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M OE: [B6) B LR, R—WEFAMETHNER, EEDS. RS REHFM
BREA ZTHGERANE. HRFEFNEG MA@ T, BIXHFIERE, HEES
WLEZ 69 BROB B B TAZ AR, [ ik ] *FBROE B B IUBS & R I8 12 69 IE 42 R B g, AR
B%-3-BF B A B Ak B inol, AUMRAILES A 4o M o 4% 47 4 F A B opil Aedi kA B kanMX, 3K
BEAH. AAAMEBEENELAALHRFNESE. [LR] MR T AU ML
BR AR TAEBAK, FAMIERTEH 1.021 g/L. [£#]) @ KK inol Fedi R opil &k PEEER
BEEE, RBAMRGELAAGIEF 2, AT — T AR B LT B Tk 5 f e
A,

R UBE, A EAR, inol, opil, AEIAH, ERERE

Metabolic engineering of Saccharomyces cerevisiae for inositol
production
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(1. Quanzhou Medical College, Quanzhou, Fujian 362010, China)
(2. College of Life Sciences, Fujian Normal University, Fuzhou, Fujian 350108, China)

Abstract: [Objective] Inositol, also named cyclohexanol, is a kind of bioactive sugar alcohol. It was
widely used in pharmaceutical, food and feed industries. To obtain the microbial cell factory that
produced more inositol, the recombinant Saccharomyces cerevisiae was constructed by metabolic
engineering. [Methods] Positive and negative regulation of inositol biosynthesis was modified. The
Inositol-3-phosphate synthase gene (inol) was overexpressed in S. cerevisiae. Meanwhile, the
transcription inhibitor gene (opil) that inhibits the biosynthesis of inositol and the antibiotic
resistance gene (kanMX) for screening strains were knocked out of recombinant S. cerevisiae.
Inositol content in fermentation broth of engineered strains was detected by Gas chromatography.

Foundation item: Medical Health Youth Fund in Fujian Province (No. 2014-1-87); National Earmarked Fund for
Modern Agro-industry Technology Research System of China (No. CARS-20-4-4)

*Corresponding author: Tel: 86-595-22136955; E-mail: hzj887@126.com

Received: June 28, 2017; Accepted: July 28, 2017; Published online (www.cnki.net): August 08, 2017

EEWHE: Wy e AR AA B R0 H BT (No. 2014-1-87); [ Z B A b H AR M R S L 1mi v

4:%E 85 H (No. CARS-20-4-4)

*EAEE: Tel: 86-595-22136955; E-mail: hzj887@126.com

Ut BHA: 2017-06-28; ##% HH#A: 2017-07-28; #isc#i= ti ki B #H (www.cnki.net): 2017-08-08



2290 A AE B4R Microbiol. China

2017, Vol.44, No.10

[Results] Biological safety engineered strain S. cerevisiae was constructed and shake flask
fermentation results showed the yield of inositol was 1.021 g/L. [Conclusion] Over-expression of
inol gene and opil gene knocked out could efficiently enhance the productivity of inositol in S.
cerevisiae. The results provided the foundation for industrial application of inositol production by

microbial fermentation.

Keywords:
Saccharomyces cerevisiae

WLEE (Inositol) & — Fl 5 AT A= 1 14 P 1) FR R
B, ST ARAESIAY) , FER e R YIFIRE S KRN,
B R E A RKET, TN HTEZ . ]
an AR . URE A TR R  PLRETRL, T
AT ARG 2Rt B BRI S 5
BT /R 7 BRI (Alzheimer’s disease) . XUFHHKE bfi s
fis (Bipolar disorder) . i Jif 55 i 22 18 47 14 % 9 AH
S LT e A U S Lo G HE T T
IS ZMURER L, sk, WU SR ACILAS | ki
Gy rpaA, FEIRTT IR . SRR RE AL S Ty
A B R WU R A A R i
Rt

