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Strategies and prospect of photosynthesis mechanism intensification of
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Abstract ; With the rapid development of industrial technology and the extensive use of fossil energy, the CO, emissions are increasing year
by year, and the global warming it causes is one of the most concerned topics in the global environment and economy. CO, capture, utili-
zation and storage (CCUS) is a key technology for China to achieve the goal of carbon peaking and carbon neutrality, which is of great sig-
nificance for China to reduce CO, emissions and build ecological civilization. Microalgae have the advantages of fast growth rate, strong a-
daptability to extreme environments, and low production costs. Its mediated CCUS technology is able to absorb and fix CO, and convert it
into high value—added products. In this process, the species of microalgae play a crucial role in determining CO, fixation efficiency and bi-
omass production. At present, many review studies focus on the use of microalgae for carbon capture, utilization and storage, but there are
few reviews on the latest strategies to improve the carbon capture efficiency of microalgae. Based on the development status of microal-
gae carbon fixation technology, the photosynthesis and carbon fixation mechanism in microalgae were systematically discussed. Then, this
work reviewed recent advances in microalgal strains for CO, fixation, focusing on the improvement and modification of strains used in coal—
fired flue gas. A further comprehensive summary of recent trends and strategies to improve photosynthetic efficiency in microalgae was pres-

ented. Several strategies to modify and improve microalgal strains, including random mutagenesis, adaptive laboratory evolution, and ge-
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netic engineering, can be used to generate the desirable microalgae strain. Among them, genetic engineering can not only truncate the an-

tenna size of the light—harvesting complex (LHC) to improve photosynthetic efficiency, but also improve the velocity and selectivity of

Rubisco. Strategies to intervene by adding nanomaterials (NMs) to microalgal cultures can enhance CO, diffusion/dissolution in solution,

significantly increase the relative electron transport rate in photosynthetic system II (PSII) as well as reactive oxygen species( ROS) levels

in microalgae, thereby improving the general response to carotenoids photosynthesis. Finally, the current challenges and future develop-

ment directions of this technology were clarified, and a high—efficiency microalgae carbon sequestration system that tolerates flue gas

should continue to be developed. Finally, the current challenges and future development direction of this technology were clarified. Effi-

cient microalgae carbon fixation systems should be researched and developd that can tolerate flue gas.
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A=Y REIR A I KPR —

A EHIM ZOGWR I e s Mk 55 | 2
— AR B 2R ROV AR TN s AR
PR T4 o A= W 2 7 T3 CO, B PR B G H
B BEERMEOCEENIRCRR 3 A F2ETE B AR A
H.@ #FES5E CO,EE MR ™ ;@ B fE R
WL AW ;@ H#n co, R co, Mg
?ﬁ%jw,m—ss] i
2.3.1 CO,[HE & o x %8 kot

25 CO, 8 28 3% 12 1 S 5 il 2 38 T 2 2 2 &
CO, [ E SR 8 T Bz —. CO, a2 4
KA IRARE IR S (R TCAL B [ 7 72 A7 HLK 1)
I CCM (ETEHLAR 7]+ 7R SCOEFR % ) 1

Rubisco JE & EKIRIEIHA M EES 55 W KRR
SCUEFR R [ E 15 1 20, 51 CO,iE AR IR XAl
H | {H Rubisco BAHE LI N & CO, [ 22 (14 BR 3
IR IOATEIE R CO,7/KF T, Rubisco UK 4% 1 I
25%MHEALRE ST . G Rubisco 11, AT W 5T 51
7F Rubisco &R, DB g H R R e
HA458 Rubisco Y M Ak 55 1 7T 38 i 5] A 8 28 48 iF
431, FUITHASHI %650 AR5 vh R B (O A AL 1
) FIARREHGE B (1 %) Rubiscos ) = 4k 55 F4) FE
FEMRFRFE R 22 57 T T LA BT I8 A5 98 A0 1 5 A
FRMF PRI, SR SP8-T289D BRI K A
TR JC ] 0 A KR L R AR T
AR RIB AR B 2 A%, 18 PTE A E i Rubisco 3
T Wl L X 1% 2% 35 2k 98 Y Rubisco 1K PE, WEI &%
ARG 5 cbbX [RIE Y Rubisco J1 il #Y F
FEF IR, P& T Tl il B 3L Nannochloropsis-
oceanica FAY) = FOGAAVE R, fEaSS0K
Y CO, T, SR AR K AR A Wi 7 i R o
PR IR T 2 32% 46% K1 41% AR R
29 28%, H: ' Rubisco KW HE 2 11 2 15 Jn 2y
45% ,7¢W] nNoRca # 1 1 & R iK# 4f [ 7% Rubisco
TRAFFE PR G SR UGS D C AR

