationship between structure and function; however, thousands of protein domains still have unknown structures. Structure determination usually relies on physical techniques including X-ray crystallography, NMR spectroscopy and cryo-electron microscopy. Here we present a method that allows the high-resolution three-dimensional backbone structure of a biological macromolecule to be determined only from measurements of the activity of mutant variants of the molecule. This genetic approach to structure determination relies on the quantification of genetic interactions (epistasis) between mutations and the discrimination of direct from indirect interactions. This provides an alternative experimental strategy for structure determination, with the potential to reveal functional and in vivo structures.
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                    Fig. 1: Extracting epistatic mutational effects from DMS of a protein domain.[image: ]


Fig. 2: Likelihood of epistatic interactions and correlated interaction profiles predict tertiary structure contacts.[image: ]


Fig. 3: Secondary and tertiary structure prediction from DMS data.[image: ]


Fig. 4: Deep mutagenesis identifies protein-interaction contacts.[image: ]


Fig. 5: Generality and data requirements for successful protein structure prediction from DMS data.[image: ]


Fig. 6: Deep learning improves contact prediction and structural models from deep mutagenesis data.[image: ]
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                Data availability

              
              No primary data were generated in this study. Data sources are listed in the Methods at appropriate places. Processed interaction scores for all datasets are included in Supplementary Table 1. All intermediate steps of data processing can be recapitulated with the scripts provided at https://github.com/lehner-lab/DMS2structure.

            

Code availability

              
              Paired-end sequencing reads were merged with USearch v.10.0.240. Data were analyzed with custom scripts written and executed in the R programming language, v.3.4.3. Structural simulations were performed with Xplor-NIH modeling suite v.2.46. TM-Score72 (update 23 March 2016) was used to evaluate accuracy of structural models. PSIPRED v.3.3 was used to predict secondary structure elements from amino acid sequences. PyMOL v.1.8.6.073 was used to visualize protein structures. All custom scripts needed to repeat the analyses are available at https://github.com/lehner-lab/DMS2structure.
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