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R F AT AARR T R A Rt £ 7. (4R 3 A8 RN TR L, hige) bisd 53] Ah
66.43. 1.16 #= 12.52 U/mg. i@ iT4ks L amfEAEAL 230, ACC & 3 AP R I & 35 09 B ks k.
AL AIRT PCK. ACC 8 THMMRFFOATH , RAKE T 7 W ILE LT 48.6%%5 A1 487+
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Carbon fixation efficiency of carbon dioxide fixation enzymes
and its effect on the metabolism of Bacillus licheniformis

YANG Mingfeil’z, HE Hehel’z, LI Youran*l’z, SHI Guiyang*l’2

1 National Engineering Research Center for Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu, China
2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China
Abstract: [Background] With the rapid development of metabolic engineering and synthetic
biology, carbon dioxide fixation by biological methods through metabolic modification of
heterotrophic microorganisms has become a new trend. There are a large number of carbon
fixation enzymes in biological metabolic pathways, which are yet to be explored and applied, and
there is a lack of comparison among the carbon fixation efficiencies of different enzymes.
[Objective] To evaluate the carbon fixation function and efficiency in vitro and in vivo.
[Methods] Three carbon fixation enzymes, namely, ribulose 1,5-diphosphate carboxylation
oxygenase (RuBisCo), phosphoenolpyruvate carboxykinase (PCK), and acetyl coenzyme A
carboxylase (ACC), were heterologously expressed in Escherichia coli and then purified. The
enzymatic activities of the pure enzymes were determined, and a cell-free catalytic assay-liquid
mass spectrometry method was established to evaluate the carbon fixation capacity of the
enzymes. Metabolic indicators were examined under anaerobic fermentation conditions and the
differences between Bacillus licheniformis overexpressing carbon fixation enzymes compared to
the original bacteria were compared. [Results] All three enzymes achieved soluble expression
with specific enzyme activities of 66.43, 1.16, and 12.52 U/mg for pure enzymes, respectively.
RuBisCo and ACC exhibited stronger carbon fixation efficiency in cell-free catalytic assays. The
conversion of lactic acid, the main product of anaerobic fermentation, was increased from 48.6%
to 58.1% and 59.7%, respectively, in B. licheniformis with the two expressed recombinant
enzymes. [Conclusion] The efficiency of carbon fixation enzymes can be evaluated by in vitro
and in vivo binding. This study may provide references for rational and precise application of
carbon fixation enzymes in microbial genetic modification.
Keywords: ribose 1,5-diphosphate  carboxylation  oxygenase; phosphoenolpyruvate
carboxykinase; acetyl coenzyme A carboxylase; carbon dioxide fixation; LC-MS/MS; Bacillus

licheniformis

21 MAELICK, BEE AT IR KTy G mb A IR . NIk, 1 2 a5 8k
ik RGRSE T, AZEMIG B PR E 8 B — HAr, 18 ad % = S A etk A7 AR A0 A
R ——— 4 BRI AT I ] A A AR T L8 A RS e A A7 BORE BT DAY 35 B 11
TR 326 T K M SR AR AR A HE ORI BT 2B, U RE S SRR IR | bR
BT AR, TSR, A TRARERI Y X — HARTTER— 4 Dy i
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S, o R R R, HA e
At F5AVIEME A, BT REE Ak
BB SIRESL , RAGEE WL Y& U T RE,
IR Rt PTRECHZ R RE), SRR
AV A S A 28 AR . (H2
AN () [ e i 2 [ ) [l e i Ty e/ L, e B
A I EEGE AT AT T I
Guadalupe-Medina 5 7E R Rk 2k T
Tl 1922 A2 T W3 355 46 (phosphoribulokinase, PRK)F14%
MbE 1,5- BRI/ R, MET —% CO,
[ E A, Mif BT EiR T 10%°;
Gong 5 7E KIAFFH H 5 A PRK il RuBisCo iX
2 FgE, JESIA CCM R Za L, F+ & mikit
i1 R A MFIh-CO, AJ 1R AE — 4 ALk i [
L, IER T AL A BRI AET; Mattozzi 55

R 1 KR AR E KR R

P RIR Wl IRAS 3R 0 4 A
B AR, BB RE & AR,
EW] T WA AR e R T e i LR
WA R R R LW TR, AEBRT
ELOPUESR . RS YR BRI
BRI AN T R, A AT 2R R i I LA
AR L SR, A T R e HE
T, AR IR R B . R, 7 [ e i
FFAEHBA AT 187 P 57 [ Bk 3R 48 BT s O T
FEMH BN BRI

