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APPARATUSES AND METHODS FOR MEASURING DNA/RNA PRODUCTION IN
BIOCHIPS

CLAIM OF PRIORITY
{0001} This application claims priority to U.S. Provisional Pat. App. No. 63/396,765, entitled
“Apparatuses and Methods for Measuring DNA/RNA Production in Biochips,” filed August 10,

2022

INCORPORATION BY REFERENCE
{6602} Alf publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication or

patent application was specifically and individually indicated (o be incorporated by reference.

BACKGROUND
HEIXY UV gpectrophotometry is a standard technique for nucleic acid quantitation. In UV
spectrophotometry, a nucleic acid sample is placed into a chamber, typically a quartz cuvetie,
which 1s then placed inside the UV spectrophotometer. UV light is passed through the sample at
a specified path length, and the absorbance of the sample at specific wavelengths is measured.
Absorbance at 260 nm (A260) 1s often used to measure nucleic acid. Nucleic acids {e.g., DNA or
RNA) contain conjugated double bonds in their purine and pyrimidine rings that have a specific
absorption peak at about 260 nm. The maximum absorbance of nucleic acids cccurs at a
wavelength of 260 nm. The intensity of this absorbance is proportional to the concentration of
nucleic acid. Because of these physical characteristics, the nucleic acid concentration of a sample
can be determined. Based on the absorbance readings, the concentration of the sample may be
determined. Purity of the sample can also be estimated by comparing to the absorbance at 280
nm or 230 nm.
[06004] However, such traditional UV spectrophotometry for quantitation of polynucieotides
typically require removal of a sample and transferring to a dedicated spectrophotometer
apparatus. Typically, the minimum sample volumes must be at least 1-75 ul to obtain an

accurate instrument reading. This can be problematic if the sample is highly dilute, orif an
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extraction technique requires the elution of nucleic acids into low volumes. Contamination is
also a problem. For example, if measuring DNA, biological molecules such as proteins, RNA,
and chaotropic salis from extraction procedures, can falsely elevate nucleic acid concentration
estimations. Buffer salts such as Tris, EDTA and guanidine 1sothiocyanate absorb strongly at
230 nm and bieed into the 260-nm absorbance range. In addition, free nucleotides present in a
sample may influence the UV quantitation method. Changes in sample pH also alter UV
readings. An alternative to the spectrometer s adding a fluorescent probe and measuring ttin a
fluorimeter which requires further handling of the RNA/DNA sample and labeling such
molecules with fluorescent molecules, increasing the cost and complexity. All of these
approaches have major shoricomings and may require manual intervention and the cutput of the
measurement that is not tied into the microfluidic control of the system.

[0605] Desciibed herein are apparatuses, and in pasticular, microfluidic apparatuses, that can

address these shortcomings.

SUMMARY OF THE DISCLOSURE
{0006} Described herein are microfiuidic apparatuses {e.g., systems, devices, etc.) and
methods for microthuidic detection of polynucleotide concentration. These apparatuses may
include removable, single-use or reusable microtluidic members that may include one or more
channels, chambers and/or subsirates for performing microfluidic maneuvers, For example, the
microfluidic member may be a microfluidic cartridge, microfluidic chips (“biochips™) or the like
and may be referred to herein as “cariridges”. Auy of these cartridges may be generally flat,
planar structures that may be inserted, held and/or seated in a microfluidic driver apparatus that
may oversee and control operations within one or more cartridges. The microfluidic driver
apparatus may be referred to herein as a microfluidic path device and may include actuators,
sensors, controllers (including control circutiry, processors, etc.). As will be described in detail
below, the cartridges may be adapted to include one or more polynucleotide quantification
regions that are adapted for optical sensing and quantification of polynucleotides, e.g., DNA,
RNA {e.g., mRNA), etc. The polvnucieotide quantification regions are configured for
spectrophotometric readings by an emitter and detector which may be part of the microfluidic

driver apparatus. The microfluidic driver apparatus may be further adapted to control activity of
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the microfluidic driver apparatus and cartridge based on feedback from the spectrophotometric
readings.

0007} For example, the apparatuses and methods described herein may be configured to
quantify RNA and/or DNA produced within the microfluidic apparatus, e g, within a cartridge
driven by a microfluidic driver apparatus, via exponential biochemical reactions. These
apparatuses may vary or control and regulate the cutput to correct for variations due to reagent,
biochip or tempersture imperfections. In particular, the ruethods and apparatuses described
herein may microfluidically measure the concentration of RNA and/or DNA produced when the
apparatus is operating and may control operation of the apparatus when making therapeutic
mRNAs, including but not limited to mRNA vaccines. These methods and apparatuses may
enable confirming the success of the various amplification and synthesis steps, pooling of
multiple batches normalization of the output. This may also allow re-use and optimization of the
cartridges. Repetition of the synthetic steps in the cartridge may produce a discrete output which
would {raditionally have required detailed quality analysis for release. Alternatively, the methods
and apparatuses described herein may permit pooling of the ocutputs into a single batch, reguiring
only a single quality analysis process and also simplifving the manual sample collection and
sorting. If the measured concentration of the RNA/DNA product per repetition is within nominal
parameters the apparatus may automatically add it to the pool; if the concentration is outside the
parameter range, it may be microfluidically diverted to a “test further” or “waste” container. This
measurement-determined diversion may operator-driven or may be determined by the
microfluidic system autornatically.

0008} These methods and apparatuses may also permit standardizing of the cutput. The
complex biochemical processes to produce RNA and DNA may be sensitive to parameters such
as reagent supply, temperature, and biomolecule stability; the production yield may vary.
Stabilizing the cutput may remove a measurement and dilution/concentration step between the
DNA/RNA production and the next step in the therapeutic material production process. To
stabilize the cutput the methods and apparatuses described herein may select a low target-
concentration and may dilute the output of the system, 50 it is in a more controlled range. To
perform this dilution automatically we would need to know the pre-dilution concentration of the

DNA/RNA and use it 1o determine the amount of dilutant o add.



WO 2024/035754 PCT/US2023/029796

[0609] The methods and apparatuses described herein may also permit automated
microfluidic RNA/DNA production to be iteratively improved for greater control. For example,
once the processes being performed by the apparatus {e.g., in the cartridge) is demonstrated to be
in tight control, with regular and consistent output concentration, product may be released
without the necessity of performing detailed analytics. Instead, a “parametric release” may be
performed, in which it is demonstrated that process proceeded nominally, using metrics such as
temperature, reagent-consumption and intermediate RNA/DNA concentration.

