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¥ E: [¥5] 8088 & (Saccharomyces cerevisiae) /| & LA & & f= /) 49 LR 4435 & 4 Ttrl, A7
My O BRIB BE A AR A R A B4R BT T8 i Itr]l & & AP MR LB SATAEE . RLEE 25
Itrl B e M, [ statshRILEE A IAEE 2R IRA T BB B St —F RS, [B4] Hx
UBZ 4435 &8 Ttrl 49 N shAn C sh ez 2 b- M AR A A R Tz B O B Meg%oh, Hit—
WA X e R AR BRI B4 B fm IR IO ILES 69 B ) Ao F) B4R B A M S e Fen. [ k] 1%
JA @A PCR 7 ik AR AR A AT ek e, F2) A TARMAES G R KR, FELR R EHAERE
B AR 20 E S R B, R MES Trl REAR. 4 Itrl Fo%4E & K A& @ (green fluorescent
protein, GFP)& & & @ &) TAEH . B R A DM ER A aSZ G QR TAF I, SRR E#%
(HPLC)F s Aa M 3] 2] 48 — B 49 A A JL, 56 R M Ao 2 it 35 02 % PCR kA m i i L B 46 %
KFe T, [ERY AT ConR Tt Il ZBAGMEAARGINMAER, ELXBLAMFT, Nk
REEMRT Itrl & @ B A T m b ol 42 B A PT3gAn, EM A BT N R T EHH%
NREE R EFRARED TBATRARA ZREG. #—FLINZE LA AR inol.inml
LA, pisl ¢ R XAATIA, RS T RAIEEGR R TR T PLBT ARG &) 242 = BR - A a9 KA.
Fsbioah b, ot —F AT R B ARG, B AE BT FX3] 330 g/L, B BE/RIES T 95.3%.
[448]) KRAARHALT CatREMIBEIZ K G Itr]l /953891 R, FH LI N 35 R LT ALt
REBE_BRTEORS, ARANARTIEBEA AR T RSB EHE RS EL T LM,
KR BROBEEAE; R AR B ILER; BREE R G; R
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The myo-inositol transporter mutants of Saccharomyces
cerevisiae: construction and application in glucaric acid
production

ZUO Fangyu'?, ZHAO Yunying'?, DENG Yu'"?

1 National Engineering Research Center for Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu, China
2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] Saccharomyces cerevisiae has the high-affinity myo-inositol
transporter Itrl, and we have constructed a S cerevisiae strain capable of transporting
exogenous Myo-inositol via Itrl during the synthesis of glucaric acid. However, the Itrl
degradation induced by myo-inositol hinders the efficient transport of exogenous myo-inositol,
limiting the potential for increasing the glucaric acid production. [Objective] To study the
effects of mutating lysine residues at potential ubiquitination sites located at the N-terminus and
C-terminus of Itrl on the degradation of Itrl and further investigate the effects of these
mutations on extracellular myo-inositol uptake and glucaric acid biosynthesis in budding yeast
cells. [Methods] Different genetic elements were fused by fusion PCR, and the obtained
fragments were then integrated on the S cerevisiae genome by homologous recombination to
construct engineered stains containing Itrl mutants and Itrl and GFP (green fluorescent protein,
GFP) fusion protein, respectively. The membrane localization of the fusion protein was
visualized by fluorescence microscopy. The production of glucaric acid was quantified by
HPLC, RNA sequencing and qRT-PCR were employed to analyze changes in the intracellular
gene transcription levels. [Results] The C-terminal mutation weakened Itrl degradation. The
proportion of cells with complete Itr] membrane localization in the N-terminal mutant strain
increased in a short term of fermentation. The glucaric acid production and biomass of the
N-terminal mutant strain during shake flask fermentation significantly increased compared with
those of the control strain. Furthermore, the N-terminal mutant strain presented up-regulated
expression of inol and inml and down-regulated expression of pisl, which increased the
accumulation of intracellular myo-inositol and facilitated the flow of myo-inositol to glucaric
acid synthesis. On this basis, the fermentation conditions were optimized, after which the
glucaric acid titer reached 3.30 g/L, 95.3% higher than that of the control strain. [Conclusion]
This study confirmed the weakening effect of the C-terminal mutation on the degradation of Itrl
and discovered that the N-terminal mutation increased glucaric acid production. The findings
lay a theoretical foundation for further improving myo-inositol utilization and glucaric acid
production.

