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(57) Sammendrag:
Methods are provided for delivery of at least one agent into egg(s) from an egg-producing aquatic animal 
including contacting fertilized or unfertilized egg(s) from said egg-producing aquatic animal with the at 
least one agent in the presence of a guanidine-containing compound capable of enhancing the 
permeability of the chorion of the egg(s). Methods are provided for the drug screening and compound 
toxicity assays. Methods are also provided for the production of reproductively sterile fish and aquatic 
animals for aquaculture, the aquarium trade, and control of invasive species are described. The methods 
include disruption of gonadal development through the administration of agents that lead to the failure of 
fertile gonadal development. Agents may be delivered to the eggs directly before the fertilization or post 
fertilization by contacting eggs in an immersion medium including the agent of interest.
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METHODS OF AGENT DELIVERY INTO FISH EGGS AND EMBRYOS 
ANIMALS FOR DRUG SCREENING, AGENT TOXICITY ASSAY AND 

PRODUCTION OF INFERTILE FISH

TECHNICAL FIELD

[0001] The present disclosure relates to methods for agent delivery into the eggs and embryos of 

egg-producing aquatic animals. The subject matter of the invention includes methods used to 

enhance chorion permeability and administer agents, e.g., large molecules, into the eggs and 

embryos. In particular, the invention relates to a method of chorionic transfection of fish egg(s), 

wherein said method comprises immersion of the egg(s) in an immersion medium comprising at 

least one agent and a guanidine-containing compound and wherein said guanidine-containing 

compound is arginine or a salt thereof, guanidine or a salt thereof or a dimer, trimer or polymer 

of guanidine or arginine and wherein said polymer is not a dendrimeric oligoguanidine. The 

present disclosure also relates to methods for drug and bioactive agent screening in safety and 

toxicity assays for biotech and pharmaceutical industries, and the production of reproductively 

sterile fish for aquaculture, the aquarium trade, and control of invasive species.

[0002] The disclosure further includes methods used to administer Morpholino oligomer (MO) 

into fish eggs and embryos which lead to the failure of fertile gonad development and to sterile 

adult fish.

BACKGROUND ART

[0003] Aquaculture is becoming increasingly important to resolve the current and projected 

global shortfalls in aquatic foods and seafood availability. As the shift in dependence from 

fisheries' harvests to artificially propagated aquatic species continues, optimization of aquaculture 

methods is increasingly necessary to maximize food production and minimize ecological impact, 

thereby achieving long-term environmental sustainability of our seafood supplies.

[0004] Sterilization (induced infertility) of farmed fish and other egg-producing aquatic animals 

enhances their growth rate by increasing the conversion of food energy to muscle growth, instead 

of gonadal development. In addition, if escaped from aquaculture operations to the environment, 

reproductively sterile farmed fish and other egg-producing aquatic animals, including 

domesticated, non-native or genetically modified species, will not be able to reproduce or inter­
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breed with wild population. This will assist biological containment and prevent genetic 

contamination of wild populations and/or the establishment in the wild of domestic, non-native or 

genetically modified farmed fish and other egg-producing aquatic animals.

[0005] Additionally, reproductive sterilization of fish and other egg-producing aquatic animals 

prevents unauthorized breeding and sale of patented, or otherwise protected, genetically selected 

or modified fish and other egg-producing aquatic animals.

[0006] Furthermore, aquatic animals, such as zebrafish, have provided models for evaluation of 

drugs or bioactive agents of interest. However, one of the major challenges in the use of eggs 

and embryos of these aquatic animals is the low permeability of the chorion or egg envelope 

which prevents such agents from traversing the chorion and reaching the embryo. KIM, T.I. et 

al,: “Arginine-grafted bioreducible poly( sulfide amide) for gene delivery systems”, 

BIOMATERIALS, 2009, VOL. 30, pages 658-664, discloses the synthesis of a guanidine- 

containing compound arginine-grafted bioreducible poly(disulphide amine) polymer (ABP) and a 

method for delivering plasmid DNA into C2cl2 mouse myoblast cells and NIH3T3 mouse 

embryonic fibroblast cells. Further, the method comprises that the cells are contacted with 

plasmid DNA in an immersion medium. BELOOR, J. et al.: “Arginine-engrafted biodegradable 

polymer for systemic delivery of therapeutic siRNA”, BIOMATERIALS, 2012, Vol. 33, pages 

1640-1650, discloses a method of delivering siRNA into B16F10 murinemelanoma cells using a 

guanidine-containing compound, ABP. The method comprises that the cells are contacted with 

siRNA in an immersion medium comprising said siRNA and ABP. WU, R.P. et al.: “Cell­

penetrating peptides as transporters for morpholino oligomers: effects of amino acid composition 

on intracellular delivery and cytotoxicity”, NUCLEIC ACID RESEARCH, 2007, Vol. 35, No. 

15, pages 5185-5191, discloses a method for delivering morpholino oligomers into HeLa cells. 

The method comprises the synthesis of morpholino oligomers and oligoarginine conjugates, 

which are contracted in an immersion medium to the HeLa cells for 24 h. MORCOS, P.A. et al.: 

”Vivo-Mopholinos: A non-peptide transporter delivers Morpholinos into a wide array of mouse 

tissues”, BIOTECHNIQUES, 2008, Vol. 45, pages 613-623, discloses a method for delivering 

morpholino oligomers into HeLa cells. The method comprises the synthesis of Vivo-Morpholino 

conjugates, which are contacted in an immersion medium to the HeLa cells. Sussman, R.: “Direct 

DNA delivery into Zebrafish Embyos Employing Tissue Culture Techniques”, GENESIS, 2001, 

Vol. 31, pages 1-5, discloses a method of transfection of fertilized and dechorionated zebrafish 

eggs using transfecting reagents.
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[0007] Therefore, methods are needed to enhance the permeability of the chorion of the eggs of 

aquatic animals and allow candidate drugs, bioactive agents and large molecules to traverse the 

chorion and to reach the embryo. In addition, methods are needed for reproductive sterilization 

of egg-producing aquatic animals.

SUMMARY

[0008] It has been discovered that certain compounds, e.g., guanidine, arginine, and their 

derivatives, dimers, trimers or polymers, are able to effectively enhance permeability of the 

chorion of eggs of aquatic animals, which allows agents, such as candidate drugs, potentially 

bioactive agents and/or large molecules, to traverse the chorion of such eggs of egg-producing 

aquatic animals and reach the embryos.

[0009] The invention relates to a method of chorionic transfection of fish egg(s), wherein said 

method comprises immersion of the egg(s) in an immersion medium comprising at least one agent 

and a guanidine-containing compound and wherein said guanidine-containing compound is 

arginine or a salt thereof, guanidine or a salt thereof or a dimer, trimer or polymer of guanidine or 

arginine and wherein said polymer is not a dendrimeric oligoguanidine. . Such methods may be 

used in screening methods for agents of interest. More specific embodiments of the invention are 

outlined in claims 2-14.

[0010] Disclosed is a method of conducting drug screening and compound toxicity assays using 

fish, the method comprising immersing fish egg(s) in an immersive medium comprising at least 

one agent comprising a drug, a drug candidate, a toxic compound or a toxic compound candidate 

in the presence of a guanidine-containing compound that is effective to enhance permeability of 

the chorion of the egg(s), the method further comprising a response in the fish to the agent.