Hag WU A 7= ik, FERRBORKE . #k
B S R A IR AS , EATIE K A5 Ho
RAL, HAFTETG YIRS . AR A S EHS . BT
DAAG WhE 3 2o At A 0 A% R fif i LR (AL 5K 22 i)
(0 T o A i o s IOLTRE PR A 2 1 R J s 1]
AR 27 BT B B E AL, TR B AL G Ak A A
Ak = WUBE AN AR W e ek UL, sk
Wy ek WU BT P 00 R AR A R BT . KA FE T
DA KA B 2 AT i V4%

T AF LB 9 A 0 R AR S AR B 01 3L
UL -3- W R A B O B , L g A S TR
inol. BRIEFEEMNL A inol MBTRIEE 1L T LR
BRI T S A R TR N, (LA AL i 7
Y, Firfr Sch.P944 TRRR A LI 536 2 7K 5] 816 /L.
Hisashi &M Wipi e bR b F ok, 3 %3k inod,
I H bR AR T M, Al g R g%, A
15.1 g/L HZEMER = 3.1 g/l MALEE, @S kMeHES
FRHUUBSLE 3R B 14 %) 4.0 g/(L-d). Konishi 2143

Inositol, Gene knockout, inol,

opil, Genetically engineered microorganisms,

XA BAT AR LR & & 4219 Escherichia coli #
frielos , 53 TREK AKC-016-G22, HL
= ol 2.31 g/l

opil MyHesgii¥E AL, B gmhd iy 2 1 5
SEWUEE AP R — A8 7M. Henry 5@
i BRI IR R opil, R T BEA ST ILEE Y T
FLEIBR YS2 (ATCC-74033) %1%

DAL A1) P i DA T el s R 7 B X2 i UL
B G U AT AT Y o R, ASBIFSRAE C A B9 LAl
b, SR E SRS inol BINUEESLR TREH,
TEMCEER AR B opil, LU E S L
Pt ) TR B bR
1 MRS hk
1.1 ##l
1.1.1 B¥RFORREKL: S. cerevisiae Y01 (—f%1A)
e S R 2 A A B 2= B R A7 S, cerevisiae
S288c H I 1 A2 3 R AR W AT ) 5 S
FRROTE AP . pUG6 ., pSHE5 A A St
FERAE, pUGE 54T G418 Bk, kanMX 1y
P A loxP 7. pURIH RS 2 fh i
112 EEZRFIFLEE: G418 W AL T R R
FeA PR w5 i 70k DNA g [ Sigma 23 ] ; Fastpfu
Fly DNA Polymerase . DNA Marker . Plasmid
MiniPrep Kit 4 B bt 2 &4 WH AR A RA ]
TIANamp Yeast DNA Kit (5.0 80) g 3 KA A1k
BHE (b0 A B2 ] 2720 Thermal Cycler PCR 1YL .
7500 Reol-Time PCR System, Applied Biosystems
A w); GC-2010 Plus SAREIHAL, BHAH] 5 Gene
Pulser Xcel™ i 25 fL & %5, Bio-Rad /A7),
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1.1.3 #EFHE: (1) LB HEFH(g/L): WK 5.0,
M 10.0, Sfkéh 10.0. (2) YPD 1353 (g/L):
FEERRY 10.0, M 20.0, #Zi8E 20.0. (3) G418
PUbEE IR AL B G418 HrTR B M AZ R HI % 50 °C
AT YPD R FRHE A, WO A R 2k B bk
RrFedt . (4) Zeocin HitEREFRHL : ¥ Zeocin FERIN
AFR A2 46 °C A4 YPD ARG FRIr, &
el Jy 50 mg/L. (5) YPG i3855 (g/L): Bebk
¥310.0, 2EFLHE 20.0, HE M 20.0. (6) FEHR &M
R 373 (g/L): Yeast Nitrigon Base 6.7, %4 B 12.0,
TR 4.0,
12 s5I¥igit

H34 S. cerevisiae S288c ) opil 1 inol ¥ 41 LA
K puUG6 k¥, 4raliscit opil mERAL1FS
Y. inol R mthEg W) RAROCEAES | Y. 51T A
WA 1o MRSt RS54 WK 1.
opil-disrupt-F . opil-disrupt-R f 5% 45 HsdE,
MK 5 opil #17[FIEEH . opil-disrupt-F .

