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 E BARTUMOSREBREET N XEBORR. AR KFFREZRTALABAAS REAKRMEE
A, B-RAF N ER X AAFETEHAMAN RS, L+ &£ LB (Lycopene cyclase, CrtY)
R P-AY FEARIEBT AL, RBENL FAD KRB KR L FER LTS RPB-AT N E. AR
Wit st CrtY $9 2 ARG B-AF FE WA RAKF, FHE CrtY R A RAHER N Hm., EXMATH T
AB R LA o AR A o, B FIANFR LR IRME AR oty T BT M ES AR, Ft—F A A
FE R4 K-F 4 DNA 4% 7 % (Oligo-linker mediated assembly method, OLMA) 3| A— 2 7| R} & #9 A T
it e AB IR 4 5425 (Ribosome-binding site, RBS), #F CrtY #9 & k5% & . AR RBRFHEZH#THB T K
. @it OLMA L EM@EF-F Mk, RIFT 5HE” B-AF M F o) TRBHK. £EMT, SHRIAEZG K B-
WE &~ F T 15.79-18.90 mg/g DCW (Dry cell weight), HELFTIRE T 65%, #—F kIR T & & ¢4 CP12
Bk, £S5 LABEL, AASTERABRBIEIERARESRB-AT FENEEN. REABAFT N EZ7FT
ik 1.9 g/L. RBS 3% E 5 H7 BAXM P 14K A1 R, i B 3bIEMK CrtY R AR E A A F B-40F  E A4 %
AEZHRELIZEERD ., A EERAB-AF PR EREZRGRAHERET 485,

D B A LB (CrtY), KMAHE, B-#AF &, FRIELXNT6 DNA LK (OLMA), K#ft T4
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Construction of high-yield strain by optimizing lycopene
cyclase for B-carotene production
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2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: To optimize key enzymes, such as to explore the gene resources and to modify the expression level, can
maximize metabolic pathways of target products. p-carotene is a terpenoid compound with important application value.
Lycopene cyclase (CrtY) is the key enzyme in B-carotene biosynthesis pathway, catalyzing flavin adenine dinucleotide
(FAD)-dependent cyclization reaction and p-carotene synthesis from lycopene precursor. We optimized lycopene cyclase
(CrtY) to improve the synthesis of B-carotene and determined the effect of CrtY expression on metabolic pathways. Frist,
we developed a p-carotene synthesis module by coexpressing the lycopene B-cyclase gene crtY with crtEBI module in
Escherichia coli. Then we simultaneously optimized the ribosome-binding site (RBS) intensity and the species of crtY
using oligo-linker mediated DNA assembly method (OLMA). Five strains with high B-carotene production capacity were
screened out from the OLMA library. The B-carotene yields of these strains were up to 15.79-18.90 mg/g DCW (Dry cell
weight), 65% higher than that of the original strain at shake flask level. The optimal strain CP12 was further identified and
evaluated for B-carotene production at 5 L fermentation level. After process optimization, the final -carotene yield could
reach to 1.9 g/L. The results of RBS strength and metabolic intermediate analysis indicated that an appropriate expression
level of CrtY could be beneficial for the function of the p-carotene synthesis module. The results of this study provide
important insight into the optimization of p-carotene synthesis pathway in metabolic engineering.

Keywords: lycopene cyclase, Escherichia coli, B-carotene, oligo-linker mediated DNA assembly, metabolic engineering
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(Carotenoids) 5 i& 5k [F] 77 2 15 25 11 A9 4 £k 1
M, 25N E B-#E MR, fEX—
Y, GGPP & il CrtE (Geranylgeranyl
pyrophosphate synthase). /\& %4l % A
CrtB (Phytoene synthase) . /\& &4l % M S
Crtl (Phytoene desaturase)BENS & Sttt fb & i B-
BN RMWAERF MO ER . TR ER
FZLZRIMERNE CrtY BUfERTT 74 B-BHE b &K

