




 
Figure 1. Protein models for nsp2: FeigLab (A), Zhang group (B), and AlphaFold models and their refined models 

for residues 1–345 (C) and 438–638 (D). Structures are shown in cartoon representation and colored in rainbow 

from blue (N-terminal) to red (C-terminal). (C and D) Refined AlphaFold models are shown in rainbow, while 

AlphaFold models are shown in grey. Significantly changed regions after refinement are indicated by red arrows.    
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Figure 2. Protein models for nsp4: FeigLab (A), Zhang group (B), AlphaFold models and their refined models 

for residues 1–273 (C), 274–399 (D), and 400–489 (E). See Figure 1. 

 

 

 
Figure 3. Protein models for nsp6: FeigLab (A), Zhang group (B), AlphaFold model and its refined model (C). 

See Figure 1. 
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Figure 4. Protein models for Papain-like proteinase (PL-PRO, nsp3): FeigLab (A), Zhang group (B), AlphaFold 

models and their refined models (C). Domains for residues 1260–1570, 1571–1762, and 1763–1927 are shown 

left, center, and right, respectively. See Figure 1. 
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Figure 5. Protein models for ORF3a: FeigLab (A), Zhang group (B), AlphaFold model and its refined model 

(C). See Figure 1. 

 

 

 

 
Figure 6. Protein models for Membrane glycoprotein: FeigLab (A), Zhang group (B), AlphaFold model and its 

refined model (C). See Figure 1. 

 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 28, 2020. ; https://doi.org/10.1101/2020.03.25.008904doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.25.008904
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 
Figure 7. Protein models from FeigLab (A) and Zhang group (B). From the left to the right, protein models for 

ORF6, ORF8, ORF10, and ORF7b are shown. See Figure 1. 
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METHODS 

Structure models of SARS-CoV-2 proteins were predicted by inter-residue distance prediction-

based modeling, followed by molecular dynamics (MD) simulation-based refinement. We used 

trRosetta8 to predict inter-residue distance and orientations and build tertiary structure models. 

We also used AlphaFold models4 as starting models for MD-based refinement.  

 

Inter-residue distance prediction-based model preparation 

We applied the trRosetta method to generate inter-residue distance predictions and to build 

initial models for further refinement. The original machine-learning trRosetta pipeline was 

modified to be applied to multiple domain proteins. We iteratively searched sequences and 

predicted inter-residue distances where contact information was not enough to build a model 

until all the residues could be built or there was no contact information update. We built 10 

models for each protein, and the lowest energy structure was selected for the following 

refinement step.  

 In addition to trRosetta-based modeling, we took AlphaFold models from their web 

page (https://deepmind.com/research/open-source/computational-predictions-of-protein-

structures-associated-with-COVID-19) as another set of initial machine-learning based models.  

 

Molecular dynamics simulation-based refinement 

Our latest molecular dynamics simulation-based refinement protocol was applied to the protein 

models. The method is an improved version of our previous protocol used during CASP139. 

Generally, we followed our previously published iterative protocol, but without iterations. We 

ran more (10 trajectories) and longer (200 ns) simulations at 360 K instead of 298 K. At the 

scoring step, we used RWplus12 instead of Rosetta score13.  

 For two of the AlphaFold models, nsp2 and nsp4, the models were split into domains 

to reduce the computational cost. nsp2 was split into two domains based on its discontinuity: 

1–345 and 438–638. nsp4 was split into three domains by visual inspection: 1–273, 274–399, 

and 400–489.  
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