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Abstract: The use of light energy to drive carbon dioxide (CO,) reduction for production of
chemicals is of great significance for relieving environmental pressure and solving energy crisis.
Photocapture, photoelectricity conversion and CO, fixation are the key factors affecting the
efficiency of photosynthesis, and thus also affect the efficiency of CO; utilization. To solve the
above problems, this review systematically summarizes the construction, optimization and
application of light-driven hybrid system from the perspective of combining biochemistry and
metabolic engineering. We introduce the latest research progress of light-driven CO, reduction
for biosynthesis of chemicals from three aspects: enzyme hybrid system, biological hybrid
system and application of these hybrid system. In the aspect of enzyme hybrid system, many
strategies were adopted such as improving enzyme catalytic activity and enhancing enzyme
stability. In the aspect of biological hybrid system, many methods were used including
enhancing biological light harvesting capacity, optimizing reducing power supply and
improving energy regeneration. In terms of the applications, hybrid systems have been used in
the production of one-carbon compounds, biofuels and biofoods. Finally, the future
development direction of artificial photosynthetic system is prospected from the aspects of
nanomaterials (including organic and inorganic materials) and biocatalysts (including enzymes
and microorganisms).

Keywords: enzyme hybrid system; biological hybrid system; CO, fixation; energy regeneration;
reducing power regeneration
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Figure 1 COj; reduction driven by enzyme hybrid system. A: The semiconductor is used as a photocatalyst

to receive photons and then convert them into electrons that can eventually combine with the active site of
the enzyme to reduce CO,. B: With two-dimensional nanosheets, three-dimensional semiconductors, dye
molecules or modified semiconductors as photocatalysts, electrons are transferred to the active center of the
enzyme for reducing CO,, which is mediated by cofactors. C: The stability of enzymes is protected by
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Figure 2 The synthesis of methanol from CO, by
FateDH, FaldDH and ADH™.
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FEASAS AT LA S B0 AR AR 50 AR A i 3, T
HLI& AT RS2 B A A 5 WA Ak PR A A 25 []
ARG E, DA EE 28 7 COFT ROS T 1 Tl
HEALTE IR (B 1C). Flin, RIH#EEMS
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ML, AT S B AR I, T R AR G
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FIRDGHERS CO, B A2 Ry b2 il (K] 3).
2.1 BRIV OCEE
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KRE(E 3A). e, A TR @
R TE M, TR SEEE W IE T, R0t
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VERTiiA-G A BChl, Mt BRI gmiRHe R, FEmR
THAE Chl a AHOCHER HIEA |, kI8 A
(Synechocystis sp.) PCC6803 [ Chl a H¢55hff
(ChlG), 281 T Chla YRR ER, R4 I 600-800 nm
RO IO , IR T R. sphaeroides W YGTE K
Wi R, 3AEN T 375-900 nmPY, Mok, i
Wi Rk, nT LU A 20 i it 0 DA 3 B S i
W B oG G, TS SR AR B,
18 1o 5 B W5 B Synechocystis sp. PCC6803 ) cpc
BEDR, AT B R R RO R, ke T
A2 XS S RE Y B M, [R5 T R GE Y
BARSERIRRE ST, TRERKR Synechocystis sp.
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Figure 3 CO; reduction driven by biological hybrid systems. A: Enhancing the ability of biological light
capture though pathway modification, gene editing, co-culture, nanoparticle deposition and expression of
light-trapping proteins. B: Enhancing the regeneration of reduction power by modifying nanomaterials to
enhance electron flow. C: Enhancing the availability of intracellular cofactors. D: Energy regeneration by
designing light-driven proton pump, constructing biomimetic energy motor and optimizing energy
distribution system[ézl.
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RET AR B Tk AR A 7 sk . M2 T, 5+
FWAEY BAARBANRG, HERAERK
Tl ATy ik, @k A SRR OL
REBMB SR YT, IFEARE COo,
W g A, AT LRI LOE N REIR . CO, kA
AN CAAE ) o AR, 51§ AL 58 2 1 (proton
pump rhodopsin, PPRs)YEN#T THYHHIE R SE , i
A FFER PPRs 5] AJESCAAERIAY)
(B 4A)y B a] DU T 1 2 0 il e g