35
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AR, CO, A [ E R T Rubisco Y
BRALRE 1, IS T RuBP (TR fE 1, ME4a it
FERMEHE R IR TR B RuBP AR FDE RGP i
RETEAE RS, YANG 45000 P rh 7 3 0K 5 86 T 4 1l
HIFEREIN C. vulgaris A0, FH T8 46 I 1 0 R 3K
RO CO, M RMBE R SCR T &, It
A VF 200 5% H 8 76 S0 P it %635 SBPase L Al
Rubisco #7356 P 2 i 3 JR SCOG AR, AT 3 5 1
1 [ 72 A6 A1 B RE

Z: Shk[EE 5 2 AHERES S CCM Wik
R I (CA) , HAE AL o, Fkiz & &k (HCO; ) 1)
MERRAAE PR EZEEN, Wik, a3 W TRLE
CCM it ik CA AT R S Ik ) Co, i Jr
L BRI ARHRE CO, T, CA ATEEA1E
FAY LIN S8 RS T — A B s AL 16
ANIE M1CA 3 [H (678 bp) 73 il £ /NER B Chlorella-
sorokiniana F1 Chlorella vulgaris " B33 B 3R 3K | UIE
BT 3 2 PG D A e i AR ) o e R T
FG & B A T4 &, JF M T CO, i 4l % A [
FE . HBIERKREE CO KT, CA BT IHDEA1E
FHEIIE B, WEL 2 8 53 & BLAE Toll iih 1
Nannochloropsis oceanica ', BFF#% 1 CO,(5% CO,)
T (R B R I B ( CA2) U BE SAS, 25 sk €O, 1Y ]
R, WAERWEE CO, T, FiE CCM AH &3 K AT
REHE = TR [ CO, Y RE
2.3.2 HEREEAKNGEAN

O HE T T R I R I A v S A K B
SR FER R RO IR R SR, oG
PR CO, [FERES 4R, SR, 29 80% WK
WO T REIR 3%, ATTCKS S B 2 7= 0 R BH RE 31 7=
it PR A8 R o AR

NG IE G AR (LHC ) K& RO HE—E
PR i DRk S [ 50 Ul 2 Xt A BH G B4 3 38 R i
W& e IR B NTTE R e A VR IR Rl 2 7
ARG IR — S T R R e B N 9 AN 2R 1k F
B FE R 4 F AN 1eiA A nabl ™ | ] Jdi /)y LHC K4k
RoF, IF e # Cco, By [ E Mok & s R,
BECKMANN 2511 i Jf] NAB1 B 7Kk A 3% P A8 A (—
FRAHALYS BT RNA 25680 ) #E47 B i,
I T LHC FEH #5358, T80 PST K RH/I
10% ~ 17%, MUSSGNUG 21" fifi Fif RNAi i R F
P& T S A LHC FER K%, LIg b 298 6
P R BE R G INITAR & T 3o &5 0F R ok
BRR, GERFW, TR DK REAR A G LT A7 7E
AR Stm3LR3 A i 7 3R T X A 1
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JERPERRAG 5 TR F IR RCR, IEHK,
3 F R S LHC B8 1 5 3 R =2 T LR e AR
A G dal (da2 Fl a3, 3% 4658 28 R8N 1 -4
FRLRSF, WA a3 (CpSRP43) #2555 T e
K BABEEALRR , B T8 R 2 RO i/ 22 B A= LY
40% , NI HR 1 T OB ReR ™

UEAh TR FEARIE G AL 24 T K R E(NPQ) B
AT AR A 7= . PEROZENT 451 % 31
LHCSR3 & FI7E 3K B A 3 PSI A PSIL (1) NPQ L]
R PEER EAE R, LHCSR3 7E HSP70/RBCS2 i 3
TG 2k AR /NG NPQ & i, X
PRGOS NPQ 15 PRI 3 B A HE BB R 3.4%
REE 4.4%~4.7%""" , FiL,SPA1 fil CUL4A &
O 38 3 455 1] i 1 A e rf PSBS il LHCSR 2 [A]
[ IR W 580 | AN 58 AR, AT NPQ e i
PRAZOT ) SE I A R S A R NPQ FERHE
WA I B R,