[0011] Also disclosed is a method of enhancing permeability of the chorion of egg(s) from an 

egg-producing fish comprising immersing fertilized or unfertilized egg(s) from the egg-producing 

fish in an immersion medium with a guanidine-containing compound capable of enhancing the 

permeability of the chorion of the egg(s).

[0012] The disclosure further relates to methods of producing populations of sterile egg­

producing fish, wherein the sterilization methods include disruption of primordial germ cell 

migration and/or development in each treated individual without detrimentally affecting other 

characteristics of a normal animal.
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[0013] Also disclosed is a method of producing reproductively sterile egg-producing fish, said 

method comprising immersing fertilized egg(s) in an immersion medium with anti-sense 

Morpholino oligomer selected from oligomer sequences comprising 12 bases that is effective to 

transfect the egg(s) and render individual(s) produced therefrom reproductively sterile.

[0014] Also disclosed is a method of producing reproductively sterile egg-producing fish, said 

method comprising immersing fertilized egg(s) immediately after fertilization in an immersion 

medium with anti-sense Morpholino oligomer that is effective to transfect the egg(s) and render 

individual(s) produced therefrom reproductively sterile.

[0015] Other aspects, features and advantages of the invention will be more fully apparent from 

the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a flow chart diagram of the drug screening or agent toxicity assays performed 

according to embodiments of the disclosure that use guanidine-containing compound(s) (GCCs) 

to enhance chorion permeability.

[0017] FIG. 2 is a flow chart diagram of the production of reproductively sterile fish obtained 

according to embodiments of the disclosure that use guanidine-containing compound(s) (GCCs) 

to enhance chorion permeability.

[0018] FIG. 3 is flow chart diagram of the production of reproductively sterile fish obtained 

according to embodiments of the disclosure.

[0019] FIG. 4 is a fluorescence photomicrograph showing the effects of the administration to fish 

embryos of fluorescein-dextran using the GCCs arginine, guanidine-HCl and guanidine 

thiocyanate.

[0020] FIG. 5 is a photomicrograph showing the effects of the administration to fish embryos of 

poly-arginine/9mer. FIG. 5 shows bright field photographic results that high concentration of 

poly-arginine/9 mer (100 μΜ) generated uncharacterized aggregates within 1 hour of incubation 

and caused chorion lysis after 18 hours incubation, which were not seen in the 10 pM poly- 

arginine/9 mer treated group.

[0021] FIG. 6A-6D are photomicrographs showing the effects of the administration of 

fluorescein-dextran alone and in combination with poly-arginine to fish embryos. FIG. 6A shows 

bright field photographic results with poly-arginine and fluorescein-dextran; FIG. 6B shows 

bright field photographic results with fluorescein-dextran alone. FIG. 6C shows the fluorescently 
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photographic results with poly-arginine and fluorescein-dextran; FIG. 6D shows the fluorescently 

photographic results with fluorescein-dextran alone.

[0022] FIG. 7A-7G are photomicrographs showing salmonids’ dnd-MO-N'wo induced sterility in 

rainbow trout. Examination of gonadal tissue show (FIG. 7A) well-developed testis of untreated 

male fish; (FIG. 7B) well-developed ovary of untreated female fish; (FIG. 7C) the gonads of 

salmonids’ dnd-MO-N'wo treated fish developed into a thin filament-like tissue; (FIG. 7D) a 

photomicrograph of dissected gonads; (FIG. 7E) the active spermatogenesis of the testis of an 

untreated male fish; (FIG. 7F) a well-developed ovary of an untreated control female with 

oocytes at different developmental stages; (FIG. 7G) histological examinations of gonadal tissue 

show the gonad of a salmonids’ dnd-MO-N'wo treated fish appears to be under-developed 

without advanced gonadal structure or germ cells.

[0023] FIG. 8A-8D are photomicrographs showing that salmonids’ dnd-MO or dnd-MO-N'wo 

treatment blocked gonadal development in Atlantic salmon. In 10-month-old Atlantic salmon, 

(FIG. 8A) a developing testis of untreated male; (FIG. 8B) a developing ovary of untreated 

female; (FIG. 8C) the gonads of dnd-MO-N'wo treated or dnd-MO treated fish developed into a 

thin filament-like tissue; (FIG. 8D) a photomicrograph of dissected gonads from (A), (B) and (C).

DETAILED DESCRIPTION OF THE DISCLOSURE

[0024] In one aspect, the invention relates to a method of chorionic transfection of fish egg(s), 

wherein said method comprises immersion of the egg(s) in an immersion medium comprising at 

least one agent and a guanidine-containing compound and wherein said guanidine-containing 

compound is arginine or a salt thereof, guanidine or a salt thereof or a dimer, trimer or polymer 

of guanidine or arginine and wherein said polymer is not a dendrimeric oligoguanidine.. Such 

method allows for delivery of agents of interest to the embryo by enhancing the permeability of 

the chorion sufficiently to allow the agent to access to the interior of the egg.

[0025] Delivery of agents into fish or other egg-producing aquatic animals has traditionally been 

achieved via the feed, injection, or immersion of embryos or individuals in an agent of interest. 

Injection of stock, however, is not practical in large-scale commercial aquaculture operations. In 

addition, use of immersion treatment of fertilized and water-activated eggs has been limited due 

to low permeability of the chorion of the egg, a thick acellular multi-layer coat, also known as the 

egg envelope, composed mainly of proteins and glycoproteins. Typically, in immersion treatment 
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of fish or other egg-producing aquatic animal embryos, agents of interest, by way of example, 

such as large molecular compounds, are not able to traverse the chorion and reach the embryo. 

[0026] After ovulation/spawning and prior to fertilization and water-activation, eggs have a 

permeable and perforated chorion (or outermost coat) that allows for entry of water and 

substances into the unfertilized eggs through the pores or the micropyle, a small canal in the 

chorion of the egg allowing for the sperm to penetrate the egg for fertilization. Following 

fertilization and water-activation, however, the chorion becomes sealed and the egg is rendered 

substantially impermeable, preventing further uptake of substances or water from the 

environment.

[0027] The methods of the disclosure provide for enhancing the permeability of the chorion of 

fish egg(s), either a fertilized or an unfertilized egg, such that chorionic transfection of at least 

one agent into fish egg(s) may be achieved. Such methods comprise immersion of fertilized or 

unfertilized egg(s) from the egg-producing fish in an immersion medium with at least one agent in 

the presence of a guanidine-containing compound (GCC) capable of enhancing the permeability 

of the chorion of the egg(s).

[0028] The immersion of fertilized or unfertilized egg(s) comprises chorionic transfection of the 

egg(s).

[0029] The guanidine-containing compound in aspects of the disclosure may be chosen from 

guanidine, guanidine derivatives, guanidine dimers, trimers or polymers, e.g. dendrimers, or salts 

thereof, or arginine, arginine derivatives, arginine dimers, trimers or polymers, e.g. dendrimers, or 

salts thereof containing a guanidine moiety, and mixtures thereof. The polymer is not a 

dendrimeric oligoguanidine.