TR ) AR B A R o B, Tl A
(Haloterrigena turkmenica) 841 Fi(dR), FF
R TR . HAT B R T AR PR AL SR AL
Ji(R3). MATE E. coli H5] A R3, FILUH E. coli
200 10 N AR BT 5 B S ATP 5 il ik
ATP, e LRI HUAE PR B T 1,24 £507
FiRRRE R ARSI CO, [ E FR AR (4N .
CBB 120 ) AR A9 S,y 32 i [T Bk R R 48
T —FAA IR . BRI A, TER IR
YIRS B S K 5 U AR, AT LA

SFRAE Y RE S AT OG- EEM . BN, sl TE
E. coli PR SE#4 (K] Chl a tEWIG &%, F45
AR AR LS ME (Rubrivivax gelatinosus)I)
WAL (AcsF), I3 2 Jl oyt 5 P 5 D5 o
IX ¥%4bR Chl a. EIRAFGE R DL Tl AR B i
E. coli AJEH:, TEMINBEIT AT CO, [H & #2
AR CO, B AR, 2 524 M
G AR YRS T RE T IE

2.1.3 ‘A&

AR PGB 2 B A= 0 400 T 5 D6 BEGR) DA Ji
BLUTE . FHLMCRT . RN . A e SE Ty
KiEHz, ManpEref AGRES k2=, N
TP AL, SRR SR LA RS
YRV A AR AR A R 555 BT,
CdSP2738 CdTeP!, Au(NCs) I InPMH!45 4l >k
MR 2 TAKREYFa e, fan, &
TR E. coli WG 3Rk B P M 282 (Cys) T 4 A
. Xt Ccd* il ST HAT MR S Z kAT S
CsgA, gt 7 IhRePEAE DB, ik T CdS 78

4 HEEVMRERZE A BAEDLS RGHEAYHDLRET). B: YRR CdS NPs SEH L A0i
Figure 4 Building a hybrid system. A: Enhancing the ability of light harvesting by transplanting
photosynthetic systems. B: Adsorbing CdS NPs on biofilm to photosensitize cells.
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E. coli AMMIRE b I A2 4k, S8 T 40 i
AL (B 4B). TEMCEEA B, SLIKB A Yo
G RGNl L2 2 NADH 42, N
FDH & J5t CO, A7 R AR I I ) 72 52 B %
FMT, COy i i N W R B & B K F] T
0.11 mmol/(L-h), AHR A FF=F4H 0.13%,
HARGK AW A U T R e T
2 T LR (ELR AR AR S A W) Z TRl £
AN, 5 8™, b1
e F RN, BN R E— 0T kT AR AR
Ao, Bilan, kAR R I A R R
(Rhodopseudomonas palustris)5 B G H i\ &
K7 (Methanosarcina barkeri), B4 1E N YCHG
IREhJ5 HH CO, HEERAL N CHM™WY, & ki
4 B A F T 4.7 pmol/(L-h). £5 LTk,
FIUHAUK ARG AT A R, ST
WAEY AN MR, BGE TOLREIKS) CO, it
J G AR YRR . PG, RO T 4k ST
REGEME R B M OCRoN . P
TBRE
2.2 AR AR

T A oy A oA ) A s o s T A8 R A 3
I8 1. WA, UEPITER IR CO, I 5 2R
038 JE T BERE AT 7 2 5 RS M A 3 I T i 4
Wy T T S N AT U et [ S R R RAER |
PR AN F24 5K 3B, 3C), AMUAT LISk
i 5 AR AN R R) A, T L AT R T A
CO, [ BRI
221 MRMUAHEFEE

BT HAEANMUBE S 4 Rr i ik, miH
Z 57T Binm 4G, BIiRiei A NADH
A R R R A ) AL C O 388 U 1 DG B 3R
o W BRI B AT K ek B — R DY 0
A e AR SRR DY 1 A B A6 2 () 3B). 4,
KM NADH F¢ 52 PE#4 4605 NADPH, #J LIf

&: 010-64807509

Hot TR MBI AF ) NADPH & ik, MIfi$
B LA S Hh A TR R . N, g
1E Synechococcus elongatus PCC7942 Wik i
H Lactobacillus bulgaricus ATCC 11842 19 D-F.
iz 1B U (LdhD) , 5 NADH 3505 A 82 i s (i fe- 11
NADPH, fif p-FLER™ 40 T 3.6 551, Hik,
TFRARSAIRT 7, AR A T IR(NMND),
WAl LSRR 2R AL RSO o N, LT3
J12E o, I XA BT I (Bacillus subtilis)
{14) 4 76 1 B0 S0 T (BsGDH) #1703 , % NAD™
M NADP 46y NMN', 7EARSNSCBL T DA
A2 39 000)BEF 74U T B 0 7 e gk
i b, RIS E. coli HEATIH 5] NMNT,
A RGE T NS, SEBLT E. coli AR
AR ZR AT LA R0k S A Rl TR T RIS A Y
g, R BRI M A B IS 5 CO, [T g R4
M TEST B L BRTA, kAR R YA
P A DS A O e, AT DA RO 5 A P 3 D
JIHEA, AT A HE AL 27 i B . ARR AT LR
ST R SRS SE B N AR e i DX AR 8 ot
HATER NADH, A H] T2t — 2R taE s
o i AL RR
222 MRBFYSR