45 bp flanking target gene
(upstream)

= ar

5 3

opil-disrupt-F

Vector

45 bp flanking target gene
(t_Jp_slreanl )

5 B loxP

19 bp complementary
gene to pUG6H

opil-disrupt-R [ 345l 19, 22 AL S Bk
pUG6 ' LoxP-kanMX-LoxP WEfllAY |-, FH#AY A
B AalE], FHSkd 3 LoxP-kanMX-LoxP.

x1 KRBT REIRISIH

Table 1 Primers used in this study

Primers Sequences (5'—3') S(lbzpe)s
ACT1-F AGAGTTGCCCCAGAAGAACA 20
ACT1-R GGCTTGGATGGAAACGTAGA 20
inol-F CGGTATTGGCGAATAAGCAC 20
inol-R TTGAGTCATGGAGCCGAAGT 20

TGTGTATCAGGACAGTGTTTTTA 64
ACGAAGATACTAGTCATTGATGC
AGCTGAAGCTTCGTACGC
TATTACTGGTGGTAATGCATGAA 67
AGACCTCAATCTGTCTCGGTTAG
CATAGGCCACTAGTGGATCTG

opil-disrupt-F

opil-disrupt-R

opil-F AGTCTTTCCCCTGGGTCAGATAC 21
AA

opil- R GAGCCATTCAAAGGTAAAGAGG 22
GTC

opil-mid CAGCGAGCAGTCTATTGTGGTGA 21
AA

3

pUG6

PCRl

Vector

)] i

45 bp flanking target gene
(downstream)

opil-disrupt-R

45 bp flanking target gene
(downstream)

loxP ' “ 3

22 bp complementary
gene to pUGH

1 EERREH IR RIBRIS

Figure 1 Design the primers for gene disruption cassette
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13 & Scinol WEEZENEBSRIXHK
PURIH R R 551k

PURIH 5 R 2 A i b 2 A S 2 AL TRy
FERE YOL 3 0228 SCHR[16-17].
1.4 opil BPREHFRIHE

LI pUG6 Jiiki DNA Misitl, FIH514) opil-
disrupt-F F1 opil-disrupt-R, FH & - ELfi Fastpfu Fly
DNA Polymerase #£17 PCR "4, PCR W ik%
(50 pL): 5xBuffer 10 puL, dNTPs (2.5 mmol/L)
50 pL, FF#F5I47(10 pmol/L)4% 2.0 L, pUG6
(1 pg/uL) 1.0 pL, Fastpfu Fly DNA Polymerase
1.0 pL, ddH,0 29 pL., PCR Jz )i 444 : 95 °C 2 min;
94°C 10, 55°C 25, 72°C 30's, 25 MEH; 72 °C
5 min. IEARWHEERCHEIK AT, (I Wizard SV
Gel and PCR Clean-Up System £+, DNA Ji Rt
Rl G AT I, PRAET-20 °C %5
1.5 opil & kanMX i #Rri2 8958

¥ CrelloxP R, LI pUGE i
B, {8 FH 5 19 opil-disrup-F #1 opil-disrupt-R
17 PCR 132 MBRAAE, WP, R
(1 R T e B v, T AL T o L A R e R T
PP YI2-1AKP, HLEEAL &R HE: 1.5 kV,
HLZ%: 25 uF, HLFH: 200 Q, 2 mm &6 4kHf. sidid
G418 Prit-FHifive, JH4 PCR BE)5, K94
A= R A P RE AL o K pSHE5 ki ik
FEPESAL T, FIH YPG AR IR/ THFE 4 h,
2P A S FRIB A Cre BHEVIER kanMX., $2HC
FERIZA ST PCR B UE, BriE £ 5 76 YPD ¥ f4cks
FRIPE AL 10-15 RFEK Tk pSHE5, FZE)
Zeocin HiPEEMTE, 35 opil HAEARGREE R
Fho BRI AR opil 0N, mAE3
opil “ARABEII MR, K444 Y12-1A0pil,
1.6 BEEHAEIEST

