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Abstract: Covalently anchoring of a ligand/metal via polar amino acid side chain(s) is often observed
in metalloenzyme, while the substitutability of metal-binding sites remains elusive. In this study, we
utilized a zinc-dependent alcohol dehydrogenase from Thermoanaerobacter brockii (TbSADH) as a
model enzyme, analyzed the sequence conservation of the three residues Cys37, His59, and Aspl150
that bind the zinc ion, and constructed the mutant library. After experimental validation, three out of
224 clones, which showed comparative conversion and ee values as the wild-type enzyme in the
asymmetric reduction of the model substrate tetrahydrofuran-3-one, were screened out. The results
reveal that the metal-binding sites in TbSADH are substitutable without tradeoff in activity and

stereoselectivity, which lay a foundation for designing ADH-catalyzed new reactions via metal ion

replacement.
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Figure 1  TbSADH catalyzes the asymmetric
reduction of tetrahydrofuran-3-one (1).
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Table 1 Primers for constructing the mutagenesis

library

Primers Sequences (5'—3")

F1 ATGAAAGGTTTTGCAATGCTCAGTATC

R1-C37C GCCAATGGCTCCTTCAAAAACGGTAT
GAATGTCCGAAGTGCAAGGGGCCAC

R1-C37H GCCAATGGCTCCTTCAAAAACGGTAT
GAATGTCCGAAGTATGAGGGGCCAC

R1-C37D/ GCCAATGGCTCCTTCAAAAACGGTAT

C37E GAATGTCCGAAGTWTCAGGGGCCAC

F2-H59C TTTGAAGGAGCCATTGGCGAAAGACA
TAACATGATACTCGGTTGCGAAGCTG
TAGGT

F2-H59H TTTGAAGGAGCCATTGGCGAAAGACA
TAACATGATACTCGGTCATGAAGCTG
TAGGT

F2-H59D/ TTTGAAGGAGCCATTGGCGAAAGACA

H59E TAACATGATACTCGGTGAWGAAGCTG
TAGGT

R2-D150C ACCAGTGGTCATCATGCAGGGAATCA
TAACTGC

R2-D150H ACCAGTGGTCATCATATGGGGAATCA
TAACTGC

R2-D150D/ ACCAGTGGTCATCATWTCGGGAATCA

D150E TAACTGC

*The mutations are noted in bold; W represents A and T.
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Figure 2 Three-dimensional structure of TbSADH
(PDB ID: 1YKF). (A) The active-site residues and
zinc ion. (B) Conservation analysis of the three
metal-binding sites Cys37, His59 and Aspl50,
depicted by red triangles.
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Table 2 Mutants detected by GC

Code Conversion (%) ee (%)

wt 97.7 24.0 (R)
pRSFDuet-1 23 9.9 (R)
L3-B5 97.9 16.7 (R)
L1-E4 98.2 17.3 (R)
L2-G1 97.8 16.2 (R)
L3-A4 95.9 17.0 (R)
L3-D1” 97.7 17.6 (R)
L2-D3 97.7 16.5 (R)
L1-Bl 97.3 15.8 (R)
L1-H6 52.3 6.7 (R)
L1-H5 39.4 9.1 (R)
L1-E3 97.0 152 (R)
L4-G1 97.3 15.4 (R)
L3-H5 97.1 16.7 (R)
L2-F2 97.0 15.0 (R)
L3-H6 96.6 153 (R)
L1-E2 97.0 152 (R)
L1-A5 96.7 24.5 (R)
L3-C6 98.6 19.4 (R)
L5-H4 99.0 25.2 (R)
L5-E2 99.9 18.4 (R)
L5-A5 99.8 20.5 (R)
L5-A6 99.6 22.3 (R)
L5-D4" 98.9 17.3 (R)
L5-D1 99.1 20.4 (R)
L5-D6 98.6 16.1 (R)
L5-F5 98.8 22.1 (R)
L4-A4 98.7 17.4 (R)
L3-E2 97.5 16.0 (R)
L3-G6 96.8 15.5 (R)
L2-D4 97.7 16.1 (R)
L2-H3 98.4 17.8 (R)
L4-B6 93.5 9.4 (R)
L1-E6 97.4 20.4 (R)
L5-Al 80.4 14.0 (R)
L4-H1 96.2 17.9 (R)
L2-C3" 97.3 14.6 (R)
L2-B5 97.2 13.9 (R)
L3-A2 85.5 5.6 (R)
L3-G3 96.8 14.4 (R)
L4-A2 59.5 10.5 (R)
L5-C4 99.8 16.5 (R)
L3-F4 99.5 10.4 (R)
L4-G3 99.6 16.0 (R)
L4-F6 96.9 17.5 (R)
L2-F3 95.6 13.6 (R)
L5-A4 96.4 16.0 (R)
L2-G4 97.7 13.4 (R)
L4-Al 96.9 12.2 (R)
L1-B3 98.0 11.5 (R)
L3-G5 99 4 13.4 (R)

*Sequencing results showed that the L3-D1 for three mutant
Cys37Asp/His59Asp/Asp150Glu, L5-D4 for single mutant
Aspl150His, L2-C3 for double mutant Cys37His/His59Glu.
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Table 3  Second screening results by GC

Code Conversion (%) ee (%)

WT 97.2 24.5 (R)
pRSFDuet-1 2.8 9.2 (R)
Asp150His 98.3 18.2 (R)
Cys37His/His59Glu 98.6 16.4 (R)
Cys37Asp/His59Asp/Aspl150Glu 97.8 15.2 (R)
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Figure 4 Stability analysis of the engineered mutants.
(A) Statistical analysis of the screening results. (B)
Predicted vibrational entropy energy and potential
energy between the wild type and mutant. (C) RMSF
analysis of the wild type and mutant. The three mutants
are indicated by red triangles Docking analysis of

substrate 1 in the wild type (D) and the triple mutant
Cys37Asp/His59Asp/Aspl150Glu (E).
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The empty vector pRSFDuet-1 is adopted as
negative control. +Zn”>" represents the reaction
system contains the zinc ion, while —Zn”>" indicates
the zinc ion is eliminated in the reaction system.
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