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Abstract: Valencene, a kind of sesquiterpenoid with a citrus flavor, is mainly found in Valencia orange and is
commonly used in cosmetics and food additives, as well as industrial synthetic nootkatone. In this study, synthetic
biology was used to create a Saccharomyces cerevisiae cell factory to produce valencene. Fistly, valencene synthase
gene (CnV'S) from Callitropsis nootkatensis was inserted into the chromosome of the chassis strain YTT-T5. The
resulting strain VAL-01 could produce 1.1 mg-L"' valencene. Protein fusion technique was used, different valencene
synthases were compared and the copy number of key genes was adjusted, yielding valencene to 436.4 mg-L".
Then, knocking-out the transcription factor ROXI resulted in valencene improvement by 17.4%. Moreover, the
induction system of galactose was regulated, transcription factor PDR3 and INO2 were overexpressed. The engi-
neered strain VAL-10 could produce 2 798.6 mg-L" valencene by high cell density fermentation method (nearly
2 500 times higher than VAL-01). This study provides a basis for green production of valencene.
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Table 1 Plasmids and strains used in this study

Glucose

AcetylfCoA
ERGI10
Acetoacetyl-CoA
1 ERGI3
HMG-CoA

HMGI
HMG?2 Valencene
Mevalonate TValencene synthase
1 ERGI2 : :
FPP—» Sesquiterpenoid,

Mevalonate-P T TR
ERGS
IDI1

Mevalonate-PP  DMAPP IPP
M

Figure 1 The biosynthesis pathway of valencene in yeast. HMG-

CoA: 3-Hydroxy-3-methylglutaryl coenzyme A; IPP: Isopentenyl-
diphosphate; DMAPP: Dimethylallyl diphosphate; FPP: Farnesyl
diphosphate; ERG10: Acetoacetyl-CoA thiolase; ERG13: HMG-
CoA synthase; HMG1/HMG2: HMG-CoA reductase 1/2; ERG12:
Mevalonate kinase; ERGS8: Phosphomevalonate kinase; ERG 19:

Mevalonate pyrophosphate decarboxylase; IDIl: Isopentenyl

diphosphate isomerase 1; ERG20: FPP synthase
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Biomiga 2 7] ; B REE 5 IR 50 AL iz s R A
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Name Description Source
Plasmids
pEASY-Blunt simple Cloning vector for blunt ligation, Amp, Km TransGen

Biotech

P-Poars Cloning Poars and Tepas into pEASY-Blunt simple Lab collection
P-Poatio Cloning P, ,and T, into pPEASY-Blunt simple Lab collection
P-Poars Cloning P, and T,,, into pPEASY-Blunt simple Lab collection
pM3-tHMG1 Cloning P, -tHMGI-T,cassette into pPEASY-Blunt simple Lab collection
P, ,-cHMG2-Tg, Cloning truncated HMG2 into p-P,, , Lab collection
PoaricHMGR-N-T . ., Cloning HMGR-N into P-Poario Lab collection
PGALl_tHMGl_TPRMO Cloning tHMG1 into P-Pgans Lab collection
PoariocCnVS-Tiyn, Cloning CnV'S into p-P;,, ,, This study
Pup1-SmMFPS-CsVal-T,, Cloning SmFPS-CsVal into p-P,, This study
P, ,-SmFPS-EgVal-T ., Cloning SmFPS-EgVal into p-P_, This study
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Name Description Source
P ai1o-SmMEPS-CnVS-T,, Cloning SmFPS-CnVS into p-P,, This study
pRS425-LEU2-TRP1- Cloning LEU2, TRP1, URA3 makersand P, -ObGES-T .., cassette into pRS425 Lab collection
URA3-TEF1p-ObGES
NDT80-HIS3 Cloning NDT80 and HIS3 marker into pEASY-Blunt simple Lab collection
P, .-PDR3m-T, . Cloning P,,,-PDR3¥%"-T, . cassette into pEASY-Blunt simple Lab collection
Py - INO2-T o6 Cloning INO2 into p-P,,, | Lab collection
NDT80-gRNA NDTS80 disruption gRNA cassette, 2 micron, URA3 marker Lab collection
LEU2-gRNA LEU?2 disruption gRNA cassette, 2 micron, URA3 marker Lab collection
HIS3-gRNA HIS3 disruption gRNA cassette, 2 micron, URA3 marker Lab collection
HO-gRNA HO disruption gRNA cassette, 2 micron, URA3 marker Lab collection
GAL80-gRNA GALS0 disruption gRNA cassette, 2 micron, URA3 marker Lab collection
ROX1-gRNA ROXI disruption gRNA cassette, 2 micron, URA3 marker Lab collection
HXK2-gRNA HXK?2 disruption gRNA cassette, 2 micron, URA43 marker Lab collection
Strains
YTT-TS A platform yeast for mono- and sesquiterpenoid production Lab collection
VAL-01 P.,,CnVS-T.,,,and P, -tHMGI-T,,, ,cassettes were integrated into NDT80 site of YTT-T5 This study
VAL-02 P -SMFPS-CnVS-T,, ,,and P, -tHMGI-T,,,  cassettes were integrated into NDT80 site of YTT-T5 This study
VAL-03 Pg,-SmFPS-CsVal-T,,,,and P, -tHMGI-T,,, ,cassettes were integrated into ND780 site of YTT-T5 This study
VAL-04 P, ,-SmFPS-EgVal-T,,,,and P, -tHMGI-T,,, ,cassettes were integrated into NDT80 site of YTT-T5 This study
VAL-05 P, -SmFPS-CnVS-T,, ,,and P, -tHMGI-T,,, , cassettes were integrated into LEU?2 site of VAL-02  This study
VAL-06 P SmEPS-CnVS-T,,,,and P, , -tHMGI-T,, . cassettes were integrated into /1S3 site of VAL-05  This study
VAL-07 P, SmFPS-CnVS-T,,,and P, -tHMGI-T,, ,cassettes were integrated into HO site of VAL-06 This study
VAL-08 ROX1I was deleted inVAL-05 This study
VAL-09 HXK?2 was deleted in VAL-08 and subsequently P, -GAL4-T,,  cassette was integrated into GALS0 site This study
VAL-10 LEU2, TRP1, URA3, HIS3 makers, P, ., .-PDR3m-T, .., P,..-tHMGI-T, . and P, -INO2-T,, ;were This study

