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SYSTEMS AND METHODS FOR THE CONTROL OF ACUTE
HEPATOPANCREATIC NECROSIS DISEASE

This application claims the benefit of and priority to: U.S. Provisional Patent Application No.
62/541,824, file August 7, 2017, entitled “Systems and Methods for the Control of Acute
Hepatopancreatic Necrosis Disease A/K/A Early Mortality Syndrome; and International PCT
Application No. PCT/US18/25766, filed April, 2, 2018, entitled Novel System for the Biocontrol of
Pathogens in Aquaculture and Other Animal Systems; and International PCT Application No.
PCT/US18/33976, filed May, 22, 2018, entitled Transbiotic Regulation of Bacterial Gene
Expression. The entire specification and figures of the above-mentioned applications are hereby
incorporated, in their entirety by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on August 7, 2018, is named PCT7-AF .txt and is 12 Kbytes in size.
TECHNICAL FIELD

Generally, the inventive technology relates to novel transbiotic strategies for controlling
disease-causing agents. In particular, the inventive technology may include novel systems,
methods, and compositions for treating and/or preventing Early Mortality Syndrome (EMS)
associate mortality susceptible organisms, through the use of genetically engineered bacteria
expressing one or more molecules that reduce virulence/fitness of pathogenic Vibrio sp. in the
shrimp intestine.

The inventive technology may include novel systems for disrupting bacterial quorum
sensing, and its associated virulence and biofilm formation, through the introduction of “quorum
quenching” molecules delivered to a target host by genetically modified bacteria. In some
embodiments, the inventive technology may include a novel EMS control strategy which
includes the introduction of genetically engineered donor bacterial strains configured too
efficiently and continuously deliver quorum quenching molecules to a target host/environment
resulting in the reduction in levels of bacterial quorum sensing molecules that may regulate the
pathogenic states of EMS-mediated pathogens.

The inventive technology may further include novel systems for regulating bacterial gene

expression through the introduction of antisense RNA (asRNA) that may disrupt expression of
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targeted pathogenic genes and/or their products (RNA, proteins). In some embodiments, the
inventive technology may include novel genetically engineered donor bacterial strains
configured too efficiently and continuously deliver pathogen disruptive molecules and/or asRNA
polynucleotides to a recipient pathogen/host to treat and/or prevent EMS-mediated disease
conditions.

BACKGROUND OF THE INVENTION

The development of aquaculture has generated a significant shift in global food
production away from traditional catch production methods. Driven primarily by population
increases, as well as a lack of growth in traditional capture fishery production, aquaculture has
expanded rapidly to become a major component in the world-wide food production eco-system.
Aquaculture is now seen as playing a key role in many emerging economies, by virtue of its
potential to contribute to increased food production while helping reduce pressure on fish
resources. As noted by the United Nations Food and Agriculture Organization (UNFAO) in its
2016 Report on the State of the World Fisheries and Aquaculture, aquaculture is the fastest
growing area of animal protein production and has significantly outpaced traditional capture
fishery production. For example, the UNFAO estimates that aquaculture production now
accounts for half of all seafood produced for human consumption.

The increasing global population, growing demand for seafood, and limitations on
production from capture fisheries will inevitably lead the continued global expansion of
aquaculture with its associated risks of disease emergence and spread. Despite the world’s
growing reliance on aquaculture as a primary source of food production, especially in many
developing economies, traditional aquaculture systems present several technical and biological
challenges that limit their overall effectiveness. One major drawback of aquaculture systems is
that the aquatic animals are typically placed in high density production systems. This can result
in stress from crowding and sub-optimal water quality conditions that provide for easy
transmission of disease. In particular, disease outbreaks in aquaculture systems can result in
massive losses among aquatic populations, resulting in large economic losses in commercial
aquaculture. Indeed, such disease outbreaks have reportedly cost the aquaculture industry tens of
billions dollars in the last 20 years.

In the case of shrimp aquaculture, the problem of disease is especially severe. According

to the UNFAQ, although global aquaculture shrimp production has increased, major producing
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countries, particularly in Asia, have experienced a significant decline in output as a result of
widespread shrimp disease. There are several reasons for this. First, unlike vertebrates, shrimp
lack many of the key components of adaptive and innate immune response mechanisms
preventing many traditional methods of inducing or enhancing natural disease resistance.
Second, most of the major pathogenic viruses cause very low level persistent infections that can
occur at moderate to very high prevalence in apparently healthy shrimp populations. The
majority of shrimp pathogens are transmitted vertically and disease is the result of a massive
viral amplification that follows exposure to various forms of environmental or physiological
stress. Stressors can include handling, spawning, poor water quality, or abrupt changes in
temperature or salinity. Shrimp viruses can also be transmitted horizontally. Once viral loads are
high and disease is manifest, horizontal transmission of infection is accompanied by transmission
of disease. Third, shrimp commonly are infected simultaneously or sequentially with multiple
viruses, or even different strains of the same virus. This fact poses significant challenges for
diagnosis, detection, and pathogen exclusion in aquaculture systems.

Acute Hepatopancreatic Necrosis Disease (AHND), also known as Early Mortality
Syndrome (EMS) has emerged as one of the most devastating diseases in shrimp aquaculture.
EMS has severely affected the aquaculture industries in several countries in the eastern and
western hemispheres such as China, Vietnam, Malaysia, Thailand, and Mexico. As shown in
figure 1, The Global Aquaculture Alliance has estimated that losses to the Asian shrimp culture
sector due to EMS amount to USD 1 billion. In some instances, outbreaks of EMS have result in
a staggering 80% loss of shrimp aquaculture populations. EMS is caused by Vibrio bacterial
species, for example, V. harveyi and V. parahaemolyticus, which can be transmitted orally.
These Vibrio species colonize the shrimp gastrointestinal tract and produce a toxin that causes
tissue destruction and dysfunction of the shrimp digestive organ known as the hepatopancreas.
EMS typically affects post-larvae shrimp within 20-30 days after stocking and frequently causes
up to 100% mortality.

Currently, there are no available methods to treat EMS. Traditional strategies to prevent
or treat outbreaks of EMS may actually have the effect of aggravating the disease propagation.
For example, attempts at total disinfection of pond bottom and water to kill possible vectors of
EMS may actually contribute to the epidemic spread of the EMS disease rather than control it by

removing potentially competitive microbial populations. In addition, the use of disinfectants not
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only destroys microbially mature systems; these methods have already been shown to be
ineffective in treating diseases caused by luminescent Vibrios (i.e., V. harveyi and other bacteria
which are closely related to the bacteria causing EMS).

Other attempts have been made to create and isolate EMS pathogen-free populations for
aquaculture. However, such efforts are slow and require significant expertise and diagnostic
capabilities that are prohibitively expensive, not to mention largely ineffective. Large-scale
applications of antibiotics have been applied to shrimp aquaculture, in particular during the
production cycle, both in the larval and growth phases. Sensitivity tests have shown EMS
causing bacteria have already developed resistance to the full range of antibiotics. As such, the
use of antibiotics to control EMS has been associated with environmental and human health
problems, including bacterial resistance, and persistence of the disease in the aquatic
environment. The accumulation of antibiotic residues in the edible tissues of shrimp may also
alter human intestinal flora and cause food poisoning or allergy problems. Other methods such as
the application of immunostimulants or bacteriophage treatments to target other types of shrimp
aquaculture pathogens have been tried in other instances with limited commercial and practical
success and would be equally ineffective against EMS causing pathogens.

One proposed solution is the utilization of engineered RNA-based molecules. For
example, the use of asRNA as highly specific antibacterial drugs has been broadly explored in
recent decades. Antisense RNA (asRNA) technology employs production of an RNA molecule
which is complementary and hybridizes to a targeted mRNA. As a result of the hybridization of
the asRNA to the targeted mRNA, the mRNA is unable to serve as template for protein
translation, therefore asRNA-mRNA interaction leads to elimination or reduction of levels of the
mRNA encoded protein in the bacteria. In addition, the targeted mRNA may be hydrolyzed by
RNases, resulting in post-transcriptional gene silencing. One of the greater obstacles for practical
application of asRNA as antibacterial treatments, however, has been the mode of production and
delivery of asRNA to infection sites. The challenge has been how to continuously produce and
deliver sufficient quantities of asRNA over a long period of time to silence the targeted essential

gene in the pathogen at very low or no cost.
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The foregoing problems regarding the biocontrol of EMS pathogens in shrimp
aquaculture populations may represent a long-felt need for an effective - and economical -
solution to the same.

As will be discussed in more detail below, the current inventive technology overcomes
the limitations of traditional EMS pathogen control systems, while meeting the objectives of a
truly effective EMS vector biocontrol strategy.

BRIEF SUMMARY OF THE INVENTION

Generally, the inventive technology relates to novel strategies for disease control in
animal systems. Specifically, the invention may comprise novel techniques, systems, and
methods for the biocontrol of pathogens in aquatic systems. In certain embodiments, this may be
accomplished through the introduction of genetically modified bacteria to hosts that express
specific molecules that may downregulate key targeted pathogen genes and/or disrupt molecular
pathways that lead to, for example enhanced pathogenicity and/or biofilm formation. The
inventive technology may further comprise novel systems for the biocontrol of virulence-specific
pathogens in aquaculture systems. This system may also use a novel cross-kingdom mechanism
to introduce engineered microorganisms that may inactivate specific genes in the pathogen using
asRNA that may disrupt expression of one or more genes of interest and/or specific molecules
that may inhibit quorum-sensing and or biofilm formation in bacterial pathogen populations.

One aspect of the inventive technology may include systems, methods, and techniques for
the biocontrol of bacterial diseases in shrimp aquaculture by introducing engineered
microorganisms that may modulate the concentration and/or bioavailability of quorum-sensing
molecules as a novel method to EMS pathogenicity. One aspect the invention includes systems,
methods, and compositions for treating and/or preventing EMS in shrimp, through the use of
genetically engineered enteric bacteria expressing one or more molecules that reduce
virulence/fitness of pathogenic Vibrio sp. in the shrimp intestine. In one preferred aspect, the
invention involves the generation of genetically engineered enteric shrimp bacteria configured to
reduce quorum sensor or autoinducer molecules in shrimp intestines to treat and/or prevent
EMS-associated shrimp mortality.

Another aspect of the invention may include systems, methods and compositions to
reduce autoinducer 2 (AI-2) levels in the environment and thereby disrupt pathogenic quorum-

sensing as well as the production of biofilms. In one preferred aspect, the invention may include
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the reduction in levels of bacterial quorum sensing (QS) molecules that regulate the pathogenic
states of Vibrio, which in turn may be part of an effective EMS control strategy. For example, the
autoinducer 2 (AI-2 class, furanosyl borate diester) of QS molecules may up-regulate EMS
pathogenesis in Vibrio. Additional aspects may include the control of Vibrio QS regulated gene
expression through the control of two additional classes of QS molecules including, the acylated
homoserine lactones (AHL) and the CAI-1 class of QS molecules. As such, in one preferred
aspect, the invention includes the creation of genetically modified bacteria that may be
configured to overexpress the /sr operon from F. coli in enteric bacteria able to colonize shrimp
intestines to reduce exogenous Al-2 levels produced by pathogenic or other QS capable bacteria.
In this aspect, the reduction in AI-2 levels of QS molecules may reduce and/or prevent EMS
pathogenesis in Vibrio.

Another aspect of the invention may include systems, methods and compositions to
reduce Al-1 autoinducer molecules levels in the environment and thereby disrupt pathogenic
quorum-sensing as well as the production of biofilms. In one preferred aspect, the invention
includes the creation of genetically modified enteric bacteria that may be configured to
overexpress to express homoserine lactonases (AHL lactonase) to inactivate the AHL class (Hal-
1) of QS molecules that can also activate the expression of pathogenicity genes in Vibrio.

The present invention also relates to the utilization of genetically modified donor bacteria
that may be configured to produce certain asRNA polynucleotides that may target specific
bacterial genes and/or their products (RNA, proteins) in eukaryotic systems. These asRNA
polynucleotides may inhibit or reduce the expression of certain genes and/or cause the
impairment or degradation of gene products in a disease-causing agent. The invention may
comprise novel techniques, systems, and methods for controlling pathogenic bacteria, for
example EMS-causing Vibrio species.

One aim of the current inventive technology may include novel systems, methods and
compositions for the transbiotic regulation of bacterial gene expression in a recipient pathogenic
bacterium by asRNA. One embodiment of the invention may include the effective expression of
high levels of asRNA in a donor bacterium species harbored in the host. In certain embodiments,
this donor bacterium may be a symbiotic, endosymbiotic, and/or probiotic enteric or other
bacterium species genetically engineered to express one or more heterologous asRNA

polynucleotides.
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Another aim of the current invention may include the production of heterologous asRNA
in a donor bacterium that may further be delivered to an acceptor bacterium, more specifically an
EMS-causing pathogenic bacterium. These heterologous asRNA polynucleotides may target
specific genes and their RNA and/or protein products that may be unique and/or restricted to a
target bacterial pathogen. Such heterologous asRNA polynucleotides can be fully
complementary, or contain mismatches in relation to their targets; both aspects can induce
degradation of their targets or impair their translation, making them unavailable for
accomplishing their function.

Yet another aim of the current invention may include the suppression of targeted gene
expression in the recipient bacteria, resulting in the suppression of bacterial populations and/or
pathogenic activity of the bacteria in a host eukaryotic organism.

Another aim of the present invention may include the generation of one or more plasmids
and/or bacterial artificial chromosomes (BACs) that may encode one or more heterologous
asRNA polynucleotides. An additional aim may include integration of specific genetic elements
encoding one or more asRNA into the genome of a pathogen. An additional aim of the invention
may be to produce genetic constructs that may produce non-coding RNA molecules, such as the
aforementioned heterologous asRNA polynucleotides, by a constitutive, inducible, heterologous,
or homologous gene promoter/terminator pair in the donor bacterium strain. Yet another aim of
the present invention may include the co-expression of certain proteins or other factors that may
protect the non-coding RNA molecule from degradation.

An additional aim of the present invention may include the development of genetically
modified auxotrophic bacterial strains that may produce heterologous asRNA polynucleotides
that may further be more efficiently delivered to a target pathogen via nanotubes.

Another aim of the present invention may include novel biocontrol strategies for various
aquatic organisms, such as shrimp. Another aim of the present invention may include, in a
preferred embodiment, novel biocontrol strategies for aquaculture populations. In this
embodiment, the inventive technology includes various cross-kingdom mechanisms for the
knockdown of essential pathogen genes in aquatic animals grown in aquaculture systems. This
may be accomplished through the introduction of engineered microorganisms into aquaculture
animal populations that express specific heterologous asRNA polynucleotides that may

downregulate and/or suppress selected pathogen essential genes.
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In one preferred aspect, the invention may include the generation of genetically modified
bacteria that may be configured to express one or more asRNA targeting DNA methylation in
Vibrios. In one preferred embodiment, the invention may include the generation of genetically
modified bacteria that may be configured to express one or more asRNA targeting the Vibrio
DNA adenine methylase dam gene In this aspect, the asRNA is configured to significantly
suppress dam expression in Vibrio harveyi during co-cultivation or in host-pathogen system. In
this preferred aspect, the invention may further include delivery of pathogen-specific asRNA-
dam to an infected and/or susceptible host by enteric bacteria configured to reduce dam
expression in Vibrio parahaemolyticus in shrimp intestines and therefore prevent EMS-
associated mortality.

Another aim of the invention may include methods of targeting multiple essential
bacterial-specific gene targets for silencing as well as inhibit QS-mediated pathogenesis states,
such that it may be possible to selectively diminish EMS causing Vibrio pathogens in shrimp
populations grown in aquaculture environments. In this embodiment, the invention may include
the generation of feeds containing genetically modified bacteria configured to express select
quorum quenching molecules that may inhibit quorum sensing in Vibrio populations and thereby
control EMS. In other aspects, the invention may include the generation of feeds containing
genetically modified bacteria configured to express select asRNAs that may target and suppress
one or more Vibrio pathogen genes. In one embodiment, such a treated feed may be introduced
to a pathogen-susceptible or pathogen-affected population.

In some aspect of the invention, such interfering RNA molecules, such as asRNA, and/or
quorum quenching molecules expressed by genetically modified bacteria may act as a vaccine to
immunize shrimp. As such, one aim of the invention may include the use of genetically modified
bacteria to colonize and express molecules that provide individual or herd immunity in aquatic
animals directed to EMS, such as shrimp populations grown in aquaculture systems.

Another aim of the invention may be the generation of genetically modified symbiotic
and/or probiotic bacterial strains that may express one or more quorum quenching molecules
and/or inhibitory RNA molecules directed to EMS causing FVibrios. In a certain embodiments,
shrimp bacteria enteric or endosymbiotic such as Enterobacter sp., may be genetically modified
to express one or more quorum quenching molecules and/or inhibitory RNA molecules directed

to EMS causing Vibrios.
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Yet further embodiments may include genetically modified microorganisms that may
include genetic constructs that may further co-express certain proteins having processing
enzymatic activity. Such co-expressed proteins may include enzymes that may inhibit and/or
enhance post-translational processing and/or modification of inhibitory RNA molecules. Other
similar embodiments may include the introduction of microorganisms into a target organism that
may express, Or even over-express, various genes that may enhance mobilization of inhibitory
RNA molecules and/or genes that may activate secondary downstream host genes that may target
pathogenic pathways.

Finally, the present inventors describe embodiments of the invention including protocol
for shrimp feeding by an RNaselll deficient genetically modified bacteria that express inhibitory
RNA molecules directed to EMS causing Vibrios.

Additional aspects of the invention will be evident from the detailed figures and
descriptions below.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures, which are incorporated into and form a part of the
specification, illustrate one or more embodiments of the present invention and, together with the
description, serve to explain the principles of the invention. The drawings are only for the
purpose of illustrating one or more preferred embodiments of the invention and are not to be
construed as limiting the invention.

Figure 1. Exemplary bacterial quorum-sensing pathways.

Figure 2: Quorum quenching bacteria expressing lactonase AidH specifically decrease
luminescence of V. harveyi. (A) Co-cultivation with Agl-pAidH decrease luminescence of wt V.
harveyi that responds to all autoinducers. (B) Co-cultivation with Agl-pAidH strongly decreases
luminescence of V. harveyi 117 that responds to Al-1 only. (C) Co-cultivation with Agl-pAidH
does not decrease luminescence of V. harveyi 118 that does not respond to AI-2.

Figure 3: Quorum quenching bacteria expressing Isr operon specifically decrease
luminescence of V. harveyi. (A) Co-cultivation with Agl-pLsr decrease luminescence of wt J.
harveyi that responds to all autoinducers. (B) Co-cultivation with Agl-pLsr weakly decreases
luminescence of V. harveyi 117 that responds to Al-1 only. (C) Co-cultivation with Agl-pAidH

strongly decreases luminescence of V. harveyi 119 that does responds to AI-2 only.
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Figure 4. Quorum quenching bacteria specifically decrease biofilm formation by V.
harveyi. (A) Co-growth with AG1-pAidH decreases biofilm formation by only V. harveyi strains
that are sensitive to corresponding lactone Al-1. (B) Co-growth with AGl-pLuc decreases
biofilm formation by only V. harveyi strains that are sensitive to AI-2.

Figure 5: Depletion of both Al-1 and AI-2 cumulatively decrease luminescence but not
biofilm formation. (A) Effect of co-cultivation with Agl-pAidH’, Agl-pLsr and Agl-pAidH-
pLsr on luminescence of wild-type V. harveyi. (B) Bioluminecence differential curves illustrate
temporal differences in quorum quenching by Agl-pAidH’, Agl-pLsr and double construct
AGl-pdidH’pLsr. (C) Effect of co-cultivation with Agl-pAidH’, AGl-pLsr and AGI-
pAidH’ pLsr on biofilm formation wild-type V. harveyi.

Figure 6: Protective effect of quorum quenching Enferobacter strains for shrimp during
Vibrio challenge. (A-B Trial 1) , A, survival rate of shrimp fed Agl-Luc, Agl-pLsr and Agl-
pAdidH bacteria. B, Total mortality count at 12 h post infection. (C-D Trial) C, survival rate of
shrimp fed Agl-Luc, Agl-pLsr, Agl-pAidH and Agl-pLsr-AidH bacteria. D, Total mortality
count at 120 h post infection.

Figure 7: Virulence gene expression in Vibrio parahaemolyticus from intestines of
shrimp fed Enterobacter quorum quenching strains. (A) Mam7 expression level; and (B) Pir-like
toxin expression level.

Figure 8: Protective effect of Enterobacter expressing asRNA-dam for shrimp during
Vibrio challenge. A-B Trial 1, A, survival rate of shrimp fed by Agl-Luc (control) or by Agl-
asRNA-dam. B, Total mortality count at 5 days post infection. C-D Trial 2. C, survival rate of
shrimp fed by Agl-Luc (control) or by Agl-asRNA-dam. B, Total mortality count at 5 days post
infection.

Figure 9: Virulence gene expression in Vibrio parahaemolyticus from intestines of
shrimp fed by Enterobacter expressing asRNA-dam. (A) Mam7 expression level; (B) Pir-like
toxin expression level.

Figure 10: Hypothetical mam?7 promoter position and location of Dam target sequences in
upstream of mam?7 gene in Vibrio parahaemoliticus.

Figure 11A-C: Maps of plasmids used in this work. Plasmids design is described in
Material and Methods section. Sequences of the genes used for cloning of p4AidH and pLsr
plasmids as listed below under the section entitted SEQUENCE LISTING.

10
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Figure 12: Schematic of asRNA expressed in a genetically modified bacteria.

