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Synthesis of sugar and fixation of CO, through artificial

photosynthesis driven by hydrogen or electricity

HUANG Weidong
(School of Earth and Space Science, University of Science and Technology of Chinas Hefei 230026, China)

Abstracts: The overall process of photosynthesis consists of two main phases, the so-called light and dark
reactions, in which light energy is absorbed by chlorophyll molecules and transferred to regenerate NADH
and ATP, then drive Calvin-Benson cycle to synthesize sugar. Due to the difficulty in artificial regeneration
of ATP, artifical dark reaction pathways were thus proposed. which are based on the natural biochemical
reactions catalyzed by enzymes, with which only NADH is needed to be regenerated from hydrogen or
electricity for driving the dark reactions. ATP 1is thus not needed to be regenerated from
photophosphorylation and the theoretical efficiency is improved. This provides an artificial sugar synthesis
method from energy and CO:, and may be a potential industrial process to produce sugar with energy. The
solar energy may be used to convert CO. artificially to sugar if the pathway and photovoltic or solar
hydrogen technology is combined.
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Fig. 1 The artificial photosynthesis pathway for CO, fixation powered by hydrogen (bisphospho glycerate condensation pathway)
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Fig. 2 The artificial photosynthesis pathway for CO, fixation powered by hydrogen (bisphospho glycerate synthesis pathway)
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Tab.1 Reaction and enzyme in the the artificial photosynthesis pathway for CO, fixation powered by hydrogen

(bisphospho glycerate condensation pathway)
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Tab.2 The reaction and enzyme in the artificial photosynthesis pathway for CO, fixation powered by hydrogen

(bisphospho glycerate synthesis pathway)
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Fig. 3 The artificial photosynthesis pathway for CO, fixation powered by hydrogen

(glucose phosphate dismutation pathway)
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Tab.3 The reaction and enzyme in the artificial photosynthesis pathway for CO, fixation powered by hydrogen

(glucose phosphate dismutation pathway)
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Tab.4 The reaction and enzyme in the artificial photosynthesis pathway for CO, fixation powered by hydrogen

(glucose phosphate dismutation and phosphate pentose to fix CO, pathway)

75 it 2t 5 fiff 44 F% )2 A ArG/(k] +m ")
N NAD(P) H + 5-# f2 # B #% (ru5p) + CO2 =~ NAD .
1 1.1.1. 44 SRR AR (PGD) Lo 5.54

e AR (P) '+ G- A A B R (6pg) ?
_Ts TS 2 A uE s [y~ 7 o>y N =]

%2 3.1.1.31 bR TR R R (PGLy O PPl B C6pe) - HT G- W B 2 P4 G 22.93
(gl6p)+H;0
6B AR AR 9 1% (gl6p) + NAD(P) H-+ HT —> 65

£ 3 1.1.1. 49 6 i 0 4 4 0 SR (GPD) LT AP N i Cglop) + (PYH+ o 8. 37

BRI BE (g6p) - NADP) |

CiEY 1 ER R ®AR 3 h #1—#4 Jp,
L 15 ARG . AL 16 B R

@ Tl 92 8] %) W P30 o W TR A A W R 67 il A
b, 55 1 R SR KL . P A B R LR X AN ik
A8 3 Ao Tl TR A W Ak T A R R S W L 1R PR
R BETR A A B AR A LR ATP 2
5L NMEER T ATP K fig i R i s e, B3k HUF 22
14 Fi F1 NADH 2 541k, #F — L fifk 7 A T8
A Ve I R i AR

FE IR 3 Bh o b, AR AT DL B R A 2 b
iR i Ul AEFL T L ELEENS CO, 5 5 R M B2 I
PR 6B R A 2 R (pg6) ™ 2720, 6T 1 ) 25 W TR
PR ad B K YR AR 2R NADH i J5, A4 B 6-B
iR A A B N 4 AR Bk 3 RO b A
FH R 1 7 CO. 5 DL S HH 5 18 T8 IO S N 2 1l i
iz O\ A

K CO, B3I 30 Wl 1R e b, 7T DAk e A
B 1 IR B L A A A AR D A R (4 R
B 3. FIAREE CO, i B IR IR i 12
XA AR B EA A 3 A 2 CO, (R 4), TR
FH AR A AR 5 CO, o 75 B2 4 Fi .

H B RES AT A LR T 7 b TR
J& CO, Fl H, (S f# 77 A= i) NADHD , 7™ ¥ AH [R] 1
BT FCARAE L AE AR Ak = A [ 9, 7= 9 2 VE A B

GYEAR 1 RONE # 16 4 S 1 BEAT , FCAY SRR Y R 3 1 Rk 3.

¥ 44,9 kJ/mol B ; = ) o2 ) A5 WE L 38 0k 27
k] /mol i #5 4% , X 51 75 F v (8] 2 B 09 [ H AR AR 1k,
H T e ] g B 2 R AR AR AE O A AL R L A
BB )G - e A R IFT. SRV H BB
F 0, UL RS R AT 2 W T B
R A5 S 7 Ay 2 A S T 7 ) O R SR A FRATT 45 S I 7%
T 550 BE A S B NE [ F R A ) 4 O e RS
. R L AE 0. 354 MPa T, 7 4 7 45 B Uk 1 3k
B THRIFHARARE T 1 mol/L.

2 WMESH

2.1 BAEHE

FEFRATHE Y N T A A e RN B AR L
TN HHBERT o, iR 2 H, F1 CO, fE
KRN AR RN R B ARAL. S5
SRR AEARAS B % B B W AR ) VR A B AR
JIERRHEWR 1 mol/L; 303 6 H, 40 JE M 0. 101
MPa Ft i £ 0. 252 MPa. f# 7= 9 ¥ JE 15 3 31 T 45
RS T 1 mol/L W BE. FEXFPE LT - RGL A K T
J& 0. 354 MPa, tLARMETE L T 0. 203 MPa % . 38
Tk H, 1 CO, 2% AJE SR 0. 354 MPa J2 b £ i5}
W HIEINEFE M RE BT A AR = IR



% 5 SAER BB ALIRSMER B Z CO, 4 w15 465
6rusp « o
p R 2g3p
- Non-oxidative
o 6NADH s #10 ALD
#11 TIM
YO>S e
#c2 PGL
4f6p + fop flép
6NAD"
/ \ 6gl6p 6g6p #b2/b3 PGM
6NADH 6NAD
ety 0 HDH

i) g

—

" 12H"

5 WLl BR 4 A3 AN R (Y A WL 3R 4. PR AN TR B AR
6p g 6T IR AT WE R 5 216 p . 6-i 1 4 4 M AR-0- N TR s 4 IS JE ML AR . HL ' K
4 SEEINEE CO, ATXSERER(BBRAABELNETE CO, MBBRXERRD
Fig. 4 The artificial photosynthesis pathway for CO, fixation powered by hydrogen

(glucose phosphate dismutation and phosphate pentose to fix CO, pathway)
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