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17 Introduction

Outdoor use of genetically modified microorganisms Biocontainment strategy for restricting
(GMMs) is expected: from laboratory containment to  the survival and propagation of GMMs

Keeping their survival and propagation
dependent on environmental rare chemical
Introduction of the suicide system

https://ho .
/2022/09/AdobeStock_152042344-
scaled.jpeg

From PO3 to PO2: developing a more stringent
biocontainment strategy via PO2-dependency

PO3 from industrial wastewater and fertilizer in the
environment

PO3 concentration detected in the environment
« 0.01~0.17 uM, Lake Taihu, China (Chao Han et al., 2012)

PO2/PO3-dependent
strategy PO3 g Q:l

(Hirota et al. 2017, Motomura et al. 2018) Survive
PO2-dependent

strategy PO37\\ > >< [@
(this study) Die

PO2 is even rarer than PO3 in the environments

3. Result

| ) D206 or W52 mutation decrease in HtxB binding affinity
to PO2

* 0.037~0.143 uM, effluent of sewage plant, China Yu et al., 2015)

/\ Die proliferation
wd

Synthetic phosphite-dependency: a practical
and stringent biocontainment strategy

PO2

environmental deployment outside controlled settings Environmental rare phosphorus source
Natural Genetic and metabolic Genetically Modified O O O
microorganisms OS\\ engineering o% Microorganisms (GMMSs) Enclosed Open 'O—Il:l’ _O_EO’[ggggoglmv 'O—Il:l’ -H B =-740mV 'O—Ilil’ -H
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O- O- H
Enhj:td o o @N Biosafety and Phosphate (PO4) Phosphite (PO3) Hypophosphite (PO2)
Sustainable Microbial Environment Medical GMMs s\ ! - biodiversity Introduction of PO2(PO3 Importer Bros
Production Pesticide Purification Application HIVIVE concerns an G5 Not Hptate . Low cost
| | Prevention of HtxBCD 54D ¢ Simple system
- [0 o Q2 S TR @ D) e
g 2 pollutant‘ PO2 I@/ : C
D o - : Introduction of ons
T idizi « Potentially effective

oxidizing enzyme

reduction by
anthropogenic PO3

Disruption of all endogenous « |t takes time to die
phosphorus transporter

Engineering PO2/PO3-dependent strain

(Hirota et al. 2017, Motomura et al. 2018)

Predicted by AlphaFold2 by Dr. Kosugi (Institute for Molecular Science)

iii) Engineered PO2-dependent strain and its growth

Introduction of PO2

specific transporter Introduction of AM101 AM102 RN1008
oxidizing enzyme (W52A type PO2 (D206A type PO2  (PO2/PO3
HtXBW52ACD/,Z dependent strain) dependent strain) dependent strain)
or HtxBDP20SACD \
PO2 PO2—— P03 PO?2
POB/\ PO4 RS
PO4 O
_ _ PO3 <
Disruption of all P transporter =
o
Engineering =
PO2-dependent E. coli strain S
PO4
Media: MOPS-glucose medium e R T
P source: 1.0 mM Time (h)
Culture condition : 37 °C, shaking at 160 rpm

Growth of PO2-dependent E. coli strain

The engineered E. coli exhibited strict PO2-dependency
4¥Conclution

Iv) Biocontainment effect

Diverse media assay

MOPS-glucose medium, 1.0 mM P source

(cfu/spot) PO2 PO3 PO4 2xYT TB *SBA *CA
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*SBA stands for Sheep blood agar
**CA stands for Chocolate agar

Escape frequency assay (NIH threshold (EK2): <1.0 X 10-8)