Figure 13: Quorum sensing in Vibrio harveyi. The LuxM, LuxS and CqsA enzymes
synthesize the autoinducers HAI-1, AI-2 and CAI-1 respectively. These autoinducers are
detected at the cell surface by the LuxN, LuxP-LuxQ and CqsS receptor proteins respectively. A.
At low signal molecule concentration, the receptors autophosphorylate and transfer phosphate to
LuxO via LuxU. Phosphorylation activates LuxO, which together with s54 activates the
production of small regulatory RNAs (sSRNAs). These sRNAs, together with the chaperone Hfq,
destabilize the mRNA encoding the response regulator LuxRVh. Therefore, in the absence of
autoinducers, the LuxRVh protein is not produced. B. In the presence of high concentrations of
the autoinducers, the receptor proteins switch from kinases to phosphatases, which results in
dephosphorylation of LuxO. Dephosphorylated LuxO is inactive and therefore, the SRNAs are
not formed and the response regulator LuxRVh is produced.

Figure 14: Potential effects of asRNA blocking expression of the dam gene. Decrease in
methylation of origin/DnaA promoter region leads to disruption of the DNA replication
regulation loop and inhibition of Vibrio cell division. Repression of Dam expression inhibits
biofilm formation by unknown mechanisms that may include transcriptional inhibition of
specific gene promoters resulting in a slowdown of cell growth.

MODE(S) FOR CARRYING OUT THE INVENTION(S)

The present invention includes a variety of aspects, which may be combined in different
ways to generally describe the novel systems, methods and compositions related to the control
and treatment of Acute Hepatopancreatic Necrosis Disease A/K/A Early Mortality Syndrome
(EMS). The following descriptions are provided to list elements and describe some of the
embodiments of the present invention. These elements are listed with initial embodiments,
however it should be understood that they may be combined in any manner and in any number to
create additional embodiments. The variously described examples and preferred embodiments
should not be construed to limit the present invention to only the explicitly described systems,
techniques, and applications. Further, this description should be understood to support and
encompass descriptions and claims of all the various embodiments, systems, techniques,
methods, devices, and applications with any number of the disclosed elements, with each
element alone, and also with any and all various permutations and combinations of all elements

in this or any subsequent application.
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The invention may include systems, methods and compositions for the inhibition of
quorum-sensing (QS), QS-mediated pathogenesis, and the formation of biofilms in target
pathogenic bacteria. (See Fig 1). Generally, QS describes a system of stimuli and response
correlated to bacterial population density. Quorum sensing may allow bacteria to constantly
produce and excrete low-molecular-weight signaling molecules, generally referred to as
autoinducers (Als), into the surrounding environment. As the number of bacteria increase, so
does the concentration of Als. At a defined threshold of AI concentration, the bacterial
population may express a synchronized, Al-specific response — usually a phenotype, such as
virulence, light production or biofilm formation, which is more effective when deployed by a
group of cells rather than a single bacterium. Such quorum sensing responses can greatly
enhance a bacterial pathogen’s virulence gene expression, as well as make it more difficult to
arrest microbial growth through antibiotics or other chemical means, as is the case with bacterial
biofilms.

In one embodiment, the invention may include an isolated expression vector, such as a
plasmid configured to be expressed in genetically modified bacteria that may further express a
one or more heterologous polypeptides that actively transport Als from the surrounding
environment back into the genetically modified bacteria. In a preferred embodiment, the
invention may include and one or more isolated expression vectors, such as a plasmid configured
to be expressed in bacteria that may further express a heterologous /sr operon, preferably from
the exemplary organism FE. coli and/or Salmonella typhimurium. As detailed above, the /sr
operon encodes an ATP-binding cassette transporter (ABC transporter) and associated
chaperones that actively pump AI-2 into bacterial cells. By doing so, AI-2 concentrations in the
surrounding environment are reduced, in some cases to concentrations approaching zero, thereby
preventing QS-mediated activation of pathogenic states in many pathogenic bacteria, such as
Vibrio.

The invention further includes novel systems, methods and compositions to reduce Al-2
levels in an aquaculture of other aquatic environments and thus reduce and/or treat EMS in
shrimp. In one specific embodiment, this novel system may include the overexpression of a
heterologous /sr operon in enteric bacteria in the intestines of shrimp. Exemplary enteric bacteria
may include Salmonella typhimurium, as well as Enterobacter sp., such as Agl. In one

embodiment, through overexpression of the /sr operon, AI-2 may be actively transported back
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into a bacterial cell such that AI-2 concentrations in the target environment may be reduced
sufficiently to prevent QS-mediated activation of pathogenic states.

In another embodiment, enteric bacteria such as Agl, may be genetically modified to
express and/or overexpress a heterologous /sr operon from the bacterial chromosome. These
genetically modified bacteria may be introduced to a shrimp or other aquaculture or aquatic
organism, for example through a bacteria-infused feed or through direct bacterial delivery to. for
example a shrimp population in a pond or other aquaculture environment. Once permanently
and/or transiently colonized in the shrimp gut, the genetically modified enteric bacteria may
express and/or overexpress a heterologous /sr operon which in turn will produce the
aforementioned ABC transporter and associated chaperon proteins that may actively transport
AI-2 back into a bacterial cell such that concentrations in media may be significantly reduced
preventing QS-mediated activation of pathogenic states in pathogenic bacteria.

The invention further includes novel systems, methods and compositions to reduce AI-2
levels in an aquaculture of other aquatic environments and thus reduce and/or treat EMS in
shrimp. In one specific embodiment, this novel system may include the overexpression of a
heterologous /sr operon in genetically modified enteric bacteria that may be introduced to the
intestines of shrimp, for example through a bacteria-infused shrimp feed or through direct
bacterial delivery to. for example a shrimp population in a pond or other aquaculture
environment. As noted above, non-limiting example of enteric bacteria may include Sa/monella
typhimurium, as well as Enterobacter sp., such as Agl, or other probiotic bacteria that enhance
shrimp growth. The heterologous /sr operon encodes an ATP-binding cassette transporter (ABC
transporter) and associated chaperonins that actively transport AI-2 into a genetically modified
bacterial cell such that concentrations in media may be significantly reduced preventing QS-
mediated activation of pathogenic states in EMS causing Vibrio that may be configured to
respond to autoinducer molecules, in particular AI-2. More specifically, the extracellular
reservoirs of the QS molecule AI-2 may be reduced and/or eliminated preventing both QS
phenotypes, such as biofilms, from forming, as well as the QS-mediated activation and
expression of EMS pathogenicity genes in Vibrio and other pathogen species.

In one embodiment, one or more genetically modified strains of shrimp symbiotic,
endosymbiotic, and/or probiotic bacteria may contain one or more genetic constructs that may

result in the overexpression of a heterologous /sy operon. In this embodiment, the genetically
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modified enteric bacteria may be introduced to a target shrimp or aquaculture shrimp population
and become a part of the host’s natural microbiome. The overexpression of the /sr operon may
cause in increased number of ABC transporter and associated chaperonins that actively transport
AI-2 generated by EMS pathogens, such as the various species of Vibrio identified herein, into
the genetically modified enteric cell and thus inhibit QS, as well as biofilm formation in such
Vibrio pathogen species.

In a preferred embodiment, genetically modified symbiotic, endosymbiotic, and/or
probiotic bacteria that overexpress a heterologous /sr operon may colonize in the gut or other
part of the shrimp. In this embodiment, once colonized in the host, vertical transmission of the
genetically modified bacteria may be passed to the host’s progeny, thus naturally replicating the
pathogenic QS and biofilm suppression to subsequent generations. Additionally, the genetically
modified bacteria may also be horizontally transmitted to host population at large through the
distribution of the modified bacteria into the environment by shedding. Such a feature may allow
for the one-time and/or periodic administration of the modified bacteria to the host and/or host’s
environment generating a significant commercial, technical, and cost advantage.

In another embodiment, the colonized bacteria may overexpress an /sy operon, having
become a part of the host’s natural microbiome, may continuously express the ABC transporter
and associated chaperonins that actively transport AI-2 generated by EMS pathogens back into
the colonized genetically modified bacteria, such as Vibrio via the intestine or other areas from
the earliest larval stages to the adult stage preventing QS-mediated EMS pathogenesis
throughout the host’s lifecycle. As such, such genetically modified bacteria may acts as a
molecular sink for AI-2 molecules. In addition, as the enteric bacteria vector may be an already
naturally occurring part of the host’s microbiome, its presence may not pose any risk to the
organism, environment, or end-consumers.

The inventive technology may further comprise methods and techniques to control the
levels and timing of the expression of the heterologous /Isr operon in the target host. In one
preferred embodiment, the expression of the heterologous /s operon may be under the control of
an inducible promoter or other novel gene switch. The gene switch may be controlled by a
switch molecule, which may be a water-soluble and food-grade molecule that can be added to a

host organism’s environment or food supply. The presence of this switch molecule may activate
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the expression and/or overexpression of the heterologous /sr operon. It absence may prevent, or
decrease expression of the heterologous /s7 operon.

This embodiment may be demonstrated in genetic constructs that may include other
transcription regulation elements such as promoters, terminators, co-activators and co-repressors,
as well as other control elements that may regulate the expression and/or overexpression of the
heterologous /sr operon. Such systems may allow for control of the timing and amount of the /sr
operon proteins expressed within the system. Additional embodiments may include genetic
constructs that may be induced through additional outside and/or environmental factors, such as
the presence of a specific protein or compound, such as stress related proteins generated in
response to a pathogen or even proteins and other precursor compounds generated by pathogens
and the like.

The invention may include systems, methods, and compositions for the introduction of
genetically modified bacteria, preferably enteric bacteria expressing a heterologous /sr operon to
an EMS susceptible organisms and/or populations, preferably aquatic organisms grown in
aquaculture environments. In this embodiment, the colonized bacteria may overexpress the /sr
operon, and having become a part of the host’s natural microbiome, and may continuously
express the ABC transporter and associated chaperonins that actively transport AI-2 generated by
EMS pathogens, such as Vibrio via the intestine or other areas and thus providing prophylactic
protection to the population against EMS, preferably Vibrio-mediated EMS.

In a preferred embodiment, an exemplary /sy operon may be identified as SEQ ID NO. 2,
or a sequence having 70% to 99% homology thereof. In this embodiment, the /sr operon may be
part of an expression cassette, and may further be operably linked to a promoter.

The invention may include systems, methods and compositions for the inhibition of
pathogenicity and the formation of biofilms in target pathogenic bacteria through the inhibition
of bacterial QS. In a preferred embodiment, the invention may include systems, methods, and
compositions for the inhibition/inactivation of the autoinducer-1 molecules (AH-1). In this
preferred embodiment, endosymbiotic, symbiotic and/or probiotic bacteria may be genetically
modified to express and/or overexpress one or more heterologous acylated homoserine
lactonases (AHL lactonase) that inactivate the Al-1 molecules, specifically AHL class (Hal-1)
QS molecules. The expression of such heterologous AHL lactonase may further inhibit the

expression of pathogenicity genes in one or more EMS-causing species of Vibrio. In some

15



10

15

20

25

30

WO 2019/032629 PCT/US2018/045687

embodiments, the reduction of AHLs may reduce Vibrio bacterial reservoirs in aquaculture
environments, or other natural environments, such as ponds and lakes that may act as stage gates
for shrimp infections.

In one embodiment, the invention may include an isolated expression vector, such as a
plasmid configured to be expressed in bacteria that may further express one or more
heterologous polypeptides that inhibit QS and/or biofilm production, as well as the expression of
pathogenicity genes, preferably through the inhibition/inactivation of the AHL class (Hal-1) of
QS molecules. In a preferred embodiment, the invention may include and one or more isolated
expression vectors, such as a plasmid configured to be expressed in bacteria that may further
express a heterologous AHL lactonase, preferably the aidH gene from Ochrobactrum.

As noted above, bacteria expressing AHL lactonase may reduce virulence/fitness of
pathogenic Vibrio sp. in shrimp. As such, the invention further includes novel systems, methods
and compositions to inhibit QS, biofilm formation and pathogenicity/fitness of Vibrio species in
an aquaculture of other aquatic environments and thus reduce and/or treat EMS in shrimp. In one
specific embodiment, this novel system may include the overexpression of a heterologous AHL
lactonase, such as aidH in enteric bacteria in the intestines of shrimp. Exemplary enteric bacteria
may include Salmonella typhimurium, as well as Enterobacter sp. such as Agl. The aidH gene
encodes a hydrolytic protein that interferes with QS-mediated functions through the inactivation
of AHL class (Hal-1) of QS molecules thereby preventing QS-mediated activation of pathogenic
states in bacteria, preferably EMS-causing Vibrio species.

In another embodiment, enteric bacteria such as Agl, may be genetically modified to
express and/or overexpress a heterologous aidH gene. This genetically modified bacteria may be
introduced to a shrimp or other aquaculture or aquatic organisms, for example through a
bacteria-infused feed. Once permanently and/or transiently colonized in the shrimp gut, the
genetically modified enteric bacteria may express and/or overexpress a heterologous aidH gene
which in turn will produce the aforementioned inactivation of AHL class (Hal-1) of QS
molecules and thereby inhibit QS-mediated activation of pathogenic states in bacteria.

The invention further includes novel systems, methods and compositions to reduce active
Al-1 activity in an aquaculture of other aquatic environments and thus reduce and/or treat EMS
in shrimp. In one specific embodiment, this novel system may include the overexpression of a

heterologous aidH gene in genetically modified enteric bacteria that may be introduced to the
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intestines of shrimp, for example through a bacterial-infused shrimp feed. As noted above, non-
limiting examples of enteric bacteria may include Salmonella typhimurium, as well as
Enterobacter sp., such as Agl. The heterologous aidH gene encodes an polypeptide that
inactivates Al-1s in the environment which may preventing QS-mediated activation of
pathogenic states in EMS causing Vibrio that may be configured to respond to autoinducer
molecules, in particular AI-1. More specifically, the extracellular reservoirs of the QS molecule
AI-1 may be reduced and/or inactivated preventing both QS phenotypes, such as biofilms, from
forming, as well as the QS-mediated activation and expression of EMS pathogenicity genes in
Vibrio and other pathogen species.

In one embodiment, one or more genetically modified strains of shrimp symbiotic,
endosymbiotic, and/or probiotic bacteria may contain one or more genetic constructs that may
result in the overexpression of a heterologous aidH gene. In this embodiment, the genetically
modified enteric bacteria may be introduced to a target shrimp or aquaculture shrimp population
and become a part of the host’s natural microbiome. The overexpression of the aidH gene may
cause inactivation of AI-1 class QS-mediators generated by EMS pathogens, such as the various
species of Vibrio identified herein, thus inhibit QS, as well as biofilm formation in such Vibrio
pathogen species.

In a preferred embodiment, genetically modified symbiotic, endosymbiotic, and/or
probiotic bacteria that overexpress a heterologous aidH gene may colonize in the gut or other
part of the shrimp. In this embodiment, once colonized in the host, vertical transmission of the
genetically modified bacteria may be passed to the host’s progeny, thus naturally replicating the
pathogenic QS and biofilm suppression to subsequent generations. Additionally, the genetically
modified bacteria may also be horizontally transmitted to host population at large through the
distribution of the modified bacteria into the environment as waste. Such a feature may allow for
the one-time and/or periodic administration of the modified bacteria to the host and/or host’s
environment generating a significant commercial, technical, and cost advantage.

In another embodiment, the colonized bacteria may overexpress a heterologous aidH
gene, having become a part of the host’s natural microbiome, and may continuously inhibit Al-1
generated by EMS pathogens, such as Vibrio via the intestine or other areas from the earliest
larval stages to the adult stage preventing QS-mediated EMS pathogenesis throughout the host’s

lifecycle. In addition, as the enteric bacteria vector may be an already naturally occurring part of
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the host’s microbiome, its presence may not pose any risk to the organism, environment, or end-
consumers.

The inventive technology may further comprise methods and techniques to control the
levels and timing of the expression of the heterologous aidH gene in the target host. In one
preferred embodiment, the expression of the heterologous aidH gene may be under the control of
an inducible promoter or other novel gene switch. The gene switch may be controlled by a
switch molecule, which may be a water-soluble and food-grade molecule that can be added to a
host organism’s environment or food supply. The presence of this switch molecule may activate
the expression and/or overexpression of the heterologous aidH gene. It absence may prevent, or
decrease expression of the heterologous aidH gene.

This embodiment may be demonstrated in genetic constructs that may include other
transcription regulation elements such as promoters, terminators, co-activators and co-repressors,
as well as other control elements that may regulate the expression and/or overexpression of a
heterologous aidH gene. Such systems may allow for control of the timing and amount of the
aidH gene proteins expressed within the system. Additional embodiments may include genetic
constructs that may be induced through additional outside and/or environmental factors, such as
the presence of a specific protein or compound, such as stress related proteins generated in
response to a pathogen or even proteins and other precursor compounds generated by pathogens
and the like.

The invention may include systems, methods, and compositions for the introduction of
genetically modified bacteria, preferably enteric bacteria expressing a heterologous aidH gene to
an EMS susceptible organisms and/or population, preferably shrimp grown in aquaculture
environments. In this embodiment, the colonized bacteria may overexpress the aidH gene,
having become a part of the host’s natural microbiome, and may continuously inhibit AI-1
generated by EMS pathogens, such as Vibrio via the intestine or other areas and thus providing
prophylactic protection to the population against EMS, in particular Vibrio-mediated EMS.

In a preferred embodiment, an exemplary heterologous AHL lactonase may include the
aidH gene from Ochrobactrum identified as SEQ ID NO. 1, or a sequence having 70% to 99%
homology thereof. In this embodiment, heterologous aidH may be part of an expression cassette,

and may further be operably linked to a promoter.
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The inventive technology may comprise systems and methods to control the virulence of
specific bacterial or other pathogens by selective inactivation of pathogenic, essential or other
target genes. This targeted gene inactivation may be accomplished by the expression and
delivery of heterologous asRNA molecules from a donor bacterium to a target host pathogen. In
one preferred embodiment, one or more donor bacterial species or strains may be genetically
engineered to express heterologous asRNA molecules that may act to regulate and/or inhibit
gene expression in target disease-causing agents, preferably EMS disease causing agents.

In certain embodiments, asRNA may include a non-coding single-stranded RNA
molecule that may exhibit a complementary relationship to a specific messenger RNA (mRNA)
strand transcribed from a target gene. Additional embodiments may include asRNA having one
or more mismatches in relation to their target mRNA. Regardless of the homology between the
mRNA and asRNA, in this embodiment, the asRNA may physically pair with, and bond to, the
complementary mRNA. This complementary binding may inhibit translation of a complementary
mRNA by base pairing the RNA molecules and thereby physically obstructing, or sterically
hindering the translation machinery.

It should be noted that when referring to asRNA being complementary, it means that the
polynucleotide for use in antisense suppression may correspond to all or part of the complement
of the sequence encoding the target polypeptide, all or part of the complement of the 5’ and/or 3’
untranslated region of the target polypeptide transcript, or all or part of the complement of both
the coding sequence and the untranslated regions of a transcript encoding the target polypeptide.
A complementary nucleic acid molecule is that which is complementary to an mRNA transcript
of all or part of a target nucleic acid molecule. In addition, the antisense polynucleotide may be
fully complementary (i.e., 100% identical to the complement of the target sequence) or partially
complementary (i.e., less than 100% identical to the complement of the target sequence) to the
target sequence.

Antisense suppression may be used to inhibit the expression of multiple proteins in the
same cell. Furthermore, portions of the antisense nucleotides may be used to disrupt the
expression of the target nucleic acid molecule. Generally, antisense sequences of at least 10
nucleotides, 20 nucleotides, 50 nucleotides, 100 nucleotides, 200 nucleotides, 300, 500, 550,
500, 550, or greater, and any amount in-between, may be used. The sequence may be

complementary to any sequence of the messenger RNA, that is, it may be proximal to the 5'-
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terminus or capping site, downstream from the capping site, between the capping site and the
initiation codon and may cover all or only a portion of the non-coding region, may bridge the
non-coding and coding region, be complementary to all or part of the coding region,
complementary to the 3'-terminus of the coding region, or complementary to the 3'-untranslated
region of the mRNA.

The antisense sequence may be complementary to a unique sequence or a repeated
sequence, so as to enhance the probability of binding. Thus, the antisense sequence may be
involved with the binding of a unique sequence, a single unit of a repetitive sequence or of a
plurality of units of a repetitive sequence. Methods of preparing antisense nucleic acid molecules
are generally known in the art.

As such, in certain embodiments, the present invention may include systems, methods
and compositions to inhibit the expression of a nucleic acid molecule of a disease-causing agent,
and more preferably an EMS-causing agent. When referring to inhibiting expression of a target
gene, it is meant that expression of the nucleic acid molecule is inhibited, disrupted, or otherwise
interfered with such that the target host is protected from a disease. Inhibiting expression of a
target gene may also generally refer to translation of the nucleic acid molecule being inhibited,
disrupted, or otherwise interfered with such that the eukaryotic recipient, or target host is
protected from a disease. Inhibiting expression of a target gene, may also mean that expression
of the nucleic acid molecule, such as an asRNA polynucleotide, inhibits, disrupts, or otherwise
interferes with the expression or translation of an essential gene in a pathogen such that the
eukaryotic recipient, or target host exhibits lower infection rates, transmission rates, pathogen
loads, or disease symptoms than that of a wild-type (WT) hosts.

