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CLAIMS 

What is claimed is:  

1. A method of manufacturing a therapeutic polynucleotide using a system comprising a 

plurality of fluid depots configured to be secured in sealed fluid communication with one or 

more microfluidic path devices, the method comprising: transporting reagents between one or 5 

more fluid depots of the plurality of fluid depots and a plurality of reactors on the one or 

more microfluidic path devices in a sealed and closed fluidic path that is protected from 

atmospheric contact to perform the steps of: forming a synthetic template, performing in vitro 

transcription from the template to produce a therapeutic polynucleotide, and purifying the 

therapeutic polynucleotide.  10 

2. The method of claim 1, wherein purifying the therapeutic polynucleotide comprises two-

dimensional (2D) purification of the therapeutic polynucleotide within one or more of the 

plurality of reactors. 

3. The method of claim 1, further comprising formulating the therapeutic polynucleotide with a 

delivery vehicle in one or more reactors on the one or more microfluidic path devices to form 15 

a therapeutic polynucleotide composition. 

4. The method of claim 3, further comprising concentrating the therapeutic polynucleotide 

composition in the one or more microfluidic path devices. 

5. The method of claim 3, wherein the delivery vehicle comprises an amphipathic nanoparticle. 

6. The method of claim 5, wherein the amphipathic nanoparticle comprises an amino-lipidated 20 

peptoid. 

7. The method of claim 1, wherein purifying the therapeutic polynucleotide comprises 

removing double-stranded mRNA using a cellulose material within the one or more reactors. 

8. The method of claim 1, wherein the system automatically and continuously performs the 

steps of forming the synthetic template, performing in vitro transcription from the template, 25 

and purifying the therapeutic polynucleotide with optical feedback from one or more sensors 

of system. 

9. The method of claim 1, wherein the therapeutic polynucleotide is an mRNA. 
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10. The method of claim 1, wherein the therapeutic polynucleotide is an mRNA, a circular RNA 

or a self-replicating RNA. 

11. The method of claim 1, wherein the system transports the reagents between the one or more 

fluid depots and the plurality of reactors by fluid power. 

12. The method of claim 11, wherein the system pneumatically transports the reagents between 5 

the one or more fluid depots and the plurality of reactors. 

13. The method of claim 1, wherein the system transports the reagents between the one or more 

fluid depots and the plurality of reactors by deflecting one or more elastic layers within the 

one or more microfluidic path devices. 

14. The method of claim 1, wherein the method is performed at a site of care. 10 

15. The method of claim 1, wherein the system automatically and continuously performs the 

steps of forming a synthetic template, performing in vitro transcription from the template to 

produce a therapeutic polynucleotide, and purifying the therapeutic polynucleotide in less 

than 3 days.  

16. The method of claim 1, further comprising sealing the fluid depots to the one or more 15 

microfluidic path devices and pressurizing the fluid depots before transporting the reagents 

between the fluid depots and the plurality of reactors on the one or more microfluidic path 

devices. 

17. The method of claim 1, further comprising recording movement of fluid within the one or 

more microfluidic path devices during the performance of the steps in a file associated with 20 

the therapeutic polynucleotide that is manufactured. 

18. A therapeutic polynucleotide made using the method of claim 1. 

19. A method of manufacturing a therapeutic mRNA using a system comprising a plurality of 

fluid depots configured to be secured in sealed fluid communication with one or more 

microfluidic path plate devices, wherein the one or more microfluidic path plate devices 25 

comprise a plurality of reactors, the method comprising: 

delivering a template precursor material from one or more fluid depots to a first one 

or more reactor regions of the plurality of reactors and processing the template 

precursor material to prepare a template from the template precursor material; 



   

- 93  - 

transferring the template to a second one or more reactor regions of the plurality of 

reactors and processing the template by in vitro transcription to form a therapeutic 

mRNA; and 

transferring the therapeutic mRNA to a third one or more reactor regions of the 

plurality of reactors and purifying the therapeutic mRNA by two-dimensional 5 

(2D) purification within the third one or more reactor regions;  

wherein all of the method steps are performed without exposing the template and 

therapeutic mRNA to atmospheric contact. 