T 0 A L P 8 H - 25 B 42 I NADH
AR, T CO, IR JFAZE ., N T
A RSB H T T NADH fiA, F3
KAUE 2 Fhofems . i -G JoHUR R A
FOEAE L1508 NADH A4 5 3@ 2 i il oAl AL
BOEA AR E A, Bl R RCR,
SLPA SR B R L (18] 3C), — 5T, AR
FF TCHUAT BRSO 77 A8 7 I8 WL 715 3
FIM N T4 NADH. f#illn, #idiis Inp
5 R 5% ] 20 - 6- ol PR L S Bl A (2wf 1) ) TR TS
Wtk (Saccharomyces cerevisiae) Azwfl, T
S. cerevisiae Azwfl-InP 225 2450, LB T4
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HL AR I NADPH 4=, ARGk T2k
fi (shikimic acid, SA)& RS AIRRACIR ,
JEE] SA BIFEHCRIE RN T 1.6% Y, 7t IR
b, RKFTLITE S. cerevisiae AzwfI1-InP 5| A
S CO, 58 B4R (IR i = FRRIE R, 3-%
FEN TR SUIE IR ), 7 S50 B UK 3h e B 41 if LA
CO, IR ATI AR B K. S5 —JrTE,
HlEA - 528 S E BT AL A R —Fh R S
N HL 25 1A ORI . B, 7R R R T
FIAALEE M, TE LR T G B A £l -ALO;
(meso-ALOs), A LI &H FOGAER -, i85
M5 XEANERN, FFMEREAR
T FFar . B A meso-ALO; 5 E. coli, 1)
ARG RS, R T RKREMILERT,
PR TN NADPH /KFEUS 2 ffivk Je M
YA R IAE T 1 816 mg/L, SHBCRIEET
1.0 £ o FEULIERN I, ARETT DIRI DR A A SR
AP SR RS, B CO, BIZFhik
Sah AR BRSO IR Bl e B R Ak
20 I R A
23 MERERHE

JBRBN CO, Ak 127 it 757 2K 5t 1Y BB 1
S5 RN, T HAE S R A Y R A Kt
AFFRERAMER  FE TR, @k COo,
AR T A R R R, PULRR T
Tl KB AL COL B AR 2 i VRO . KRR Al
P BRI, TR RN T IRER S RSN
Tk & B UL AP f Re S LN, SR SR =
VA3 IR TR . A Re e
ik Ak R i 4 Bic R GE (& 3D).
23.1 It KR FEFR

ML RN —FOCHEE R, T2 AT
WPERCEY, Bl A YRR N,
REMETERL N A= AL TR B, M ATP &
fiti & ATPI, LR LT A I e BRSh  F R B

http://journals.im.ac.cn/cjben

B T A P A L ) RE S A, N R AR
FAFTF Y SR, PLELT R A5 A S i
Yy AR e AR A, DTS A T R i AR AL
RIS T g RS, SRS £ 2T 2
(1) ALK S ATP 4 A& 3D). fildn,
ML ZH A H LUK BERE PSIT (BRI . FOF1-
ATP 48 A AR A R 5 i N OGS BRI R
e, ST ORIRSN PSI IER AR K™ AL T
JiE, HAE ATP STIOIRE) T4 ATPE2, fiff ATP
AY-E RGHE R A %] T 1 100 nmol ATP/(mg Chl), |
IRBFFERT T LB SR A CO, [l 1 #E HY BE
HEHKRMAERAELEE L, 2) NIDOLEapes
K3 ATP & . Blan, 8408 B 98 ok 2F 16
FF i (Bacillus pseudofirmus)i) ATP 45
AR L it PR (WE v ZIEHE Gamma
proteobacterium)Fl PSR S (IR H 3 3¢ Spinacia
oleracea) 3 N HE NG, W T AN THA
YHNEAS, AL A ATP FF UK Sk [ e o
FEA LR IE IR, AR BRI SC B T A
AESEACHIAY B RN, (HAT T S gk — 2D
WHYIE A RERACE . 4N, i BE T A4S R
PRI E I, R RE R TH AR, BR H Y
PR
232 MEFEEEDE