1 HE5x=

1.1 ##
1.1.1  EHRFARN
AT T FH TR AR RN R, L3R 1

Table 1  Strains and plasmids used in this study

TR/ SR PSR KU

Strains/Plasmids Correlated characteristic Sources

Strains
Escherichia coli BL21(DE3) Wild type, used for gene expressing This lab
Bacillus subtilis 168 Wild type (CICIM B0030) This lab
E. coli BL21 (DE3)/pET-28a Harboring plasmid pET-28a This lab
E. coli BL21 (DE3)/pET-28a-RuBisCo Harboring plasmid pET-28a-RuBisCo This study
E. coli BL21 (DE3)/pET-28a-PCK Harboring plasmid pET-28a-PCK This study
E. coli BL21 (DE3)/pET-28a-ACC Harboring plasmid pET-28a-ACC This study
E. coli IM109 Wild type, used for gene cloning This lab
Bacillus licheniformis ATCC 9945a Wild type This lab
(BL»)
BL,-pHY-P2-PCK Harboring pHY-P2-PCK This study
BL,-pHY-P2-ACC Harboring pHY-P2-ACC This study

Plasmids
pET-28a Expressing vector, Kan' This lab
pET-28a-RuBisCo pET-28a expressing vector, carrying gene encoding RuBisCo, Kan®  This study
pET-28a-PCK pET-28a expressing vector, carrying gene encoding PCK, Kan" This study
pET-28a-ACC pET-28a expressing vector, carrying gene encoding ACC, Kan" This study
pHY-P2-CimA3.7 Shuttle vector, carrying gene encoding CimA3.7, Amp" and Tet" This lab
pHY-P2-PCK Shuttle vector, carrying gene encoding PCK, Amp" and Tet" This study
pHY-P2-ACC Shuttle vector, carrying gene This study

encoding ACC, Amp" and Tet"
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112 FERFIFNEE

PRI PEZ R N U1 . T4 DNA &,
Thermo Fisher A H]; 2xTag PCR Master Mix .
2xPhanta PCR Master Mix . Jiifi DNA #2155
4. DNAZifLiH & . DNA B R &,
R EMEREAE IR ECA BR A W] s AR, R
¥y, Bifgk, OXOID /A+]; RuBP. PEP. ik
Wil A. ATP. ADP, FIBUEMARRAW; 1,5-
TR AR AT & . BRI A R
g &, IRMBHR A EARG R A E . HAth
A Sy [ S At

bRAl, TECAN Aw]; HmHE .o,
Sigma-Aldrich F#5 Z A RAH; PCR X, #
FREE IS HL 1k {1, Bio-Rad 23] ; 80 AH (43
1, ZHERRHA TR AW

1.1.3 EFEMEREH

LB ¥iF Sk (g/L): A 100, BEEH
5.0, & k8N 10.0; FEALBEFRIETMMA 20 g/L
fIEIE K. TB Rigid(g/L): Hil 5.00, EHKk
12.00, BELE# 24.00, BEFRE M 12.54, AR
TER 231, AR (g/L): AAbER 5.349,
Wle SR 4.082 7, BEERE AN 5.34, -EKAER
MREE 0.197, #MMMfEEICER 1 mL; it oc

Z(mg/L): FAbA5 0.727, LK 1.112,
Wil 0.169. LA EREFRHSAFT 115 °CKE 20 min.
BEFREEPIIM A NS RR . PIR&ER . TR
LR 100, 30, 20 pg/mL.
1.14 3%

KRB IF GBI 2. I 5194 A
D5 pr A T AR TR I U A BR S R 5E

*2 AWHRETARIGIH

Table 2 Primers used in this study

FlE BN 5191575

Primer name Primer sequence (5'—3’)
FIT pET-28a Z Aty 2t

For pET-28a vector construction
RuBisCo-BamHI-F

RuBisCo-EcoRI-R
PCK-Sacl-F
PCK-XhoI-R
ACC-BamHI-F
ACC-XhoI-R

T pHY 2ty
For pHY vector construction
PCK-F

PCK-R
ACC-F

ACC-R

pHY-F
pHY-R

CGGGATCCATGACGGATAGACTGAGAGCGAC
CGGAATTCTTACGGCGCCAGTCCG
CGAGCTCATGAACTCAGTTGATTTGACCGCTG
CCGCTCGAGTTATACGAGAGGGCCGCCTG
CGGGATCCATGAGCGTCGAAACGAGAAAAATCAC
CCGCTCGAGTTATTTGATTTCCAGAAGGACGACTCCTT
TG

