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Rt = LB = A T4/, AR MRS = A QR RIER A FE BT 005, 5% Prk
Fo Rubisco #9 B # ¥ %X #ti8 %, A3k RuBP xf 4/t A4 A, a4t k5 Rubisco /&4
B, MAESBEHE,E, EHMENHLARZ T, Rubisco £7# R T4k BWLac/197 T4
¥, Rubisco #= Prk 3 & /& R % /K BWLac/197-2021 £ kK K% % h, B % K % 1.58 cm. HMEERE
A& AR £ 245 vA £ 69 RBCL A= 7002, Himft Ak K A& im ik & T RRIAZEH, BERD2HNA
1.06 cm A= 0.65 cm. i@ it A5 FLER 7= & A Hid iH AL 3 if k4R R R 3R 45, RBCL JH 4+ 1.39g/L,
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Abstract: [Background] Ribulose-1,5-bisphosphate caboxylase/oxygenase (Rubisco) is akey enzyme and
the rate-limiting enzyme of CO, fixation in the Calvin cycle, and widespread in plants, algae and other
autotrophic microorganisms, playing an important role in biomass synthesis and the global carbon cycle.
In view of the importance and the extremely low carbon-fixation activity of Rubisco, it is of great
significance to study the selection evolution of Rubisco. [Objective] This study aims to construct a
selection system suitable for screening efficient Rubisco carboxylation. [Methods] The reason of the
absence of selection pressure on Rubisco carboxylation in the existing system was analyzed, then the new
selection system applicable for high efficiency Rubisco carboxylation was designed and constructed. The
lactate-producing strain BWLac was used as the host, the growth of Rubisco expression strains with
different carboxylation activities were compared under the anaerobic culture containing 5% CO,, HPLC
and LCM S were used to detect total lactic acid production and the yield of lactic acid from fixed CO, for
the evaluation of new constructed selection system. [Results] The design principle was considered to base
on the pull-down force generated by the terminal metabolite lactic acid and the balance of the residual
NADH generated by glycerol metabolism. These two parts could enhance the metabolic flux of the
carbon-fixing branch of Prk and Rubisco, which could strengthen the inhibition of the toxicity of RuBP,
coupling cell growth effectively with Rubisco activity to construct a high-throughput screening approach.
In the newly constructed selection system, the Rubisco inactivated mutant BWLac/197 could not grow,
while the growth of Rubisco and Prk double inactivated mutant BWLac/197-2021 was not affected with the
colony size was about 1.58 cm. RBC1 and 7002, which carboxylation activities were detected to be more
than 2 times different, the cell growth was inhibited to varying degrees under the screening conditions, and
the colony size was 1.06 cm and 0.65 cm, respectively. The lactic acid production and glycerol consumption
were also tested to evaluate the effectiveness of the selection system. RBC1 consumed 1.39 g/L of glycerol,
produced 2.82 g/L of lactic acid, and labeled lactic acid content of 18.05 umol/L, which was 1.3—1.6 times
higher than the corresponding test result of 7002. The detection results were consistent with the design
principle of the selection system, the higher the lactic acid production, the more glycerol consumption, the
higher the Rubisco carboxylation, the better the cells grow. [Conclusion] An efficient selection system for
Rubisco carboxylation was successfully designed and constructed to provide an effective high-throughput
screening method for the evolution or exploration of Rubisco with higher carboxylation activity.

Keywords: Rubisco, Carboxylation, Lactate, CO, fixation, Selection system
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Rubisco t/& Calvin fEFH[EE CO, HFRIE
fif, X FEARIAEPIATT 1 . — =X CO, LAY
A%, Rubisco Xf CO, HFEALEL kea 294 1-135 7,
RPARFD HREMEAL LA CO 07, R ZH0H VLB
Hnz—8Toz—0 Z2i CoJO, Mkt
fiK, BrT CO, LiSh, SR KEAAER O, 2
Rubisco fJiEY), il Rubisco X} CO, #ll O, s 4
Sco U 1-240, Hih Syo iE X4 Rubisco Xf CO,
AL AR (Ko Ken) R AT O, ORISR, 4
AR AR AR At O, hi4is 1 Rubisco [ 1
L, Xt COp A= sa A, FHA% Rubisco &ZE#R
S [ E COye