20. A method of manufacturing a therapeutic mRNA using a system comprising a plurality of 

fluid depots in sealed fluid communication with one or more microfluidic path plate devices, 10 

wherein the one or more microfluidic path plate devices comprise a plurality of reactors, the 

method comprising: 

delivering, using fluid power, a template precursor material from one or more fluid 

depots to a first one or more reactor regions of the plurality of reactors and 

processing the template precursor material to prepare a template from the 15 

template precursor material; 

transferring, using fluid power, the template to a second one or more reactor regions 

of the plurality of reactors and processing the template by in vitro transcription to 

form a therapeutic mRNA;  

transferring, using fluid power, the therapeutic mRNA to a third one or more reactor 20 

regions of the plurality of reactors and purifying the therapeutic mRNA by two-

dimensional (2D) purification within the third one or more reactor regions;  

transferring, using fluid power, the therapeutic mRNA to a fourth one or more reactor 

regions of the plurality of reactors and encapsulating the therapeutic mRNA with 

a delivery vehicle to form a therapeutic mRNA composition; and 25 

concentrating, using fluid power, the therapeutic mRNA composition in a fifth one or 

more fluid depots, 

wherein all of the method steps are performed without exposing the template and the 

therapeutic mRNA to atmospheric contact. 

21. A non-transitory computer readable medium embodying instructions for manufacturing a 30 

therapeutic polynucleotide, that when executed by a controller of a system comprising a 

plurality of fluid depots configured to be secured in sealed fluid communication with one or 

more microfluidic path devices, cause the controller to perform the method of:  
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pressurize the plurality of fluid depots in fluid communication with one or more 

microfluidic path devices; 

transporting reagents between one or more fluid depots of the plurality of fluid depots 

and a plurality of reactors on the one or more microfluidic path devices in a sealed and 

closed fluidic path that is protected from atmospheric contact to perform the steps of:  5 

forming a synthetic template,  

performing in vitro transcription from the template to produce a therapeutic 

polynucleotide, and  

purifying the therapeutic polynucleotide.  

22. An automated method of making a synthetic double-stranded DNA template for an mRNA 10 

synthesis using a closed-path system comprising a plurality of fluid depots configured to be 

secured in sealed fluid communication with one or more microfluidic path devices, the 

method comprising:  

transporting reagents between one or more fluid depots of the plurality of fluid depots 

and a plurality of reactors on the one or more microfluidic path devices in a closed 15 

fluidic path that is protected from atmospheric contact to combine the reagents; and  

forming the synthetic double-stranded DNA template for in vitro transcription of a 

therapeutic mRNA.  

23. An automated method of making a synthetic double-stranded DNA template for in vitro 

transcription using a closed-path system comprising a plurality of fluid depots in sealed fluid 20 

communication with a microfluidic path device, the method comprising: 

transporting reagents, including a synthetic gene of interest and a synthetic in vitro 

transcription facilitator cassette, from one or more fluid depots of the plurality of fluid 

depots to a first one or more reactors in the microfluidic path device in a closed fluidic 

path that is protected from atmospheric contact; 25 

joining the synthetic gene of interest with the synthetic in vitro transcription facilitator 

cassette to create a synthetic product; 

transporting the synthetic product in the microfluidic path device to remove unreacted 

synthetic gene of interest and unreacted synthetic in vitro transcription facilitator 

cassette away from the synthetic product; and 30 

transporting the synthetic product in the microfluidic path device and amplifying the 

synthetic product to generate the double-stranded DNA template. 

24.  
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25. An automated method of making a synthetic double-stranded DNA template for in vitro 

transcription using a closed-path system comprising a plurality of fluid depots in sealed fluid 

communication with a microfluidic path device, the method comprising: 

transporting reagents, including a synthetic gene of interest and a synthetic in vitro 

transcription (IVT) facilitator cassette, from one or more fluid depots of the plurality of 5 

fluid depots to a first one or more reactors in the microfluidic path device in a closed 

fluidic path that is protected from atmospheric contact; 

joining the synthetic gene of interest with the synthetic IVT facilitator cassette in the first 

one or more reactors to create a synthetic product; 

transporting the synthetic product to a second one or more reactors in the microfluidic path 10 

device to remove unreacted synthetic gene of interest and unreacted synthetic IVT 

facilitator cassette away from the synthetic product;  

transporting the synthetic product to a third one or more reactors in the microfluidic path 

device and amplifying the synthetic product to generate greater than 1 mM of an 

amplified DNA template; and 15 

receiving, in a controller for the closed-path system, optical sensor data from one or more 

sensors of the closed-path system, wherein the controller controls the operation of the 

closed-path system based on the optical sensor data. 

