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Construction of genetically engineered Saccharomyces cerevisiae
for inositol production
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Abstract: [Objective] This study aimed to construct a genetically engineered Saccharomyces
cerevisiae strain for inositol production by overexpressing its [NOI gene that encodes
inositol-1-phosphate synthase. [Methods] The integrated multi-copy expression vector pURIH was
constructed via an rDNA-mediated method and transformed into S. cerevisiae YOl strain. The
expression levels of INOI in genetically engineered strains were analyzed through quantitative
RT-PCR. KanMX resistance gene was knocked out to promote an efficient inositol production, which
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was detected through HPLC. [Results] Two genetically engineered strains, namely, YI2-1 and YI2-2,
were constructed. These strains could highly express INOI. YI2-1 produced 16.235 times more
inositol than Y01 did. The KanMX resistance gene was knocked out in the YI2-1AKP strain, which
efficiently produced up to 627 mg/L inositol. [Conclusion] pURIH could be applied to overexpress
homologous /INOI in S. cerevisiae. The amount of inositol produced by the engineered strain was
sufficient and thus could be employed in engineering applications.

Keywords: Inositol, Overexpression,
Saccharomyces cerevisiae

WL B (Inositol) X FR 3 O /S BE, 70 T 3K K
CeH1206, FHXT /T H 2 180.16, HA KL HEN
AEPRIEYE, THZ T BES) . B AR T
WU AR A R 32—, e M AR A5 ik
G WE WL (Phosphatidylinositol, PTI)& AR, A
IAEAS MRS ey R Y, AR
FERAM S5 R e B LR B I S5 3 4 L
W« TR R R IR ZR B RE SRS M 22 T
REREASAOC; Ak, WIBEE AT Bl PCOS (Z4E010
LRARE) 2P R R B R BURHE RO D BE 16T IH L
IRE e, B PR . PR | PrR e,

JUURSE 8 4 8 1 77 O vk — o MK B8k e rh
FEICHAERRES , FMHK A LR, (7 A7
FERI BRI . AT A S . T PR B
JIr AW SR 22 8] 04 28 J& 05 i 2 B A 2GR
sk, A W K ek AR 7 WL A E S X —
X JEBYIEAR o R P A 7 WUBERA ARG (4
FHRTS

T Rk AT 46 B T B VLIS ) A= 5 5 1R
R HAIIIT, FE U A G AR R, WLEE-1-
B & U G , 2 23K 32 3 H P L
AR Sl , B A T v LR 1 - 5 iUt 0
BOHEE D PUBEA I 00T 23k o XM S R
INOI, &b rh 2 3 il e R Y BE R 22—, X INOT
SRR s PRt R, R s 1y bl i — L
FIEFH, FRAE UASNo JefF e UASNo 2% LA
TIPS, ARG FRES R E A IS, BB
R INOT (35, TER:AN A i UL -1 - R 5 1
Bl A7 B P, ANAE b B LB A s 1B e
2 VRIS e BRI e B o UL AR R i A K CS T

ScINO1,

Genetically engineered microorganisms,

YA R B P E R i A 45 #43a(Basic leucine zipper
domains)#{J& INOI FIRFTTEN), @lRNIBEAERE
PRI B IR KCST 51 R NIREEFRE0 , A0
WHLBEFIBERRBENLEER /D . R INOT (W32 WL
Pt BRI 5 A0 45  Justin 251 YE Escherichia coli
i FAR AU F ST I BERE I LRSS Bl 1, MiiiE
KBERIBUILEE . sRERSEYHE INOL PR
JETRE T AL AES S e 75 SIS 24 e R AT T A
R IRV R4 R 7 S0 A58 e Bk vh B &2 T
TEHAS BN FR A, DL BRI, i PR AL
BB A B S AR A G EE I D 3Rk, T4
WL A B 2P ATHY, REALEALEE S e
MOCHEREEEY INOL, ABPTE I rDNA /5
[ INOI LK 245 DB A3k pURIH,  HLEE{L
BRIPEERE YO TR bR, M T RS INOT FEHY
WUBESE R TR B Y12-1 Bt 5L PR o /e 1) o ik
YI2-1AKP, iAW A e BB E T —E /)
FEhit