Hui, EWNSS B-B1% b RE ORI s
FE4 %5 |PP S DMAPP AL 7 1HiF Ji& 1 Kt
TAETO B4R B IPP R DMAPP 32 545 1 4%
YGRS . LA T CoA SR Y B 2 T R
W (MVA i&48) FLAERER & 3 B Him i
HHTIRIY 2-C-HEE-D-IRBEHiiE-4- Bk R 12 (MEP
WAR) . ERFF R SIE MVA 3720 TAE
L Keadling JD St MM, Keading D 275 K
FER g T BRI LR MVA SRR SE, I8
MVA &2 50 i b A e KT e ey 1) gk
Fiiidt . 2k HMGR 45 JCHERE 0 2 R 4 55
o % TFBe, fRBR T HMG-CoA e AR,
SEEL T KA E PR MVA B2 mKES
RS TR SE W 28 7 1 . KIBAT i MEP 3242 1Y
3% ) L4 Stephanopoulos Gy At 3 11419
Stephanopoulos G %5 o) AL 43 B . Bl AL i
S, BOUE TR gdhA . aceE. fdhF 2% ™
Y i g o SLAMS [R5 4 38 L 2 pai
gnd 5540 e F AL Hh g R R 72, 5L sucAB .sdhAB
il talB i 2k , B RE NS MEP AR AL LY
MTTA R -9 N e iet,

EROR: RN AR S A IN=ANES I A ) DO
B DR A RO U0 T AR R R R 55 .
REFAH TG B-1% PR TAEF, B
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R A TZH)E Pantoea 25/ B AE M1k TH Y
BRI G B8 DR ARSI E B
WA R SR IR crtE. crtB F1 crtl KA,

FF ) A [R50 BE 19 RBS X 3 PR (1) 28 328 7K - ] Bisf
AT, T R & T AL R B G K
UL g BRI, R A R AR 4 X
KW R G AL R D RE A Ak BAT AR
Mo e TR e P R R R MGE T, T8
B R FH Bl AL 5% A8 sl 3 T 0 I A A [R] 5
JE R TT o B BEALSE A B P45 o 1 5 G
Pl R R T AR 4R e JC TR S B
Bt SR, = [Fe . X 2R
R IACR T B, RS 1 R AR A
B . ABIEIE DL e LA B B AT LL R A
B (crtEBI) LA, i 5] AFATLL R L
AL (crtY) gl p-WI% b RGBS (K 1),
FTT e B SRR AT DNA e ik
(Oligo-linker mediated assembly method, OLMA),
MKHAE RBS [y 4 i1t . s i KR 8 45 21
DTS crtY RN AT RO, S B-EA 2
DR A BB EE A, IR erty Kk
KXo A5 B R A 3 A8 v A SR DR g DA K B
P W5 o SRR 354 51 DNA 20238 )5 ik
S — PR N R B 5 R 9 5L ATESE R Sk
DNA ZH 3 SCPEAE £ 7k, AT ] A 152K F 50 bp
FI/NT 50 bp R R 260832 A I R A
FHEREL (N 50bp HK) BERT LS HEAN
AR, WAl PRIt 8F . RBS
SR ICiE, T SERELS TA M, AT
PLSEE R MRS e et A2 26 o I Hoizor i
AT AR R BRI . (B AF R (KT 50 bp
HER) AR, @b /T 50 bp B A
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Fig. 1 Construction of p-carotene synthesis module.
RO S A SER kP, R T
50 bp A5 PR 2 Wi b AR S LA Jd i 1S
T R T 14 N U AR A AR N 1) EL AN P Bk AT — 2
A, KRS T UREMMWEZCRMFE ., A
WHFORA B T RW] B-01% b &AM BRIk 1
M, Shit—PiRE -9 bR R AT
b H AR TR B

1 #@EFE

1.1 MR 5=
111 BEHRS Bk

263575 T # Escherichia coli BW25113 A 51
=R AE, TLl%TE F i Escherichia coli Transl-T1
W EI 2 SV EARGRA A HA A
PR AORL L3R 1,
112 &5 EH