{0016} In general, described herein are cartridges ("biochips”) that are adapted specifically to
allow an automated or semt-automated system, ¢ g., a microfluidic driver apparatus, to determine
the concentration of a therapeutic polynucleotide that is processed (e.g., formed, mixed,
compounded} in the cartridge and/or to modify operation of the microfluidic driver apparatus on
the cartridge based on the determined concentration. For example, described herein are cartridges
{e.g., cartridge devices) for processing a polynuclectide that include: a first layer having a first
thickness; a second layer having a second thickness; an elastic material extending between the
first layer and the second layer and separating the first layer from the second layer by a
separation thickoess; and a UV measurement region formed through the first and second layers,
wherein a region of the first layer in the UV measurement region has a thickness that is {ess than
the first thickness, a region of the second layer the UV measurement region has a thickness that
is less than the second thickness, and wherein the elastic matenial 1s absent from between the
region of the first fayer in the UV measurement region and the region of the second layer the UV
measurement region to forr a UV measurerent chamber having the separation thickness. A
therapeutic polynucleotide may refer to a solution {e.g., an aquecus solution} of a polynuclectide.
{0011} Any of these cartridges may be formed of a polymeric material, such as a eyclic
olefin copolymer (COC) material or a cyclo olefin polymer, COP. Although these materials are
not very UV transmissive and may {as surprisingly found herein) change their UV transmission
properties with UV exposure, the methods and apparatuses described herein may adapt or adjust
to allow sensitive and accurate estimates for UV absorption and therefore concentration of a
polynucieotide (e.g., therapeutic polynucleoiide). The first layer and the second layer may be
formed of the same material or of different materials. For example, the second layer may

comprise a COC material and/or a COP material.
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0612} For example, the first thickness may be between about 0.1 mm and about § mm, and
the second thickness may be between about 0.1 mm and about 5 mm. The first layer and the
second layer may have the same thickness or may have different thicknesses.

0013} The elastic material, or multiple pieces of elastic material, may be sandwiched
between the first layer and the second layer (additional layers may be included, above or below
the first and second layer). The elastic material may form a layer. The elastic material may be
held directed between these two layers and may adhesively and/or mechanically held between
the first and second layers. The separation thickness may be between 1 mm and 0.1 mm. The
thickness of the elastic layer may be uniform or non-umiform.

{0014} The path length for the UV sensing region may be relatively short and may be
approximately the same as the separation thickness, as the UV sensing chamber may be formed
in a space between the first and second layers from which the elastic material is absent. The
elastic material may therefore surround the UV sensing chamber (on the lateral sides of the UV
sensing chamber). A cartridge may have one ot more UV sensing chamber. In some examples
the UV sensing chamber is in a consistent location on a variety of different cartridge designs or
configurations.

{B015§ In general, any of these cartridges may include one or more fluid channels in the
second layer that are fluid communication with the UV measurement chamber. The fluid
channels may be formed by milling, cutting, etc., from the upper surface of the second layer and
may be covered at least in part by the elastic material/iayer. In some examples the fluid channels
{also referred to herein as fluidic channels) are tunned within the second layer. The second layer
may be formed by multiple sub-layers.

{0016} The cartridge device may also include a plurality of pneumatic valves arranged to
control flow into and out of the UV measurement chamber. The plurality of pneumatic valves
may each be formed by a pnenmatic chamber in the first layer and a fluid chamber in the second
fayer; a portion or region of the elastic material that separates the pneumatic chamber from the
fluid chamber may be moved up/down to open/close (or remain open in the neatral position) the
fluid chamber which may be in fluid communication with the fluid channels and/or other fluid
chambers in the cartridge. The preumatic chamber of each valve may be in fluid communication
with a pneursatic channel in the first layer that is configured to communicate with a pressure port

on an outer region of the device to actuate the pneumatic valve {e g, to move the region of the
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elastic member between the pneumatic chamber and the fluid chamber). The fluid chamber may
be in fluid communication with the UV measurement chamber through a fluid channel in the
second layer (e.g., so that fluid may flow between the fluid chamber and the UV measurement
chamber when the pneumatic valve is open).

{0617} Any of these cartridges may include an o vitro transcription (IVT) chamber formed
at least partially within the second layer and in fluid communication with the UV measurement
chamber. The cartridges may also include one or more mixing chambers {mixers), reaction
chambers, stc. I general, the microfluidic driver apparatus may include one or more thermal
control elements {e.g., Peltier devices, heater/coolers, etc.) for controlling the temperature of one
or more regions of the cartridge.

{06618} In general, the cartridge devices may include one or more vacuum ports on an outer
region of the device configured to couple {0 a source of negative pressure to draw fluid into
and/or out of the UV measurement chamber {e.g., to 2 waste port and/or waste chamber). For
exarple, the apparatus may be configured to hold a vacuum within the UV measurement
chamber so that when a valve is opened to a chamber or channel holding the therapeutic
polynucieotide {¢.g., generally, a solution including the therapeutic polynuclectide), the resulting
negative pressure may pull the therapeutic polynuclestide into the UV measurement chamber,
o013} Any of these cartridge devices may include a first inlet channel within the second
fayer that is in fluid communication with a first chamber configured to hold a polynucleotide
sample fluid, and a second inlet channel within the second layer that 15 in fluid communication
with a second chamber configured to hold a blank sample fluid.

00201 Any of these cartridges may also be configured for serial mixing of solutions. For
example, any of these cartridges may include more dilution mixing chambers in fluid
communication with UV measurement chamber configured to dilute a fluid sample.

{0621} In any of these examples, the cartridge may be configured to prevent bubbles from
being present in the sensing region of the UV measurement chamber (30 that they will not
interfere with the UV detection of the therapeutic nucleotide absorption signal}. In some
exampies the UV measurement chamber may inchade an undercut region, e.g., under the thicker
regions of the first and second layer {outside of the thinned regions of the first and second layer),
surrounded by the elastic material. Thus, the diameter of the UV measurement charaber may be

greater than a diameter of the region of the first layer in the UV measurement region {and greater
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than a diameter of the region of the second layer in the UV measurement region} to prevent
bubbles in a central region of the UV measurement chamber.