1 S i

1.1 B

L11 ERRFIBRL: BRI RE S288¢ (T AH%HE), K
P T R R SHE R F B OIS O B
FRIAEERE YO (AR . RIAAT I DHSo A&
i REAE W S AR P R S R AT
pURH. pURIH AW #E; pUG6. pSH6S #ifA
AR R 22 T AE W E &8 TR bl 2
8, pMD19-T Simple Vector JlJ F TaKaRa 2y Fl .
1.1.2 FZIRXFIFNEF: 0K DNA, Sigma A
Trizol. 2 EEIRF A&, Roche A H]; DNase I
(RNase Free), TaKaRa 7~ Fl; ¥ iA50 &,
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Fermentas /3 ) ; Transfast 7ag DNA %\%Aﬁﬁ aifl,
W&, e XGEYBARAIRAR; Hakk
2 i ik 0 R alidin] . UV-1100 5500
JEHET, LSRR A R 7], 7500 Real-Time
PCR System, Applied Biosystems; Waters 2695
HPLC, 3&[E Waters A ],
1.1.3 3EFE: (1) YPD Higrsk(g/L): BERHERY)
10, Hi4H% 20, AN 20, pH A4k, 1x10° Pa K
W 20 min, (2) Zeocin JrikikEyEsEdt: M ddH0
¥ Zeocin MRt Im FICTA RLUE AN L 08 o Bl ik
4 100 g/L B Zeocin R, BEGIRAF. FHINELHE
IMAFIKE A HIZE 50 °C 7247 YPD gt
LR AN 50 mg/L. HH T Zeocin ZALHRE F pH
AK, FIAE YPD BiFRd K i /eH] NaOH i
JA pH 2 7.0. (3) G418 HitEk IR BHIE
50 °C 24711 YPD B55 b h i@ 2mA G418, L
HIARIZHR B 1) G418 HLtEdsgRsk . (4) YPG 5355
FeI(g/L): WERHEEW 10, 2EFLIE 20, AR 20,
1.2 3¥git

HR A GenBank 5 22 /A A A RS 5% 1) S288¢ 1
INOI #HJ751 5 8288¢ FH4] L T rDNA RiJ5
E’JJ‘?‘@J FIFHA): Prime Premier 5.0 2353 INOI
S5 G R K UE 51 4 . 7 RTPrimerDB
(http://medgen.ugent.be/rtprimerdb) ¥ 34§ +% % & fIF 52
") qRT-PCR W51 ACTI %5 . 51HF 5 I
= 1,

R1 KLBPHREIRGH

Table 1 The primers in this study

Primer Sequence (5'—3") Size (bp)
INOI-F CGGTATTGGCGAATAAGCAC 20
INOI-R TTGAGTCATGGAGCCGAAGT 20
ACTI-F AGAGTTGCCCCAGAAGAACA 20
ACTI-R GGCTTGGATGGAAACGTAGA 20
rDNA-F TTGTGGTGTCTGATGAGCGTGTA 23
rDNA-R  TGTCGGGGCTGGCTTAACTAT 21
KanMX-F  GTATGCGATAGTTCCTCACTCTTT 24
KanMX-R  ACTCTGGTGGAGGCTCGTAG 20

1.3 ScINOI WiZERE ScINO1 EEAMERS
N FTIXH K pURIH RO

FIH PCR $AK, DI PRERITGERE S288¢
(FERIZ] DNA AR, 308 PR e R AL 1 - R
A D (SCINO DAL 1 602 bp FUTTRTEEASHE
TE£ PUG6 L% A tDNA F Bt S H A58 5 3l PGK
Ml CYcr &k, fE rDNA N8 A%
KA pURH, F0KF ScINOT F:H % A #8544 pURH,
315 ScINOT 3 k484 pURTH!™,
1.4 pURIH BIFE 1L K i

G AN R (AN L |

@ﬁéﬁ%ﬁﬂcﬂ’ﬂ pURTH (AR50 IRAZ SN BERE YOI,
Kpn 1 BIBABIA 547 T 2.2 kb tDNA B,
2 R B R i W 2 A IS AT LA B TR
KL R R 0L, oS4 D Rl E A,
M0 2 mm BB R 1.5 kv HIBH: 200 Q,
HLZ5: 25 pF, i3 G418 (0.5-2.0 g/L )k EE A i ik
Ao PRIRPE DU A o SR P RE L R 2 H R
SRS PCR FHM: e k% T 1L R 41 DNA,
Jfl tDNA-F., rDNA-R 5% PCR Kl 42 A £ 3
B BB R Y ek T
1.5 FHEREEHRE K HZNE