As noted above, in one embodiment, the invention may include the use of asRNA that is
complimentary to a nucleic acid molecule of a target gene in an EMS-causing agent. In a
preferred embodiment, a donor bacterium may be genetically modified to express a heterologous
asRNA. This expression may be part of an expression vector, and may be part of an expression
cassette and may further be operably linked to an expression control sequence(s). This
genetically modified donor bacterium may be introduced to a target host and express the targeted
heterologous asRNA which may be exported from the donor bacterium and be taken-up into the
target EMS-causing agent, which in this embodiment may be a pathogenic bacteria. The

heterologous asRNA, being delivered to the recipient pathogenic Vibrio bacteria, may prevent
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normal expression of the protein encoded by the targeted nucleic acid molecule. This may result
in the interference with the EMS-causing agent’s lifecycle, ability to replicate and/or
pathogenicity, thus providing an effective antibacterial delivery system. In this embodiment, the
donor bacterium may be a symbiotic bacterium strain that may persist in the target host and
provide continuing expression of heterologous asRNA, thus providing on-going production in
the host target to counter the EMS-causing agent. In additional embodiments, the donor
bacterium may be a probiotic, or probiotic-like bacteria that may persist in the target host and
express and deliver heterologous asRNA to a recipient bacterial pathogen for a limited period of
time. In this manner, multiple and sequential exposures of the target host to a probiotic, or
probiotic-like bacteria may effectively deliver heterologous asRNA, but not persist permanently
within the target host.

In another preferred embodiment, a genetically modified donor bacterium may be
introduced to a target host that has not been exposed to an EMS-causing agent and may express
the targeted heterologous asRNA which may be exported from the donor bacterium into the
target host’s cellular and/or intracellular environment. The heterologous asRNA, being delivered
to the recipient host may act as a prophylactic treatment such that when the target EMS-causing
agent, such as a pathogenic Vibrio bacteria, is introduced to the target host, heterologous asRNA
prevents normal expression of the protein encoded by the targeted nucleic acid molecule and
may prevent the ability of the EMS-causing agent to colonize or affect the target host. In this
embodiment, the donor bacterium may be a symbiotic bacterium strain that may persist in the
target host and provide continuing expression of heterologous asRNA, thus providing on-going
prophylactic vaccine production in the host imparting a level of immunity to the EMS-causing
agent.

Additional embodiments may include asRNA-induced gene inactivation of one, or a
plurality, of target genes. For example, in one preferred embodiment, gene inactivation may be
directed to one or more pathogen genes that are essential to virulence, coat proteins, metabolic
activity, infection pathways and/or energy-production and the like. While provided in an
exemplary model, a target gene may include one or more genes that are responsible for a
bacteria’s pathogenicity, or the capacity to cause a disease condition in the host.

In one embodiment, the invention may include identification of a target gene in an EMS-

causing agent. In this preferred embodiment, the target gene may include an essential gene of an
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EMS-causing agent, meaning that the inhibition, disruption, or interference with in the
expression and/or translation of one or more essential genes results in the reduction in the
number of EMS-causing agents, amelioration of pathogenicity of the EMS-causing agent,
interruption in the EMS-causing agent’s life-cycle, ability to colonize the eukaryotic host, evade
a specific or general immune response in the host, or cause a disease state.

In one embodiment, the heterologous asRNA, directed to a nucleic acid sequence in the
EMS-causing agent which is to be expressed or inhibited (target nucleic acid molecule or target
gene), may either express, inhibit, or compete for binding sites with any such target nucleic acid
molecule which, when administered, results in protection to the eukaryotic host from the disease
causing agent.

According to one aspect of the present invention there is provided a method of
controlling a pathogenically infected organism, the method comprising administering to a target
host organism, which in a preferred embodiment may include aquatic organisms, a nucleic acid
agent comprising a nucleic acid sequence which specifically downregulates an expression of at
least one essential target pathogen gene product, wherein downregulation of the expression of at
least one essential target pathogen gene product in the target host rendering the target host
protected from the pathogen-caused disease state.

In one preferred embodiment, such a nucleic acid agent may include an asRNA
polynucleotide identified as SEQ ID NO. 4, or a homolog and/or ortholog, or other sequence
having 70%-99% homology thereof. Additional embodiments may include any nucleic acid that
spans a region of greater than average homology between an essential target gene of various
strains of an EMS-causing pathogen. One preferred embodiment may include any nucleic acid
that spans a region of greater than average homology between the essential target genes of
various strains of a Vibrio. In the example of an EMS-causing Vibrio disease causing agent, this
may include, as shown generally below in the region encoding the dam gene identified as SEQ
ID NO. 4, among others. As noted elsewhere, dam is an essential gene in Vibrio sp. and is
involved in regulation of gene expression. Dam is also involved in regulation of virulence
pathway in many EMS-causing bacteria.

In a preferred embodiment, the invention may include one or more genetically engineered
Agl bacteria configured to deliver one or more asRNA molecules to pathogenic bacteria in a

host organism. In a preferred embodiment, the invention may include one or more genetically
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engineered bacteria configured to deliver one or more asRNA molecules identified as SEQ ID
NO. 3, or a sequence having 70% to 99% homology thereof, directed to inhibit dam gene
expression, identified as SEQ ID NO. 3, or a sequence having 70% to 99% homology thereof, in
EMS-causing pathogenic bacteria in an aquatic host organism, such as shrimp or other organisms
commonly raised through aquaculture.

In another preferred embodiment, the current inventive technology may extend this
technology to symbiotic microorganisms that persist in the tissues, offspring and/or eggs of a
host throughout their development and into the adult stage. In this manner, genetically modified
microorganisms may produce and deliver asRNA molecules continuously to target pathogens
such as EMS-causing Vibrio. This may be used to treat an EMS disease-condition in an already
infected host, and/or immunize a susceptible host population.

The present invention may further include one or more vectors for inhibiting the
expression of multiple pathogen genes, wherein the vector comprising one, or a plurality of
heterologous asRNA polynucleotides that may correspond to one or more select pathogen genes.
This embodiment may include the use of a plasmid expression system. In some embodiments,
this plasmid may have one or more expression cassettes, including: at least one gene suppressing
cassette containing a polynucleotide operably linked to an expression control sequence(s),
wherein the polynucleotide encodes a heterologous asRNA molecule configured to reduce
expression of a target pathogen gene as generally described herein.

A preferred embodiment of the present invention includes a vector for modulating
multiple pathogen genes, wherein the vector comprising one or a plurality of asRNAs may
correspond to one or more select host genes. This embodiment may include the use of a plasmid
expression system. In some embodiments, this plasmid may have one or more expression
cassettes, including: at least one gene suppressing cassette containing a polynucleotide operably
linked to an expression control sequence(s), wherein the polynucleotide encodes a heterologous
asRNA molecule configured to reduce expression of a target pathogen gene as generally
described herein.

The present invention also includes a vector for inhibiting the expression of EMS-causing
agent gene in a host, wherein the vector comprises at least one gene suppressing cassette
containing a polynucleotide operably linked to an expression control sequence(s), wherein the

polynucleotide encodes an asRNA molecule that reduces expression of a target pathogen gene. In
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one embodiment, the polynucleotide encoding the asRNA comprises the nucleotide sequence of
SEQ ID NO. 3. Examples of suitable promoters for gene suppressing cassettes include, but are
not limited to, Pupp, T7 promoter, bla promoter, U6 promoter, pol II promoter, Ell promoter, and
CMYV promoter and the like. Optionally, each of the promoter sequences of the gene promoting
cassettes and the gene suppressing cassettes can be inducible and/or tissue-specific.

In further aspects, the present invention includes methods of administering a
therapeutically effective amount of one or more genetically modified donor bacteria expressing a
heterologous asRNA polynucleotide and/or quorum quencher molecule as generally described
above. In one embodiment, this therapeutically effective amount may be the amount of bacteria,
or the amount of heterologous asRNA polynucleotide and/or quorum quencher molecule
expressed by a donor genetically modified bacteria that may be transported out of the donor and
taken-up by a target Vibrio pathogen to ameliorate, reduce or eliminate a disease condition,
preferably EMS, and/or said quorum quenchers may inhibit GQ-mediated pathogenicity
respectively. In one preferred embodiment, as asRNA and one or more quorum quenchers may
be co-expressed as generally described herein.

In another embodiment, this therapeutically effective amount may be the amount of
genetically modified bacteria, or the amount of heterologous asRNA polynucleotide and/or
quorum quencher molecule expressed by a donor genetically modified bacteria that may be
transported out of the donor such that the host has increased resistance to infection by a later
introduced EMS-causing Vibrio pathogen.

In another embodiment, this therapeutically effective amount may be the amount of
genetically modified donor bacteria that can colonize, or become endemic within a population of
target hosts through vertical and/or horizontal transfer.

In one embodiment, the present invention may include methods of administering a
therapeutically effective amount of a genetically modified bacterium, configured to express
heterologous asRNA polynucleotide that may target an essential target gene in Vibrio that is
involved in DNA methylation. In a preferred embedment, this target gene may include SEQ ID
NO. 4, or a sequence having 70% to 99% homology therein.

In one embodiment, the present invention may include methods for modulating DNA
methylation in a Vibrio, or other bacterial pathogens. In this embodiment, the method may

include the step of administering a therapeutically effective amount of a genetically modified
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bacteria, configured to express heterologous asRNA polynucleotide may target an essential target
gene in Vibrio that is involved in DNA methylation. In a preferred embodiment, this target gene
may include SEQ ID NO. 4, or a sequence having 70% to 99% homology therein.

In one embodiment, the present invention may include methods of administering a
therapeutically effective amount of a genetically modified bacteria, configured to express
heterologous asRNA polynucleotide, may target an essential target gene in Vibrio that is
involved in DNA methylation and, wherein said asRNA may be identified as SEQ ID NO. 3, or a
sequence having 70% to 99% homology therein..

Alternative embodiments of the present invention may include a novel in vitro and/or in
vivo method to select symbiotic bacteria that may be utilized in an effective system of pathogen
gene suppression. In particular, another aim of the present invention may include a novel in vitro
and/or in vivo method to select symbiotic host bacteria that may be utilized in an effective system
of pathogen gene suppression. These symbiotic host bacteria may be non-pathogenic in humans,
and further have culturability, transformability, plasmid mobilization, and be able to able to
secrete target nucleic acids, such as asRNA and the like, endemic or able to become endemic in
host populations, dispersible, for example through aerosolization, able to survive in the
environment and be eaten or taken up by hosts at all stages of life preferably.

In another aspect, the present invention includes methods for producing the vectors of the
present invention. In yet another aspect, the present invention includes methods for producing
the transformed or genetically modified microorganisms of the present invention, for example
through transformation with a recombinant plasmid.

Another embodiment of the present invention may include a cell, such as a genetically
modified microorganism, configured to express a heterologous nucleic acid agent, such as a
asRNA, or the nucleic acid construct, such as a plasmid, of some embodiments of the invention.
In one preferred embodiment, the present invention may include a genetically modified bacteria,
configured to express a heterologous asRNA polynucleotide and/or a quorum quenching
molecule.

Another embodiment of the present invention may include a cell comprising the isolated
nucleic acid agent, such as a asRNA or a quorum quenching molecule, or the nucleic acid
construct, such as a plasmid, of some embodiments of the invention wherein the cell is selected

from the group consisting of a bacterial cell, an algae cell, a symbiotic bacteria, and a cell of a
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water surface microorganism. According to an aspect of some embodiments of the present
invention, there is provided an ingestible compound comprising the cell of some embodiments of
the invention.

In another preferred embodiment, a species or strain of bacteria may be modified to
produce an asRNA that may be complementary to the mRNA encoding DNA adenine methylase
(Dam) in Vibrio. These modified bacteria may include strains or species that are part of the
normal flora of shrimp, and or symbiotic and/or endosymbiotic with a target host, such as shrimp
or other aquatic organisms. Upon introduction, these genetically engineered bacteria maybe
taken up by the shrimp and become part of the normal flora.

In this embodiment, asRNA identified as SEQ ID NO. 1, may be expressed in a donor
bacterium, such as E. coli or and Enterobacter strain such as Agl, and may suppress the
expression of the dam, or other essential gene in Vibrio in a target host. In another embodiment,
asRNA-Dam, identified as SEQ ID NO. 1, expressed in a donor bacterium, identified as SEQ ID
NO. 4, may decrease EMS-causing Vibrio fitness and also generate a pronounced decline in
biofilm formation or pathogenesis. The decrease in Vibrio fitness may be directly related to a
reduction of Dam expression in the recipient Vibrio cells as indicated by the observations found
in fully incorporated PCT Application No. PCT/US18/33976, that: 1) Vibrio DNA is 30% less
methylated when co-cultivated with bacteria expressing asRNA-Dam; 2) the Vibrio replication
origin oriC and promoter of dnad, critical elements in the initiation of DNA replication, were 2-
folds less methylated than in controls not exposed to bacteria expressing asRNA-Dam; 3)
expression of Vibrio dam gene was also decreased 2-fold relative to controls; 4) expression of
the Vibrio dnaA gene was decreased 3-fold relative to controls; 5) expression of Vibrio dam gene
may be decreased 6-fold when exposed to Enterobacter Agl expressing asRNA-Dam in the
model animal organism. Such results demonstrate the ability of the current invention to control
disease and biofilm generation by targeted production and delivery of asRNA from a donor to a
recipient bacterium in a host organism.

As noted above, the delivery of heterologous asRNA or quorum quenching molecules,
may be accomplished through the introduction of genetically modified host-specific donor
microorganisms, such as enteric, endophytic, symbiotic, and/or endosymbiotic bacteria. Such
genetically modified host-specific microorganisms may include: 1) microorganisms that are part

of the target pathogen’s normal internal or external bacterial microbiome; 2) microorganisms that
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have been modified to be capable of colonizing a target host, tissue, cell or host environment; 3)
microorganisms that that are utilized as a food or energy source by the target host; or 4)
microorganisms that have been modified to colonize, or transiently persist in the target host as in
the case of a probiotic or probiotic-like microorganism, a specific animal, plant, tissue, cell or
host environment. As noted above, in one preferred embodiment, the heterologous asRNA donor
bacterium may include £. coli, as well as bacterium from the genus Enterobacter, such as Agl as
herein described.

In one preferred embodiment, donor bacteria may be transformed with artificially created
genetic constructs, such as plasmids that may generate heterologous asRNA polynucleotides
and/or quorum quenching molecules. Such plasmids may be constructed to be transferrable to
other bacteria through conjugation and other means which may allow for widespread distribution
of the construct, in some instances. In certain embodiments, asRNA molecules and/or quorum
quenching molecules can be encoded on plasmids and/or BACs under the control of a
constitutive, inducible, heterologous, or homologous gene promoter/terminator pair in the donor
bacteria delivering the heterologous asRNA polynucleotides and/or quorum quenching
molecules. In an additional embodiment, genetic constructs for the generation of heterologous
asRNA polynucleotides and/or quorum quenching molecules may be integrated into the bacterial
genome of the delivery or host bacteria.

In another preferred embodiment, one or more heterologous asRNA polynucleotides
and/or quorum quenching molecules may be delivered to a target animal host/population through
genetically modified donor bacteria that may naturally colonize the host, or be configured to
colonize the host. The donor bacteria may then, in one preferred embodiment, disseminate the
genetic constructs expressing the heterologous asRNA polynucleotides and/or quorum quenching
molecules to naturally occurring host microorganisms and/or pathogenic bacteria in the
surrounding environment. In this embodiment, once colonized in the target host, vertical
transmission of the modified bacteria may be passed to the host’s progeny, thus naturally
replicating the pathogenic bacterial resistance to subsequent generations. Additionally, the
modified bacteria may also be horizontally transmitted to the host population at large through the
distribution of the modified bacteria into the environment as waste. Such a feature may allow for
the one-time, or at least only periodic, administration of the genetically modified bacteria to the

host and/or host’s environment, generating a significant commercial advantage.
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The inventive technology may further comprise methods and techniques to control the
levels and timing of the expression of heterologous asRNA polynucleotides in the donor bacteria.
In one preferred embodiment, the expression of one or more heterologous asRNA
polynucleotides may be under the control of a novel gene switch. This gene switch may be
controlled by a switch molecule, which may be a water-soluble and food-grade molecule that can
be added to a host organism’s environment or a food supply. The presence of this switch
molecule may activate, for example heterologous asRNA production. In its absence, asRNA
production may not occur, or may only occur at negligible levels.

Additional embodiments of the present invention may include methods and systems to
optimize the effectiveness of heterologous asRNA polynucleotides. In one preferred
embodiment, asRNA may be co-expressed and/or fused with chaperone proteins to protect the
RNA molecules from degradation. Additional preferred embodiments may include the co-
expression and/or fusing of secretion tags/moieties that may facilitate secretion and/or uptake of
heterologous asRNA polynucleotides, increasing their effectiveness.

Bacterial endoribonucleases, exoribonucleases and RNA degradosomes may degrade
non-coding RNA molecules such as asRNA. In one embodiment, the inventive technology may
include modification of the previously identified delivery bacteria to have decreased expression,
or inactivated function or activity of these protein families. This decrease or inactivation in
expression and/or activity may inhibit or decrease single-stranded non-coding RNA species
degradation. In one preferred embodiment, the previously identified host-specific bacteria may
be genetically modified to efficiently express heterologous asRNA polynucleotides in an RNA
endoribonuclease, exoribonuclease and/or degradosomes deficient background. In one preferred
embodiment, a donor bacterium may lack, or have degraded RNase III function. In this preferred
embodiment, these non-coding RNA molecule degradation genes may be knocked out by
homologous recombination or other appropriate methods.

Another embodiment of the inventive technology may include systems and methods to
facilitate the overexpression of host-specific bacterial genes known to enhance stabilization
and/or mobilization of non-coding RNA molecules, such as asRNA and/or gRNA, as well as the
mobilization and dissemination of their underlying genetic constructs, such as plasmids. In this

preferred embodiment, one or more genes known to stabilize asRNA or mobilize genetic
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constructs such as plasmids may be overexpressed to enhance their lifetime and facilitate
movement within host organism/cell/tissue.

In another embodiment, non-coding RNA molecules, such as heterologous asRNA
polynucleotides, may be delivered by engineered and/or genetically modified bacteria that induce
formation of intracellular connections, especially in non-optimal environmental conditions, or
where certain essential nutrients are lacking in the surrounding environment. In this manner,
bacteria may form nanotubes to exchange nutrients, genetic material and other chemical signals
among connected cells and thus help to distribute metabolic functions within microbial
communities. In this embodiment, auxotrophic bacteria may be genetically modified to induce
formation of nanotubes which may allow the direct dissemination of asRNA from donor bacteria
to target or recipient bacteria. In another embodiment, auxotrophic bacteria may be genetically
modified to induce formation of nanotubes which may allow the dissemination of genetic
constructs that encode for asRNA to target bacteria which lack the artificial genetic construct. In
this configuration, under certain environmental or nutrient-deficient conditions, delivery bacteria
may disseminate asRNA and/or the genetic constructs, such as plasmids, that encode an asRNA
to other bacteria in the community. This action may help impair the expression of specific target
genes among a large population of pathogenic bacteria.

In this embodiment, such genetic constructs may include transcription regulation
portions, such as promoters, terminators, co-activators and co-repressors and similar control
elements that may be regulated in prokaryotic, as well as eukaryotic systems. Such systems may
allow for control of the type, timing and amount of heterologous asRNA polynucleotides, or
other non-coding RNA molecules, expressed within the system. Additional embodiments may
include genetic constructs that may be induced through outside factors, such as the presence of a
specific protein or compound within a cell, such as stress related proteins generated in response
to a pathogen, or even the proteins and other precursor compounds generated by pathogens and
the like.

As noted above, in a preferred embodiment, one or more heterologous asRNA
polynucleotides may be delivered to a target host/population of shrimp through genetically
modified bacteria that may naturally, or be configured to, colonize and/or be symbiotic with the
shrimp. In this embodiment, once colonized in the host, vertical transmission of the modified

bacteria may be passed to the host’s progeny, thus naturally replicating the pathogenic resistance
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to subsequent generations. In certain embodiments, genetically modified bacteria expressing one
or more heterologous asRNA polynucleotides may colonize a shrimp throughout its lifecycle.
For example, a genetically modified donor bacteria expressing one or more heterologous asRNA
polynucleotides may colonize a shrimp while it is: an egg, a nauplius, a protozoea, a mysis, post-
larval stage or an adult. In this embodiment, the colonized bacteria may express heterologous
asRNA polynucleotides, that may be directed to be expressed and transported from the donor
bacterium and taken up by a recipient pathogen bacteria and inhibit expression or one or more
essential genes. Moreover, these colonized bacteria, having permanently and/or temporarily
become a part of the host’s natural microbiome, may continuously deliver the heterologous
asRNA polynucleotides, in one instance via the intestine from the earliest larval stages to the
adult stage, providing pathogen-specific mRNA down-regulation of essential pathogen genes
throughout the host’s lifecycle. In addition, as the donor bacterial vector may be an already
naturally occurring part of the host’s microbiome, its presence may not pose any risk to the
organism, environment or end-consumers.

The inventive technology may include methods and techniques for the generation of host-
specific bacteria, and in particular, host-specific enteric or symbiotic bacteria that may act as an
appropriate donor vector for heterologous asRNA polynucleotides and quorum quenching
molecules directed to bacterial pathogens that affect aquatic organisms. As an exemplary model,
shrimp may be utilized as a target host. However, as can be appreciated by one of ordinary skill
in the art, such methods and techniques may be applied to a variety of different organisms.

The term “aquaculture” as used herein includes the cultivation of aquatic organisms
under controlled conditions.

The term “aquatic organism” and/or “aquatic animal” as used herein include organisms
grown in water, either fresh or saltwater. Aquatic organisms/animals includes vertebrates,
invertebrates, arthropods, fish, mollusks, including, shrimp (e.g., penaeid shrimp, Penaeus
esculentu, Penaeus setiferus, Penaeus stylirostris, Penaeus occidentalis, Penaeus japonicus,
Penaeus vannamei, Penaeus monodon, Penaeus chinensis, Penaeus aztecus, Penaeus duorarum,
Penaeus indicus, and Penaeus merguiensis, Penaeus californiensis, Penaeus semisulcatus,
Penaeus monodon, brine shrimp, freshwater shrimp, etc), crabs, oysters, scallop, prawn clams,

cartilaginous fish (e.g., sea bream, trout, bass, striped bass, tilapia, catfish, , salmonids, carp,
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catfish, yellowtail, carp zebrafish, red drum, etc), crustaceans, among others. Shrimp include
shrimp raised in aquaculture as well.