integrated into YPRCdeltal5 site of VAL-09

Table 2 Primers used in this study

Primer name

Sequence (5" to 3")

3G-1-M-GAL7p-CWP2t-R
3G-2-M-GAL7p-CWP2t-F
GALIp-R

GALIlp-F
NDT80-50-CWP2t-F
NDT80-50-PRM9t-down
LEU2-50-CWP2t-F
LEU2-50-PRM9t-down
HIS3-50-CWP2t-F

HIS3-50-PRM9t-down
HO-50-CWP2t-F
HO-50-PRM9t-down
GALS80-GAL4p-F
GAL4t-GAL80-R
deltal 5-LEU2t-F

URA3t-HIS3p-R

URA3t-HIS3p-F
HIS3t-ACT3p-R

HIS3t-ACT3p-F
PDR3t-TEFIp-R

PDR3t-TEF1p-F
CYCIt-GALIp-R

CCCTTAGCTGCGATTAAAGAGTCAAGGCGTGAAAAACATAGGCGAAAGTGGTGTCACAGCGAATTTCCTCAC
GAACTTGTAAACAATTCGGTCCCTACATGTGAGGAAATTCGCTGTGACACCACTTTCGCCTATGTTTTTCACGC
TATAGTTTTTTCTCCTTGACGTTAAAGTATAGAGGTAT
TTATATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGG
TACTAACCTTTCATTAAAGAGAAATAACAATATTATAAAAAGCGCTTAAACACTTTCGCCTATGTTTTTCACGC
GATCCACAGAATTCGCATATTTTTTTAACGATTTAAAATCATTAGTTTATTCAACATCGTATTTTCCGAAGCG
TTTACATTTCAGCAATATATATATATATATTTCAAGGATATACCATTCTACACTTTCGCCTATGTTTTTCACGC
CGGTGGTACTGTTGGAACCACCTAAATCACCAGTTCTGATACCTGCATCCTCAACATCGTATTTTCCGAAGCG
CTTCGAAGAATATACTAAAAAATGAGCAGGCAAGATAAACGAAGGCAAAGCACTTTCGCCTATGTTTTTCA
CGC
TATACACATGTATATATATCGTATGCTGCAGCTTTAAATAATCGGTGTCATCAACATCGTATTTTCCGAAGCG
TCTAAATCCATATCCTCATAAGCAGCAATCAATTCTATCTATACTTTAAACACTTTCGCCTATGTTTTTCACGC
ATTAAATTTTACTTTTATTACATACAACTTTTTAAACTAATATACACATTTCAACATCGTATTTTCCGAAGCG
CCAGCGTATACAATCTCGATAGTTGGTTTCCCGTTCTTTCCACTCCCGTCGACAGCATTCGCCCAGTATTTTT
TTTATTC
GTTTTTATAACGTTCGCTGCACTGGGGGCCAAGCACAGGGCAAGATGCTTTTAACGTTCTACTTTACACTGG
TGGTAGG
GTAGTTTTAAAATTTCAAATCCGAACAACAGAGCATAGGGTTTCGCAAACCGTTGAGCCATTAGTATCAATT
TGCTTAC
CGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAACTCTTCCTTTTTCAATGGGTA
ATAACTG
AGAGCTTCAATTTAATTATATCAGTTATTACCCATTGAAAAAGGAAGAGTTCGCGCGTTTCGGTGATGA
ATGTTAGAACCACCTGGGCCAACAATCATATTGAATCTTCTGGTATCAGCGTGTCACTACATAAGAACACCTT
TGGTG
ATGGTACCAACGATGTTCCCTCCACCAAAGGTGTTCTTATGTAGTGACACGCTGATACCAGAAGATTCAATA
TGATTGTTG
GTAAAAAAGGAGTAGAAACATTTTGAAGCTATGGTGTGTGGGGGATCACTCTTTTTGAACAGCGCGCCCA
ACATAAGATCAACGATTTCTTCATTAATTTTGGGCGCGCTGTTCAAAAAGAGTGATCCCCCACACACCAT
CTTTGCGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAAGCGCGTTGGCCGATTCATTA
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Primer name