3K R kR YOL ., i SRk AR YI-1 I
Y12-2 4% 1% R R 0.05 L YPD ik %
e, 30°C., 220 r/min 5535, GFE 4 h BUEETH 4
HMIFEEEETTE 600 nm T I 52 HOE M IsfE LA
SRR, DIREEFIY YPD WSR3 N
25 XTI LL ODgoo TR NAERR, A=K A A Ak
br, BRI,
1.6 ERRAXEE PCR 9

W YPD AR FR 3L 3% 24 h 1 YOL , YI2-1
FY12-2 TERRBEIA, WARFES , Trizol $2HUE RNA,
DNase fifift1T RNA 4ifb)5, H Fermentas 5% 5%
i ¥ & #£ 1T Reverse Transcription PCR K §" 14
cDNA, LI HBiMR#EFT qRT-PCR 43#7 . #E#
ABI7500 ZGAE f PCRAX, R AEFZ LU FE )7
HEATRERTE & PCR K07 : 95 °C 30 s; 95 °C 10 min,
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95°C 15 s, 60 °C 1 min, 40 MEIR; K& fetHh £ 4T -
95°C 15s, 60°C30s, 95°C 155, DARRBEEREH
) ACTI NS HEH (51 ACTI-F/R), BAFEHMY
Rl o s e 3 AFAT, TR 27 i Se e g
P&, B 3 YRS, f# F] GraphPad prism 5 Z3HT1ER .
1.7 KanMX fHikHric B911B&

K FH 385 H e o JTORE pSH6S %Ak 3] Y12-1 3¢
BT B TE YPG AR R BB 595 4 h (i
ST AE Y Cre BEVIBE T IARIEI A 2 4 loxp o7 5 [H] 1)
A KanMX FiiEtmic F51, B F 14> loxp i745),
PR RRIR A TE YPD AR BRR SR 1-2 d, BREUE
YPD Vil ERYFERET, T PCR Sk, itk
FEI R I RETE YPD 353 5L 448 10-15 ¥,
WA YPD P, HEVEKHEREI R A Zeocin
PR YPD St , M Zeocin 1% YPD “F-l b4k
WER Zeocin HUIEMBEEERREEFUL T 5H
Zeocin MV-HR BISUERSEER T pSH6ES ki,
1.8 SMREBIEENABRIESE

R L B e . BRI IR G PR IS
LR TR IR A A, R AKIRIR
LWERE R RS, ARG 0.45 pm 3L UERS THE M
N, FIH2EE Waters 2695 HPLC #:0 , WiAHE
AT IR . @A . Waters sugar-pak 1
(6.5 mmx300 mm); WA : K& TK; HE:
0.4 mL/min; F:i&: 90 °C; Kl : Waters 2414 /R
ZREES o

2 ZR545H0
2.1 pURIH B9

Fo A B3 A R IR AR pURIH, H K/ K
8 864 bp, )T pURIH #&A~#ik, 4558 %M PGK )i
BT, INOI HRYEEN . CYCT &b Tk i
SEAIER . pURTH SR T RIEF15 LR EER: B &
1) 3 ANFRIBTOIF: ARl 8T PGK. CYCI %
171 rDNA [RIEEAFS, feisscal B i3 A m)
2 N B MR ERIE . IR IR B A — X
[ R Avr1l/Spe 1, Wi AZ LR TR G, L

ZHERILERIE . B E R I 1,
22 ERIEEEERIE INOI BHEHITEIE

it G418 (0.5-2 g/L)fh AUk i1k 1o
PR 78 DU Ab - o R FH I 1 25 DR 20 4R BRG] 6 42
BB 7% PCR Biik JJy BHPE 5e b 7 (1) JE [F 41 DNA, 8
id rDNA-F (BB BT rDNA RIS
237 (B TF IR )T H]) . tDNA-R (pURTH #4411
55 91 LI TT IR A T5 14 PCR BGUE(K] 2), ¥4
13301 DNA R BOW RS AERRP IR RESE R 2H 1Y 3 3
Sy AR R B, 045 rDNA Ui A B .rDNA K pURIH
ARy B B, FK R 5 WU R/ MESE, 20k
2667 bp, YW IDNA /3113 F ik 2K pURIH 1
Ui SR EERE YOU RS AL & A4 R E A, v 44
R Y1, AT H SR m s bk, LiE
ZRAREM YO 4 R R T R AT T
Bk, Pkt G418 W (3 g/L)RY YPD P4l %
MRBER R, DIE RN, ma N
YI2-1 F1 Y12-2,
23 EHHESHAHE Y01 £KEHZLAILE