TG AR B BRI R S, PRIBOT- A b A B B
W%, $A0E]5 mL YPD AR A, E30 °C,
220 r/min 214 FEESE 18 he SRJF 4 19 A FEFh 3

Fh 25 50 mL TGRS A s 55 B R R Hh A 7
TRYTREE SR B RO R e R S R R
ODeoo 47 0.2 T4 28 547 100 mL JCHILEE & [ 5
FeHEM 250 mL =AM RS
1.7 SHEeEEENNESE

TR ARER T LM SR Arh, 30 °C
220 r/min 1557 50 h J&, B bk & B G —5B o it
F7E5.0:(6 000 r/min, 5min), Fifd 0.45 um it
TR TAESLIN, T8 GB5413.25-2010 (X fh 44
] SRR R Iy ) L R i R L) 0 e g 2 —
Pi——HEATEE AT S A ] 5 =M
% GC-2010 Plus HEFTArMrill e . ik it A
RTX-1701 (30 mx0.25 mmx0.25 pm), FLFE:
PERETIRIE . 280 °C; Kuill#silE : 300 °C; A
S: 1.06 mL/min; S : 40 mL/min; 2
400 mL/min; A3 FAER: 1ul; BPTHE:
120 °C 0 min, 190 °C 20 min. 220 °C 10 min.

2 HRE4H
2.1 inol I 3RiEE HERYF ik

DL puUGe Jiki & 4e, % A rDNA J Bl inol
FIKHE, BTN PGK, &ITH CYCL, &
WAF 28 DA KRR pURIH, T4 pURIH %%
R EELE YOL BRibk, 24 G418 (0.5-2.0 g/L)Hk /%
o BE RO 1, B IR 5 DUEE AL - i) B DR 2H gk AT
PCR Biibf5, FAGEAR Y11, H3KAG inol FKik
R AR AR, o RIA R pURIH LML YIL
Pho Z0five, &M TREE YI2-1 51 YI2-2,
96 f PCR T MK inol ik i, 4R
/8 YI12-1 Etk inol i mRNA 7K H & Y01 Ay
16.235 %5 (K1 2). RPN T inol i FRIBWH
B kanMX, B AR kanMX Y B RR a4 N
YI12-1AKP., HEH MR TREIR A WL g, A AS
Y12-1 JJUEE = oA 325 mg/L .\ Y12-1AKP 4y 627 mg/L.
PR PR B 2 R L™ et AR 22 R S R AT B2, MIX
PorEbRC X R A — R ARV AP
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Figure 2 Gene expression levels of inol
2.2 opil BPRBHRIEE

PASCRL pUGE /1 it , i 14 opil-disrupt-F
1 opil-disrupt-R 11 PCR 15 ZIZLF MR/, PCR
Py ai s, 1% e IR TR, 4
PR BN S FE T R/N 1 703 bp AHAF(E]
3), MFFIEHA, UEBIRINZRTS opil MR,
2.3 opil TRFABEPREIMEE

SR FH v 2010 TR T o v, o 2 A R i B LA
PEARERR R EE TARRIE YI2-1AKP, Z K EEILSLE
Ja, TP KA 3 AR, DLIRUESIY
opil-Flopil-R (T opil B ) AEIH, LI

bp M I bp
5 000

3 000

2000

1 500 1703

1 000
750

500

250

100

3 PCR ¥ #&auFReE 4

Figure 3 Verification of gene disruption cassette

e 1 R PCR 747/ BL; M: DL5000 DNA marker.
Note: 1: PCR product of disruption cassette; M: DL5000 DNA
marker.