VUEY) 2R 50  RBORIR, B AR E
YERT, Hsdta] DI AE AR Re im0 1 R 4e
BifrERBf ik, HAET, FFRMARRESIAR
ARORNG, FEASE. MG RARE DL,
FBRH T3 AEF BEAPYRERTT A TRRIR 5
K (14 3D). e, ATP 3HEEE N —Fh KSR
RE I Eh ik, il S AL B IR AL AN BT 116 FE UK 5l ATP
AEFOE G BEIRAL T LI ATPPY, i, i
BB LT AR M TR (Rhodopseudomonas palustris)
CGAO009 kPRI ALARIERL, B G /E
CO, &2 12 T AR A A4 T 385 o (AR R =[] () A
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TERRHR, KIBAHER Y ATP 14 BGH
FEEAC, Bk, ] LU i 8 R A AL
A, HIEE ATP AU NER, dt—2 R CO, [
SERCR, NI 52 B ORI G RE & A 9 J5 0,
Hk, M AEF @iz ity 2 /9 ATP. i,
TP B AR A IR MR 50, oh T R i
getE iy A, — Al LA N T HEm) 2 4
A JEE B0 8 2 1 PR 3 5 40 B H A A B B
MM FETC I NADPH 414 T =4 ATPPT; 5
— J5 T, A LA £ 2% 38 A IR 40 B €5 3R R0 B
HWIRPQ¥ Z R TR IMOLRL 1 (PSI),
AT 52 BRATE 30 L 1 5% 4% (CET) . 94, 8 i 7
R ER ¥ (Synechococcus elongatus) UTEX2973 H
2KV B HAT 1 (Geobacter sp.)Ry 4 & B, T 5%
iz 85 F1(OmeS), il 5 (At (plastoquinone, PQ)
B LAY H0 HL P AL 2] PST, MM SE BRAE 6 e 5%
#(cyclic electron transfer, CET), fi& i i )y ATP .
AP R D-FLRR 7 2 SR T 30%
60%F1 4 F5PY, dRJE, B A LRE R ik A
ATP, fFlan, Eid¥ I8 A v ER 6 (Halobacterium
salinarum)PJ PR LA 3] Au-Ag 91K %
AR E IR HE(CCs)Fem, WE T AN TR
ik, EORME, AN TRe&E Sikal DA
H b2 B0 B, 0 T 0K 2 R S P, 4 ATP
)4 88 R A ) T 540 nmol ATP/(h-mg). %5
AT, BE R Ak UK B A B3 )
#, P ATP GG R ATP, 7£ ATP i) 5
SR ST, R SR = 9K bR A
SO B RE S, AT DOARSE B AR Y B A ih
LR WA AR ), DA T AR i A A ) B Ak A i
A7
233 MIkgEENE RS

TERCAE AR, HERRIE 4 1) ATP ZK-F- X
T A A AR O 2 S R R AR T AR
ATP HCH % AR, AT RE S PR AL N 1Y BB 5K

&: 010-64807509

AT IR A ML N AR A o D T S ik X b A7 T 520
T ELAL HERE AL R G FEARAM ATPY,
) SR I 2 A T 40 B PN BB e AR Bl A
FERGE . — i, i 2k A fl & A PR
B IR/ RE VS FERY B UK AR, W] LK E B i
PIRESI Y F Y, DAHORSF-# i N ATP ZKSP-01,
Bian, TR A O A AR T A ATP
IR H i =X Y B iR FR 34 1 (phosphoenolpyruvate
carboxykinase, PCK)Y CBB 1§ ¥ 4% i #E
ATP 1) A% T B -1,5- — 8 B2 #2 1k Bl / I 420 i
(ribulose-1,5-bisphosphate carboxylase/oxygenase,
RuBisCO), PCK )i/ RuBisCO HJ CO, [# &