RO AR AR I —Fh R 25 A
HAHE GOSN SRS, 6 A RS
(PAR) 2453 K 7 400 ~ 700 nm ) K BHOGHR 4, 7T
MT R EVER. HEY RSt &R G R R IL
PAR J8 Fl 7] W, T 24 50% A A BH R 5195 76
ZILEIAN T BIAAERIR @R R A k12 ]
AE LB B AL A% . KOH 451 A
HERE T4 EE a SN ( CrCAO ) JE R 3| ol Bk
Nannochloropsis( LA MR EK a, fZ 24K b) 1, LU
AR b, 12 d )5 FETORIREAT X5
BN 26% , 4B T 5L 5 31% , S AR BT 3
8% . WA WFFEHRIERF M54 Z £ 5 ( ChIF) Zhd 5E
AL, T2 AW IR G 4 %K £(Chl f) 1%
R AR R BH T A I8 21 €6 DRI, 57 T PAR 1
JEIETE  ChIF nIEC D1 WL =4 Chl f
O = I oS | = /NN 1 BB 0 i d . 2
Synechocystis sp. PCC 6803 (HA AR E Chl f %)
TR A ) D1/ChIF 25 (A, 1% TR B RE T A Rk
Chl f @R pah, FER TR v T35 S 40
M2 BRI N R ) HA A R R R L, Y
J& PAR j& MY
2.3.3 CO, R f1E fl oy 3 5%

ST, CO, Ve B X F 38 il 11 o R A= 40 I A=
FEPERERI R 2% . REBURGEAAEMRH EE CO,K
R AR, CO MR BT 5% N i s KA
B, R AR T 7R R W CO, (209 ) bR A K 0 1k
BT SR ROEE CO, [ RUR T AL A2
ATP 537 & 1) ik 2 o DL AR AR i . RS ik
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BT NADPH T #Ei& 12 T g 23 ol ' KN A 51
AR A, T 42 181 06 A 8% R R A g i e Y
ZHOU Z5" SRy 9551 3% — B 15, 76 W 3 Synechocystis
sp. PCC 6803 HHy%: T NADPH J#Eik 12, 4%
B, NADPH JHFER SR A P i 7= i Al CO, [l 5 2%
Ay BIBETNT 84% F1 38% , HU 2SI JF & 7 —FhdH
AR R R E CO, IIBUR B 4 ATP 1Y
FRAL N 5 THFE ATP (fKk [ % 1542 TH Y Rubisco 43
WA, ORI T %1 ATP LIRS CO,
[ 2% IR co, MR\ e84y A
B AR IEAE . F IR IREREER CO, [E & A
SEER P A R 110% F1 260 wmol/L, 4,
—Fh 44 A “ malyl - CoA —glycerate (MCG)” BY N T.&
IRIR A A PR T i 3 R Bk P 1B K PCCT7942,
flfi CO, RIS, b, 8 i (o ki ¥ Ak
it AR Rubisco B FH H AR [ 12 i A2 B R R 2R SO
POk 8 7 o6 P W Ak 42 T 4R R R O A s
UMW | Rl L3R W R [ A2 i A% BT, B
BIEAE T IR R [, AR TR PR
A RCRI T
2.4 kM EETFR

IR, 90 KA L (NMs ) 76 235 4111
TV E RN NMs B SO AT— R4
T R LRI AL T 1~ 100 nm QKR ERIA R, T
v b # FH A NMs A i BE 40 K 4 kL (CNMs) | 42 )8 4R
A L 244 2K 44 BF ( MONMSs ) F1 5% 43 J JiE 40 K 44 %}
(NMNMs) , X4 NMs 38 F -5 730 8 A7 76 A [ 72 B A
FHEAERNS ) (M B NMs 7042 55 o A= Wy i g
J A i B G A 1 S O v B A RaE T
TR NMs 738 3 5 S 0 WA AN R &9
(EPS) RO 55 240 Mo BE 2 55 4F NMs #8350 71 A
TR S AR T i A NMs A B4R o Il e 7 i N 48
Vel s o