26. An automated method of making a synthetic double-stranded DNA template for in vitro 

transcription using a closed-path system comprising a plurality of fluid depots in sealed fluid 20 

communication with a microfluidic path device, the method comprising: 

transporting, using a first fluid power circuit, a synthetic gene of interest and a synthetic in 

vitro transcription (IVT) facilitator cassette from one or more fluid depots of the 

plurality of fluid depots into one or more joining reactors of the microfluidic path plate 

device in a closed fluidic path that is protected from atmospheric contact and joining 25 

the synthetic gene of interest to the IVT facilitator cassette to create a synthetic product; 

removing, using a second fluid power circuit, unreacted synthetic gene of interest and 

unreacted synthetic in vitro transcription facilitator cassette away from the synthetic 

product in the microfluidic path plate device; 

transferring, using a third fluid power circuit, the synthetic product into one or more 30 

amplification reactors of the microfluidic path device and amplifying the synthetic 

product to generate greater than 1 mM of an amplified DNA template; and  

receiving, in a controller for the closed-path system, optical sensor data from one or more 

optical sensors of the closed-path system, wherein the controller controls the first, 
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second and third fluid power circuits based on the optical sensor data and maintains 

plurality of fluid depots and the microfluidic path devices in a closed-path and sealed 

environment.  

27. An automated method of performing an in vitro transcription (IVT) reaction using a system 

comprising a plurality of fluid depots configured to be secured in sealed fluid communication 5 

with one or more microfluidic path devices, the method comprising transporting reagents 

between one or more fluid depots of the plurality of fluid depots and a plurality of reactors on 

the one or more microfluidic devices in a closed fluidic path that is protected from 

atmospheric contact to perform in vitro transcription of a therapeutic mRNA from a template 

in the one or more microfluidic path devices and to purify the therapeutic polynucleotide.  10 

28. An automated method of performing an in vitro transcription (IVT) reaction using a system 

comprising a plurality of fluid depots configured to be secured in sealed fluid communication 

with a microfluidic path device, the method comprising: 

delivering a DNA template, a polymerase, and nucleotides into one or more IVT reactors 

of the microfluidic path device from one or more of: a fluid depot of the plurality of 15 

fluid depots and a site on the microfluidic path device; 

processing, in the one or more IVT reactors, the DNA template and nucleotides to form a 

therapeutic mRNA; and 

transferring the therapeutic mRNA into a one or more purification reactor regions of the 

microfluidic path device and purifying the therapeutic mRNA by two-dimensional 20 

(2D) purification within the one or more purification reactor regions,  

wherein the microfluidic path device and the plurality of fluid depots form a closed-path 

and sealed environment preventing atmospheric exposure. 

29. An automated method of performing an in vitro transcription (IVT) reaction using a system 

comprising a plurality of fluid depots configured to be secured in sealed fluid communication 25 

with a microfluidic path device, the method comprising: 

pressurizing the plurality of fluid depots;  

delivering, using one or more first fluid power circuits, a DNA template, a polymerase, 

and nucleotides into one or more IVT reactors of the microfluidic path device in 

amounts metered with sub-microliter precision from one or more of: a fluid depot of 30 

the plurality of fluid depots and a site on the microfluidic path device; 

processing, in the one or more IVT reactors, the template material and nucleotides to 

form a therapeutic mRNA; and 
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transferring, using a second fluid power circuit, the therapeutic mRNA into a one or more 

purification reactor regions of the microfluidic path device and purifying the 

therapeutic mRNA by two-dimensional (2D) purification within the one or more 

purification reactor regions,  

wherein the microfluidic path device and the plurality of fluid depots form a closed-path 5 

and sealed environment preventing atmospheric exposure. 

