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METHODS FOR MANUFACTURING PLANT MESSENGER PACKS 

 

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 5 

22, 2019, is named 51296-007Wo3_Sequence_Listing_8.22.19_ST25 and is 5,825 bytes in size. 

 

BACKGROUND 

There is need in the art for methods of manufacturing plant messenger packs for use in a variety 

of agricultural, therapeutic, or commercial applications.   10 

 

SUMMARY 

Disclosed herein are methods of manufacturing plant messenger packs (PMPs) and related 

articles (e.g., PMP bioreactors).  The PMPs manufactured using the methods and articles herein are 

useful in a variety of agricultural and therapeutic compositions and methods.   15 

In one aspect, the present disclosure refers to a method for producing plant messenger packs 

(PMPs), the method comprising (a) culturing a plant or plant part in a culture medium in a hydroponic 

system; (b) harvesting the culture medium; and (c) purifying PMPs from the culture medium. 

In some examples, the plant or plant part is a tomato plant or a tomato plant part; a seedling, or a 

root.   20 

 In some examples, the culture medium is a liquid culture medium or a gel culture medium.  In 

some examples, the culture medium comprises one or more of a macronutrient, a micronutrient, a salt, an 

enzyme, an antibiotic, an antifungal agent, or a plant growth factor. 

 In some examples, the hydroponic system has a capacity of at least 1 L, at least 100 L, or at least 

500 L.  25 

In some examples, the harvesting comprises separating the culture medium from the plant or 
plant part.  In some examples, the harvesting does not comprise disruption of the plant or plant part. 
 In some examples, the culturing is performed for at least 1 week. 

In another aspect, the present disclosure refers to a method for producing plant messenger packs 
(PMPs), the method comprising: (a) obtaining a culture medium in which a plant, a plant part, or a plant 30 
cell has been cultured; and (b) purifying PMPs from the culture medium. 

In yet another aspect, the present disclosure refers to a method for producing plant PMPs, the 
method comprising: (a) culturing a plant, a plant part, or a plant cell in a culture medium; (b) harvesting 
the culture medium or a portion thereof; and (c) purifying PMPs from the culture medium. 

 In some examples, the culture medium is a liquid culture medium.  In some examples, the liquid 35 
culture medium is in a hydroponic system.  

 In some examples, the culture medium is a gel culture medium, e.g., agar or agarose. 
 In some examples, the culture medium is a semi-solid or solid culture medium, e.g., a sterile 

natural soil or a sterile synthetic soil.   
 In some examples, the culture medium includes one or more of a macronutrient, a micronutrient, 40 

a salt, an enzyme, an antibiotic, an antifungal agent, or a plant growth factor. 
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 In some examples, the culturing is performed in a bioreactor.  In some examples, the bioreactor is 

a vessel having a capacity of at least 1 L, 10 L, 50 L, 100 L, or 500 L.  

 In some examples, the harvesting includes separating the plant, plant part, or plant cell and the 

plant culture medium, e.g., using one or more of gravity sedimentation, centrifugation, a spin filter, and a 

membrane system.  In some examples, the harvesting does not include disruption of the plant, plant part, 5 

or plant cell. 

In some examples, the harvesting includes centrifugation of the plant, plant part, or plant cell and 

the culture medium; juicing the culture medium; or washing the culture medium.  

 In some examples, the culture medium is periodically harvested and replaced.  

 In some examples, the culture medium is provided at a volume of at least 1 L.   10 

 In some examples, the plant is a seedling.  In some examples, the seedling is germinated in the 

culture medium. 

 In some examples, the plant part is a radicle or a root.  In some examples, the root is not 

attached to a plant shoot.  

 In some examples, the plant part is a pollen grain or a callus.  15 

In some examples, the plant is a dicot or a monocot or the plant part is a part of a dicot or a 

monocot.  