SHMAT UGS RETE, UV2500, HASHE
/NH] (Shimadzu); #EREE 258, Bio-pro 200E,
FHEPISAA (SIM); HEALL, Micro-pulser,
FEEARAT (Bio-Rad); PCR 1Y, Mastercycler
ProS, fii[EZAfE/\F (Eppendorf); ffLikH
TR %5, MB100-4A, UMM BLBALZAT B2

& : 010-64807509

Hl; BEFRIY, Synergy MX/SMATC, 2 [E{HEX
v/ (BioTek); 5 L AFEHRE, BRIV
#HTRARAF; M EE (HPLC), Agilent
1220, ERELHAEA T (Agilent),

JBEEE 1 . e EE R A F Oxoid /A w5 B-if] 8
MR FEMLLRARHEMNIE A Sigma-Aldrich 23]
DNA 7T briENN B Thermo Scientific 2] ;
FastPfu DNA RA&E At XX a4 WHR
AR Gibson TRl &, AR R EE N
VIf . T4 DNA £ . MR LA H NEB (dt
) vl s A R SR IORR & L BB BE I
IR £ 3 Omega (Jbat) A7 FRA A HiAl
BRI AR 1 Sy [ Ay B
113 BRESBER

LB (Luria-Bertani) }i53%E. 1% 11k,
0.5%# £EH, 1% NaCl, FLrp LB [F{AR; F: 20
T L.5%ZB I -

ZYM BHiESR 33 100 mL 555 5k rp S
LK 059, R 19, HY 059, #i%iH 0.059,
FIH7{f1%% 0.2 g, NaS0O,0.07 g, NH4CI 0.27 g,
MgSO, 0.024 g, KH,PO, 0.34 g, Na,HPO,0.9 g,
0.1 mL e, pH7.0%%,

MO B5FE3L. 100 mbL 1% 5% 3L ih 5 &k
2 mmol/L MgSO,, 0.1 mmol/L CaCl,, 20 mL 5xM9
ERVATR (200 mL P NapPO,-7H,0 12.8 g,
KH,PO,3.0g, NaCl 0.5g, NH,Cl 1.0g), pH 7.0,

BiAER: AT EREINIAEER, A
[FfTA RAARE Sy WER 17 pg/ml, RIRE:
% 50 pg/ml, 485 £ 50 pg/mL, PUFRE 50 pg/ml .
12 FHi&

121 AFHEYIEHRE
25 B a3 S B vy 4% BT R . 3R S
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BB T, TSI R 2 Hd orty FEHEAY 43 90 DAAH L Bk A AR A B F T PCR 3731, PCR 2%
PCR ™38 UL AH I B8 Bk 1 6 DR 2 Al , 41 1 . 94 °C 3min; 94°C 30s, 55°C 30s, 72°C

IR 2H >R FE 200 1 ik TR 21 $R G5 & $2 B, PCR 2544 1 min, 30 MEH; 72 °C 5min. A BT
94 °C 3min; 94°C 30s, 55°C 30s, 72 C 2min, ZALTFRY CrtY Fak Boki sz A ok A HER FH 2

30 MEH; 72 'C 5 min, JAdh ¥, Kk FhRE Fi B Gibson 203751k, & MO 21) 7 %347

x1 BEWRSRHE

Tablel Srainsand plasmids

Strain/plasmid Characteristics Reference
Strain
Escherichia coli Transl-T1 F ¢80(lacZ) AM15AlacX 74hsdR(r,", m,*) ArecA1398 endA1 tonA TransGen Biotech
Escherichia coli BW25113 laclrrnBryAlacZyy 116hsdR514 AaraBADassArhaBAD| prg QOur lab
gﬂggilzg%)mrans Pag crtY Our lab
Erythrobacter sp. Nan35 Ery crtY Our lab