Keywords: Saccharomyces cerevisiae; glucaric acid; myo-inositol; myo-inositol transporter;
fluorescence localization
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Hi %G HE IR (glucaric acid, GA)J&—Fl H &
R KRR AR, TEEM . B,
R T EGUA BTz AN, BaT, w4
TR R AT AW ] DIAE R AR TR AW
AR, B 5 EE R BAITY, A
WS IR Va4 T 97 S ) A OV A L A R
B 5 ] BB VA F 51 26 Ay < I EL {8 A9 A 0 e ol
i (top value added chemicals from biomass)Z
— U TR 2024 AR BRI T KL
4.4 {2308,

RIRAFAE I ) s R & T ARG, AR A
M, IS AREWE LTI SEPRTT R . I AT
B AR R Tk A F . T
b, Ak Al AR A T A R Y
B, AR A R A T Rl A R A A
RSB, XA TR AR RAR, TR A,
FEEALE Y 2,2,6,6-tetramethyl-1-piperidinyloxy
(TEMPO) &I S5z H1, %M Rtk
AR TR, BANETE T e BEEAR, faE
B S U2 A R P PR R ST
BN Z RFE R G, R IR K
G A R Ay T B W L. 7E 2009 4,
Moon 2 E K7 A1 5 (Escherichia coli) Hh#4
TR R EY A RER S, L
KN ¥ B8RRI B 2R 32 0 AR AR 2 FH T4
AN R G BGERE . fExX s,
i fi 48 B (myo-inositol oxygenase, Miox) I
P2 it = i (uronate dehydrogenase, Udh)# & i 24
3 A28 v ) O B A 1 TS 497 JULIBE (myo-inositol,
M)A BT A0 R, LS 4 e 32 A Ak UL
B A A T IR, TR TR 1R 00 T A o 2 b
PR L 2 B IR (1 1), FLLESE X LB 4
BEEAT OGS, 2016 4, Gupta ZMd A T
SR T4l F S+ (Arabidopsis thaliana)f) Miox Al
SRVETF T F R U 5§ (Pseudomonas syringae)ft

