
Supplemental Methods  

Structural bioinformatics and functional annotation of Nrp1:  

The three dimensional structure of proteins (see supplementary figure 7 for lineages used) 

were predicted using I-TASSER server which is a hierarchical protein structure modeling 

approach based on the secondary-structure enhanced Profile-Profile threading Alignment  

(PPA) [1]. Sequence-to-structure-to-function paradigm algorithm is used to predict the 

protein structure from the primary amino acid sequences. The reliability of the structure is 

reported as confidence score (C-score) which ranges from -5 to 2 with higher value 

signifying the more reliable prediction. C-score is calculated based on the significance of 

threading template alignments and the convergence parameters of the structure assembly 

simulations [1, 2]. The predicted structures were visualized using Jmol software. For 

functional annotation, Nrp1 predicted structure was submitted to COFACTOR which is a 

structure based method for biological function annotation. It starts with the identification of 

template proteins with similar fold by searching the template libraries carrying the known 

protein–ligand binding interactions, Enzyme Commission numbers and Gene Ontology 

terms. Using the identified functional templates insights into the biological function of the 

query structure are deduced with the confidence score based on the scoring function that 

combines both global and local structural similarities [3].  

Analysis of electrostatic potentials  

NASP family proteins contain stretches of acidic residue and have an overall negative 

charge. It suggests that electrostatic interaction properties might have a potential selective 

role in NASP evolution. Because crystal structure is not available for any of NASP proteins, 

therefore, we used I-TASSER server to predict the structure of proteins listed in 

supplementary figure 7 and submitted the resulting structures on web-PIPSA pipeline [4]. 

The electrostatic potentials were determined using University of Houston Brownian 

Dynamics program [5] and their corresponding similarity indices were also computed.  
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