TR LU AR 2 PCR B0 UE, W mBRALF 55
b F IR KA TIREELL, A4 PCR =K/
Jy 2140 bp, XFHRZH K 1740 bp, 4R TR 1 5H
3 S HNIHMERAL T, 25 WA R (E 4).

Ak pSHE5 [Tk 2 FHEER T e TR AR I, 2
FLBA SRR E , PRI R SE R 24 DNA 1R it
PEFT PCR IIE, 551 opil B4 A 7Y B bk .

it P [FIAE 0 Y M BR 55 — 2R S A TR, 3R A%
opil BUFIARGREATR K. $EHC opil BFERERERISEEZH
AT, RS AR B AR AR, AR a5
opil-mid/opil-R A5 [¥)f) PCR F=Hik/NMe 775 bp,
L) opil b5 14 opil-Flopil-R 51911 PCR =4
KN 1740 bp #1632 bp. UNSRIE AU IABIA L,
PIrh[E)5 4 opil-mid/opil-R A5 [ #0JC PCR 74,
X opil-Flopil-R A5 41 PCR F=¥1 K/ Nk 632 bp.
2 PCRIGIE, Z5SAFA TR 5), BLRHRmlR T
opil, FR1Fopil WAHABIFAERLE, sk Y12-1A0pil,
24 HEHEREZBEKRER

PR BEREFE 48 h, HERK YO, ik

bp M 1 2 3 bp
5000
3 000
2 000
1 500

2 140
1 740

1 000
750

500

250

4 PCRQIEFRMELF

Figure 4 PCR identification of positive clones

#: M: DL5000 DNA marker; 1. 3: PHYES4LF PCR Y™
BB 2 BIMEFAL 7 PCR 9738 v .

Note: M: DL5000 DNA marker; 1, 3: PCR products of positive
clones; 2: PCR product of negative clone.
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bp bp inol WML YI12-1AKP, PIK opil w45 Bk
/000 Y12-1A0pil FAERIBLLUNE 6 /. YI2-1AKP AR K
T, mEBR T opil AU YI2-1A0pil 52 HHELEL,
Vo L OD %/, M opil B il REXH A — & R
500 500 @Eﬁﬁ%iﬁﬁ%ﬁ%ﬁﬁ%ﬁ%,ﬁﬁLAﬁ
250 00 B LU & FAEAS SR B bR AN ) .
100 25 EHEAEGIBESENE

5 opil EERMREKREEE
Figure 5 Detection for opil gene deficient mutant
¥E: M1: DL2000 bp DNA marker; M2: DL1000 bp DNA marker;
1: opil-mid/opil-R 514 opil FA5 G 4 PCR 745
2: opil-F/opil-R 514, opil PAf5 kB M R ZH PCR 774
3: opil-mid/opil-R 5% opil X% Ak i B FE K 41 PCR 7=4) 5
4: opil-F/opil-R 5|4 opil MU ERBE LK 41 PCR 74,
Note: M1: DL2000 bp DNA marker; M2: DL1000 bp DNA
marker; 1: PCR product from opil haploid deficient mutant by
primers opil-mid/opil-R; 2: PCR products from opil haploid
deficient mutant by primers opil-F/opil-R; 3: PCR product from
opil diploid deficient mutant by primers opil-mid/opil-R; 4:
PCR product from opil diploid deficient mutant by primers
opil-F/opil-R.