Udh 7 i % (Saccharomyces cerevisiae) 114
T HEE R A G GRS, % TR
I R E 5N 1.60 g/L, Marques 251
18 2L F 08 TR JE JE TR TR (Talaromyces marneffel)
SRR Miox TERRI R A | A0 IR
sAR, AR R AR T 1.85 g/L.
Chen Z£"M4 A thaliana 5 ) Miox £l P. syringae
SRR ) Udh 22 4 1 R FEEE 1) delta v A EE T
Wk Bga-3, 7E 5 L & EHE rh A A IR - it ik
# 6.0 g/L, AR, AU E LG40
KB TR s o AR W A M T J7 (microbial
cell viability, MCV)J& Tk i A4 ¥ ad FE 1k RE A T
B ER R, Guo ZUhE 5 AL F T
T 240 B 75 i A DG A9 P 28 TBE e 5 W I8 (Lag 1) Ik
/U B P 7 PR 4R (reactive oxygen species, ROS)HY
FRER, 1T B8 o TR P B A I A MCV, 157
A RN A E] T 9.50 g/L. Zhao %7
Pk Bga-3 Hufili b il & w1 220 A A ek
i, R R RS T 15.6 g/L.
JULRE 2 PG e B i B R I, S 524
AR A2 S E A R A A il A
1) KBRS A0 o o R T B 240 B 2 S ) 2 i
FEARAFIUEE . —FhJE i i LI 5% iz 25 5 AL A1
BOLEE, 55— 2diiE st 2 ik A
By G IR o A BB 200 6 mp LI o 48 28 0% -6 -1
1% 22 N 5 P LT - 1 - R 5 J W (Inoo 1) 1 JULBE B
BifREE(Inm1/2, Inml #& F2AE )AL G Y
(Bl 1) BRI EERE P AAAE 2 FILRE SR s 8 Ttrd
M Itr2, Ttel ZENUEES 2 ot R BAE A, X LR
BAGEMI; 12 22— WIBECRE A 5% s
EH. AR, NUBES i & A I koK
BRIk 2 BB, IF FLAE X EOH i 25
Pl PSS e i A R 0T, R K i B R T4
TR LR ] ML N B 5% . #E— DR RO, X
B R RNz AR A O A
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TIRIYE R S AE M LR, L
W B 2 R R T W S A A P AR SR ) 4 4 -6
BERRM®, WTIT S BOH A ) A A — MR e A%
EHAR F3—T5E, WIEERIHBA% (35 I I0/)EH
AR R (A RN (1-3 J1oT/ke)IRARZ , AL
mES A IR R AR S T, i, 8
DI SR e B AR M e iz Mg S ML ) E

ASHIF 5T LAR A Y e A W R A R Ak
Bga-3 oy i & Bk, X ILRERE i S Tl B A
PLREATOTIE, BExhZEE A T RERYEZ AL AL
PEATRRAE, R R, R5 Il EH
TENUEEF T 4600 T IR R B UK, B
P B AR R I LB s R, IR T
WA RS L

® 1 KWK A ERFI R

1A

1.1 #&
AHIFSE BT P MR AR L2 1,
1.2 EFHFE

VAR I3 10 5 e (0 FHT I R IR oy iy 2
1% 57 & (yeast extract peptone dextrose medium,
YPD)., RIGHEREFEM LB Kigekk, DL RS
G225 SCHR[19LEA TR . G418 HLIE i e 7E
YPD 535 Bt R INZ B2 200.0 pg/mL (1) G418
TR, ISR ARl R SR A A s
l—sE R UEE 0.1 mol/L SfkEE . MEDEO
R TR P B3-Sl (5 A FUBE BRI YPD B
TR A FIRE i YPD B T

Table 1  Strains and plasmids used in this study

Strain and plasmid Characteristic Source

Strain
IM109 For plasmid construction Lab preserved
BY4741 opil4 MATa, his341, leu240, met1540, ura340, opi 140 Lab preserved
Bga-3 BY4741 opi41l carrying miox4, udh and his3 Lab preserved
Bga-3-itrl4 Bga-3::leu2, itrl4 This study
Pigna-Itrl Bga-3::leu2::Pyns-itrl This study
Itr1-N Bga-3::leu2::Pyps-itr1-N::ura3 This study
Itr1-C Bga-3::leu2::Pyns-itr1-C::ura3 This study
Itr1-NC Bga-3::leu2::Pyns-itr1-NC::ura3 This study
Pga1-GFP-1 Bga-3::leu2::kanMX-Pgq1-gfp-itr 1::ura3 This study
Pga1-GFP-N Bga-3::leu2::kanMX-Pgq1-gfp-itr 1-N::ura3 This study
Pyai1-GFP-C Bga-3::leu2::kanMX-P gy ;-gfp-itr1-C::ura3 This study
Pya11-GFP-NC Bga-3::leu2::kanMX-Pyq1-gfp-itr 1-NC::ura3 This study
I-GFP Bga-3::leu2::Pyps-itr 1-gfp::kanMX This study
N-GFP Bga-3::leu2::Pyps-itr 1-N-gfp: :kanMX This study
C-GFP Bga-3::leu2::Pyps-itr 1-C-gfp::kanMX This study
NC-GFP Bga-3::leu2::Pyps-itr 1-NC-gfp::kanM X This study