aaaattaattaagaggtgaaggaaa ATGAACTCAGTTGATTTGACCG
CTG
aaaattgatcctttttttataacagTTATACGAGAGGGCCGCCTGC
aaaattaattaagaggtgaaggaaa ATGAGCGTCGAAACGAGAAAA
ATCAC
aaaattgatcctttttttataacagTTATTTGATTTCCAGAAGGACGAC
TCCTTTG
CTGTTATAAAAAAAGGATCAATTTTGAACTCTCTCCC
TTTCCTTCACCTCTTAATTAATTTTGGGAGCTC

NRIZGRI NI NG TR FRE P

The underlined are restriction enzyme cutting sites; The sequences of homologous arms are indicated with lowercase letters.
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1.2 7
121 KB EEHENEE

¥ pET-28a 2k M 1k Xof 1 A% 1R P 1) il oL i
YI, W Il B 55 #oik R Bl il X 51 4
RuBisCo-BamHI-F Fll RuBisCo-EcoRI-R (F 2)
PCR 38| H KK 7 Bt RuBisCo, XTI A 5]
¥ ACC-BamHI-F F1 ACC-Xhol-R PCR 15| H i
BB ACC, 38 i By $ 1245 24, B 2 f AT
L4 DNA, XN 5[4 PCK-Sacl-F #l
PCK-Xhol-R PCR 153 H [ 5K i Bt PCK., PCR
VAR Z : 2xPhanta PCR Master Mix 50 pL,
. RS I#9(0.2 pmol/L)4% 2 pL, #A 1 uL,
ddH,0 45 uL. PCR W £4fF: 95 °C 5 min;95 °C
155, 55°C 155, 72 °C 1 kb/min, 30 PMEH;
72 °C 10 min. ¥ H iR Bealifh J5 3-8
i R R R v, IR RIS R AR B R
B, BERERFBESHEMA BEE, Badi
fb.. WPE PCR Sk . JEDN T . W) 56 uE 55
SFEYET B, mA1%8] E. coli DE3/pET-
28a-RuBisCo. E. coli DE3/pET-28a-PCK il E.
coli DE3/pET-28a-ACC i% 3 ¥RE4H i .

1.2.2 EREHNIFESRESHEL

W4 Rk E. coli DE3/pET-28a ) 3 #k 40 KW
FFRAZUE S SR TR 15 9 . LA 3% AR
iR TB R, JRUSII v B i di AR
R, fMITHIMELWRE N 8 g/L, 37 °C. 200 r/min
BigR 4 h, ISIMFLBEEZLME R 2 g/L, 30 °C,
200 r/min B3 EE5E 20-24 h,

WS FEFRAE AR A, LA 10 000 r/min 5
L5 min, FAWEKTEL 2k, 2 g IBEMEHEIK
T 10 mL Z5- &R, B S I T AN MR .
Wee st TAEL s, 812 s, 40 W, 5 min,
WERLE RS T 4 °C. 12 000 r/min 5.0 20 min.
Oy FIEWCRULEE, B DIE R RE R RN
D, R Mag-Beads His-Tag & [ 4l b i 2R it

fralifh. WURAIL R, I8 LR 2 Rk
MEFNEL, IR Al e 4n o FOM Bl i R g4 S
W H SDS-PAGE 4 #r. & 1 B & = M’
Bradford MY, A4 I3 1145 1 (bovine serum
albumin, BSA) AHrE
1.2.3 EREEHIIEEEE

T 3 FIEEEAEAS IR RN, T A4y 3R
F 3 FCASIE] A BERE I D7 . PCK S AT S
% F %" )5 5 RuBisCo BIE R 1,5- %
TR BB R L R &0 5 ACC BTSSRI &
PR A R 10 T S e o
1.2.4 FHHpafE L LIE

W B WA AL IS M1 5 CO, W AR BT Y 7
Yy, PRV b 3E A T A Ak s AR 2 i P
IRBE AT [ e il ) AR M AL B2 38 =2 T AT . F
TIPSR E PE(N Rl O 1R S5 IR  , DARR
FETER IR YIIHFE T R As , AR R Z 1h]
THFERYEE SR B, 4 LC-MS/MS 437, #v—
o P 2 o P R IR i T 1) 351 5 R

