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Supplementary Methods 

The expression and purification of Ndi1. The mature Ndi1, which lacks a mitochondrial targeting 

signal, is expressed as an recombinant protein tagged with (His)10 by pET16b vector and E. coli 

BL21(DE3)pLysS. The construction of the expression plasmid, pET16b(NDI1-m), was described 

previously 1. The bacterial cells harboring pET16b(NDI1-m) were grown in 5 mL of 2 × YT medium 

containing 100 μg/mL of ampicillin and 20 μg/mL of chloramphenicol for about 7–8 h with rotation at 

220 rpm at 37°C and then they were inoculated to 500 mL of MagicMedia™ E. coli expression medium 

(Life Technologies) containing 100 μg/mL of ampicillin for the expression of recombinant proteins. This 

media does not require isopropyl β-D-thiogalactopyranoside for the induction of the expression. The cells 

were cultured in highly aerated conditions using a 2.5 L baffled flask (Ultra Yield flask™) with rotation 

at 300 rpm at 37°C. After 15-16 h, the cells were collected by centrifugation at 8,000 × g for 10 min.  

The wild-type Ndi1 used in the crystallization trial and the evaluation experiments of inhibitors 

was purified using a detergent exchange procedure, as described previously 1. The harvested cells were 

homogenized in 50 mM Tris-HCl (pH 8.0 at 25°C), 1 mM EDTA, and protease inhibitor cocktail 

(cOmplete ULTRA Tablets; Roche) by freeze-and-thaw cycles (repeated two times) in liquid nitrogen 

with sonication for 3 min (Output: 20%, 1/4” microchip, SONIFIER 250D-Advanced; Branson). The 

homogenates were centrifuged at 10,000 × g for 10 min at 4°C to remove unbroken cells and inclusion 

bodies, and the supernatant was further centrifuged at 183,000 × g for 90 min at 4°C. The pellet 

(membrane fraction) was then suspended at 5 mg of protein/ml in 50 mM Tris-HCl (pH 8.0 at 4°C), 200 

mM NaCl, 0.1 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, and 10% glycerol (buffer A). After 

adding Triton X-100 at a final concentration of 0.3% (w/v), the sample was incubated for 30 min at 4°C 

with slow stirring and centrifuged at 183,000 × g for 90 min at 4°C. The supernatant was loaded onto a 

Ni-sepharose column (HisTrap HP, 5 mL; GE healthcare), which was equilibrated with buffer A 

containing 0.02% (w/v) Triton X-100. The column was washed with 10 column volumes of buffer A 

containing 0.1% (w/v) Triton X-100 and 15 mM histidine. The column was subjected to detergent 

exchange by washing with 5 column volumes of buffer A, 10 column volumes of buffer A containing 

0.1% (w/v) dodecyl-β-D-maltoside (DDM), and 5 volumes of buffer A containing 0.02% (w/v) DDM. 

Thereafter, the enzyme was eluted with buffer A containing 0.02% (w/v) DDM and 200 mM histidine 

and 50 mM imidazole. The eluents were immediately loaded onto a desalting column (Econo-Pac 10DG, 

10 ml; Bio-Rad), which had been equilibrated with 50 mM Mops-NaOH (pH 7.0) containing 0.1 mM 

EDTA, 10% (w/v) glycerol, and 0.02% (w/v) DDM. The desalted specimen was then concentrated with 

Amicon-Ultra (molecular weight cut-off 30K; Millipore) to 10 mg of protein/ml. The yield of Ndi1 

contains >20 mg/L of culture media. The purity of the Ndi1 preparations was approximately 90%, as 

determined by the intensity of the 57 kDa band on a SDS-PAGE gel stained with CBB Stain One Super 

(Nacalai, Japan). The purified recombinant Ndi1 was quickly frozen in liquid nitrogen and stored at 

−80°C until use. 



 

Site-directed mutagenesis. The amino acid replacements of Ndi1 were basically performed with 

PrimeSTAR mutagenesis basal kit (Takara, Japan) using pET16b(NDI1-m) (2) and a synthetic 

oligonucleotide primer set (Table S2). The mutagenesis of H397 was performed with a QuikChange II 

XL site-directed mutagenesis kit (Stratagene, CA). Each mutation was confirmed through DNA 

sequencing (DNA sequencing service, Eurofins). The purification procedure of wild-type and mutant 

enzymes, used for the determination of the kinetic parameters (Table 2), was basically the same as the 

above procedure, without the replacement of the detergent from Triton X-100 with DDM. After washing 

the enzyme with buffer A containing 0.1% Triton X-100 and 15 mM histidine, 0.02% Triton X-100 was 

added to all buffer as a substitute for DDM. With the exception of 5 mutants containing L444D, I459A, 

I459N, R479I, and R479H, which showed a yield <10% of wild-type (1.04, 1.86, 1.58, 1.06, and 1.74 

mg of protein/L of culture media, respectively), the yields of the mutant enzymes were comparable to the 

yield of the wild-type enzyme. 
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Supplementary Figures 

 

 

 

 

 

 

 

Figure S1. Amino acid residues contributing to the interaction with AC0-12 and myxothiazol molecules 

by hydrogen bonding. The protein backbone is represented by a gray cartoon, and the FAD and Gln394 

(Q394) molecules are indicated with white and pale orange, respectively. (A) Interaction between Q394 

and AC0-12 (red). (B) Interaction between the isoalloxazine ring of FAD and myxothiazol (blue).  

