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Abstract: 2-ketoglutarate (2-KG)/Fe*"-dependent dioxygenases can catalyze the highly specific
regio- and stereoselective functionalization of C(sp’)-H bond of complex compounds under mild
reaction conditions. Hyoscyamine 6B-hydroxylase (H6H), a member of these dioxygenases,
catalyzes two consecutive oxidation reactions in the synthesis of scopolamine. The first reaction is
the hydroxylation of hyoscyamine to 6B-hydroxyhyoscyamine and the second is epoxidation of
6B-hydroxyhyoscyamine. This paper introduces the catalytic mechanism, substrate scope, and
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application of H6H and evaluates the possibility of this enzyme as a biocatalyst for the
functionalization of C(sp”)-H bond in complex compounds with different structural characteristics
via hydroxylation or epoxidation, providing a theoretical basis for modification and application of

this enzyme.

Keywords: 2-ketoglutarate/Fe*"-dependent dioxygenase; hyoscyamine 6B-hydroxylase; catalytic

mechanism; substrate scope
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Scopolamine

Hyoscyamine 6B-hydroxylase (H6H) catalyzed the oxidation reaction of hyoscyamine.
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ID: 8CV8, 8CV9, 8CVA-H), ix Wiy ik
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Jf 5 PDB H ARSI T T AL (B 3A),
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Figure 2 Alignment of amino acid sequences of H6Hs from different sources. HnH6H: H6H protein of
Hyoscyamus niger L., GenBank accession number: ABG89397.1; AtH6H: H6H protein of Anisodus
tanguticus, GenBank accession number: AAQ75700.1; AaH6H: H6H protein of Anisodus acutangulus,
GenBank accession number: KAK4375688.1; AbH6H: H6H protein of Atropa belladonna, GenBank
accession number: AEN79443.1; BsH6H: H6H protein of Brugmansia sanguinea, GenBank accession
number: ALD59773.1; DmH6H: H6H protein of Datura metel, GenBank accession number: AAQ04302.1.
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TRZERFI AlphaFold2 Filiil i) AbH6H 2544 X kb AT
DIEH, PR 25 o SRER B
RIZEAGERE, loop XM & EEHAK,
A VAR 25 F o R R 4 AR R TE loop X,
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H217 A bRl s, FIH PyMOL (Caver 3.0)2!
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P96-K110 A4 loop 4544 . E116-L120 #Y B 245
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1t A] DL 5B G Yl T X 3 2 X
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AR . B: AbHOH (A () i 3 3 Mr. 5 ik B I AR S A 2 R R AR T o 55 1, T2 ALY i i

SrAlbRE A, HEL a6, Bemse.

Figure 3  Structure analysis of AbH6H. A: Structure comparison of AbH6H from PDB data (teal blue, PDB
ID: 8CV8) and from AlphaFold2 (light blue) using the Alignment/Superposition plugin of PyMOL. B: Tunnel
analysis of ADH6H (light blue). The amino acid residues related with the formation of the tunnel were marked
with purple, and the tunnels were marked with yellow, cyan, red, blue and green, respectively.
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'Q(] 29
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Figure 4 The interaction of the amino acid residues with 2-KG, Fe’
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" and hyoscyamine.
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Figure 5 Catalytic mechanism of hyoscyamine 6p-hydroxylase.
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Figure 6 HOH substrates and corresponding catalytic products. Hyoscyamine and its analogues a—o.
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Table 1 The activity of H6H on hyoscyamine and
6p-hydroxyhyoscyamine

Enzymes Viax nmol/(s'mg) V., nmol/(s-mg) for
for hyoscyamine 6f-hydroxyhyoscyamine

HnH6H 0.081+0.005 (1.900+0.100)x1073

AtH6H U 11.100£0.500  4.200+£0.300

AbH6H 14 1.170+0.080 (3.360+0.140)x1073

DmH6H ') 0.021 -

AaH6H B 0.280+0.010 -

AaH6H 1.250+0.020 -

S14P/K97A B

BsH6H [ 1.000 0.030

% Not detected.
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e P K il 5 1R N- 65 A% il (pmt) R heh BE 4]
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H6H fifb s B A0 8, 76 AR it ik
HOH AT LU S804 AR B 5 B 7™ ot

TEAE Y Fb ) 87 2010 15 97 LR A5 25 B 25
Ew HAWS ), Bz ke, Y
WREAK, 4 B aliAb iy BUAS i 23 AR 3 fm . T DA
BONBRO IR S T N IR, 78 HO6H fiEfk T
A BRI, AT DU R R AR AR R ) T
Bz —. Cao ZFMNRIELE 3 L itk &R P, F
FAFIRFIE heh A i KT AR R R P fiE Ak
I, EYHSE K 500 mg/L, FEEEIAEL RS
F T 97%. Minoia %“7F] 8 — 1 [ 2t ok
2 TR R/ fie R 6 P SR T LS B HOH (R R A
L B TR A, RSN E U B
PR TR SR

*2 REW6B-EILEEAIN A
Table 2 The application of H6H

Enzymes The species which Content
produce scopolamine (dry weight,
mg/g)
HnH6H Hyoscyamus muticus L. 9.8
HnH6H Scopolia parviflora 8.1
HnH6H Atropa baetica 5.6
SpH6H, PMT Scopolia parviflora 1.2
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