B 4cld RuBisCo M|, RuBisCo TEJIH
Mg> A T PR IEY) RuBP 5 CO, Y S A=
W 3-#ERR H AR (3-phosphoglycerate, 3-PGA),
TCA MR 2R g 1,5- W R A% Bl B (ribulose-
1,5-xbisphosphate, RuBP) 0.06 g/L., MgCl, 0.5 g/L .,
NaHCO; 0.3 g/L. i 0.1 g/L. B AR
iKY RuBP A HAM A B, 78 30 °CR
10 min, SRJ5#MINJEY) RuBP Z & S v 20 min,
IAGE B 1 =5 BRI . 12 000 r/min &
0 20 min BU_EJFUEAT LC-MS/MS 0, X B X
AH AR A KA Il it

R T PR FEMEAR SN 5 T e K S B ] £
KR, 1 AU AN INEE R, 53k
0.05. 0.075 F1 0.1 g/L; %5 2 2H M7 A [6) A4 St
A, 43900 10, 15 F1 20 min, HASAFRER

A7E
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J TIRFEAE COy M ATE X J v 1 5%
Wy, DA 3N A TR . B LA —E R
JER NaHCOS 1M 5 4% 2 H B3l A URIE Y
CO, (i CO, IME AT IR I . R . £k
WARNARZR T, Fr2L o8 S i, A3 &
PIRCR) s 5 3 AUIA—E R R IR K 7 T
H—E K, WA CO M, pHIEM 7.0 =
5.6 HERE, UHIERIEA) . HRFIIEALE,
Xof RELUAH AR FR KA It , I HLX RECR
A —E W E ) NaHCO; IE IR HEEY) CO,.
1.2.5 [ElRxBgH) E ik EEH 2

= B A AR RIS CO, B IR
N, AN T SE TR G BR OGS Y RuBP .
PEP. i A SMRIHAMTE S, 1630 °CliL
1% 10 min, AIASCEEEY), N 15 min J5,
IMA—E R =& LB, 12 000 r/min %
L 20 min B _E3E#E4T LC-MS/MS Kl . X B LA
AH AR A AR I Bl o o % Sy 20 43 S vk
B % 1 44 RuBP 0.06 g/L. MgCl,
0.5 g/L. NaHCO; 0.3 g/L. RuBisCo 0.1 g/L;
%5 2 41 PEP 0.2 g/L. MgCl,, ADP 0.5 g/L,
NaHCO; 03 g/L . PCK 0.1 gL; % 3 4
acetyl-CoA 0.1 g/L . MgCl,. ATP 0.5 g/L.
NaHCO; 0.3 g/L, ACC 0.1 g/L.
1.2.6 HWRFEHEEHLAEREALE

¥ PCK 1 ACC 43| i% 42 3] pHY-P2 #44TF
WL B AR ZFHIAT R, 153 2 MREAHRE
BL,-pHY-P2-PCK I BL,-pHY-P2-ACC., ¥ 2 ¥k
AT 50 BRI T ARG, PR TV
% 15 mL LB 55T 37 °C. 250 r/min K75
16 h, DL 2% E 100 mL A k%
F£(100 mL IR, IS o iR B A=
R, AN R LR 10 g/L, Ml KNO;
BARYTE N 1 g/L, 37 CCEE 15 96 he

20 ek B . RO [R)ERH[R) S5 R A,
2 mol/L FJERERFHRE, £ 600 nm AN SGAE

BUR RIS R BRERI 40 1 mL, 12 000 r/min 2.0
10 min, BB 500 pL, MA 10% =& LBRUTE
3 h, 120 000 t/min 0> 20 min, HCE3ERIELT
HPLC %, L) Dikma CarboPac H+ (300 mmx8.0 mm,
6 um) K TERE, 0.5% R BRI A R shAH
A 0.8 mL/min, #HlE 50 °C, /R2ERIN AR .

