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AQUACULTURE DISEASE perspective

Multiple bacteria cause bacterial disease outbreaks in aquaculture, major pathogen being Vibrio sp.

. Vibrio that causes Vibriosis impacts many aquaculture species
«  Vibrio spp
*  Aeromonas hydrophila *  Vibrio parahaemolyticus* *  Vibrio mimicus
« Aeromonas salmonicida *  Vibrio alginolyticus* *  Vibrio vulnificus*
. i i i *  Vibrio harveyi *  Vibrio anguillarum
Edwardsiella ictaluri . Vibrio campbellii «  Vibrio rotiferianus
«  Edwardsiella tarda »  Vibrio owensii *  Vibrio splendidus

. _ -
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«  Piscirickettsia salmonis
*  Francisella noatunensis
«  Yersinia ruckeri

« Tenacibaculum spp

. Renibacterium salmoninarum Fish, shrimps (prawns), lobsters and almost all aquaculture species are susceptible to various Vibrio
species, particularly in early stages of their life and cause huge loss in the aquaculture industry in the

« Streptococcus spp event of a disease outbreak

. J/

Antimicrobial Resistance (AMR), Climate Change = Challenges in Aquaculture

* opportunistic human pathogens




AQUACULTURE MICROBIOME perspective

Not all bacteria in aquaculture niche are harmful, some improve animal health and are essential




HEALTHY AQUACULTURE MICROBIOME improves animal

health & productivity. As such, maintaining a healthy microbiome in aquaculture is of paramount
importance

HOWEVER, Over intensification of aquaculture system to meet the demand will result in more
disease outbreaks and possibly excessive use of antibiotics which will ultimately lead to emergence
and spread of more resistant strains.




BACTERIAL DISEASE IN PRAWN CULTURE

Vibrio
(AHPND)

Aeromonas

(Shell disease) Other

(Filamentous)

Over intensification of aquaculture system to meet the demand and increase in overall ocean
temperature will likely result in more bacterial disease outbreaks




BACTERIOPHAGE ( or PHAGE)

is a bacterial virus that only infects bacteria but not other plants & animal cells

o Natural enemy of a bacteria

o Phages are most abundant, estimated on
biosphere 1032 phages’

o Ubiquitous, found in animals, human, aquatic
systems, soil, environment

o Highly specific to their host

Size =24-200 nm




BACTERIOPHAGE Types & Lifestyles

. Virulent or Lytic: Infect and always kill the host bacteria Temperate: Infects but does not necessarily kill the bacteria




BACTERIOPHAGE viruses that kill bacteria

have many advantages over traditional chemical & antibiotics
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KILLS ALL BACTERIA

HIGH SPECIFICITY

MINIMAL IMPACT TO MICROBIOME
LOW TOXICITY

NOVEL MODE OF ACTIONS

LOW DOSE (SELF PROLIFERATIVE)
TARGETS BIO-FILMS

ANTIBIOTIC / CHEMICAL FREE

EASILY DISCOVERABLE




AQUAPHAGE project framework and research approach

OOOO

Isolation & identification of phage
against targeted bacteria

Stress tolerance & in vitro
lytic efficiency

In vivo animal challenge studies
(Proof-of-concept)

Product development
& application

Co-evolution of phage
& phage training

Isolation

Purification

pH, Temperature, Salinity

Genomics (NGS)

Growth curve, EoP

Prawn

Upscaling phage production

Fish

Efficiency and efficacy

Mechanism of phage
resistance (WGS)

Formulating efficient phage
cocktail

Oysters

Understanding fitness trade-
off of resistant phage

Product development and
field trial

Co-evolution of phage &
phage training




HOST ISOLATION & IDENTIFICATION

~140 yellow and blue-green colonies recovered from TCBS plates were bio-banked, out of which ~59
Vibrio-like isolates were identified using cultural and molecular methods.

