BRES 15

KPS E Eh D RERE 2R LI EERARE R T 1 2B 5058

R

O

(KR53 RETEE)

HIERIEBRALES L RE 2@ IC B W T LR FHIBICRE T 2B EELMmE SN TEY, =
FR LRI L A HERER LRSI ERES BV T L RAICBET REXMETHS. BA
DR FBORPEHEIHERTLE LN THY, “BILRFBOPEH ZMET 57200 T/
<, KREHFO IR 2 KRIBICHIRED 2 VIR AT 2 HIFER NS LETH D, (LK
REMWEPICEEL, ZBRPO_BLRFBEZHIRT 2 EMIAERZ2FED -2 L INT
WA, MBEICEEIL SN TBRLRFBIZTT T o7 bR EICE > TEEL SN, BEWE
HORKEOIZTmME LCEMASRD. £, BHEcEETICETL I 8L
REZFIHT D2EMHABLLEIN TS, LR FBSCRIAKE A 4 3B B EREHE
ZRIRAT L2 L TARPICBWTHB(LEMIIERTX S,

AWFFECIE, Scheme 1 [T L9727 a7 o ViEBKCHAHEES 7 2 U > Zn Chl-eg
OYIHEMEE L U o IEEEESE (ME) O ZELRFBEEFREEAZFIAH LT, ZELRFNEK
WL b D E LTREBAE T N UL ELE VERE NS Y a4 Kd TRALFER
AR FTRE 7R R R A L7z,

\

- Zn Chl-es"

+

NADH){/ Zn Chl-es V.71 Chl-es )/— MV*<. » NADPH-. -Pyruvic acid + CO:
I
NAD é

> MV~ - NADP' Malic acid

Scheme 1 Photochemical malic acid synthesis from CO, and pyruvic acid with malic enzyme (b)
via the photoreduction of NADP" with ferredoxine-NADP-reductase (FNR) (a) using
light-harvesting function of Zn Chl-eg.
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Fig. 1. Photochemical and enzymatic synthesis of organic compounds from
carbon dioxide. 1:Photoredox reaction, 2: Carbon dioxide fixation with

enzymes.
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Scheme 1 Photochemical malic acid synthesis from CO, and pyruvic acid with malic
enzyme (b) via the photoreduction of NADP* with ferredoxine-NADP-reductase (FNR)
(a) using light-harvesting function of Zn Chl-es.

NAD" NADP" " Malic acid

ME NADP FNR
(MV*)
Chl-es NADP* NADH
ME 1.0 unit
NADP* 1 1.0 pumol
Zn Chl-eg
Zn Chl-eg Chl-e¢ 10
Zn Chl-es Shimadzu Multispec 1500
spectrophotometer Fig. 3  Zn Chl-gs
418 638 nm Chl-eg
400, 514 660 nm
Zn Chl-gg 5:1 Zn Chl-eg
NADP*
NADP*
NADH(3.0 mM) Zn Chl-g¢ (50 pM)  MV?Z* (1.0 mM) FNR (4.0 units) pH
8.0  Bis-Tris 10 mM 5
NADP* 10 mM 10yl 30°C
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Fig. 3. UV-vis absorption spectrum of ZnChl-es in methanol solution.

200 W
390 nm 1
10 pl Shimadzu CDD-10Avp NADPH
Shim  pack
SDR H 8 um
p 12 mM EDTA 78 uM 48 mM Bis-Tris
40°C
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Fig. 4. Time dependence of NADPH production with the system
consisting of NADH, Zn Chl-es, MV?**, FNR and NADP" under steady
state irradiation. =: without FNR.

NADPH NaHCO; ME
Fig.5 NADH(3.0 mM) Zn Chl-gs (50
UM) MV?* (1.0 mM) NaHCO; (10 mM) NADP* (10 mM) (10 mM) ME (4.5

units) FNR (4.0 units) pH8.0  Bis-Tris

3
0.65 mM NaHCO; 6.5%
FNR NADPH
Fig.5 m MV NADP*
Scheme 1
Zn Chl-eg ME
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Fig. 5. Time dependence of malic acid production with the system
consisting of NADH, Zn Chl-es, MV*, ENR, NADP*, ME, pyruvic acid
and NaHCOg; under steady state irradiation. m: without FNR.

NADP+
NADP* 0.01 10 mM
Fig.6 NADH(3.0 mM)
Zn Chl-g¢ (50 pM) MV?* (1.0 mM) NaHCO; (10 mM) NADP? (10 mM)
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Fig. 6. Time dependence of malic acid production with the system consisting of
NADH, Zn Chl-es, MV*, FNR, NADP*, ME, pyruvic acid and NaHCOj; under steady
state irradiation. [NADP*] :o 0.01, 1 0.1, m1.0and e 10 mM.
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Scheme 1

NADPH NADP®

ME

NADP*
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Table 1. The amount of malic acid production and the ratio of [Malic acid] / [Pyruvic acid] under

various NADP* concentrations after 3 h irradiation.

[NADP*] (mM)

[Malic acid] (mM)

[Malic acid] / [Pyruvic acid] (%)

0.01 2.10 21.0
0.1 1.37 13.7
1.0 0.85 8.50
10 0.65 6.50
Scheme 1 Zn Chl-eg ME
3 2.0 mM
20%
Zn Chl-eg
ME
(LDH)
Fig. 1
NaHC03
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Development of Photochemical Organic Synthesis Using Carbonate in Sea Water

Yutaka Amao

Department of Applied Chemistry, Oita University

Summary

Carbon dioxide fixation is a potential technology for the realization of photocatalytic CO,
reduction. Many studies on CO, fixation have investigated photocatalysis on semiconductors such
as titanium dioxide, silicone carbide and strontium titanate. However, these systems used
ultraviolet irradiation, whereas a CO, fixation system using visible light is more desirable. In
contrast, biological CO,; fixation systems have also received much attention. For example, CO; or
HCOj can be reduced to formic acid with formate dehydrogenase (FDH) and NADH. Therefore,
a CO, fixation system that combines the photoreduction of NAD" with photosensitizer and
ferredoxin-NADP* reductase, and HCO5 reduction with FDH can be established.

In this work, photochemical synthesis of malic acid was investigated from pyruvic acid and
HCO; (in sea water) with malic enzyme (ME) and NADP" photoreduction by the visible light
photosensitization of zinc chlorin-eg (Zn Chl-gg) in the presence of NADH as an electron-donating
reagent. Irradiation of a solution containing NADH, Zn Chl-eg, methylviologen (MV?), pyruvic
acid, NaHCOs, NADP", ferredoxine-NADP-reductase (FNR) and ME with visible light resulted in
malic acid synthesis. The produced malic acid was 0.65 mmol dm after 3 h irradiation. Moreover,
produced the malic acid was up to 2.10 mmol dm™ after 3 h irradiation under 0.01 m mmol dm™

NADP" condition, and the conversion ratio of pyruvic acid to malic acid was about 20.0 %.
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