The term “probiotic” refers to a microorganism, such as bacteria, that may colonize a host
and provide a benefit. The term “probiotic” also refers to a microorganism, such as bacteria, that
may colonize a host for a sufficient length of time to delver a therapeutic or effective amount of
an heterologous asRNA polynucleotide and/or a quorum quenching molecule. A probiotic may
include endosymbiotic bacteria, or naturally occurring flora that may permanently to temporarily
colonize an animal, such as an aquatic organism. Probiotic organisms may also include algae,
and fungi, such as yeast.

Specific examples of bacterial vectors include bacteria (e.g., cocci and rods), filamentous
algae and detritus. Specific embodiments of transformable bacterial vectors cells that may be
endogenous through all life cycles of the host may include all those listed herein. Additional
embodiments may include one or more additional bacterial strains.

The term “operon” refers to a unit made up of linked genes.

The “quorum quencher” or “quorum quenching” molecules refers to heterologous or
homologous molecules that inhibit QS and/or the formation of biofilms and/or reduce bacterial
pathogenicity.

The present invention may include novel systems and methods for the expression of
gRNA in a symbiotic donor bacterial species or strain which may be utilized by the
CRISPR/Cas9 system to disrupt of target genes in pathogenic bacteria expressing CRISPR/Cas9
genes, such as dam, or QS genes. Generally, CRISPR/Cas9 may be used to generate a knock-out
or disrupt target genes by co-expressing a gRNA specific to the gene to be targeted and the
endonuclease Cas9. CRISPR may consist of two components: gRNA and a non-specific
CRISPR-associated endonuclease (Cas9). The gRNA may be a short synthetic RNA composed
of a scaffold sequence that may allow for Cas9-binding and a ~20 nucleotide spacer or targeting
sequence which defines the genomic target to be modified. In one preferred embodiment,
exemplary bacteria, such as symbiotic, endosymbiotic bacteria may be genetically modified to
produce one or more gRNAs that are targeted to the genetic sequence of a pathogenic or other
target gene and that can associate with the target bacteria’s naturally occurring Cas9
endonuclease. In another preferred embodiment, exemplary bacteria, such as endophytic and/or

enteric bacteria may be genetically modified to produce one or more gRNAs that are targeted to
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the genetic sequence of a pathogenic or other target gene, such as dam in Vibrio, and that can
associate with the target bacteria’s naturally occurring Cas9 endonuclease.

As used herein, the term “antisense RNA” or “asRNA” refers to an RNAi agent that is a
single stranded oligonucleotide. In a typical asRNA, the single strand is complementary to all or
a part of the target mRNA. The complementarity of an asRNA may be with any part of the
specific gene transcript, i.e., at the 5' non-coding sequence, 3' non-translated sequence, introns,
or the coding sequence. asRNA may be introduced into a cell to inhibit translation of a
complementary mRNA by base pairing to it and physically obstructing the translation
machinery. Antisense RNA anneal to a complementary mRNA target sequence, and translation
of the mRNA target sequence is disrupted as a result of steric hindrance of either ribosome
access or ribosomal read through. The antisense RNA mechanism is different from RNA
interference (RNAI), a related process in which double-stranded RNA fragments (dsRNA, also
called small interfering RNAs (siRNAs)) trigger catalytically mediated gene silencing, most
typically by targeting the RNA-induced silencing complex (RISC) to bind to and degrade the
mRNA. Annealing of a strand of the asRNA molecule to mRNA or DNA can result in fast
degradation of duplex RNA, hybrid RNA/DNA duplex, or duplex RNA resembling precursor
tRNA by ribonucleases in the cell, or by cleavage of the target RNA by the antisense compound
itself

As used herein, Vibriois a genus of Gram-negative, facultative anaerobic bacteria
possessing a curved-rod shape, with Vibrio sp. indicating a species within the genus Jibrio. In
some embodiments, Vibrio sp. can comprise any one or more of the following Vibrio species,
and in all possible combinations: adaptatus, aerogenes, aestivus, aestuarianus, agarivorans,
albensis, alfacsensis, alginolyticus, anguillarum, areninigrae, artabrorum, atlanticus, atypicus,
azureus, brasiliensis, bubulus, calviensis, campbellii, casei, chagasii, cholera, cincinnatiensis,
coralliilyticus, crassostreae, cyclitrophicus, diabolicus, diazotrophicus, ezurae, fischeri,
fluvialis, fortis, furnissii, gallicus, gazo genes, gigantis, halioticoli, harveyi, hepatarius,
hippocampi, hispanicus, hollisae, ichthyoenteri, indicus, kanaloae, lentus, litoralis, logei,
mediterranei, metschnikovii, mimicus, mytili, natriegens, navarrensis, neonates, neptunius,
nereis, nigripulchritudo, ordalii, orientalis, pacinii, parahaemolyticus, pectenicida, penaeicida,
pomeroyi, ponticus, proteolyticus, rotiferianus, ruber, rumoiensis, salmonicida, scophthalmi,

splendidus, superstes, tapetis, tasmaniensis, tubiashii, vulnificus, wodanis, and xuii.
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As used herein, the phrase “host” or “target host” refers to a organism or population
carrying a disease-causing pathogen, or an organism or population that is susceptible to a
disease-causing pathogen. A “host” or “target host” may further include an organism or
population capable of carrying a disease-causing pathogen.

As used herein, the terms “controlling” and/or “bio-control” refer to reducing and/or
regulating pathogen/disease progression and/or transmission.

As used herein, “vaccine” refers to compositions that result in both active and passive
immunizations. Both polypeptides and polynucleotides and their expressed gene products are
referred to as vaccines herein. A feed may include a treated bacteria configured to express an
heterologous RNA polynucleotide and/or a quorum quenching molecule may also be a vaccine.
Feeding treated feed to an animal may be a vaccination.

As used herein, the phrase “feed” refers to animal consumable material introduced as part
of the feeding regimen or applied directly to the water in the case of aquatic animals. A “treated
feed” refers to a feed treated with a treated bacteria configured to express bacteria polynucleotide
and of quorum quenching molecules as generally described herein. A “feed may also be a or a
shrimp culture pond/aquaculture inoculum.

The term “nucleic acid” as used herein, refers to a polymer of ribonucleotides or
deoxyribonucleotides. Typically, “nucleic acid or “nucleic acid agent” polymers occur in either
single or double-stranded form, but are also known to form structures comprising three or more
strands. The term “nucleic acid” includes naturally occurring nucleic acid polymers as well as
nucleic acids comprising known nucleotide analogs or modified backbone residues or linkages,
which are synthetic, naturally occurring, and non-naturally occurring, which have similar binding
properties as the reference nucleic acid, and which are metabolized in a manner similar to the
reference nucleotides. Exemplary analogs include, without limitation, phosphorothioates,
phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-methyl
ribonucleotides, and peptide-nucleic acids (PNAs). “DNA”, “RNA”, “polynucleotides”,
“polynucleotide sequence”, “oligonucleotide”, “nucleotide”, “nucleic acid”, “nucleic acid
molecule”, “nucleic acid sequence”, “nucleic acid fragment”, and “isolated nucleic acid
fragment” are used interchangeably herein.

The term “recombinant” when used with reference, e.g., to a cell, or nucleic acid, protein,

or vector, indicates that the cell, organism, nucleic acid, protein or vector, has been modified by
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the introduction of a heterologous nucleic acid or protein or the alteration of a native nucleic acid
or protein, or that the cell is derived from a cell so modified. Thus, for example, recombinant
cells may express genes that are not found within the native (non-recombinant or wild-type) form
of the cell or express native genes that are otherwise abnormally expressed, over-expressed,
under expressed or not expressed at all.

The terms “genetically modified,” “bio-transformed,” “transgenic”, “transformed”,
“transformation”, and “transfection” are similar in meaning to “recombinant”. “Transformation”,
“transgenic”, and “transfection” refer to the transfer of a polynucleotide into the genome of a
host organism or into a cell. Such a transfer of polynucleotides can result in genetically stable
inheritance of the polynucleotides or in the polynucleotides remaining extra-chromosomally (not
integrated into the chromosome of the cell). Genetically stable inheritance may potentially
require the transgenic organism or cell to be subjected for a period of time to one or more
conditions which require the transcription of some or all of the transferred polynucleotide in
order for the transgenic organism or cell to live and/or grow. Polynucleotides that are
transformed into a cell but are not integrated into the host's chromosome remain as an expression
vector within the cell. One may need to grow the cell under certain growth or environmental
conditions in order for the expression vector to remain in the cell or the cell's progeny. Further,
for expression to occur, the organism or cell may need to be kept under certain conditions. Host
organisms or cells containing the recombinant polynucleotide can be referred to as “transgenic”
or “transformed” organisms or cells or simply as “transformants”, as well as recombinant
organisms or cells.

The term “vector” refers to some means by which DNA, RNA, a protein, or polypeptide
can be introduced into a host. The polynucleotides, protein, and polypeptide which are to be
introduced into a host can be therapeutic or prophylactic in nature; can encode or be an antigen;
can be regulatory in nature; etc. There are various types of vectors including virus, plasmid,
bacteriophages, cosmids, and bacteria.

An “expression vector” is a nucleic acid capable of replicating in a selected host cell or
organism. An expression vector can replicate as an autonomous structure, or alternatively can
integrate, in whole or in part, into the host cell chromosomes or the nucleic acids of an organelle,
or it may be used as a shuttle for delivering foreign DNA to cells, and thus replicate along with

the host cell genome. Thus, expression vectors are polynucleotides capable of replicating in a
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selected host cell, organelle, or organism, e.g., a plasmid, virus, artificial chromosome, nucleic
acid fragment, and for which certain genes on the expression vector (including genes of interest)
are transcribed and translated into a polypeptide or protein within the cell, organelle or organism;
or any suitable construct known in the art, which comprises an “expression cassette”. In contrast,
as described in the examples herein, a “cassette” is a polynucleotide containing a section of an
expression vector of this invention. The use of the cassette assists in the assembly of the
expression vectors. An expression vector is a replicon, such as plasmid, phage, virus, chimeric
virus, or cosmid, and which contains the desired polynucleotide sequence operably linked to the
expression control sequence(s).

A polynucleotide sequence is “operably linked” to an expression control sequence(s)
(e.g., a promoter and, optionally, an enhancer) when the expression control sequence controls
and regulates the transcription and/or translation of that polynucleotide sequence. As used herein,
the phrase “gene product” refers to an RNA molecule or a protein. Moreover, the term “gene”
may sometime refer to the genetic sequence, the transcribed and possibly modified mRNA of
that gene, or the translated protein of that mRNA.

The present teachings contemplate the targeting of homologs and orthologs according to
the selected pathogen species, for example species of Vibrio. Homologous sequences include
both orthologous and paralogous sequences. The term “paralogous” relates to gene-duplications
within the genome of a species leading to paralogous genes. The term “orthologous” relates to
homologous genes in different organisms due to ancestral relationship. Thus, orthologs are
evolutionary counterparts derived from a single ancestral gene in the last common ancestor of
given two species (Koonin EV and Galperin MY (Sequence - Evolution - Function:
Computational Approaches in Comparative Genomics. Boston: Kluwer Academic; 2003.
Chapter 2, Evolutionary Concept in Genetics and Genomics. Available from:
www.ncbi.nlm.nih.gov/books/NBK20255/) and therefore have great likelihood of having the
same function. As such, orthologs usually play a similar role to that in the original species in
another species.

Homology (e.g., percent homology, sequence identity + sequence similarity) can be
determined using any homology comparison software computing a pairwise sequence alignment.
As used herein, “sequence identity” or “identity” in the context of two nucleic acid or

polypeptide sequences includes reference to the residues in the two sequences which are the
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same when aligned. When percentage of sequence identity is used in reference to proteins it is
recognized that residue positions which are not identical often differ by conservative amino acid
substitutions, where amino acid residues are substituted for other amino acid residues with
similar chemical properties (e.g. charge or hydrophobicity) and therefore do not change the
functional properties of the molecule. Where sequences differ in conservative substitutions, the
percent sequence identity may be adjusted upwards to correct for the conservative nature of the
substitution. Sequences which differ by such conservative substitutions are to have “sequence
similarity” or “similarity”. Means for making this adjustment are well-known to those of skill in
the art. Typically this involves scoring a conservative substitution as a partial rather than a full
mismatch, thereby increasing the percentage sequence identity. Thus, for example, where an
identical amino acid is given a score of 1 and a non-conservative substitution is given a score of
zero, a conservative substitution is given a score between zero and 1. The scoring of conservative
substitutions is calculated, e.g., according to the algorithm of Henikoff S and Henikoff JG.
[Amino acid substitution matrices from protein blocks. Proc. Natl. Acad. Sci. U.S.A. 1992,
89(22): 10915-9].

According to a specific embodiment, a homolog sequences are at least 60 %, 65 %, 70 %,
75 %, 80%, 85 %, 90 %, 95 % or even identical to the sequences (nucleic acid or amino acid
sequences) provided herein. Homolog sequences of any of SEQ ID Nos 1-4 of between 50%-
99% may be included in certain embodiments of the present invention.

Downregulating expression of a pathogen gene product can be monitored, for example,
by direct detection of gene transcripts (for example, by PCR), by detection of polypeptide(s)
encoded by the gene (for example, by Western blot or immunoprecipitation), by detection of
biological activity of polypeptides encoded by the gene (for example, catalytic activity, ligand
binding, and the like), or by monitoring changes in the host (for example, reduced motility of the
host etc.). Additionally, or alternatively downregulating expression of a pathogen gene product
may be monitored by measuring pathogen levels (e.g. bacterial levels etc.) in the host as
compared to a wild type (i.e. control) host not treated by the agents of the invention.

As used herein, the term “interfering RNA molecules” or “interfering RNA” refers to an
RNA polynucleotide which is capable of inhibiting or “silencing” the expression of a target gene
in a pathogen. In certain embodiments, an “interfering RNA molecule” or “interfering RNA”

may include an asRNA or heterologous asRNA. The inhibitory RNA sequence can be greater
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than 90% identical or even 100% identical, to the portion of the target gene transcript.
Alternatively, the duplex region of the RNA may be defined functionally as a nucleotide
sequence that is capable of hybridizing with a portion of the target gene transcript under stringent
conditions (e.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 60 degrees C hybridization
for 12- Ib hours; followed by washing). The length of the single-stranded nucleotide sequences
complementary to the target gene transcript may be at least about 18, 19, 21, 25, 50, 100, 200,
300, 400, 491, 500, 550, 600, 650, 700, 750, 800, 900, 1000 or more bases. In some
embodiments of the invention, the length of the double-stranded nucleotide sequence is
approximately from about 18 to about 530, or longer, nucleotides in length.

It will be noted that the asRNA can be defined in terms of the nucleic acid sequence of
the DNA encoding the target gene transcript, and it is understood that a asRNA sequence
corresponding to the coding sequence of a gene comprises an RNA complement of the gene’s
coding sequence, or other sequence of the gene which is transcribed into RNA.

For example, in order to silence the expression of an mRNA of interest, synthesis of the
asRNA suitable for use with some embodiments of the invention can be selected as follows.
First, the mRNA sequence is scanned including the 3' UTR and the 5' UTR. Second, the mRNA
sequence is compared to an appropriate genomic database using any sequence alignment
software, such as the BLAST software available from the NCBI server
(wwwdotncbidotnlmdotnihdotgov/BLAST/). Putative regions in the mRNA sequence which
exhibit significant homology to other coding sequences are filtered out. Qualifying target
sequences are selected as templates for asRNA synthesis. Preferred sequences are those that have
little homology to other genes in the genome to reduce an “off-target” effect. It will be
appreciated that the RNA silencing agent of some embodiments of the invention need not be
limited to those molecules containing only RNA, but further encompasses chemically-modified
nucleotides and non-nucleotides.

According to a specific embodiment, the vector for the heterologous asRNA
polynucleotide and/or quorum-quenching molecules, or donor is bacteria. In other embodiments,
the donor is an algae cell. Various algae species can be used in accordance with the teachings of
the invention since they are a significant part of the diet for many kinds of hosts that feed
opportunistically on microorganisms as well as on small aquatic animals such as rotifers.

Examples of algae that can be used in accordance with the present teachings include, but are not
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limited to, blue-green algae as well as green algae. Specifically, Actinastrum hantzschii,
Ankistrodesmus falcatus, Ankistrodesmus spiralis, Aphanochaete elegans, Chlamydomonas sp.,
Chlorella ellipsoidea, Chlorella pyrenoidosa, Chlorella variegate, Chlorococcum hypnosporum,
Chodatella brevispina, Closterium acerosum, Closteriopsis acicularis, Coccochloris peniocystis,
Crucigenia lauterbomii, Crucigenia tetrapedia, Coronastrum ellipsoideum, Cosmarium botrytis,
Desmidium swartzii, Eudorina elegans, Gloeocystis gigas, Golenkinia minutissima, Gonium
multicoccum, Nannochloris oculata, QOocystis marssonii, Qocystis minuta, Qocystis pusilla,
Palmella texensis, Pandorina morum, Paulschulzia pseudovolvox, Pediastrum clathratum,
Pediastrum duplex, Pediastrum simplex, Planktosphaeria gelatinosa, Polyedriopsis spinulosa,
Pseudococcomyxa adhaerans, Quadrigula closterioides, Radiococcus nimbatus, Scenedesnus
basiliensis, Spirogyra pratensis, Staurastrum gladiosum, Tetraedron bitridens, Trochiscia
hystrix. Anabaena catenula, Anabaena spiroides, Chroococcus turgidus, Cylindrospermum
licheniforme, Bucapsis sp. (U. Texas No. 1519), Lyngbya spiralis, Microcystis aeruginosa,
Nodularia spumigena, Nostoc linckia, Oscillatoria lutea, Phormidiumfaveolarum, Spinilina
platensis.

In a further embodiment, a composition including a genetically modified bacteria
configured to express asRNA and/or quorum-quenching molecules may be formulated as a water
dispersible granule or powder that may further be configured to be dispersed into the
environment. In yet a further embodiment, the compositions of the present invention may also
comprise a wettable powder, spray, emulsion, colloid, aqueous or organic solution, dust, pellet,
or colloidal concentrate. Dry forms of the compositions may be formulated to dissolve
immediately upon wetting, or alternatively, dissolve in a controlled-release, sustained-release, or
other time-dependent manner. Alternatively or additionally, the composition may comprise an
aqueous solution. Such aqueous solutions or suspensions may be provided as a concentrated
stock solution which is diluted prior to application, or alternatively, as a diluted solution ready-
to-apply. Such compositions may be formulated in a variety of ways. They may be employed as
wettable powders, granules or dusts, by mixing with various inert materials, such as inorganic
minerals (silicone or silicon derivatives, phyllosilicates, carbonates, sulfates, phosphates, and the
like) or botanical materials (powdered corncobs, rice hulls, walnut shells, and the like). The
formulations or compositions containing genetically modified bacteria may include spreader-

sticker adjuvants, stabilizing agents, other pesticidal additives, or surfactants. Liquid
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formulations may be employed as foams, suspensions, emulsifiable concentrates, or the like. The
ingredients may include biological agents, surfactants, emulsifiers, dispersants, or polymers.

Compositions of the invention, which may include genetically modified symbiotic donor
bacteria expressing heterologous RNA polynucleotides and/or a quorum quenching molecule,
can be used for the bio-control of pathogens in an animal or other host. Such an application
comprises administering to a host an effective amount of the composition which expresses from
the donor sufficient heterologous RNA polynucleotides and/or a quorum quenching molecule
that may be transported out of the donor and taken-up by the target pathogen, thus interfering
with expression of a target essential gene, and thereby controlling the pathogen and/or
pathogen’s disease causing effects on the host.

Compositions of the invention can be used for the control of pathogen gene expression
and/or QS and its effects described herein, in vivo. Such an application comprises administering
to target host, such as shrimp, an effective amount of the composition which suppresses the
pathogen carried by the host, reducing or eliminating the disease state in the host as well as
rendering the pathogen non-transferrable, for example to a host population. Thus, regardless of
the method of application, the amount of the genetically modified symbiotic donor bacteria
expressing heterologous RNA polynucleotides and/od quorum quenching molecules that may be
applied at an effective amount to kill or suppress a pathogen and/or suppress QS or its effects in
a pathogen, will vary depending on factors such as, for example, the specific host to be
controlled, the type of pathogen, in some instances the water source to be treated, the
environmental conditions, and the method, rate, and quantity of application of the composition.
The concentration of the composition that is used for environmental, systemic or foliar
application will vary widely depending upon the nature of the particular formulation, means of
application, environmental conditions, and degree of biocidal activity.

According to some embodiments, the heterologous asRNA polynucleotide and/or a
quorum quenching molecule is provided in amounts effective to reduce or suppress expression of
at least one pathogen gene product and/or reduce or suppress QS and/or reduce or suppress
biofilm formation. As used herein “a suppressive amount” or “an effective amount” or a
“therapeutically effective amount” refers to an amount of asRNA which is sufficient to
downregulate (reduce expression of) the target gene by at least 5%, 10% 20%, 30%, 40%, 50%,

or more, say 60%, 70%, 80%, 90%, or even up to 100%. All ranges include the ranges in
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between those specifically stated. As used herein “a suppressive amount” or “an effective
amount” or a quorum quenching molecule refers to an amount of a quorum quenching molecule
which is sufficient to reduce QS and/or biofilm formation in a target pathogen, preferable an
EMS-causing pathogen, by at least 5%, 10% 20%, 30%, 40%, 50%, or more, say 60%, 70%,
80%, 90%, or even up to 100%. All ranges include the ranges in between those specifically
stated.