Y% F Rubisco Ak [k (1 55 224 FH DL K ARAIG
FEILRE ST, R A AHA Rubisco 1Y [& ik RE
s JEXT LA Rubisco 07 FeitiE , #2% Rubisco X
CO, AR A B2 3 X T Rubisco iy
Pt BEAR ST B ARG A 4R, B A G T
PRl R L A B T, 2R AR
S Rubisco (3% 1 T T8 4 CO, Mk T
%9 m e Rubisco Xf CO, HIMEALAE J1 s A
BROCY. i 5 42 1 #E AR A Rubisoo 431 HEF 7 ki 3¢
87 M A g5 R, 1 B Methanococcoides
burtonii /) Rubisco X CO,fifks % M 10.5 pmol/s
e 3 151 pmol/s, BEHFEME Soo M 1.3 #EmE ]
1518 xf CO, MEALRLR A BRI S s, SR T
REEEEARR, Bk, ihEHFRIEEEE
) R T AR R, IR R B R R R A
Rubisco, #2mIX; CO, fifkaE )1, ERKIILIKRA
ZRE AR SR e s i 2 —.

AT 3BT T B TR R B sk AR
3 F K W #F B (Escherichia coli) % 1 — #5719
Rubiscoffi eI F , i 3558 Rubisco [ilfif 32 #% A5
W, neRgniEAE K-S Rubisco BRALIEPERYA R
B, FEEEsL Rubisco RABIGTEGEIA R . W%
v IAR R, AR E & Rubisco

ALV R 5 R B 2 T oo R SR TR AR BE Y
Befednik, AT RS Y Y R
BIRCE, N RS CO ISR AT ST 42 it
AP E R BT

1 MRS
11w

B BRI L 1o AnBa Rk 2R,
BRI SR8 ] LB B3 56 MO B3l
1.2 Rubisco 7 E. coli FRIIFSRIA

E. coli BL21(DE3)a&l# BWLac 1 h1E FH T
Rubisco (71X, T LB/Kan HTERAL 77 54(50 ug/ml
FHREFZ) 37 °C. 200 r/min FEEFER, K H L 1%
PR RN T3 LB/Kan Wik g5 37 °C.
200 r/min }53: % ODeggo 21K 0.6-0.8, ¥INES:H
IPTG 244 0.05 mmol/L, ¥ % 22 °C 155k
6h, HTi/F#% A Rubisco,
1.3 THiEIEFREG

131 DA RIERZHE
BL21(DE3)f5 +#i5 Rubisco197, 197-2021,

7002, RBC1 HyH@tk, RIZET 0.4% (A ) A
B, 50 pg/mL KABEZE . 0.05% (AR L) iE &
MK . 0.02 mmol/L IPTG I MO F-AR |, T 5%
(IATREL) CO, P PAEE (A A 315 A TRD)
i, BT 25°CHiF,
132 R IFIE RIS EH

BWLac 75 ¥ # ik Rubiscol97 . 197-2021 .

7002, RBCL EME, RILkekifAiT 0.5% (Firik
FRUEL)ACHE . 0.613% (i (AR EL) Hh . 50 pg/mL
RHREE R . 0.05% (JoT it IARFR L) M & K # 4
0.02 mmol/L IPTG () MO ¥4 |, F 5% (IAFHLL)
CO, I AR A IR, Bl 5% CO, Fl1 95% N, E
F 25°C }i%k:.
1.4 FARGIERN

HIRSMET 12 000 r/min 8.0 1 min J5, UgE
ODeoo M 10 i 323k 41, F 1 mL Rubisco i
4G 2% % 2 (100 mmol/L HEPES, pH 8.0,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2622 A 2 A

Microbiol. China

Fz1 BERFARK
Tablel Strainsand plasmids

EAiS Bt P 3/
Name Description Source
JiHL Plasmids

PET30a-T7-trc-rbc7002-trp-prk (7002)