[0030] The guanidine-containing compounds suitable for use in the disclosed methods are 

guanidine-containing compounds effective to enhance the permeability of the chorion of fish 

egg(s). As used herein "effective to enhance the permeability of the chorion" means that after a 

fish egg is immersed in a medium with the guanidine-containing compound, the chorion of such 

egg is more permeable than the chorion of an egg of such fish not immersed in a medium with the 

guanidine-containing compound. By way of example, the permeability of the chorion of an egg of 

a fish species after immersion in a medium with a guanidine-containing compound at time T1 

would be more permeable than the chorion of an egg of the same fish species not immersion in a 

medium with the guanidine-containing compound at time Tl. The permeability may be 

determined by methods known to those in the art; see, for example, Hagedorn, Μ., et al. (1997) 

"Water distribution and permeability of zebrafish embryos, Brachydanio rerio" J Exp Zool 278, 
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rerio) chorion-implications for the fish embryo test (FET)," Aquat Toxicol, 140-141: p. 229-38. 

[0031] As used herein, the term “derivatives” is intended to mean derivatives comprising the 

same functional structure as the compound they are referring to, and that have similar properties,

e.g.,  are effective to enhance the permeability of the chorion of fish egg(s).

[0032] As used herein "guanidine” means any compound comprising in its chemical formula at 

least one carbon atom doubly bonded to a nitrogen atom and singly bonded to two other nitrogen 

atoms and includes salts of such compounds.

[0033] The guanidine-containing compound, in one aspect, may be selected from the compounds 

of general formula (A) below:

R1

R4. /L R2

N ΑΓ
I I

R5 R3

(A)

wherein:

Rl, R2, R3, R4 and R5 represent, independently:

a hydrogen atom, nitro, amino, cyano, phenyl, cyclohexyl, benzyl, or a linear or branched 

C1-C4 lower alkyl or C1-C4 alkenyl radical, optionally substituted with one or two radicals 

chosen from: hydroxyl, amino, dimethylamino, methoxy, ethoxy, carboxyl, carboxamide, 

N-methylcarboxamide or SO3H, or salts thereof.

[0034] Examples of guanidine-containing compounds include arginine, guanidine-HCl, guanidine­

thiocyanate, guanidine-acetate, guanidine-carbonate, guanidine-nitrate, guanidine-sulfate, 

guanidine-bicarbonates and guanidine-hydrobromides.

[0035] In other aspects, the guanidine-containing compound is a guanidine-containing dimer, 

trimer or polymer. In one aspect, the guanidine-containing compound may be selected from the 

compounds of general formulas (I) to (IV) below:
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nh2

C nh2

NH

O (CH.).
-C . ....(b----- NH-------

n

Arginine dimer and 
contiguous poiy-arginine

(I)

nh2

c -- NHZ

NH

(CH2)3

C----- CH----- NH-----

Arginine-tinker compound dimer and 
spaced poly arginine-linkercompound

(II)

R

R: Variable group : Variable backbone Sinker n>2; x>l

nh2
Im®

C nh2

NH

Guanidine-lmker compound dimer and 
contiguous poly-guanidine-linkercompound

(II!)

-Sissis^®" [ J x n
Guanidine-lmker compound dimer and 
spaced poiy-guanidine-linker compound 

(IV)

R: Variable group . Variable backbone linker n>2; x>l

[0036] The variable group "R" may be selected from a hydrogen atom, nitro, amino, cyano, 

phenyl, cyclohexyl, benzyl, or a linear or branched C1-C4 lower alkyl or C1-C4 alkenyl radical, 

5 optionally substituted with one or two radicals chosen from: hydroxyl, amino, dimethylamino, 

methoxy, ethoxy, carboxyl, carboxamide, N-methylcarboxamide or SO3H, or salts thereof. The 

variable backbone linker may be selected from an amino acid, nucleotide, phosphorami date, 

glycol, polyethylene glycol, nitro, amino, cyano, phenyl, cyclohexyl, benzyl, or a linear or 

branched C1-C4 lower alkyl. By way of example, polyarginine/9-arginine is a compound of 

10 formula I with n=9.

[0037] The guanidine-containing compounds may be used in methods of chorionically 

transfecting at least one agent into fertilized or unfertilized egg(s) from an egg-producing fish, 
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said method comprising immersing the fertilized or unfertilized egg(s) in an immersion medium 

with the at least one agent in the presence of a guanidine-containing compound that is effective to 

enhance permeability of the chorion of the egg(s).

[0038] The agent may be any compound, drug or drug candidate, bioactive agent or potentially 

bioactive agent, pharmaceutical, chemically active substance, therapeutic substance, or other test 

substance. These include, without limitation, forms such as uncharged molecules, molecular 

complexes, salts, ethers, esters, amides, etc.

[0039] By way of example, the agent or agents may be placed in an immersion medium 

containing the fertilized or unfertilized egg(s) and the guanidine-containing compound(s) such 

that the agent(s) is in the presence of the guanidine-containing compound.

[0040] The guanidine-containing compounds are either covalently bound or not covalently bound 

to the agent(s) in the methods of the disclosure. It has been discovered that the guanidine- 

containing compounds are capable of enhancing the permeability of the chorion of egg(s) from an 

egg-producing fish and allowing for chorionic transfection of agents to the embryo even where 

the guanidine-containing compounds are not covalently bound to or conjugated with the agent.

[0041] The guanidine-containing compound according to some aspects of the disclosure can be a 

dendrimer, e.g. an octaguanidine dendrimer comprising a triazine core moiety e.g., of a type as 

described in U.S. Patent No. 7,935,816, also known in the art as "Vivo". In certain embodiments 

of the disclosure where the guanidine-containing compound is an octaguanidine dendrimer 

comprising a triazine core moiety, the guanidine-containing compound is not covalently bound to 

or conjugated with the agent(s) of interest.

[0042] The immersion medium in embodiments is an aqueous medium. The immersion medium 

may be any such medium known to those of skill in the art for use with fish eggs. The immersion 

media, for example, may be an aqueous medium which may further comprise fresh water, 

brackish water, sea water, fish ovarian fluid or fertilization diluent that contains salt, Tris (pH 7-

9),  glycine, and/or 0 to 30% of serum and protease inhibitors such as aprotinin or leupeptin.

[0043] The concentration of the guanidine-containing compound in the immersion medium is an 

amount sufficient for enhancing the permeability of the chorion of the eggs in the immersion 

medium. By way of example, the concentration of the guanidine-containing compound may be in 

a range of from about 1 to about 80,000 μΜ, preferably in the range of from about 20 to about 

40,000 pM, and more preferably in the range of from about 40 to about 20,000 pM.

[0044] The discovery that guanidine-containing compounds according to the disclosure are able 

to effectively enhance permeability of the chorion of eggs of aquatic animals provides the ability 



DK 180094 B1
10

5

10

15

20

25

30

to efficiently deliver agents to the eggs and embryos of aquatic animals. The delivery of agents 

further allows for use of aquatic animals in models for drug or bioactive agent screening or in 

assays for evaluation of toxicity of a test agent. By way of example, zebrafish have been used in 

phenotypic models for drug or bioactive agent screening. Accordingly, the methods disclosed 

herein may be used, for example, in drug or bioactive agent screening methods, assays for 

assessing drug or bioactive agent safety or toxicity, and methods for evaluating a test agent for 

biological response.

[0045] FIG. 1 illustrates one example of the application of guanidine-containing compounds in 

drug screening or agent toxicity assays. As shown, fertilized eggs are placed in an agent bath. 

