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Influence of the expression of cis,cis-muconate isomerase mutant on aromatic
compounds metabolism

SONOKI, TOMONORI
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Aiming molecular breeding of a muconate-producing bacterial strain, RNA-seq
analyses of the strain expressing a mutated-ccMA cycloisoomerase that accumulates muconate from
benzoate in a temperature-dependent manner were conducted. It was expected that PP_0036 and PP_4349,

which are considered to be essential genes, are involved in the phenotype of temperature-dependent
growth on benzoate. In addition, a gene, nudH, whose deduced amino acid sequence shows high identity
with that of RNA pyrophosphohydrolase from Escherichia coli, was identified as a

dimethylal lylpyrophophate phosphorylase. The expression of nudH improved ccMA productivity of the
engineered Pseudomonas putida KT2440-based strain. It is suggested that the supply of

dimethylal lylmonophosphate, a substrate for synthesizing prenylated flavin mononucleotide that is a
critical cofactor for protocatechate decarboxylation, a rate-limiting step in ccMA production was
increased by means of the expression of nudH.
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CatB-mut ccMA
5’-CATGATTACGCGGCCTTAAAGAGGAGAAATTAACTATGACAAGCGTGCTGATTG-3
5-TCT GGTACCGCGGCCTTCACGTGGAACAACATGG-3’

Error-prone PCR catB 1.2 kbp DNA pTS093
(pJB8B66-derivative, Pia, TC") , catB Error-prone
PCR Diversify™ PCR Random Mutagenesis Kit (TaKaRa Bio Co.) ,
1, 000 bp 2.0bp 2.7 bp PCR catB
IDPC  (KT240-derivative, pcaHG::Gm, catB::Km, Gm', Km")
(Nal) 25 mg/L, (Gm) 50 mg/L, (Km) 25
mg/L, (Tc) 20 mg/L LB
LB ( ) , 30°C
0.9% NaCl 100 pL , 10 mM (BA)
10 mM (Glc) MM (34.2 g/L NaxHPO4 12H,0, 6.0 g/L
KH2POy4, 1.0 g/L NaCl, 2.0 g/L NH4Cl, MgSO4- 7H20, 14.7 mg/L CaCl,-2H,0, 5.0 mg/L FeSO4 7H.0
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(pTS103 catB catB-mut )

pTS093, pTS095 (pTS093-derivative expressing catB-wt, Tc"), pTS103, pUC118, pTS104
(pUS118-derivative expressing catB-wt, Amp"), pTS105 (pUC118-derivative expressing catB-mut,

Amp") , E. coli IM109 JM109/pTS093  , IM109/pTS095
JM109/pTS103 Tc15mg/L ,JIM109/pUC118 ,IM109/pTS104 , IM109/pTS105
(Amp) 50 mg/L LB 10 mL , 30°C
1 mM lIsopropyl-p-D-thiogalactopyr- anoside LB
10mL 100 pL , ODe00=0.8 30°C MM
, 1 mM ccMA MM 1mL , 25°C 30°C
(2) RNA-seq

IDPC/pTS093 |, IDPC/pTS095 , IDPC/pTS103 Nal 25 mg/L, Gm 50 mg/L, Km 25 mg/L, Tc

20 mg/L LB 10 mL , 30°C

, LB 10 mL 100 pL (1%) ,



ODg0=0.4~0.5 30°C MM 2 , 10 mM BA

MM 1mL , 25°C, 30°C 32°C 15 SV
Total RNA Isolation System (Promega Corp.) total RNA , TURBO
DNA-free Kit (Invitrogen Corp.) DNA Total RNA
NANODROP 2000c (Thermo Fisher Scientific, Inc.) , Macrogen Japan Corp.
RNA-seq RNA-seq , PP0036, PP1550, PP4349, PP5701
, PP2121  vacl pTS103 NLPB

(KT2440-derivative, ApcaHG, AcatB), NLPB4APP1550::Km , NLPBAPP5701::Km ,
pTS192 (pTS103-derivative expressing PP2121, Tc"), pTS193 (pTS103-derivative expressing vacl,

Tc") NLPB Nal 25 mg/L, Tc 20 mg/L
, NLPBAPP1550::Km , NLPBAPP5701::Km
Nal Tc Km 25 mg/L (2
BA Glc
(3) Nudix hydrolase ccMA
pTS052 [pMCL200-dervative expressing aroY (a PCA decarboxylase) and kpdB (a flavin
prenyltransferase), Cm'] BW25113 , JW3002 (BW25113-derivative, AnudF::Km),