PT7/trc-Rubisco from Synechococcus sp. PCC7002, Ptrp-prk from [15]

Synechococcus sp. PCC7942

PET30a-T7-trc-rbc197-trp-prk (197)

Rubisco 7002 RbcL K197M i 5845 4 [15]

Inactivated mutant Rubisco 7002 Rbel. K197M
PET30a T7-trc-rbc197-trp-prk2021 (197-2021)Rbel. K197M, Prk2021 X¥4 & 575 4 [19]

Double inactivated mutant with RbcL. K197M and Prk2021

PET30a- T7-tre-rbcl-trp-prk (RBC1) PT7/trc-Rbcl, RBCL K IEF bz LY AT
PT7/trc-Rbcl, RBC1 from environmental microorganisms Thiswork
itk Strains
BL21(DE3) F, ompT, hsdS (rBB'mB"), gal, dcm (DE3) Novagen
BWLac BW25113AfrdABCDApfIB::IdhA 7= 3L 2 F bk LR E AT
L actate producing strain BW25113AfrdABCDApfIB::ldhA Stored in our lab
BWL ac/pET30a-T7-trc-rbc7002-trp-prk BWLac 75 £ 3%3% Prk 1 Rbc 7002 B
Prk and Rbc 7002 expression in BWLac Thiswork
BWL ac/pET30a- T 7-trc-rbc197-trp-prk BWL ac 75 £33k Prk Fll Rbe 197 4275 22484 AREFE
Prk and inactivated mutant Rbc 197 expression in BWLac This work
BWLac/pET30a-T7-trc-rbcl97-trp-prk2021  BWLac 15 £ 415 Prk2021 il Rbe 197 A4 i 5 A8 fA A5

Double inactivated mutant Prk2021 and Rbc7002 expression in BWLac Thiswork

BWLac/pET30a T7-trc-rbcl-trp-prk

BWLac fig 2345 Prk 1l Rbel
Prk and Rbcl expression in BWLac

BT

Thiswork

20 mmol/L MgCl,, 10 mmol/L KCI, 1 mmol/L
EDTA), T 200W HiffktE(3s, 2 401K), 4°C,
12 000 r/min £5.0> L min J5 B E3E, MBI T IR4AHE
HroKi R4

DA AT 528 A NaH®COs
i HZ& 9 >l 100 mmol/L NaHCOs, 7k 30 min
JHT Rubisco i ; H—@ ABMIE ) Rubisco #
TRV S5 0 PRSI 22 P BT, WS IIIGY) RuBP i iR
KW, fHHAHEE 7 0.5 mmol/L, J2% 5 min &
1 mol/L HCl Z1kJ )i, %8 2 min 5 1 mol/L
NaOH HH I 1A %
1.5 HPLC ©#f

Agilent 1200 HPLC #%t, ML RID R4t
B, Ai%k: % Aminex HPX-87 H A HLIR T
F(7.8%x300 mm), #: 55 °C, 0.5 mmol/L H,SO.%
W, Wik 0.6 mL/min, #FFEAFCH 10 pL, fHH E
WO E Agilent 12000 APLC RGEMIANE . 1

TANZLER A S A, AR EE A 3L |
1.6 “CFRIZRIE =8 LCM S i
1.6.1 BC 52 3-PGA M4 HT

fdi 1] Agilent 6460 LC-MSIMS £45, &I
¥= Agilent XDC18 (5 pmol/L, 150x4.6 mm), £&
S N WE A Rl MRM O HE AT A I . Di-n-488
butylammonium acetate (DBAA)E R K& 1M B 1 X
B, TSR T 3-PGA Bk,
FEVRL 40 °C, VishAH A Jy 5 mmol/L DBAA /KA
Wizht B ¥ 5 mmol/L DBAA WIELAW, Wil
0.6 mL/min, HEREIRFL 50 pL, JFRIEAGII#E AR
Ji 350 °C. AR ES 3L L,
1.6.2 BC #RC BRI 47

657 ) o 2850 AH (3 - — L DO A A S 2R
FBEFE QTRAP 6500 LC-MSIMS &%, £E R
N WIS MRM HE AT AR . ik B A
HyperREZ XP £ #HL & # (100x7.7 mm), # &
40 °C, ik 0.4 mL/min, ZEF/KBEM 10 min,
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PEREIRFR 10 pb, JRIEAG I #SHEE 550 °C, Kl H,
4500V, BRgHEFE S ER 3L E.