In some examples, the plant or plant part is a soybean plant or a part thereof, a fava bean plant 

or a part thereof, an Arabidopsis plant or a part thereof, a tomato plant or a part thereof, a barley plant or 

a part thereof, or an oat plant or a part thereof. 20 

 In some examples, the plant cell is a tobacco BY-2 cell. 

 In some examples, the plant, plant part, or plant cell has been grown for at least 24 hours or at 

least one week.  

In some examples, the plant, plant part, or plant cell is genetically modified, e.g., contains a 

genetic modification that is effective to increase the production of PMPs from the plant, plant part, or plant 25 

cell relative to an unmodified plant, plant part, or plant cell, e.g., a genetic modification that is effective to 

increase expression of EXO70a1 or EXO84 in the plant, plant part, or plant cell relative to an unmodified 

plant, plant part, or plant cell.  In some examples, the genetic modification is stable integration of an 

EXO70a1 or an EXO84 transgene. 

 In some examples, the method further includes exposing the plant, plant part, or plant cell to an 30 

effective amount of a stimulant to increase PMP production.   

  In some examples, the stimulant is a biotic stimulant, e.g., a microbial stimulant, e.g., a bacterial 

polypeptide, a bacterial saccharide, a bacterial nucleic acid, or a bacterial small molecule.  In some 

examples, the bacterial polypeptide is Elongation Factor Tu 18 (EFT18).   

 In some examples, the microbial stimulant is a fungal polypeptide (e.g., Flagellin2), a fungal 

saccharide, a fungal nucleic acid, or a fungal small molecule 

 In some examples, the microbial stimulant is a microorganism, e.g., a bacterium, a virus or a 
protozoan, or a fungus.  

In some examples, the plant stimulant is an abiotic stimulant, e.g., osmotic stress, drought, water 

deprivation, flood, high light intensity, very high light intensity, high temperature, low temperature, 

  35 



   
 

3 

salinity, heavy metal toxicity, anaerobiosis, nutrient deficiency, nutrient excess, UV irradiation, 

atmospheric pollution, or a chemical that induces production of reactive oxygen species (ROS). 

 In some examples, the plant stimulant is a chemical elicitor, e.g., salicylic acid, benzothiadiazole, 

or 2,6-dichloroisonicotinic acid.  

In some examples, the stimulant is a heterologous nucleic acid that increases gene expression of 

EXO70a1 or EXO84.   

In some examples, the stimulant is added at least 24 hours before the harvesting of the culture 

medium. 

In some examples of the above methods, the purifying step includes isolating a crude PMP 

fraction, wherein the crude PMP fraction has a decreased level of at least one contaminant or undesired 

component from the plant or part thereof relative to a level in an initial sample.  

 In some examples, the purifying step further includes purifying the crude PMP fraction, thereby 

producing a plurality of pure PMPs, wherein the plurality of pure PMPs have a decreased level of at least 

one contaminant or undesired component from the plant or part thereof relative to a level in the crude 5 

PMP fraction.  

 In some examples, the method further includes determining the purity of the PMPs and collecting 

PMPs identified as pure.  

 In some examples, the method further includes formulating the PMPs with a carrier, thereby 

generating a PMP composition.  In some examples, the carrier is an agriculturally acceptable carrier.  In 10 

some examples, the PMP composition is formulated for delivery to a plant.  In some examples, the carrier 

is a pharmaceutically acceptable carrier.  In some examples, the composition is formulated for 

administration to a human. In some examples, the composition is formulated as a liquid, a solid, an 

aerosol, a paste, a gel, or a gas composition. 

In some examples, the PMP composition is stable for at least 24 hours, 48 hours, seven days, or 15 

30 days.  In some examples, the PMP composition is stable at a temperature of at least 4°C, 20°C, 24°C, 

or 37°C.   