One group of eggs is immersed in the agent bath without guanidine-containing compounds 

therein and one group of eggs is immersed in the agent bath in the presence of guanidine- 

containing compounds. The therapeutic or toxicity responses of the eggs immersed in compound 

with GCCs can be monitored and/or evaluated.

[0046] Disclosed is also a method of screening a test agent such as a drug or bioactive agent, e.g. 

antibody, protein, peptide, RNA or DNA, comprising immersing egg(s) from an egg-producing 

fish in an immersion medium with the at least one agent in the presence of a guanidine-containing 

compound that is effective to enhance the permeability of the chorion of the egg(s) and 

identifying a response, e.g., a physiological response. By way of example, the screening method 

may be used to evaluate the test agent, evaluate the effects of the test agent on the fish embryo, 

evaluate the toxicity of the test agent, etc.

[0047] Additionally, use of guanidine-containing compounds in compound safety and toxicity 

assays are disclosed wherein a test agent is placed in contact with egg(s)/embryo(s) from an egg­

producing fish in the presence of a guanidine-containing compound that is effective to enhance 

the permeability of the chorion of the egg(s)/embryo(s) and identifying a response, e.g., a disease 

rescue or a physiological response (abnormality and mortality) and the response to the test agent 

is monitored and evaluated.

[0048] The disclosure further contemplates methods of producing reproductively sterile egg­

producing fish involving immersing eggs in immersion medium with selected agents resulting in 

reproductively sterile individuals. The sterilization methods comprise the disruption of gonadal 

development in the embryo. The present disclosure also relates to methods of preventing 

interbreeding between domesticated, non-native and genetically modified farmed fishand their 

wild stocks, as well as to the establishment of such aquacultured fish in the wild. In addition, the 
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disclosed methods may be employed to enable prevention of genetic contamination of a wild 

population by farmed fish.

[0049] As defined herein, "sterilizing" egg-producing aquatic animals is understood to mean 

rendering an individual unable to sexually reproduce. Reproductively sterile egg-producing 

aquatic animals are defined as individuals that are unable to reach sexual maturity or to reproduce 

when reaching the age of sexual maturity.

[0050] The disclosure thus provides a method of producing reproductively sterile egg-producing 

fish, the method comprising immersing egg(s) in an immersion medium with an agent that is 

effective to transfect the egg(s) and render individual(s) produced therefrom reproductively 

sterile. In some aspects, the agent is contacted with the eggs in an immersion medium in the 

presence of a guanidine-containing compound. In some aspects, the agent is an anti-sense 

Morpholino oligomer.

[0051] The methods of producing a reproductively sterile fish include administration of agents to 

their eggs to disrupt primordial germ cell (PGC) development, migration and colonization in the 

gonad of the embryo, which results in failure of gonad development and/or failure of full and 

proper gonadal functioning at the cellular or tissular level, and ultimately the generation of sterile 

fish.

[0052] PGCs are a population of cells in the fish embryo that are precursors of the gametes of the 

adult fish and other egg-producing aquatic animals. The PGCs are produced during the very 

early stages of embryonic development. At later stages of embryonic development, the PGCs 

migrate through the embryo from their original location to the area of the gonadal precursors. At 

the end of their migration, the PGCs enter the developing gonads, colonize the tissue and start 

the process of gametogenesis, leading to mature gonads in the adult fish and other egg-producing 

aquatic animals.

[0053] The methods of the disclosure allow generation of reproductively sterile (infertile) egg­

producing fish. The sterilization strategy will specifically disrupt gonad development in the 

individuals without detrimentally affecting any other characteristics resulting in the production of 

completely normal but reproductively sterile egg-producing fish.

[0054] Thus, in various embodiments, the disclosure provides a method to efficiently administer 

agents into embryos by immersing eggs in an immersion medium with agents suitable to disrupt 

PGC development, migration and/or survival in large numbers of embryos, resulting in large-scale 

production of reproductively sterile adult fish. The methods of the disclosure are also applicable 

to single embryos in smaller scale production of reproductively sterile adult fish.
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[0055] In some aspects, the agent administered to render the individual(s) produced therefrom 

reproductively sterile is chorionically transfected into the eggs in the presence of a guanidine- 

containing compound according to this disclosure. FIG. 2 illustrates an example of the 

application of guanidine-containing compounds in the production of infertile fish. As shown in 

FIG. 2, fertilized eggs are either immersed in an agent bath containing guanidine-containing 

compound(s) or not containing any GCCs. The eggs are immersed in the bath for 24 hours and 

then washed. The eggs immersed in the bath with the GCC(s) resulted in infertile fish due to mis­

migration of the PGCs, whereas the eggs immersed in the bath without the GCCs resulted in 

fertile fish.

[0056] The agents for use in the methods of the disclosure may include agents known to disrupt 

PGC development, migration and/or survival which are capable of entering the chorion of a 

fertilized or unfertilized egg or are provided in the presence of a compound that assists in the 

entering of the egg. In one aspect, such agent may be an antisense Morpholino oligomer capable 

of the disruption of PGC development and capable of traversing the chorion of eggs. Thus, in 

some embodiments, antisense Morpholino oligomer useful in the methods of the disclosure is 

anti-sense Morpholino oligomer that is effective to transfect the egg(s) and render individual(s) 

produced therefrom reproductively sterile.

[0057] Antisense Morpholino oligomer is used to transiently silence gene expression by either 

blocking translation or RNA splicing that is an essential step to generate mRNA. Specific 

antisense Morpholino oligomers can be identified to transiently block or suppress the expression 

of genes that are essential for embryonic germ cell development including but not limited to dead 

end (dud), nanos, vasa, gnrh or fsh receptor which results in the failure of gonadal development 

and ultimately generates sterile fish.

[0058] Thus, in one aspect of the disclosure, a method of producing reproductively sterile egg­

producing fish is provided comprising immersion of fertilized or unfertilized egg(s) in an 

immersion medium) with anti-sense Morpholino oligomer that is effective to transfect the egg(s) 

and render individual(s) produced therefrom reproductively sterile. The immersion may in some 

aspects include the presence of a guanidine-containing compounds according to the disclosure 

herein. The immersion in an immersion medium comprises chorionic transfection of the egg(s). 

The immersion in an immersion medium may be at the time of water-activation.

[0059] In such aspect, the disclosure relates to methods of producing reproductively sterile egg­

producing fish by administration of effective Morpholino oligomers to eggs in order to disrupt 

primordial germ cell (PGC) development, and migration to, and colonization in, the gonad of the 
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embryo, which results in the failure of gonad development and/or full and proper gonadal 

functioning at the cellular or tissular level, and ultimately the generation of sterile fish.

[0060] Dead end (dnd) is a vertebrate-specific component of the germ plasm and germ-cell 

granules that is essential for germ cell development. The dnd gene is specifically expressed in 

germ plasm and primordial germ cells. Since dnd is considered essential for normal migration and 

survival of PGCs, embryos devoid of this protein develop to become sterile adults.

[0061] The disclosed methods are useful for the production of reproductively sterile fish for 

aquaculture, the aquarium trade, and control of invasive species. In one aspect, the methods 

include disruption of gonadal development through the administration of antisense Morpholino 

oligomer against dead end mRNA (dnd-MO) or other genes that are essential to gonadal 

development including, but not limited to, nanos. vasa, gnrh or fsh receptor, to fertilized fish 

egg(s). The action of dnd-MO or other antisense Morpholino oligomer against genes that are 

essential to gonadal development leads to the failure of fertile gonad development and to sterile 

adult fish.