30. A non-transitory computer readable medium embodying instructions for performing an in 

vitro transcription (IVT) reaction, that when executed by a controller of a system comprising 

a plurality of fluid depots configured to be secured in sealed fluid communication with one or 

more microfluidic path devices, cause the controller to perform the method of: 10 

pneumatically delivering a template material, a polymerase, and nucleotides into a first 

reactor of a microfluidic path device from a plurality of fluid depots in amounts 

metered with sub-microliter precision at any time during the reaction; 

processing the template material and nucleotides in the first reactor to form a therapeutic 

mRNA; and 15 

pneumatically transferring the therapeutic mRNA through the microfluidic path device 

away from the first reactor,  

wherein the first microfluidic path device and the plurality of fluid depots form a closed-

path and sealed environment to prevent atmospheric exposure. 

31. A method of manufacturing a therapeutic mRNA composition using a system comprising a 20 

plurality of fluid depots in sealed fluid communication with one or more microfluidic path 

plate devices, wherein the one or more microfluidic path plate devices comprise a plurality of 

reactors, the method comprising: 

delivering a template precursor material from one or more fluid depots of the plurality of 

fluid depots to a first reactor of the plurality of reactors and processing the template 25 

precursor material to form a DNA template from the template precursor material; 

transferring the DNA template to a second reactor of the plurality of reactors and 

processing the DNA template by in vitro transcription to form a therapeutic mRNA;  

transferring the therapeutic mRNA to a third reactor of the plurality of reactors and 

processing the therapeutic mRNA to combine it with a delivery vehicle to form the 30 

therapeutic mRNA composition; and 

transferring the therapeutic mRNA composition to a concentrator in fluid communication 

with the third reactor. 
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32. A method of manufacturing a therapeutic mRNA composition using a system comprising a 

plurality of fluid depots in sealed fluid communication with one or more microfluidic path 

plate devices, wherein the one or more microfluidic path plate devices comprise a plurality of 

reactors, the method comprising: 

pressurizing the plurality of fluid depots; 5 

controlling a first fluid power circuit to deliver a template precursor material from one or 

more fluid depots of the plurality of fluid depots to a first reactor of the plurality of 

reactors with sub-microliter precision and without atmospheric contact;  

processing the template precursor material to form a DNA template from the template 

precursor material; 10 

controlling a second fluid power circuit to transfer the DNA template to a second reactor 

of the plurality of reactors with sub-microliter precision and without atmospheric 

contact;  

processing the DNA template by in vitro transcription to form a therapeutic mRNA;  

controlling a third fluid power circuit to transfer the therapeutic mRNA to a third reactor 15 

of the plurality of reactors with sub-microliter precision and without atmospheric 

contact;  

processing the therapeutic mRNA to combine it with a delivery vehicle to form the 

therapeutic mRNA composition;  

controlling a third fluid power circuit to transfer the therapeutic mRNA composition to a 20 

concentrator in fluid communication with the third reactor; and 

concentrating the therapeutic mRNA composition. 

33. A method of producing a therapeutic polynucleotide composition on-demand, the method 

comprising: 

receiving, at a local facility, a therapeutic polynucleotide that has been synthesized at 25 

a remote facility; 

formulating the therapeutic polynucleotide composition at the local facility by 

performing, in an automated system that is protected from atmospheric contact, 

the steps of:  

combining the therapeutic polynucleotide with a delivery vehicle in a 30 

microfluidic path device held in the system to form the therapeutic 

polynucleotide composition, 

dialyzing the therapeutic polynucleotide composition in the microfluidic 

path device; and 
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providing the therapeutic polynucleotide composition.  

 

34. A method of producing a therapeutic mRNA composition on-demand, the method 

comprising: 

synthesizing a therapeutic mRNA at a remote facility; 5 

transporting the therapeutic mRNA to a local facility; 

formulating the therapeutic mRNA composition at the local facility by performing, in 

an automated closed fluidic path apparatus that is protected from atmospheric 

contact, the steps of:  

combining the therapeutic mRNA with delivery vehicle in a microfluidic 10 

path device to form the therapeutic mRNA composition, 

dialyzing the therapeutic mRNA composition in the microfluidic path 

device; and 

providing the therapeutic mRNA composition.  

 15 

 