 In some examples, the method further includes loading the PMPs with a heterologous functional 

agent, e.g., a heterologous agricultural agent.  In some examples, the heterologous agricultural agent is a 

pesticidal agent, a fertilizing agent, an herbicidal agent, a plant-modifying agent, or a heterologous 20 

therapeutic agent.  In some examples, the heterologous therapeutic agent includes an antifungal agent, 

an antibacterial agent, a virucidal agent, an anti-viral agent, an insecticidal agent, a nematicidal agent, an 

antiparasitic agent, or an insect repellent.  

 In another aspect, the present disclosure refers to a method for producing PMPs, the method 

comprising: (a) culturing a plant, plant part, or a plant cell in a bioreactor; (b) exposing the plant, plant 25 

part, or plant cell to an effective amount of a stimulant to increase PMP production; (c) harvesting the 

culture medium; and (d) purifying PMPs from the culture medium. 

 In another aspect, the present disclosure refers to a PMP composition comprising a plurality of 

PMPs, wherein the PMPs are produced by a process comprising the steps of: (a) obtaining a culture 

medium in which a plant, a plant part, or a plant cell has been cultured; and (b) purifying PMPs from the 30 

culture medium. 
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 In another aspect, the present disclosure refers to a PMP composition comprising a plurality of 

PMPs, wherein the PMPs are produced by a process comprising the steps of: (a) culturing a plant, a plant 

part, or a plant cell in a culture medium; (b) harvesting the culture medium; and (c) purifying PMPs from 

the culture medium. 

 In some examples, the PMP composition further includes exposing the plant, plant part, or plant 5 

cell to an effective amount of a stimulant to increase PMP production.  In some examples, the stimulant is 

a biotic stimulant, an abiotic stimulant, or a chemical elicitor.    

 In some examples, the purifying step includes isolating a crude PMP fraction, wherein the crude 

PMP fraction has a decreased level of at least one contaminant or undesired component from the plant or 

part thereof relative to a level in an initial sample.  In some examples, the purifying step further includes 10 

purifying the crude PMP fraction, thereby producing a plurality of pure PMPs, wherein the plurality of pure 

PMPs have a decreased level of at least one contaminant or undesired component from the plant or part 

thereof relative to a level in the crude PMP fraction.  

In some examples, the PMP composition further includes formulating the PMPs with a carrier. In 

some examples, the carrier is an agriculturally acceptable carrier.  In some examples, the carrier is a 15 

pharmaceutically acceptable carrier.  

 In some examples, the PMP composition is formulated for delivery to a plant.  In some examples, 

the PMP composition is formulated for administration to a human.   

In some examples, the PMP composition is formulated as a liquid, a solid, an aerosol, a paste, a 

gel, or a gas composition. 20 

In some examples, the PMP composition is stable for at least 24 hours, 48 hours, seven days, or 

30 days.  In some examples, the PMP composition is stable at a temperature of at least 4°C, 20°C, 24°C, 

or 37°C.   

 In another example, the disclosure features a PMP bioreactor including a bioreactor containing a 

plant culture and optionally containing an effective amount of a stimulant to increase PMP production.  25 

 In some examples, the plant culture is a culture including entire plants, plant parts, or plant cells.  

In some examples, the plant is a seedling. In some examples, the plant part is a radicle, a root, a pollen 

grain, or a callus.  In some examples, the root is not attached to a plant shoot.  In some examples, the 

plant is a dicot or a monocot or the plant part is a part of a dicot or a monocot. In some examples, the 

plant or plant part is a soybean plant or a part thereof, a fava bean plant or a part thereof, an Arabidopsis 30 

plant or a part thereof, a tomato plant or a part thereof, a barley plant or a part thereof, or an oat plant or a 

part thereof.  In some examples, the plant cell is a tobacco BY-2 cell. 

 In some examples, the plant, plant part, or plant cell has been grown for at least 24 hours or at 
least 1 week 

 In some examples, the plant, plant part, or plant cell is genetically modified. 35 
 In some examples, the genetically modified plant, plant part, or plant cell contains a genetic 

modification that is effective to increase the production of PMPs from the plant, plant part, or plant cell 
relative to an unmodified plant, plant part, or plant cell or to increase expression of EXO70a1 or EXO84 in 
the plant, plant part, or plant cell relative to an unmodified plant, plant part, or plant cell.  In some 
examples, the genetic modification is stable integration of an EXO70a1 or an EXO84 transgene. 
  