Tiger prawn (Penaeus monodon)

Cultural Method
(TCBS agar, CHROMagar™ Vibrio (CAV), Marine agar)
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Molecular Method
16S and heat shock protein (hsp60, touch down PCR)

vib-03-Vib-hspF3- Vibrio cyclitrophicus
wib-22-Vib-hspF3- Vibrio cyclitrophicus

wvib-14-Vib-hspF3- Vibrio cyclitrophicus




PHYLOGENY (hsp60 gene) & IDENTIFICATION

all 59 Vibrio-like bacteria were used as primary host to isolate phages from water sample
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The isolates represented almost 13 species of Vibrio including

V. parahaemolyticus, V. owensii,

At least one phage was isolated against...
* Vibrio alginolyticus (6)

* Vibrio parahaemolyticus (7)

* Vibrio owensii (ongoing)

* Unknown Vibrio sp. (ongoing)



Vibrio phage (¢Val260-JWO01)

one bacteriophage against Vibrio alginolyticus was further processed.
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Vibrio phage (¢Val260-JWO01)

one bacteriophage against Vibrio alginolyticus was further processed.
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Vibrio phage (¢Val260-JWO01)

one bacteriophage against Vibrio alginolyticus was further processed.
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Phage {Val260-JW01

105,362 bp

A Myovirus-like ‘lytic’ phage with ~100 kb
genome was isolated




Vibrio phage (¢Val260-JWO01)
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Bacterial killing by phage (plaques)

Bacteriophage insensitive mutant (BIM)

In vitro co-culture demonstrated rapid development of phage resistant (insensitive) mutants against ®Val260-JWO01
within 6 hours, which is one of the major challenges in application of phage in larger scale including in aquaculture.




Additional phage against V260 & V260-R

Five additional bacteriophage against same Vibrio alginolyticus were isolated.

Bacteriophage
sensitive
original isolate
V260

Bacteriophage
insensitive mutant
(BIM)
V260-R

10

Va 1260-P36 OVa 1260-P41

* *

®Val260R-P45

AR

5 additional phages (2 against the original host V260 and 3 against a resistant host V260-R) were isolated

TEM revealed all 5 phages to be tailed phages, resembling to Myovirus (2) and Podovirus (3)

Three of them belonged to Kuravirus genus (relatively less studied Podovirus phage)




Efficiency of all six phages against V260 & V260-R

All six phages individually suppressed growth of sensitive and resistant V. alginolyticus isolated from the

farm up to 10 hours




Efficiency cocktail (6 phages) against V260 & V260-R

The cocktail significantly suppressed the growth of sensitive V. alginolyticus isolated from the farm as well

as co-evolved ®Val260-JWO01 resistant mutant V260-R




Host spectrum of Vibrio alginolyticus phages




Host spectrum of Vibrio parahaemolyticus phages

« Werecovered 7 Vibrio parahaemolyticus isolates

 Weisolated 7 phages against 3 of the isolates
(V339, V341and V359)




APPLICATION STRATEGIES

BATHING :s sotution AQUAFEED as solid

1. Supports beneficial microbiome 1. Phage incorporated (sprayed) feed
supplements as a probiotic targeting

2. Phages attach to mucus thereby protecting pathogens thereby maintaining healthy
against exposure to target bacteria (BAM microbiome
model)

2. Astherapeutics when outbreak occurs

3. Can control growth of opportunistic targeting specific opportunistic pathogen

pathogen during ongoing outbreak without harming gut microbiome




Expand the strategy
beyond Vibrio sp. and
aquaculture to
explore its
applicability into
bacterial diseases
concerning livestock

and plants.

Future directions

Use co-evolutionary
‘Phage Training’
strategy in laboratory
to design phages for
the future that are
effective against
resistant strains as

well.

Genetically engineer
phage and develop
capability to bio-
manufacture designer
cell-free phagesin a
yeast/plant cell to

recover endotoxin-free

therapeutic phage.

Genetically engineer
phage and develop
capability to bio-
manufacture designer
cell-free phagesin a
yeast/plant cell to
recover endotoxin-free

therapeutic phage.



CONCLUSIONS

1. Phages isolated from prawn aquaculture system can suppress growth of target bacteria and thus could
potentially be used to modulate microbiome (suppressing the growth of targeted pathogen) significantly

limiting the use of traditional chemicals.

2. A heat shock protein (hsp60) gene sequencing combined with cultural methods (TCBS and ChromAgar Vibrio) is
more reliable than 16S rRNA PCR for species level Vibrio identification and thus can be used in conjunction with

culture-based methods.

3. Although phage resistant mutants readily evolve after phage application, re-isolation of phages against the
mutant was achieved. This approach may be used to understand the bacteria-phage receptors and design a

‘phage cocktail’ for specific Vibrio strain and use as a model for in vitro phage training.

4., Diverse species of Vibrio sp. and respective phages are abundant in Prawn aquaculture system which can be

further explored for understanding the aquaculture niche/microbiome.
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