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Abstract  
Cryptic pockets are of growing interest as potential drug targets, particularly to control 
protein-nucleic acid interactions that often occur via flat surfaces. However, it remains 
unclear whether cryptic pockets contribute to protein function or if they are merely 
happenstantial features that can easily be evolved away to achieve drug resistance. 
Here, we explore whether a cryptic pocket in the Interferon Inhibitory Domain (IID) of 
viral protein 35 (VP35) of Zaire ebolavirus aids its ability to bind double-stranded RNA 
(dsRNA). We use simulations and experiments to study the relationship between cryptic 
pocket opening and dsRNA binding of the IIDs of two other filoviruses, Reston and 
Marburg. These homologs have nearly identical structures but block different interferon 
pathways due to different affinities for blunt ends and backbone of the dsRNA. 
Simulations and thiol-labeling experiments demonstrate that the homologs have varying 
probabilities of pocket opening. Subsequent dsRNA-binding assays suggest that closed 
conformations preferentially bind dsRNA blunt ends while open conformations prefer 
binding the backbone. Point mutations that modulate pocket opening proteins further 
confirm this preference. These results demonstrate the open cryptic pocket has a 
function, suggesting cryptic pockets are under selective pressure and may be difficult to 
evolve away to achieve drug resistance. 
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reduces the probability of pocket opening(37). Furthermore, we propose that mutating the 
proline in Reston to an alanine should increase the probability of pocket opening and enhance 
the binding to the dsRNA backbone.  

 
As expected, introducing A291P into the Zaire IID leads to a reduced probability of pocket 
opening in both simulations and thiol labeling experiments, while introducing P280A into the 
Reston IID leads to an increased probability of pocket opening. FAST simulations performed on 
these variants indeed showed an increased probability of opening the pocket in Reston IID 
P280A and a decreased probability in Zaire IID A291P (Fig 5A). The pocket also opens more 
widely in Reston IID P280A than Wild Type (WT) Reston IID. As before, examining the solvent 
exposure of the cysteines observed in simulation shows that while exposure of C296 (C307 in 
Zaire) is correlated with pocket opening, that of other cysteines is not Fig S9. We followed this 
up with the thiol labeling assay and assigned labeling rates to cysteines by labeling point 
mutations of individual cysteines to serines Fig S10. We observe that both cysteines in Reston 
IID P280A labeled faster than WT Reston IID (Fig 5B and S11A). In comparison, both cysteines 
in Zaire IID A291P labeled slower compared to WT Zaire IID Fig 5B and S11B. Fits to the 
Linderstrøm-Lang model show a 26-fold increase the in the equilibrium constant for C296 
exposure in Reston IID P280A compared to Reston IID WT and a 36-fold decrease in Zaire IID 
A291P compared to Zaire IID WT (Fig 5B). We observed only moderate differences in the 
stability of Reston IID WT and Reston IID P280A under urea denaturation (Fig S7). Taken 
together, this indicates that the mutation modulates pocket opening without significantly 
impacting the stability of the protein.  
 

 
Figure 5: Single amino acid substitutions at residue 280 (291 in Zaire) modulate the probability of 
pocket opening. A) Probability distribution of the distance between residues 225 and 295 obtained from 
MSMs built from FAST adaptive sampling simulations of Reston IID WT (solid red), Reston IID P280A 
(dashed red), Zaire IID WT (solid black), and Zaire IID A291P (dashed black). The shadow around each 
curve shows the distributions obtained for 10 MSMs constructed using random samples of the data 
chosen with replacement to indicate the statistical variability in the MSM construction. The solid line 
indicates the mean equilibrium probability of all the bootstraps. B) Observed labeling rates of C296 for 
Reston IID WT (transparent solid red) and Reston IID P280A (dark dashed red) Zaire IID WT (transparent 
solid black), and Zaire IID A291P (dashed black).  
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