[0062] In embodiments, the dnd-MO is able to transiently suppress expression of Dead end 

protein that is essential for embryonic germ cell development in fish.

[0063] The present disclosure also relates to specific Morpholino oligomer sequences for use in 

methods for suppression of expression a dead end gene in a fish.

[0064] FIG. 3 is a flow chart for production of reproductively sterile fish by the administration of 

specific Morpholino oligomers against the dead end mRNAs of fish to disrupt primordial germ 

cell (PGC) development, which results in the failure of gonad development, and ultimately the 

generation of sterile fish. When eggs are not treated with Morpholino oligomers, they may 

become fertile broodstock.

[0065] As shown in FIG. 3, eggs of fish (e.g. from salmonids, moronids or cichlids) are immersed 

in a medium with Morpholino oligomers against the dead end genes of the relevant fish species. 

FIG. 3 illustrates the administration of Morpholino oligomers against the dead end genes during 

water activation and water hardening. Alternatively, the eggs may be given no treatment. As 

shown, where the eggs are immersed in a medium with Morpholino oligomers, oligomers effect 

the suppression of or blocking of Dead end protein translation, resulting in the disruption of PCG 

development. The adult fish are consequently infertile, since there is no fertile gonadal 

development. When normal PGC development is permitted, the fish will have normal fertile 

gonadal development and the fish may be used as broodstock.
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[0066] Thus, in embodiments, the antisense Morpholino oligomers are capable of effectively 

suppressing expression of at least one dead end gene, e.g. of at least one dead end gene of 

Salmonidae dead end gene, Moronidae dead end gene or Cichlidae dead end gene.

[0067] In another aspect, the disclosure relates to specific antisense Morpholino oligomers that 

are able to transiently and effectively suppress the translation of dead end, an essential gene for 

germ cell survival, and specifically disrupt gonadal development resulting in the production of 

infertile fish, e.g., salmonids (salmons and trouts), moronids (basses) and cichlids (tilapias and 

ornamental cichlids).

[0068] In another aspect, the disclosure relates to the identification of short sequences of 

Morpholino oligomer that can be more easily up-taken by eggs to reach target cells. Such short 

sequences preferably are 12 bases or 18 bases instead of 25 bases, as disclosed in WO 

2015/073819. Such Morpholino oligomer sequences have been found to more efficiently 

transiently block the expression of specific genes that are essential for germ cell development in 

cold water species such as Atlantic salmon. The low egg hatching temperature is believed to 

make short Morpholino oligomers more stable against its target mRNA to transiently block the 

expression of specific genes.

[0069] The disclosure further relates to a specific Morpholino oligomer, 5'-ACGCTCCTCCAT- 

3' (SEQ ID NO: 1) and its variants, e.g, 5’-ACTTGAACGCTCCTCCAT-3’ (SEQ ID NO: 2), 

that are able to transiently and effectively suppress the expression of Salmonidae dead end gene, 

which results in the failure of gonad development and/or the failure of full and proper gonadal 

functioning, and ultimately the generation of sterile salmonids. Accordingly, the methods of the 

disclosure are applicable to all salmonids, including, but not limited to, Atlantic, coho, chinook, 

chum, sockeye, pink and masu salmons, rainbow, brook and brown trouts, common and Arctic 

grayling, and Arctic char, among others.

[0070] The Morpholino oligomers may be variants of the listed sequences. These variations may 

include but not be limited to other modified nucleic acids and other Morpholino oligomers that 

cover the whole or partial sequences listed above. Particularly included are antisense oligomers 

that comprise, consist essentially of, or consist of, one or more of SEQ ID NO:1 and SEQ ID 

NO: 2. Also included are variants of these antisense oligomers, including variant oligomers 

having 80%, 85%, 90%, 95%, 97%, 98%, or 99% (including all integers in between) sequence 

identity or sequence homology to any one of SEQ ID NO:1 and SEQ ID NO: 2., and/or variants 

that differ from these sequences by about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides, preferably 

variants that are effective in reproductively sterilizing fish upon contact with fish egg(s).
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[0071] Another aspect of the invention includes antisense Morpholino oligomers which consist of 

SEQ ID NO: 1 and variants thereof. Yet another aspect of the disclosure includes transfected 

eggs of an egg-producing fish comprising an anti-sense Morpholino oligomer which consists of 

the nucleotide sequence of SEQ ID NO: 1 or a variant thereof.

[0072] Variants that are effective in reproductively sterilizing fish upon contact with fish egg(s) 

as used in such context means use of the variants in the methods disclosed herein will result in 

reproductively sterile fish. In embodiments, the variants will effectively suppress the expression 

of a dead end gene of interest.

[0073] According to embodiments of the methods of the disclosure, fertilized or unfertilized fish 

egg(s) (one or more eggs) are immersed in an immersion medium comprising an antisense 

Morpholino oligomer effective to suppress expression of a dead end gene in the fish of interest. 

Such immersion is preferably at the start of water activation of the egg(s). The concentration of 

the antisense Morpholino oligomer in the immersion medium should be sufficient to allow the 

antisense Morpholino oligomer to traverse the chorion of the fish egg(s), effectively transfecting 

the egg(s). In embodiments, such concentration will typically be about 1 to about 200 μΜ, more 

preferably, about 10 to about 100 μΜ, and still more preferably, about 20 to about 60 pM.

[0074] The immersion medium, by way of example, is typically an aqueous medium which may 

further comprise fresh water, brackish water, sea water, fish ovarian fluid or fertilization diluent 

that contains salt, Tris (pH 7-9), Glycine, and/or 0 to 30% of serum and protease inhibitors such 

as aprotinin or leupeptin.

[0075] In accordance with the disclosure, the immersion medium may further comprise a 

guanidine-containing compound as detailed above capable of enhancing the permeability of the 

chorion of the eggs(s).

[0076] Although the time required for the immersion of the fertilized eggs to result in satisfactory 

sterilization of the fish will depend on the species of fish, typically the fish eggs will be immersed 

in the immersion medium containing a Morpholino oligomer and a guanidine-containing 

compound for about 2 to about 96 hours, more preferably for about 4 to about 72 hours, and still 

more preferably from about 5 to about 48 hours.

[0077] In one aspect, the disclosure relates to methods of producing reproductively sterile fish by 

administration of guanidine dendrimers to either fish eggs or embryos in order to disrupt 

primordial germ cell (PGC) development and migration to, and colonization in, the gonad of the 

embryo, which results in the failure of gonad development and/or the failure of full and proper 

gonadal functioning at the cellular or tissular level, and ultimately the generation of sterile fish.
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[0078] In one aspect, the disclosure relates to a guanidine dendrimer comprising a triazine core,

e.g.  an octaguanidine dendrimer with a triazine core, also known in the art as "Vivo". Such 

compounds are described in U.S. Patent No. 7,935,816.

[0079] An illustrative octaguanidine dendrimer transporter compound with morpholino as a

5 representative agent is shown in the following conjugate:

Ο=Ρ-ΝΜθο

[0080] A particular guanidine dendrimer that is useful with morpholino oligomers of the 

disclosure is 2-[(4-nitrophenyl)oxycarbonylhexamethylenecarbonylpiperazinyl]-4,6-bis{di- 

10 [di(trifluoroacetamidohexyl)aminocarbonyloxyethyl]amino}triazine.

