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Table S2.  Calculated distances between the Lys residues on avidin and the succinyl ester carbons in probes 1 and 2 in 
the most stable complex conformers obtained by docking simulations (see Figs. 4a and 4b).  
 

 
 

 
 
 
Table S3.  Boltzmann weights of the five lowest-energy conformers of 1 and 2 obtained by docking simulations (see 
Figs. 4a and 4b). Calculated distances between the e-amino nitrogen atom of the K135 on avidin and the succinyl ester 
carbon in each conformer, and the RMSD values for the biotin ligand (15 atoms, red + blue) between the calculated 
probes and the original complexes on avidin are shown.  
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Table S4.  Boltzmann weights of the five lowest-energy conformers of 1 and 2 obtained by docking simulations (see 
Figs. 4c–4e). RMSD values for the biotin ligand [15 atoms (red + blue) and bicyclic 9 atoms (red)] between the 
calculated probes and the original complexes on avidin are shown.  
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(a) 

 

 
 

(b) 

 
 
Figure S1.  Structures of avidin and the complex with biotin. (a) X-ray structure of the biotin–avidin complex (PDB 
code: 2AVI, monomeric complex is shown). The ligand biotin and eight Lys residues are highlighted in magenta and 
orange, respectively. (b) Amino acid sequences of avidin. Lys residues are highlighted in bold red. N-glycosylated Asn 
residue is highlighted in blue and underlined.  
 
 

 
 
 
 



 S6 

 
 
Figure S2.  MALDI-TOF mass spectra of the tryptic peptides of avidin (2 pmol) labeled with probes 1 (a), 2 (b), or 3 
(c), and unlabeled avidin (d). Desalting was performed using a reversed-phase ODS tip column (ZipTip® C18). Red and 
blue circles indicate amidopyrene-labeled and unlabeled avidin peptides, respectively. Numerals indicate the positions 
of tryptic peptides in avidin (for details, see Table S1).  
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Figure S3.  MALDI MS/MS analysis of the peptide labeled with probe 1 (No. 16, precursor ion: m/z 2561.4 for [M+H]+, 
see Figs. 3a and S2a). (a) MALDI MS/MS. (b) Structure of the K135-labeled peptide.  
 
  



 S8 

 

 
 
Figure S4.  MALDI MS/MS analysis of the peptide labeled with probe 2 (No. 9, precursor ion: m/z 1890.6 for [M+H]+, 
see Figs. 3b and S2b). (a) MALDI MS/MS. (b) Structure of the K135-labeled peptide.  
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Figure S5.  Molecular modeling of the complexes of avidin and amidopyrene biotin probes. (a) Initial model structures 
for docking simulations (Figs. 4a and 4b). The ligand biotin on the complex is shown in magenta. Probes 1 and 2 (grey) 
were initially located apart from the target protein avidin. The dummy ligands used for the docking simulation are shown 
as multiple white (hydrophobic) and red (hydrophilic) spheres, respectively, which represent 23 residues (N36, L38, 
S40, Y57, T59, V61–T64, W94, F96–S99, T101, F103, W121, L123–S126, R138, and N142) (b) Superimposed 
structures of the five lowest-energy conformers of 1 and 2 on avidin. The most stable conformers of 1 and 2 are 
highlighted in green and cyan, respectively.  
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(a) 

                             (Fig. S1a)

 
 
(b)  

    (Fig. 4a) 
 
Figure S6.  LIG-PLOT analysis. (a) Interaction of the ligand biotin with avidin on the crystal structure (PDB ID: 2avi). 
(b) Interactions of the amidopyrene biotin probes with avidin on the calculated complex structures in Fig. 4. The amino 
acid residue numbers in circles are those of mature proteins (24 aa smaller than the original, see Fig. S1).  
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      (Fig. 4b) 
 
 
 

  (Fig. 4c) 
 

 
Figure S6.  (continued)  
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      (Fig. 4d) 
 
 
 

  (Fig. 4e) 

 
Figure S6.  (continued)  
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NMR spectra of new compounds.    

 
1H NMR spectrum of 6 (400 MHz, DMSO-d6).  

 

 
13C NMR spectrum of 6 (100 MHz, DMSO-d6).  
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1H NMR spectrum of 7 (400 MHz, DMSO-d6).  

 

 
13C NMR spectrum of 7 (150 MHz, DMSO-d6).  
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1H NMR spectrum of 9 (400 MHz, DMSO-d6).  

 

 
13C NMR spectrum of 9 (100 MHz, DMSO-d6).  
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1H NMR spectrum of 13 (400 MHz, CD3OD).  

 

 
13C NMR spectrum of 13 (100 MHz, CD3OD).  
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1H NMR spectrum of 15 (400 MHz, CD3OD).  

 

 
13C NMR spectrum of 15 (100 MHz, CDCl3).  
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1H NMR spectrum of 16 (400 MHz, CD3OD).  

 

 
13C NMR spectrum of 16 (100 MHz, CD3OD).  
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1H NMR spectrum of 2 (600 MHz, DMSO-d6).  

 

 
13C NMR spectrum of 2 (150 MHz, DMSO-d6).  
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