CO, FEZK H {5 B3 Bsf Tl i e B2 AT, BELAS T 8
XF CO, ISR IR . s CO,TEBRERI I
P EOREE AL i 1 HCOS , CHENG 2812 % FH
B IR A HLE 2R MIL-100( Fe ) 1EM CO, W BR 77142 12
He 1R MR TE B (Arthrospira platensis ) 'E 1K . 5 KU
JIl MIL-100( Fe ) A7 BAR LE , 15 57 35 vh g5 g JCHLAR
(R Ak S T AR W) o A 77 2R 43 S BR i T 52.3%
81.9% ., H HCO; MJEZE42 = T 20.0% , Rubisco iff AJ
HEEAT HCO; 73 7k ek o i & E . itk
AN IBR ] ZIF-8 VE R CO, W Bk 57 o 15 35 4= 7 TR
BEWE, T ¥ CO, ik b HCO, MRE Wit | T
72.9%" 12

61 FH 9 K 2T 44 S 0 BRI B 570 1) CO, 2k 00 [ 5
WFFEHT S I, 5% 37 405 R st B b Mo A 0 I 5 4 ok
ghFg st VAZ SR T SR A ARk gk
WKL ( NPsFe, 0, ) (R G W ANKLF- 4, T 55 5%/ ek
# LEB111, NPsFe,O, 340 T 40 K £F 4 (1) bt 2% 1 AR
FIFLER R 33 SRR X5 T 490 K 25 A A S W fE 6 e 16
R ERTE T A QKT L e 2 B o
) CO, [E E % (216.2 mg/(L - d)), KL K HE & 14k
Yy AR AL A W e, UESE T HL AR AE R CO,
WERE 500 B0 J7 . VAZ S0 BIRgE 0 g B 5)
YKL RGN T /NER B LEB111 163 AR5 P i
CO, 24 W [ 5 K g B 7= &', gk 4 COMITRE
AEUUPRGE T WOH/NER B LEBLLL KE 34 R
B AR ET A4 v SO [ CO, BB, R BLRE 3%
U5 7 RFNEE 15 K, 4K LT 4 0 XU ST 17/
BRI AW T RN CO, B A= R 5E 2R

PEA, B e NMs 7] 38 3 348 o S W SO 1% £ 2 7k
BARKAVCAER, a5 (CDs) FEPEAR, AT A= ke
fiff , ZHANG 451257 5% FH /I Bk 8 A by 5 50 73 35 F 5%
CDs (1) 5 ), fiff A= 9y 5 A= 4R 43 B 17% A
21%, XJEMH T CDs Al /NER i 0 i O 7 A K
CO, ,iX 28 CO, H M LR IR [E 2 I 3Ot A 1EH . CDs
Al Rubisco B PTG M4 = 34% ., L4k, CDs 7]
WSS P AL R/ N R BE R 28 1 2k
WS 1, NGUYEN 4517 W58 & 90 & & b Bt
(MgAC) BiFR B i ifs inse A IE AR 55 N(CD) s, A Bl
TLREE Tetraselmis sp. HKIH 25N AR ST AR RZ
IR A R TG E R B 2 m T
SREE AR R ORI AE Y A BT
J5.(GOQDs) FA Ay Al fig gk PSIT BE &5 #% M i 15 50
TR CAYEM ., YANG 251128 4 76 28 51 (380 nm)
Wk e BA 1D (465 nm) F ST YA AL £ s i i T
M(GOQDs) FIATMBEREFRHE T R R CO, [H
FERLEE T 20% IR B3N T 34% , GEEA{E
GOQDs 2 = (e MG G 3808 I ER, JUHAE K
LHMEB S EA A D ERRE AN
NMs S35 M ot

