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Characterization of the microbial functions in global phosphorus cycling
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In this stud%, we performed a comprehensive analysis of bacteria that
contribute to the redox changes of phosphorus compounds in soil and freshwater environments. We
revealed that the genes involved in the reduction and oxidation of phosphorus compounds, including
phosphate, phosphite, phosphonates, and hypophosphite, are distributed in a specific phylogenic
group of bacteria. The genes involved in these conversions of the redox state of phosphorus
compounds were identified, and their molecular mechanisms were analyzed. Our biochemical analysis

revealed the presence of a novel pathway for the reduction of phosphate moiety of phosphate ester
compound in the bacteria we identified.



BB LEY

(+I0)

BREYUILEY

@
PepM(

FAEE g _p

H 2P02_ N
RPOgZ_ +

YUBIRTILIEE
(DNA, ATP, ) BigE %)

mutaseF = fo)

P=R =24 -0-P=H EUE
| |
o o

PO, : +V

PH;

+ (HPOz* + ) -
(PEP

___________ mutase) P
+V C-P P +111
(+1I)
1 HExA:
PtxD:
Phn:C-P

®~



2a PepM
(Fw: 5-GCCBVTBVTYKTBGAYGGHGACACSGGR-3', Rv: 5'-CGGCVCGSAKTHKGTGRT
TSGCSYARAT-3")

253
HUT 83
phosphonothrixin Saccharothrix sp. PepM
R2AS, 1SP4, GUBC, MMS, V8
7~10 SPNMR
PepM
@
Devai
Nature, 1998 GC-MS GC: HP5890,
MS: JIMS-GCmate, :Zebron ZB-1
1L
AIP
PHs
1 (v/v) 28
®
PtxD HEXA - (C-P) Phn
Ralstonia sp. 4506 PtxD
BLAST PtxD
ATCC NBRC JCM DNA PCR ptxD
DNA
MT2012 0.5
mM MOPS MOPS MOPS
PtxD PtxD
pET
©)
Ralstonia sp. 4506 PtxABC
Pseudomonas stutzeri W88 HtxBCDE
HExXA( ) PtxD
MT2012
DIONEX 1CS-2000
@
PEP mutase(PepM) P(+V) PC+LIT)
phosphonothrixin Saccharothrix sp. ST-888 PepM
(Doroghazi, 2014 Nat. Chem. Biol.) PCR
280 peph
HUT 4 PepM
thlastn E-value < e-150 PepM 10 3p
NMR 5 PC+IIT)
2b pepM 10
2c

NMR 6



a FrbC c oo Wl 5 KLu
o o PeM O O Ppd ix - N mm— 2
'O‘E_'O#ov > Ao*‘_\)kll/o- —> Pns Pn:?' = L - =
(Keq<0.002) o) I
vate pt Pno2 % 2P e =
(PEP) (valence, +V) (PnPy) (valence, +Ill) T a. PepM
PnO3 - m--— - (PnPy)
4 ALY UvBean P e PPy
. i o 1 Pnos 2 B S ® = C_P
R2AS L \\ j l\/ . Pn06 e So b. 3"NMR
iy ', c, .‘\l Pn07 =Oesé | 3 fo Pn01
a b oely, ' 1
axe | — J vﬁlf Pno8 oo ic 5
- . b Edl . ’ 1 ]H Pn09
e LAt V| Bt R T LN LT Ty c. PepM peph
R I T I S T —atw -
@
PH,
50~200ppm GC-MS
PH3 185 min, 218 min
MS 34
30
(©))
Ralstonia sp. PtxD BLAST
PtxD
Ralstonia  PtxD 6
2 4 ptxD
3 MT2012
PtxD
PtxD
NAD NADP
PtxD
NAD/NADP
I_L' (c;tjlfuegrrgeﬁ;droxyacid dehydrogenases) PtxD

0.1

——— Nostoc punctiforme PCC 73102
=~ Anabaena sp. PCC 7120
— Trichodesmium erythraeum IMS101

Cyanothece sp. ATCC 51142

1™ Burkholderia vietnamiensis G4 |:|
=, e L 1

= Cupriavidus basilensis KF708

Pseudomonas stutzeri WM88

Cupriavidus metallidurans CH34

NADP
PtxD(Cth_PtxD)
PtxD

| N
L ——— Meth Jm extorquens AM1

(Ral_PtxD, Bv_PtxD, Cth_PtxD)

