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Enzymes have low toxicity and are environmentally friendly catalysts that
achieve substrate-specific reactions under mild conditions. However, the coenzyme, especially
dehydrogenases, required coenzyme such as nicotinamide adenine dinucleotide (NADH), which increases
the cost and is a barrier to application to organic synthesis.

We have shown that gold cluster catalyzed redox conversion of NADH and NAD+ using 02 and H2 as
oxidation / reducing agents.

Furthermore, we succeeded in adding a gold cluster and a gold-platinum alloy catalyst to the enzyme
reaction to regenerate the inactive coenzyme to active and make it function as an enzyme-gold
cluster hybrid catalyst.
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Tablel Au

- . MTYd TOFd
Catelyst e e mOwo mohuo,
molaus molau~s
Auzo/CeO> 3.0° 39 38 1.56x103 2.89x10°3
Auzs/ZrO; 3.3+1.8 47 47 1.85x103 4.33x10°3
Auzs/Al>0s 3.5+2.4 50 48 1.30x103 3.24x10°3
Auzo/NbOs 1.9+0.5 - - 5.79x103 7.79x10°3
Aus o/Nb;Os 3.0£1.0 76 74 4,92x1073 1.22x107
AU5,7/Nb205 57+1.9 - - 5.07x 10'3 2.04><10'2
Aui4/ND 1.4+1.0 - - 4.21x1073 4.21x10°3
Auz2/ND 2.2+1.0 66 63 2.85x103 4.43x10°3
Auso/ND 4.9+1.5 - - 2.70x103 6.31x10°3
AuLo/SIiO» 1.24+0.3 >95 >95 - -

aEgtimated by HAADF-STEM. ® Reaction conditions: NADH (0.042 mmol), Au cat. (Au 1.8 mol%),
pH 6.5 phosphate buffer (3.0 mL), O, balloon, 37 °C, 2 h. %9 Reactions were performed at pH 7.0.
MTY and TOF values were calculated from absorbance in UV—vis using 10-20% conversion data. ©

Estimated from coordination number by curve-fitting analysis of XAFS
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Table2. NADH GDH a
Au catalyst Enzyme glucose Conv./%" gluconate Yield / %°
none GDH 0

Aui4/ND none 2

Aui4/ND GDH 36 32
Auz.o/NbOs none trace
Au1.9/Nb,Os GDH 70 66

& Reaction conditions: glucose (0.05 mmol), NADH (0.05 mmol), GDH (5 U), Au cat (20
mg, Au 2.0 mol%), pH 6.5 phosphate buffer (5.0 mL), Oz balloon, 37 °C, 1.5 h.? Calculated
by IH NMR. ¢ Calculated by *H NMR
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Table3 Au AuPt NAD*
H o)
N NH, NH,
_ M
N 1 wi% Au cat.
o NADT FTC ke NADH
. AUu/Pt Time . TONE®
Size H» . Conv. Yield Selec.
Catalyst nmP pH IMP loading /h 1944 1044 1% /mol NADH
Iwit%e® MOl metal
Auzs/HT 2.3+£3.7 8 1.0 1.07/- 12 16 10 62 55
Auzs/HT 2.3+3.7 6.5 1.0 1.07/- 12 1.8 1 56 0.5
Auss/HT 4.6+1.3 8 1.0 1.04/0 12 0 0 - -
Auzo/CeO, 3.0° 8 1.0 1.01/0 12 15 10 66 5.9
Auzo/CeO; 3.0¢ 6.5 1.0 1.01 12 trace trace
Pt1o/ND 1.9+0.7 7.5 0.1 -/0.83 0.5 51 31 61 22
AuPtso/ND 3.0+0.7 7.5 0.1 0.49/0.37 0.5 60 41 69 28

@ Reaction conditions: NAD*-xH>0 (0.045 mmol), 1 wt% Au(AuPt) catalyst (15 mg, Au 1.8 mol%), 0.1 M
sodium phosphate buffer solution (3.0 mL), 37 °C. ® Au particle size was estimated by HAADF-STEM. ©
Measured by AAS. @ Conversions and yields were calculated from *H NMR spectra of the filtered reaction
solutions. © The amount of NADH produced per metal atom.
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Table 4 LDH-catalyzed reduction of pyruvate using NAD™ in the presence/absence of metal catalysts.

[e) O
YI\ NAD* \‘)‘\
o metal cat. o
i LDH &
Metal Catalyst enzyme Temperature Ho/MPa Time/ h Yield of
/I°C lactate/%
none LDH 10 3.0 20 0
Auza/HT LDH 10 3.0 20 0.5
Auszo/CeO2 LDH 10 3.0 20 12
Pt1o/ND none 37 0.1 0.5 2
Pt;o/ND LDH 37 0.1 0.5 30
1AUPt3 o/ND none 37 0.1 0.5 4
1A U'Pt3o/ND LDH 37 0.1 0.5 27

a Reaction conditions. NAD* (0.045 mmol), sodium pyruvate (0.05 mmol), LDH (50 U), 1 wt% Au
catalyst (50 mg) or 1 wt% AuPt catalyst (15 mg), phosphate buffer (pH 7.5, 3 mL).
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