A

Y12-1Aopil 4 EHR A BERES 50 h 5, XF
KL VST RE S AL (S R
GC-2010 Plus #4750l , GC #aillgh R anfl 7
fiime VA AR AXTIR, QB S0, MRYEIUEETk

3.0
2:5 F——5 53
: 20 i’/_f:-ﬁﬁrw
S 15 //
- Y01
S 1o ﬁ « YI2-1AKP
05t /4 « Y12-1Aopil

0. —— ;
0 4 8121620 24 28 \2 36 4{] 44 48 52 ’-6
t(h)
B 6 YOl. YI2-1AKP F1 Y12-1Aopil H K #h%k
Figure 6 Growth curves of Y01, Y12-1AKP and Y12-1Aopil
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Figure 7 GC chromatogram of the standard sample and the product from recombinant S. cerevisiae

W AL B: JULEEFRAES: C: YI2-1Aopil BFk K V.
Note: A, B: Inositol; C: The product from Y12-1Aopil.
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FERIARAERZR (B 7TA), A5 YI2-1Aopil FHPE K I
WL R 1.021 g/L, 1 R BEHRAS = IR . 1%
SEREHT, I Ik inol LUK REER opil EA &K
P LR 9 B 1 o
3 it

ARFFEFRI, KRG A T2 3K inol AN
R opil eiidh , BEAE A AR s H 4 I H LR i
FERERE URE AR 5 iR AR, LEE-3-B R 15 Al
Mt J2 oG, HZRAS L2 inol, {H inol AYFIK
% UASino JCIE R B A s R 4 i o 12223 4
TR SRR S A WUEE . UAS|no 23 B 30 T 52 i
inol Rk, SR N LS £ 22 F A iR 2
Ak Wy FIRE O 2524 DR g B £ 0 % B B R A0 43
WILEE . AGFFEIE L R inol ARAFRELE 43I
P BRIRR Y12-1, i —25UFSE T inol 7E BB LA
W16 B HR S B I R ) SR

b Y12-1 itk kanMX BRI A P, kanMX
LBrJE, HEAMPIIE" 885 . 34 Babazadeh
RGBT M MX BV AR IO 0 PR e R AT —
SEMREMEERT, PR E AN R 1 A ) g ), HL A4
SRR T — 2B 09T . TRIL, 25 i 80A 77 F bk
(R BE B A 2 4k, A B P 0 2k FH A B vk
I PR G B

Opil ENUEEAY & e 61, REVSIH
FEHEIIHIH T Sind A1 Cyc8 5 Ino2 s st 4542,
AT S inol Y FIRFERE . Bk, A iHBR Opil Xt
WUEE G B IE R, AR opil Mibk. &1
SCIRZE IR, opil BRI TRE B AR & I I AL
e, 5 H K inol BRRAHLL, PR
62.8%. XFE—HUEH T opil XFWLEELEH)4 ALY
TULRAVER, FBR opil RENS B A b A kPR 15
FEUUEER G . Ji0h, FEEE R AE KA DL R,
opil G PRI AE K B R ZE LL Y I2-1AKP AR
X AT REE S Opil AN WLEAE )75 1, Opil 1
R SRR N TR PR 2 A SRR opil Bedext
FH R 20 AT — 5 S P (HLS R AR AR I

AR Y12-1A0pil i JJi6 2 HLESR Y . 3X P RE 2
M T LR PL (RS TE L) A A S I B2
KT, REfgsgamaniuis P70, srah 7Bk,

Hisashi 25 M2VE5 by e 1 77 J LR Fpe s i 65 T
PARRET, R A s R B T3l <57 (1.2 L/min,
680 r/min), JLALEEA: 7758 Bl 4.0 g/(L-d). Konishi
2 2SVE 5 e BT 3k 40 JUL I B R I 1, ke
(R AL A UL PR LA 7 BB O K i , A T AL
it AL PR L R A TR /R AKC-018,  FLAILIA LA 7=
ok 1.84 glL, PR 0 UEE AR TS 1 T
AL IUBEAE PR 50 AR F R T 1.5-5.0 %
AT R AP LA U AT Y12-1A0pil
5 R E AL, TN 5 EIR MBI, 6
FEAE—S2EHE 3] BB th TR 50 R 4 A
BN, WA b kB SR, A
EERR SRR A, IR SO R R R . R
E I R BIF 5 R S T S e ke 45 35 L Ty 0
TEmtiAl, DALl AR, il KB
P LR IR Bl R DR 55, DU — 2D 4 i F 2 TR I L
Pt
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