Tablel
NADP
NADP

Genome Net Kyoto University Bioinfo-

rmatics Center CLUSTALW

GeneDoc TreeView
ptxD

Out groups Hyphomicrobium

methylovorum GM2  Escherichia coli
MG1655 Lactobacillus helveticus DSM
20075 D-

NAD
Cyanothece
Keat/ Ki



PtxD

PstSCAB

phn

Kq 70~120 pM Tablel
mM
Table 1. PtxD
Substrate Phosphite NAD NADP
Ke K k K k K
Origin N " KealK = " KealK u = M KealK
min? uM min* uM min? uM
Ralstonia 101 87 1.16 122 12 10.58 11 352 0.03
Burkholderia 144 113 1.27 185 181 1.02 n.s n.s n.s
Cupriavidus 233 90 2.59 435 251 1.73 n.s n.s n.s.
Anabaena 100 72 1.39 104 19 550 285 3693 0.08
7120
Cyanothece 183 119 1.53 133 46 2.90 63 86 0.73
n.s. not significant
®
PitA/B
Pst, Pit
PstSCAB PitB
Ralstonia sp. PtxABC
pitx
Ptx
P. stutzeri W88 HtxBCDE
P. stutzeri WM88 htx
PtxABC HtxBCDE
. Ralstonia sp. P. stutzeri
o0 4506 WM88
PitA PitB Phn Pst Ptx Htx
Periplasm o o o G -
A Cc —f+-
Cytoplasm /+:
B/ B ++
MT2012
Phosphate (PO4) ++ ++ + ++ ++ S
Phosphite (PO3) + + + +/- ++ ++
Hypophosphite
®02) " = = = * bl
®

NAD/NADP



6 2 0 1

Motomura Kei Sano Kosuke Watanabe Satoru Kanbara Akihiro Gamal Nasser Abdel-Hady lIkeda 7
Takeshi Ishida Takenori Funabashi Hisakage Kuroda Akio Hirota Ryuichi
Synthetic Phosphorus Metabolic Pathway for Biosafety and Contamination Management of 2018
Cyanobacterial Cultivation
ACS Synthetic Biology 2189 2198
DOl
10.1021/acssynbio.8b00199
Hirota Ryuichi Motomura Kei Kuroda Akio
Biological Phosphite Oxidation and Its Application to Phosphorus Recycling 2018
Phosphorus Recovery and Recycling 499 513
DOl
10.1007/978-981-10-8031-9_34
s 68
2017
41-47
DOl
s 62
2017
28-34

DOl




55

2017

369-371

DOl

Hirota R, Abe K, Katsuura Z, Noguchi R, Moribe S, Motomura K, Ishida T, Alexandrov M, Funabashi 7
H, lkeda T and Kuroda A

A novel biocontainment strategy makes bacterial growth and survival dependent on phosphite 2017
Scientific Reports 44748
DOl

10.1038/srep44748

25 14 2

2019

2019




2019

2019

LiHub

2019

HtxBCDE

71

2019




2 BRAVE

2018

2018

2018

2018-

2018

BioJapan2018

2018




70

2018

Ryuichi Hirota

Engineering of Phosphorus Metabolic Pathway: A Safeguard Strategy for Greater Use of Genetically Modified Microorganisms

Escherichia coli Systems Biology Workshop 2018

2018

70

2018

70

2018




70

2018

2017

2017

2018

2018

69

2017




2017

2017

Ryuichi Hirota, Kei Motomura, Akio Kuroda

Engineering of Phosphorus Metabolic Pathway: A Safeguard Strategy for Greater Use of Genetically Modified Microorganisms

The 9th International Symposium of Innovative Bioproduction Kobe

2018

2016

2016

2017




11

2017
2017
2017
2017
2017
1
2017
344
4

2016-170317

2016




2018-038036

2018

TRANSFORMANT, METHOD FOR PRODUCING TRANSFORMANT, AND METHOD FOR DETECTING Ryuichi Hirota, Hiroshima

PRESENCE OR ABSENCE OF REDUCED PHOSPHORUS COMPOUND USING TRANSFORMANT Akio Kuroda University
PCT/JP2017/027588 2017

TRANSFORMANT, METHOD FOR PRODUCING TRANSFORMANT, AND METHOD FOR DETECTING Ryuichi Hirota, Hiroshima

PRESENCE OR ABSENCE OF REDUCED PHOSPHORUS COMPOUND USING TRANSFORMANT Akio Kuroda University

PCT/JP2019/008137

2019

(Arakawa Kenji)

(80346527) (15401)

(Nakashimada Yutaka)

(10281164) (15401)