Sequence (5 to 3")

CYCIt-GALIp-F

Deltal5-50-PRMO9t-R

ROX1-KO-up-F
ROX1-KO-up-R
ROX1-KO-down-F
ROX1-KO-down-R
HXK2-KO-UP-F
HXK2-KO-UP-R

HXK2-KO-DOWN-F

HXK2-KO-DOWN-R
GAL10p-F(251bp)
Ascl-CnVS-R
CsVal-YZ-R
EgVal-YZ-R(486)
GALI1p-F(349)
ASCI1-tHMGI1-R
NDT80-OUT-F
NDT80-OUT-R
LEU2-OUT-F
ASC1-CWP2t-F
ASCI1-PRMOt-F
LEU2-OUT-R
HIS3-OUT-F
HIS3-OUT-R
HO-OUT-F
HO-OUT-R
ROX1-YZ-F
ROX1-YZ-R
HXK2-OUT-F
HXK2-OUT-R
GAL80-OUT-F
pGAL4-SexAl
GAL4t-F
GAL80-OUT-R
PDR3-YZ-F(207)
TEF1-PAC1-R
TEF1p-YZ-F(350bp)
INO2-R

GGCTTTAATTTGCAAGCTGCGGCCCTGCATTAATGAATCGGCCAACGCGCTTATATTGAATTTTCAAAAATTC
TTACTTTTTTTTTGGA
TCTGTATTGTTCTTCTTAGTGCTTGTATATGCTCATCCCGACCTTCCATTTCAACATCGTATTTTCCGAAGCGT

CCGACAAATCCCCTGGATATCATTG
ACTTTTATTAAACAGGAGCCTGTTGATTGTCTAACTGCGTTCTTTTGT
ACGCAGTTAGACAATCAACAGGCTCCTGTTTAATAAAAGTTTAAATCGCC
CGATTGTGTCTATATCTACAATATGAACCTG
ATGTTACTACGAGTTTTCTGAACCTCCTC
GTAGAAAAAGGGCACCTTCTTGTTGTTCAAACTTAATTTACAAATTAAGTTTTATTTAATTAGCGTACTTATTA
TGTGTGGAGAATT
GTTGTAGGAATATAATTCTCCACACATAATAAGTACGCTAATTAAATAAAACTTAATTTGTAAATTAAGTTTGA
ACAACAAGAAGGT

CGCGTAAAAATCGCGGGTAT

CGGAGGGCTGTCGCC
GCGGCGCGCCTTAAGGGATGATTGGTTCAACGAAAAACT
CTATATCGATTCTAACAGAGCAGATTTGC

CAAACCTCTCGCGTCGTTAAC

GCCGCACTGCTCCGA
GCGGCGCGCCTTAGGATTTAATGCAGGTGACGGACC
TGTTAATTCCTTTGTGCCAGATAGTATTG
CACCCAATCTTCATTATTCACCAAATATTCCC
GCTTGCATCACAATACTTGAAGTTGAC
GGCGCGCCGAAATCTCTGATTTTTTATAATATCTATATGGCTTTTTTC
GGCGCGCCACAGAAGACGGGAGACACTAGC
GTGCCCTCCTCCTTGTCAATATTAAT
GCCTCGGTAATGATTTTCATTTTTTTTTTTCC
GCGCCTCGTTCAGAATGACAC

CTGGGCGTTATTAGGTGTGAAACC
CGCGTAAATATTTAGCTTGATAACTGTTACTG
CAGGTGCAGGCGTACTTTAAAG

GCCACTTGAGCTTTCGGTTTG
AACAAAGAAAAGGCAAGAGTAAATAGCG
CGGTGTTCATCCAGGTGGTAATATC

GTTGGCCTCTACTTACTCCATCGAC
GCGACCTGGTCTTTCAGGAGGCTTGCTTCTCT
AATGAATCGTAGATACTGAAAAACCCC
GGCATTATATGGCCGATTTGTATTAGTATCC
GGAGAGGAATCGTACACTCAAGAC
GCGTTAATTAATTTGTAATTAAAACTTAGATTAGATTGCTATGCTTTCTTTC
GCCGTACCACTTCAAAACACC