YPD WA IR B G A AR AL IR T
FEZERRWI(E 3), i FIKE Y12 XEAN R AL
KR PT R HERE YOl Ui %5k INOT fiE
B b S TR R ANMIS 7, LB A A KA — e
HEEAE
24 EAFESHAEINOI ERFEEFKER L

W UG SRS Y01, YI-1 Ml YI2-2 AR
cDNA #47 qRT-PCR #il . A 27 ik dkh
INOI (WA HT T, DAR R YO1 SAXHHR,
HATIH AL B, VER (A 4): YI2-1 ik INOI
SERIFEIAEE YOI B9 16.235 £, YI2-2 J& YO1 /Y
11.163 5. S5 RULIAABIFRI AN INOT BEH T4
DRAESE R ZRIB A 2B .
2.5 Tt KanMX $tEEEEMKEIIRIF

AL pSH6S 155t Cre BVIGR KanMX $1
PERE, $REC YPD ~FAk F3abE+, H] KanMX-F .
KanMX-R 5| ¥)5# 7% PCR BAE(& 5). 455 5
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Amp
Amp
7
Sac 11 Spe 1
—PGK BamH 1/Sac 11
Spe 1 am ac

e = DNA

Sal | m— S]]

BamH 1/Xma 1

loxP pURIH KanMX

Sac Tl - gfcolli \Y 8 864 bp
PGK Spe
Avr Oy N BamH 1

Xma 1 loxP

BamH | o Xma |
INO1
INOI Xmal  BamH1

1 FiE#H K pURH F1 pURIH 89448
Figure 1 Construction of the integrative plasmids pURH and pURIH

0.0 —

t (h)

3 YO0l. YI2-1 #0 YI2-2 4K ihsk
Figure 3 Culture curve of Y01, YI2-1 and YI2-2

4 8 12 16 20 24 28 32 36 40

—3, S KanMX PbERER EBRAY PCR 454 K

. /I 312 bp, AFHRZLEY PCR 451 A/NA 1862 bp,
2 PCREREMRTERALT DU 5 T KanMX HobE S B R )

Figure 2 PCR identification of positive clones

VE: 1-2: FHIERGAL T ) PCR 74 Bt M: DL5000 DNA marker.  pSH65 ORI Z2id AR, BASC VARG L . Hefm XS

Note: 1-2: PCR ducts of binants; M: DL5000 DNA e v L] e A
ote products of recombinants [ﬂﬁﬂ:ﬁ‘ﬁﬁﬁz, ﬁﬁ% YI2-1AKP.

marker.
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RQ (Relative quantification)
=

YO01
INOI gene

4 INOI BERRFTIES

Figure 4 Gene expression levels of INO1

1 2 3 4 5 6 7 8 M bp

5 KanMX B4R PCR 365E

Figure S PCR identification of recombinants with the
KanMX knockout

TE: 1. MHEZL PCR U738 1 Be; 2-8: BBR KanMX ZEPIEEAL T
i) PCR ¥ 3 FBf; M: DL5000 DNA marker.

Note: 1: Control; 2—8: PCR products of recombinants of delete
KanMX; M: DL5000 DNA marker.

