Effect of mutations of Thermoanaerobacter ethanolicus
secondary alcohol dehydrogenase at tryptophan-110 on
enantioselectivity of reduction of phenyl-ring containing
ketones

KFUPM

Path to Development & Beyond

Odey Bsharat,! Samir M. Hamdan,? Claire Vieille,’> and Musa M. Musa'*
1Chemistry Department, King Fahd University of Petrolewm and Minerals, Dhahran 31261, Saudi Arabia, *musam@kfupm.edu.sa
2Diviston of Biologteal and Environmental Sciences and Engineering, King Abdullah University of Science and Technolody, Thuwal , Saudi Arabia
‘Depariment of Biochemistry and Molecular Biology, Michigan State University, East Lansing, MY 48824, USA

Abstract Introduction Significance of Study

The asymmetric reduction of selected phenyl-ring-containing ketones by

various mutants of Thermoanaerobacter ethanolicus secondary alcohol (S)-2-tetralol 2-aminotetralins & serotonin receptors

H or N2 % Treats nervous disorders
H - -
S, R /
(j/CONHZ %ﬁiCONHZ - 2 _’CI > Active to dopamine
N

H
. . . . H OH N H OH NADPH
dehydrogenase (TeSADH) was studied using single and dual site S ADPR ADPR \_/

M, PR P re
mutagenesis. R R2 anti-prelog rule Prelog rule R R
(R)-alcohol 't ‘ (S)-alcohol o m oH o
For substituted 2-tetralones we noticed that the changing in the position of sitace retace )J\ )\ /@}
Cl

solvent and

the substituent on the aromatic ring also has a great impact on the binding e
cosubpstrate

(S)-6-chloro-2-tetralol

affinity and maximum catalytic rate, as reflected by the kinetic parameters

Vnax and K.

MK-0499

» Synthon in anti-myocardial ischemia

» Precursor for MK-0499
We also explored the regio- and enantioselective reduction of diketones /" > NH, : .
Tryptophan Isoleucine (treats ventricular arrhythmias) [1].
using W110A/I86A TeSADH.
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W110A/I86A not only accommodates the substrates of single mutants

W110A and I86A within the active site, but also expands the substrate scope
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Materials and Methods
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Results and Discussion

: : . » Th i i f i 4-phenyl-2- : . . .
» The asymmetric reduction of substituted 2-tetralones e asymmetric reduction of substituted 4-phenyl-2-butanone > Regioselective reduction of aromatic ketones

OH o o o) OH

O OH (0] (0]
W110X TeSADH W110X TeSADH
CH ————— CH;, CF; ——————> CF,
W110X TeSADH

E ; . R R . . . .
R= 5-OCH3, 8-OCH3, ; ,, R= G-OCH3, 6-Cl, 6-Br, R:H,,4-phenyl-2-butanon 1-phenylbutane-1,3-dione (S)-3-hydroxy-1-phenylbutan-1-one 4,4,4-trifluoro-1-phenylbutane-1,3-dione (R)-4,4,4-trifluoro-3-hydroxy-1-

henylbutan-1-one
7-OH . 7-OCH, R:0CHpj ,4-(4-methoxyphenyl)butan-2-one pheny
R:OH,4-(4-hydroxyphenyl)butan-2-one

S i-fac axttack - Re—fce ttack m i
Mutant
Substrate Product Conv. (%
Substrate Product Mutant TeSADH | Conv. (%) | ee (%) TeSADH (%) Q)H( T, @JI\(
W110G >99 © o
(@] OH WllOG >99 69 WllOA 99 1-phenylpropane-1,2-dione (R)-2-hydroxy-1-phenylpropan-1-one
S W110A >99 71 Mutant
W110V 5 01 W110V ) Substrate Product TeSADH

W110A/I86A 91
W110A/I86A 12 87 110G 3 — TG
0 W110G 61 W1l0A 08 S, W110A
R W110A 99 87 W110V 94 W110v
W110Vv 96 71 . W110A/186A 40 W110A/I86A
H 5 W110G