006221 For example, a cartridge device for processing a polynuclectide may include: a first
layer comprising a polymeric material having a first thickness; a second layer comprising a
polymeric material having a second thickuess; an elastic matenial extending between the first
layer and the second layer; an ultraviolet (UV} measurement region formed through the first and
second layers, wherein a region of the first layer in the UV measurement region has a thickness
that s less than or equal to the first thickness, a region of the second layer the UV measurement
region has a thickness that 18 less than or equal to the second thickness, and wherein the elastic
material is removed from between the region of the first layer in the UV measurement region and
the region of the second layer the UV measurement region to form a UV measurement chamber;
and an in vitro transcription (IVT) chamber formed at least partially within the second laver and
in fluid communication with the UV measurement chamber.

{0023} Also described herein are methods of using any of these cartridges with any of the
microflutdic driver apparatuses described herein. In general, these methods include on-cartridge
{“closed path”) detection and deterruination of the conceniration of the therapeutic
polynuciectide. Any of these methods may also include techniques for optimizing or enhancing
detection, including adjusting one or more parameter of the microfluidic driver apparatus based
on feedback from the detected concentration {e.g., from the detected UV absorption signal) for
the therapeuntic polynucleotide, or from a differential signal between the UV absorption signal for
the therapeuntic polynucleotide signal and one or more blanks,

00244 For example, described herein are method for manufacturing a polynucleotide using a
microfluidic driver apparstus operating on a cartridge, the method comprising: forming, ina
cartridge, a therapeutic polynucleotide; and determining, by the microfluidic driver apparatus, a
concentration of the therapeutic polvnucleotide by driving a first blank solution into an
ultraviolet (UV) measurement chamber of the cariridge and taking a first absorption
measurement through the cartridge, driving a sample solution of the therapeutic polynucleotide
into the UV measurement chamber of the cartridge and taking a second absorption measurement
through the cartridge, driving a second blank solution into the UV measurement chamber of the

cartridge and taking a third absorption measurement through the cartridge, and estimating a
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concentration of the therapeutic polynucteotide from the first, second and third absorption
measurements.

00254 As mentioned, any of these methods may include adjusting, in a processor of the
microfluidic driver apparatus, the operation of the microfluidic driver apparatus based on the
estimated concentration of the therapeutic polynucleotide. For example, adjusting may include
directing the resuliing therapeutic polynucleotide into a pool for additional therapeutic
polynucieotide. The additional therapeutic polynucieotide ay also be formed in the cartridge. In
some examples the adjusting the operation of the microfluidic driver apparatus may include
modifying the synthesis (formation) of the therapeutic polynucleotide, including during the
amplification steps, in which a sample may be removed and tested.

0026} For example, any of these methods may include comparing, by a processor of the
microfluidic diiver apparatus, the estimated concentration of the therapeutic polynucleotide to a
concentration range, and based on the comparison, directing the therapeutic polynucleotide for
one of: pooling with one or more additional batches of therapeutic polynucleotide formed in the
cartridge, waste, or further analysis.

{6627} In some examples, the method may include dituting, under the control of a processor
of the microfluidic driver apparatus, the therapeutic polynucieotide 10 a standard concentration
for output. Thus, the microfluidic driver apparatus (e g., the controller of the microfluidic driver
apparatus) may use the determined concentration and/or an estimate of the volume {which may
be, e g, optically sensed and/or based on the known volume of the chambers and/or channels of
the cartridge) to add fluid to achieve a target concentration.

00281 In some examples, the methods may include automatically (or semi-automatically,
e.g., with user confirmation, input, or modification) adjusting one or more parameters of the
formation of the therapeutic polynuclectide by the microfluidic driver apparatus based on the
estimated concentration of the therapeutic polvnucieotide. Examples of the one or more
parameters may include one or more of: temperature, reagent volume(s), reagent conceniration(s)
and/or amount, reaction time, mixing amount and/or time, etc,

{0029} In general, the apparatuses and methods described herein may be configured to
automatically adjust so that an accurate concentration may be determined. For example, the
methods and apparatuses described herein may be configured to prevent saturation, for example

where minimal UV light is absorbed by the therapeutic polynuclectide, improve the limit of



WO 2024/035754 PCT/US2023/029796

detection when the concentration is too high, low sensitivity or reduced background notse, e.g |
i which absorption by the walls of the UV measurement chamber (first and/or second layers).
For example, modulating the light power, detector sensitivity or in some methods and
apparatuses serial dilutions of the therapeutic polynucleotide may be made to generate a graph of
the absorption by dilution. Thus, any of these methods may include determining the
concentration of the therapeutic polynucleotide may include performing serial dilutions within
one or more chambers of the cartridge under the control of the microfluidic duver apparatus and
repeating the steps of driving the sample solution of the therapeutic polynucieotide for each of
one or more dilutions formed by the serial dilutions to generate a dilution curve. Further,
estimating the concentration of the therapeutic polynuclectide may comprise estimating the
concentration of the therapeutic polyrucleotide from the dilution curve.

{0630} In any of these methods, estimating the concentration of the therapeutic
polynuclectide may comprise changing one or more of the sensitivities of a UV detector and the
intensity of a UV emitter (e.g., UV light source) of the microfluidic driver apparatus in response
to the second absorption measurement through the cartridge. The method or apparatas may
wnclude automatically adjusting etther or both the sensitivity of a UV detector and the intensity of
a UV emitter based on the detected absorption measurement of the sample including the
therapeutic polynucleotide. Thus, any of these apparatuses and methods may automatically,
semi-automatically {e.g., with user input) and/or manually adjust the LED intensity based on the
detector reading. In some examples the apparatus of methods may adjust the LED intensity

and/or detector sensitivity during the measurement (on the fly) which may extend the dynamic

range.
0031} Any of the methods described herein may include pretreating the UV measurement

chamber with UV light prior to taking the first absorption measurement through the cartridge. As
described herein, the absorption profile of the material forming the chamber has surprisingly
been found to change with the amount of UV light applied over time. Surprisingly, the
absorption of the cartridge material {e.g., COC, COP, and other polymers) may actually decrease
initially {e.g., within the first 60 minutes, 535 minutes, 50 minutes, 45 minutes, 40 minutes, 35
minutes, 30 minutes, etc.) resulting in an increase in the detection signal. As readings from a
particular cartridge may be short {e.g., within § minutes or less, 4 minutes or fess, 3 minutes ot

less, 2 minutes or less, 1 minute or less, 50 seconds or less 45 seconds or less, 30 seconds or less,
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20 seconds or less, etc ) it may be beneficial to pre-treat the material in order to provide readings
with larger detection signals. Also, the absorption of the materials may increase with further
Gamma irradiation, hence the methods and apparatuses described herein may include features to
improve or increase the transmission through the material, e g, but thinning the materials in the
UV measurement area to iroprove transmission of UV light,

{6032} Any of these methods may also include performing an in vitro transeription (IVT)
reaction to form the therapeutic polynucleotide, and/or generating, in the cartridge, a template for
the IVT reaction. In any of these methods the therapeutic polynucieotide comprises a therapeutic
mRNA. Any of these methods may also include encapsulating the therapeutic mRNA with a
delivery vehicle in the cartridge.