2.6 TRIEZFEKRABREIREEAR

Wit KRR YI2-1. YI2-1AKP, #ZHE4L
20 fR5 , FHTRERS:SE PR A 4 A7) B PR UKL PR A s
#e, 519 rDNA-F. tDNA-R #1T PCR IiiF, %%
SEULIE 6 UK S 5 U R/IMEST , 2978 2 667 bp,
FIREAL R B AL T rDNA /- S84 7E R 57
FESEPRIA I, ik i FeaR AR YI2-1.Y12-1AKP
HAR BB R E .
2.7 INOI FFRIXEKRAEES B = 894N

PRI & BERG N INOT 33 33K AR AE 30 °C,
220 t/min 3l HGFE 50 h 5 WHLEERR B i 2075
ZOTERME N, AIEH . Waters sugar-pak I £
(6.5 mmx300 mm); UIAH: KB FIK; W
0.4 mL/min; #1:3 : 90 °C B AGHEFI U] R AF50 8

I R B X IR, FERERIB S 3 AT, A
SCES AL 3 UK., AS YI2-1 P2 LR EEN 325 mg/L,

bp

5000
3 000

2000
1500

1000
750

6 PCRIGIE YI2-1. YI2-1AKP i#fEfaE M4

Figure 6 Genetic stability test of YI2-1 and YI2-1AKP

TE: 1-2: YI2-1 ZE4H PCR ¥4 BE; 3—4: YI2-1AKP 3
7 PCR §"## i B; M: DL5000 DNA marker.

Note: 1-2: PCR products of the YI2-1 genome; 3—4: PCR products

of the YI2-1 AKP genome; M: DL5000 DNA marker.
YI2-1AKP 4 627 mg/L, ifi i & itk YOI K& EER
RrAS LB . R B RB TE RS U UBEA L fE
2 H ST, T HLRERS 10 JE A3

3 4

AR A PR BRI 1, &
JRFN A E AR, IS NLEEA ™ . B
REAR ™ S AS , JENUEEA =R e s, Al g i
WL iR R, T R e TRE AR &
JRIRFL RS, TAREUI A T P kR
DGR AR TN B =k, ™. R A
BERP, ORI R A P a3 B R RS
R, AW 0 366 PR T 7R 5 A oo T P 7 T
i, dE Gt R IANIEE S SO LR INOL, $Em
UEE A B AR I IE W, e aF AL Al I e
T T E RPN, RS ELE T E
PNUBE SR TRE AR, A & ek = L,
LB TV AR = ARSI FH 2S5 T Sl

AW I AR AR Ik 2k &k pURH, SR
TORIETF 18 REGERERE 59 3 koo, Aeig
SEEE R ) 288 DA Rfase Rk . RIRESR
R — X [ R Ave 11/Spe 1, TIHfAZAJE
Rk, LM R HERIKR, i qRT-PCR Al ]
AL, F HABYEE INOT i A\ pURH 3RF5 () tDNA 4
SRS FIR A pURTH RERSSZ IR INO T B2 H 7ER
PR A RS
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PRI e BE TR ) AR R 23R B, 3 RGBT RTAL
R A KR DT R R s Y12-1 AR R
R Y2 fAef2E5, XSEk INOI FIKER
OITER 2, Ui ERIA INOT RERS S 2 Tk 19
BEANMIYE Oy, 3K 58S I B RIE R, X5
Hong %1 5 % it 35 INO T X e EHTi 25 2, Bt
AHIEMEN -2 DRGSR R ] BE A4 LA
T (1) WUEEEBENR LR (P & A HIA,
TR S CDP-1,2- B3 H(CDP-DAG)
2 P1 & RHIEAL SN AE BE P, PR EERE R AR
FEM NS, PUEBERR AL RIAE T vl B AL
ZRERIE, TEERAM X TARIES . &
SAL T AR TN B 25 b A= BT e K
PERM, ) WA RMLEER B AR R D)
B, AR T

R, AT IR TR R B WU A T
WL RAMARST , HENT T — R FH 7R 25K A
JUBEA OB (i . S5REM], 205kl
PR A A AL A2, SERS YI2-1AKP
JUURE = 5 0h 627 mg/Lo AT PR L DR e B iy i) Tk AL
M B RN, T BB PA 2 i 5 DU Mx Bt
PRic xR — 2 IR AR U, TS W L
AR A R o BRI TG HE— 25 5T AL,
Y5 Hisashi ZEPOMBFSEAR RS, MW P IILEE & it
BAR o MATERAF RGO TR, B IR XS R WA 42
REYFEM, AN, HABESERIRI N — .
TRV, HOR TR AR KRR T B, Rk
JEE (A A R LR A A R T R, T
PR FREL . KRR, AP R R
IRTRBRWUBE ™ &
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