TCAGGAATCATCCAGTATGTGCTGT

EFRE LB 1% HAMK.0.5% B 1%
SN 100 mg L' &R R 55 5= ; YPD 9724k 1% B}
1< 2% B A R 2% % %7 B ; SD-Trp i i 175 7% L1 0.8%
R R LB 75 40 4 (DY 5k, Ura-Trp-His-Leu)~ 2% %
715 .0.002% JR HE IE L 0.005% 25 R A1 0.01% 4% 52 FR ;
SD-Trp-Ura fifi 1% 5% 9% J 1 0.8% % 3 R i 3% 85 9% 41 /)
(VY %, Ura-Trp-His-Leu)~ 2% %] % $% . 0.005% 2H & %
0.01% %% 54 1% ; SD-Ura-Trp-His-Leu i % £ 72 % 0.8%
BRI PR R4 7> (DUGk, Ura-Trp-His-Leu)~2% % %]
B ; SD-Trp-SFOA fifi 1%t 15 77 51 0.8% & L R %k #1577
73 (U8R, Ura-Trp-His-Leu) 2% % % ¥ . 0.002% R 1%
WE +0.005% £H % 2 . 0.01% 2 & 8 . 0.1%5-FOA. ik

TAARE IR NN 2% Agar AT i AR I 1 6] 44 85 77 36

R G TR AN RS AN S R S
W R R R i E

RREBEIREENME O LREERES R
% T CRISPR/Cas9 43 A A 5 1) 7] 5 46, 5t 28 4 1] 2
F7R o

VAL-01 B AR R BN 5] W) i) #5177 28 A
# 3, H PrimeSTAR GXL i Of 5 5 & g 47 58 A1 9] 112 [
W45 21 FH T [R5 B 20 1) %A B B, FH SD-Trp AR 55 97
FEVA YTT-TS J5 ¥ %> Bt [l NDT80-gRNA 3 [7] %%
NI R AR 77 v 1) & R % 2 75, F H SD-Trp-Ura [#] {4
R ARk A . A2 S GAL10p-F(251bp)/
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Cas9

i {1/ Yeast chromosome

Target sequence

CHEEETTTTTTTTRERPERE

Guide gRNA

|PGAL1 >| tHMG1 I Trrumo IDOWn]

RN

o1~ sie

Yeast chromosome

Figure 2 Construction of strain VAL-01 by CRISPR/Cas9

Table 3 Informatiom of DNA assembler
Template Primer name Module
P ,-CnVS-To,,  NDT80-50-CWP2t-F P_, ,-CnVS-T,,,,
GALIp-R
P, tHMGI-T,,,  GALIp-F P, tHMGI-T,,,

NDT80-50-PRM9t-R

AscI-CnVS-R. GAL1p-F(349)/ASC1-tHMG1-R. NDT80-
OUT-F/NDT80-OUT-R %5 5| #3347 PCR % il J=, FH %
i [ TR PR i 44 9 VAL-01 .

T.FE B VAL-02.VAL-03 il VAL-04 [fy 4 2  fiibe
15| 90 B 5 BE 7 % W3 4, 1] PrimeSTAR GXL &
TR FLER G BEY 35 AN D) R RIS A3 3 FH T [R) 05 = 41 25 A
J B, Fl SD-Trp [l 44 55 75 FE i A6 YTT-TS J5 ¥4 & 4 Fr
B NG R A 7 V) 4% () I 2 &S R, JF AT SD-Trp-Ura
] A4 3% % BL O e e 1o Ak T R R Sl
GAL10p-F(251bp)/AscI-CnVS-R.  GAL10p-F(251bp)/
CsVal-YZ-R. GAL10p-F(251bp)/EgVal-YZ-R(486), LA
K 35 H 51 %) GAL1p-F(349)/ASC1-tHMG1-R. NDT80-
OUT-F/NDT80-OUT-R # 17 PCR 4 1iF J&, FH 4 o [

Table 4 Informatiom of DNA assembler

¥R 43 59 6 44~ VAL-02 . VAL-03 Fll VAL-04.