FgyrA462endA1A(sr1-recA) merB mrr hsdS20(rg™, mg™) SUpE44

Escherichia coli DB 3.1 aral4 galK2 lacY 1 proA2 rpsL.20(SmR) xyl-5i-leu mtl1

Life technology

CP00 BW25113 (pY ESKs, pSKPMIc) This study
CPO7 BW25113 (pY ESKs, pSKPMIc, pCP07) This study
CPO8 BW25113 (pY ESKs, pSKPMIc, pCP08) This study
CP09 BW25113 (pY ESKs, pSKPMIc, p1-G3) This study
CP10 BW25113 (pY ESKs, pSKPMlIc, p2-A2) This study
CP11 BW25113 (pY ESKs, pSKPMIc, p2-D5) This study
CP12 BW25113 (pY ESKs, pSKPMIc, p2-G5) This study
CP13 BW25113 (pY ESKs, pSKPMIc, p3-Ab5) This study
plasmid

pLY116 RSF1030 origin, kan®, lycopene module containing crtEBI operon [18]
pYESKs p15A origin, str, MVA upper module [19]
pSKPMIc pSC101 origin, cm®, MVA lower module [19]
pSC7s pSC101 origon, Str¥, tac promoter, tL3 terminator Our lab
pFUS ColE origin, Spe®, ccdB operon Our lab
pHD ColE origin, tet® Our lab
pOSIP ccdB Our lab
pCP07 pLY 116, Pag crtY This study
pCP08 pLY 116, Ery crtY This study
pHDO7 pHD, Pag crtY This study
pHDO8 pHD, Ery crtY This study
pLY116-TC pLY 116, tac promoter, tL 3 terminator, ccdB operon This study

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



EMNE FELEMIZFHEBOMEEE p-BB2 FREFEHK 1819

®2 XHAASY
Table2 Primersused in thisstudy

Primers Sequence (5'-3)
PagY-F GTTTAACTTTCGCGCGCGTAACAGGAGGAATTAACCATGCCGCGGTATGATCTG
PagY-R GATGCGTCATCGCCATTATCATTGCATCGCCTGTTG
EryY-F GTTTAACTTTCGCGCGCGTAACAGGAGGAATTAACCATGAGCGAACGCGATTGC
EryY-R GATGCGTCATCGCCATTATCATCGATGGTCCTTGCG
tac-F CAGACGAAGAATCGTCGACACAGCTAACACCACGTC
tac-R CGCGCGCGAAAGTTAAACAAAA
tL3-F AATGGCGATGACGCATCCTCAC

tL3-R GCGGAAGAGCGCTGCATGTTTCTACTGGTATTGGCA

HPagY-F

CATCATGCCTCCTCTAGAGGTCTCATTAAATGCCGCGGTATGATCTG

HPagY-R GATTTTGGTCATGGGTGGCTCGAGGGTCTCAATACTCATTGCATCGCCTGTTG

HEryY-F

CATCATGCCTCCTCTAGAGGTCTCATTAAATGAGCGAACGCGATTGC

HEryY-R GATTTTGGTCATGGGTGGCTCGAGGGTCTCAATACTCATCGATGGTCCTTGCG
GTTTAACTTTCGCGCGCGTAACAGGAGGAATTAACCCAGGTGAGACCAGGAGGAATTAACCATG

C¥es CAGTTTAAGGTTTAC

ccd-R GATGCGTCATCGCCATTAATACTGAGACCTTATATTCCCCAGAAC

1.22 OLMA CEEH#E

OLMA SCJ ) 4 B SR [ 18] i 47 L rh 3
SRSk 2 K B Y A% PRLE oligo iR KT K
WEE oligo, S b A UL 10 pmol/L
M BA%5E oligo 7E 90 ‘CIRE 5 min, #RJG LA
0.1 CHHEFEZE 4 C., 1B X5k XUsE DNA #i
BRI 100 nmol/L, WAS[n] 5 B i1 5 5 32
KEEWHNR G, SRR LG 2E 1T BB 1k SO0,
PAT A FE Rk R B
123 EHAWKRKNEIREREYFEL