2 BER54

2.1 [EixEEEIIZHE

1 3 SCHERE & NCBI, KEGG %5454~ M il
PR E A . H RuBisCo J& /R U1
IR O , TE S IR A W R B R R AT
B H i #35 RuBisCo, Ff#6ik PRK N HAZHLK
P RuBP, 7] IR E— 555 RAR, [aE —4A Ak
Tl P ) BF 22 fp i ) A PR 30531 PR R AR i
f2 Hp RO [ R B R 2R, A R S5 I 1 TR
I PEREAE G ATPUC ) ACC BT DAY 2. Tk S it
A RN LR A, ZEEEEE A 1R
FIF=Ie iz S, TN BEAAEE A ] LIbi%
bRy Z Rl 2 g0 3 FhEE 2R AT R T 2
BRI TLIE 1, BERYHE 1S BILE 3.
JL 1l T e AR U A& 4 K HL T R M AR AT 4y
B, 3 B EA BRI B 0 IV T
VEHC T SR IR T4 408 E B RuBisCOP™2Y | %
RuBisCO NIHIZE , HY 2 AN KAV S 281 A 5
R ZEAIAF R IR AY PCK AT PCK, DL ATP
NI . AABRPIRATRRRIE R ACCPIRES 3 28
ACC, A o F1 B WTEEA R, HT ALt
¥, RuBisCo (GenBank %%k ABC22798.1)
fl ACC (GenBank %3%%5 K ALP49462.1)HR &
NCBI Ml FAE R IEmR)IT I, k4 TAY T
(B ARA TS . PCK (GenBank %
S5O CP053102.1) LAHR B A B 2E AT 18 L (]
A, Eid PCR /45
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» Lactate

i e e S

-» 2.3-butanediol

k=

& Ethanol

i

E\E‘ Acetate
1 EHRBEFATEPSSHHSKITRE
Figure 1 Metabolic pathway of carbon fixase in Bacillus.
x3 —EKRETEE
Table 3 Carbon dioxide fixation enzymes
Enzyme  Substrate (Except for CO, and H,CO3) Product Energy Metabolic pathway
RuBisCo RuBP 3-PGA —ATP Calvin cyclel'®
PCK PEP OAA +GTP/+ATP  Oxaloacetate replenishment!'*!
ACC Acetyl-CoA Malonyl-CoA —ATP 3-hydroxypropionic acid pathway!>

22 B EKREEFRIERNAEESIHIE

Fie e 1.2.1 I IE R T B R GA
i k. pET-28a-RuBisCo . pET-28a-PCK 5
pET-28a-ACC. HH TR K/INTFIR 6 494
6 931 17 111 bp; H4 3 AH LR 4351 FH X R
KRR N YA . pET-28a-RuBisCo i FHiE
KK 1125 bpFil5 369 bp; pET-28a-PCK i)
FHIE /NN 1584 bp £ 5 347 bp; pET-28a-ACC
VIS KN R 1776 bp #1115 335 bp,  Z5 40
2R, MK RN GRS —2, UL 3 A
HH SR EE R
2.3 [ExEBHIFESRIESAL

e g 1.2.2 PRy Ik X B AT AR R
pET-28a-RuBisCo. pET-28a-PCK Y pET-28a-ACC
RE AR T TR R, 3 MEHEES R
IKHEE KNG R 42,4 60.7 F163.6 kDa, 453

mE 3A-3C Fras, HIKSH KNS EH—
2, U 3 MR SEEL AT A R, HA YR
EEA R — L,

2 EHRFEEYIEIE M: DNA Marker
10 000 bp; 1-3: HZHGiki pET-28a-RuBisCo .
pET-28a-PCK . pET-28a-ACC

Figure 2 Restriction enzyme digestion analysis of
recombinant plasmids. M: DNA Marker 10 000 bp;
1-3: Recombinant plasmid: pET-28a-RuBisCo,
pET-28a-PCK and pET-28a-ACC.
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B3 FEEHEHKIEARAERIL4E A: RuBisCo. B: PCK. C: ACC. 1: XREBMMIES g

B 20 MPREEMRBIEIRUINE; 3. EA WM R LSRG 4. EAHERBHERUE D: 1.

2: PCK; 3: ACC.M: %1 Marker.

RuBisCo;

Figure 3  Protein expression of different recombinant strains and pure enzymes. A: RuBisCo. B: PCK. C: ACC.
1: The supernatant after the control strain was disrupted; 2: The control strain was crushed and precipitated; 3:
The supernatant after the recombinant strain was disrupted; 4: Recombinant strains are crushed and precipitated.

D: 1: RuBisCo; 2: PCK; 3: ACC. M: Protein Marker.