Plasmid
pHACI181 E. coli and S cerevisiae shuttle plasmid, Amp, leu2 Lab preserved
pGFP33 E. coli and S cerevisiae shuttle plasmid, Amp, ura3, gfp Lab preserved
pRS316 E. coli and S cerevisiae shuttle plasmid, Amp, ura3 Lab preserved

p414-Cas9-KanMX
pFA6a-Pyy1-GFP

Cas9 protein expression plasmid, Amp®, kanMX
GFP expression plasmid, Amp®, kanMX

Lab preserved

Lab preserved
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SD-LEU #I SD-URA }iFREEMIBL TR : 0.17% 02
FERRIE LR, 2% HAgHE, 0.5%mIREL, 1xA %
S PR B R W E B S SRR A T i A%
FREEHIMA 2%3585 o
1.3 FERX TR

AHIEFE TR 5190 b 95 4 MR A R A
PR RIS GER 2).

DNA R4 . [7] 5 5 41 i A1 HiScript 1T RT
SuperMix for qPCR i &5, e mt i Ml e AL P )

*®2 AMRAASIMER

Table 2 Primer information used in this study

B A BR A ] ; DNA - g4k Al sks $2 Bt 5]
&, A TAY TR B A R E ;2
TRERUE N, Sigma 23] 5 JUEEARE S, Solarbio
/NH) s Ultra-Pure RNA Kit. Ultra SYBR Mixture
R &, B2 L YRR R A R w o BEA
PHAL, SEARTEA ] BERBARAL . SEm 2 E
it PCR 1Y, Bio-Rad /> 1) ; Z I REREHR X , Bio-Tek
] ORI, JERRA 5 w0 @Y,
LR A H]

Primer name Sequence (5'—3")

LEU-F AGGTCGCCGCGCATATAC

LEU-R GAGAAGAACGGCATAGTGCGTG

URA-F TACAGGCAAGCGATCCGTC

URA-R CCATCGCCCTGATAGACGG

418-F GACATGGAGGCCCAGAATACC

418-R CAGTATAGCGACCAGCATTCACAT

GFP-F ATGTCTTTAATTAACAGTAAAGGAGAAGAACTTTTCAC

GFP-R TTTGTATAGTTCATCCATGCCATGTGTAATC

PTDH3-F CTATTTTCGAGGACCTTGTCACCTTGAG

PTDH3-R TTTGTTTGTTTATGTGTGTTTATTCGAAACTAAGTTC

IC3-F ATGGGAATACACATACCATATCTCACG

G8-F TTGAAATATGAACCAACTCAAGAGATTATAGAGGATATA

8G-F CAGTATAGCGACCAGCATTCACATAC

GALI1-F CGCTTAACTGCTCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAG
GALI-R TAAAGACATTTTGAGATCCGGGTTTTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAAT
1G-F TACACATGGCATGGATGAACTATACAAAATGGGAATACACATACCATATCTCACG
81-R CGAGGTCGACGGTATCGATAAGCTTGAATTCCTATATATCCTCTATAATCTCTTGAGTTGGTTCATATTTCAA
Y-ICU-F AGGTTTTGGATGCAGGTATCAGAAC

Y-ICU-R GGTAGGCATCTCATCTCATCCCAG

Y-CGFP-F1 =~ GCTACAAACTGGGCTGGTTC

Y-CGFP-R1 GCACGTTCCTTATATGTAGCTTTCGAC

Y-NGFP-R  TCGAGATCAGCGCACTGG

INO1-F AGGAAGGCGTTAAGCAACCA

INO1-R CACCAAGGACATCTTCGCCT

INMI1-F ATCCAAGTCCGGCACTCAAA

INM1-R GAGCCCAAGAGAGGTACAGC

PIS1-F CTACTGGATGCGCTAGACGG

PIS1-R AACACATCAAGCCAGCGGTA

ALGY-F GTAGGTGCCACCAGACACTC

ALGY9-R CAGGAGCAAGCTTCCCGTAA

R R

Underline is the homologous arm.
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14 BEREMNWE

