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Abstract:

concentration in plants and the difficulties in extraction restrict its large scale production. Saccharomyces cerevisiae can

Linalool is an important monoterpene, and widely used in food, pharmaceutical and cosmetic industry. The low

provide the monoterpene precursor, geranyl diphosphate (GPP) through its endogenous isoprenoid pathway. Therefore, it
could be used as the host for monoterpene production. However, the weak metabolic flux through the isoprenoid pathway
leads to the insufficient supply of GPP, and results in low monoterpene productivity. In order to increase the metabolic flux, we
constructed the integrated expression plasmid pRS305-tHMG1 and free expression plasmid pYLIS-IDI1 to enhance the
expression levels of isopentenyl diphosphate isomerase (/DI1) and a truncated 3-hydroxyl-3-methylglutaryl-CoA reductase
gene (tHMGI1). The two plasmids were separately transformed into S. cerevisiae CEN.PK2-1C, resulting in strains LSO1
and LS02. The plasmid pYLIS-IDI1 was further transformed into strain LSOI, resulting in strain LS03. GC-MS analysis
showed that the linalool concentration was increased by 1.3 times and reached (127.71+7.68) pg/L. In conclusion, enhancement
of the supply of GPP precursors through the regulation of isoprenoid pathway could increase the linalool production in S.

cerevisiae.

Keywords: Saccharomyces cerevisiae, linalool, isoprenoid pathway, tHMG1, IDI1
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P, AR R S IR DY R R A I,
HOGIAE H A =P 55 mE), 2008 4F, Herrero
AR BT A R R R 28 S I A AR A A
e BB AT RS BRI S, i A
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Fig 1 Isoprenoid pathway in Saccharomyces cerevisiae, including the branch point to (S)-linalool. Dotted arrows
indicate that more than one reaction is required to convert the substrate to the product indicated. Dashed arrows indicate

the engineered steps.

Actinidia arguta W75 R £ LN A b 12T,
HE— DR I A A R, Ny
BB AT AL 45, ST X tHMG1 5 IDIT 3%
IR, foymmsm - g&ia 7 1.3 5, N
(59.85+4.05) pg/L ¥EfnZ (127.71£7.68) pg/L. A&
AF 0 T TR T Bk TR T P SRS A vy 1Y) D e e
L, ONSEPITREEE A Tk Ak A ;e B SR

1 MRET %

1.1 #
1.1.1 T EWERiAH]
FHERE (97%) W 1 Sigma-Aldrich 23, PR

Wil kN DI . T4 DNA %30 . ExTag DNA B4
fiti . pMD18-T Simple Vector , &3 2l &85 &
Il R B maaR &3 B =AY TR (R
) HBRAF . R ERG A it
1.1.2 WSk

ARG BT B RR BRI SR 1 B
113 FEFHE

LB Hi7ekk: SR 10 g/L, BB 5 g/L,
FAEN 10 g/L, TEBIMAZ N ERER 2LWRE
100 pg/mL; YNB RIRKEFREL: BifREL 5 g/L,
YNB 1.7 g/L, F %4 20 g/L, pH = 5.6, 115 C
KB 15 min, KEJE A IERR A1 RINE R
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Table 1 Strains and plasmids used in this study
Strains and plasmids Descriptions Source

CEN.PK2-1C MATa; ura3-52; trp1-289; leu2-3,112; his34 1; MAL2-8%; SUC2 EUROSCARF
LS01 MATa; ura3-52; trp1-289; leu2-3,112; his34 1; MAL2-8S; SUC2::P yzp-tHMG1 This study
LS02 MATa; ura3-52; trpl-289; leu2-3,112; his34 1; MAL2-8S; SUC2, [pYLIS-IDI1]  This study
LS03 ][\gé{als_u{gﬂ-fZ trp1-289; leu2-3,112; his34 1; MAL2-8; SUC2::Przp-tHMGI, i sty
LS04 MATa; ura3-52; trpl-289; leu2-3,112; his34 1; MAL2-8%; SUC2, [pYLIS] This study
pRS305-TEF1 S. cerevisiae integration expression vector [13]
pY26-TEF1-GPD S. cerevisiae bidirectional expression vector [14]
pRS305-tHMG1 Prepi-tHMG1 This study
pYLIS Pgpp-AaLS1 This study
pYLIS-IDI1 Pepp-AaLSIPrgr;-IDII This study