AN NMs AH LA AT Bh FRE it 2R 2 & it
N34 58 56 A3V T P ok e ke A K KT

AZYK % 5E TR I AgNMs Fil PONMs X
e P. subcapitata F 520, B 5% & BRAK M B2 NMs
(PINMs JBi W 1~ 15 mg/L, AgNMs Jii 2 ¥k &
1 mg/L) SFEFHAOR PSR a MIF5EE b 1Y
TERE, A B R e e A E SR AR K, &
37
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B T (0 %A BN, WS AN KA R S 5 i
B AEHLA M I A 20 K, L 2500 ek
RO A A KR (AuNPs) 254, 1 UIE W AT
BRI R IR AW 5 (BRI N R) s a1
L LR SR e & th 42.7% , AuNPs 7] i 25 82 555
FRGE AL A X A5 R s M AR
(ROS) K-, NI R 250 8 N BRI EOLEIER,
TEOEE S IR FP R NMs A 28 A3, dndsésm
CO, FEV T P HL s e DE RO 3 i 28 5
ELH T8I NMs 23 5% fofeie 200 it s 1l 80P 1 98 , 384
ROS 7K, ifF 5% 26 W = Wk B NMs Sl A& 17EH
ACPE AR B s P A3 foleie A R iR

3 XEBHi=

H AT, FEHLAAE 36 b M = bl P TR
AR T TG 38 5 el B s B R, (B F
T 1 [ et AR AR N 2 2% AT AEAE SR BRI, T it — 2

1) Tl M0 = 22 % 4 4 €O, 6] i 4 &
NO, SO, .PM,. #H4)® He 2 MY, @itz
W CO, e 8 i 5 i 22 B = Wk - CO, I L8 P
TR AT AT CO, A W [ 5 i OB, i
IR R B L BRI RO DB S it —2
K HADIEAERE . HLAh, B - CO, [ i A v
PEAT B S8 B 1 2 55 o B FUBURAPE 20 BT, AR AR 4% 7
ai AR BN T A i R S A3 s b A T R
T (I 237 i 4

2) BEAILS A B S — i Hi s i 28 A8 B R
FiAR, T2 N R AR R AR i AR Y 4 S A
W58, RFiAAE B Bl A2 ERA R A &, Sk
JIERAL, S AMA AR s il O TG T R G,
EEEPE R K | 2 AR AR S AU K4, 75 iE— 2
fif e

3) R RT IR IR I NMs HAA 15 23,
WHESE CO, ¥ U/ W G SRR E IO 1% K aT [w]
WA E B2 A8 NMs %5 (BAUAEAIRMR S NMs T, s
AR DG A M RBAS LA, Y 1ol 78 2 B A o ViR
NMs i ] g2 BRI HOE A VR

4) HETEME 4B A NMs B9 AH S W58 AL AE 52
W HURL R UEAT , NMs &5 5 400 46 FN 2 2 R 1 3
FETolb A R 7 A R 37 i Tl e A 42 R ]
NMs & —Fl AR AR B4 38 i, ] JAS 37 3
Hh AT BP0 e B 7 A T e A 4 5 S B [

5) TR 36 DR 2 e A o) o 9 47 2 PR A L
BRI, TR IR I 5 A A 1, M ks B R, S

38

B AW, (B S A EAR L, B LUR O3 ol E
AR RIE TR E I FTRE A 2 18] A SRR
RARA LB RE T 22 (Rt e P A P ) ) ) A 7R
MR Z B NAERR il N TR RER L s
UL, in s ol ke X TR 19 & JR AN

4 %

A FRAE BE TR AR A AR 5 ) B 2 0 2 1 SR
PR SRR I % AR 2 DB T R
TR A= Wy B AT PR A BE IR, 72 AR 2 Bk A FH R h
JehEE . @ LUt G R A R E iR A
CO, , AWM CO,HERUE T ;@ LB A
FH 75 A Sy v BEEANARL ™ b (0 A )RR | PR
Al i SRS ) SR TR AL RS . O I I
HIREE 2 E W CO,, IR R A A KB
RN E R RGN CHE ., RETHE T
TG A I FAR DG [ 5 ML, /BRI IR e
BE MR AT R G A RO S ML A e
DI RS CO,HERU e e 2, ml il
FHREALIE AR i S50 % AL B TR KA
I T 55 SR MR B v S B [ B kR, Herp )
PR AR A S — ol i iy s R i B R AR B T B
KA LHC R RS Sk 2 506 6 8808, i
A $E 5 Rubisco AR BE R BEVE, BLAN, 40K AR
AR CO, TER TR 9 #U/V f, B& 3 i PSIT
B R RT FE, A5 4 3 258 L R B v ROS 7KF- AT 2
X N RI—BOCEIEN,
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