[6633] In general, the microfluidic driver apparatus may oversee the steps of driving the first
sample {e.g., blank)}, driving the second sample {e g., a sample of interest} and driving the third
sample {e.g., a second blank) by pneumatically deflecting one or more regions of a membrane of
the cartridge to open and/or close valves of the cartridge due to the higher pressure on the blank
or sample fluids and/or by creating vacuum in the UV measurement chamber before opening the
valves. For example, the method may include having the microfluidic driver apparatus
pneumatically deflect one or more regions of the membrane of the cartridge to drive the first
blank solution, the second blank solution and/or the sample solution into the UV measurement
chamber.

0034} For example, a method for manufacturing a polynucleotide using a microfluidic
driver apparatus operating on a cartridge may include: forming, in a cartridge, a therapeutic
polynuclectide, wherein the therapeutic polynucleotide comprises a therapeutic mRNA,
determining, by the microfluidic diiver apparatus, a concentration of the therapeutic mRNA by
driving a first blank solution into an ultraviolet (UV) measurement chamber of the cartridge and
taking a first absorption measurement through the cartridge, driving a sample solution of the
therapeutic polynucleotide into the UV measurement chamber of the cartridge and taking a
second absorption measurement through the cartridge, driving a second blank solution into the
UV measurement chamber of the cartridge and taking a first absorption measurement through the
cartridge, and estimating a concentration of the therapeutic polynuclestide from the first, second

and third absorption measurements; and adjusting, in a processor of the microfluidic driver

10
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apparatus, the operation of the microfluidic driver apparatus based on the estimated
concentration of the therapeutic polynucleotide.

6635} Also described herein are apparatuses (e.g., systems}, which may include microfhidic
driver apparatuses, configured to perform these methods. Any of these systems may include
software, hardware and/or firmware for performing these methods. In particular, any of these
systems may include a controlier with control circuity, including one or more processors, for
coordinating the actions {and performing these methods) described herein, including in particular
estimating the concertation of the therapeutic polynuclectide. Any of these controllers may
include non-transitory computer-readable storage medium storing a set of instructions that may
be performed by the system.

06036} For example, described herein are systems for forming and/or manufacturing a
polynucieatide, or in some exanmples for forming a therapeutic polynucleotide | such as (but not
Hmited to) a therapeutic mRINA. Any of these systems may include: a cartridge mount; a
plurality of pressure lines; a plurality of fluidic lines, each coupled with or configured o couple
with a fluid source, wherein each fluidic line and at least a subset of the pressure lines are
configured to be secured to inlet or outlet ports on a cartiidge held in the seating oount; an
ultraviolet (V) light source; a UV light detector; and a controlier configured to control the
application of pressure through the pressure lines to drive fluid through the cartridge, wherein the
controtier is further configured to direct the formation of a therapeutic polynucleotide in the
cartridge, and to estimate a concentration of the therapeutic polynucleotide by driving a first
blank solution through a UV measurement chamber of the cartridge and taking a first absorpticn
measurement using the UV light source and UV light receiver, driving a sample solution
including the therapeutic polynucleotide through the UV measurement chamber of the cartridge
and taking a second absorption measurement using the UV light source and UV light receiver,
and driving a second blank sohution though the UV measurement chamber of the cartridge and
taking a third absorption measurement using the UV light source and UV light receiver, further
wherein the controller is configured to estimate the concertation of the therapeutic
polynucieotide from the first, second and third absorption measurement,

{6637} The controller may be further configured to modify the operation of the system based
on the estimated concentration of the therapeutic polynucleotide. For example, the controlier

may be further configured to compare the estimated concentration of the therapeutic

11
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polynucieotide to 3 concentration range and, based on the comparison, to direct the therapeutic
polynucieotide for one of pooling with one or more additional batches of therapeutic
polynucigotide formed in the cartridge, waste, or further analysis. The controlier may be
configured to dilute the therapeutic polynucleotide to a standard concentration for output. In
some examples the controller is configured to automatically adjust one or more parameters of the
formation of the therapeutic polynuclectide based on the estimated concentration of the
therapeutic polynucleotide. The one or more parameters may include one or more of’
temperature, reagent volume, reagent concentration, time, and mixing.

0038} The controller may be further configured to perform serial dilutions within one or
more chambers of the cartridge and repeat the steps of driving the sample solution of the
therapeutic polvnuclectide for each of one or more dilutions of the sampie solution of the
therapeutic polynucleotide formed by the serial dilutions to generate a dilution carve. The
controtler may be configured to estimate the concentration of the therapeutic polynucleotide
from the dilution curve. Alternatively, or additionally, the controller may be configured to
change one or more of the sensitivity of the UV detector and the intensity of the UV light source
0 response to the second absorption measurement through the cartridge.

{8039} The controller may be configured to pretreat the UV measurement chamber with UV
Hght prior to taking the first absorption measurement through the cariridge.

{0640} The controller may be further configured to form the therapeutic polynucleotide
comprises performing an in vitro transcription (IVT) reaction to form the therapeutic
polynucleotide. In some examples the controller is further configured to generate, in the
cartridge, a template for the IVT reaction. In general, the therapeutic polynucleotide may be a
therapeutic mRNA. The controller may be configured to encapsulate all or a portion of the
therapeutic mRNA withing a delivery vehicle.