BLYRIE N 100 ug/mL., HWIETEEFRNEE
M. HAER . BEMR . IREES, [ HAER IR
MU 50 ng/mL , EAEFRIFIRAE 105 “C KA
10 min; YPD ARG FRHEE: SR 20 g/L, Wbk
10 g/L, #Z%EWE 20 g/L, 115 CKE 15 min,
FE K S AL EBR T 1R AR R R BLORIE N
100 pg/mL. [f] A3 37 R FE M AR B F5 B b s o
2% BENEHT -
1.1.4 RIEEEFRAME

Tt T 10 ) 5%« R A A A B L R Bl o 78
M b BC— AR 7% 2 20 mL YNB AR S 3k,
30 'C. 200 r/min }55% 24 h J5, BN T, &
RIS M T E 50 mL #iéf YPD
WARKE AL, i ODgoo 153 0.05, 7E 30 C,
200 r/min 5537 48 h,
1.2 FH&
1.2.1 DNA FEMPH5EA

DAFRIPG B2 BE CEN.PK2-1C JE R4 ik, H
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5|4 IDI1-R 1 IDI1-F 434 IDI1 Z£HFH] (514
JPE W3 2), IRASFEIHK BE 867 bp 1Y IDI1 LA,
PCR ££/¥: 94 CHIAANE 5 min; 94 'C 30s, 55 C
30s, 72 °C 1 min, 30 MEFF; 72 ‘CHEH 10 min,
PCR j=¥y 2 i Mk alifb )5 , 5 24k i%E 52 pMD18-T
Simple, PR RE/ Nl BRI 50, JF
7 DNA ¥ . ¥ ¥ 5 IE R -4 PCR =42
it Not 1 Fi Sac Il SRV, 342 2 240 W] B ] 1
P VTGO 0 XU 8 T2 38 K pYLIS o, 3545
AaLS1 35 IDIT 3R LRI EAK pYLIS-IDI1 .

tHMG1 F:PHE HMG-CoA i J5 it ELA Ak
VEFRIE I C ARt X aRtY, DA i £F
CEN.PK2-1C FEHZH H#itk, H HMGI1-R
HMGI-F #47 PCR #"34 tHMGI 5K (5141)%51
L3 2), IRAGILNKE 1578 bp BY tHMG1 FEH .
PCR F2£J¥: 94 CHiAEM: 5 min; 94 °C 30s, 55 C
30's, 72 ‘C 2 min, 30 MEH; 72 ‘CLEf 10 min,
PCR Y&l sifb )5, %4 pMDIS-T
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*2 PCRIEAFESI
Table 2 Primers used for PCR amplification

Primer name

Primer sequence (5'-3")

Restriction site

IDI1-F ATTTGCGGCCGCATGACTGCCGACAACAAT Not 1
IDI1-R TCCCCGCGGTTATAGCATTCTATGAATTTGC Sac Il
HMGI1-F GACTAGTATGGACCAATTGGTGAAAACT Spe 1
HMGI-R CGGATCCTTAGGATTTAATGCAGGTGACG BamH 1

Simple, /NMEfHEFCREEUISEE, Y547 DNA il
J¥ o P 5 IER - 4lifk ) PCR = #4ead Spe 1 Fi
BamH 1 WY, 3% 12 25 224 [R] PR 1 1 P4 ) e it
VI BRI B R 5 R %k I& pRS305-TEF1 Y,
A tHMG 1 5 A 84K pRS305-tHMG1 o
1.2.2 EAEKRPAE