 

  



Table S1. Data collection and refinement statistics 

Data set NDH2-stigmatellin NDH2-AC0-12 NDH2-

myxothiazol 

Data collection    

Space group C2221 P212121 P212121 

Cell parameters    

a / b / c (Å) 116.7, 128.5, 86.7 69.9, 115.8, 166.5 70.3, 116.4, 166.6 

X-ray source SPring8 BL44XU SPring8 BL44XU KEK-PF 17A 

Wavelength (Å) 0.9000 0.9000 0.9800 

Temperature (K) 100 100 100 

Resolution (Å) 50.0-1.85 (1.88-1.85) 50.0-3.4 (3.46-3.4) 50-3.2 (3.26-3.2)  

Total reflections 301,479 90,367 147,138 

Unique reflections 55,879 18,371 22,984 

Completeness (%) 99.9 (100.0) 97.3 (98.6) 98.1 (99.6)  

Rmerge I  0.086 (0.786) 0.094(0.764) 0.125 (0.609)  

I/σ(I) 7.1 (1.8) 7.9 (1.2) 7.1 (2.7)  

Redundancy 

 

5.4 (5.0) 4.9 (4.6) 6.5 (5.8)  

Refinement    

Resolution (Å) 30 – 1.85 30 – 3.4 20 – 3.2 

No. of reflections 49,008 15,012 19,430 

Rwork / Rfree 0.182 / 0.204 0.207 / 0.299 0.220 / 0.285 

Average B-factors (Å2) 24.3 62.9 78.4 

rmsd from ideal values    

  Bond length (Å) 0.007 0.011 0.008 

  Bond angle (°) 1.44 1.61 1.43 

Residues in the Ramachandran plot 

(%)* 

  Most favored regions  

  Additionally allowed regions 

  Generously allowed regions 

  Disallowed regions 

 

92.1 

7.9 

0.0 

0.0 

 

79.5 

19.1 

1.4 

0.0 

 

82.3 

17.0 

0.6 

0.0 

Protein Data Bank ID code 5YJW 5YJY 5YJX 
* calculated by Procheck



Table S2. The primers used for the site-directed mutagenesis of Ndi1 

mutant forward primer reverse primer 

W63F 5'-TCGGGGTTCGGAGCTATTTCGTTTTTAAAGCAC-3' 5'-AGCTCCGAACCCCGAACCCAGTATCAGCACGTT-3' 

A393G 5'-CCAACCGGCCAAGTAGCGCACCAAGAG-3' 5'-TACTTGGCCGGTTGGTGGCAACCCAGC-3' 

Q394G 5'-ACCGCCGGAGTAGCGCACCAAGAGGCC-3' 5'-CGCTACTCCGGCGGTTGGTGGCAACCC-3' 

Q394A 5'-ACCGCCGCAGTAGCGCACCAAGAGGCCGAATAT-3' 5'-CGCTACTGCGGCGGTTGGTGGCAACCCAGCAAA-3' 

H397A 5'-GCCCAAGTAGCGGCCCAAGAGGCCG-3' 5'-CGGCCTCTTGGGCCGCTACTTGGGC-3' 

L444D 5'-AACGATGATGGTGCCTTAGCATACCTGGGATCC-3' 5'-GGCACCATCATCGTTGTATTTGAAAGGTTTAAA-3' 

L444N 5'-AACGATAATGGTGCCTTAGCATACCTGGGATCC-3' 5'-GGCACCATTATCGTTGTATTTGAAAGGTTTAAA-3' 

L447N 5'-GGTGCCAATGCATACCTGGGATCCGAAAGGGCC-3' 5'-GTATGCATTGGCACCTAAATCGTTGTATTTGAA-3' 

I459A 5'-GCAACCGCACGTTCCGGTAAGAGAACATTTTAC-3' 5'-GGAACGTGCGGTTGCAATGGCCCTTTCGGATCC-3' 

I459N 5'-GCAACCAATCGTTCCGGTAAGAGAACATTTTAC-3' 5'-GGAACGATTGGTTGCAATGGCCCTTTCGGATCC-3' 

I459W 5'-GCAACCTGGCGTTCCGGTAAGAGAACA-3' 5'-GGAACGCCAGGTTGCAATGGCCCTTTC-3' 

R479I 5'-CTTATTCATAATTTTGTACTTGTCCATGATTCT-3' 5'-GTACAAAATTATCCATAAGTAGAAGGTCATTAAGC-3' 

R479A 5'-TTATGGGCAATTTTGTACTTGTCCATG-3' 5'-CAAAATTGCCCATAAGTAGAAGGTCAT-3' 

R479K 5'-TTATGGAAGATTTTGTACTTGTCCATG-3' 5'-CAAAATCTTCCATAAGTAGAAGGTCAT-3' 

R479H 5'-TTATGGCACATTTTGTACTTGTCCATG-3' 5'-CAAAATGTGCCATAAGTAGAAGGTCAT-3' 

Y482F 5'-ATTTTGTTCTTGTCCATGATTCTATCT-3' 5'-GGACAAGAACAAAATTCTCCATAAGTA-3' 

S484F 5'-TACTTGTTCATGATTCTATCTGCAAGA-3' 5'-AATCATGAACAAGTACAAAATTCTCCA-3' 

S484I 5'-TACTTGATCATGATTCTATCTGCAAGA-3' 5'-AATCATGATCAAGTACAAAATTCTCCA-3' 

M485A 5'-TTGTCCGCGATTCTATCTGCAAGATCG-3' 5'-TAGAATCGCGGACAAGTACAAAATTCT-3' 

M485E 5'-TTGTCCGAGATTCTATCTGCAAGATCG-3' 5'-TAGAATCTCGGACAAGTACAAAATTCTCC-3' 

L487A 5'-ATGATTGCATCTGCAAGATCGAGATTA-3' 5'-TGCAGATGCAATCATGGACAAGTACAA-3' 

Bold typefaces indicate the introduced mutation sites.