{00641} The controller may be further configured to pneumatically deflect one or more
regions of a membrane of the cariridge to open and/or close valves of the cartridge when driving
the first blank, driving the second blank and driving the third blank. In some examples the
controtier is further configured to pneumatically deflect one or more regions of the membrane of
the cartridge to drive the first blank solution, the second blank solution and/or the sample
solution into the UV measurement chamber. In some examples the driving force could be applied

by providing pressure on the upstream sample and blank lines or through a vactium suction in the

12
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UV chamber that draws {(e.g., “sips”) sample material {e.g

the UV chamber,

., sample of interest and/or blank) in
00421 In general, the sysiems described herein may be configured to include one or more
cartridges and a microfluidic driver apparatus. For example, a system may include: a cartridge,;
and a microfluidic driver apparatus comprising: a cartridge mount; a plurality of pressure lines; a
plurality of flwidic lines, each coupled with or configured to couple with a fluid source, wherein
each flindic ine and at least a subset of the pressure lines are configured to be secured to inlet or
outlet ports on a cartridge held in the seating mount; an ultraviolet (UV) light source; a UV light
detector; and a controller configured to control the application of pressure through the pressure
lines to drive fluid through the cartridge, wherein the controller is further configured to direct the
formation of a therapeutic polynucleotide, further wherein the controller is configured to
estimate a concentration of the therapeutic polynucleotide by driving a first blank solution
through a UV measurement chamber of the cartridge and taking a first absorption measurement
using the UV light source and UV light recetver, driving s sample solution including the
therapeutic polymclectide through the UV measurement chamber of the cartridge and taking a
second absorption measurement using the UV Hight source and UV light receiver, and driving a
second blank solution though the UV measurement chamber of the cartridge and taking a third
absorption measurement using the UV light source and UV light receiver, moditying the
operation of the microfluidic driver apparatus based on the concertation of the therapeutic
polyrucieotide determined from the first, second and third absorption measurement.

[00643] All of the methods and apparatuses described herein, 10 any combination, are herein

contemplated and can be used to achieve the benefits as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
{00644} A better understanding of the features and advantages of the methods and apparatuses
described herein will be obtained by reference to the following detailed description that seis forth
Hiustrative embodiments, and the accompanying drawings of which:
{0045} FIG. 1 schematically iflustrates a UV measurement of a polynucleotide matenial
within a UV measurement region of a cartridge by a microfluidic driver apparatus including a

UV light source and a UV detector.
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[0¢46] FIG. 2A illustrates one example of an apparatus including a microfluidic driver
apparatus control system as described herein, which may be configured to determine
polynucigotide concentration and modify activity of the microflnidic driver apparatus based on
the determined concentration.

[0047] FIG. 2B schematically illustrates one example of a microfluidic driver apparatus
control system that may be used as described herein.

{6648} FIGS, 34-3C illustrate example of cartridges for a microfluidic driver apparatus as
described herein.

[0049] FIG. 4A is a section through a portion of one example of a cartridge for use with a
microthuidic driver apparatus.

(0050} FIG. 4B 15 an enlarged view of a UV measurement region of a cartridge.

0651} FIG. 5 schematically ilustrates an example of 2 UV measurement region of a
cartridge.

{80652} FIG. 615 a graph showing the UV transmiitance of materials forming an exemplary
cartridge before and after Gamma irradiation.

D053} FHG. 7 1s a graph of the change 1u detection signal over time for an exemplary
maierial of a cartridge under extended UV exposure.

0034} FIG. 8 is an example of a dilution curve {(graph) as described herein.

[6655] FIG. 9 schematically ittustrates one example of a portion of a cartridge including a
UV measurement region.

[00656] FIG. 10A is a top view of an example of a cartridge for a microfluidic driver
apparatus that may include a UV measurement region.

0657} FIG. 10B is an example of a section through one region of an exarple of a cartridge
including a UV measurement region.

{00658} FIG. 10C illustrates one example of a portion of a cartridge for a microfluidic driver
apparatus schematically showing a vacuum cap for bubble removal.

[0059] FIG. 10D is a top view of an example of a cartridge (“biochip”) including a UV
measurement chamber.

{0060} FIG. 10E is another example of a top view of a cartridge including a UY

measurement chamber.

14



WO 2024/035754 PCT/US2023/029796

jeest] FIGS. 11A-11B show a partial view of a cartridge including a UV measurement
region.

6662} FIG. 128 is an enlarged view of the UV measurement region of FIG. 11A.

0063} FIG. 12 schematically illustrates a method of processing a polynucieotide and
including using a UV absorption measurement that may be used to estimate a concentration of
the polynucleotide and/or may be used to modify processing of the polynucieotide.

0064} FIGS. 13A and 13B illustrate another example of a UV measurement chamber.
{0065} FIG. 14 schematically tllustrates one example of a microftuidic apparatus including
subsystem for determining polynucleotide concentration.

{0066} FIGS. 15A and 158 are graphs showing the range of intensity adjustment of an
example of a UV light source (FIG. 15A) and resulting light intensity (FIG. 15B).

(0667} FIGS. 16A and 168 illustrate an examples of UV detection of concentration using an
apparatus as described herein. FIG. 16A is a graph showing detected signal {measured as voltage
output from the UV detector) for a blank, a first sample, a blank, a third sample, a fourth sample
and a blank. FI1G.16B is a graph showing a comparison between a standard concentration
detection system and a system as described herein.

{3068 FIG. 17 depicts a top plan view of another example of a cartridge including a UV
measurement chamber,

{6669} FIG. 18 depicts an enlarged top plan view of a region of the cartridge of FIG. 17.
0076} FIG. 19 depicts a flow chart illustrating an example of a method that may be used to
evaluate limiis of quantitation.

0671} FIG. 20 depicts a top plan view of an example of a backscatter shield.

{00672} FIG. 21 depicts a cross-sectional side schematic view of an arrangement including a
cartridge with the backscatter shield of FIG. 20 during a UY measurement process.

{8673} FIG. 22 depicts a cross-sectional side schematic view of an arrangement including a
cartridge with another example of a backscatter shield during 2 UV measurement process.
0074} FIG. 23 depicts a flow chart iflustrating an example of a method that may be used to

account for bubbles in fluid in a UV measurement chamber.
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DETAILED DESCRIPTION
0075} The apparatuses and methods described herein may be used to make and/or process
polynucigctides, and in particular therapeutic polynucieotides, such as therapeutic mRNAs.
These method and apparatuses may measure the concentration of RNA or DNA as part of an
integrated, closed-path system and the resulting concentrations may be used to modify the
processing of the polypeptide. Light absorption, and specifically ultraviolet (UV) transmission
through a UV measurement reglon of a closed cariridge may be used to estimaie the
concentration of a polynucleotide within the closed cartndge. The cartridge may be adapted to
have a narrow path length and optimize the signal trom absorption of UV light by the
polynucieotide sample. Also described herein are microfluidic driver apparatuses for operating
on these cartridges. These systerns may control operations within the closed cartridge for
forming and/or processing {e g, compounding) therapeutic polynuclectides, including
determining the concentration of the therapeutic polynuclectide at various stages of the in-
cartridge processing, and further including using the concentration data, either directly or based
on the UV absorption date proportionate to the concentration of the therapeutic polynucleotide,
to control operation of the microfluidic driver apparatus on the cartridge.
{8076} In general, the methods and apparatuses described herein may use UV absorbance
techniques to measure polynucleotide {e. g, RNA, and/or DNA) concentrations on the cartridge.
These techniques may compare the levels (in some examples, the ratio) of the transmitted UV
fight at a wavelength between about 250-270 rnm (e.g., centered at about 260 nm) from a
polynucleotide sample (e.g., a sample of a therapeutic polynucleotide) to one or more “blank”
solution taken immediately before, immediately after, or both. Based on the absorption of UV
Hight by polynucleotides, and on the pathlength of the UV light through the fluid (e.g., the sample
or blank}, the apparatus or method may determine the concentration of the polynuclectide.
{8677} These apparatuses (and associated methods) are particularly compact and may use
readily available and easy-to-manufacture materials, including polymeric materials {e.g,,
plastics) that themselves absorb UV light. These methods and apparatuses may also tightly
control the path length, and the path length (“critical path length”) may be relatively small {e g,
I mm or less, eg, 0.5 mm, 0.4 mm, 0.2 mm, 0.1 mm, etc.}, allowing for sampling of very small
voluroes while achieving high accuracy and extended dynamsic range. These methods and