TR VAL-05.VAL-06 Al VAL-07 [y #idh
5| Yy $5 1 77 & W3 5, F PrimeSTAR GXL = f& B
RABEY AU i (B0 A3 20 - [RIV8 220 1 % B
FH SD-Trp % A 5 5% 2 5 16 2 Bk gRNA JF K7 ) VAL-02
Ja B %A A B R LEU2-gRNA 3 [7] 86 O\ El 52 481 7 155 )
2 (2 A5, 3 B SD-Trp-Ura [F 4K 5 9% 56 07 v 444,
To #4144 WA BT LEU-OUT-F/ASC1-CWP2t-F .,
ASC1-PRM9t-F/LEU-OUT-R. LEU-OUT-F/LEU-OUT-
R 5347 PCR 3 1iF J& BH M 7 B i 44 4 VAL-05

F SD-Trp ¥ #4 % 77 2 38 1 % B gRNA Jii K 11
VAL-05 J5& #5 2 > Fr B ) HIS3-gRNA FE [7] 4 \ it iz £
J5 V) £ B2 A5 T, 9F H SD-Trp-Ura [#] 44 £ 77 3 i
i% ¥ 1k 7 . F HIS3-OUT-F/ASC1-CWP2t-F. ASC1-
PRMOt-F/HIS3-OUT-R. HIS3-OUT-F/HIS3-OUT-R 3|
YyEAT PCR Y IE J5 FH P T B A 44 A VAL-06 .

F SD-Trp ¥ 14 15 77 3 & 1k 25 B gRNA Jit f 1)
VAL-06 J& 15 %4~ A Bt [F] HO-gRNA J [5] 56 \ & FR 41 77
R & 1Rz A, I SD-Trp-Ura [F 441 95 3 i i 4%
tbF. FIHO-OUT-F/ASC1-CWP2t-F.ASCI1-PRMIt-F/
HO-OUT-R. HO-OUT-F/HO-OUT-R 5| # # 1T PCR %
IE Ji5 A 4 3 % iy 44 04 VAL-07 .

T2 VAL-08 Il VAL-09 [ A5 401
FEH/C 7 % W2 6, H] PrimeSTAR GXL & ff H B &g
AN [E i A5 2 F T (R UR B A %A BB, A SD-
Trp A 15 77 55 38 16 25 B gRNA Jii ki ) VAL-05 )5
ROX1-KO Fi B J2 ROX1-gRNA 3t [ %% N Btk 2 1 77 %
] 2 (1) 32 A v, I ) SD-Trp-Ura [ 44 5% 9% 5 07 1k %
. AT 5 H ROX-YZ-F/ROX-YZ-R 5| #3347
PCR 411 &, PH Y ve [ B ki 44 VAL-08.

F SD-Trp ¥k 1 15 77 & ¥ 4k 25 Bk gRNA Ji K )
VAL-08 J& ¥ HXK2-KO J7 Bt [7] HXK2-gRNA 3t [f] 7% A
Bifs 1R B 7 325 ) A& 1 K2 S, fE H HXK2-OUT-F/
HXK2-OUT-R 3| #5%} #% 4k 3 47 PCR % ik Ji5 $b ik

Strain Template Primer name Module
VAL-02 Piaiio-SMFPS-CnVS-T ., NDT80-50-CWP2t-F Pi.110-SMFPS-CnVS-T 0,
GALI1p-R
P -tHMGI-T GALIlp-F P, -tHMGI-T,, o
NDT80-50-PRM9t-R
VAL-03 PiaLi-SmFPS-CsVal-T ., NDT80-50-CWP2t-F PaLi-SMFPS-CsVal-T,. .,
GALI1Ip-R
Poan, tHMGI-T o GALIlp-F Poan - tHMGI-T o
NDT80-50-PRM9t-R
VAL-04 PaLio-SmFPS-EgVal-T ., NDT80-50-CWP2t-F P, 1-SmFPS-EgVal-T ..,
GALIp-R
P -tHMG1-Tpp 0 GALIp-F P -tHMG1-Tpp

NDT80-50-PRM9t-R
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Table 5 Informatiom of DNA assembler
Strain Template Primer name Module
VAL-05 P pL1o-SMFPS-CnVS-T..,, LEU2-50-CWP2t-F P a1o-SMFPS-CnVS-T..
GALI1p-R
P -tHMGI-T o GALIlp-F P, -tHMGI-T,, o
LEU2-50-PRM9t-R
VAL-06 PiaLio-SmFPS-CnVS-T.,, HIS3-50-CWP2t-F PpLio-SmFPS-CnVS-T,.,,
GALl1p-R
P, -tHMGIL-T,, o GALIlp-F P, -tHMGI-T,, o
HIS3-50-PRM9t-R
VAL-07 P 1o-SMFPS-CnVS-T 0, HO-50-CWP2t-F Pi.i1o-SMEPS-CnVS-T 0,
GALl1p-R
P, -tHMGI-T,, o GALIlp-F P, -tHMGI-T,, o

HO-50-PRM9t-R

A — AN BHE T B, 5 BR gRNA JG # % B2 8, A
GALS80-gRNA F B ¢ P, ,-GAL4-T,,,, 37 /] SD-Trp-
Ura [#] 7 15 77 5L 0 1k 5 A0 F o F2 46+ 43 7l F GAL80-
OUT-F/pGAL4-SexAl.GAL4t-F/GAL80-OUT-R . GALS80-
OUT-F/GALB0-OUT-R 5| #1347 PCR %1k J, BH % 3
W BRI P A 4 VAL-09.