As used herein, the term “gene” or “polynucleotide” refers to a single nucleotide or a
polymer of nucleic acid residues of any length. The polynucleotide may contain
deoxyribonucleotides, ribonucleotides, and/or their analogs, and may be double-stranded or
single stranded. A polynucleotide can comprise modified nucleic acids (e.g., methylated), nucleic
acid analogs or non-naturally occurring nucleic acids, and can be interrupted by non-nucleic acid
residues. For example, a polynucleotide includes a gene, a gene fragment, cDNA, isolated DNA,
mRNA, tRNA, rRNA, and isolated RNA of any sequence, recombinant polynucleotides, primers,
probes, plasmids, and vectors. Included within the definition, are nucleic acid polymers that have
been modified, whether naturally or by intervention.

As used herein the terms “approximately” or “about” refer to = 10%. Whenever a
numerical range is indicated herein, it is meant to include any cited numeral (fractional or
integral) within the indicated range. The phrases “ranging/ranges between” a first indicated
number and a second indicated number and “ranging/ranges from” a first indicated number “to”
a second indicated number are used herein interchangeably and are meant to include the first and
second indicated numbers and all the fractional and integral numerals there between.

The terms “comprises”, “comprising”, “includes”, “including”, “having” and their
conjugates mean “including but not limited to.” The term “consisting of” means “including and
limited to”. The term “consisting essentially of” means that the composition, method or structure
may include additional ingredients, steps and/or parts, but only if the additional ingredients, steps
and/or parts do not materially alter the basic and novel characteristics of the claimed
composition, method or structure.

As used herein, the singular form “a”, “an” and “the” include plural references, unless the
context clearly dictates otherwise. For example, the term “a compound” or “at least one

compound” may include a plurality of compounds, including mixtures thereof.
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Throughout this application, various embodiments of this invention may be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity, and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range, such as from 1 to 6 should be considered to have specifically
disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This
applies regardless of the breadth of the range.

As used herein the term “system” and/or “method” refers to manners, means, techniques
and procedures for accomplishing a given task including, but not limited to, those manners,
means, techniques and procedures either known to, or readily developed from known manners,
means, techniques and procedures by practitioners of the chemical, pharmacological, biological,
biochemical and medical arts. As used herein, the term “treating” includes abrogating,
substantially inhibiting, slowing or reversing the progression of a condition, substantially
ameliorating clinical or aesthetical symptoms of a condition or substantially preventing the
appearance of clinical or aesthetical symptoms of a condition.

As used herein, “symbiotic” or “symbionts” generally refers to a bacterium that is a
symbiont of a host. It may also include bacteria that persist throughout the life-cycle of a host,
either internally or externally, and may further be passed horizontally to the offspring or eggs of
a host. Symbionts can also include bacteria that colonize outside of host’s cells and even in the
tissue, lymph or secretions of the host. Endosymbionts generally refers to a subgroup of internal
symbionts.

As used herein, “transbiotic” refers to the production of RNA polynucleotides or quorum
quenchers inside naturally occurring or symbiotic bacterium that live within the target host
organism that are designed to inhibit expression of target host or pathogen genes.

This invention utilizes routine techniques in the field of molecular biology. Basic texts
disclosing the general methods of use in this invention include Green and Sambrook, 4th ed.
2012, Cold Spring Harbor Laboratory; Kriegler, Gene Transfer and Expression: A Laboratory
Manual (1993); and Ausubel et al, eds., Current Protocols in Molecular Biology, 1994-current,

John Wiley & Sons. Unless otherwise noted, technical terms are used according to conventional
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usage. Definitions of common terms in molecular biology maybe found in e.g., Benjamin Lewin,
Genes IX, published by Oxford University Press, 2007 (ISBN 0763740632); Krebs, et al. (eds.),
The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-
632-02182-9); and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a
Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-
8).

The invention now being generally described will be more readily understood by
reference to the following examples, which are included merely for the purposes of illustration of
certain aspects of the embodiments of the present invention. The examples are not intended to
limit the invention, as one of skill in the art would recognize from the above teachings and the
following examples that other techniques and methods can satisfy the claims and can be
employed without departing from the scope of the claimed invention. Indeed, while this
invention has been particularly shown and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that various changes in form and details
may be made therein without departing from the scope of the invention encompassed by the
appended claims.

EXAMPLES

Example 1: Preventing EMS with enteric bacteria disrupting quorum sensing construct

design.

To degrade AI-1, the present inventors over-expressed the lactonase, AidH, from
Ochrobactrum. Unlike B. cereus AiiA lactonase, the catalytic activity of AidH does not require
zinc which may be in present only in limited quantities in sea water and/or artificial aquaculture
environments. The present inventors placed the aidH gene under the control of strong Pupp
promoter that is operably in both gram-positive and gram-negative bacteria. A Pupp-aidH
expression cassette was cloned both in the pAD43 shuttle vector and in pACYC184. To absorb
AI-2 from environment the present inventors cloned and overexpressed E. coli Isr operon. In
attempt to decrease concentration of AI-1 and AI-2 signal molecules, the present inventors
further co-express Al-1 and AI-2 quenching constructs using compatible plasmid constructs.
Plasmid design is described in Materials and Methods. All plasmids were transformed into

enteric natural isolate Enterobacter sp.
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Example 2: Co-cultivation of Vibrio harveyi with aidH-expressing AG1 constructs leads

to decrease in Vibrio luminescence

As generally shown in Figure 1, the present inventors demonstrated the quorum-quenching
properties of the constructed strains. In this embodiment, the present inventors performed
luminescence-quenching experiments with an array of V. harveyi strains that differentially
respond to AI-1 and AI-2. For this assay, quorum-quenching AG1 constructs were co-cultivated
with luminescence-emitting Vibrio strains over 12-16 hours in a 96-well assay plates with a
transparent bottom. Control constructs expressing neutral genes (e.g. AG1-pOX or AGl-pLuc)
were used as control strains in parallel experiment. During the bacterial growth, both
luminescence and culture optical density were monitored. As observed by the present inventors,
luminescence of Vibrio strains is sharply increased in the early stationary growth phase
manifesting bacterial quorum sensing.

Again, as shown in Figure 2, a AI-1, AG1 bacterial construct expressing aidH lactonase
gene demonstrated the ability to quench both luminescence of wild-type V. harveyi 116 (Fig. 2A)
and, even more prominently, luminescence of V. Aarveyi 117 mutant strain that respond to Al-1
only (Fig. 2B). However, no luminescence quenching was observed when the present inventors
co-cultivated the genetically modified bacteria with a V. harveyi 118 strain that exclusively
responds to AI-2 (Fig. 2C). Bacterial constructs expressing luciferase as neutral gene (pLuc)
were used as control. Prominent luminescence-quenching effect of co-cultivation of Vibrio with
AG1-pdidH demonstrates that the novel genetically engineered bacterial strains are efficient
quorum quenchers as indicated by a reduction in bioluminescence.

Example 3: Co-cultivation of Vibrio harveyi with Isr-expressing AG1 constructs leads to

decrease in Vibrio luminescence.

The present inventors next demonstrated that over-expressing /sr operon in Agl leads to
quorum quenching. In this embodiment, the present inventors performed analogous experiments
as generally described above utilizing an Agl—pLsr construct. As control construct, Agl-pOX
strain bearing a plasmid without any insert was used. As generally shown in Figure 3, AI-2,
AG1-pLsr quenches wild-type V. harveyi 116 bioluminescence to a similar extent as Agl-pAidH
(Fig. 3A). However, there was negligible effect on bioluminescence from V. harveyi 117
(responsible to AI-1 only) (Fig. 3B). In contrast, bioluminescence of Vibrio strain 119, which

only responds to AI-2, was noticeably quenched by co-cultivation with Agl-pLsr (Fig.3C). Thus,
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the present inventors confirmed that the novel genetically modified bacterial constructs reduced
Vibrio quorum sensing both specifically and efficiently.

Example 4: Co-cultivation of Vibrio harveyi with quorum-quenching Agl constructs

leads to reduced Vibrio fitness and reduced biofilm formation.

As outlined above, biofilm formation is an important pathogenic trait of many bacteria. In
order to establish anti-pathogenic mechanisms of the designed quorum quenching constructs the
present inventors studied their effect on biofilm formation by V. harveyi. As shown below, the
present inventors demonstrated that AG1 alone produced almost no biofilms during while co-
cultivation of AG1 with V. harveyi strains results in detectable biofilms layer. As generally
shown Fig. 4A, elimination of Al-1 from bacterial media by AGl-p4idH leads to decreased
biofilm formation by all Vibrio strains that respond to Al-1 (e.g. 116 and 118), but not by the
mutant strain 117 that does not respond to AI-1. The present inventors further demonstrated that
AG1-pLsr, which quenches AI-2 molecules, is able to decrease biofilm formation in all strains
that are sensitive to Al-2 (e.g. wild-type 116 and its mutant variant 119). However, co-cultivation
with AG1-pLsr has had no negative effect on biofilm formation by V. harveyi 118 that responds
to AI-1 only. Thus, using the opportunistic pathogen V. harveyi as an exemplary model
organism, the present inventors show that in certain embodiment, the novel’s quorum-quenching
constructs are able to decrease biofilm formation both efficiently and specifically. (Fig.4)

Example 5: Co-expression of aidH and Isr in Agl leads to reduced Vibrio luminescence

but does not decrease biofilm formation.

In one embodiment of the invention, the present inventors demonstrated that bacterial
constructs expressing individual quorum quenching factors (e.g. Isr or aidH) exhibits similar but
yet partial effects on both luminescence and biofilm formation. It was reasoned that co-
expression of two quorum quenchers together may lead to an additive outcome. Thus, the present
inventors cloned and expressed aidH gene under control of the same strong pupp promoter in
compatible plasmid vector pACYC184 that may co-exist with pOX types of plasmids in bacterial
cells. Both pLsr (pOX) and pAidH’ (pLuc) plasmids were introduced into the AGI1 cells. As
generally shown in figure 5, while pACYC184-4idH has lower copy numbers compared with
plasmid pAD-AidH, it produced sufficient AidH protein to quench Vibrio luminescence
efficiently (Fig5. A, B) and to reduce biofilm formation (Fig.5 C). While any effect of pLSR and

pdidH’ co-expression on biofilm formation was observed, a cumulative effect on Vibrio
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bioluminescence was demonstrated in the data. Importantly, co-expression of two quorum
quenching constructs allows embodiments of the present invention to cover different bacteria
population growth phases.

Example 6: Shrimp feeding/ Vibrio parahaemolyticus challenge.

To determine if disrupting quorum sensing in enteric bacteria provides protection to
shrimp from pathogenic Vibrio sp., and if it reduces EMS-associated mortality, the present
inventors performed shrimp EMS trials using Vibrio parahaemolyticus as an exemplary
pathogen. In this embodiment, to establish a population of quorum quenching bacteria in shrimp
intestines, shrimp were fed by Enterobacter expressing various plasmid encoded quorum
quenching molecules or asRNA-dam for 5 days prior to Vibrio challenge.

To confirm that Agl bacteria are able to survive and persist in shrimp intestines,
preliminary colonization experiments were conducted. Agl were transfromed by plasmid
pGFPuv (Clontech) encoding the fluorescent GFP protein. Shrimp were fed by food with Agl-
pGFPuv for 10 days and presence of Agl was detected at days 5 and 10 by analysis of shrimp
intestines under fluorescent microscope (GFP fluorescence detected in the intestines) and by a
plate counting method (Agl colonies were identified by GFP fluorescence) using isolated guts of
shrimp. After 5 days of Agl feeding the bacterial titer in the shrimp intestines was ~ 2.8E+06
cfu/g and it had slightly increased at day 10 (See Table 1 below). In this embodiment, day 5 after
feeding the genetically modified bacteria to the shrimp the present inventors initiated Vibrio
challenges.

Example 7. EMS-induced mortality count.

In this example, two independent EMS-challenge trials were performed. As generally
shown in figure 6, in trial 1 Vibrio infection appeared to be acute and yielded fast mortality in all
tested groups; 100% of shrimp from control group died within 12-24h after Vibrio challenge.
However, development of infection was delayed in shrimp fed Ag-AidH1p bacteria (37%
mortality within 12 h post-infection vs 68% mortality in control group), and 20% of the Ag-
AidH1p group survived the 5 day experiment, while no shrimp from the control group survived.
(Fig 6 A-B)

Conditions of infection were optimized for second quorum quenching shrimp trial. The
infection dose was 10x reduced, and additional washing steps were added to eliminate the

accumulation of bacterial toxins in the Vibrio culture before challenge. In this trial the infection
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developed more slowly and total mortality at day 5 post infection reached 55% in the control
group fed only Agl-Luc. Under these conditions all quorum quenching strains provided shrimp
some level of protection. For best performing group, Ag-4idH1p, total mortality after 5 days post
infection was 25% vs 55% for the control group. Shrimp fed Ag-1pLsr and Ag-AidH1p-Isr had
mortality rates of 31% and 34% respectively. (Fig 6 C-D)

Example 8: Reduction of expression virulence genes in Vibrio from intestines of shrimp

fed Enterobacter quorum quenching strains Agl-p4idH. Agl-pLsr and Agl-pLlsr-pAidH.

As generally outline above, for many pathogenic bacteria quorum sensing is an important
part of virulence regulation, and is involved in regulation of the expression of virulence genes.
As such, the present inventors selected two separate Vibrio parahaemolyticus virulence factors,
namely Mam7 and PirA, as markers for the pathogenicity state of Vibrio in this preferred
embodiment. Mam7 is an adhesion protein which binds to fibronectin and is critical for initial
attachment of Vibrio to host cells during early stage of infection. PirA is cytotoxic protein
involved in EMS development.

As generally shown in figure 7, alive and dead shrimp were collected in Trial 2 at 48 h
after infection, and levels of Mam7 and Ap4 expression were assessed by qPCR on mRNA
extracted from shrimp intestines. Expression of Mam?7 was about 2-fold reduced in Vibrio from
intestines of shrimp fed all quorum quenching Enferobacter strains. Mam7 expression levels in
Vibrio from intestines of dead shrimp was approximately the same as in alive shrimp from
control group indicating the mRNA was not degraded in dead shrimp. (See Fig. 7A.) Expression
of the toxin PirA mRNA was also reduced in Vibrio obtained from shrimp fed all quorum
quenching bacterial strains, with the highest reduction observed in shrimp fed Agl-pAidH
bacteria. Noticeable, this shrimp group had superior survival rates compared to all other groups.
The level of pirA expression in Vibrio from intestines of dead shrimp was almost 10-fold
elevated compared to all surviving shrimp (See Fig.7B).

Example 9: Preventing EMS by inoculating shrimp with enteric _shrimp bacteria

expressing asRNA targeting Vibrio genes.

As described above, in one embodiment, the invite technology includes novel methods,
systems and compositions for the regulation of the expression of target genes in bacteria by
asRNA produced in another bacterium which targets a gene of interest expressed by the recipient

bacteria. For example, in one embodiment, the invention may include reduction in dam
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expression in Vibrio co-cultivated with Enterobacter Agl expressing asRNA-dam. In Vibrio,
dam-dependent DNA methylation is involved in regulation of pathogenicity pathways; therefore
reduction in level of dam expression should lead to decreased Vibrio virulence. In one potential
embodiment of this asRNA strategy, shrimp were fed by Agl expressing asRNA-dam and then
challenged by Vibrio parahaemolyticus.

Example 10: EMS-induced mortality count.

In this example, two independent challenge trials were performed. As generally shown in
figure 8, in both trials shrimp fed Enterobacter expressing asRNA-dam (Agl-asRNA-dam) had
reduced mortality compare to control group. In one challenge trial shown in figure 8 A-B, shrimp
were fed Agl configured to express an unspecific protein (Agl-Luc) as a control. In this
example, the reduction in mortality effect was moderate, with 43% of mortality in shrimp fed by
Agl-asRNA-dam vs 59% mortality in control group. (See Fig.8) In a second trial shown in
figure 8 C-D, the mortality rate for shrimp fed Agl-asRNA-dam was reduced more than 2-fold
compared to shrimp fed by Agl-Luc. Mortality at day 5 post infection was 24% vs 55% for the
control group. (Fig.8 C-D) The differences in results between the first and second trial could be
explained by the fact that in second trial culture of Vibrio cultures was rinsed 3X before adding
the bacteria to the shrimp food, which potentially reduce accumulation of bacterial toxins in the
food.

Example 11: Reduction of expression of virulence genes in Vibrio obtained from shrimp

fed Enterobacter expressing asRINA targeting the expression of the Vibrio dam gene.

In this example, the expression levels of Vibrio parahaemoliticus virulence genes mam7
and pirA were assessed by qPCR on RNA extracted from intestines of dead and alive shrimp
collected in Trial 2 at 48 h after Vibrio challenge. Expression of both virulence genes was
dramatically reduced in Vibrio obtained from intestines of shrimp fed Agl-asRNA-dam. The
mam? gene expression was reduced 3.5 fold, and pirAd expression was reduced ~10 times in this
group. (Fig. 9)

Example 12: Mam7 expression may be regulated by Dam-dependent DNA methylation.

Significantly, gPCR analysis indicated reduction in mam? expression in Vibrio in shrimp
fed Agl-asRNA-dam, indicating that mam7 expression may be regulated by Dam-dependent
DNA methylation. The Mam?7 gene regulation, including promoter and/or other cis/trans acting

regulator elements has not been previously identified. To check possibility of Dam-dependent
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regulation of mam7 expression, the present inventors analyzed upstream of mam7 gene

(VP1611) with Softberry software (http://www.softberrv.com/) to predict the position and

composition of mam?7 promoter. As shown in Figure 10, a potential gene promoter was found at
position 288 bp upstream of the mam?7 start codon. Four potential Dam DNA methylase
methylation target sequence (GATC) were found in the promoter area with one of them
overlapping the -10 promoter element. This predicted promoter composition strongly suggests
Dam-dependent regulation of mam?7 gene expression.

Example 13: Using enteric shrimp bacteria engineered to express quorum sensing

disrupting molecules or asRNAs targeting the silencing of essential/ and or virulence genes in

The present inventors describe herein systems, methods and compositions for the use of
genetically engineered bacteria, more specifically enteric shrimp bacteria engineered to express
quorum sensing disrupting molecules and/or asRNAs targeting the silencing of essential/ and or
virulence genes to protect shrimp from the development of Vibrio infection and reduce EMS-
associated mortality. It was further demonstrates that Vibrio from intestines of shrimp fed
quorum quenching bacteria and/or asRNA-dam-expressing bacteria had reduced expression of
the virulence genes mam7 and pirA. Taken together these results demonstrate certain
embodiments of the current inventive technology that use engineered enteric bacteria as an
effective platform for protection of shrimp from pathogen infection.

Example 14: Material and Methods.

Strains and plasmids design and construction

All the strains and plasmids used in this invention are listed in Table 2. To create
bioactive strains, plasmids described below were transformed into electro-competent
Enterobacter cells. The plasmid descriptions are as follows: (a) pAidH — aidH gene of
Ochrobactrum sp.(Mei et al., 2010) was codon-optimized to Enferobacter expression using the
Vector NT program suit. The codon optimized gene was supplemented with ribosome-binding-
site and was ordered as DNA fragment via IDTDNA. Add-on PCR was performed using the
oligonucleotides pAD-lact-for and pAD-lact-rev (Table 3). For cloning, NEBuilder® HiFi DNA
Assembly kit (NEB) was used to assembly the amplified gene sequences and the linearized
pADA43 plasmid (Fig. 10 A); (b) pLuc — was used as a control plasmid encoding the neutral gene.

It was made as described above, but the luciferase gene was used instead aidH; (c) pAidH’,
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pLuc’. Vector pACYC184 was used to create aidH (Luc)-expressing pAD/pSF compatible
vector. To amplify genes with corresponding the promoter, terminator and ribosome binding
sites, add-on PCR was performed using pACYC-for and pACYC-rev oligonucleotides. Finally,
the PCR product was cloned into EcoRV-linearized pACYC184 plasmid using NEBuilder® HiFi
DNA Assembly kit (NEB). Plasmid map is shown on Fig. 10
Plasmids that made by GENESCRIPT: (a) pLsr — contains the £. coli Isr operon
expressed under the control of the lacUV promoter in the multiple copy plasmid vector pSF-
OXB19 (Sigma). Plasmid map is shown on Fig. 10; (b) p(asDam) and p(asGFP) A paired termini
(PT) RNA-stabilizing design for producing anti-sense RNA (asRNA) was used for creating
asRNA-expressing cassettes. 38 bp-long flanking inverted GC-reach fragments were added on
both ends of the specific asRNA sequence forming a hairpin structure with the asRNA loop at
the end. rrnB terminator (terminator from rruB F.coli gene) was placed after a 207 bp long
connector sequence at the end of asRNA-expressing cassette, and the cassette was cloned into
pAD-43-25 plasmid under control of the Pupp promoter.
Bacterial growth
LBS media was used for bacteria growth (10 g/LL Bacto-Tryptone, 5 g/L. yeast extract, 20
¢/L NaCl, 50 mM Tris-HCl pH 7.5). When required, antibiotics were used at the following
concentrations: carbenicillin 50 pg/ml, ampicillin 100 pg/ml, chloramphenicol 25 pg/ml.
Biofilm assay
Vibrio harveyi strains and FEnfterobacter Agl strains were grown overnight in LBS
medium, diluted to ODggo 0.2 - 0.4 and mixed with }ibrio sp. in a ratio of Vibrio/Agl at 5/1.
Then 150 pl the mixed culture was added into wells of a 96 well plate (3 independent
experiments with 8 technical replicates in each experiment were analyzed for each treatment)
and incubated without shaking on 28° C for 24h. After incubation, the bacterial biofilms were
stained by crystal violet according to the protocol described by O’Toole (O'Toole, 2011) and
absorbance was measured on Tecan plate reader at 550 nm.
Bioluminescence assay
Vibrio- strains and Enferobacter Agl strains (quorum quenchers) were grown
overnight in LBS medium, diluted to ODgoonm of 0.1 - 0.2 and were mixed in a ratio of 1:1 in a
black 96 well tissue culture plate with clear bottom. Plates were covered by air breathable

transparent film. Mixed cultures were grown on 28 °C for 12 h in a Sinergy H4 plate reader with
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periodic aeration. Luminescence and ODgoonm measurements were taken every 20 min. 8 parallel
curves taken for each experimental condition; 2 independent experiments were performed,
averaged curves are shown.

qRT-PCR

Relative gene expression in Vibrio cells was measured by quantitative real-time PCR
(qRT-PCR). Total RNAs were isolated using an Omega E.Z N.A Bacterial RNA kit. Real-time
PCR amplification was performed by using a Mx3000P QPCR system (Agilent technologies). A
Luna® Universal One-Step RT-qPCR Kit (NEB) was used to perform one step RT-PCR.
Oligonucleotides concentration and cycling conditions used were according manufacturer
recommendations. Genes and gene specific primers are listed in Tables 5 and 6 respectively.
Less than 25 ng of total bacterial RNA was used in each reaction. Relative expression levels of
the specific transcripts were calculated using the gyrB mRNA expression level as the internal
reference for normalization.