apparatuses may also adapt to a large dynamic range of concentrations and noise levels by
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adjusting the ditution of the sample and/or by adjusting the intensity of the UV light source
and/or the sensitivity of the UV detector. This adjustment may be done automatically, semi-
automatically, or manually. In general, these methods and apparatuses may use a cartridge that is
disposable or limited-use, with a durable/reusable microflundic driver apparatus that operates on
the cartridge. However, any of these technigues may be adapted for use with a reusable cartridge
and/or a cartridge-less system that integrates the features of the cartridge into the microfluidic
driver apparatus.

0078} In any of these methods and apparatuses, the sample (e.g., the polynucleotide sample)
may be microfluidically driven to a UV measurement chamber that minimizes the amount of
UV-absorbing material (e.g., plastic) in the light path while stili being made from a relatively UV
absorbing material. The measurement chamber may set the critical path length of the light
through the sample, which may be fixed. A UV light source and detector may be positioned on
either side of the measurement chamber when the cartridge is seated in the microfluidic driver
apparatus. The light path may be perpendicular to the cartridge. For example, FIG. |
schematically tllustrates an example of a microfluidic driver apparatus 102 operating on a
cartridge 105, The microfluidic driver apparatus wocludes a UV hight source {e.g, UV LED 101
that is positioned above the cariridge 105, and a UV detector 103 positioned directly under it.
Alternatively, or additionally a fiber optic may be used as one or both of the detector and emitier
{light source} to transmit and collect light. The light source transmits a UV light beam 111 that
may be configured to contact a detection region within the measurement chamber 107, In any of
these examples the light source and detoctor may be spaced apart so that the beam {which in
some examples is conical but may be collimated) interrogates just a defined region of the UV

measurement region, so that the volume of sample in the short light path is known by the system.

Apparatus

{0079} The methods described herein may generally be performed using an apparatus that
may be used with and/or may include one or more cartridges (e.g., biochips), and a system {(e.g,
a microfluidic control system) that is configured to countrol operations in the cartridge. These
microfluidic control systems may be referred to herein as microfluidic apparatuses, microfluidic
control apparatuscs, microfluidic driver apparatus control system, microfluidic control systems,

or microfluidic systems. A cartridge may be placed within the microfluidic controf system and
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may operate in a closed path manner that prevents exposure of the component parts of some, or
more preferably nearly all or all of the manufacturing components within the systern to the
atmosphere. In particular, the portions of the apparatus that contact the fluid(s) within the system
are prevented from exposure to atmosphere. FIG. 2A shows one example of a microfluidic driver
apparatus control system that includes: a microfluidic driver apparatus management system 203
{including hardware for holding the cartridge, applying positive/negative pressure {o operate
microfluidic operations tu the cartridge, heating/cooling all or regions of the microfluidic driver
apparatus, detecting one or more features from the cartridge and/or recording operations
performed on the one or more cartridges), a controller (not shown), and a refrigerated container
205 {e.g., an ISO class 5 cabinet). This system may be used or may include one or more cartridge
201. These cartridges may be any of the cartridges described herein, any of which may include
one or more UV measurement regions.

0080} A microfluidic apparatuses may be microfluidic apparatuses for forming a therapeutic
polynucieotide {e.g., an mRNA therapeutic). The apparatus ray include: a mouunt for removably
holding a cartridge, a plurality of pressure lines; a plurality of fiuid vials, wherein each fluid vial
either comprises a fluidic bine or is configured to couple with the fluidic line, wherein each
fhudic line and at least a subset of the pressure lines are configured o be biased against the
cartridge held in the seating mount to form a closed flurd path; and a conirolier configured to
control the application of pressure through the pressure lines to drive fluidic movement in the
cartridge when the cartridge is held in the mount, wherein the controlier is configured to direct
the synthesis of a synthetic template, direct an in vitro transcription {IVT) reaction using the
terplate to form a therapeutic polynuclectide, and estimate the concentration of therapeutic
polynucleotide, and/or direct purification of the therapeutic polynuclectide in one or more
cartridges held in the seating mount. Any of these apparatuses may include an optical or UV
concentration detection sub-system including one or more UV light sources and one or more UV
detectors that are configured to be positioned over a UV detection region of 2 cariridge when the
cartridge is held by or seated in the apparatus.

{0081} A microfluidic apparatus {e.g., a microfluidic apparatus for forming a therapeutic
polynucleotide, such as a therapeutic mRNA) may include: a mount {e.g., a seating mount} for
removably holding a cartridge; a plurality of pressure lines; a plurality of fluid vials, wherein

each fluid vial either comprises a fluidic line or is configured to couple with the fluidic line,
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wherein each fhuidic Hine and at teast a subset of the pressure lines are configured to be biased
against the cartridge held in the seating mount to form a closed fluid path; and a controller
configured to control the application of pressure through the pressure lines to drive fluidic
movement in the cartridge when the cartridge is held in the seating mount, wherein the controller
is configured to determine the coutents of the fluid vials, transfer sub-raicroliter amounts of
material from the fluid vials to one or more reactors in the cartridge held in the seating mount,
direct the synthesis of a synthetic template, direct an in vitro transcription (IVT) reaction using
the template to form a therapeutic polynucleotide, direct purification of the therapeutic
polynucieotide in one or more microfluidic driver apparatuses held in the seating mount and
detect a concentration of the therapentic polynucleotide and/or modulate the activity of the
apparatus based on the concentration.