   
 

5 

 In some examples, the stimulant is a biotic stimulant.  In some examples, the biotic stimulant is a 
microbial stimulant or a plant stimulant.  In some examples, the microbial stimulant is a bacterial 
polypeptide, a bacterial saccharide, a bacterial nucleic acid, bacterial small molecule, fungal polypeptide, 
a fungal saccharide, a fungal nucleic acid, a fungal small molecule, a microorganism, a bacterium, a 
virus, a protozoan, or a fungus.  In some examples, the bacterial polypeptide is Elongation Factor Tu 18 5 
(EFT18).  In some examples, the fungal polypeptide is Flagellin2.   

In some examples, the plant stimulant is an abiotic stimulant or a chemical elicitor.  In some 
examples, the abiotic stimulant is osmotic stress, drought, water deprivation, flood, high light intensity, 
very high light intensity, high temperature, low temperature, salinity, heavy metal toxicity, anaerobiosis, 
nutrient deficiency, nutrient excess, UV irradiation, atmospheric pollution, or a chemical that induces 10 
production of reactive oxygen species (ROS).  In some examples, the chemical elicitor is salicylic acid, 
benzothiadiazole, or 2,6-dichloroisonicotinic acid.  

In some examples, the stimulant is a heterologous nucleic acid that increases gene expression of 
EXO70a1 or EXO84.   

In some examples, the stimulant is added at least 24 hours before the harvesting of the culture 
medium. 

 In another example, the disclosure features a method of increasing the fitness of a plant, the 15 
method including delivering to the plant an effective amount of the PMP composition of the 
aforementioned examples, wherein the method increases the fitness of the plant relative to an untreated 
plant. 

 In one aspect, the present disclosure refers to a method of increasing the fitness of a plant, the 
method comprising delivering to the plant an effective amount of the PMP composition disclosed herein, 20 
wherein the method increases the fitness of the plant relative to an untreated plant. 

 In another example, the disclosure features a method of decreasing the fitness of a plant pest, 
the method including delivering to the plant pest an effective amount of the PMP composition of the 
aforementioned examples, wherein the method decreases the fitness of the plant pest relative to an 
untreated plant pest. 

 In one aspect, the present disclosure refers to a method of decreasing the fitness of a plant pest, 
the method comprising delivering to the plant pest an effective amount of the PMP composition disclosed 
herein, wherein the method decreases the fitness of the plant pest relative to an untreated plant pest. 

 In another example, the disclosure features a method of treating an infection in an animal in need 
thereof, the method including administering to the animal an effective amount of the PMP composition of 
the aforementioned examples. 

 In one aspect, the present disclosure refers to the use of the PMP composition disclosed herein 
in the manufacture of a medicament for treating an infection in an animal in need thereof. 

 In another example, the disclosure features a method of decreasing the fitness of a pathogen, the 
method including delivering to the pathogen an effective amount of the PMP composition of the 
aforementioned examples, wherein the method is effective to decrease the fitness of the pathogen 
relative to an untreated pathogen. 

 In one aspect, the present disclosure refers to a method of decreasing the fitness of a pathogen, 
the method comprising delivering to the pathogen an effective amount of the PMP composition disclosed 
herein, wherein the method is effective to decrease the fitness of the pathogen relative to an untreated 
pathogen. 

 In another example, the disclosure features a method of decreasing the fitness of an animal 
pathogen vector, the method including delivering to the vector an effective amount of the PMP 
composition of the aforementioned examples, wherein the method decreases the fitness of the vector 
relative to an untreated vector.   

 In one aspect, the present disclosure refers to a method of decreasing the fitness of an animal 
pathogen vector, the method comprising delivering to the vector an effective amount of the PMP 
composition disclosed herein, wherein the method decreases the fitness of the vector relative to an 
untreated vector. 