[0081] The disclosure further relates to the use of an octaguanidine dendrimer with a triazine 

core. Such a guanidine dendrimer is effective for chorionic transport of a Morpholino oligomer, 

either covalently bound to the Morpholino oligomer or not covalently bound to the Morpholino 

oligomer.
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[0082] In another aspect, the disclosure contemplates a method of producing reproductively 

sterile egg-producing fish, said method comprising immersing fertilized egg(s) (or embryos) in an 

immersion medium with anti-sense Morpholino oligomer and a guanidine dendrimer that is 

effective to transfect the egg(s) and render individual(s) produced therefrom reproductively 

sterile.

[0083] The selected Morpholino oligomers may disrupt PGC development, migration and/or 

survival in large numbers of embryos, resulting in large-scale production of reproductively sterile 

adult fish. The methods of the disclosure are also applicable to single embryos in smaller scale 

production of reproductively sterile adult fish.

[0084] In one embodiment, a method of producing reproductively sterile egg-producing fish, 

comprising immersing fertilized or unfertilized fish egg(s) in an immersion medium comprising a 

guanidine dendrimer, e.g. Vivo, and an antisense Morpholino oligomer capable of effectively 

suppressing expression of the dead end gene or other genes such as nanos, vasa, gnrh or fsh 

receptor that are essential for gonadal development in the fish. Preferably, the guanidine 

dendrimer is an octaguanidine dendrimer with a triazine core, e.g. Vivo. The antisense 

Morpholino oligomer may, by way of example, be SEQ ID NO: 1 or SEQ ID NO: 2.

[0085] According to particular aspects of the methods of the disclosure, fertilized or unfertilized 

egg(s) (one or more) are immersed in an immersion medium comprising a guanidine dendrimer 

and an antisense Morpholino oligomer capable of effectively suppressing the expression of a dead 

end gene or other genes that are essential for gonadal development in the fish. The concentration 

of the antisense Morpholino oligomer in the immersion medium should be sufficient to allow the 

antisense Morpholino oligomer to traverse the chorion of the egg(s). In embodiments, such 

concentration will typically be about 1 to about 200 μΜ, more preferably about 10 to about 100 

μΜ, even more preferably from about 20 to about 60 pM.

[0086] All aspects of the disclosure may include the administration or use of guanidine-containing 

compounds effective to enhance the permeability of the chorion of an egg from a fish . In such 

aspects, the guanidine-containing compounds are either covalently bound or not covalently bound 

to any agent intended to transfect the chorion of the egg.

[0087] It will be recognized that the contacting of eggs and/or embryos with the agents and 

compounds of the present disclosure may be carried out in any suitable manner involving 

immersion contacting. It is to be recognized that immersion contacting provides an efficient and 

effective contacting technique that is amenable to large-scale operations for the production of 

reproductively sterile fish.
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[0088] The present disclosure relates in one aspect to chorionically transfecting agents to eggs 

from fish by immersing the eggs in an immersion medium with the agents during water activation 

and water hardening of fertilized eggs (FIG. 3). During this period, the eggs actively up-take 

water (by way of example, up to 14.83±2.05 microliter per Atlantic salmon egg). This active 

water-uptake force can be used to administer agents, for example, Morpholino oligomers into the 

eggs.

[0089] The present disclosure in some aspects describes methods of efficiently chorionically 

transfecting agents into eggs of fish by immersing the eggs in an immersion medium with agents 

of interest during a window of time starting at water activation and water hardening. In various 

embodiments, the contacting comprises immersion of the eggs in an immersion medium 

containing one or more agent(s) of interest. As used herein, water activation and water 

hardening of fertilized eggs starts at the first contact of newly fertilized eggs with water to the 

end of water hardening.

[0090] Accordingly, in various aspects, the present disclosure relates to contacting fertilized eggs 

immediately starting at water-activation with an agent in immersion media. The agent used in the 

immersion medium may contribute to the sterilization of the egg-producing fish, and the 

immersion medium in specific embodiments may include additional agents or other materials that 

are beneficial to the egg-producing fish hatched from eggs contacted with the immersion medium, 

e.g., materials such as DNA/RNA, hormones, growth promoters, protective antigens, nutrients, 

etc.

[0091] According to particular aspects of the methods of the disclosure, fertilized egg(s) (one or 

more) are immersed in an aqueous immersion medium, thus starting water activation, comprising 

an antisense Morpholino oligomer or a guanidine-containing compound and an antisense 

Morpholino oligomer capable of effectively suppressing the expression of a dead end gene or 

other genes that are essential for gonadal development in the fish. The immersion continues until 

the chorion completes the hardening process. The concentration of the antisense Morpholino 

oligomer in the bath should be sufficient to allow the antisense Morpholino oligomer to traverse 

the chorion of the egg(s). In embodiments, such concentration will typically be about 1 to about 

200 μΜ, more preferably about 10 to about 100 pM, even more preferably from about 20 to 

about 60pM.

[0092] The methods of the disclosure are applicable to fish. As used herein, egg-producing fish 

include all egg-bearing fish species.
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[0093] Accordingly, egg-producing fish includes all fish species including, but not limited to, 

salmon, Atlantic salmon, coho salmon, chinook salmon, chum salmon, sockeye salmon, pink 

salmon, masu salmon, trout, rainbow trout, brook trout, brown trout, common grayling, Arctic 

grayling, Arctic char, bass, hybrid bass, striped bass, white bass, striped-white bass hybrids, 

yellow bass, perch, white perch, yellow perch, European perch, bass-perch hybrids, Nile tilapia, 

blue tilapia, blue-Nile tilapia hybrids, Mozambique tilapia, zebrafish, carp species, breams, 

seabreams, porgies, catfish species, and cod.

[0094] Whilst the present invention is concerned with fish eggs, the methods of the disclosure are 

additionally applicable to egg-producing aquatic animals such as crustaceans and/or mollusks. 

Such egg-producing aquatic animals may include, but are not limited to, shrimp, prawn, lobster, 

crayfish, crabs, oysters, squid, octopus, and the like.

[0095] The advantages and features of the invention are further illustrated with reference to the 

following examples, which are not to be construed as in any way limiting the scope of the 

disclosure but rather as illustrative of particular embodiments of the disclosure in specific 

applications thereof.

[0096] Examples:

[0097] Zebrafish were selected for initial exemplification of the methods of the disclosure, due to 

their short generation time and large numbers of embryos produced per mating, which are easily 

obtained on a daily or weekly basis. Additionally, the embryos of zebrafish are transparent, 

providing ease of visual observations, and are hardy. The normal development of PGCs and 

gonads within the embryo is an evolutionarily conserved mechanism that is found in all fish. 

Accordingly, the methods of the disclosure are applicable to all fish species, including, but not 

limited to, zebrafish, carp species, trout species, salmon species, breams (including seabreams and 

porgies), basses (including marine and freshwater seabass and hybrid basses, etc), perches (yellow 

perch, white perch, etc), catfish species, cod and other major classes that are candidates for 

captive culture.

[0098] As described herein, the methods are generally applicable to farmed fish, as production of 

sterile farmed species is desirable. Accordingly, the methods of the invention are applicable to any 

farmed species of fish, particularly to commercially important farmed species.