Data analyses

Averages and standard errors of the mean (SEM) were calculated from at least three
independent experiments. All other data were analyzed by Anova test with SigmaPlot.
Significance of differences between experimental groups was accepted at a P value of <0.05.

Shrimp Vibrio challenge

Bacteria: Enterobacter sp. Agl was transformed with plasmids indicated in Table 2.
Bacteria were grown overnight in LB with the corresponding antibiotic, and then centrifuged and
mixed into commercial shrimp food (Zeigler PL 40) at a concentration of 1E+10 CFU/gm feed
and refrigerated. Prepared feed was fed to one-two gram shrimp at 10% body weight, divided
into three feedings per day.

Shrimp feeding: SPF shrimp (Shrimp Improvement System, Islamorada, FL) 1g weight
were maintained in 7 gallon aquariums (n=12). Shrimp were randomly assigned to treatments
groups: shrimp fed with commercial food with Agl-Luc (ns), shrimp fed commercial food with
Agl-pLsr; shrimp fed commercial food with Agl-pAidH, shrimp fed commercial food with Agl-
pAdidH and shrimp fed with commercial food with Agl-pLsr-AidH. Bacteria were provided to
shrimp for 5 days before Vibrio challenge and during the course of the challenge via feed.

EMS challenge: An EMS + V. parahaemolyticus isolate was cultured in Tryptic Soy
Broth (TSB) + 2% NaCl, grown overnight, centrifuged, rinsed 3 times and suspended in Tryptic
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Soy Broth (TSB). The suspension was brought up to a concentration of 10 CFU/ml. One ml of
the prepared suspension was mixed with one gram of shrimp feed (Zeigler PL 40) and allowed to
soak into the feed 15 minutes. The shrimp were fed 5% of their body weight.

EMS-induced mortality count: Mortality count was performed at day 2-5 after the Vibrio

challenge. 4-6 biological replicates (separate tanks) were analyzed for shrimp from all treatment

groups.
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Table 1: Fluorescence load in intestines of shrimp fed by GFP-expressing Agl.

Grou Fluorescent bacterial load, | Fluorescent bacterial load,
P 5 days, cfu/g 10 days, cfu/g
shrimp fed Agl-GFP 2.8E+06 7.7E+07
shrimp fed commercial
0 0
food
Table 2: Bacterial strains and plasmids.
Strains Genotype Origin

Vibrio harveyi 116

Vibrio harveyi 117
Vibrio harveyi 118
Vibrio harveyi 119
Vibrio
parahaemoliticus
Agl

Agl-asDam
Agl-asGFP
Agl-pLsr
Agl-pAidH
Agl-pAidi’
Agl-pOX
Agl-pAidH pLsr

Agl-pGFPuv

WT

IuxN::m5Kan
luxPQ::tm5Kan
TuxM::tn5Kan

pird positive WT isolate from infected
shrimp pond
Enterobacter sp.

Agl (pAD Dam) Ap®, asRNA to Vibrio
dam under Pupp cloned into pAD43-25
Agl (pAD GFP) Ap®, asRNA to gfp under
Pupp cloned into pAD43-25

Ag]l transformed with pLsr

Agl (pAD pAidH) Ap*

Agl (pACYC184 pdidH) Cm®,

Ag]l transformed with pSF-OXB19
Ag]l transformed with p4idH’ and pLsr
Agl transformed with pGFPuv

ATCC type strain BAA-1116,
BB120

ATCC BAA-1117, BB170
ATCC BAA-1118, BB886
ATCC BAA-1119, BB152

HBOI, Florida

Obtained from NMSU, Xu lab,
Aedes gambiae midgut isolate
Plasmid made by GENESCRIPT
transformed into Agl

Plasmid made by GENESCRIPT
transformed into Agl

Agl transformed with pLsr.

This invention

This invention

This invention

This invention

This invention

This invention

Plasmid Description Origin

pADA43-25 Gram-positive - E. coli shuttle vector (Dunn & Handelsman, 1999)
expressing gfp under Pupp, Ap®

pSF-OXB19 General cloning vector, Ap Sigma

pLsr E. coli Isr operon expressed under medium | This invention
strength bacterial promoter Ap®

pAidH aidH lactonase under Pupp cloned into This invention
pAD43-25, Ap®

pAidi® aidH lactonase under Pupp cloned into This invention
pACYC184, Cm®

pLuc luciferase under Pupp cloned into pAD43- | This invention
25, Ap®

pGFPuv E.coli vector expressing gfpuv under lac Clontech

promoter
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Table 3: Oligonucleotides used for lactonase cloning.

Oligo Sequence
pAD lact-for | GGGAAAACTGTATGTATTTGATCCTGCTTATCGATCTAGAGAAAGA
pAD lact-rev | CAAGTTAAGGGATGCAGTTTACACGAACGAAAATCGCCATTCGCC

pACYC-for TGCCGGGCCTCTTGCGGGATGATTGAAGAAGACTGCCGAG
pACYC-rev ATGCTGTCGGAATGGACGATATCCGCTTACAGACAAGCTG
Table 4: Oligonucleotides used in qPCR analysis.
5
Name Sequence
Vp-mam?7-for GCTTAGAAAGCATGAGCGCC
Vp-mam7-rev TGCCACGGTACATGATTGGT
Vp-gyrB-for CGAGCATGCGCTAAGTGTTG
Vp-gyrB-rev TAACGCTGACGGCTTAGACC
Vp-Ap4-for ATGAGTAACAATATAAAACATGAAAC
Vp-Ap4-rev TTGAGAATACGGGACGTGGG
Table 5: Genes used in gPCR analysis
Gene Chromosome location Function Ref
ayrB 1: 11353-13770 DNA gyrase subunit B
mam7 1: 1708552-1711200 Adhesin (Krachler et al.,
2011)
pird plasmid Early mortality syndrome toxin (Lee et al., 2015)
10
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SEQUENCE LISTINGS
SEQ ID NO. 1
DNA
aidH (lactonase gene)
Ochrobactrum
ATGACAATTAATTATCATGAATTGGAAACCAGTCACGGTCGTATCGCAGTCCGTGAGTCAGAAG
GGGAAGGTGCGCCGCTGCTGATGATACATGGTAATAGCAGTTCCGGGGCGATTTTTGCGCCACA
GCTTGAGGGGGAAATAGGAAAGAAATGGCGTGTCATTGCCCCAGATCTGCCGGGACATGGAAAG
AGCACGGACGCAATCGACCCGGACCGCTCTTACAGCATGGAAGGCTACGCTGATGCCATGACAG
AGGTTATGCAACAACTCGGTATTGCAGATGCGGTGGTATTCGGCTGGAGCCTTGGAGGTCATAT
TGGCATAGAAATGATCGCGCGTTACCCAGAAATGCGTGGTTTAATGATTACGGGCACCCCTCCG
GTTGCACGGGAAGAAGTAGGACAAGGCTTTAAGAGTGGTCCAGATATGGCGCTTGCAGGTCAAG
AAATTTTTTCAGAACGGGATGTTGAGTCTTACGCTCGGAGTACGTGCGGAGAACCTTTTGAAGC
TAGTCTTTTGGACATCGTAGCACGGACTGACGGGCGGGCTAGACGCATTATGTTCGAAAAATTT
GGGAGTGGAACTGGCGGTAACCAACGGGACATCGTTGCTGAAGCACAATTACCTATTGCCGTAG
TGAATGGGCGGGATGAACCATTTGTCGAGTTGGACTTCGTTAGCAAAGTTAAATTTGGAAACCT
CTGGGAAGGTAAAACTCATGTAATCGACAATGCGGGACATGCTCCTTTCCGGGAAGCTCCAGCT
GAGTTCGATGCATATCTCGCCCGCTTCATACGTGATTGTACGCAGTAA

SEQ ID NO. 2

DNA

Isr operon

E. coli
ATGCAAACGAGTGATACCCGCGCGTTACCGCTACTTTGCGCCCGCTCGGTTTATAAACAGTATT
CAGGGGTCAATGTCCTGAAAGGCATCGATTTTACGTTGCATCAGGGGGAGGTCCACGCCCTGCT
CGGCGGCAATGGTGCCGGTAAATCGACGTTAATGAAGATTATTGCCGGTATTACCCCTGCTGAT
AGCGGTACGCTGGAGATTGAGGGCAACAACTACGTCAGATTAACGCCAGTTCATGCTCATCAGC
TGGGTATTTATCTCGTTCCCCAGGAACCGCTGCTTTTCCCAAGCCTGTCGATAAAAGAAAACAT
CCTGTTTGGGCTGGCAAAAAAACAGCTCTCCATGCAGAAAATGAAGAACTTGCTGGCGGCGCTG
GGCTGCCAGTTTGATCTGCATAGTCTGGCAGGATCGCTGGATGTCGCCGATCGCCAAATGGTGG
AAATCCTCCGCGGGCTGATGCGCGACTCGCGGATTCTGATCCTCGATGAACCTACCGCCTCGCT
TACCCCTGCGGAAACCGAACGCTTGTTTAGTCGCTTGCAAGAGCTGCTTGCTACTGGCGTGGGET
ATTGTTTTTATCTCGCATAAGCTGCCGGAAATTCGCCAGATTGCCGATCGAATTAGCGTGATGC
GCGACGGAACCATCGCCTTAAGCGGCAAAACCAGCGAACTGTCTACCGACGACATTATTCAGGC
CATCACCCCAGCGGTACGGGAAAAATCGCTCTCTGCCAGCCAAAAATTATGGCTGGAGTTACCT
GGTAACCGCCCACAACATGCCGCCGGAACGCCGGTGCTGACACTGGAAAATCTGACCGGCGAAG
GTTTCAGGAATGTCAGCCTGACGCTCAATGCCGGAGAAATTCTGGGCCTGGCTGGGCTGGTGGG
GGCCGGACGCACAGAACTGGCCGAGACGCTCTATGGTCTGCGTACTTTGCGTGGCGGACGCATT
ATGCTGAATGGTAAAGAGATCAATAAATTATCCACTGGAGAACGTTTACTGCGCGGTCTGGTTT
ATCTGCCGGAAGATCGCCAGTCATCCGGACTGAATCTCGATGCTTCGCTGGCCTGGAACGTCTG
CGCCCTTACTCATAACCTTCGTGGATTCTGGGCGAAAACCGCGAAAGATAATGCCACCCTGGAA
CGTTATCGTCGGGCGCTGAATATTAAATTCAACCAACCGGAACAAGCTGCACGGACATTATCCG
GTGGCAACCAGCAAAAAATCCTCATTGCCAAATGCTTGGAAGCTTCGCCGCAAGTATTGATTGT
CGATGAGCCGACGCGCGGCGTGGATGTCTCGGCCCGTAATGATATCTACCAGCTGTTGCGCAGC
ATCGCCGCACAAAATGTGGCTGTGCTGCTTATCTCCTCCGACCTGGAAGAGATCGAACTGATGG
CAGATCGTGTGTATGTGATGCATCAGGGCGAAATTACCCACTCTGCACTGACCGAGCGCGATAT
TAATGTCGAGACTATTATGCGCGTTGCCTTCGGCGATAGTCAGCGTCAGGAGGCGTCATGCTGA
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AGTTTATTCAGAACAACCGTGAAATCACGGCACTGCTGGCGGTGGTGCTGCTGTTTGTATTACC
CGGTTTTCTCGACCGCCAGTATTTAAGTGTGCAAACGCTGACCATGGTTTATAGCAGCGCGCAA
ATCCTGATCCTGCTGGCAATGGGCGCGACGCTGGTAATGCTTACGCGCAATATTGATGTTTCAG
TGGGTTCGATTACCGGAATGTGCGCGGTGCTGTTGGGGATGTTACTGAACGCAGGATATTCACT
ACCTGTTGCTTGTGTCGCGACTTTACTGCTTGGTTTGCTCGCGGGATTTTTCAACGGTGTCCTG
GTCGCGTGGCTAAAGATCCCTGCCATTGTTGCCACCCTTGGCACGTTAGGGTTGTACAGAGGCA
TCATGTTGCTGTGGACTGGCGGCAAATGGATTGAAGGGTTACCCGCCGAACTGAAACAGCTCTC
CGCCCCGCTGCTGCTTGGCGTTTCAGCAATTGGTTGGTTGACGATAATTCTGGTGGCATTTATG
GCCTGGCTGCTGGCAAAGACGGCGTTTGGACGCAGTTTTTATGCCACGGGCGATAATTTACAGG
GCGCTCGTCAACTGGGCGTTCGTACTGAAGCCATTCGCATTGTGGCATTTTCGTTGAACGGCTG
CATGGCGGCACTGGCGGGAATTGTGTTTGCTTCGCAGATTGGTTTTATCCCCAACCAGACCGGT
ACCGGGCTGGAGATGAAAGCAATTGCAGCCTGCGTGCTGGGCGGCATTAGTTTGCTCGGTGGTT
CCGGTGCGATCATTGGTGCGGTACTCGGCGCATGGTTCCTGACGCAGATCGATAGCGTACTGGT
GCTGTTGCGCATTCCGGCATGGTGGAATGATTTTATCGCGGGTCTGGTTCTGCTGGCGGTGCTG
GTGTTTGATGGACGCCTGCGTTGTGCGCTGGAACGTAATCTACGGCGGCAAAAATATGCCCGCT
TTATGACGCCACCGCCATCCGTTAAACCCGCTTCGTCAGGTAAAAAACGGGAGGCCGCATAATG
CGTATTCGCTACGGTTGGGAACTGGCTCTTGCCGCACTGCTCGTTATTGAGATTGTCGCATTTG
GTGCAATTAACCCGCGAATGTTAGATCTCAATATGTTGCTGTTCAGCACCAGTGACTTTATCTG
CATTGGCATTGTCGCCCTACCGCTAACGATGGTGATTGTCAGTGGCGGGATCGATATTTCGTTT
GGTTCGACCATCGGCCTCTGCGCCATTGCATTGGGCGTACTGTTTCAAAGTGGTGTGCCGATGC
CGCTGGCGATACTCCTGACCTTACTGCTCGGCGCATTGTGCGGGCTGATCAACGCCGGATTAAT
TATCTATACCAAAGTTAACCCGCTGGTGATTACGCTTGGCACGCTGTATCTGTTTGCCGGAAGC
GCTCTGCTGCTTTCCGGTATGGCCGGAGCGACGGGGTACGAAGGTATTGGTGGATTCCCGATGG
CGTTTACAGATTTCGCTAACCTGGATGTGCTGGGACTCCCCGTTCCGCTGATTATCTTCCTGAT
ATGTCTCCTCGTTTTCTGGCTCTGGCTGCATAAAACCCATGCCGGACGTAATGTGTTTTTGATT
GGGCAAAGCCCGCGCGETGGCGCTTTATAGCGCGATTCCAGTTAACCGTACCTTATGTGCGCTCT
ATGCCATGACGGGGCTGGCGTCTGCGGTCGCCGCTGTGCTGCTGGTATCGTATTTTGGTTCAGC
ACGTTCCGATCTCGGTGCGTCGTTTCTGATGCCCGCCATCACCGCCGTGGTGCTTGGCGGEGEGLT
AATATTTATGGTGGTTCCGGTTCCATTATCGGCACCGCCATTGCGGTTTTATTAGTGGGATATT
TGCAACAAGGTTTGCAAATGGCAGGAGTGCCAAATCAGGTGTCCAGCGCCCTTTCCGGTGCGCT
ACTTATCGTCGTTGTCGTAGGTCGTTCCGTTAGCCTGCATCGCCAGCAAATTAAAGAGTGGCTG
GCGCGTCGGGCCAATAACCCATTGCCATAAAGGATATCTTCATGACACTTCATCGCTTTAAGAA
AATCGCCTTACTTAGCGCTCTTGGCATTGCCGCAATCTCTATGAATGTGCAGGCCGCAGAGCGT
ATTGCATTTATTCCCAAACTGGTTGGCGTGGGATTTTTTACCAGCGGTGGCAACGGCGCACAAC
AAGCGGGTAAAGAGCTGGGCGTTGATGTGACCTACGACGGGCCGACAGAACCCAGTGTTTCTGG
TCAGGTACAGTTGATTAATAACTTCGTCAATCAAGGTTATAACGCCATTATCGTTTCTGCGGTT
TCGCCTGATGGCTTGTGTCCGGCACTGAAACGCGCCATGCAACGTGGTGTGAGAGTGCTGACCT
GGGACTCTGATACTAAACCGGAGTGCCGCTCTTACTACATTAATCAGGGAACGCCCGCCCAGTT
AGGAGGTATGTTGGTGGATATGGCGGCGCGTCAGGTGAATAAAGACAAAGCCAAAGTCGCGETTT
TTCTACTCAAGCCCCACCGTTACGGACCAAAACCAGTGGGTGAAAGAAGCGAAAGCGAAAATCG
CCAAAGAGCATCCAGGCTGGGAAATTGTCACTACGCAGTTTGGCTATAACGATGCCACTAAATC
GTTACAAACCGCAGAAGGAATATTAAAAGCGTATAGCGATCTCGACGCCATTATCGCCCCCGAT
GCCAACGCCCTGCCCGCTGCCGCACAAGCCGCAGAAAACTTGAAAAATGACAAAGTAGCGATTG
TCGGATTCAGTACGCCAAATGTGATGCGCCCGTATGTAGAGCGCGGCACGGTGAAAGAATTTGG
CCTGTGGGATGTGGTTCAGCAAGGCAAAATTTCAGTGTATGTCGCGGATGCATTATTGAAAAAA
GGATCAATGAAAACGGGCGACAAGCTGGATATCAAGGGCGTAGGTCAGGTTGAAGTCTCGCCAA
ACAGCGTTCAGGGCTATGACTACGAAGCGGATGGTAATGGCATCGTACTGTTACCGGAGCGCGT
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GATATTCAACAAAGAGAATATCGGCAAATACGATTTCTGATGTGCATTACTTAACCGGAGTAAG
TTATGGCAGATTTAGACGATATTAAAGATGGTAAAGATTTTCGTACCGATCAACCGCAAAAAAA
TATCCCTTTTACCCTGAAAGGTTGCGGTGCGCTGGATTGGGGAATGCAGTCACGCTTATCGCGG
ATATTTAATCCGAAAACGGGTAAAACCGTGATGCTGGCTTTTGACCATGGTTATTTTCAGGGAC
CGACTACCGGACTTGAACGCATTGATATAAATATCGCCCCGCTGTTTGAACATGCCGATGTATT
AATGTGTACGCGCGGCATTTTGCGCAGCGTAGTTCCCCCTGCGACCAATAGGCCGGTGGTACTG
CGGGCGTCAGGTGCGAACTCTATTCTGGCGGAATTAAGTAATGAAGCCGTGGCGTTATCGATGG
ATGACGCCGTGCGCCTGAACAGTTGCGCGGETGGCGGCGCAGGTTTATATCGGCAGCGAATATGA
ACATCAGTCGATCAAAAATATTATTCAGCTGGTTGATGCCGGAATGAAAGTGGGAATGCCGACC
ATGGCCGTGACTGGCGTGGGCAAAGATATGGTGCGCGATCAGCGTTATTTCTCGCTCGCGACTC
GAATCGCCGCTGAAATGGGGGCGCAAATTATCAAAACCTATTATGTCGAAAAAGGTTTTGAACG
GATTGTTGCCGGATGTCCGGTACCCATTGTTATTGCTGGCGGTAAAAAATTACCGGAGCGCGAG
GCGCTGGAAATGTGCTGGCAGGCTATCGATCAGGGCGCTTCTGGTGTGGATATGGGGCGTAATA
TTTTCCAGTCTGACCATCCGGTGGCGATGATGAAAGCCGTACAGGCGGTGGTTCACCATAACGA
AACGGCTGATCGGGCATATGAACTCTATCTGAGTGAAAAACAGTAACTGCGGATCTAAGGAGAA
GAATTATGCACGTCACACTGGTTGAAATTAACGTTCATGAAGACAAGGTTGACGAGTTTATCGA
AGTTTTTCGCCAGAACCACCTGGGCTCTGTACAGGAAGAAGGCAATTTGCGCTTCGATGTCTTA
CAGGACCCGGAAGTGAATTCGCGCTTTTATATCTACGAAGCCTATAAAGATGAAGACGCAGTGG
CGTTCCATAAAACCACGCCCCACTACAAAACCTGTGTCGCGAAACTGGAATCTTTAATGACCGG
GCCGCGTAAAAAACGTCTGTTCAATGGTTTGATGCCGTGAATCTACCTCGAGGTTTATGGCTCG
ACTCTTTACCCTTTCAGAATCAAAGTACTACCTGATGGCGCTGGATGCAGGCACCGGAAGTATT
CGGGCTGTGATATTCGACCTGGAAGGCAATCAAATAGCAGTGGGACAGGCGGAGTGGCGGCATC
TGGCAGTACCGGACGTTCCTGGTTCTATGGAATTTGATCTCAACAAAAACTGGCAACTGGCGTG
TGAGTGTATGCGCCAGGCGCTGCACAACGCCGGCATAGCCCCGGAGTATATCGCTGCCGTTTCG
GCATGTTCGATGCGTGAAGGCATTGTTTTATATAATAATGAAGGAGCCCCGATCTGGGCCTGCG
CCAATGTGGATGCCAGAGCGGCACGCGAAGTTAGCGAACTTAAAGAACTGCACAACAATACCTT
TGAAAACGAAGTTTATCGCGCGACCGGACAAACACTGGCTTTAAGTGCCATCCCCAGATTACTT
TGGCTGGCGCACCATCGTTCCGATATTTACCGTCAGGCATCAACCATCACCATGATCAGCGACT
GGCTGGCCTATATGCTCAGCGGCGAACTGGCGGTGGATCCCTCTAACGCTGGCACCACGGGACT
TCTTGATCTAACCACCCGTGACTGGAAACCTGCATTGCTGGATATGGCTGGCCTACGTGCCGAT
ATTCTTTCTCCTGTCAAAGAAACCGGCACATTGCTGGGCGTGGTAAGTTCACAAGCGGCGGAAC
TCTGCGGTCTGAAGGCGGGCACTCCGGTGGTCGTTGGAGGAGGCGACGTGCAGCTTGGTTGCCT
TGGGTTAGGCGTTGTGCGTCCGGCACAAACCGCGGTTCTTGGCGGCACATTCTGGCAGCAAGTT
GTAAATTTAGCCGCGCCGGTGACAGACCCAGAAATGAACGTGCGCGTTAATCCTCATGTTATTC
CTGGCATGGTACAAGCTGAATCTATAAGCTTTTTTACCGGACTCACCATGCGCTGGTTCCGCGA
TGCTTTCTGTGCCGAAGAAAAACTGATTGCCGAACGTTTAGGCATCGACACCTATACGCTGCTG
GAAGAGATGGCCAGTCGGGTGCCGCCTGGGTCGTGGGGCGTAATGCCGATCTTCTCCGACAGAA
TGCGCTTTAAAACCTGGTATCACGCTGCGCCTTCCTTTATTAACTTGTCCATTGACCCGGATAA
ATGTAACAAAGCGACATTGTTCCGTGCGCTGGAAGAAAATGCGGCGATTGTATCAGCGTGTAAC
TTGCAGCAAATTGCTGATTTCTCGAATATTCATCCTTCATCGTTAGTCTTTGCAGGCGGAGGTT
CAAAAGGGAAATTATGGAGTCAAATTCTCGCTGATGTCTCGGGATTACCCGTCAATATTCCGGT
GGTCAAAGAAGCCACTGCATTAGGATGTGCCATTGCAGCTGGCGTCGGTGCCGGAATTTTTTCA
TCAATGGCAGAAACCGGAGAACGCCTGGTTCGCTGGGAACGGACGCACACACCAGACCCGGAAA
AGCATGAACTTTATCAGGATTCACGCGATAAGTGGCAGGCAGTTTATCAGGATCAGCTGGGGCT
GGTTGATCATGGACTGACGACGTCGTTATGGAAAGCGCCTGGGTTATAG