 
Other features and advantages of the disclosure will be apparent from the following Detailed 

Description and the Claims. 
 25 

Definitions  

As used herein, the term "plant" refers to whole plants (e.g., whole seedlings or whole adult 

plants), plant organs, plant parts, plant tissues, seeds, plant cells, seeds, and progeny of the same.  Plant 
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osmotic stress, drought, water deprivation, flood, high light intensity, very high light intensity, high 

temperature, low temperature, salinity, heavy metal toxicity, anaerobiosis, nutrient deficiency (e.g., 

nitrogen or phosphorus deficiency), nutrient excess, UV irradiation, atmospheric pollution (e.g., ozone), or 

exposure to a chemical (e.g., paraquat) that induce production of reactive oxygen species (ROS). 

As used herein, the term "biotic stimulant" refers to a biological agent (e.g., a plant pest, e.g., a 5 

fungus, a bacterium, a virus, a protozoan, a nematode, or an insect herbivore), or a component thereof 

(e.g., a protein or polypeptide, a nucleic acid, a saccharide, or a small molecule), that stimulates 

production of extracellular vesicles by and/or increases the amount of PMPs that can be derived from a 

plant, a plant part, or a plant cell (e.g., a plant culture, e.g., a plant cell culture or tissue culture, a culture 

comprising plant parts, or a culture comprising entire plants).  The term “microbial stimulant” refers to a 10 

biotic stimulant including a microorganism (e.g., a fungus, a bacterium, or a virus) or a component thereof 

(e.g., a protein or polypeptide, a nucleic acid, a saccharide, or a small molecule capable of being 

produced by the microorganism).  Exemplary microbial stimulants include, but are not limited to the 

bacterial polypeptide Elongation Factor Tu 18 (EFT18) and the fungal polypeptide Flagellin2.    

As used herein, the term “chemical elicitor” refers to a natural or synthetic compound that 15 

stimulates production of extracellular vesicles by and/or increases the amount of PMPs that can be 

derived from a plant, a plant part, or a plant cell (e.g., a plant culture, e.g., a plant cell culture or tissue 

culture, a culture comprising plant parts, or a culture comprising entire plants).  Exemplary chemical 

elicitors include, but are not limited to salicylic acid, benzothiadiazole, and 2,6-dichloroisonicotinic acid.  In 

some examples, the chemical elicitor induces a defense response in a plant similar to a response induced 20 

by a plant pathogen (e.g., a bacterial pathogen or a fungal pathogen), or a compound released from a 

plant when induced by a plant pathogen (e.g., endogenous elicitors).  The defense response may include, 

e.g., increased production of EVs.   

As used herein, the term “formulated for delivery to a plant or a plant pest” refers to a plant 

messenger pack (PMP) composition that includes an agriculturally acceptable carrier.  As used herein, an 25 

"agriculturally acceptable" carrier or excipient is one that is suitable for use in agriculture, e.g., for use on 

plants.  In certain examples the agriculturally acceptable carrier or excipient does not have undue 

adverse side effects to the plants, the environment, or to humans or animals who consume the resulting 

agricultural products derived therefrom commensurate with a reasonable benefit/risk ratio.    

As used herein, “decreasing the fitness of a plant pest” refers to any disruption to pest 30 

physiology, or any activity carried out by said pest, as a consequence of administration of a PMP 

composition described herein, including, but not limited to, any one or more of the following desired 

effects: (1) decreasing a population of a pest by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 

90%, 95%, 99%, 100% or more; (2) decreasing the reproductive ability or rate of a pest (e.g., insect) by 

about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100% or more; (3) decreasing the 35 

mobility of a pest by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100% or more; 

(4) decreasing the body weight of a pest by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 

95%, 99%, 100% or more; (5) decreasing the metabolic rate or activity of a pest by about 10%, 20%, 

30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100% or more; or (6) decreasing plant infestation by 

a pest by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100% or more.  A 40 
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What is claimed is:  

 

Claims 

1. A method for producing plant messenger packs (PMPs), the method comprising: 

(a) culturing a plant or plant part in a culture medium in a hydroponic system;  

(b) harvesting the culture medium; and 

(c) purifying PMPs from the culture medium. 