(@] @]
OMe OMe i i
W110A/I186A 95 UL = W110A
WIL0G W110A 97 CF; (R)™CF,4 YL,
W110Vv 92
W110A W110A/I86A
(@)
@W

(0]
H3CO 0| Hsco OH
X7 r WLLOAIGSA | 80
W110V -- "

W110A/I86A

OH

W110G

&) W110A

o W110G - - . L W110V

; » The asymmetric reduction of substituted phenyl acetone
W110A/186A
0 W110A 99
R
W110V 67 2" \Wi10nIB6ATeSADH i xeay oon ©\/Ot

W1L10A/IS6A 94 . ——— SRSl » Asymmetric reduction of bulky-bulky aromatic ketones

R)-1-phenylpropan-2-ol 1-phenylpropan-2-one (S)-1-phenylpropan-2-ol oo T 4
W110G 7 phonviprop F e < | 0
P Small W110A/I86A TeSADH
P pocket >

° - W110A 99 N o .
a e W110V 86 CE/?H\ W110A/IBEATESADH Q W1HOX ToSADH Qin\

—_—.

. (R)-1,2-diphenylethanol
1,2-diphenylethanone

(R)-1-(2-chlorophenyl)propan-2-ol 1-(2-chlorophenyl)propan-2-one (S)-1-(2-chlorophenyl)propan-2-ol 87 % Conv.
95% ee

W110A/I86A 95

Configuration Mutant
of Product TeSADH

R2 o R2 y
W110G TeSADH () W110G >99 O W110A/I86A TeSADH

NADPH,CH;CN(10%) B 0 (S) W110A 95
) 3 (] '
50°C, Tris-HCI buffer (pH 6.5, 50 mM) (S) W110V >99 1,3-Diphenyl-2-propen-1-one (R)-1,3-diphenylpropan-1-ol

95 % Conv.

R’ R (R) W110A/I86A >99 n.d ee
1: RYRZH 1: RYRZH (S) W110G 13

2: R'=0CHj3; R%=H 2: R'=0CHj3; R?=H Cl
3: R'=H; R2=0CH, 3: R'=H; R%=0CH, @[)7\ (S) W110A 84
W110G TeSADH W110A TeSADH ©) wilov 929

Ketone (R) W110A/186A

Ky (MM) Vinax (MM.Min%) Ky (MM) Vinax (MM.Min-L) COIICIUSiOII

0.0184 + 0.000824 | 0.0748 + 0.00335 | 0.00580 +0.00029 | 0.0589 + 0.0048

» Kinetics parameters for substituted 2-tetralones Substrate Conv. (%)

» The asymmetric reduction of other aromatic ketones

H

0.0231+0.0011 | 0.0666+0.00316 | 0.0106+0.000528 | 0.0695 + 0.0039 ) N |
O\)‘\/ witex Tesapy ©\/k/ T ©/\ W110A/186A TeSADH expanded the substrate scope for TeSADH.

0.0452 +0.00156 | 0.0743 +0.00257 | 0.0122 + 0.000611 | 0.0545 + 0.00218 1-phenylbutan-2-one (S)-1-phenylbutan-2-ol 1-phenylethanone (R)-1-phenylethanol
o I Various mutants of TeSSADH reduced diketones in high
: regioselectivity and enantioselectivity.

—_— >

1-phenylpentan-2-one (R)-1-phenylpentan-2-ol

Mutant

Substrate Products M Conv. (%) A reversed enantiopreference for few substrates was observed

W110G 36 when W110A/I86A TeSADH was used as a catalyst.
W110A 98
W110V 98 : : .
WLLOA/I86A - The interactions between the ketone and the residues of the
W110G nr . active site of enzyme determine the mode of substrate binding,
W110A 3 and thus the enzyme’s steroselectivity.
W110V 32
W110A/I86A 95
W110G nr
W110A nr
W110V nr

Lowest energy dockings of A:5-methoxy-2-tetralon,B:7-methoxy-2-tetralone, C:8-methoxy- 186A 9
2-tetralone in the catalytic site of W110G TbADH. The substrate is viewed from the face WI10A/186A 46
occupied by NADP in the TeSADH crystal structure.
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