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Supplementary Movie 

This movie demonstrates the differences in active site loop conformations between ORF36, human acyl-

coA dehydrogenase, and A. baumannii 4-hydroxyphenylacetate monooxygenase.  The active site loops 

of interest morph from the conformations observed in ORF36 to those observed in the acyl-coA 

dehydrogenase, then back to ORF36, then to the conformations observed in 4-hydroxyphenylacetate 

monooxygenase, and again back to ORF36.   The active site loops are labeled L1 to L11, and are 

displayed and colored as in Figure 7.   
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 Supplementary Figure 1  

 

Figure S1. Size exclusion chromatogram of ORF36. Size exclusion chromatography of ORF36 on a 

Superdex S-200 column resulted in a single, monodisperse peak. The 10.8 mL elution volume 

corresponds to an approximate molecular weight of 185 kD, which is consistent with the 176 kD 

calculated for a tetramer. 
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Supplementary Figure 2 

 

Figure S2.  Location of the FAD and TDP-L-evernosamine molecules modeled within ORF36 active 

site.  Chain A of ORF36 is shown colored by domain as in Figure 2.  Chains B, C and D are colored 

white, black and grey, respectively.  The modeled small molecules (shown as transparent sticks) are 

colored as follows:  FAD, yellow carbons, TDP-L-evernosamine, magenta carbons, oxygen, red; 

nitrogen, blue; sulfur, gold; phosphorus, orange.  (A) The physiologically relevant tetramer, with 
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modeled ligands shown at one active site.  (B) A closer view of the labeled ORF36 monomer, shown in 

stereo.  The monomer is shown in the same orientation as in Figure 5B, with the other three chains of 

the tetramer colored as in (A).  Selected secondary structural elements from chain C are labeled in white 

text. 
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Supplementary Figure 3 

  

Figure S3.  Stereoview diagrams depicting the active site loops.  Panel (A) shows the ORF36 active site 

loops, displayed as in Figure 7a.  (B) Human short branched-chain acyl Co-A dehydrogenase active site, 

displayed as in Figure 7b.  (C) A. baumannii 4-hydroxyphenylacetate monooxygenase displayed as in 

Figure 7c. 
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Supplementary Figure 4 

 

Figure S4.  Schematic diagram of the active site.  (A) Residues lining the putative FAD binding site are 

diagrammed.  (B) Residues in the vicinity of the modeled FAD cofactor and TDP-L-evernosamine 

substrate are shown.  R’ = the ribityl diphosphonucleotide of the modeled FAD cofactor. 
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 Supplementary Figure 5 

 

Figure S5. Sequence alignment of ORF36 and putative nitrososynthases.  Strictly conserved residues 

are highlighted in black and residues with >70% similarity are boxed.  Residues near the intersection of 

modeled isoalloxazine and TDP-L-evernosamine are boxed in teal and marked with a teal square; 
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residues near the isoalloxazine of modeled FAD are boxed in orange and marked with black triangles; 

residues near the nucleotide of modeled FAD are boxed in orange and marked with orange squares; and 

residues near the modeled TDP-L-evernosamine are boxed in purple and marked with purple squares.  

Secondary structural elements and loops L1-L11 are marked above the alignment and highlighted 

orange (areas involved in flavin binding), purple (areas likely involved in substrate binding) or teal 

(areas located near the intersection of the putative flavin and substrate binding sites).  Sequences aligned 

with ORF36 are: KijD3 (UniProtKB ID B3TMR1); TcaB10 from the tetrocarcin A biosynthetic 

pathway of M. chalcea (UniProtKB ID B5L6K4); RubN8 from the rubradirin biosynthetic pathway of 

(UniProtKB ID Q2PC69); B1VRP3, uncharacterized protein from S. griseus; D3CDS4, uncharacterized 

protein from Micromonospora sp. L5.  These proteins were identified by a BLAST search of the ORF36 

sequence (UniProtKB ID B5APQ9) and all had scores > 450 and E-values of less than 1x10-125.  