Hkﬁliﬁﬁéﬁ%"rﬁﬁwﬁmfiﬁ% LB }i%
FHEEgE, 1 ODgoo fHiAF 0.6-0.8, L 1% 4%
%ﬂl@%%iuaﬁmmﬁﬁé@ ZYM HEFRFF
iR 12-14 h, 55 MVA iR 5L &R A
4°C., 4000r/min 2/ P B, FEERTIREE, AR
JEF MO B5FRIER 1% 5450 A S5 A R
K2 10 OD/L, 37 °C. 220 r/min &K 4148
Ak 20 h, MEFALE B-% bR aAK P

& : 010-64807509

1.24 B-#HE bE. BILRMNE

X A A A % TR R 240 B 7 TR 445 ODgoo
U 1x10° CFU 4t i 55 J2 i s Do T 1A,
ZOKPES AR Lk, FRAES A 1 mL P,
VK E#HC 2 hj5, 13 000 r/min 5.0 10 min, W%
BRI B-EAE DR MIE F B T A
340-550 nm (IR IOETE, - 1EX 454 nm Ak 4R
TEMR Y, FAR AR E I RT3 B-iA % N &R
=i, LRI 3 EK . A p-#HE b FEiR
rﬁn%ﬁﬂ%m&ﬂ%% B-HE N FAMLLE Y
FEPESTE L HLPC ikl bk kedh, ff
Jfl Phenomenex Luna 5u C8(2) 100A {44t , Wi
SAH R K+NER (RFLEC R 20:80), LA - % b
. BRI SIRAE
1.25 OLMA 3CPER ik

SRR E, 37 ‘CHEFR 12 h JEk v e bk
HCF5 4 200 pL LB 53R 5611 96 fLEAE LR,
T 37 °C . 800 r/min (LR 1E il 4 7 2% h 1 57
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10 hJ5 4% 1: 40 i L5148 T 200 L &5
ZYM HES RN 96 fLIRSLIR, T 37 C.
800 r/min B4 ar HAEIR K 5% 16 h, HiET)5
ISR AR 20 %, AR ODegooo [
HER 20 pL AYR5FE, 4 000 r/min &.0> 10 min
WA A, JINA 400 uL Z - N ETR A (R
b 4:1) oK EAE 2 he 22 B8 S 12 000 r/min
5.0 10 min, WZHL 200 uL ST 96 FLAHAL
W CPIR), FEEARGEE 454 nm Ak i
H, B WIEH S5 R A& ODeoo B HLIE, FIFTXIE
PERIARN sERER) B-HHE D KB EES) .
1.2.6 H[E =45t

XA ) e Ak TS B TR U A M, T T AR
ODgoo, H 5x10° CFU 4 fifd (14 35 35 W 5 o W BB T
A, FH-80 CTi¥ ity H fs s, A Ji 250 UL
BV, KRHE TSRS B IEERER
f W B 2E IR L UPLC-MSIMS 43 B Gl
1.27 5L REKFE p-#HE MR

PRI SO BEAEAR I BT ME Y LB S5 R b 3
FRIER, SR HERN i HE A BIREW S 100 mL
f) LB BiFR3E, K59 5h, FE AR R 2L
5 LRI, RBEEFREN (IL): 20 g #
AW, 5glERkky, 0.6gMgSOs, 9gKH,PO,,
4.9 (NH4),HPO,, itz . A K A
37°C, pH £=Hil7E 7.0, 25PN 4 Limin, K
1R DO FEhITE 30%, & it R A iE AR

2 HRG0H

21 =BT NEABTEEROHE
4 NCBI J¥41iit514 PagY-F/PagY-R
M EryY-FIEryY-R, 43 5 DL By B A iz @
Pantoea agglomerans CGMCC1.2244 Fl75FT 1A
Erythrobacter sp. Nan35 fit 3 [H £ i1 DNA b

