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How good are comparative models in the understanding protein dynamics?
Arangasamy Yazhini and Narayanaswamy Srinivasan

The effect of gaps in sequence alignment and conformational diversity of templates on the accuracy of comparative models.

Case-1: Catalytic domain of xylanase XynCDBFV E109A mutant from Neocallimastix patriciarum (PDB code: 3WP5) was selected as target. Xylanase K73R+K185R+T28C+T60C mutant from gut symbiont metagenome (5GYC-39%), Xylanase from Bacillus Circulans (1XNC-35%), endo-1,4-beta-xylanase from Byssochlamys spectabilis (1PVX-34%) and xylanase-II from Trichoderma longibrachiatum (2JIC-33%) were selected as templates. From the sequence alignment between target and templates, it is noticeable that the template 5GYC has long insertions and introduces gaps in the target sequence which leads to the generation of poor-quality comparative models even though it shares highest sequence identity with target when compared to other templates (Figure S1).
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Figure S1. The effect gaps in sequence alignment on model accuracy. A, Alignment of target sequence (PDB code: 3WP5) with template sequences generated using ESPript 62. Secondary structural information mapped in the alignment is derived from target structure. B, Superposition of crystal structure of target (grey) and comparative models (M1, M2, M3 and M4 pairs) generated using single (red) and multiple templates (blue). Regions correspond to gaps in the sequence alignment are highlighted by grey circles.
Case-2: Leu/Ile/Val-binding protein from Escherichia coli (PDB code: 1Z15) was selected as target. Multiple structures of Leu-binding protein from Escherichia coli (phenylalanine bound form: 1USI-79%, apo form:1USG-79% and high resolution apo form: 2LBP-79%) were selected as templates. There are no long gaps in the alignment. However, one of the templates (PDB code: 1USI) is in dimeric form in the asymmetric unit whereas the remaining templates are in monomeric form. Because of conformational change at the interface regions in 1USI, comparative models are poorly built when it was used as a template (Figure S2).
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Figure S2. The effect of conformational diversity among templates on model accuracy. A, Sequence alignment of target (PDB code: 1Z15) with template sequences generated using ESPript. Interface residues of template in dimer conformation (PDB code: 1USI) are pointed in green circles. B, Superposition of target crystal structure (grey) and comparative models (M1, M2 and M3 pairs) generated using single (red) and multiple templates (blue). Shifts in structural elements that correspond to interface regions of the template in dimeric conformation (1USI) are highlighted in green arrows.
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Figure S3. Comparison of accuracy of single (red) and multiple template models (blue). In the comparative modeling, the template used in single template modeling is also used in multiple template modeling along with additional templates having similar target-template sequence identity. A, Distribution of accuracy measures of models from complete dataset. B, Distribution of accuracy measures of a subset of models where the added templates in multiple template modeling share marginally higher sequence identity with the target as compared to the template common to single template modeling. C, Distribution of accuracy measures of a subset of models where the added templates in multiple template modeling share marginally lower sequence identity with the target than the template common to single template modeling. In all assessment methods, differences observed in the distributions of accuracy measures between single and multiple template models are statistically significant (p <0.0001, Wilcoxon signed-rank test).
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Figure S4. Structural and dynamics similarity of comparative models with target and templates. These templates have similar topology (TM score >0.5) and sequence length (<30aa difference) to that of the target. Distribution of TM score (A), SIP (B), RMSIP (C) and BC (D) of comparative models vs targets (grey) and comparative models vs templates (gold). The statistical significance of the differences observed in the distributions was tested by Mann-Whitney U test.
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Figure S5. Comparison of dynamics derived from experimental structures of human RNase 1 (PDB code: 2K11) and Angiogenin (PDB code: 5EOP). A, Structural superposition of human RNase 1 (teal) and Angiogenin (purple) with RMSD of 2.2Å (calculated from 116 topologically equivalent residues). Active site residues are shown in ball and stick representation with residues numbering based on RNase 1 structure. B, Residue-wise normalized (norm., z-score normalization) mean square fluctuation profiles of identical residues between two enzymes that are superposed within 2Å distance.
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Figure S6. Distributions of interatomic distances between Cα atoms of active site residues along a trajectory of 800ns MD simulation. A, Distributions of interatomic distances between Cα atoms H12 and K41 in human RNase 1 (teal, numbering according to RNase 1) and Angiogenin (purple). B, Distributions of interatomic distances between Cα atoms H12 and H119 in human RNase 1 (teal) and Angiogenin (purple). C, Distributions of interatomic distances between Cα atoms K41 and H119 in human RNase 1 (teal) and Angiogenin (purple). Vertical dashed lines represent Cα-Cα distance between active site residues observed in the experimental structures of RNase 1 (PDB code: 2K11) and Angiogenin (PDB code: 5EOP). Two independent runs of 400ns were carried out with simulation conditions same as that used for comparative models and concatenated trajectories were analysed. 
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Figure S7. Comparison of dynamics derived from crystal structure of EGFR wild-type (PDB code: 1M14) and triple-point mutant (mt, PDB code: 4I1Z). A, Comparison of norm. (Z-score) mean square residue fluctuations of topologically equivalent residues. Mutation positions are marked by red colored star symbols. B, Comparison of αC helix motions between EGFR wild-type (1M14) and triple-point mutant (mt, 4I1Z) obtained from MD simulations of crystal structures. Frequency distribution of interatomic distance between NZ atom of K745 and OE atoms of E762 residues during 400ns MD simulations of wild-type and mt crystal structure. Two independent runs were carried out for 200ns with simulation conditions same as that used for EGFR kinase domain comparative models and concatenated trajectories were used for analysis.
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