Screening of Photosynthetic Bacteria Utilizing Microdroplets
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Research Background

Traditionally, plants were considered the main contributors to atmospheric CO,, fixation,
but it has been found that soil microbes also fix CO2 at 4.9 Pg-C per year, equivalent to about
12% of the amount fixed by plants. This fixed CO2 becomes soil organic carbon (SOC), and
more than 70% of it is stabilized as humic fractions, contributing to the maintenance of soil
structure (Xiao et al., 2021). In particular, photosynthetic bacteria are believed to play an
important role in the fixation of atmospheric CO2 on the soil surface.

In recent years, metagenomic analysis has revealed new photosynthetic lineages at the
phylum level in prokaryotes, some of which have been cultured (Yabe et al., ISME C, 2022),
These findings helps us to understand that there are diverse photosynthetic lineages in the
terrestrial environment that have not yet been cultured. Cultivating these uncultured
photosynthetic bacteria will not only provide a resource for developing microbial materials that
enhance atmospheric CO2 fixation and for applications in agriculture, the environment, and
artificial photosynthesis, but will also be an important research material for deepening our
understanding of the evolution of photosynthesis.

The aim of this research is to develop a method for efficiently screening photosynthetic
bacteria utilizing microdroplets, using near-infrared autofluorescence at 800—900 nm emitted
by photosynthetic bacteria that contain bacteriochlorophyll as an indicator (this technology is
currently under development).

Screening Strategies ,
1st screening

Microbial
(co.co,) C02-fixation
>Phototroph
Plant >Chemoautotroph
1 [ Photosynthesis >Atmospheric
autotroph
I
[ Microbial_respiration ]
&< '
\ A
Organic matter J jJ ’ \
decomposition >
= v
l >70%
Microag_rregate— Humic
associated C substances

Cul

400 ogain . |

ture using a microplate
with DLs dispensed
(Light/CO,)

=] NIR fluorescent DLs

00000000
0000000 0-
00000000

| :..l | | |
200 400 600 800 1000

2nd screening
Detection of wells containing

proliferated photosynthetic bacteria

Encapsulation of soil microbes DL-based culture Sorting and dispensing of
Production of microdroplets (DLs) (Light/CO,) DLs containing proliferated
(Droplet Generator) photosynthetic bacteria
I (Droplet Selector) 1000
Z f ﬁ
mirr:}te(;zngrDLs . ' 5%,902 | I
} > \‘\{‘ / \‘_’Qﬁ) /,) ,/‘ TRy 600-]
“!Main unit . T ‘w LlJ T—
v\ 200-{ 3
Microfluidic chip %
Heater
Photosensor module with high
sensitivity in the NIR range
o (H16201-50; GaAs) Isolation and utilization as a resource
Excitation

(NIR imaging system)

(405 & 488nm) 6
X Long-pass filter

(>850nm)

Isolation of NIR auto-fluorescent colonies

'o"*’o\
PRGN

Dark Box

NIR Sensitive Camera

Long-pass filter

> 850 nm

o
@'Q?f Sample

Transilluminator

xcitation 470nm

(NIR imaging system)
[ ;

Verification using photosynthetic bacteria Rhodopseudomonas palustris and E. coli

<Methods > <Results and challenges >

Gel preparation
Dissolved 3% low-melting-point agarose gel (2 %)
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in water.
Preparation of culture medium
Pre-culture
Adjusted the concentration to 80 cells/DL.
Mixing the gel and culture medium
Mixed equal amounts of the gel and culture
medium.
Filtered it through a 5-um filter.
Production of DLs with the Droplet Generator
Used the 2D Chip-1100DG.
DL-based culture
Cultured in the W/O DLs (irradiated with light).
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Breaking up the DLs

Added 10% PFO, the weight of which was equal to ] |
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The DLs containing the
photosynthetic bacteria as a positive
control and E. coli as a negative
control were detectable at levels that
allowed sorting with the introduced
GaAs-based near-infrared detection
system.

However, after they were dispensed

FSC (DL size)  in a microplate and then cultured, no

growth was observed. It was thought
that the cells encapsulated in the gel
droplets may not have migrated into
the culture medium, or that they may
have been killed by PFO when the
droplets were broken.
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