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

Meii s PCR 4734, k15 Pag-crtY # Ery-crtY Jt
(K 7 Bt .43 91 FH tac-Fltac-R Fl tL3-F/IL3-R 5|47,
PLSURL pSCT7s tiiti , 43 5143 th tac Ja ghF
Bt tac M LT B tL3. R Sal T Hg) A 5
B % WA 0 S A TR AL R A U R
crtEBI YA pLY 116, FIfg#iA KA BG, *
A Gibson 75 ¥ 4> 5 5 tac/Pag-crtY/tL3 =
tac/Ery-crtY/tL3 #F172 F Brik 4, ik B 5
Re, RBEA A BGERN B-E M EE
R Fki pCPO7 1 pCPO8., ¥ pCPO7 }2 pCPO8
RN 433 5 A MVA iR ig 42 3E () pY ESKs
UKL AN MVA T iifis 2 3L R B pSKPMI ¢ Jitfr
¥, PATEATGR B-91E b RAESI A TRE MR
CP07 } CP08 (14 2).

0T HE CPO7 Fil CPO8 f3RE, K CPO7
H1 CPO8 4 F T ZYM IE B hiff 3 3Rk B-iH
MERABGEREN, WERKEEET 20 mL
TR 1% AR MO Ki RS BRI ik
20 ho W A S FH DI R ZE30™ 9, Aarill B-i5H 4
MER&E, DIG B-01% DRGSR BRI
Pk CPOO XT . S5R3EHT (8 3, 7C), &feflis
CPO7 FiI CPO8 i (.3 7 Wy A i — 11 B-EH MR,
B-tHE N R G HUK Tk 52 8.79 mg/ly DCW
M 8.08 mg/g DCW.,

‘ Pag-CrtY
(CP07)
|:> Ery-CrtY

N O P

B crtl  crtE (RBS)s library)

B 2 EEMOEZEHERIERM ESIN CrtY &
OLMA L F

Fig. 2 Manipulation of CrtY and OLMA library based
on lycopne synthesis module.
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Fig. 3 p-carotene production of CPO7 and CPO8.

22 EBEEINSDNALEZE (OLMA) XE
BT 5HE

RS BB DR G &R T B R A
A, JFE—BR e p-l R D RIS UKF,
FHERBELAN S DNA 43 (OLMA)
HRIRIEXS crtY A9 IAK IR0 , OLMA
SCEER BT AR e R AN R 2 A 4 IR o

PEFE Pag-crtY J Ery-crtY Bifp crty L LA

Ptac T,; Ptac T;;
Bsa l Bsal

Bsal Prac T,, Ptac T,
+
T4 ligase

Ptac T,, Ptac

criB el | crtE ﬁoh’go [ 7Y

NSRS ZREME S 43R 519 HPagY -F/
HPagY-R #l HEryY-F/HEryY-R, LLJF ki pCPO7
F1 pCPO8 it , § 14 HPag-crtY Fil HEry-crtY
SRR BE. R Ava T it Xba T XU o 3 4
pHD, LI Gibson J5 k4|5 HPag-crtY #i
HEry-crtY %4, ik PHMEwiE, REHT
OLMA SCPEMIEE () Pag-crtY J Ery-crtY J it
KBk pHDO7 1 pHDO8, HHr crtY JE[H %1
Wi o3 Al A Bsa I MDD 8, b T IEmG DR PE
Ko TTAA F1 GTAT,

HE— 2P T E SRR RBS SR8k
M SCRk R A BET BRI, DA PagrertY & Ery-crtY
751 R L7, FIl A RBS Calculator #4415 H
RIS RBS™ 3T 50 Al sk
FREJLH (~100-50 000) 1 RBS, ¥ RBS #%.0»
JPA . B B IERRPER i CAGG 5 TTAA it
TESEREE P oIh . JEhl s b Rk