Jw1854 (BW25113-derivative, AnudB::Km), KP7600

, JD22191 (KP7600-derivative,
nudJ::Km), JD24022  (KP7600-derivative, nudF::Km)

(Cm) 10 mg/L ,JW3002 ,Jwi1854 ,JD22191

JD24022 Cm Km 25 mg/L

LB 5 mL ( ) , 30°C
1mM IPTG LB 10 mL  100-200 pL

, ODe0=0.8 30°C M9
, 1 mM PCA M9 1mL , 30°C, 180 rpm

pTS111 (pTS093-derivative expressing aroY and kpdB, Tc") NLPB ,
NLPBAPP0260::Km , NLPBAPP0565::Km , NLPBAPP1348::Km , NLPBAPP 4013::Km
NLPBAPP 4919::Km , NLPBAPP 5146::Km pTS173

(pT S111-derivative expressing PP4919 in addition to aroY and kpdB, Tc"), pTS174 (pTS111-derivative
expressing PP4013 in addition to aroY and kpdB, Tc'), pTS175 (pTS111-derivative expressing PP5146
in addition to aroY and kpdB, Tc"), pTS176 (pTS111-derivative expressing PP0260 in addition to aroY
and kpdB, Tc"), pTS177 (pTS111-derivative expressing PP1348 in addition to aroY and kpdB, Tc'),
pTS178 (pTS111-derivative expressing PP0565 in addition to aroY and kpdB, Tc")

NLPB Nal 25 mg/L, Tc 20 mg/L ,
Km 25 mg/L LB 10 mL (
) , 30°C , LB
10mL 200 puL , ODe00=0.8 30°C M9
2 , 1 mM PCA M9 1mL , 30°C
NLPB/pTS111 NLPB/pTS175 Nal 25 mg/L, Tc 20 mg/L, (Glc) 10 g/L

[6.0 g/L (NH4)2SO0s4, 3.9 g/L KH2PO4, 22.2 g/l NaxHPO4 12H,0, 2.9 g/L Yeast extract,
0.1 g/L MgSO« 7H20, 5.0 mg/L FeSO. 7H20, 10.8 mg/L MgO, 2.0 mg/L CaCQOs, 5.0 mg/L FeSOx
7H20, 1.4 mg/L ZnSO4 7H20, 1.1 mg/L MnSO4 5H,0, 0.3 mg/L CuSO. 5H,0, 0.3 mg/L CoSOx

7H20, 0.1 mg/L H3BO4] 5 mL , 30°C 5mL
45 mL ( Nal 25 mg/L, Tc 20 mg/L, Glc 10 g/L )
300 mL 30°C , 8 PCA ( 1L,
159gL 29/L)
(4)
ODswo , mini photo 518R (TAITEC corporation) B1O master (TOMY SEIKO Co.,
Ltd) ,Glc BF-5i ( ) ,BA,PCA, ccMA
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Eclipse Plus C18 ( 5 pm, 4.6 x 150 mm, Agilent Technologies, Inc.) ,
40°C . 1% 5% (A ) 1%
50% (B ) A
, 8 B 20% ,
5 B 100% 5
, 5 A 100% , 1.0
mL/min, 280 nm
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DMAP  MEP (2-C-methyl-D-erythritol 4-phosphate)
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, Nudix (Nucleoside diphosphate linked to some other moiety X) hydrolase dATP
pyrophosphohydrolase (NudB), ADP-ribose pyrophosphatase (NudF), ADP-ribose
diphosphatase (NudE), Pyrimidine (deoxy) nucleoside triphosphate pyrophosphohydrolase
(NudG), nucleotide hydrolase (NudH), predicted Nudix hydrolase (Nudl), Bifunctional
thiamin pyrimidine pyrophosphate hydrolase (NudJ), nucleoside triphosphate
pyrophosphohydrolase (MutT), predicted Nudix hydrolase (YfcD) DMAPP

, NudB, NudF, Nudl, NudJ , E. coli
BW25113 nudB (JW1854 ) nudF (JW3002 ) aroY kpdB
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NLPB/pTS175 PCA 0.13 g/L/h, ccMA 0.09 g/L/h
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