TR G % 5 2 Ak 4 2R FH I TR B A 27 e Ak O
BV AR E A T AR R A LR B YNB
A, BRI, B PCR EGIE,
1.2.3 SMHEESHEE (GC-MS) 431 54

1E 20 mL TS #ERE T, A 2 g NaCl, i
A5 mL TV 1R BEAIRORE i, N 2 B4R AR
e, RS Tzs e R 95 “C Ok 30 min, fiiH]
Shimadzu GCMS-QP2010 A (- Bk FHAXUAG:
W, %S Rax-Wax A 354(30 m»0.25 mm x
0.25 pm); P FHRSMF: G 60 C, fR4F
30 s, LA 8 ‘C/min FHE 2 100 ‘C, 7B 30 'C/min
THEZE 200 °C 4545 3 min; #EEE 1R Ky 240 °C,
#HA (FER) WEN 1 mL/min; AN, Bk
4 ETHEIR, HFRER 70 eV Bim i .
VEHEE T3 miz 71, 93 Al 1215 ERE T 71,

SR FHAMR VAN 22 O R B T VR B2, A2
W3 APAT KBRS - 3ME ; Bl 4 ik
JERBREMIARER W, 235128 10, 100, 1 000,

10 000 pg/L, Z35I1MELE GC-MS Ry AE,
ol bR AE 2k .
1.2.4  F A FEENE S %

SR FH WA S B2 105 D0 e R % o TR ok 22 [ et
S, BRI ik W% Sak! T e s iR T
# (Dry cell weight) W5k, 1 eUisE ki
¥, 4 000 r/min B5.0> 10 min, ZEM/KIELRE I
1~2 WRBLE, 60 CHLZEEE, FRE.

2 HER5040

2.1 IDI1 ERE B 5 Rk A E

DIFRIP B2 £E CEN.PK2-1C JEH 4] DNA Jyfi
Me, R0 PCRIEY 8 IDIT RN, ¥ RSk
AT, K/NASH 867 bpo XF PCR F=43E 4TI F
Wi 75 IEH) PCR =44 Not 1 Fl Sac 11 BV -4l
oI5, S FBFI IR pYLIS 4., E5H
FURPUMER LB PR b B ke, JfE i e
7% PCR S5 BHPETERE (EIMS), e d 4 va e 1R
FRIFRIZE Not 1T Tl Sac T U5 EIAH R K/ F B
(Kl 2), Uk IDII &N 58K E, ik
pYLIS-IDI1 ¥4 £ AL Y)

2.2 tHMGI ERREMEERIEFAKGE
DAFRE %R CEN.PK2-1C JL£[H 40 DNA R

e, RH PCRIEY 1 tHMGT B, P18 i 5

cjb@im.ac.cn

755




756

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech June 25, 2013

Vol.29 No.6

PR, KNSR 1578 bp, PCR P27
F 75 IE ) PCR F=#2: Spe | #1 BamH 1 BEI I
gifb)s, SLAMFERYINEA pRS305-TEFI i
e, TESAZENH LB AR EifiefArEsake, Jf
WALV PCR %@ BAME ope (EIng) . il
ki e Spe I Fll BamH 1 BEUIAE 2N K/ Bt
(E 3), WIE tHMGI RN 58 M %, 8k
pRS305-tHMG1 F# i3

bp M 1

10 000

2000
1 000

2 pYLIS-IDI1 i RIBEL) 30 iE

Fig. 2 Identification of plasmid pYLIS-IDIl by
enzyme digestion. M: DNA marker DL10 000; 1:
pYLIS-IDII digested with Noz I and Sac 1l .

bp M 1

10 000
7 000
4000

2000

1 000

500

El 3 pRS305-tHMG1 iR ESII8E

Fig. 3 Identification of plasmid pRS305-tHMGI1 by
enzyme digestion. M: DNA marker DL10 000; 1:
pRS305-tHMG1 digested with BamH I and Spe 1.
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23 ERBEEETIIEERGE