{0682} The controller may be configured to perform any of the method described herein, an
in particular may be configured to receive inputs (e.g., optical input, pressure input,
teroperature/thermal wnput, UV absotption input, etc.) and process the input o control roovement
of fluid in the microfluidic driver apparatus, temperature (including thermocyeling} of various
regions of the microfluidic driver apparatus, nusing/combining, opening/closing of vaive of the
microfividic device, detection of the microfluidic device, etc. The controller may include one or
MOre MICroprocessors, communication circuitry, memory, etc. The controller may comprise
firmware, hardware and/or software.

0083} Any of these apparatuses may include a one or more (e g, a plurality) of optical
sensors arranged around the seating mount and reagent storage frame to monitor fluid levels
within the reagent storage frame and fluidic movement in the microfluidic driver apparatus when
the microfluidic driver apparatus 1s seated in the seating mount. Alternatively, or additionally,
the optical sensor(s) may be present on the bottom of the apparatus {e.g., beneath the seating
mount) and may be directed upwards to detect fluid amounts, movement, etc ).

{0084} As shown in FIG. 1, any of these apparatuses may include a UV detection sub-system
including a UV light source and UV detector.

[0085) The methods and apparatuses described generally include one or more thud power
circuits to move material (liquid material) between the fluid chambers (depots, liquid-contacting
sides, reactors, etc. ) and channels of the microfluidic driver apparatus or within the microfluidic

driver apparatus, and in some cases between the microfluidic driver apparatus and the fluid
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depots {vaiis, boities, containers, etc } within the apparatus. A fluid power circuit may be a
hydraulic or pneumatic circutt that may include the microfluidic device, and in particular one or
more pressure channels and pressure-receiving sides of the chambers in a microfluidic device.
The fluid power circuits may also be referred to as microfluidic power circuits. A single
microfluidic chip may include multiple fluid power circuits; the fluid power circunits may also
inciude one or more pressure lines and the interface between the pressure lines of the
microfluidic control apparatus and the one or more microfluidic chips within the microfluidic
driver apparatus. One or more fluid power circuits may share components (valves, pressure lines,
vacuum caps, etc. ) with other, overlapping fluid power circuits. Furthermore, for the same of
convenience, it should be understood that where the term “pneumatic” is used, a general fluid
power circuit {e.g., hydraulic and/or pneumatic) may be used instead or additionally. The fluid
material being driven by the fluid power line may be any appropriate fluid (e.g., gas or liquid,
such as air, water, o, etc.).

{0086} Also described herein are cartridges for processing therapeutic polynucleotides in a
closed path {e.g., closed-path microfluidic driver apparatuses}. As mentioned, these cartridges
may be referred to herein as microfluidic chips, microfluidic path plate, process chips, biochips,
process plates, etc. In general, the cartridges may be substantially tiaf plate-like structures; these
structures may be relatively thin {e g, less than a few mm thick, e g, between about 0.5 and
about 20 mm thick, between about 0.5 and about 15 mum thick, between about 0.5 and about 10
mm thick, etc.). The cartridges described herein may generally be at least partially transparent,
and in particular, may be transparent on the top of the cartridges, so that one or more optical
sensors {cameras, CCD, fiber optics, etc.} may be used to sense, detect, monitor, record, etc.
action, including fluid movement and/or movement of the elastic layer, with the microfluidic
driver apparatus as it is used by the microfluidic apparatuses described herein.

{0687} FIG. 2B is a schematic tHustration of one example of a microfluidic driver apparatus
control system that may be used as described herein. In this example, the apparatus includes a
housing 233 enclosing a mount 215 which can hold one or more cartridges 211, which may be
single use devices. The housing may be a chamber, enclosure, or the like, which may include a
fid or opening; when closed it may be sealed. The housing may enclose a thermal regulator

and/or may be configured to be enclosed in a thermally regulated environment (such as a
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refrigeration unit, ete.). The housing may form an aseptic barrier. {n some examples the housing
may form a humidified or humidity-controlled environment.

00881 The mount 215 may be configured to secure the cartridge using one or more pins or
other components configured to hold the carinidge in a fixed and predefined orientation.

[0089] In some examples, a thermal control 213 ray be located adjacent to the mount 215,
to moduiate temperature 1o the one or more cartridge 211. The thermal control may include a
thermoelectric component {e.g., Peltier device) and/or one or more heat sinks for controlling the
temperature of all or a portion of the cartridge. In some examples, more than one thermal control
may be included, for separately regulating the temperature of one or more regions of the
cartridge. The thermal control may include one or more thermal sensors {e.g., thermocouples,
ete.) that may be used for feedback control of the microfluidic driver apparatus and/or thermal
control.

0030} In FIG. 2B, a fluidic interface assembly 209 couples the liquid reagents and/or
pressure {e.g., gas) with a cartridge 211 held iu the seating mount 215, and may assist in delivery
of fluidic materials as well as positive /negative gaseous pressure, fron: the pressure source 217,
to the interior of the cartridge 211, The fluid interface assembly may optionally assist in securing
the cartridge(s}, as described in greater detail below. The fluid interface assembly may be
removable coupled to the apparatus (and may be removed or a portion may be removed) for
stertlization between uses.

0091} A reagent storage frame 207 may be configured fo contain a plurality of fluid sample
holders, cach of which may hold a fluid vial configured to hold a reagent {¢.g., nucleotides,
solvent, water, etc.} for delivery to the cartridge 211 or, alternatively, a fluid vial may be
configured to receive a product from the interior of the cartridge 211. The reagent storage frame
may be referred to as a reagent rack. In some examples, the reagent rack includes a plurality of
pressure lines and/or a manifold configured to divide one or more pressure sources 217 into a
plurality of pressure lines that may be applied to the cartridge and may be independently or
collectively (in sub-combinations) controlled. Alternatively, the fluid depots (vials, ete.) may be
configured to directly secure and seal against the cariridge (s).

