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Construction of a glucaric acid biosensor for screening
myo-inositol oxygenase variants
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Abstract: Glucaric acid (GA), atop value-added chemical from biomass, has been widely used for prevention and control of
diseases and the production of polymer materials. In GA biosynthesis pathway, the conversion of inositol to glucuronic acid
that catalyzed by myo-inositol oxygenase is the limiting step. It is necessary to improve MIOX activity. In the present study,
we constructed a high-throughput screening system through combing the concentration of GA with the green fluorescent
protein fluorescence intensity. By applying this screening system, three positive variants (K59V/R60A, R171S and D276A)
were screened from the mutant library. In comparison, the recombinant strain Escherichia coli BL21(DE3)/MU-R171S
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accumulated more GA, 136.5% of that of the parent strain.

Keywords. glucaric acid, Myo-inositol oxygenase, biosensor, high-throughput screening
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Table1l Plasmidsand strainsused in thisstudy
Name Description Source
Plasmids
pHTC-gfp pHTC derivate with gene gfp following P43 [44]
pUC57-mM pUC57 carrying codon-optimized MIOX from mouse, Ap’ [10]
pRSFDuet-1 Carrying gene gfp driving by .
pRSFDuet-gudP-gfp gudP promoter This study
5 i pRSFDuet-1 Carrying gene gfp driving by .
PRSFDuet-Pgfp-cdaR gudP promoter and coding sequence of cdaR This study
pETDuet-mM-U pETDuet ; carrying gene mMIOX and udh This study
Strains
. E. coli BL21 (DE3) derivate, harboring .
E. coli BL21 (DE3)/pRSFDuet-1 plasmid pRSEDuet-1 This study
. g E. coli BL21 (DE3) derivate, harboring .
E. coli BL21 (DE3)/gudP-gfp SR [ 2SO e This study
. E. coli BL21 (DE3) derivate, harboring .
E. coli BL21 (DE3)/Pgfp-cdaR plasmid pRSFDuet-Pgfp-cdaR This study
. E. coli BL21 (DES3) derivate, harboring .
=, e e (P9 d g Eee il plasmid pRSFDuet-Pgfp-cdaR and pETDuet-mM-U ISENDR
E. coli BL21 (DE3)IMU E. coli BL21 (DE3) derivate, harboring i

plasmid pETDuet-mM-U
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11.2 cdaR gudP-F  gudP-R
PrimerSTAR Max DNA DNA marker gudP pHTC-gfp ofp-F
Solution | E. coli Competent Cell Preparation Kit ofp-R ofp gudP
TaKaRa ( ) 2xTaq PCR Master Mix ofp PCR gudP-gfp
Sel Scal
GeneJET Gel Extraction Kit GeneJET PCR pRSFDuet-1
Purification Kit Thermo Fisher Scientific pRSFDuet-gudP- gfp
PCR ( 2) PstI Xhol cdaR
SanPrep pRSFDuet-gudP-gfp
Sangon PCR Agilent pRSFDuet-Pgfp-cdaR
Technologies Pseudomonas putida K T2440
Sigma-Aldrich DNA Udh-F/R
udh
1.1.3 Ndel Kpnl
LB (g/L) 10 5 PETDuet-1 pETDuet-U
10 2% pUC57-mM MIOX-F/R
1.2 HE MIOX
121 Ncol Hind III
E. coli MG1655 PETDuet-U
p23119-CdaR-F/R P23119 pPETDuet-mM-U

