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Conclusion: Catalytic scope of a halogenase enzyme was expanded using semi-rational enzyme engineering

approach. Two mutants have been identified that show complete switch of substrate specificity; they are highly

efficient in halogenating various indole compounds but are completely inactive towards their natural substrate

tryptophan. The mutants also demonstrated synthesis of pharmaceutical precursors by site-selective halogenation of

several indole compounds that has not been reported for enzymatic halogenation. In addition to their use in

halogenating novel substrates for synthetic chemistry, these enzymes with altered substrate selectivity can

potentially be exploited as a metabolic engineering tool for biosynthesis of novel natural products.

Figure 1. Amino acid residues selected for mutation in the RebH

substrate (L-Tryptophan: shown in magenta) binding site.

Figure 2. Selected enzyme variants show increased indole 6-

carboxylic acid bromination activity. Activity of the indicated point

mutants is represented as fold increase over the parental enzyme.

Figure 3. RebH variants display improved activity on novel indole

substrates. a) Bromination and b) chlorination of indole substrates

with RebH (blue), M1 (green) and M2 (orange) mutants. Conversion

(%) of each substrate is shown in bar chart and the improvement of

activity compare to parental RebH is shown as line.

Figure 5. (left) Overall structure of the RebH–FAD/Cl/Trp complex. RebH is shown as grey

cartoon and the bound FAD (orange sticks), Cl (green sphere), Trp (magenta sticks) are

highlighted. (right) Close-up view of snapshots of RebH, M1 and M2 enzymes bound to L-

tryptophan and indole derivatives. For clarity only the active site residues that are interacting

with the ligands are shown in sticks (grey). The residues that are mutated in M1 and M2 are

coloured (green) and the bound ligands are coloured separately. The protein–ligand

interactions are highlighted in dashed lines (black).
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Abstract: Regioselective halogenation of aromatic

hydrocarbons is extremely valuable due to the

importance of halogenated arenes as intermediates

in organic synthesis and as active molecules in

pharmaceuticals, agrochemicals and other materials.

Halogenation can abruptly alter therapeutic activity,

metabolism and half-life of a diverse range of drug

molecules including antibiotics, anticancer agents,

and psychoactive compounds. Furthermore,

halogenated arenes are frequently used in transition

metal-catalyzed cross-coupling reactions, which is

extremely useful in synthetic chemistry. Conventional

chemical halogenation generally requires activated

starting materials, harsh reaction conditions and

multistep synthesis, and often suffers from poor

regioselectivity. On the other hand, enzymatic

reactions can display high selectivity and the

reactions take place under mild conditions. Although

natural enzymes evolved to act on specific

substrates, their substrate scopes can be improved

by using protein engineering approach. Halogenase

enzymes (like RebH) can play an important role in

selective halogenation of industrially important

aromatic hydrocarbons, including various indole

derivatives. We developed two RebH variants M1

(Y455C/F465K) and M2 (Y455W/N470S) with

expanded substrate scope, by a structure-guided

protein engineering approach. Both variants

catalyzed halogenation of various indole derivatives

more efficiently than the parent enzyme to produce

important pharmaceutical intermediates. Interestingly,

both mutants showed complete switch of substrate

specificity from tryptophan towards other indole

derivatives; they were completely inactive on their

natural substrate tryptophan. Computational

modelling and MD simulations highlight key roles for

the active site Y455 and F465 residues in mediating

the dramatic switch in substrate specificity away from

tryptophan towards the non-natural substrates.
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Figure 4. Sequence alignment of RebH with other bacterial tryptophan 7-halogenase

enzymes showing the conservation at Y455, F465 and N470 residues.
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