B4 FR R pRS305-tHMGT S AR
fizt: CEN.PK2-1C, WUty @B NEEE tHMGI
FEP A R R LSO, ¥ IDI1 FEF ik ik
pYLIS-IDI1 5 A BRI % E: CEN.PK2-1C #1 LS01
o, Sr Rk E TR R LS02 1 LS03,
24 FAREEFR_GEREENZAEES
SIS

A0 [ B2 TR TR A BRI &R ) S
B B A, () T 2 PG 2 5 40 Ly o
WS e, 2SR A ORI AR 1Y
AL T BE 2 PR 2 A T ) 14 I it sss , i
A2 o [ Bt i i/ N AR AR B A8 s AR R AR 1Y)
o AR U e 0 R R TR TR R A A
RS a (B 4), RBEFRAPIER G 2 M [

B4 A (14.26£1.11) mg/g DCW =
20
T
L 1
ssp T
% 1
L0
en
E 10}
2
g St
0
A B C

B4 FEEFRX_GEHRENEAERERS ST
Fig. 4 Effect on the content of ergosterol by regulating
the isoprenoid pathway in S. cerevisiae. A: the control
strain expressing the gene of 4aLSI; B: the strain LS02
expressing the genes of 4aLSI and IDII; C: the strain
LS03 expressing the genes of A4aLS1, IDI] and tHMG1.



HNEE FHERBRSXRR_GEENEEBUSIERES

(17.68+1.44) mg/g DCW, &K, J8¥2 IDII
FtHMG T BEPR AT DISE 0 2 £ [ B 5 1 i
25 ERKXKIHEEBIRZEHIER

o 2y A T /YR R AW )
AR PRI R, e PRI B0 RA K- IDII
SEDH A2t S R A SR R A, XS S
AL 33 ) SR AL SN SE B IPP 5 DMAPP fiAH .5
b, BEGITA B ED SR E L, W
I 23R 7K 0 B AL S A LA AR
MM R R, PR IDI R R LR,
FIRFRL pYLIS-IDIL, fiff 55 fi i & 4R i 1
69.6% , 53] (101.46+3.45) pg/L, A7 40 5
&M 8.61 ng/g DCW EE 1524 pglg
DCW., HMG-CoA i Jii & 25 5 1 M ik 12
SR R, T AL HMG-CoA A U %
R SR AN TT Y, FLTE R B 2 S 8%k
AR AL, B, AT — RS
HMG-CoA 5K, tH (HMGI BRI 5
FIRWEME, JFIEIX AR 3K Bk pYLIS-IDIL,
i REm R R (127.7127.68) pg/L, i
AR S B 9.4%, HINE 16.66 ngl/g
DCW (F 5). adad %t TR bR AR K iR b7 46
W, EIEE tHMGI SR AR KA — e
FERE R, AT RE H TR o A AR KA (i
YEF, 3Rik IDI B 5 ARAE KA IS A
PRI, AERRI EERE TRE R A O R B A
J) 5 R AT TR R AR R s (18 6).
3

TE R T RE TR TR PR 8D 3R 3K HOR Ak

SR B FF R R I L R B SR b, ABFSE R A
KPR T EBGER, IR IDI 5 tHMG 1 REH3E

KK, SRR A E] (127.71£7.68) ng/L,
J& Rico %R 16 m B B T RE 8 A1 5
S R R

3150 = Concentrations of linalool -30
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Fig. 5 Final concentrations of linalool and yields of
linalool on biomass after regulating the isoprenoid
pathway. A: the control strain LS04 expressing the gene
of AaLSI; B: the strain LS02 expressing the genes of
AaLS1 and IDII; C: the strain LS03 expressing the genes
of AaLS1, IDI] and tHMG]1.
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Fig. 6 Growth curves of engineered strains. (#) the
control strain transformed with the empty vector of
pY26-TEF1-GPD in CEN.PK2-1C; (A) the strain LS02
expressing the genes of 4aLS! and IDII; (@) the strain
LS03 expressing the genes of AaLS1, IDI1 and tHMGI;
(m) the strain LS04 expressing the gene of A4aLS1.
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