24 [EixEEEIINEEEE

SR A s M a R 3D TR, #E
35-75 kDa i &#A HMEAFW, 5HRKN
42.4. 60.7F163.6 kDatifF, #hfG T4lifFEE &M
B r, AT L. Kaifb)s n
KA 1.2.3 AR R IE T I RR A, S5 AR L
F 4. ATLLEW, 3 FhEE M BTS2 Bk
66.43. 1.16 1 12.52 U/mg, FikHny 3 Fhity
A, Hep, TRl Ek YL2 #9 PCK
HLBG BTSN 0.63 U/mg, AHFSE S5t % M2

Mr, ALY LLEES R 1.16 U/mg. [EREGEY
A AL SRR SR RN, (H AN [R] Y il A
AEHLHIAS TR, U B9 O =T il 20 RE Y o PR 2
FE T FE R AR 04 2 o AN . oA T B
K 1 b e S 11 B T A T A 0 8t A% 0 A
., AL EATE E R AR BRI R
Hro BUA B BEE E Jr 291 AN e A T b s e it
B E R CR, Ul RuBisCo HEALAZHRME 1,5-—#k
MR 5 CO, A4 3-PGA, 3-PGA nl# 4
3l 7o T S ek R - 3 T O X 1) 1
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PR A MRS -3-BE R JT 1 NADH A4k, AT DL
ILMETLE 340 nm T A IO AR R B ERE A K
NG 3-TlE R T Vol R A A A e - 3- Wl e M A il
SIS | A A VAR = N O N = = R
RuBisCo Y[k AE ST . Fir LA [] il = ] 1) [ itk
AE 7 JC 38 1) WS b, N — b LA [ i
[Tk e 7 1) T AR A2
2.5 [ElWEEE ke IR
251 FTimpEfEd R

W 1.2.4 @ RSN TCA L S0, 2
LC-MS/MS Mg 24 R 4 fin. WA
AB AT LAFER], N2, 35XFHE 1 ALL, wia
TN 677 WL 10, 11, DEBIZ N IS HEA
THAESE, MEEADIREME HURYI s, LM

x4 BEEMESN

Table 4 Enzyme activity analysis

Pl S 5 AT AT
252 MEg=E5 K& zATE

WL 1.2.4 RIS S R
N AR RS R ILE 5. ATRLA H, RuBisCo
5 ACC W EG T eI SN, 2 18] S st
(]I, B 0 T 5 (0 1S 00, VR ) % 9 FE A
% BN, Fn A E K, YT AR
Wbk, VLAY RO THFE S 0l 2 DL R S g s
[ I, T PCK ALK RN 7= ATP
WIRNE, 2% FE AR AMBMERES T, (HREYIHY
T FE 5 o A DA % S o7 B ) S IE A G . B
PL, AERIE— & B9 R0 s el N JEE i &, g
TC A RELAE A 52 36 2 LU A () i A ] e 3 56 7 7k
CIE

Enzyme Total activity (U) Total protein (mg/mL) Specific activity (U/mg)
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Figure 4 LC-MS/MS detection results of RuBisCo catalytic reaction. A: Substrate RuBP chromatogram and
mass spectrum. B: Reaction substrate chromatogram. 1: Control group; 2, 3: Reaction groups.
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Figure 5 Effect of the amount of enzyme addition and reaction time of the three enzymes on the reaction. A:
The different amount of enzyme added. B: The different reaction time.
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Figure 6 LC-MS/MS detection results of three enzymes catalytic reaction. A: RuBP chromatogram and mass
spectrum. B: RuBisCo reaction substrate chromatogram. C: PEP chromatogram and mass spectrum. D: PCK
reaction substrate chromatogram. E: Acetyl-CoA chromatogram and mass spectrum. F: ACC reaction substrate

chromatogram. 1: Control group; 2: Adding NaHCOj; solution; 3: Passing CO; in the form of gas; 4: Adding
saturated carbonic acid aqueous solution.
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Figure 7 LC-MS/MS detection results of three enzymes catalytic reaction. A: RuBP chromatogram and mass
spectrum. B: RuBisCo reaction substrate chromatogram. C: PCK chromatogram and mass spectrum. D: PCK

reaction substrate chromatogram. E: Acetyl-CoA chromatogram and mass spectrum. F: ACC reaction substrate
chromatogram. In B, D and F: 1: Control group; 2: Reaction group.
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