[0099] Example 1

[00100] The disclosure relates to the specific chemicals, e.g., guanidine-containing 

compounds, which are able to enhance the permeability of chorion, which allows agents such as 

large molecules to traverse the chorion and reach the egg and embryo.



DK 180094 B1
20

5

10

15

20

25

30

[00101] Zebrafish eggs were incubated in solutions that contained 1 μΜ of 10, 20 or 40 

KD fluorescein-dextran with either 0 or 40 mM of arginine, guanidine-HCl or guanidine­

thiocyanate for 24 hours.

[00102] Fluorescently photographic results indicated that arginine, guanidine-HCl and 

guanidine-thiocyanate enhanced the uptake of fluorescein-dextran in the eggs that were treated 

with 40 mM of arginine, guanidine-HCl or guanidine-thiocyanate (treated eggs) over the up-take 

in the eggs which were incubated in solutions that did only contain fluorescein-dextran, but no 

guanidine-containing compounds (untreated eggs). As shown in FIG. 4, the treated eggs up-took 

more fluorescein-dextran than untreated eggs as indicated by higher green fluorescence found in 

the treated eggs. Thus, arginine, guanidine-HCl and guanidine-thiocyanate enhanced the 

permeability of chorion.

[00103] In addition, all three different sizes (molecule weight 10, 20 and 40 KD) of 

fluorescein-dextran were up-taken by the treated eggs. Accordingly, the methods of the 

invention are applicable to all egg-producing fish and are applicable to transfect eggs with various 

sized molecules, including both smaller and larger molecules.

[00104] Example 2

[00105] 40 zebrafish eggs were transferred into each well of 48-well plates that contained

300 μΐ of fresh tank system water. After the allocation of eggs, system water in each well was 

replaced with 300 μΐ of water that contained 10 or 100 μΜ of poly-arginine (9-arginine polymer). 

After 18 hours of incubation the eggs were examined using an Axioplan 2 fluorescence 

microscope (ZEISS, Thornwood, NY, USA). The microscope is equipped with a DP70 digital 

camera (Olympus, Center Valley, PA, USA).

[00106] FIG. 5 shows the microphotographs obtained in the study. As shown in bright 

field photographic results, high concentration of poly-arginine/9 mer (100 μΜ) generated 

uncharacterized aggregates with in 1 hour of incubation, which was not seen in the 10 μΜ poly- 

arginine/9 mer treated group. After 18 hours incubation, high concentration of poly-arginine/9 

mer (100 μΜ) caused chorion lysis that was not seen in the 10 μΜ poly-arginine/9 mer treated 

group.

[00107] Example 3

[00108] 40 zebrafish eggs were transferred into each well of 48-well plates that contained

300 μΐ of fresh tank system water. After the allocation of eggs, system water in each well was 

replaced with 300 μΐ of water that contained 0 or 40 μΜ of poly-arginine (9-arginine polymer) 

and 1 μΜ of 10 KD fluorescein-dextran. After 4 hours of incubation the eggs were examined 
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using a MZ12 stereomicroscope (Leica, Buffalo Grove, USA), or an Axioplan 2 fluorescence 

microscope (ZEISS, Thornwood, NY, USA). Both microscopes were equipped with a DP70 

digital camera (Olympus, Center Valley, PA, USA).

[00109] FIG. 6A-6D shows the microphotographs obtained in the study. As shown, poly­

arginine enhanced the permeability of chorion. The zebrafish eggs that were incubated in 

solutions that contained 1 μΜ of 10 KD fluorescein-dextran with either 0 or 40 μΜ of poly­

arginine are shown in FIG. 6A and 6B. Bright field photographic results indicated that poly­

arginine (FIG. 6A) generated uncharacterized aggregates that were not seen in the control (FIG. 

6B). FIG. 6C and FIG. 6D show fluorescently photographic results which indicated that poly­

arginine enhanced the uptake of fluorescein-dextran as indicated by higher green fluorescence 

found in the poly-arginine treated eggs (FIG. 6C) than that of control eggs (FIG. 6D).

[00110] Example 4

[00111] A dendrimeric octaguanidine with a triazine core also known as Vivo, was 

conjugated to zebrafish dnd-MO, and used in an immersion containing zebrafish embryos in 

water. The ability of methods disclosed herein to induce sterility in zebrafish was tested by 

administering the following:

A: dnd-MO-N'wo 60 pM for 0.5 hour, 40 pM for 2 hours, 20 pM for 3 hours, 10 pM for

4.5 hours and 5 pM for 14 hours, administration began at the start of water activation and water 

hardening (immediately after fertilization);

B: water-only solution as control;

C: dnd-MO-ΝΪΝθ 60 pM for 0.5 hour, 40 pM for 2 hours, 20 pM for 3 hours, 10 pM for

4.5 hours and 5 pM for 14 hours, administration began at one hour post-fertilization.

[00112] In zebrafish, 100% sterility induction can be achieved only when dnd-MO-N'wo 

was administered immediately starting at water activation and water hardening. If dnd-MO-N'wo 

was administered 1 hour after water activation only 44-59 % treated fish were infertile (Table 1).

[00113] TABLE 1

Al A2 Bl B2 Cl C2

embryos survived to 2 dpf 
(days post-fertilization)

41 40 52 50 45 47

adult fish obtained 28 32 39 43 34 29

adult survival rate 50% 57% 69% 76% 60% 51%

number of males 0 0 16 15 12 9
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number of females 0 0 23 28 7 3

number of infertile fish 28 32 0 0 15 17

% of infertile fish 100% 100% 0% 0% 44% 59%

Average % of infertile fish 100% 0% 52%
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[00114] Example 5

[00115] A dendrimeric octaguanidine with a triazine core also known as Vivo, was 

conjugated to salmonids’ dnd-MO, 5’- CTGACTTGAACGCTCCTCCATTATC-3' (SEQ ID 

NO. 3) and used in an immersion containing rainbow trout embryos in water, or unfertilized eggs 

in ovarian fluid or fertilization diluent. The ability of methods disclosed herein to induce sterility 

in rainbow trout was tested by administering the following:

I: Salmonids’ dnd-MO-N'wo 10 μΜ for 48 hours, administration to fertilized eggs at the 

beginning of water activation (within 1 minute)

II: Salmonids’ dnd-MO-N'wo 10 μΜ for 48 hours, administration to unfertilized eggs 

with the immersion medium of the ovarian fluid. The fertilization was conducted after 48 hours of 

incubation.

Ill: Salmonids’ dnd-MO-N'wo 10 μΜ for 48 hours, administration to unfertilized eggs 

with the fertilization diluent that contains salt, Tris (pH 8.0), Glycine, and 5% of fish serum. The 

fertilization was conducted after 48 hours of incubation.

IV: Water or immersion medium only without salmonids’ dnd-MO-Nwo as controls. 

[00116] FIG. 7A-7G shows that salmonids’ dnd-MO-V'rvo treatment induced infertility in 

rainbow trout. (FIG. 7A) a well-developed testis of untreated control male fish from treatment 

IV; (FIG. 7B) a well-developed ovary of untreated control female fish from treatment IV; (FIG. 

