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Characterization of the enhanced protocatechuate decarboxylase and bio-based
muconic acid production

SONOKI, TOMONORI
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In this work, the mechanism of protocatechuate decarboxylation was
investigated to develop an efficient production of a platform chemical, cis,cis-muconic acid (ccMA).
The expression of KpdB, annotated as a 4-hydroxybenzoate decarboxylase subunit B, with
protocatechuate decarboxylase (Pdc) could enhance Pdc activity, and it was revealed that KpdB is a
flavin ﬁrenyltransferase and produces prenylated flavin mononucleotide as a cofactor of Pdc. By
using the enhanced Pdc activity, a new ccMA producing bacterial strain that can produce ccMA from
not only lignin model compounds but also rice straw lignin-derived aromatics was developed.

muconic acid protocatechuic acid decarboxylase bio-based monomer lignin
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1 P. putida
ccMA

ccMA

ccMA
(PA) @

Escherichia coli
XL-1Blue recAl endAl gyrA96 thi-1
hsdR17 supE44 relAl lac [F  proAB
lacIqZAM15 Tni0 (Tet)].
BW25113
A (araD-araB)567,A (rhaD-rhaB)
568,A lacz4787(: :rrnB-3),hsdR514, rp
h-1
ccMA JW2308 BW25113 derivative, ubiX::Km
Pseudomonas putida — Sphingobium sp. Pseudomonas putida
KT2440 ATCC47054
IDPC KT2440 derivative, A pcat
(Ca -CB ) -pcaG: :aacCl-gfp, catB::Km
PA
PA pTS039 pUC118 derivative expressing
(CL) 4-hydroxybenzoate consisting of kpdB,
ccMA kpdC and kpdD, Amp"
pTS036 a pMCL200 derivative expressing
pdc, Cm"
PA (Pdc) pTS052 pMCL200 derivative expressing pdc
Pdc and kpdB, Cm"
pdc pTS094 pJB866 derivative harboring
ccMA Plac,his-tagged vanA, vanB, pobA, catA,
pdc and kpdB, Tet"
Klebsiella pneumoniae subsp. pneumoniae pTS046 pUC118 derivative expressing kpadB,

Enterobacter cloacae Amp*
pTS106 pUC118 derivative expressing ubiX,

Amp*

K. pneumoniaesubsp. | (2) Pdc

pneumoniae A170-40 Pdc pTS039
Pdc E. coli

XL-1Blue/pTS036

Pdc 10 mg/L

Cm 50 mg/L

Pdc (Amp) LB 5 mL

30 °C

CCMA 10 mg/L Cm 50 mg/L Amp 1

mM 1PTG LB 10 mL
ODgoo 0.8 30°C




M9

1mM
PA M9 30
1h PA
CL HPLC (Agilent 1200 series,
Agilent Technologies Ltd)
(3) Pdc
pTS036 pTS052 E. coli
XL1-Blue
LB ODgye 0.8
30
10 mM (pH7.0)
5 mM Dithiothreitol (DTT)
10 mM (pH 7.0)
Bradford

Dye Reagent (Bio-Rad Laboratories 1Inc.)

1mg 5 mMDTT 30 mM PA 100
mM (pH 7.0) 1000
L Pdc
PA- CL HPLC CL
pH 100 mM
(pH 3.0-6.0) 100 mM
(6.0-8.0) 100
mM — (8.0-9.0)
900 pl 35 10
300 mM PA
100 pl
CL
pH pH
pH PA p-Hydroxybenzoic acid
(HBA) Gallic acid (GA) Vanillic acid

(VA) Syringic acid (SA) 3-0-methylgallic
acid (3MGA)

(4) ubiXx KpdB
JW2308/pTS036 + puC118 JW2308/pTS036
+pTS046 JW2308/pTS036+pTS106 10 mg/L Cm
50 mg/L Amp LB 5 mL
30 °C
10 mg/L Cm 50
mg/L Amp LB 10 mL
ODgyy 0.8 30°C
IPTG 1mM
30°C 3