Table 6 Informatiom of DNA assembler

Template Primer name Module

Yeast genome ROX1-KO-up-F ROX1-up
ROX1-KO-up-R

Yeast genome ROX1-KO-down-F ROX1-down
ROX1-KO-down-R

ROX!1-upand ROX1-KO-up-F ROX1-KO

ROX1-down ROX1-KO-down-R

Yeast genome HXK2-KO-UP-F HXK2-up
HXK2-KO-UP-R

Yeast genome HXK2-KO-DOWN-F HXK2-down
HXK2-KO-DOWN-R

HXK2-upand HXK2-KO-UP-F HXK2-KO

HXK2-down HXK2-KO-DOWN-R

Yeast genome GALBO0-GAL4p-F P, .-GAL4A-T,, .

GAL4t-GAL80-R

TR VAL-10 A A5 [A) VR o 20 0 2
Pk VAL-10. F PrimeSTAR GXL /& £ 3 5 £ Fig 9 45 Al
DR [l i 75 381 FH T 7198 26 45 (1 %4 1 B, o VAL-09 2%
i gRNA 1 Cas9 5 KL J5 ) YPD ¥ 74 55 7% B2 s Ak )

Table 7 Informatiom of DNA assembler

FH I BR A 5 1L il &6 2 3, INNR 7 T & A4
B A B, a4k, JF A SD-Trp-Ura-Leu-Ura & {415
FRILTHIE AT o F AT 5 7 PDR3-YZ-F(207)/
TEF1-PACI-R. TEF1p-YZ-F(350bp)/ASC-tHMG1-R .
GAL1p-F(349)/INO2-R 4§ 5| #3347 PCR 3% lF )5, 13 2
T VAL-10.

Bk A B R YRR EL RO AR AR EBkEL
g BT A 3 mL A LR AR R R E R E P,
30 °C.250 r'min’' f& % 85 72 4, il 8 Fp . KA
WA 1% (v/v) MR 25 15 mL AR A
EPEREFREEA 100 mL = A, M 1.5 mL IE+ —
i, 30 °C250 rmin" B H R IR 6 Ko waf =Mt
M) R BV 5 #% 22 50 mL 20 %, 5 000 r-min O
5 min, ICEF HLA, HIE S kBB 104655, 38
MU RHE (0.22 pm) G4 FH o =% R B 48 K MG E
IR, ¥ 200 mL B PN 2 L R B 92210 5 L AR
MR NAs . R R S B e E o R
30 °C, pH 5.0, ¥ %, 30%, %5 I & 3~9 L-min”', it #¢
38 300~1 000 r-min”', & &5 8Pk 5 L@ AR 5
Wko I 24 h )5 In) AW e 37 28 BN 200 mL ) 555
I8 5 I I

BB 2 5 H GC-MS Al GC #4171+
i [ MR 5 = AU

GC-MS 21 #EFE 13 ¥ 250 °C, #EFE 1R

Template

Primer name

Module

pRS425-LEU2-TRP1-URA3-TEF1p-ObGES

Deltal 5-LEU2t-F

LEU2-TRP1-URA3 Maker

URAS3t-HIS3p-R

NDT80-HIS3 URA3t-HIS3p-F HIS3 Maker
HIS3t-ACT3p-R

Pers-PDRIM-Typ s HIS3t-ACT3p-F P, .r;-PDR3M-T, s
PDR3t-TEFIp-R

PM3-tHMG1 PDR3t-TEFIp-F P tHMGI1-T,,
CYCIt-GALIp-R

PoanisINO2-Tpp o CYCIt-GALIp-F Py, -INO2-T, o

Deltal5-50-PRM9t-R
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1 uL, A 73 i, % 77 %€ B 3 min; 3% £+ : HP-5ms
(30 m x 0.25 mm x 0.25 pm); & 454 45 °C, 1 min,
10 °C-min™ £ 300 °C, f# i 5 min; MS % f: Full Scan:
50~750 amu.

