
 
Supplementary Fig. 5: Electron density map comparison of binding site residues of the 1SWB and Apo-SFX structure of 
streptavidin. 2Fo-Fc simulated electron density map is colored in slate. Chain colors are presented as described before. 1SWB 
structure has missing residues between 46-48th position in chain B, C and D. Moreover, Gln24, Lue25, Val47, Glu51, Arg53 
were observed with better electron density for Apo-SFX structure. 
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Supplementary Fig. 6: Electron density map comparison of binding site residues of the 3RY1 and Apo-SFX structure of 
streptavidin. 2Fo-Fc simulated electron density map is colored in slate. Chain colors are presented as described before. For Apo-
SFX structure, chains A and B were observed with enhanced and continuous electron density for those binding residues 
compared to 3RY1 structure. However, in chain C and D, Apo-SFX structure was observed with better electron density at the 
beginning and end of the binding site residues such as Asn23 or Glu51, while L3/4 was identified with better electron density at 
3RY1 structure.  
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Supplementary Fig. 7: Hydrogen bond interactions in the binding pocket. (a) The interactions within 1-3.5 Å are represented
by dashed lines and active residues in chain A of SFX structure are colored in pale yellow while flank cavity residues are colored
in gray. (b) The interactions within 1-3.5 Å are represented by dashed lines and active residues in chain A of synchrotron
structure are colored in green while flank cavity residues are colored in gray.  
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Supplementary Fig. 8:  Biotin binding site of Apo-SFX structure compared with Apo-CryoEM (PDB ID: 6J6K). Chain A-
D of Apo-SFX is superposed with streptavidin structure (PDB ID:6J6K) in panel a-d, respectively (Supp Table 2)
Conformational changes are observed on the L3/4 region where the residue 49 is indicated with black arrow for each chain
compared to apo-state streptavidin (PDB ID:6J6K). 
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Supplementary Fig. 9: Superposition of our Apo-SFX structure and Holo-CryoEM structure of streptavidin in complex
with biotin (PDB ID: 6J6J). a) Superposition of Chain A of Apo-SFX and biotin-bound (PDB ID: 6J6J) streptavidin structures
with a RMSD of 0.38 Å. b) Superposition of Chain B of two streptavidin structures has an RMSD of 0. 41 Å. c) Superposition of
Chain C of two structures with a RMSD of 0. 41 Å. d) Superposition of Chain D of two structures with a RMSD of 0. 37 Å. 
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Supplementary Fig. 10: Holo-SFX structure bound with selenobiotin (PDB ID: 5JD2). (a) Holo-SFX structure is colored
based on chain. (b) 2Fo-Fc simulated annealing-omit map at 1 sigma level is colored in gray. (c) 2Fo-Fc simulated annealing-
omit map of four selonobiotins (light pink) at 1 sigma level are colored in gray. (d) Each chain of streptavidin is superposed with
an overall RMSD of 0.13 Å. 
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Supplementary Fig. 11: Superposition of Apo-Cryo structure and Holo-SFX structure (PDB ID: 5JD2) around the
binding pocket. (a) Chain A of both streptavidin structures is superposed with a RMSD of 0. 14 Å. (b) Chain B of both
streptavidin structures is superposed with a RMSD of 0.14 Å. (c) Chain C of both streptavidin structures is superposed with a
RMSD of 0.24 Å. (d) Chain D of both streptavidin structures is superposed with a RMSD of 0.19 Å. Selenobiotin is colored in
light pink and hydrogen bonds are shown with dashed lines.  
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Supplementary Fig. 12: Side chain conformational differences, which were obtained by overall superposition of Apo-SFX 
and Holo-SFX (PDB ID:5JD2) structures of streptavidin, display effect of ligand binding Sidechains with different 
conformations were shown with sticks and labeled in panel a-d. Residues which are apart from the binding side were represented 
in the boxes. Each chain was colored according to the previous figure legends. Ligand interactions were shown by black dashed 
lines. 
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Supplementary Fig. 13: Surface representation of streptavidin structures. (a) Apo-SFX structure of streptavidin (b) Apo-
Cryo structure of streptavidin (c) Holo-SFX structure (PDB ID: 5JD2) are colored based on chain. “The binding pocket for
selenobiotin which is colored in light pink is indicated with black squares in the panels.” 
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Supplementary Fig. 14: Theoretical residue fluctuations from GNM compared with the experimental fluctuations. The 
correlations between the calculated GNM fluctuations (theoretical) and the B-factors (experimental) are provided for each chain 
respectively in the results of both Holo-SFX (a) and Apo-SFX (b) structures. 
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Supplementary Fig. 15:   Electron density maps of all ligands of Holo-SFX (5JD2) and corresponding water molecules at 
the binding site of Apo-SFX structures. Electron densities derived from a 2Fo-Fc at 1 sigma level and colored in slate. The 
electron density map of water molecules in the A chain is similar to the selenobiotin ligand electron density map with continuous 
electron clouds. From the A chain to the D chain (panel a-d), the water-binding activity of the binding pocket of each subunit is 
asymmetrically different compared to selenobiotin-bound streptavidin corresponding subunits. 
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Supplementary Fig. 16: Electron density map of residues which is located near the binding site of the Apo-SFX structure 
of streptavidin. 2Fo-Fc simulated electron density map is colored in slate in panel a-d. Chain colors are presented as described 
before. Chain A and B have great overlap with electron density maps. However, some amino acid residues which are on loop 
with binding site residues are not corresponded with electron density maps in Chain C and Chain D which are disoriented in 
previous structures. 
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Supplementary Fig. 17: Representation of loop-closed and loop-open “lid” conformations in superimposed C-chains of the 
streptavidin. On the left, loop-open conformations are colored in violet-purple and marine for Apo-SFX in left and Apo-Cryo 
structures in right, respectively. On the right, loop-closed conformation is colored in green-cyan in Holo-SFX for each C-chains 
of Apo-SFX structure.  
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Supplementary Table 1: Root mean square deviation (RMSD) values between streptavidin structures. RMSD values for 
the L3/4 (residues 45-52) are indicated in the parentheses. 
 

