
 

 

Acta Cryst. (2023). D79,  https://doi.org/10.1107/S2059798323004254        Supporting information 

 
Volume 79 (2023) 

Supporting information for article: 

Structural basis of regioselective tryptophan dibromination by the 
single-component flavin-dependent halogenase AetF  

Simon Gäfe and Hartmut H. Niemann 

 

  



 

 

Acta Cryst. (2023). D79,  https://doi.org/10.1107/S2059798323004254        Supporting information, sup-1 

Table S1 Pairwise DALI alignment of AetF against the AlphaFold2 model of Bmp5 (top row) and 

DALI hits for AetF against the PDB90. 

The DALI run against the PDB was performed on 01.03.2023. The structure of Bmp5 used in the pairwise 

alignment is AF-U6BHD3-F1-model_v4. 

No. Protein PDB Z rmsd lali nres %id reference 

n.a. flavin-dependent phenol 

brominase (Bmp5) 

n.a. 27.6 3.5 438 515 16 (Agarwal et al., 

2014) 

1 ancestral flavin-containing 

monooxygenase 2 (ancFMO2) 

6sem 25.9 3.6 432 530 14 (Nicoll et al., 2020) 

2 ancestral flavin-containing 

monooxygenase 5 (ancFMO5) 

6sek 25.6 3.1 426 504 15 (Nicoll et al., 2020) 

3 ancestral flavin-containing 

monooxygenase 3-6 (ancFMO3-6) 

6se3 25.2 3.1 436 528 13 (Nicoll et al., 2020) 

4 ancestral flavin-containing 

monooxygenase 1 (ancFMO1) 

7al4 20.8 3.2 437 524 14 (Bailleul et al., 

2021) 

5 phenylacetone monooxygenase, a 

Baeyer-Villiger monooxygenase 

1w4x 18.8 3.5 295 533 12 (Malito et al., 2004) 

6 protein with similarity to flavin-

containing monooxygenases 

1vqw 18.6 3.2 321 442 13 (Eswaramoorthy et 

al., 2006) 

7 pyrrolizidine alkaloid N-

oxygenase (ZvPNO) 

5nmx 18.3 3.3 321 409 13 (Kubitza et al., 

2018) 

8 cyclohexanone monooxygenase 3gwd 18.2 3.6 301 531 13 (Mirza et al., 2009) 

9 steroid monooxygenase 4aos 18.2 3.5 297 532 14 (Franceschini et al., 

2012) 

10 S-allyl-L-cysteine S-oxygenase 6wpu 17.9 3.2 332 439 14 (Valentino et al., 

2020) 
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Table S2 Boundaries of the FAD-binding and NADP-binding domains shown in Fig. 2  

 

Protein FAD-binding domain  NADP-binding domain  reference  

AetF  1-132, 327-441 133-176, 294-326 this work 

Bmp5 1-139, 324-432 140-199, 288-323 this work 

AncFMO2 1-154, 331-442 155-213, 296-330 (Nicoll et al., 2020) 

ZvPNO1) 1-155 260-371 

1-155, 260-425 

156-259 

156-259 

this work 

(Kubitza et al., 2018) 

1) For ZvPNO the authors of the structure assigned the whole sequence either to the NADP- or to the FAD-

binding domain. For Fig. 2, we defined the FAD-binding domain of ZvPNO based on structural elements 

conserved in the other three proteins. This leaves a short C-terminal extension (residues 372-425) as additional 

structural elements shown in light blue in Fig. 2. 
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Figure S1 Self-rotation functions for χ=180 ° and χ=90 ° showing the location of 2-fold and 4-fold 

axes. (a) Untwinned P43 crystals (empty AetF). The short axis is the crystallographic 4-fold c-axis (b) 

Almost perfectly non-merohedrally twinned P212121 crystals. The short axis is the a-axis. A non-

crystallographic 43-axis lies parallel to a and the crystals are twinned by 90 ° rotation around a. 
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Figure S2 Pairwise DALI alignment of AetF against Bmp5 (AF-U6BHD3-F1-model_v4), 

AncFMO2 (6sf0 B) and ZvPNO (5nmx A). Missing structural elements were copied from the 

respective AlphaFold2 models. Domains in AetF are marked by dashed lines and domain borders by 

arrows (same color code as in Fig. 2). Consensus sequences for dinucleotide binding (GXGXXG and 

GXGXXA) are marked by red triangles and residues involved in binding of Trp or 5-Br-Trp are 

indicated by black stars. The catalytic amino acids found in AetF (E200 and K258) are highlighted in 

magenta. 
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Figure S3 Difference density (mFo-DFc density, 3 σ, green mesh) at the expected location of the 

NADP-binding site. The larger contiguous difference density near the FAD in AetF (yellow carbon 

atoms) could be interpreted by a nicotinamide riboside. For comparison, NADP and FAD from 6sf0 

(light orange carbon atoms) are shown (structures superimposed on the FADs). The NADP in AetF 

would need to adopt a different binding pose compared to 6sf0 to fit the shown difference density. 

 

 

 
 

Figure S4 Comparison of Trp binding in AetF and CYMAL6 in AncFMO2. Our structure for 

AetF–Trp (cartoon, domains coloured as in Fig. 2) and AncFMO2 (6sf0 D) were superimposed at the 

FADs. Both Trp (orange carbon atoms) and CYMAL6 (grey carbon atoms) bind to a similar site in 

the respective enzyme. 
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Figure S5 Possible products of tryptophan halogenation with two different halogens. With prior use 

of a suitable two-component halogenase, a regioselective second halogenation by AetF should be 

possible. This would allow site-specific differential double halogenation of Trp. 
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Figure S6  (Including previous pages) Pairwise DALI alignment of AetF against AlphaFold2 

models of the top ten hits containing a lysine at the position equivalent to the catalytic lysine in AetF 

(K258) found in a Foldseek search against the AlphaFold/Uniprot50 v4 database.  The missing loop 

(609 – 628) in AetF (8cjd A) was copied from the AlphaFold2 model. Domains in AetF are marked by 

dashed lines and domain borders by arrows (same color code as in Fig. 2). Consensus sequences for 

dinucleotide binding (GXGXXG and GXGXXA) are marked by red triangles and residues involved in 

the binding of Trp or 5-Br-Trp are indicated by black stars. The catalytic amino acids found in AetF 

(E200 and K258) are highlighted in magenta. 

 


