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Fig.1. V. harveyi with the GFP expression gene 

incorporated into chromosomes. (A) Bright-field 

and (B) fluorescent images.

Bacterial infections caused by pathogenic bacteria such as Vibrio spp. have been a problem in aquaculture of kuruma shrimps.

As a potential solution, biological control using antagonistic bacteria that can inhibit the growth of pathogenic bacteria and kill

them has attracted attention. It has been reported that bacteria such as Bacillus spp. and lactic acid bacteria exhibit antagonistic

properties against pathogenic bacteria in fisheries. On the other hand, the inefficiency of the conventional screening method for

antagonistic bacteria, streaking-based co-cultures on agar plate media, has been a bottleneck in the practical application of this

biological control method.

Recently, a high-throughput screening method for antagonistic bacteria has been developed, utilizing a technique that generates

microdroplets ranging from 30 to 100 μm in diameter. This method can generate approximately 100,000 droplets per minute and

is expected to be highly efficient compared to conventional screening methods. However, this screening method has been

applied to a limited number of pathogens, and there are no reports of its application to pathogenic bacteria that are problematic

in aquaculture target organisms.

The objective of this study was to develop a microdroplet-based screening method for antagonistic bacteria against pathogenic

bacteria for kuruma shrimps. Vibrio harveyi, one of the pathogenic bacteria for kuruma shrimps, was used as a model organism.
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Vibrio harveyi TUMSAT-2019

⚫ Isolated at a kuruma shrimp farm on Kume

Island, Okinawa in 2019 and sequenced for

the entire genome (Yuasa, H. et al., 2024).

⚫ A pathogenic bacterium that causes vibriosis

and acute hepatopancreatic necrosis in

kuruma shrimps.

B 

Oil

30 μm

Oil

30 kPa

35 kPa35 kPa

GFP-expressing V. harveyi Bacteria in the water used 

to raise kuruma shrimps

On-chip Biotechnologies

Droplet Generator

⚫ 5 bacteria/droplet
(1.4 × 109 bacteria/mL) ⚫ 5 bacteria/droplet

(1.4 × 109 bacteria/mL)
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Fig. 3. Bacteria in the water used to raise shrimps and GFP-expressing V. harveyi after 72 h 

of co-culture. (A) Bright-field and (B) fluorescent images.

4. Analysis of candidate strains of antagonistic bacteria

(1) 16S rDNA gene sequencing

(2) Re-evaluation of antagonistic properties

Streaking-based co-culture
Co-culture in liquid media

Co-culture in droplets

⚫ We obtained candidate strains of antagonistic bacteria (3 genera, 24 strains).

V. harveyi

Candidate antagonistic bacterial strains
⚫ Co-culture of V. harveyi

and candidate 

antagonistic bacteria 

strains in the Marine 

Broth.

⚫ Observation of the 

growth rate of V. 

harveyi using the 

TCBS medium.
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⚫ Streaking-based co-

culture of V. harveyi

and candidate 

antagonistic bacterial 

strains on the Marine 

Agar to assess 

growth inhibition.

5 µm 5 µm

V. harveyi during 
homologous recombination

Fig. 2. Comparison of growth rates of normal 

and fluorescent strains based on 

spectrophotometry.

✓ The GFP-expressing strain was successfully prepared, but the growth rate 

was slower than that of the wild-type strain.        We will prepare fluorescent 

strains with little phenotypic difference from wild-type strains.

3. Separation of quenched droplets

(1) Separation of quenched droplets based on fluorescence intensity

(2) Re-culture of bacteria in droplets

Fusion of droplets by 

electrical processing.

Dispensing into a 

96-well plate.

Adding empty 

droplets.
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Droplet Selector

Transformation based on homologous recombination

E. coli SM10 strain V. harveyi

Conjugal transfer

⚫ A vector incorporating 16S rDNA from V. 

harveyi is transferred into the E. coli

SM10 strain, and the vector is then 

transferred into V. harveyi by conjugal 

transfer.

⚫ The target gene (RiboJ-BCD2-eGFP) is 

integrated into the chromosome of V. 

harveyi by homologous recombination

between 16S rDNAs.

⚫ RiboJ and BCD2 can enhance eGFP

expression.

✓ We confirmed that there were droplets with relatively low fluorescence intensity 

by co-culturing with bacteria in the water used to raise kuruma shrimps.
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✓ We successfully isolated candidate strains of antagonistic bacteria (3 genera, 

24 strains) and confirmed the growth inhibition effect of some of these strains 

on V. harveyi in droplets; however, antagonism was not observed when agar or 

liquid media were used.

We will re-examine the screening and test-retest methods for antagonism and 

attempt to obtain new candidate strains of antagonistic bacteria.

Fig. 4. Culture of GFP-expressing V. harveyi

in droplets. (A) 0 h, (B) 22 h.

Fig. 5. Co-culture of GFP-expressing V. 

harveyi and candidate antagonistic bacterial 

strains in droplets. (A) 0 h, (B) 22 h.
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