M9
1 mM PA M9
30 1h
PA CL HPLC

BW25113/pUBC118 JW2308/puUC118 Jw2308/

pTS046 JW2308/pTS106 50 mg/L
Amp LB 5 mL 30°C
50 pL 50
mg/L Amp 1 mM IPTG LB
5mL 30°C  ODgp 1-0
10
100 p L 50 mg/L Amp
1mM IPTG 10 mL LB
30°C 180 rpm
ODggo OD-MonitorC&T (TAITEC
Co.)
(5) ccMA ccMA
P. putida KT2440 DNA

5 -ATGAATTCCTGATTCGTGCAGGGGTTAT-
3 5" -GCTTCACCTCAGAAGAGCTCGGGCATGCCGG
TTTCCTCTC-3

PCR protocatechuate 3
4-dioxygenase beta subunit (pcat)
1.2-kbp DNA
DNA EcoRlI Sacl
EcoRl  Sacl PEX18Amp
DNA (pVTS003) KT2440
DNA 5 -GAGCTCTT

CTGAGGTGAAGCTTGGG-3 5 -ATGGATCCTCCA
TCCTGTTCGTCATCAA-3
PCR
protocatechuate 3,4-dioxygenase alpha
subunit (pcat) 1.2-kbp
DNA DNA Sacl
BamHl Sacl  BamHl
pvTS003 DNA
(pVTS004) pPS858  Sacl
(Gm)
1.8-kbp  DNA Sacl
pvTS004 DNA
(pvTS007)  pVTS007
KT2440
(Nal) 25 mg/L Gm 50 mg/L LB

P putida

Nal Gm Nal 25 mg/
Gm 50 mg/L  10%(w/Vv) LB
30 16
Nal 25 mg/L
10% (w/v) LB
30 2
Nal 25mg/L Gm 50 mg/L
LB 30

Gm 50 mg/L

DNA PCR
pcaG
pcaH Gm
1.8-kbp  DNA
pcaHG
P. putidaPpY1100 DNA
5 -ACAAGCTTGCATGCCGATGCA
CACCATGCAGCAG-3’ 5 -CCGGGGATCCTCTAGA
CAGCTCTGTACCCCAGGTG-3



PCR cis,cis-

(catbB) 1.0-kbp  DNA
Pstl Xbal
pK19mobsacB DNA
cloning
(pTS073) puUC4K DNA  Sall
Km 1.2-kbp  DNA
Sall pTS073
DNA (pTS76) pTS076
pcaHG Nal 25
mg/L Gm 50 mg/L Km 25 mg/L LB

Infusion

Nal Gm Km Nal
25mg/L Gm50 mg/L Km25mg/L 10% (w/v)
LB 30
Nal 25 mg/L
Gm 50 mg/L Km 25 mg/L 10% (w/v)
LB 30
2
Nal 25 mg/L Gm 50 mg/L Km 25
mg/L LB 30

DNA PCR
DNA catB Km

pcaHG  catB
P. putida 1DPC

Pm Plac i 9
-
his-vanAd vanB pobA catA pdc kpdB
2 pTS094
pJB866 E.
coli lactose

(Plac) pQE30 Histidine tag
vanA (his-vanA) vanB pobA, pdc

kpdB catA ( 2 pTS094) pTS094
1DPC IDPC/pTS
094 20 mg/L (To)
25 mg/L Nal 50mg/L Gm 25mg/L Km 10 g/L
Glucose 50 mL (6.025 g/L

(NH,),S0,, 3.875 g/L KH,PO,, 22.1875 g/L
Na,HPO, 12H,0, 2.9 g/L yeast extract, 100
mg/L MgSO, 7H,0, 9.5mg/L FeSO, 7H,0, 0.75
mg/L Mg0O, 2.0 mg/L CaCO,, 1.44 mg/L ZnSQ,
7H,0, 1.12 mg/L MnSO, 5H,0, 0.25 mg/L
CusSO, 5H,0, 0.28 mg/L CoSO, 7H,0, 0.06 mg/L
H,BO,, 51.3 mg/L conc. HCI) 300 mL
30
50 mL 15 g/L Glucose
Antifoam 204 (Sigma-Aldrich Co. LLC.) 1 mL
20mg/L Tc 25mg/L Nal 50 mg/L Gm 25 mg/L
Km 1L 2L
(ABLE Corp.)
30 pH 7 650 rpm 2L
air/min) 8h Glucose
(
(VA) p-