GC %M BERE IR E 250 °C, #EAEAARR 1 uL, R
Iy, B A HP-5 (30 m x 0.32 mm x 0.25 um); il
% 1F: 45 °C, 1 min, 10 °C -min" % 300 °C, {#i 5 min;
FID A 4% -

ERE D
1 EGERBEARI SIERTYEE

L T BF R R AR A J A 1 s 25 38 H AT 4 FPP, B
SRS FPP Rl FLAC M G B AL AR I U M o AR SE
BEACHWET —RRIL T MVAREIHIEH T
ERG20 BRIk s KR A R YTT-T5. B Fuk b3
%44 (Callitropsis nootkatensis) KJR I CnVSIERH (4%
Brit) BT AW B SR BT Poy, N, A
PR YTT-TS () NDT80 L K7 5, 483 b 1% 7%
1A i 3% W PCR R 7 563 40F 1F #f /5 15 21 B A% VAL-01.
VAL-01 £ 6 K (188 0 K % )=, FIH GC-MS Xt & ¥
FEDREAT S8 PEANE B4 A, R I TR B R VAL-01 REAE
12.855 min I 5 FUAG A bR it A [R] 5T 3 1 1 e, G
RS8N 1.1 £0.6 mg-L" (K3).
2 FRASmFPSHCnVSEHREREETE

1 FH R (15 i A5 B AR 0T 18 4% o FE AT A 2 1)
MR EE RS, BE S s o TR AU = W (R P e, AT g — 2
B BEAN BRI HEAG RE 77, R AU AR st i B A
FHEFRY, FPP AT M o a4, [RI# b

A

YTT-T5

| —
VAL-01

‘ Jl

Valencene
A
l'l 1'2 1.3 1'4 1.5 1'6
Time / min

Intensity

Intensity

504

1001

B I A BT R R = 8 A IS K FPS RIS
e A B AT LG SR m AR L A, BT R
R 2 Tk T O UM O B R GGGS 4 FPS 5 R L HU
GRS R TR AR AL U - A i 1 59.8 % .
AW TE O RIS S 13k e i B R & B (SmFPS)
HCnVSHHTREVE G E T GALL 3T F, B3R
B YTT-T5 H, £ 5 s e 35 77 5 1) 97 %6  PCROFI I /5 56
WEIER G192 Pk VAL-02. 5 VAL-01#HEL, VAL-02 FU
M= B A T 3432 £, 15 %3442 £ 17.6 mg'L!
(K 4).
3 EHMEAKEERIFIE

[ A6 2E &4 RIF I CnVS 4k, MiH (Citrus sinensis)
FUR I Cstps 1), #i &) (Vitis Vinifera) KI5 VvVal'® &
UKINR A (Eryngium glaciale) KR EgVS ¥ B A e
1 G BEEPE . AT A SmEFPS 43 i) 5 G CsVal.
UK N EgVS #EATRL A J5, % N\ YTT-TS &% vF i
Rl Tl RV 1, 23 A HE 1) AR R Ak VAL-03 Al VAL-
04, MK 6 R JE, Horh ik VAL-02 (Rt &b &
FISKVR 1) CnVS) FLAS M 1) 7= 51k 344.2 £ 17.6 mg L7,
F& B Bk VAL-03 (25.1 + 6.2 mg-L™) [ 13.7 {5 . VAL-04
(793 +22.3 mg'L") (4.3 1% (Kl4A), & ¥ SmFPS-CnVS
Rl I TR TR AR T AR
4 PFEREEREINHIERRRHES

T8 I R Y DR 4 DOk 3 ik R R A R A v B A
GRS & A RO R T R TR T
B, AR T O BE R tHMG 1 UL K SmEPS-CnVS
(¥ DLEL, o0 3R T TR M G 45 DK 2.3.4 1)
T2 B #& VAL-05.VAL-06 1 VAL-07, H it £k 2

a1 161
105
119
67 04
18 Valencene
l 1]5 \
60 120 180 240 300 360 420
m/z
91 161
105
119
67 204
189
J 115\ {
60 0 180 240 300 360 120
m/z

Figure 3 GC-MS analysis of strain VAL-01. A: Valencene represents the standard product of valencene, YTT-T5 represents the fermenta-

tion product of engineering strain YTT-T5, and VAL-01 represents the fermentation product of VAL-01; B: The 12.855 min mass spectrum

of valencene standard; C: The 12.855 min mass spectrum of the fermentation products of engineering strain VAL-01
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Figure 4 A: Valencene production by strains VAL-02-VAL-07. B: High cell density fermentation of VAL-10 for production of valencene

P2 UUIK B PR VAL-05 77 & dje i, FLAR M 7 B n] ik 436.4 +
35.6 mg-L" (E14A). 7E3EI+E VUK, A=) & 0 2 B
fiX, VAL-07 ¢ VAL-02 A=) & F#AIK 1 33.3%, HEN W] fg
Tk 22 38 T TR 2R 0 K o 4 P s R S AU, TR B RCAR S
Xof TRV PR RN i R A — T R 1Y
5 RURRVEERET ROXIREMEE