2 HR54WH
21 A Rubisco RWEMTFERARMIFIER
7=}

PR i e A 2 110 5 16 S BR 2 T RUBP X 41 (1)
BEMEIIIVE A, AR R AE E. coli HhILEEARE
2 ¥% B WE ¥ B (phosphoribulokinase , Prk) #i
Rubisco, Prk Kl R OB A2 (14 v ] 74 5-%
1% 1% 0% (RUSP) 6 RUBP, ik RuBP 4 41 fifd
FEPEIIHIE YR AR K, B Rubisco 7ES 404 K
FREK, B RO R A1 (Bl 1A), RuBP # Rubisco %
fRIE A AR R AR TP ) 3-PGA, DA THT iR 5 4
BEPEAEHAKE B K, F BN Rubisco £ RuBP &
DB, AR K AR kT, X RA
B R RALTEPE) Rubisco BL21(DE3)/RBC1, HAl
FERRAETEYE S 0.20 U/mL (K 1B), TEINA ik
T, % HCHERR Rubisco BRALIE (A 0.06 U/mL
i) BL21(DE3)/7002 (/& 1B), RBC1 KR AILIE L
JE 7002 1 3%, (HZTEG -4 bR bR R Ze A
KA R 255 (& 1C). Itk B, A ki
FTE o A1 AE A0 A AR AN RE A R DX 0 B A T v 22

A B
( D-xylose —\ 197
{ PPP pathway
¥
D-ribulose-5P 197-2021
PRK
D-ribulose-1,5-P, » X 7002
Rubisco
\ Glycerate-3P # Glycolysis/ RBCI1

58] % 19 Rubisco, i AT REJE H F Prk I
Rubisco Ui 32 i A 2, RuBP B8P XT 41 i A=
KAWHIARIA S, ASBEE 1 40 A K SR AEAS [ R 1k
TEYERY Rubisco, B, WA MRAERANEHT
o A T e B AR T M B R 4R S5 Y Rubisco B4
JLPF, B4R Rubisco ¥R AL [HBREE f1 54
HERB NS A AL L = 3 07 8 H S T Rubisco T
[iiprin e
2.2 =% Rubisco LI IF IR A RAVILIT
EEXF 2.1 W LA TR R R AR IE SRR
{6 TR Y Rubisco il 5y FoofFRy IR, Ay Bl
#m Prk 1 Rubisco f [l fif S B ACIHE &, $E
RuBP 4L i fE A, BOK Rubisco BRALTE
P2 S AR A KRB, ik, AT
A1 2% FE VAN frT %58 Rubisco FY Rk ACihE i, %
THEHUR BN 2 R, — =& AFLERZum Rl
YA TR,k Rubisco ¥ AbiE M [ 5 1) CO 4%
NSyt 11, B Ak P I R 2 7L R 2 i A
PR AE, BHIBTNERER S ZBE CoA Ay H R
figeiy PHB Tk, LUK DN R S BT HRR 0 3E HR A
ARG Frd 1EPE, (EZLER BN 40 AR DR A T DI
PR AR 0 E ALY, e FLRR (9 A A= B

C BL21(DE3)/RBC*

0.00 0.05 O.IIO 0.15 0.20 0.25 0.30

Crude rubisco activity (U/mL)

