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ABSTRACT

Biofuel cell is a next-generation energy device that generates the electricity from
renewable fuels such as glucose using redox enzymes as electrode catalyses.
We re-constructed in vitro pentose phosphate pathway for 24-e oxidation of
glucose-6-phosphate (G6P) into CO, and linked it to mediated bioelectrocatalytic
NADPH oxidation system in order to improve the energy density of biofuel cells.
The electrolysis efficiency reached to 40% in the G6P oxidation by adjusting the

composition of the enzymes in the pathway.
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fifthl R 2 kST A2 ENH H. MICFIHTE A2EI% & LT, pentose phosphate
pathway (PP #%#%) (Fig. )23 %17 61 5. A TIX, glucose-6-phosphate (G6P) 1
TN, 2 DODRALMIR AL BRE & SR D AT e RIZ L Y 24 TRk


javascript:void(0);

=i, Q)P &L 5 IZiE L nicotinamide adenine dinucleotide phosphate (NADPH)
12 53 F D ERESND.

G6P + 12 NADP* + 7 H,0 — 12 NADPH + 12 H" + 6 CO;, + H3PO, (1)

N E T, PP RREEAEREESE & hydrogenase % VM7= glucose 50D H, ~ZEHa
(CBIT 2 P 3 503, BN CE RIS B IR & i Lol
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PPIRIKIC B D3R 1IFig. LIS T LBV TH Y, LIT, P ORERE % M
WTORT . ZH D EERERIL(ER) M BV E R R P28 K W B A L 7. Diaphorase (DI)
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YT X NN (RN BIEA LT, BT AT 4 =—& & L THW=2-carboxy
3-amino-1,4-naphthoquinone (ACNQ, E°' =-0.27 V vs. Ag|AgCI|KCI (sat.), pH 7)13 3
B ARE > THR LT,
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23. ¥ EZ ) —EBRKBEESH(CE/MS)

PP £ I&ECs F AR D CEIMS JIIE IX(RR)EL AT > 7 —ITIKHE L 72, Agilent
Technologies CE/MS A7 LT, a—7 47Xy TV —(FThI7A4 TR
SMILE (+), N£E 50 um, & & 100 cm)Z AW, Pk Ehik 50 mM ammonium formate (pH
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V CFig. 1 {2777 m/z = 169, 199, 229, 259, 289 DA A ZiIRAJITFR H L 7.
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NADPH + H* + ACNQ — NADP* + ACNQyeq ()
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i DEFE - BRI, 15 min 128 F TORFERWA &, Tk FEFITE



MWD I D72 % 2 FR AR Lz, RS T, PP RRIE O SOSHEIZ T,
X(2), VDPISHEEN D TRELRDEIRELT-OT, BHISNLIRLE
Tl PP R O Wik SEBESFR (1, 3)I1T & D NADPH Al D Fn & K3~ 5. i - ¢,
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¥¥iZ, sedoheptulose-7-phosphate (S7P)D & — 7 HFENMML & LR L TR E W &0
DN, ZOZEIX, KREMETIE, BEHE 7 OEEENMMOBESE &R L T/hS
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FefbAl & U7z BRSOt B % Fig. 2 @ inset (DR, Z OFEER, EEBILGE
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Figure Captions

Figure 1. The pentose phosphate pathway for glucose-6-phosphate (G6P) oxidation.
Enzyme 1; G6P dehydrogenase (EC 1.1.1.49), 2; 6-phospho gluconolactonase (EC
3.1.1.31), 3; phosphogluconate dehydrogenase (EC 1.1.1.44), 4; ribose-5-phosphate
isomerase (EC 5.3.1.6), 5; ribulose-phosphate 3-epimerase (EC 5.1.3.1), 6 and 6’;
transketolase (EC 2.2.1.1), 7; transaldolase (EC 2.2.1.2), 8; G6P isomerase (EC 5.3.1.9).

Figure 2. Current (i, solid curve) and apparent number of electron (Q/FN, broken curve)
as a function of the electrolysis time (t) for electrolysis of 4 pmol G6P (Nggp = 4 umol).
The total activities of the enzymes (1 to 8 and DI) were 1: 6.4 U, 3: 7 U, 4: 0.3 U, 5:
11.2U,6:0.2U,7:0.1 U, 8:26.5 U, and DI: 40 U. The electrolysis was done at 0.2 VV
and at 25 °C in phosphate buffer (pH 7.0) containing NADP™ (4.7 mM) and ACNQ (30
uM). Inset (a) shows i and Q/FN vs. t for electrolysis of 4 umol RU5P (Ngrysp = 4 umol).
The other conditions are identical with those in Fig. 2. Inset (b) shows the time course
of Q/FN in mediated bioelectrocatalysis of G6P (Nger = 4 umol). The broken curve
shows that in Fig. 2. The electrolysis conditions of the solid curve were identical with
those in Fig. 2 except enzyme 7, of which the total unit is 10 times larger than that in
Fig. 2.

Figure 3. The electropherograms using selected ion-monitoring technique in CE/MS.
The sample was taken from the 6 h-electrolysis solution shown in inset (a) of Fig. 2.
The target analyte of each electropherogram is (a) m/z; 259 (glucose-6-phosphate and
fructose 6-phosphate), (b) m/z; 229 (ribulose 5-phosphate, ribose 5-phosphate and
xylulose 5-phosphate), (c) m/z; 199 (erythrose 4-phosphate), (d) m/z; 169
(glyceraldehyde-3-phosphate), and (e) m/z; 199 (sedoheptulose-7-phosphate).
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