SBP

HtxBCD transporter SBP usually determine specificity, but HtxBCDE
« Derived from Pseudomonas stutzeri WM88 IS an exception
« Substrate binding protein (SBP) dependent
. g protein (SBP) dep HtxBCD | PstSCAB | MalEFGK, ModAB,C
ABC importer Imported P. stutzeri E. coli E. coli ? E /'2 :
. Uptakes PO2 and PO3 but not PO4 N it i i i
HtXB Periplasm
Substrate Membrane
Binding protain SuielEa ' ' ‘
Periplasm e
13 ek HtxC dimer Vialtose
Vembrane ;¥¢’ ; 2 — Membrane protein Imported substrate PO Maltodextrin Molybdate
"". K, (UM) 0.65 |*NBD 0.8 0.16~5.0 3.0
FORER N HtxD dimer d Bisson et al. 2017 Ledvina et al. 1998 | Méchtel et al. 2019, | Hagen et al. 2011
Cytoplasm RE4g e, : 9
e & E 5y ATP binding protein
O 2\bstrate K, “NBD indicates No Binding Detected
ADP J — SBP binding affinity up to a ligand concentration of 100 mM

to substrate invitro

ii ) Transport ability of HtxBW>?ACDE, HtxBP2°ACDE and HtxBPZ°ACDE

HtxBW>?ACD HtxBP20¢ACD| HtxBP20¢NCD

2 - 2 - 2 -

1 4 { 1 4 { 1 4
0 0 k. ]

>
°
h

0 12 24 36 0 12 24 36 0 12 24 36

Time (h)

Growth of phosphorus transport assay strain

W52 D206 Control HtxBCD
‘ - y W52_ Forms P-H...T bond and Plasmid for inserting the test transporter 2 2
I 4 J stabilizes the complex.
T RE . Control htxBCD htxBWs?ACD htxBP2SACD htxBp2svcp| PO2 ) { :'
K D206 Forms a salt bridge and Y SN W AN
> Induces a structural change a)
- I I (Bisson, et al. 2017, Adams, et al. 2019) _CC) i i
_ ( PO3 "; 1 14
Higher weaker oD \ 2
affinity  affinity HtxB HtxB (W52A) | HtxB (D206A) | HtxB (D206N) e P S
HPt oxidase) P source: 1.0 mM _ 8 2. 2
PO2 PO3 PO2 PO3 PO2 PO3 PO2 PO3 Culture condition : 37 °C, Pi-ester
shaking at 160 rpm Glyceroll-3- 1] 1]
K, (UM 0.65+0.13 *NBD *NBD 3.24>10° *NBD *NBD *NBD \"‘”'Q'/ oS °—£ °’£
a (M) R ] +0.93 x10° i:’i transporters.I Pi-ester transporters o E s
Invivo HIxBCD it Phosphorus transport assay strain
transport ability @ @ Transport ability was unknown
*NBD indicates No Binding Detected up to a ligand concentration of 10 mM (Bisson, et al. 2017, Adams, et al. 2019) HtxBW52ACD and HtxBP20ACD uptake only PO2 but not PO3

vV ) Engineered PO2-oxidizing
cyanobacterial strain
Synechococcus elongatus PCC7942

%Spcf RhtxB>

NS2US thD -h txAﬂCmsz Day 6

C> D>E NS1DS

PO2 PO3 PO4

hthCDE\‘/\ *. ?
2 O OO

ptxD, htxA

Engineering PO2-oxidizing PCC7942

Strain Transporter Detection limit
AM101 (PO2-dependent) HtxBWS2ACDE <1.5%x 10"
AM102 (PO2-dependent) HtxBP20ACDE <3.3x10"
RN1008 (PO2/PO3-dependent)  HtxBCDE <1.9x10"3

UOD750

Media: BG-11 +TES buffer, Spc, Cm, 0.2 mM IPTG
P source: 0.2 mM

Starting OD-5,: 0.05

Culture condition : 30 °C, 2 % CO, aeration

Strict PO2-dependency and no detectable
escape mutants in engineered E. coli

WT HtxBCD Mutant HtxB*CD With PO2  With PO3  With PO4
(Wo2A or DZQ5A) PO2 PO2/PO3- Possible escape from
dependent containment due to
> strain Survive Survive anthropogenic PO3
E84 PO2- ’ Prevents escape
PO2 PO2 PO2- dependent E. coli strain ~ dependent | >< >< even with PO3
PO3 P&3 strain Survive Die Die presence

10 15

Time (day)

The engineered PCC7942 can use PO2 as a
phosphorus source

Perspective

» Host range expansion (marine cyanobacteria
and eukaryotic algae, etc.)
» |Investigation of PO2 and PO3 present in the

environment

» Safety test in a microcosm simulating the

environment

Growth of PO2-oxidizing PCC7942
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