1 MATFEERPARRLEN Rubisco BIFREKER

Figure 1 Growth of strains containing Rubisco with different carboxylation activities on the original activity-directed

selection plates

T A BUA TR B R IGFEUR R B: BL2U(DE3)fE % ik Rubisco IR C: S AR I A KA L.
Note: A: Original activity-directed selection rationale; B: Crude Rubisco activity in BL21(DE3) host; C: Growth of strains on selected

plates.
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( D-xylose \

PPP pathway
\/
D-ribulose-5P

PRK

D-ribulose-1,5-P, # x

Rubisco

/ Glycerate-1,3-BP
NADH >
NAD* / N \
G

Glycerate-3P

Glyceraldehyde-3P lycerate-2P

Glycerone

NADH
< NAD*
Glycerol

- J

@
2 &% Rubisco ¥ L TE 1 i ik & R i RIEE

Figure2 Selection rationale of high efficiency carboxylation

iz Prk Fil Rubisco 8% 2 H 24 H
R FLIR T AR5 S7 NADH AYRRAE, DLROw =
(1), it Prk F1 Rubisco 3¢ #&ACHFI FHARE
5 COp ALRFLER, W (2w, THFEH M
PR3 7 2L IR T 43 (9 NADH , A T - 7685 i P 3 J52
J, UG, A A LR A 5 R A 5
1, 45 Prk 1 Rubisco [& ik =2 A i 5 (& 2).
LA BT T AR Prk fil Rubisco fY
[i] B¢ 7 B AR SE B, Rubisco [ 58 CO, 4 5 = (3)
RIS 14y FAKES 24 FHMIRI A, BE 10+
CO 8, 4 3 PR, [RIRFARRE 2 431 ATP, iS5
TV, AERetE E R ALK, e B, HIME
FEFHBEZ, £ NADH £, AW
Rubisco [#l5E CO, A S A il LR (1438 1t oK,
Prk /= RuBP 2, XAieAd: K pfiliing, 75248
R A RuBP RE 1B 38 % Rubisco SRAERRANGI, 41
MeA: K il , Rubisco [ CO, R LTE MR,
[ ISP LR P bl o B BEHH AR AL Rubisco 32161
PEREIR R, AT LU Rubisco Bk 765 40

Pyruvate Acetyl-CoA
> % Formate

\ Lactate /

¥ Succinate

A KA ORI A B 0 8 TR ), R B LR 7 A
Rubisco BRALIGPEL RIEASEAS b, Al PR~
XY Rubisco 515U e uE TAE, AHXY
F IRl ZFric NaH™®COs 1 Rubisco &AL 1 H: il
FE, ERERIER . ZUFIEE,

Glycerol+ADP+NAD*—Lactate+tATP+NADH (1)

Xylose+2NADH+CO,— 2L actate+2NAD” 2
Xylose+2Glycerol+CO,+2ADP—4L actate+2ATP (3)

2.3 =3 Rubisco RLIEM TH IR A RRIIDE

OB DL B 3 R E o, DL BW25113
AfrdABCDApfIB::IdhA 7= FL12 1% k& BWLac M1
T, i pET FkityE Prk A1 Rubisco [Elfk 37 %,
PhZeai =) LR S hi g, (R Es v Sk A ok
IR, A RFLIR - AR AL R T, B9 Rubisco [k
TR R, K RuBP 41 #5414 i 2%
B, MESHIRRRE S E R % Rubisco R ALIE T
TR R

Prk 71 Rubisco [Filf 3¢ j# H ) i B A% W it
Prk & 5T Synechococcus sp. PCC7942, i FHAY,
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B RuBP XF Al A= KA B HIER, Prk 1
IR B trp S s FRLE Y, BIA &R
MEBLT , Prk FEZ0H], e MO KEFREhn]
PLUIEH k477 RuBP, Mi#n 4t K,
e 7. ANESRVER) Rubisco 22 Rubisco 2875
IR GRS LN T7 F tre XUS sh P, 1
BL21(DE3)#l BWLac 5 EH ¥ LI IPTG i34
ik, BRACKONVARET RUBP, Vsl 2% B A7 55 20 Mo 00 i 3
%, [HE COAERL3-PGA, A Aty
LR .

