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Abstract

Environmental microbes were encapsulated in water-in-oil microdroplets with a fluorogenic substrate
for the target enzyme to screen for microdroplets that contain microbially active cells. The genomes from
the active cells were amplified and sequenced to identify the genes encoding target enzymes.

Environmental microbes are a great source of industrially valuable enzymes with potent and unique
catalytic activities. Unfortunately, the majority of microbes remain unculturable and thus are not
accessible by culture-based methods. Here we present a methodological approach for the identification of
genes that encode metabolically active enzymes in environmental microbes in a culture-independent

manner.
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Figure 1, Schematic workflow for identifying
microbial enzyme-encoding genes by
activity-based single-cell sequencing using
microdroplets.

(a) The workflow includes single microbial cell
isolation in  W/O microdroplets (step 1) ,
activity-based single-cell screening and recovery of
target cells (step 2), whole genome amplification
(step 3) and genome sequencing (step 4). Genes
encoding the target enzymes are identified based on
genomic information (step 5). The entire process
could be completed in 4-5 days.

(b) Schematic representation of single microbial cell
isolation in W/O microdroplets using a microfluidic
device.

(¢) Schematic representation of activity-based
single-cell screening and recovery of target cells.
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Figure 2, Detection of a microbe possessing
beta. glucosidase activity.

Bright-field (/eff) and fluorescence (right) images of
W/O microdroplets encapsulating environmental
bacteria with fluorescent-glucose. The white
arrowhead shows a fluorescent bacterial cell in a
W/O microdroplet. Scale bar represents 20 pm.

(¥Figure 2 ®—¥1% Sci Rep. 2016; 6: 222591
MHEIHLTE)

BB N = X —BBE T ORG

~A7nu ey Ly MEZK> TGS
Nr=tEY (B 7/ vay F—PiEz Rr Lz b
?)® h—% L DNA % MDA 52 L 0 HiE L
IHIEDNAY— 7 2o —Z > T LD b
— % )L DNA B8 & g L=, T, A4
AT H~T 47 ANFIRIZEY, R LIS
J I DNA BB e, B rvasvd—Exa
— N9 HEEFES (EMEET) 2B LT L
7o. S bIZfEffiEs 4 PCR CH#ilR L, 77
A X R Z—DNA \T##E, RIGEIZEA
L. BN RIGHEIEESRO B 7 va s
X —BIEREZFE L, B 7 Vva s ¥ —EEsT

VHVEDY, BEESNTWD Z & a2 s Lz,

TNODOHEET X BRI & mEFHD B T
NayH—VEERT I B E OFFEM A
AT OfNTHE R % Table 1 IZ/R7. £ D
FCHERLFHREOE WS OITHE KA iEHE
EOT I BRI O—BMENMED 52% TH Y,
BWizlp B 7 vas X —EEE TR TE T
WD EH STz, ARl —E O FEER T, Bl
PEAS & TH EmWERBELF 2 RG TE 2 H
L L TR, 2V E ToNEEE CliE st s
NIRRT 250 FEETE RV Ll
TWAHAEY) Thb~A27u Fay Ly ME
EHWD Z LI X o T, iSRS T RED
RBERY 2 TWDZ ERE-IZFToNS.

Table 1, New beta-glucosidase (BGL) genes

acquired by microdroplet method
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Figure 3, Structure of agarose

Figure 4, Sea weeds as screening source for
agarase-producing bacteria.
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Figure 5, Degradation of agarose by an
agarase-producing bacteria.
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of CMC by a

CM-cellulase-producing bacteria.

Figure 6, Degradation

Figure 7, Degradation of Alginate by an

Alginate -producing bacteria.
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