SLEARY itrd R A BRI A s DA R A
Fl LEU2 #3iC, A pHAC181 ki ik , LEU-F
M LEU-R Ry 519, ¥ 3415 2z bn i i 2L A leu2,
i PR T R S R 4 PR AR, PTDH3-F Al
PTDH3-R H 5149, ¥ 3155 Puns F B2, IF451%
Bt leu2 F B TRElA PCR 153 leu2-Pygns
A R B, AR R B I R] R Xo) B A 7
itrl S TR, TEMBRI RIS Pans fE N 22
OISR AR itrd (93 30T, PCR UM AA
Z(50 puL): 2xPhanta Max Master Mix (Dye Plus)
25 uL, k. FHF5I¥(10 umol/L)4% 1 pL, DNA
(50-200 ng/uL) 0.5-2.0 uL, ddH,O #ME 50 uL.
PCR JZ W £51F: 95°C 3 min; 95°C 155, 55°C
155,72 °C 0.5-2.5 min, 30 ~¥F; 72 °C 5 min.

RAFR KPR itrl A A R Boi g, 12
RO C R Al 55 ) 28 1 R 2 PR Bk AL 4
HFBURYE Az R, XTS5 5
FATRGR Kk T SR BT B AR I, T A o 2
PR 5 L 5 AR Ik 2 BR 5k AL J AT LA BHLIB X A4 5,
HRYIEAARRERZ Y, L 21 UniProt
BARPERE Ttrl 2519 N 3#(1-243 bp, K11R, K38R,
K41R, K64R)HI C (1 594—1 755 bp, K547R,
K553R, K556R, K560R, K561R, 563R, K573R)H
LN F 9 SR s R o, EEXTIX 2 AN/ B
) BT A 81 A R AR BE BT PR S AR I AL, i
MRS 7E KE AR, HARWEEF IR, &It
B 578 1 B ol M e MER A BB A BR A
AT . AR AR R BR il G PCR 43
AR N 5R A8 . C hRAE . NC PR A8 1Y
Itrl S PSEE)F S, LAk, LA pGFP33 itk
B 3 Toyer HBE, LA pRS316 JFk AR
WL ura3, HELfAES PCR 1985 A KR
itr1-Teyer-ura3 B, LR B iy itrl frBeld
BT EERE BY 4741 opila R4 AR 153 .

T GFP #4 FBnyky st : L GFP Afnicts
7 Ttel 8 1 R AR R R B WL o ik, X
TRz TS B A 0 41 E 7
e ke R A 5T L pGFP33 JikE
JREMR Y GFP (WL FBL, DL p414-Cas9-
KanMX J5t KL f 155 Al 47 35 3 [ kanMX, DA
pFA6a-Pgy1-GFP Tk AR 1 Pgay Ho B, LU
Bt El S PCR 153 gfp-kanMX .,
kanMX-Pga1-gfp F B2, A TIREREAE S .
1.5 EHEMRMEE

i 3 [ 5 B 2 Y Oy KR AT EE A AR
L OB R TR Y leu2-Pogns A BUR AL B B bk
Bga-3 H T RkBR itrl, 78 SD-LEU [E{A R 35 4k
| PRBU# AL T 3E4T PCR B&IF(PCR W AR 22 FiI
AW 1.4), FOWIERNZRR itrl habk, BP
53] Bga-3-itrld,

g3 A 10 R Mk Bga-3-itrla Hh B4k 4 F
itrl-Tee-ura3 F B (& ERE R BE), WA
SD-URA [E &K 5L, BREU LT 1T PCR 55
WE, S IER S A TIN R IR UE, I )F E A A i
T B2 S HE AR Pane-Itrl . Itrl-N | Ttrl-C.
Itr1-NC,