xk2 EMRGFASIMFS
Table2 Primersused in thisstudy

Primers Sequences (5'-3)
p23119-CdaR-F TGCACTGCAGTTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGCGGATCCAAGGAGG
AAAAAAAATGGCTGGCTGGCATCTTGATA
p23119-CdaR-R CCGCTCGAGCTACCGCTCTTCATCCAGTTGTA
gudP-F CGGACTAGTATGCTGTTGATTGACGCCAGTG
gudP-R TGTTGCACTCCTGAAAATTCGC
ofp-F GCGAATTTTCAGGAGTGCAACAATGGGTAAGGGAGAAGAACTTTT
ofp-R AAAAGTACTTTATTTGTATAGTTCATCCATGCCA
MIOX-F CATGCCATGGGCATGAAGGTCGACGTAGGTCCAGATC
MIOX-R CCCAAGCTTTTACCAGGACAGAGTGCCAGGG
Udh-F GGGAATTCCATATGATGACCACTACCCCCTTCAATCGC
Udh-R CGGGGTACCTTAGTTGAACGGGCCGGCCAC
Mut-MI1OX-F AAGAAGGAGATATACCATGGGCATG
Mut-MIOX-R TTATGCGGCCGCAAGCTTTTA
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1.2.2 E.coli
E. coli E. coli Competent Cell
Preparation Kit (TaKaRa )
1.2.3 MIOX
pUC57-mM
Mut-MIOX-F/R  mMIOX PCR
Nco [ Hind III
PETDuet-U E. coli BL21 (DE3)/
Pgfp-cdaR
200 uL LB 96
E. coli BL21 (DE3)/Pgfp-cdaR-MU
37 C 220 r/min 10%
(VIV) IPTG 96 LB
12 h
124 MIOX
MIOX
MIOX
MIOX 1 min 1 nmol/L
(5000 r/min 4 C 5min) Tris-Cl
(10 mmol/L pH 8.0) 2
1.0 mm FastPrep-24
100 L 1.5 mL
EP 900 pL 30 C
1lh 100 uL  30%
1 mL
2 mL
15 min
670 nm

4 8 12 16 20 24 mg/L
( 10 mL

& 010-64807509

40 mg
1 mL

5.4 mg FeCls)
2 mL
15min
670 nm
X 670 nm

MIOX

50 mmol/L Tris-HCI (pH 8.0)
2 mmol/L L- 1 mmol/L Fe(NH4)2(SO,)-
10 g/L

125

0.1 mol/L
lglL 0.1 mol/L
0.8 0.6
04 02 01g/L
Affi-Gel 1mL
5 min 0.9 mL
2mL EP

0.1 mL 1 mol/L 50 mg Affi-Gel

5 20 min ( )
5000 r/min 1 mL 80 mmol/L

-20 mmol/L (pH 7.0)

( 3)

12 000 r/min

5min

0.375mL
0.1 mol/L HCI 2
15mL EP 1 mol/L NaOH
(75 pL) 0.9 mL

(75uL)
0.22 pm
(8]
HPLC
Aminex HPX-87H (
0.5 mL/min 55 C
(210 nm)

5 mmol/L
Bio-Rad)
10 uL
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10 SDS-PAGE 73# MIOX HIZRIA
Fig. 10 SDS-PAGE assay for the expression of MIOX. 1:
negative control, E. coli BL21 (DE3)/Pgfp-cdaR cell lysis
supernatant; 2: positive control, E. coli BL21 (DE3)/Pgfp-
cdaR-MU cell lysis supernatant; 3: E. coli BL21
(DE3)/Pgfp-cdaR-MU-K59V/R60A cell lysis supernatant;
4: E. coli BL21 (DE3)/Pgfp- cdaR-MU-K70E cell lysis
supernatant; 5: E. coli BL21 (DE3)/Pgfp-cdaR-MU-R171S
cell lysis supernatant; 6: E. coli BL21 (DE3)/Pgfp-cdaR-
MU-Q80V cell lysis supernatant; 7: E. coli BL21
(DE3)/Pgfp-cdaR-MU-N205F cdl lysis supernatant; 8: E. coli
BL21 (DE3)/Pgfp-cdaR-MU-P269E cell lysis supernatant;
9: E. coli BL21 (DE3)/Pgfp-cdaR- MU-D276A cell lysis
supernatant.
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