SN ARAET RS ATP, MM T CO, AY [
ERCR, RS CO, BERCRERA T 110%.
SRR IAF] T 387 pmol/LI? ) 5 —Jr i,
WA R RE R L. AN, FETRPRLLAR
L 8 (Rhodopseudomonas palustris) | iR f5
A9 NifD %% 55K 7 (I8 H Azotobacter vinelandii),
7 5 A6 28O0 A B IR 1k 1 5 4 TR AR AR
ATP, fifi CO, 546K CH4 YRR IBE] T 86%,
BRICZ AN, F DGR RS 028 2150 A2 i
RGN gea (B 5), AT LISEEL CO, 1Y R 3 [
Eo BN, HEATE E. coli HRlAFRIE PR 5
OmpA HH, LI THE E. coli BN CdS
NPs, {2if THIp) NADH 34hn. [FBf, 7Efs
AR E VPRI AEY) SARS6 MUMRERLL AR,
JCIKB A RREE, {2 T ATP B, e,
fiff L3R BRI RIE R E T 1.5 mol/mol”, 355
THUS R, £ BRTE, dEak RN RE B
SYECRGE, T LA A0 AR R, A A
5 CO, BERCR . HAT, BRLIKS) CO,#k
JpfesE i C e BUE TR ZHE R, (AR AN RE
AT K, ARk 2B RE B SRR
NI CO, [H5E B A%, IF-RE 5 0GR R FIFE S
P& CO, BT IRAL AR EE
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Hi—]* H
H' Aﬁ R
H* — 4

e @

co,

Co,

fixing Malic
pathway acid

N\ 2

El5 ARMBERLLRERRFRNESENLRSD

Figure 5

3 REARGMNA

AT FRA YR A BRI AL R © 2 R A2 T
FRe R SR s SR ER . DLREME i ER R e 2
BT AR 2 —, SEPDOGREM SRR,
SN ERRE SN RER R K . SR, T
RIREATEFR IR AL, RS T I6RER =
ORI . WA= 2 50 (Anoe- 1 2 40P i Ak 4 24
B RGEADC-EY ARG RGN Co, A
—RAL B I(CL) . AL DL R B i 45 v B
E AL SR AL T OB A2 (B 6).

31 —RUEMHIE

—IREEP(CHFEZRIEHH 1 MR T
BN F, EEALHE CO,. CO, CH,, HfE, H
M5 (EEEZ G REMAEY G RS, 1k
IKsh CO iR, LM T CO, M CHy, HIEE, H
MR%E C1 My, C1 VR NG BURE L S oA ik
S BB EORE, HAA TR MR | I3 s Ay
M, XPERREE . vt a B g 2EE S, %t

http://journals.im.ac.cn/cjben

Integrating photovoltaic materials and rhodopsin to supply energy and reducing power.

F¥ CO, 554kl CHy, i 5L LLIE B Halobacterium
5 AR 7E . B2 TiO, %, M
BNTAG RS, LS Co i at, &
CH, i B K F) T 56 umol/h*®!, Britt 2z
Ab, A8 B R - A AV i e 18 I e S BR
W (Methanosarcina barkeri, M.b)5 CdS NPs )
ZOUIEPEGL A, AR YI G RS, A 0T
WEPEOL SR T M. HL TR, BL12%
[ 177 5K CO, ¥4y CHy, CHy 7= i I5 3
T 79 umol/L'" . 5541, A F—Flr L A a5 2
Refk = 2 F ik B ALY (CDPCN)YE R e tiifb 1, It
5 Methanosarcina barkeri ¥4 W EER AW A4 G
R, ATLLERIBELS CO, 1E N s LR
CHyo TEZRGHIERTT, WOBRS CO, 23 lidE
W NERR AR S CO, I IR LU 100% 01 F
SPEA B CHy, CHy 7 iERE] T 7.2 mmol/g'®l.
XF T CO, B Ak oy W, B F e Ak T
(Methylosinus trichosporium) IMV3011, DL CO, Fl
CHy M JEURE,  H ™ e ATA Y 21 pmol/LI),
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KChemlC&lS, zﬁ& o
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6 ZRERZNEA WH SIS YRS IO A Y
Figure 6 The application of hybrid systems. Including C1 compound production, biofuels biosynthesis and

bio-based food production.

TR COL Ak R, A5 By X528 1 R e — gk
iV Jf¢ (diimide phthalate, PDI)5 & b6k (C5N,) 4
B 4 S AR O], LA NLEER &
P [Cp*Rh(bpy)HO* 1E Ky s 7 [l {k, It 5
FDH #A7TH G, MEMARE RS, #& T CO,
%%ﬁ%@%%ﬁﬁ%gLﬂTLhm@Mmo
FAE, DA AWIVE R alAk, I 25
I (NH,) &) MOF (MIL-125-NH2)¥ & W i

&: 010-64807509

J6i%, Jt5 FDH S aobis 240, (et
TOtARTFMEH®, MIT NADH A4,
CO, mSEEAL MR IR, WA R FLE T
0.40 mmol/(L-h)!"",
32 HEYHRBERK