M AR Pung-Itrl . Itrl1-N. Itr1-C. Itr1-NC
H o5 4L gfp-kanMX Fil kanMX-P gy 1-gfp B4
FBC, TRAT GAL18 AR IR 5 PR b+ i1 7
PCR 35 iiE, B itk tE 8 i B 4351 ) BRI P Pgara-GFP-I,
Pya1-GFP-N | Pga1-GFP-C | Pga1-GFP-NC | I-GFP
N-GFP. C-GFP 1 NC-GFP,
1.6 ZREBRAUE

W AR 772 3 IS LI TRIBR Pgaii-GFP-1,
Pga1-GFP-N | Pgay1-GFP-C , Pg1-GFP-NC. I-GFP |
N-GFP. C-GFP. NC-GFP #Fp & 1A& YPD &
FRFer 30 °C, 250 r/min 4514 F 5535 0% 5
LR EERAR YPD $5 57 5 v (o 48 W e 2L
IR, AR Z5AF T 5557 6 h JS ¥ 60 mmol/L
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(10.8 /L) WUBEIE W (LA = LA S B A8 1Y) 35 o ik
Hh ) I TS 2% ) A AR K 20 R
2 )5 Bk —E BB BURE 100 pL, 5 000 r/min &
O 5 min J5 BTERBSE Y5806 R, Ed 2
A SR D 7 1E LI T A T AR T4
1.7 FHREANF

PRI A8 35 3 F TG IL B B FE Pins-Ttr1 F
Itr]1-N 5570 T 2xYPD }55: 3, 30 °C. 250 r/min
BRI S VE R, FELL 7.5% Rl i e
RS FRH AR IR ZXH0H12 h)J5 5 000 r/min
B0 5 min R AR, WAV VRGPS SR AR Y
RNA $E BN 5% s 2Dy vh 70 M 46 R A U R4
AR ESE R
1.8 XLRIRHNEE PCR

Fie 1.7 JriRsEFRans, anIreREgRm 12,
24 36, 48 h U &M A2 k5 2 I Ultra-Pure
RNA Kit fgUe B 45425 RNA, 2B HiScript 111
RT SuperMix for qPCR iR & U435, L RNA
FREAR L A R cDNA, 153 cDNA 5 A4
iR 774 Ultra SYBR Mixture #1568 45 B il 52 b 44
Z(10 pL): 2xUltra SYBR Mixture 5 pL, 5|4¥)
INO1-F/INOI1-R , INM1-F/INM1-R , PIS1-F/PIS1-R
ALG9-F/ALG9-R (10 pmol/L)#% 0.2 pL, cDNA
(5 ng/uL) 1 pL, RNase-free water #ME 10 uL,
PCR JZ W 41 : 95 °C 10 min; 95 °C 15 s, 60 °C
1 min, 40 ME; Z AT M. 8@
R R AR RN S M H B CHE,
X LB L R E A 27 ko R R Y B st kP ik
FiAExE R DL alg9 WS, AR E
DALEE 3 AR EES . TSI L 2.
1.9 &®7H*

P R 2H TR R 1 FRA VRIS L TE YPD [ A
FrHE 1,48 h J5 PRHGE it AR LA 22645 30 mL
YPD f# 100 mL #EJE)fH, 30 °C. 250 r/min 557
W, RIS 50 mL YPD 9 250 mL 4

TR, TR In & i 24 60 mmol/L (10.8 g/L)
FILEE, 30 °C. 250 r/min F 5514 F AT KB .
1€ 24 h F1 48 h 435NN 5 o/L (FIZRE, 48 12h
5 24 h BUREAG I ODgoo S ARSI (R HE JEE .
1.10 KIS EHNE