AW HET BWLac/RBC* 241 ik, Hrh
RBC7002 1 Rubisco K5 F 54 Synechococcus
sp. PCC7002, RBCL i) Rubisco i T HAt #5513
AWy, —FHIRIEYEE BWLac 15 3 ARG
435124 0.04 U/mL A1 0.15 U/mL, RBC1 Fll 7002
1) Rubisco M EHE AT RFE 35 LA F 2 53(K1 3). Ik
Ak, 1t Rubisco k16245 {A 197, Rubisco Fl Prk
WRAERARAR 197-2021 MXtHRE R, FTIEMN T
PR FR ST A 3. Rubisco Z8i% 2848 (K 197 BJI
RBC7002 ) K WKL Rbel 784 K197M 2878, Hfv
SRR T Mg® 45 A% i Rubisco %
1518 Rubisco 1 Prk XW 2k 1% 5845 (& 197-2021 J&
£ RBC 21 1 SLh I, HL3eik Prk2021 28745 {4,
Rl K20M F11 S21A, W5 ATP 454G % UIAH G
Syl s Pk JETEME. BWLa/197 Al
BWLac/197-2021 4 FH i &R A A 31 Rubisco T
(A 3).

LA EAEER Prk Al RBC* Hhgeik Bkt (kg
AFE T 1.3.2 Wi AR [, F 5% CO, i No ¥k
BRTFIREXSR, R EAARIRIETEYE Rubisco
PRI AE R KN, ARPE DL L e I 3, R 2R
Kk, Rubisco ¥R AIEHEBEE .

24 S Rubisco ¥ ALIE M TFi% A R RV IIE

WRHE UL BT EE G TR R, O Al b
Rubisco 276 %4514 197 gk, Prk il Rubisco
R IERAA 197-2021 KRS R, HARZ

o, YK EAR K/ 1.58 cm, RBC1 il 7002 1
R 4R R BRL TRV AR A 2 2 BN TR R B g o, e
7002 K3z B, YR BARR/IMIUAT 0.65 cm,
I RBCL Ay A KAZ AR AN B, PATE VS AR K
/AT A 1.06 cm (& 4B), [FItL, %0k £ i B
TESMF T A A K R VE RN, IERIE T Rubisco
IR AR TG, JUHXE 7002 (AR KDl 4es
Riffi RBCL py#RALi% 7% b 7002 = 3514 |, RBCL
(14 A= T I 7 B A 3R o R A S B o — e R
SR, I AT R R Sk LR e st I T LT
DL KIS FE H AR AR AR R R 7, Pk R
Rubisco & fis =2 f#% i A 151 38 35k, AR AR i
RUBPHEIZ, AHffIA:=( Sz iR B ksl (] 4A F14B),
3 RV A R/ NBE S A A X A R AL TR A R AN
[ A% Rubisco B4 I01 .

197

197-2021

7002

RBCI1

L 1 1 1 1 ]
0.00 0.05 0.10 0.15 020 025 030
Crude Rubisco activity (U/mL)

3 BWLac T8 E %A Rubisco MTEEERIE 1
Figure3 Crude Rubisco activity in BWLac host

A B

197 No strain
197-2021 1.58+0.09 cm
7002 0.65+0.07 cm
RBCI 1.06+0.04 cm

4 SYRNWIEMTFIEAE R Rubisco FARE K IER
Figure 4 Growth of strains containing Rubisco with
different carboxylation activities on the high efficiency
carboxylation directed selection plates
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T RE DL EAHEDR SR, A T
BWLac/RBC* 41| BRI FLIR ™ & LA Sk A Fhmid
NaH"COs; MR & . BWLac/RBC* K 1 /ik ¢
35 Rubisco FRFLIR AN M BissRk, 78 LB
RpAEiAEFEE 6 hg, BEOUWERM, Hum
H 5g/L AHE. 6.13 g/L Hili. 100 mmol/L HEPES
#1100 mmol/L NaH®CO3 ) MO #5355 L5 3R, BT
37 °CIRENGFE 72 h BUGFRW 1k, HFIR™
X EL AT