(HBA) (FA) -
(CA) ( pH 8
)) FA CA
104g 1.0 g/h
20¢g 2.0 g/h
10 g
15h Glucose
1 g/h 20 g
15 h
Glucose 1 g/h (NH),SO, 132.14
mg/h
(©)
ccMA
1% (w/v) NaOH
170 10

BSTFA (N O-bis (trimethylsilyl)trifluo
roacetamide) TMSI GC
-MS (QP2010 ) GC
(7890A Agilent Technologies Ltd.)

IDPC/pTS094 20 mg/L Tc 25 mg/L Nal
50mg/L Gm 25mg/L Km 10 g/L Glucose
50 mL 300 mL
30
8h 125
6 8 10 mL HPLC
(1) Pdc
3-(2 pTS039
Pdc
Pdc kpdB
(2) Pdc
3-(3) Pdc Pdc  KpdB
, Pdc
pH KpdB
Pdc
35 pH 5.5
KpdB
20 Pdc
PA HBA
GA VA SA 3MGA PA
Pdc
( 1) Pdc PA GA
3MGA
HBA
3

Pdc



1 Pdc

Substrates Relative activity (%)

PA 100

HBA nd

GA 306.9
VA nd
SA nd

3MGA 494

Pdc
Pdc
DEAE-
Pdc
1/2
Pdc
24 Pdc
Pdc
1EC Pdc
1EC SDS-PAGE
Pdc  KpdB
AroY (54 kDa)
KpdB ( 21.5 kDa)
Pdc  KpdB

MALDI-TOF-MS
Peptide Finger Print

Mascot software
NCBI

PMF

54 kDa

Pdc
21.5 kDa
KpdB
Pdc  KpdB
DEAE-IEC
1EC Pdc KpdB
Pdc
KpdB

Pdc Pdc-KpdB

(3) KpdB
KpdB  49%
UbiX 3-octaprenyl-4-hydroxy
-benzoate decarboxylase
flavin prenyltransferase
3-octaprenyl-4-hydroxy-benzoate decarbox
-ylase (UbiD) prenylated
FMN  (prFMN)
(White MD et al, Nature, 522, 502-506, 2015
) Pdc  prFMN
decarboxylase
KpdB

priEMN Pdc

ubiX::Km E. coli JW2308
« 3
Pdc Jw2308 Pdc
Pdc  UbiX
Jw2308 Pdc
Pdc UbiX
prFVN
Pdc  KpdB
Jw2308 Pdc
KpdB  UbiX
priEvMN
Jw2308 BW25113
M nax 172 UbiX
KpdB M e
KpdB UbiX Flavin
prenyltransferase
=l A
o PA
L
:gg PA oL
post B
PA cL
3IW2308 Pdc
(A) pde ,(B) pdc  ubiX ,(C) pdc  kpdB
(4) ccMA ccMA
1 g/L p-CA FA
VA HBA ccMA
p-CA FA VA HBA
CCMA
2.5 g/L p-CA
FA VA HBA
CCcMA
5.0 g/L
CccMA
,PA CL
CccMA
1L
10g 20¢g
PA
CCcMA
IDPC/pTS094
CCcMA



®)
CccMA
1 2 5 mL
2 6 mL 4 8
10 mL 3
1 mL ccMA
99.4 mg/L 2 mL
176.7 mg/L 5 mL 350.0
mg/L 6 mL 376.6 mg/L
8 mL 454.5
mg/L ccMA
CcMA
10 mL
ccMA CcMA
CcMA
(
)
(2 )
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