PRUERE G I UE RS A0 PR B — 2 Jo o 1) A
PR IRBR . UREAREERS TRAK T, ERFIA
WREER 20 g/L MIBRUEMIR I, AT —20 °Co&AF
T, HAREREREER 1 g/L, £ 0.22 um JEH
Uk e

FE AT B 1 K RERT 12 000 r/min
SR L0 10 min, AFPIRIBGE & HIFYH 10 mmol/L
H,SO, ¥ Wi Ff 3—4 4% J5 F 12 000 r/min 5% 5 55
O 5 min {82, A 1 mL 3SR BGE B2
0.22 pm P8 RSk U8 IS A AE 4317

HPLC 43#7r %44 JshHHA 5 mmol/L H,SO,4
VW, (3% HE N Bio-Rad HPX-87H, AL 10 uL,
Pk 0.6 mL/min, A1 50 °C, i /R 22 K60 4%
HEATASIN

2 HERE4M

21 EBERBHWHWEZZER

T AR URE R 2 B Ttrl (9 N 3 A C i
A BEYZ EAA R AR R K HL Y GFP MRl & &
M1, (RS RREAE Li i Bga-3 WK AN
[ A5 v By, R [R) 05 2 20 7 s B el v i T
G R L R TR S B BRI T S
T AT [ 5 R A BT P A R 5 R B h R AL
— AN ERRC , 43 9 LEU2 \URA3 il KanMX,,
T 55 B LR pHAC181 . pRS316 . p414-Cas9-
KanMX AP 8 Eidbric LR A B, [H
B, DABUR. pGFP33 MELAR Y 3% GFP & 1 13
K350 F Je ghmn A (K 2A).

FELAN A B itrd () N 55 A1 C 5 5848 )
JNF BRI s ) itr L (A R 2 AR TR Ay A
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Figure 2 Amplification of genomic integration fragments. A: Fragments of leu2, ura3, kanMX, and gfp. B:
itr1-Teycr-ura3 fragments with N-terminal mutation, C-terminal mutation, and NC two-terminal mutation
were obtained sequentially. C: The fusion fragments |€uU2-Pygna, itr1-Teyci-ura3 without mutation, gfp-kanMX,
and kanMX-Pga1-gfp were obtained sequentially. M: DNA marker; 1-4: Amplification or fusion fragment
number.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4438 (YIS Gk Microbiol. China

P P
— ) — ) — i Q_ .

P

b P’< G
_im_ P -P - Coitrl —‘ - e Neitrde ™ -Fﬂ_;\/\h

P
“p B 1T — ik aj_lx— Wy — - ura3
a— — - NG , - NGeitedows. 12073

1dh3

INC-itrd - uras
1.4

4 4
_P,:,,,j' _ > T o L [p—, — —: it ity — TR )—
_Pus — o MR, Peu @B Neitrl ,— - M kanMX = —
LTI v ura3 TGN _p“”ﬂ_‘_“‘;V_ —PW o Cnitred ‘— kanMX S —
P NGt ., — RN Pt B0 G ,— E"W i NCeitred. ‘— kanMX = —

3 EEEMMEREE  A:leu2-Pus Al G F BRI itrl-Toe-ural Fr B4 TR, B : kanMX-Pgqy1-gfp
FE  BERRA R mG . C . gfp-kanMX il - BE A B 4 g
Figure 3 Schematic diagram of recombinant strain construction. A: Integration strategy of |eu2-Pn3 fusion

fragments and different itrl-Teyi-ura3 fragments. B: Integration strategy of kanMX-Pgqi1-gfp fusion
fragments. C: Integration strategy of gfp-kanMX fusion fragments.