Rubisco ¥ fbiE Ml s, FLER /™= ey,
Hrbsk A ThRic NaH™®COs (3L Wik £ (& 5).
BRALIEYESE S A RBCL, A/~ wh 2.82 gL,
5T 7002 4 2.16 g/L (&l 6A), RBCL H *C #Rid
R & T 7002, 4%~ 18.05 pmol/L Al
13.46 pmol/L (/&1 6B). 14, #H%fF 7002, RBC1
THFE T 2, B 1.39 g/L, 7002 i H AL
{.0.92 g/L (&l 6A), HIILAT UL, FLER)™ &t A1 H i
T 6 1 S B R 0 1 50 5 ) S O 0 1 R 1 R i 3
FARF, FLER R, HIMIHFERZ , Rubisco Y
RACTE MBS, B, ASHIFST R A 1 O i 1A
ZE 0 T 30 v Rubisco ¥2 Ak M B =5 1 43
Fotlt.
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BT A5 18 1 0 e 1R 7, S0 B o 20 o O
SRR T2 AL EEMIEN A . AT E X
Rubisco F&{LIE MBI AR e AR R, ffok T80
H iR Z b Prk F1 Rubisco [k 2 f& A A
A& S RUBP #I il 4 i A= AN B S g [l i, 5 A T 4%
wiig AR 7 40 L IR R0 T I A TR 3 ) 7 ) P A 1
TS, 3B A AR LR 1R B A0 #E - 2 )
() NADH, 3% T Prk A1 Rubisco [#lf% 37 #4 CigiE
o, 5L T RuBP XFANAEA K Am IR, it
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# Rubisco HRAILEME% =, Synechococcus sp.
PCC7002 Xt CO, ML EL kea H 13.4 s, Xt CO,

Fl O WL Syo N 52°7, LA ke MRS,
Rubisco 7002 7E#iAa (i i ek R rp A K2 3] T
BRG], 2, AR iRk Ry R
A W E R A ) Rubisco HRAE T H Tz Bk
25 (6]

AR I 5 ALY F2E 11 7 6 AR R AN S FH T v 3 6
¥ Rubisco I TAE, 0] LUFHFLER M~ =A%)
i) Rubisco iff53+ B 2848 SCR I IEARAR, AHAL
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fRT (PR, H3E S0 2 1Y HPL C LR A B a] PEA
AN Il e

AR B Pk SRiET Smechococcus sp.
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(1) Rubisco HAF{XA 0.91 pmol/(min-mg-protein)™,
ik, Gk R A trp 555 sh FIRE Prk %Kik,
Rubisco #4% T7 Fl tre a3 sl T35, Likth
TEBAE R Z A2, SDS-PAGE 455 BoR
Pric S5 AN AT L. DAULI ek 2 o Hehly, ATak—20
M5 O HE S Rubisco JRALTEM:, Wit
Prk ik RILTEIR R, LR RuBP HME A
FRBRWREE, msRifie s . FE L, Y Pk %
KfdF Lac J83h i, 7002 i Rubisco 7571
W EABRAE K (SRR ER), #HED RuBP B Rt
%, 7002 1) Rubisco “ff##5" BE 14555, Sl 4l
AR FITLL, AT 5 A8 £ A i o 1A R Lo i
JE 0 B aT R LA g 0, T LA O ik
Rubi sco Ak P 3 i 50T A% 5 22 B 1 0 4 1Y il A
Foult, W Rubisco 7E Calvin 3 [ CO,
(18 B T 5

T2k A A B T % K/ R R AL Rubisco 2
TG (1% o A o T R v, A SR AR (R T
SETERER R, ANEE DX AT A S A 4R = A L
it 6 B8 i 1 22 5, XU P AT il 43 ) 2R A
VEARAR MR SR, AT E A Rl , TR
F Synechococcus sp. PCC6301 1) Rubisco 4k, 3k
3T K3 RocL F3451 2875k, HiEMERRE T
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Figure6 Lactate production capacity of Rubisco with different carboxylation activities
T A ARBEXYDFHMGly)#ER, LIRILBR(Lag)™it; B: LCMS HISLERIIIZE . M N RARICTLIR, M+1 9 B°CHRicsLmk.
Note: A: Consumption of xylose (Xyl) and glyceral (Gly), production of lactate (Lac); B: Lactate titer by LCMS. M means unlabeled lactate,

M+1 means *°C labeled |actate.
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