Bsa | Bsa |

Pag-criY
Ery-crtY
u TTY oiigod |

[ Pag-crtY '
[ Ery-crtY |

TI.}

B4 FA OLMA ik p-TAE MREMIERBIRITS5HE
Fig. 4 Design and construction of OLMA library to optimize B-carotene synthesis module.
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PL pLY116 SHEERigEZ AR RIS
ccd-Fleed-R, LSk pOSIPjiﬁijWi, Tf pLE e o
FIHY ccdB BLH B, R Gibson J5ikitj tac/tlL3
K2 Sal 1 IR pLY 116 #E47T £ H Bk 2,
oA IS S AR A I DB3.1 H, i e B
i, PAFZIRTRL pLY 116-TC, %k T
A ccdB FELE IJCEAE DB3.1 LIS IE & KIGHT
PR A, DI T B SCPEAS S rp R fE FH
ot ccdB HEEF S 4 Al A Bsa I EEDINL
L, B IR R 0 4351 CAGG #il GTAT,
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http://journals.im.ac.cn/cjbcn



EMNE FELEMIZFHEBOMEEE p-BB2 FREFEHK 1823

Pk ek AT 5 tk B0 MR EIIE R
CPO7 Jz CPO8. EAAHIN 1Y 5e R fiir 44 24 CPO9-CP13,
JEHATR I o ¥ PR EARAE 5 ZYM 8537 5L
PP IE SR T AW, R BB bR
Foa . GPRERY, SRR B-IE N R R4
4 16.89. 16.89, 15.79. 18.89 #il 16.96 mg/g DCW,
Hrh i ® i CP12 1) B-#HE b 2™ it Xy B
Pk CPO7 I CPO8 43 jll#fm I 65%F 72% (K&
6B). [AIESXT ZYM B 5L i T 5 A A T
Fbie, & B CP09-CP13 7Eif T /5 M B A 1 e
CPO7 1 CP08 13 FH B4 = (Il 6A).

N T E R AR X ety RIKMPE
I, X F R R — 25 e A 740 M . 5 BRI
() RBS J 41l K AH X a8 B 0L 3% 3.

A
30

25+

20 -

Biomass (ODnun)

0
CP07 CPO8 1-G3 2-A2 2-D5 2-G5 3-AS

J T BRI ortY Fak xR
fRZIR , 1R EL CP12 F A= W Ak )i v A R4 7 v [
PG, R B AR A L MV A AR R L)
HMG-CoA (3-hydroxy-3-methyl glutaryl coenzyme A)
LI IPPIDMAPP [ & i, 455K (B 7), 5
AR A& CPO7 AHEL, CP12 fiJ HMG-CoA
TR 2 30%, i [A] A IPPIDMAPP (15 K [
T 4%, RA HPLC ka4 {bis CP12 &)™
W2 Rl 253 CP12 8 2 ¥ 5 CPO7,CPO8
—2, WHREA B-HE MR (K 70).

24 S B-HE MREKRSABRIE

N T LR P R 7 BB MR
B AR AL P2 RE 7, EHR CPL2 BARTE 5 L A e
KAV BT R S B MR (K] 8). JF

[
(=]

(=)}

(mg/g DCW)
o Mo

[-Carotene production

=

0
CP0O7 CP0O8 1-G3 2-A2 2-D5 2-G5 3-A5

Ele EMRTPEFEMRNENE (A) RP-#HZE NEFE (B)

Fig. 6

%= 3 ETHE#RAEI RBS. CrtY 52

Biomass (A) and p-carotene production (B) of the 5 high-yield strains.

Table3 Information of RBS and CrtY of high-yield strains
Strains RBS sequence RBS intensity crtY
CP09 ATGAATGTATCAATTGAGGT TTAA 1147 Pag crtY
CP10 CTATGAATTGAGCTAAGAGGTGAAA 2 059 Pag crtY
CP11 GGAAACCCTCAGGAGGTAAACCA 46 327 Pag crtY
CP12 ACTAAAACTTGAATGAGGAAATT 3088 Pag crtY
CP13 ATGAATGTATCAATTGAGGTTTAA 1147 Ery crtY
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Fig. 7 Analysis of metabolic intermediates of strains. (A) LC-MS/MS analysis of relative HMG-CoA concentrations.
(B) LC-MS/MS analysis of relative IPP/DMAPP concentrations. (C) HPLC analysis of B-carotene and lycopene.
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