A M1 2 34 5 B M1 23 4 5 Cu

5 000
3 000

1 500
1 000

5000
3000

1500
1 000

4 iéﬂfﬁﬁkﬂ’ﬂﬁﬁ A:itrl EARIE. B: kanMX-Pga1-gfp A BEE A KAIE. C: gfp-kanMX 7 BrE 4]
BiiE. M: DNA marker; 1: BAPEXTRR; 2-5: ARUCHTERAE . N unsas . C uiges . NC Wi 58 28 TR bk i 52
MUk

Figure 4 Validation of recombinant strains. A: Verification of itrl gene recombination. B: Reconstitution
validation of kanMX-Pgq1-gfp fragments. C: Reconstitution validation of gfp-kanMX fragments. M: DNA

marker; 1: Negative control; 2-5: Validation of recombination of strains with no mutation, N-terminal
mutation, C-terminal mutation, and NC two-terminal mutation in turn.
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Observation on fluorescence localization of galactose induced strains. DIC: Differential
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Figure 6 Proportion of cells with intact distribution of fusion proteins on the membrane. A: Mutant free
strain. B: N-terminal mutant strain. C: C-terminal mutant strain. D: NC two-terminal mutant strain. DIC:
Differential interference contrast.
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Figure 7 Shake flask fermentation of recombinant strains. A: Glucaric acid production. B: Myo-inositol
consumption. C: Ethanol and glucose consumption. D: Bacterial growth.
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Figure 8 Effect of cell growth period on myo-inositol consumption. A: Proportion of cells with intact
distribution of fusion proteins on the membrane. B: Consumption after myo-inositol addition at different time

points.
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Figure 9 Analysis of the differentially expressed genes. A: Differential gene expression volcano map. B:
GO enrichment results.
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Figure 10 Relative expression levels of genes
involved in myo-inositol metabolism. A: Relative
expression level of the inol gene. B: Relative

expression level of the inml gene. C: Relative
expression level of the pisl gene.
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Shake flask fermentation under different initial sugar concentrations. A: Production of glucaric acid

and consumption of exogenous Myo-inositol. B: Bacterial growth.
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Figure 12 Shake flask fermentation under different myo-inositol concentrations. A: Production of GA and
consumption of exogenous myo-inositol. B: Bacterial growth.
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Figure 13 Shake flask fermentation under different inoculation concentrations. A: Production of GA and
consumption of exogenous myo-inositol. B: Bacterial growth.
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Figure 14 Shake flask fermentation at different temperatures. A: Production of GA and consumption of
exogenous Myo-inositol. B: Bacterial growth.
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Figure 15 Shake flask fermentation at different initial pH. A: Production of GA and consumption of
exogenous Myo-inositol. B: Bacterial growth.
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Table 3  Five factors and four levels

Level A: Glucose (g/L) B: myo-inositol C: Inoculum D: Temperature (°C) E: Initial pH
(mmol/L) proportion (%)

1 20 45 2.5 24 5.5

2 30 60 5.0 27 6.0

3 40 75 7.5 30 6.5

4 50 90 10.0 33 7.0

x4 EXAEFHRER

Table 4 Orthogonal experimental conditions and results

Item A B C D E Titer (g/L)

1 1 1 1 1 1 2.63

2 1 2 2 2 2 3.03

3 1 3 3 3 3 2.35

4 1 4 4 4 4 1.37

5 2 1 2 3 4 2.59

6 2 2 1 4 3 1.24

7 2 3 4 1 2 2.62

8 2 4 3 2 1 2.62

9 3 1 3 4 2 1.42

10 3 2 4 3 1 1.48

11 3 3 1 2 4 2.29

12 3 4 2 1 3 2.57

13 4 1 4 2 3 3.23

14 4 2 3 1 4 3.15

15 4 3 2 4 1 1.09

16 4 4 1 3 2 2.29

k; 2.345 2.467 5 2.1125 2.742° 5 1.955

ky 2.2675 2.225 2.32 2.792°5 2.34

ks 1.94 2.087 5 2.385 2.1775 2.3475

Kk, 2.44 22125 2.175 1.28 2.35

R 0.5 0.38 0.272°5 1.5125 0.395
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