
Table S1. Total number of structures for each BSD type in our database distributed according β-

strand alignment and location in the hydrogen bonding system. The number of non-redundant 

structures for each type (number of clusters) is given in parentheses. 

 

BSD Type Antiparallel Parallel 

 NHB HB  
CSD 4861 (252) 114 (20) 212 (26) 

ETD 69 (13) 0 0 

BDD 272 (21) 929 (36) 712 (49) 

BFD 233 (5) 0 20 (3) 
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Fig. S1. Canonical β-bulge structures related to BFD and ETD BSD motifs. A C+ bulge in 

antiparallel β-sheet; PDB: 2sga, A 86-93, 103-108. B C- bulge in antiparallel β-sheet; PDB: 

9rub, A 24-31, 120-128. C P-bent bulge in parallel β-sheet; PDB: 3cox, A 10-17, 280-287. In 

each case the hydrogen bonding pattern which defines the bulge is shown schematically. 

Residues which adopt a β backbone conformation are shown as blue rectangles, and those 

which have an α backbone conformation as purple ovals. Hydrogen bonds are shown as 

arrows pointing from the NH group to the carbonyl. For each β-bulge type a ribbon diagram 

for the β-ladder containing the bulge is also shown (prepared using Molscript69 and 

Raster3D70). These ribbon diagrams show the deformation of the structure due to the 

presence of the β-bulge. 
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Fig. S2. Schematic representations of the extended hydrogen bonding networks in antiparallel 

and parallel β-sheet. The three low-energy sidechain conformations (g+, g- and t) are shown 

for residues in different sites within the network. Red circles indicate the Cα atoms of a pair 

of residues forming an HB site in the central β-ladder of the antiparallel β-sheet. Green 

rectangles indicate Cα atoms of residues forming an NHB site in the central β-ladder of the 

antiparallel  β-sheet. Purple hexagons and yellow triangles show the Cα atoms of residues 

which form the narrow and wide sites of a parallel sheet site respectively. 
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Fig. S3. A portion of the sequence alignment of CD4 proteins showing full conservation of the C-terminal Cys of the redox-active aCSDn 
amongst all euteleosts, while the N-terminal Cys is found only in primates and muroidea.  
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