Sequences were aligned using ClustalW (1), and the figure was generated using ESPript (2). 
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Supplementary Figure 6 

 

Figure S6. Sequence alignment of ORF36, KijD3, selected acyl-coA dehydrogenases, and selected 

Class D flavin monooxygenases.  Loops and residues at the active site are highlighted as in 

Supplemental Figure S4. Of particular interest are the residues involved in the isoalloxazine binding 

site.  For clarity, select divergent portions of individual sequences were truncated and are denoted with 
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red lettering.  Sequences aligned with ORF36 are: KijD3 (UniProtKB ID B3TMR1); ACAD1, short 

branched-chain acyl-coA dehydrogenase (H. sapiens), 2JIF; ACAD2, medium-chain acyl-coA 

dehydrogenase (S. scrofa), PDB entry 3MDE; HpaB1, 4-hydroxyphenylacetate monooxygenase (A. 

baumannii), PDB entry 2JBT; monoox1, 3-hydroxy-9,10-seco-nandrost-1,3,5(10)-triene-9,17-dione 

hydroxylase (Rhodococcus sp Rha1), PDB entry 2RFQ. 
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Supplementary Figure 7 

 

 

Figure S7.  Stereoview of electron density for the tandem cis-peptide in L10 of ORF36.  The protein 

chain is depicted as light grey cartoons.  2|Fo|-|Fc| electron density is shown in blue for residues 372-389, 

which encompasses the two sequential cis-peptides between Gln376-Pro377 and Pro377-Tyr378.  Those 

residues in loop L10 are shown in stick representation, and the main chain carbon atoms of the cis-

peptides are highlighted in magenta. 
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Supplementary Figure 8 

 

Figure S8. Stereoview of the ORF36 active site, with the protein shown in putty cartoon representation 

in the same orientation as Figure 7A.  Modeled flavin and substrate are shown as thick sticks colored as 

in Figure 5.  Selected residues within 5.5 Å of the flavin cofactor or L-evernosamine that are differ 

between ORF36 and KijD3 are colored with green carbons, shown in stick representation and labeled 

according to ORF36 numbering. 
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Supplementary Table S1 

Table S1:  Root mean squared deviations of Cα atoms between ORF36, select acyl-CoA 

dehydrogenases, and class D flavin-containing monooxygenases of known structure.  KijD3 is 

highlighted in blue text, acyl-CoA dehydrogenases and nitroalkane oxidase are in black text, and Class 

D flavin-containing monooxygenases are in red text. In the table, acyl-CoA dehydrogenase is 

abbreviated ACAD. 

PDB Protein RMS 
deviation (Å) 

% identity Reference 

3m9v KijD3 (A. kijaniata) 1.1 64 (3) 

2jif short branched-chain ACAD (H. sapiens) 2.4 21 (4) 

1buc butyryl-CoA dehydrogenase (M. elsedenii) 2.6 21 (5) 

3mde medium-chain ACAD (S. scrofa) 2.8 20 (6) 

1udy medium-chain ACAD (S. scrofa) 2.8 20 (7) 

1jqi rat short-chain ACAD (R. norvegicus) 2.6 23 (8) 

2jbt 4-hydroxyphenylacetate monooxygenase (A. 

baumannii) 
2.7 16 (9) 

2rfq 3-hydroxy-9,10-seco-nandrost-1,3,5(10)-
triene-9,17-dione hydroxylase (Rhodococcus 
sp Rha1) 

2.6 18 (10) 

2or0 putative hydroxylase(Rhodococcus sp Rha1) 2.8 15 (11) 

2c0u nitroalkane oxidase (F. oxysporum) 3.0 17 (12) 

2yyi 4- hydroxyphenylacetate monooxygenase (T. 

thermophilus) 
3.5 13 (13) 

3hwc chlorophenol-4-monooxygenase (B. cepacia) 3.1 13 (14) 
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