A RRRL 32 R R A AR R DG AR
AMAENLE, ARRFAM ., HEREAT AR
IR, AWIRRHE— R T AR, Y O
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JLE S /N N s 4 2 A T 7 e N R oY & S
1978 43 A s dl B sem e, A&
] o, 4 T R T A T ) R AR R TR A B
BE iR & B AR TE N AR Bl s, e 2 g T
DIGKEIAII T EE 30%-70%, MIMSEH T &
R TR AR S U G, LA R IELC B AR
(25 0k ) F1 A1 B 2 BH A (B A1 ) ke 2 A 0
b2 R GL(BESs), # it 76 I & 4 — f bk s
7% 7 (carboxydotrophic), F]HYEHL K CO, #1k
NIRRT A BRI R T
76 mg/(m-d)"*,
3.3 £YRME

Bl A HE RN E ORISR R
KBk, HEMRE ™ EZRTHYCE
TERM e . BT, REECRIEDXT
JEREA RE R AL IR A 3%, HEE AR,
I, HTFERAEYFEM, FENTICEIER,
PR EY O ROR DL K RE B I AOR, AR
TR RTINS CO, IR LFI R . &
T, I ROCIR R G M LR RS T
4, WL CO, ik h ok, IFd— T
B PR RN 7 B 1 LT (35 9%, A K IHARE R &
Y RE B L Bl R AR B T AR AR 4 57,
AN, K CdTe & F A5 AFHAMNE
(Xanthobacter autotrophicus) ATCC 35674 #17
REHFE, WHETH-AEYRE RS, (HEINA
CBB ¥R E CO, msea M EW T, Mgt
EATMA N, RAHE 4 d NEAR ™ EAE
T 40 mg/LP”, SR =K AR A RCR A Y

4 Hip

N T SEBOEHK SN COy b I, BTSN BT
Mg A SO TR G REMAY G R
i, BT COybJFE = i E el . EY)
PR R bS5 o BRI, GBS CO, i Il £ Ak

http://journals.im.ac.cn/cjben

i ATIRAETEVF 2 A R Z AL - (1) JEREFIRACRAR :
PG AR AR A b R) KAk
R I R P (420-630 nm)EOETY; (2) HLT
a5 . St F SR EA, I
ML A WL T A AFAE LA B B A T A S5 ) % fi
oMbl AR (3) A REMAEE
25 AR YRR IR S A Y ARG 2
T Y A0 Rt RN

KL, KRR E S FLERET: (1) L
A LE Wy - A= 1 i v AR e R, AR - AR AR )
FLif A B B A A R R AR 2
B, FEARA BT, AL AL R RSO Kk R
A=Y SR Fi i L B FE.
wn, 5L S TiO, 49 KRS, # 7 iAot
HLR , FRLAORIE AL+ B (Sporomusa ovata) )
AR, MEA TG RS . &a, Eiiik
RGP ITR pH, H55R T S, ovara 1Y
B FRC%, SEE T CO, MR JET, FEdy
SRV, SR 4 0 A 2R 4318 i 4 K R
A AR RORE S AR TR S, sl B AR
A 5T A N T A% 8 A DA T M 5 v 1
AR TEME R S, I NADH .MV
MEEEGENTT, FOGA 755 2 i
Perbuty . Biltn, L CdS &7 5(CdS QDs) W%
kG A - E ALK (PTI) M e WA TS &
gt , MR S YE B TR d 0 Bk ot AR v 7
FER2 5 H R B (FDH) R 36 Mo, f#f FDH
O B A7 A AR R B, SEEE T COL |
W, (2) FF KA A 2P T 0 TE AL K
BT ARG RS, REMEriEtE, Wi
hnsoGRE Bk L Ak, B, SRAA YA
ZE A (CoP)FE R B AL R B, e fbad
Firp 2tk ROS S5 FHE- 1. I, 4 fr
bR s AT 2D (5] g A R e b HE
48 (zeolite imidazole salt frame, ZIF)F17 75 i 7K



FIIG S4WH— EUBHEARAOOR. RS

BEIRSE . (3) E— I SR E R
BT R TR R G . TP AOp R e

5

W IFE I R YL, SLBERE R ah Y R AR

k.

filan, PIBtaEiRl CO, [5E #4e HWLS

3t f5 Bl CdS NPsAE e fb 57 754 NADH
ML LT e N R LA ER LA ATP, AR
TSR AR,
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