RMSD (Å) of Cα† 

  
Chain A 

Apo-SFX 
Chain B 

Apo-SFX 
Chain C 

Apo-SFX 
Chain D  

Apo-SFX 

Chain A 
Apo-Cryo 

0.214 
(0.135) 

- - -  

Chain B 
Apo-Cryo 

- 
0.219 
(0.119) 

- -  

Chain B 
Apo-Cryo 

- - 
0.228 
(0.148) 

-  

Chain B 
Apo-Cryo 

- - -  0.220 (0.478)  

Chain A 
6J6K 

0.426 
(2.879) 

- - -  

Chain B 
6J6K 

- 
0.457 
(4.484) 

- -  

Chain C 
6J6K 

- - 
0.481 
(3.276) 

-  

Chain D 
6J6K 

- - - 0.432 (3.649)  

Chain A 
6J6J 

0.389 
(0.341) 

- - -  

Chain B 
6J6J 

- 
0.414 
(5.076) 

- -  

Chain C 
6J6J 

- - 
0.411 
(2.975) 

-  

Chain D 
6J6J 

- - - 0.375 (5.060)  

Chain A 
5JD2 

0.269 
(0.165) 

- - -  

Chain B 
5JD2 

- 
0.213 
(4.839) 

- -  

Chain C 
5JD2 

- - 
0.360 
(2.889) 

-  

Chain D 
5JD2 

- - - 0.262 (2.112)  
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Supplementary Table 2: Root mean square deviation (RMSD) values between Apo-Cryo and Holo-SFX streptavidin (PDB 
ID: 5JD2). RMSD values for the L3/4 (residues 45-52) are indicated in the parentheses. 

RMSD (Å) of Cα† 

  
Chain A 

Holo-SFX 
Chain A 

Holo-SFX 
Chain A 

Holo-SFX 
Chain A 

Holo-SFX 

Chain A 
Apo-Cryo 

0.144 
(0.189) 

- - -  

Chain A 
Apo-Cryo 

- 
0.141 
(4.500) 

- -  

Chain A 
Apo-Cryo 

- - 
0.241 
(2.876) 

-  

Chain A 
Apo-Cryo 

- - - 
0.190 

(2.426) 
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