59



10

15

20

25

WO 2019/032629 PCT/US2018/045687

SEQ ID NO. 3
asRNA
anti-sense RNA sequence targeting expression of dam gene in Vibrio

UAAUUCAACAAGAAUUGGGACAACUCCAGUGAAAAGUUCUUCUCCUUUACUCAU

SEQ ID NO. 4
DNA

dam gene
Vibrio sp.

ATGAAAAAGCAACGAGCCTTTCTTAAGTGGGCAGGAGGCAAATACGGTCTGGTTGAAGACATCC
AACGTCATTTACCACCGGCTCGAAAGCTAGTTGAACCCTTTGTTGGTGCTGGCTCGGTTTTTCT
AAATACCGACTATGACCACTATCTACTGGCGGATATTAACCCCGACCTGATTAATCTCTATAAC
TTACTAAAAGAGCGTCCTGAAGAGTACATCTCAGAAGCGAAGCGCTGGTTTGTTGCAGAGAACA
ATCGCAAAGAAGCGTACTTGAATATTCGCGCCGAGTTTAATAAAACGGATGACGTGATGTACCG
CTCGTTGGCGTTCCTATACATGAACCGCTTTGGCTTTAATGGCTTATGTCGTTATAACAAAAAA
GGCGGCTTTAATGTCCCGTTTGGTTCTTACAAAAAGCCTTATTTCCCAGAAGCGGAGCTAGAAT
TCTTTGCTGAAAAAGCCAAGAAAGCGACGTTCGTATGTGAAGGTTACCCAGAAACGTTCAGTCG
AGCGCGTAAAGGCAGCGTGGTTTATTGCGATCCACCGTACGCACCGTTGTCGAACACGGCGAAC
TTTACCTCTTATGCTGGCAACGGCTTTACGCTGGATGATCAAGCTGCATTGGCTGATATTGCAG
AGAAAGCCGCAACTGAACGTGGTATCCCTGTTCTGATCTCAAACCATGACACGACATTAACGCG
TCGCCTTTATCATGGTGCGGAGCTTAATGTCGTAAAAGTGAAGCGAACCATCAGTCGTAATGGC
AGTGGTCGTAATAAAGTTGACGAGTTGCTGGCGCTATTTCGTGCACCTGACGCGGACAAATCTG
ACTCTTAA
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CLAIMS
What is claimed is:

1. A genetically modified bacteria configured for the biocontrol of Early Mortality Syndrome
(EMS) comprising:

- a genetically modified donor bacteria that may be introduced to a target host and express
at least one heterologous antisense RNA polynucleotide (asRNA) configured be
transported out of said genetically modified donor bacteria and be taken up by an EMS-
causing pathogen of said target host and to inhibit expression of at least one essential

gene in said an EMS-causing pathogen.

2. A genetically modified bacteria as described in claim 1 wherein said EMS-causing pathogen

comprises a species of Vibrio.

3. A genetically modified bacteria as described in claim 2 wherein said essential gene comprises

a gene responsible for DNA methylation.

4.A genetically modified bacteria as described in claim 3 wherein said gene responsible for DNA

methylation comprises a DNA adenine methylase (dam) gene.

5.A genetically modified bacteria as described in claim 4 wherein said dam gene comprises SEQ

ID NO. 4, or a sequence having approximately 75% or more homology with SEQ ID NO. 4.

6.A genetically modified bacteria as described in claim 5 wherein said heterologous asRNA
comprises a heterologous asRNA configured to inhibit expression of a DNA adenine methylase
(dam) gene, or a homolog thereof.

7. A genetically modified bacteria as described in claim 6 wherein said heterologous asRNA

configured to inhibit expression of a DNA adenine methylase (dam) gene comprises a
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heterologous asRNA identified as SEQ ID NO. 3, or a sequence having approximately 85% or
more homology with SEQ ID NO. 3.

8. A genetically modified bacteria as described in claim 7 wherein said genetically modified
donor bacteria comprises a genetically modified donor microorganism selected from the group
consisting of: a symbiotic genetically modified donor bacteria, a shrimp probiotic genetically
modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria an shrimp
endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically modified donor
bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, F. coli, a genetically

modified donor algae, and an autotropic genetically modified donor bacteria.

9. A genetically modified bacteria as described in claim 8 wherein said target host is an aquatic

organism.

10. A genetically modified bacteria as described in claim 9 wherein said aquatic organism is a

shrimp and/or shrimp raised in aquaculture.

11. A genetically modified bacteria as described in claim 10 wherein said genetically modified
donor bacteria comprises a feed or a shrimp culture pond inoculum having said genetically

modified donor bacteria as an ingredient.

12. A genetically modified bacteria as described in claim 10 wherein said genetically modified
donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a sequence
having approximately 85% or more homology with SEQ ID NO. 3, is transmitted to a shrimp

progeny through vertical transmission.

13. A genetically modified bacteria as described in claim 10 wherein said genetically modified
donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a sequence
having approximately 85% or more homology with SEQ ID NO. 3, is transmitted to a shrimp

population through horizontal transmission.
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14. A genetically modified bacteria as described in claim 8 wherein said genetically modified
donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a sequence
having approximately 85% or more homology with SEQ ID NO. 3, wherein administration of a
therapeutically effective amount of said genetically modified donor bacteria results in a reduction

in mortality due to EMS caused by one or more Vibrio species.

15. A genetically modified bacteria as described in claim 8 wherein said genetically modified
donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a sequence
having approximately 85% or more homology with SEQ ID NO. 3, wherein administration of a
therapeutically effective amount of said genetically modified donor bacteria results in a reduction
in the formation of biofilms or expression of pathogenesis genes including those involved in

toxin production by one or more EMS-causing Vibrio.

16. A genetically modified bacteria as described in claim 8 wherein said genetically modified
donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a sequence
having approximately 85% or more homology with SEQ ID NO. 3, wherein administration of a
therapeutically effective amount of said genetically modified donor bacteria results in a reduction

in pathogenicity of one or more EMS-causing Vibrio.

17. An aquatic organism ingestible compound for the biocontrol of pathogenic bacteria

comprising:

- a treated feed or liquid inoculum for an EMS infected and/or susceptible aquatic
organism having a genetically modified donor bacteria that may be introduced to a target
host through said treated feed or by water transmission and further express at least one
heterologous antisense RNA polynucleotide (asRNA) configured be transported out of
said genetically modified donor bacteria and be taken up by an EMS-causing pathogen of
said target host and to inhibit expression of at least one essential gene in said an EMS-

causing pathogen.
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18. An aquatic organism ingestible compound as described in claim 17 wherein said EMS-

causing pathogen comprises a species of Vibrio.

19. An aquatic organism ingestible compound as described in claim 18 wherein said essential

gene comprises a gene responsible for DNA methylation.

20. An aquatic organism ingestible compound as described in claim 19 wherein said gene

responsible for DNA methylation comprises a DNA adenine methylase (dam) gene.

21. An aquatic organism ingestible compound as described in claim 20 wherein said dam gene
comprises SEQ ID NO. 4, or a sequence having approximately 75% or more homology with
SEQ ID NO. 4.

22. An aquatic organism ingestible compound as described in claim 21 wherein said
heterologous asRNA comprises a heterologous asRNA configured to inhibit expression of a

DNA adenine methylase (dam) gene, or a homolog thereof.

23. An aquatic organism ingestible compound as described in claim 22 wherein said
heterologous asRNA configured to inhibit expression of a DNA adenine methylase (dam) gene
comprises a heterologous asRNA identified as SEQ ID NO. 3, or a sequence having
approximately 85% or more homology with SEQ ID NO. 3.

24. An aquatic organism ingestible compound as described in claim 23 wherein said genetically
modified donor bacteria comprises a genetically modified donor microorganism selected from
the group consisting of: a symbiotic genetically modified donor bacteria, a shrimp probiotic
genetically modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria an
shrimp endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically
modified donor bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, E. coli,

a genetically modified donor algae, and an autotropic genetically modified donor bacteria.
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25. An aquatic organism ingestible compound as described in claim 24 wherein said target host

is an aquatic organism.

26. An aquatic organism ingestible compound as described in claim 25 wherein said aquatic

organism is a shrimp.

27. An aquatic organism ingestible compound as described in claim 26 wherein said shrimp

comprise shrimp raised in aquaculture.

28. An aquatic organism ingestible compound as described in claim 24 wherein said genetically
modified donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, is transmitted to a

shrimp progeny through vertical transmission.

29. An aquatic organism ingestible compound as described in claim 24 wherein said genetically
modified donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, is transmitted to a

shrimp population through horizontal transmission.

30. An aquatic organism ingestible compound as described in claim 24 wherein said genetically
modified donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, wherein
administration of a therapeutically effective amount of said genetically modified donor bacteria

results in a reduction in mortality due to EMS caused by one or more Vibrio species.

31. An aquatic organism ingestible compound as described in claim 24 wherein said genetically
modified donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, wherein
administration of a therapeutically effective amount of said genetically modified donor bacteria
results in a reduction in the formation of biofilms or expression of pathogenesis genes including

those involved in toxin production by one or more EMS-causing Vibrio.
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32. An aquatic organism ingestible compound as described in claim 24 wherein said genetically

modified donor bacteria expressing a heterologous asRNA identified as SEQ ID NO. 3, or a

sequence having approximately 85% or more homology with SEQ ID NO. 3, wherein

administration of a therapeutically effective amount of said genetically modified donor bacteria

results in a reduction in pathogenicity of one or more EMS-causing Vibrio.

33. A method of treating Early Mortality Syndrome (EMS) in an organism comprising the steps

of’

generating a genetically modified donor bacteria configured to express a heterologous
asRNA polynucleotide that is complementary to the mRNA of one or more DNA

methylation genes of an EMS-causing bacterial pathogen;

introducing said genetically modified donor bacteria to a target host that is infected

by, and/or susceptible to infection by said EMS-causing bacterial pathogen;

expressing said heterologous asRNA polynucleotide that is complementary to said

one or more DNA methylation genes of said EMS-causing bacterial pathogen;

transporting said heterologous asRNA polynucleotide out of said genetically modified

donor bacteria;

introducing said heterologous asRNA polynucleotide to said EMS-causing bacterial
pathogen wherein said EMS-causing bacterial pathogen takes up said heterologous

asRNA polynucleotide; and

inhibiting expression of said one or more DNA methylation genes of said EMS-
causing bacterial pathogen causing a reduction of DNA methylation in said EMS-

causing bacterial pathogen.

34. The method of claim 33 wherein said EMS-causing bacterial pathogen comprises a species of

Vibrio.

35. The method of claim 34 wherein said DNA methylation gene comprises a DNA adenine

methylase (dam) gene.
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36. The method of claim 35 wherein said dam gene comprises SEQ ID NO. 4, or a sequence

having approximately 75% or more homology with SEQ ID NO. 4.

37. The method of claim 36 wherein said heterologous asRNA comprises a heterologous asRNA

configured to inhibit expression of a DNA adenine methylase (dam) gene, or a homolog thereof.

38. The method of claim 37 wherein said heterologous asRNA configured to inhibit expression
of a DNA adenine methylase (dam) gene comprises a heterologous asRNA identified as SEQ ID
NO. 3, or a sequence having approximately 85% or more homology with SEQ ID NO. 3.

39. The method of claim 38 wherein said genetically modified donor bacteria comprises a
genetically modified donor microorganism selected from the group consisting of: a symbiotic
genetically modified donor bacteria, a shrimp probiotic genetically modified donor bacteria, an
shrimp symbiotic genetically modified donor bacteria an shrimp endosymbiotic genetically
modified donor bacteria, an shrimp enteric genetically modified donor bacteria, Agl, Salmonella
typhimurium, Bacillus subtilis, Enterobacter, E. coli, a genetically modified donor algae, and an

autotropic genetically modified donor bacteria.

40. The method of claim 39 wherein said target host is an aquatic organism.

41. The method of claim 40 wherein said aquatic organism is a shrimp.

42. The method of claim 41 wherein said shrimp comprise shrimp raised in aquaculture.

43. The method of claim 42 wherein said genetically modified donor bacteria expressing a
heterologous asRNA identified as SEQ ID NO. 3, or a sequence having approximately 85% or
more homology with SEQ ID NO. 3, is transmitted to a shrimp progeny through vertical

transmission.

44. The method of claim 42 wherein said genetically modified donor bacteria expressing a

heterologous asRNA identified as SEQ ID NO. 3, or a sequence having approximately 85% or
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more homology with SEQ ID NO. 3, is transmitted to a shrimp population through horizontal

transmission.

45. The method of claim 39 introducing said genetically modified donor bacteria to a target host
comprises the step of introducing to a shrimp said genetically modified donor bacteria expressing
therapeutically effective amount of said heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, wherein
administration of said therapeutically effective amount of said heterologous asRNA results in a

reduction in mortality due to EMS caused by one or more EMS-causing Vibrio.

46. The method of claim 39 introducing said genetically modified donor bacteria to a target host
comprises the step of introducing to a shrimp said genetically modified donor bacteria expressing
therapeutically effective amount of said heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, wherein
administration of said therapeutically effective amount of said heterologous asRNA results in a
reduction in biofilms or expression of pathogenesis genes including those involved in toxin

production caused by one or more EMS-causing Vibrio.

47. The method of claim 39 introducing said genetically modified donor bacteria to a target host
comprises the step of introducing to a shrimp said genetically modified donor bacteria expressing
therapeutically effective amount of said heterologous asRNA identified as SEQ ID NO. 3, or a
sequence having approximately 85% or more homology with SEQ ID NO. 3, wherein
administration of said therapeutically effective amount of said heterologous asRNA results in a
reduction in pathogenicity of one or more EMS-causing Vibrio.
48. A method of disrupting quorum sensing (QS) in pathogenic bacteria comprising:
- transforming a bacteria to generate a genetically modified bacteria configured to
express at least one heterologous quorum quenching system configured to remove
exogenous autoinducer-2 (AI-2) molecules from the environment and transport them

into said genetically modified bacteria;
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- introducing said genetically modified bacteria to an organism or environment infected
with pathogenic capable of QS, and/or to an organism or environment that is
susceptible to colonization by pathogenic bacteria capable of QS; and

- expressing said at least one heterologous quorum quenching system molecule wherein
the levels of exogenous AI-2 molecules in the environment are reduced to a level
where QS molecule regulated expression of pathogenesis traits/genes by said

pathogenic bacteria is reduced and/or inhibited.

49. The method of claim 48 wherein said organism comprises an aquatic organism.

50. The method of claim 49 wherein said aquatic organism comprises a shrimp.

51. The method of claim 50 wherein said shrimp comprise shrimp raised in aquaculture.

52. The method of claim 51 wherein said pathogenic bacteria comprises an Early Mortality

Syndrome (EMS) causing pathogenic bacteria.

53. The method of claim 52 wherein said Early Mortality Syndrome (EMS) causing pathogenic

bacteria comprises a species of Vibrio.

54. The method of claim 53 wherein said step of expressing at least one heterologous quorum
quenching molecule configured to remove exogenous Al-2 molecules from the environment and
transport them into said genetically modified bacteria comprises the step of expressing a
heterologous Isr operon operably linked to a promotor that is configured to express at least one
ATP-binding cassette transporter (ABC transporter) and at least one chaperone protein that
actively pump exogenous autoinducer molecule AI-2 from the environment into said transformed

bacterial cell.

55. The method of claim 54 wherein said heterologous /sr operon is identified as SEQ ID NO. 2,
or a sequence having approximately 75% or more homology with SEQ ID NO. 2.
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56. The method of claim 55 wherein said promotor comprises a constitutive and/or an inducible

promotor.

57. The method of claim 55 wherein said genetically modified bacteria comprises a genetically
modified bacteria selected from the group consisting of: an enteric genetically modified donor
bacteria, a symbiotic genetically modified donor bacteria, a shrimp probiotic genetically
modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria, an shrimp
endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically modified donor
bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, and F. coli, or other

symbiotic bacteria.

58. The method of claim 57 wherein said step of introducing said genetically modified bacteria
to an organism or environment comprises the step of introducing a treated feed or liquid
inoculum having said genetically modified bacteria as an ingredient to shrimp and/or aquaculture

environment.

59. The method of claim 57 wherein said step of introducing said genetically modified bacteria
to an organism or environment comprises the step of introducing said genetically modified

bacteria directly to a shrimp and/or aquaculture environment.

60. The method of claim 57 and further comprising the step of transmitting said genetically
modified bacteria configured to express a heterologous /s operon to a shrimp population through

vertical and/or horizontal transfer.

61. The method of claim 57 wherein said step of expressing said heterologous /sr operon wherein
the levels of exogenous AI-2 molecules in the environment are reduced to a level where QS
molecule regulated expression of pathogenesis traits/genes by said pathogenic bacteria is reduced
and/or inhibited comprises the step of expressing said heterologous /sr operon wherein the levels
of exogenous AI-2 molecules in the environment are reduced to a level where biofilm formation
or expression of pathogenesis genes including those involved in toxin production by said

pathogenic bacteria is reduced and or inhibited.
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62. The method of claim 57 wherein said step of expressing said heterologous /sr operon wherein
the levels of exogenous AI-2 molecules in the environment are reduced to a level where QS
molecule regulated expression of pathogenesis traits/genes by said pathogenic bacteria is reduced
and/or inhibited comprises the step of expressing said heterologous /sr operon wherein the levels
of exogenous AI-2 molecules in the environment are reduced to a level where QS-mediated

pathogenicity of said pathogenic bacteria is reduced and or inhibited.

63. The method of claim 57 wherein said step of expressing said heterologous /sr operon wherein
the levels of exogenous AI-2 molecules in the environment are reduced to a level where QS
molecule regulated expression of pathogenesis traits/genes by said pathogenic bacteria is reduced
and/or inhibited comprises the step of expressing said heterologous /sr operon wherein the levels
of exogenous AI-2 molecules in the environment are reduced to a level where EMS caused by

Vibrio is treated and/or prevented.