5 YR IR 2 iy 65 B A, A I 21 3% 46K 5 ) %
AR 7 Rox1p e 5 2422 M1 H BF ik 2 3£ ] (ERG)
JA B 4 R AE B AEIE R X ROXT #EAT R
B, BT LA4E = ERG ZE R (3R 0k, JF B m 2l d b
B REE R A 'S AR, 3 —
BRI T VAL-05 T & I8 ROXT FE X, 3K 45 T 7% 3 bk
VAL-08, 7= 55 VAL-05 £ 15 17.4%.
6 FEIEFIAEBTSRGEMEEMEFRA

IR B PR VAL-08 AN BE AR 2 L BE (L GALL.
GAL7 M1 GALI0 %5 > FLE AU R 1w B3, {HL7E K 1%
I 75 E AN I FUBEE R SRR A = T . 2
FUHEAN A% 0 5, T ¥ L 04585 FH 2 A0 K B AR A 7
FRAS o RAPGIRE BE e 761 T BV BE IS, OB Hxk2p 5
Snflp & & 1440 FAFE H, FH B Miglp BEER 1k, 1 Miglp
(1 T T8 A %oF T AR 3% T 260 W D 6 DR (GAL J: (R A&
AT A ORI B R A Hxk2p 23 KR
ERAE R A . Galdp /2 FLHEE S RAEHIHF R,
TE VI 2F- L8 F Bk = H0 B R (6 267 B A O
Galdp 7] DL K B2 5 3 2 70 0 A 25 D5 i R0k
GAL1/2/7/10 K3k & 0] LA4E iR 1 000 fiz LA 1), Gal80p
AP RE RGN AR T, BE5RAMAES R
ST ¢ Galdp 1 C Ui i S0 80485 & JE 1 40 GAL
BRI R I

DR ik — R 7 VAL-08 T #k 1) HXK2 Al GALSO
FEH, R 5RAL T GAL4 [R5 3R15 (1 T F2 1§ VAL-09,
FEAN DA 7 W A RRIR R 1% VAL-09 I8, o FLAG 4 1 7= &
RERINIEF259.3 £ 1.9 mg L.
7 IREREEERABTZMRNK

N R VAL-09 T2 B &% I 2 B, 189

FUAR I ) 7= 8 B AR W IRt 52 2k, 7618 5 B Pk VAL-09
B 97 6 5% marker 3 K| LEU2 .HIS3 . URA3 1 TPR1 ] [7]
If, i 3k PDR3Y7 (PDR3Y™" 58 48 AJ fig % 412 iy il 28
AW 52 1A 255 G HMG T R INO2 (45 A J5i 9
KNEE SR, i 223K INO2 ] LA m ik 254k & 77
B L REAE, 5 5 B Pk VAL-10. 5 VAL-09 B ik
AL, F PRI P B — 3R A T 13.8%, 1832953 +
21.9 mg-L"'. X VAL-10 bR T R EE T 2404k, 7E5 L
AW SN 2% R R B 95 h, FLAR M I P2 ik B 2 798.6 +
66.3 mg-L", 4, 15%1329.9 (K 4B).

ig

A& A AR BA m M IE R A&
W2 B B A A U B4 R R ) RS FLAR A R
ARG AR R R A S, TR i R R A, B
MACHT . HiTEI A E B I BAE 2 AN 7 T 4T 5 AR
WG R R, FE 18 AR Wi % 07 T, BRI % RECH
B RABRFIRFF B (Corynebacterium glutamicum)™ Fl4E
f 3 (Synechocystis sp. PCC 6803)P1%: 45 F T FLAS I
B AR A5 A0 B X = A FE O 18T, T 40 e R Aok
R T R AR L A5 I A A 2 E D9 AR OB R
FRHE AL A 858, M) FH 5 IRV Je 2 8 B IR & g A TLAG I
il 78 7 38 1 BF 40 0 2% 2R o R DR N AR 1 BL
M A B B, FE BRI I 7 1, 38 i 3 A i e A
B AE M T S Bk AR 7 TLAR I, T SR O — Fh B O3
PR W AT B 1) A R T B VR . AT i 2 9 Jo
HHEOR, B Ok, SoBE AL P LA, 1R T
FUAR A3 (7= 5 3E— 20 AR, D e JEURE A ) e,
W T EANEE S RGEMKIERIRIL, &5 456 %
RN R 7 I 3RIE, IR1G T o BRI FLAR A
52 798.6 + 66.3 mg- L FIBRE BRI AR L) W 5T
B 3RS BLAR M TR TR R R B BN 2953 +
21.9 mg L, FA7 1 E P B AEIL 1 26.9 mg LA, s
E R 2 R B AT 8.5 mg LA, ", %W %
RBEFAA TR . BUAN, FT B TR DAL 7] — 5 il
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