7C) the gonads of salmonids’ 10 μΜ dnd-MO-N'wo treated fish in treatments I, II and III, 

developed into a thin filament-like tissue; (FIG. 7D) a photomicrograph of dissected gonads; 

(FIG. 7E) the active spermatogenesis of the testis of an untreated control (treatment IV) male 

fish; (FIG. 7F) a well-developed ovary of an untreated control female (treatment IV) with 

oocytes at different developmental stages; (FIG. 7G) the histological examinations of gonadal 

tissue show the gonad of a salmonids’ dnd-MO-N'wo treated fish (treatment I, II and III) that 

appears to be under-developed without advanced gonadal structure or germ cells.

[00117] Example 6
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[00118] A salmonids’ <W-M0 (see Example 5) or a dendrimeric octaguanidine with a 

triazine core also known as Vivo, which was conjugated to salmonids’ dnd-MO, resulting in 

salmonids’ dnd-MO-Vivo, was used to induce sterility in Atlantic salmon and was tested by 

administering the following:

I: Salmonids’ dnd-MO-N'wo 10 μΜ for 48 hours, administration to fertilized eggs at the 

beginning of water activation (within 1 minute).

II: Salmonids’ dnd-MO-N'wo 10 pM for 48 hours, administration to unfertilized eggs with the 

immersion medium of the ovarian fluid. The eggs were fertilized after 48 hours of incubation.

Ill: Salmonids’ dnd-MO-N'wo 10 pM for 48 hours, administration to unfertilized eggs with the 

immersion medium that contains salt, Tris (pH 8.0), Glycine, and 5% of fish serum. The 

fertilization was conducted after 48 hours of incubation.

IV: Salmonids’ <W-M0 20 pM for 48 hours, administration to unfertilized eggs with the 

immersion medium of the ovarian fluid. The eggs were fertilized after 48 hours of incubation.

V: Salmonids’ <W-M0 20 pM for 48 hours, administration to unfertilized eggs with the 

immersion medium that contains salt, Tris (pH 8.0), Glycine, and 5% of fish serum. The eggs 

were fertilized after 48 hours of incubation.

VI: Water or immersion medium only without neither salmonids’ dnd-MO-V'rvo nor dnd-MO as 

controls.

[00119] FIG. 8A-8D shows that salmonids’ ύΜ-ΜΟ or dnd-MO-Nivo treatment blocked 

gonadal development in Atlantic salmon. In 10-month-old Atlantic salmon, (FIG. 8A) A 

developing testis of untreated (treatment VI) male; (FIG. 8B) a developing ovary of untreated 

(treatment VI) female; (FIG. 8C) the gonads of dnd-MO-N'wo treated (treatments I, II, III) or 

«W-M0 treated (treatments IV, V) fish developed into a thin filament-like tissue; (FIG. 8D) a 

photomicrograph of dissected gonads from (FIG. 8A), (FIG. 8B) and (FIG. 8C).

[00120] While the disclosure has been set out herein in reference to specific aspects, 

features and illustrative embodiments, it will be appreciated that the utility of the disclosure is not 

thus limited, but rather extends to and encompasses numerous other variations, modifications and 

alternative embodiments, as will suggest themselves to those of ordinary skill in the field of the 

present disclosure, based on the description herein. Correspondingly, the invention as hereinafter 

claimed is intended to be broadly construed and interpreted..
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[00121] The disclosure provides methods for chorionically transfecting agents to 

eggs/embryos of fish using guanidine-containing compounds to enhance the permeability of the 

chorion of the eggs. Delivery of drug candidates or potentially bioactive agents to the 

eggs/embryos of fish, such as zebrafish, offer opportunities for screening and evaluation of the 

5 activity and/or toxicity of such test agents.

[00122] The methods and compounds of the disclosure further produce reproductively 

sterile fish. Sterilization (induced infertility) of farmed fish enhances their growth rate by 

increasing the conversion of food energy to muscle growth, instead of gonadal development. In 

addition, if escaped from aquaculture operations to the environment, reproductively sterile 

10 farmed fish, including domesticated, non-native or genetically modified species, will not be able 

to reproduce or inter-breed with wild stock. This will assist biological containment and prevent 

genetic contamination of wild populations and/or the establishment in the wild of domestic, non­

native or genetically modified farmed fish.

15
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PATENTKRAV

1. Fremgangsmåde til kororisk transfektion af fiskeæg, hvor frem­

gangsmåden omfatter at nedsænke ægget/æggene i et nedsænkningsmedi­

um omfattende mindst ét middel og en guanidinholdig forbindelse, og hvor 

den guanidinholdige forbindelse er arginin eller et salt deraf, guanidin eller et 

salt deraf eller en dimer, trimer eller polymer af guanidin eller arginin, og hvor

nævnte polymer er ikke en dendrimer oligoguanidin.

2. Fremgangsmåde ifølge krav 1, hvor koncentrationen af den guani­

dinholdige forbindelse i nedsænkningsmediet ligger i et område af 1 til 80.000 

pM.

3. Fremgangsmåde ifølge krav 2, hvor koncentrationen af den guani­

dinholdige forbindelse i nedsænkningsmediet ligger i et område af 20 til 

40.000 pM, fortrinsvis i området af 40 til 20.000 pM.

4. Fremgangsmåde ifølge krav 1 til 3, hvor det mindst ene middel er 

valgt fra gruppen bestående af antistoffer, proteiner, peptider, RNA og DNA.

5. Fremgangsmåde ifølge krav 1 til 3, hvor det mindst ene middel er 

en anti-sense Morpholino-oligomer, der er effektiv til at undertrykke ekspres­

sion af et gen, der er essentielt for gonadal udvikling i fisken.

6. Fremgangsmåde ifølge krav 5, hvor anti-sense Morpholino- 

oligomeren undertrykker ekspression af dead end, nanos, vasa, gnrh eller 

fsh- receptorgenet i den ægproducerende fisk.

7. Fremgangsmåde ifølge krav 6, hvor anti-sense Morpholino- 

oligomeren undertrykker ekspressionen af dead end-genet i fisken.

8. Fremgangsmåde ifølge krav 1 til 7 til fremstilling af reproduktivt 

sterile fisk, hvor midlet er ét, der forhindrer gonadeudviklingen i fisken.

9. Fremgangsmåde ifølge krav 8, hvor midlet fortrinsvis er en anti- 

sense Morpholino-oligomer, fortrinsvis en anti-sense Morpholino-oligomer, 

der undertrykker ekspression af dead end-genet i fisken.

10. Fremgangsmåde ifølge krav 8 eller 9, hvor ægget/æggene er be­

frugtede eller ubefrugtede æg af en fisk valgt fra gruppen bestående af lakse­

fisk, moronider og cichlider.
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11. Fremgangsmåde ifølge krav 9 eller 10, hvor anti-sense Morpholi- 

no-oligomeren er oligomeren med nukleotidsekvensen ifølge SEQ ID NO: 1 

eller SEQ ID NO: 2 eller en variant deraf.

12. Fremgangsmåde ifølge krav 1 til 11, hvor den guanidinholdige 

5 forbindelse ikke er kovalent bundet til midlet.

13. Fremgangsmåde ifølge krav 1 til 11, hvor den guanidinholdige 

forbindelse er kovalent bundet til midlet.

14. Fremgangsmåde ifølge krav 1 til 13, hvor den guanidinholdige 

forbindelse er polyarginin/9-mer.
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