64. The method of claim 57 wherein said step of expressing said heterologous /sy operon wherein
the levels of exogenous AI-2 molecules in the environment are reduced to a level where QS
molecule regulated expression of pathogenesis traits/genes by said pathogenic bacteria is reduced
and/or inhibited comprises the step of expressing said heterologous /s7 operon wherein the levels
of exogenous AI-2 molecules in the environment are reduced to a level where mortality of said

target host due to EMS caused by one or more Vibrio species is reduced.

65. An aquatic organism ingestible compound for the biocontrol of pathogenic bacteria
comprising:

- a treated feed or liquid inoculum for an pathogenic bacteria infected and/or
susceptible target host having a genetically modified donor bacteria having a
heterologous nucleic acid that may be introduced to a target host through said treated
feed or by water transmission and further wherein said heterologous nucleic acid
encodes at least one heterologous quorum quenching molecule configured to remove

exogenous autoinducer-2 (AI-2) molecules from the environment and transport it into
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said genetically modified bacteria resulting in the reduction and/or inhibition of

quorum sensing (QS) in said pathogenic bacteria.

66. The compound of claim 65 wherein said target host comprises an aquatic organism.

67. The compound of claim 66 wherein said aquatic organism comprises a shrimp.

68. The compound of claim 67 wherein said shrimp comprise shrimp raised in aquaculture.

69. The compound of claim 68 wherein said pathogenic bacteria comprises an Early Mortality

Syndrome (EMS) causing pathogenic bacteria.

70. The compound of claim 69 wherein said Early Mortality Syndrome (EMS) causing

pathogenic bacteria comprises a species of Vibrio.

71. The compound of claim 70 wherein heterologous nucleic acid comprises an /sr operon
operably linked to a promotor that is configured to express at least one ATP-binding cassette
transporter (ABC transporter) and at least one chaperone protein that actively pump autoinducer

molecule exogenous AI-2 from the environment into said genetically modified bacterial cell.

72. The compound of claim 71 wherein said Isr operon is identified as SEQ ID NO. 2, or a
sequence having approximately 75% or more homology with SEQ ID NO. 2.

73. The compound of claim 72 wherein said promotor comprises a constitutive and/or an

inducible promotor.

74. The compound of claim 73 wherein said genetically modified bacteria comprises a
genetically modified bacteria selected from the group consisting of: an enteric genetically
modified donor bacteria, a symbiotic genetically modified donor bacteria, a shrimp probiotic
genetically modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria, an

shrimp endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically
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modified donor bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, and FE.

coli, or other symbiotic bacteria

75. The compound of claim 74 wherein said genetically modified bacteria configured to express

said heterologous /sr operon may be transmitted through vertical and/or horizontal transfer.

76. The compound of claim 74 wherein said genetically modified bacteria configured to express
a said heterologous /sr operon comprises a genetically modified bacteria configured to express a
said heterologous /sr operon wherein said levels of exogenous AI-2 molecules in the
environment are reduced to a level where biofilm formation or expression of pathogenesis genes
including those involved in toxin production by said pathogenic bacteria is reduced and or
inhibited.

77. The compound of claim 74 wherein said genetically modified bacteria configured to express
a said heterologous /sr operon comprises a genetically modified bacteria configured to express a
said heterologous /sr operon wherein said levels of exogenous AI-2 molecules in the
environment are reduced to a level where QS-mediated pathogenicity of said pathogenic bacteria

is reduced and or inhibited.

78. The compound of claim 74 wherein said genetically modified bacteria configured to express
a said heterologous /sr operon comprises a genetically modified bacteria configured to express a
said heterologous Isr operon wherein said levels of exogenous AI-2 molecules in the

environment are reduced to a level where EMS caused by Vibrio is treated and/or prevented.

79. The compound of claim 74 wherein said genetically modified bacteria configured to express
a said heterologous /sr operon comprises a genetically modified bacteria configured to express a
said heterologous /sr operon wherein said levels of exogenous AI-2 molecules in the
environment are reduced to a level where mortality of said target host due to EMS caused by one

or more Vibrio is reduced.

80. A method of disrupting quorum sensing (QS) in pathogenic bacteria comprising:
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- transforming a bacteria to generate a genetically modified bacteria configured to
express at least one heterologous quorum quenching molecule configured to inhibit
one or more exogenous autoinducer-1 (AlI-1) molecules;

- introducing said genetically modified bacteria to an organism or environment infected
with pathogenic capable of QS, and/or to an organism or environment that is
susceptible to colonization by pathogenic bacteria capable of QS; and

- expressing said at least one heterologous quorum quenching molecule wherein the
levels of exogenous Al-1 molecules in the environment are inhibited to a level where
QS molecule regulated expression of pathogenesis traits/genes by said pathogenic

bacteria is reduced and/or inhibited.

81. The method of claim 80 wherein said organism comprises an aquatic organism.

82. The method of claim 81 wherein said aquatic organism comprises a shrimp.

83. The method of claim 82 wherein said shrimp comprise shrimp raised in aquaculture.

84. The method of claim 83 wherein said pathogenic bacteria comprises an Early Mortality

Syndrome (EMS) causing pathogenic bacteria.

85. The method of claim 84 wherein said Early Mortality Syndrome (EMS) causing pathogenic

bacteria comprises a species of Vibrio.

86. The method of claim 85 wherein said step of expressing at least one heterologous quorum
quenching molecule configured to one or more exogenous Al-1 molecules comprises the step of
expressing an a homoserine lactonases (AHL lactonase) configured to inactivate exogenous Al-1

molecules.

87. The method of claim 86 wherein said step of expressing an AHL lactonase configured to
inactivate exogenous AI-1 molecules comprises the step of expressing an AHL lactonase

configured to inactivate exogenous AHL class QS molecules.
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88. The method of claim 87 wherein said exogenous AHL class QS molecules comprises

exogenous Hal-1.

89. The method of claim 88 wherein said step of expressing an AHL lactonase configured to
inactivate exogenous Al-1 molecules comprises the step of expressing an heterologous aidH

gene.

90. The method of claim 86 wherein said heterologous aidH gene is identified as SEQ ID NO. 1,
or a sequence having approximately 75% or more homology with SEQ ID NO. 1.

91. The method of claim 90 wherein said promotor comprises a constitutive and/or an inducible

promotor.

92. The method of claim 90 wherein said genetically modified bacteria comprises a genetically
modified bacteria selected from the group consisting of: an enteric genetically modified donor
bacteria, a symbiotic genetically modified donor bacteria, a shrimp probiotic genetically
modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria, an shrimp
endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically modified donor
bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, and E. coli, or other

symbiotic bacteria.

93. The method of claim 92 wherein said step of introducing said genetically modified bacteria
to an organism or environment comprises the step of introducing a treated feed or liquid
inoculum having said genetically modified bacteria as an ingredient to shrimp and/or aquaculture

environment.
94. The method of claim 92 wherein said step of introducing said genetically modified bacteria

to an organism or environment comprises the step of introducing said genetically modified

bacteria directly to a shrimp and/or aquaculture environment.
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95. The method of claim 92 and further comprising the step of transmitting said genetically
modified bacteria configured to express a heterologous aidH to a shrimp population through

vertical and/or horizontal transfer.

96. The method of claim 92 wherein said step of expressing said a heterologous aidH comprises
expressing a heterologous aidH such that the levels of exogenous Al-1 molecules in the
environment are inhibited to a level where biofilm formation or expression of pathogenesis genes
including those involved in toxin production by said pathogenic bacteria is reduced and or

inhibited.

97. The method of claim 92 wherein said step of expressing said a heterologous aidH comprises
expressing a heterologous aidH such that the levels of exogenous AI-1 molecules in the
environment are inhibited to a level where QS-mediated pathogenicity of said pathogenic

bacteria is reduced and or inhibited.

98. The method of claim 92 wherein said step of expressing said a heterologous aidH comprises
expressing a heterologous aidH such that the levels of exogenous AI-1 molecules in the

environment are inhibited to a level where EMS caused by Vibrio is treated and/or prevented.

99. The method of claim 98wherein said step of expressing said a heterologous aidH comprises
expressing a heterologous aidH such that the levels of exogenous Al-1 molecules in the
environment are inhibited to a level where mortality of said target host due to EMS caused by

one or more Vibrio species is reduced.

100. An aquatic organism ingestible compound for the biocontrol of pathogenic bacteria
comprising:

- a treated feed or liquid inoculum for an pathogenic bacteria infected and/or
susceptible target host having a genetically modified donor bacteria having a
heterologous nucleic acid that may be introduced to a target host through said treated
feed or by water transmission and further wherein said heterologous nucleic acid

encodes at least one heterologous quorum quenching molecule configured to inhibit
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exogenous autoinducer-1 (Al-1) molecules resulting in the reduction and/or inhibition

of quorum sensing (QS) in said pathogenic bacteria.

101. The compound of claim 100 wherein said target host comprises an aquatic organism.

102. The compound of claim 101 wherein said aquatic organism comprises a shrimp.

103. The compound of claim 102 wherein said shrimp comprise shrimp raised in aquaculture.

104. The compound of claim 103 wherein said pathogenic bacteria comprises an Early Mortality

Syndrome (EMS) causing pathogenic bacteria.

105. The compound of claim 104 wherein said Early Mortality Syndrome (EMS) causing

pathogenic bacteria comprises a species of Vibrio.

106. The compound of claim 105 wherein said step of expressing at least one heterologous
quorum quenching molecule configured to one or more exogenous Al-1 molecules comprises the
step of expressing an a homoserine lactonases (AHL lactonase) configured to inactivate

exogenous Al-1 molecules.

107. The compound of claim 106 wherein said step of expressing an AHL lactonase configured
to inactivate exogenous Al-1 molecules comprises the step of expressing an AHL lactonase

configured to inactivate exogenous AHL class QS molecules.

108. The compound of claim 107 wherein said exogenous AHL class QS molecules comprises

exogenous Hal-1.
109. The compound of claim 108 wherein said step of expressing an AHL lactonase configured

to inactivate exogenous Al-1 molecules comprises the step of expressing an heterologous aidH

gene.
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110. The compound of claim 106 wherein said heterologous aidH gene is identified as SEQ ID

NO. 1, or a sequence having approximately 75% or more homology with SEQ ID NO. 1.

111. The compound of claim 110 wherein said promotor comprises a constitutive and/or an

inducible promotor.

112. The compound of claim 110 wherein said genetically modified bacteria comprises a
genetically modified bacteria selected from the group consisting of: an enteric genetically
modified donor bacteria, a symbiotic genetically modified donor bacteria, a shrimp probiotic
genetically modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria, an
shrimp endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically
modified donor bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, and E.

coli, or other symbiotic bacfteria.

113. The compound of claim 112 wherein said genetically modified bacteria configured to

express said heterologous aidH may be transmitted through vertical and/or horizontal transfer.

114. The compound of claim 112 wherein said genetically modified bacteria configured to
express a said heterologous aidH comprises a genetically modified bacteria configured to express
a said heterologous aidH wherein said levels of exogenous Al-1 are inhibited to a level where
biofilm formation or expression of pathogenesis genes including those involved in toxin

production by said pathogenic bacteria is reduced and or inhibited.

115. The compound of claim 112 herein said genetically modified bacteria configured to express
a said heterologous aidH comprises a genetically modified bacteria configured to express a said
heterologous aidH wherein said levels of exogenous Al-1 are inhibited to a level where QS-

mediated pathogenicity of said pathogenic bacteria is reduced and or inhibited.

116. The compound of claim 112 herein said genetically modified bacteria configured to express

a said heterologous aidH comprises a genetically modified bacteria configured to express a said
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heterologous aidH wherein said levels of exogenous Al-1 are inhibited to a level where EMS

caused by Vibrio is treated and/or prevented.

117. The compound of claim 112 herein said genetically modified bacteria configured to express
a said heterologous aidH comprises a genetically modified bacteria configured to express a said

heterologous aidH wherein said levels of exogenous Al-1 are inhibited to a level where mortality

of said target host due to EMS caused by one or more Vibrio is reduced.

118. A method of disrupting quorum sensing (QS) in pathogenic bacteria comprising:

transforming a bacteria to generate a genetically modified bacteria configured to
express a first heterologous quorum quenching molecule configured to inhibit one or

more exogenous autoinducer-1 (Al-1) molecules;

transforming a bacteria to generate a genetically modified bacteria configured to
express a second heterologous quorum quenching molecule configured to remove
exogenous autoinducer-2 (AI-2) molecules from the environment and transport them

into said genetically modified bacteria;

introducing said genetically modified bacteria to an organism or environment infected
with pathogenic capable of QS, and/or to an organism or environment that is

susceptible to colonization by pathogenic bacteria capable of QS;

expressing said first and second heterologous quorum quenching molecules wherein
the levels of exogenous AI-1 and AIO2 molecules in the environment are reduced
and/or inhibited to a level where QS molecule regulated expression of pathogenesis

traits/genes by said pathogenic bacteria is disrupted

119. The method of claim 118 wherein said target host comprises an aquatic organism.

120. The method of claim 119 wherein said aquatic organism comprises a shrimp.
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121. The method of claim 120 wherein said shrimp comprise shrimp raised in aquaculture.

122. The method of claim 121 wherein said pathogenic bacteria comprises an Early Mortality

Syndrome (EMS) causing pathogenic bacteria.

123. The method of claim 122 wherein said Early Mortality Syndrome (EMS) causing

pathogenic bacteria comprises a species of Vibrio.

124. The method of claim 123 wherein said step of expressing at least one heterologous quorum
quenching molecule configured to remove exogenous Al-2 molecules from the environment and
transport them into said genetically modified bacteria comprises the step of expressing an /sr
operon operably linked to a promotor that is configured to express at least one ATP-binding
cassette transporter (ABC transporter) and at least one chaperone protein that actively pump

exogenous autoinducer molecule AI-2 from the environment into said transformed bacterial cell.

125. The method of claim 124 wherein said /sr operon is identified as SEQ ID NO. 2, or a
sequence having approximately 75% or more homology with SEQ ID NO. 2.

126. The method of claim 123 wherein said step of expressing at least one heterologous quorum
quenching molecule configured to one or more exogenous Al-1 molecules comprises the step of
expressing an a homoserine lactonases (AHL lactonase) configured to inactivate exogenous Al-1

molecules.
127. The method of claim 126 wherein said step of expressing an AHL lactonase configured to
inactivate exogenous Al-1 molecules comprises the step of expressing an AHL lactonase

configured to inactivate exogenous AHL class QS molecules.

128. The method of claim 127 wherein said exogenous AHL class QS molecules comprises

exogenous Hal-1.
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129. The method of claim 128 wherein said step of expressing an AHL lactonase configured to

inactivate exogenous Al-1 molecules comprises the step of expressing a heterologous aidH gene.

130. The method of claim 129 wherein said aidH gene is identified as SEQ ID NO. 1, or a
sequence having approximately 75% or more homology with SEQ ID NO. 1.

131. The method of claims 125 and 129 wherein said genetically modified bacteria comprises a
genetically modified bacteria selected from the group consisting of: an enteric genetically
modified donor bacteria, a symbiotic genetically modified donor bacteria, a shrimp probiotic
genetically modified donor bacteria, an shrimp symbiotic genetically modified donor bacteria, an
shrimp endosymbiotic genetically modified donor bacteria, an shrimp enteric genetically
modified donor bacteria, Agl, Salmonella typhimurium, Bacillus subtilis, Enterobacter, and E.

coli, or other symbiotic bacfteria.

132. The method of claim 131 wherein said step of introducing said genetically modified
bacteria to an organism or environment comprises the step of introducing a treated feed or liquid
inoculum having said genetically modified bacteria as an ingredient to shrimp and/or aquaculture

environment.

133. The method of claim 131 wherein said step of introducing said genetically modified
bacteria to an organism or environment comprises the step of introducing said genetically

modified bacteria directly to a shrimp and/or aquaculture environment.

134. The method of claim 131 and further comprising the step of transmitting said genetically
modified bacteria configured to express first and second heterologous quorum quenching

molecules to a shrimp population through vertical and/or horizontal transfer.

135. The method of claim 131 wherein said step of expressing said first and second heterologous
quorum quenching molecules comprises expressing first and second heterologous quorum
quenching molecules such that the levels of exogenous AI-1 and AI-2 molecules in the

environment are reduced and/or inhibited to a level where biofilm formation or expression of
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pathogenesis genes including those involved in toxin production by said pathogenic bacteria is

reduced and or inhibited.

136. The method of claim 131 wherein said step of expressing said first and second heterologous
quorum quenching molecules comprises expressing first and second heterologous quorum
quenching molecules such that the levels of exogenous AI-1 and AI-2 molecules in the
environment are reduced and/or inhibited to a level where QS-mediated pathogenicity of said

pathogenic bacteria is reduced and or inhibited.

137. The method of claim 131 wherein said step of expressing said first and second heterologous
quorum quenching molecules comprises expressing first and second heterologous quorum
quenching molecules such that the levels of exogenous AI-1 and AI-2 molecules in the
environment are reduced and/or inhibited to a level where EMS caused by Vibrio is treated

and/or prevented.

138. The method of claim 131 wherein said step of expressing said first and second heterologous
quorum quenching molecules comprises expressing first and second heterologous quorum
quenching molecules such that the levels of exogenous AI-1 and AI-2 molecules in the
environment are reduced and/or inhibited to a level where mortality of said target host due to

EMS caused by one or more Vibrio species is reduced.

139. A method of treating Early Mortality Syndrome (EMS) in an organism comprising the steps
of:
- generating a genetically modified donor bacteria configured to express one or more of

the following:

— a heterologous asRNA polynucleotide that is complementary to the mRNA of
one or more DNA methylation genes of an EMS-causing bacterial pathogen;
and/or

— a quorum quenching system further comprising:

— a first heterologous quorum quenching molecule configured to inhibit one

or more exogenous autoinducer-1 (Al-1) molecules; and/or
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— a second heterologous quorum quenching molecule configured to remove
exogenous autoinducer-2 (AI-2) molecules from the environment and

transport them into said genetically donor modified bacteria;

- introducing said genetically modified donor bacteria to a target host that is infected

by, and/or susceptible to infection by said EMS-causing bacterial pathogen.
140. The method of claim 139 wherein said target host is an aquatic organism.
141. The method of claim 140 wherein said aquatic organism is a shrimp.
142. The method of claim 141 wherein said shrimp comprise shrimp raised in aquaculture.
143. The method of claim 141 wherein said EMS-causing pathogen comprises a species of
Vibrio.

144. The method of claim 143 wherein said DNA methylation gene comprises a DNA adenine

methylase (dam) gene.

145. The method of claim 144 wherein said dam gene comprises SEQ ID NO. 4, or a sequence
having approximately 75% or more homology with SEQ ID NO. 4.

146. The method of claim 3145 wherein said heterologous asRNA comprises a heterologous
asRNA configured to inhibit expression of a DNA adenine methylase (dam) gene, or a homolog
thereof.

147. The method of claim 146 wherein said heterologous asRNA configured to inhibit
expression of a DNA adenine methylase (dam) gene comprises a heterologous asRNA identified
as SEQ ID NO. 3, or a sequence having approximately 85% or more homology with SEQ ID
NO. 3.

148. The method of claim 143 wherein said step of expressing at least one heterologous quorum
quenching molecule configured to remove exogenous Al-2 molecules from the environment and
transport them into said genetically modified donor bacteria comprises the step of expressing an

Isr operon operably linked to a promotor that is configured to express at least one ATP-binding
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cassette transporter (ABC transporter) and at least one chaperone protein that actively pump

exogenous autoinducer molecule AI-2 from the environment into said transformed bacterial cell.

149. The method of claim 148 wherein said /Isr operon is identified as SEQ ID NO. 2, or a
sequence having approximately 75% or more homology with SEQ ID NO. 2.

150. The method of claim 143 wherein said step of expressing at least one heterologous quorum
quenching molecule configured to one or more exogenous Al-1 molecules comprises the step of
expressing an a homoserine lactonases (AHL lactonase) configured to inactivate exogenous Al-1

molecules.

151. The method of claim 150 wherein said step of expressing an AHL lactonase configured to
inactivate exogenous AI-1 molecules comprises the step of expressing an AHL lactonase

configured to inactivate exogenous AHL class QS molecules.

152. The method of claim 151 wherein said exogenous AHL class QS molecules comprises

exogenous Hal-1.

153. The method of claim 152 wherein said step of expressing an AHL lactonase configured to

inactivate exogenous Al-1 molecules comprises the step of expressing a heterologous aidH gene.

154. The method of claim 153 wherein said heterologous aidH gene is identified as SEQ ID NO.
1, or a sequence having approximately 75% or more homology with SEQ ID NO. 1.

155. The method of claim of any claim above wherein said genetically modified donor bacteria
comprises a genetically modified donor microorganism selected from the group consisting of: a
symbiotic genetically modified donor bacteria, a shrimp probiotic genetically modified donor
bacteria, an shrimp symbiotic genetically modified donor bacteria an shrimp endosymbiotic
genetically modified donor bacteria, an shrimp enteric genetically modified donor bacteria, Agl,
Salmonella typhimurium, Bacillus subtilis, Enterobacter, FE. coli, a genetically modified donor

algae, or other symbiotic bacteria .
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156. The method of any claim above and further comprising providing a therapeutically effective
amount of said genetically modified donor bacteria to a target host wherein therapeutically
effective amount results in a reduction in mortality due to EMS caused by one or more EMS-

causing Vibrio.

157. The method of any claim above and further comprising providing a therapeutically effective
amount of said genetically modified donor bacteria to a target host wherein therapeutically
effective amount results in a reduction in biofilms or expression of pathogenesis genes including

those involved in toxin production caused by one or more EMS-causing Vibrio.
158. The method of any claim above and further comprising providing a therapeutically effective

amount of said genetically modified donor bacteria to a target host wherein therapeutically

effective amount results in a reduction in pathogenicity of one or more EMS-causing Vibrio.
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