 

2. The method of claim 1, wherein the plant or plant part is a tomato plant or a tomato plant part.  

 

3. The method of claim 1, wherein the plant is a seedling.  

 
4. The method of claim 1, wherein the plant part is a root.  

 

5. The method of claim 1, wherein the culture medium is a liquid culture medium. 

 

6. The method of claim 1, wherein the culture medium is a gel culture medium. 

 

7. The method of claim 1, wherein the culture medium comprises one or more of a 

macronutrient, a micronutrient, a salt, an enzyme, an antibiotic, an antifungal agent, or a plant growth 

factor. 

 

8. The method of claim 1, wherein the hydroponic system has a capacity of at least 1 L.  

 
9. The method of claim 1, wherein the hydroponic system has a capacity of at least 100 L.  

 
10. The method of claim 1, wherein the hydroponic system has a capacity of at least 500 L.  

 

11. The method of claim 1, wherein the harvesting comprises separating the culture medium from 

the plant or plant part.  

 

12. The method of claim 1, wherein the harvesting does not comprise disruption of the plant or 

plant part. 

 

13.  The method of claim 1, wherein the culturing is performed for at least 1 week. 

 
14. A method for producing plant messenger packs (PMPs), the method comprising: 

(a) obtaining a culture medium in which a plant, a plant part, or a plant cell has been cultured; 

and 

(b) purifying PMPs from the culture medium. 

 

15. A method for producing plant PMPs, the method comprising: 
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(a) culturing a plant, a plant part, or a plant cell in a culture medium;  

(b) harvesting the culture medium or a portion thereof; and 

(c) purifying PMPs from the culture medium. 

 

16. A method for producing PMPs, the method comprising: 

(a) culturing a plant, plant part, or a plant cell in a bioreactor;  

(b) exposing the plant, plant part, or plant cell to an effective amount of a stimulant to increase 

PMP production;  

(c) harvesting the culture medium; and 

(d) purifying PMPs from the culture medium. 

 

17.  A PMP composition comprising a plurality of PMPs, wherein the PMPs are produced by a 

process comprising the steps of: 

(a) obtaining a culture medium in which a plant, a plant part, or a plant cell has been cultured; 

and 

(b) purifying PMPs from the culture medium. 

 

18. A PMP composition comprising a plurality of PMPs, wherein the PMPs are produced by a 

process comprising the steps of:  

(a) culturing a plant, a plant part, or a plant cell in a culture medium;  

(b) harvesting the culture medium; and 

(c) purifying PMPs from the culture medium. 

 

19. A method of increasing the fitness of a plant, the method comprising delivering to the plant an 

effective amount of the PMP composition of claim 17 or claim 18, wherein the method increases the 

fitness of the plant relative to an untreated plant. 

 

20. A method of decreasing the fitness of a plant pest, the method comprising delivering to the 

plant pest an effective amount of the PMP composition of claim 17 or claim 18, wherein the method 

decreases the fitness of the plant pest relative to an untreated plant pest. 

 

21. Use of the PMP composition of claim 17 or claim 18 in the manufacture of a medicament for 

treating an infection in an animal in need thereof. 

 

22. A method of decreasing the fitness of a pathogen, the method comprising delivering to the 

pathogen an effective amount of the PMP composition of claim 17 or claim 18, wherein the method is 

effective to decrease the fitness of the pathogen relative to an untreated pathogen. 
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23. A method of decreasing the fitness of an animal pathogen vector, the method comprising 

delivering to the vector an effective amount of the PMP composition of claim 17 or claim 18, wherein 

the method decreases the fitness of the vector relative to an untreated vector.   

 

 