{06092} The fluid interface assembly may include a plurality of fluid lines and/or pressure
fines and may include a biased (e.g., spring-foaded) holder or tip that individually and

mdependently drives each fluid and/or pressure line to the cartridge when it is held in the mount
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215 {or, as mentioned, alternatively the device may directly be spring-mounted} The tubing e g,
the fluid lines and/or the pressure lines, may be part of the fluid interface agsembly and or may
connect to the fluid interface assembly. In some examples the fluid lines comprise a flexible
tubing that connects between the reagent storage frame, via a connector that couples the vial to
the tubing in a focking engagement (e.g., ferrule) and the cartridge. The ends of the fluid paths,
in some examples the ends of the fluid lines/pressure lines, may be configured to seal against the
cartridge, e.g., at a sealing port formed in the cartridge, as described herein. For example, the
ends of the fluid lines may cut or formed 1o be flat (perpendicular inside view). The vials may be
pressurized {e.g., > about 1 atm pressure, such as about 2 atm, about 3 atm, about § atm, etc.} to
via the connector which may also connect to the pressure source. For example, the fluid vials
may be pressurized to between about 1 and about 20 psig (e.g., about 5 psig, about 10 psig, about
20 psig, etc ). Negative or positive pressure may be applied; for example, a vacuum (e.g., about -
7 psig or about 7 psia) may be applied to draw fluids back into the vials {e.g., the depots) at the
end of the process. fn general, the fluid vials may be driven at lower pressure than the pneumatic
valves, which may prevent or reduce leakage. In some examples the difference in pressure
between the fluid and pueumatic valves may be between about 5 psi (e.g., about 7 pst, about 10
psi, about 12 psi, about 15 psi, about 20 psi, etc.).

8093} Each vial may be coded (e.g., by an identifier that may be read by one or more
sensors, as described below). The controlier may monitor the fluid level and therefore the
amount of each material in the fluid interface assembly.

[6094] The apparatus may also wclude a magunetic field applicator 219, which may be
configured to create a magnetic field at a region of the cartridge 211, One or more sensors 205,
which may be optical sensors, may be part of the apparatus, and may sense one or more of a
barcode, a fluid level within a fluid vial held within the reagent storage frame, and fluidic
movement within the cartridge 211 when the device 1s mounted within the mount 215,

{0095} Any of these apparatuses may include 3 UV emitting/detecting subsystem (e g,
concentration estimation sub-systern 233) which mmay make measurements of the absorption of
UV light (e.g., at about 260 nm}) and may control process on the device based on these
measurements, e.g., by measuring one or more ‘blanks’ without polynucleotides and comparing
to & sample with the processed polynucleotide. In some examples visual/optical markers may be

used to estimate vield. For example, fluorescence may be used to detect process yield or residual
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material by tagging with fluorophores. Alternatively, or in addition, dynamic light scattering may
be used to measure particle size distributions within a portion of the microfluidic driver
apparatus {e.g., such as a mixing portion}. In some examples, the sensor measurements may be
done using one or two optical fibers to convey light {e.g., laser light} in and detect an optical
signal coming out. An instrument package may be mounted remotely from the device. Such non-
contact sensing may be preferred.

3696} In any of the methods and apparatuses described herein, the sensors {e.g., video
sensors) may record all activity on the cartridge (e.g., chip). For example, an entire run for
svnthesizing and/or processing a material {such as a therapeutic RNA) may be recorded by one
or more video sensors, including a video sensor that may visualize the cartridge, e.g., from
above. Processing on the cartridge may be visually tracked and this record may be retained for
fater quality control and/or processing. Thus, the video record of the processing may be saved,
stored and/or transmitted for subsequent review and/or analysis.

{0697} The tnternal pottion of the apparatus, e.g., within the housing 233, ray be further
configured to be sterilizable. In particular, portions of the apparatus may be removed and
wdividually sterilized. Stertlization may be performed, e.g., by UV irradiation, or any other
method of sterifization that may be required to limit contamination or to meet regulatory
requirermnents. The apparatus including the housing may be housed within a High Efficiency
Particulate Air (HEPA) filtered environment. The apparatus including the housing may be
housed within a temperature controlled enclosure. In addition, the apparatus itself may include
one or more regions that are temperature controlied. To any of the apparatuses described herein,
the apparatus may include (e.g., within the housing} a temperature controtled region for storing
reagents and/or for storing mRNAs (e.g, therapeutic mRNAs), e.g., at a storage terperature
{e.g., a temperature between about -10 degrees C and about 20 degrees C, such as about 10
degrees C, about 4 degrees C, about -10 degrees C, etc.). Any of these apparatuses may inchude a
fibrary of manufactured mRNAs that may be compounded individually or in combination with
one of more additional mRNAs and a delivery vehicle.

{0098} As mentioned above, the microfluidic driver apparatus controller sysiem may be
controlled by controller 221, including to apply pressure through the cartridge 211 to at least

drive fluidic movernent. The controtler may be completely or partially outside of the housing.
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The controlter may be configured to include user inputs/outputs. For example, the user interface
223 of the system may permit easy operation and direction of the apparatus and cartridge(s).
00991 Any of the apparatuses described herein may include all or some of the components
shown in FIG. 2B; not all components may be necessary. In FIG. 2B, only some of the
connections between components are shown; additional {or alternative) connections may be
used.

{0160} A mierofluidic driver apparatus control system may support all the production
activities inside the microfluidic driver apparatus such as supply of reagents, fluid control,
temperature control, mixing, purification and process monitoring. Manufacturing activities on
the microfluidic driver apparatus control system may be accessed and controiled through
application software.

0101} The cartridge may be configured to include one or more reactors for the
manufacturing operations which are performed to precisely prepare a therapeutic {(e.g., 2
therapeutic mRNA) material. The same microfluidic driver apparatus may operate on one or
more cartridge, either in series and/or in paraliel, and without interrupting the continuous-path
nature of the rucrofluidic driver apparatus control system. For example, when manufacturing a
therapeutic using multiple processing operations performed in muliiple reactors using multiple
cartridges, the fluid product(s), including partial products from one cartridge may be transferred
to one or more additional cartridge in a closed-path manner by the apparatus, including by
moving fluid containing the cartridge product(s) into a storage depot portion of the microfiuidic
driver apparatus control device.

01024 Each cartridge may be configured to include one or more reactors for processing
during the manufacturing processes. For example, FIGS. 3A-3C illustrate three examples of
cartridge. These examples illustrate three distinet types of cartridge: a template cartridge (FIG.
3A), an in vitro transcription {IVT) cartridge (FIG. 3B) and a formulation cartridge (FIG. 3C).
Each of these cartridge examples may be configured to include features to perform a set of unit
operations in a controlled and highly reproducible manner.

{0103} In some examples, a cartridge may be configured as mulitilavered structure composed
of two more rigid layers with a flexible membrane sandwiched between the two ridged layers.
FIG. 4A iHustraies a sectional view (transverse to the plane of the cartridge) through one

example of a cartridge having multiple layers that form the reactors for processing the
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therapeutic as described herein. The reactors may include seals, channels, valves, and chambers,
mchuding pumping chambers formed from the multiple layers. For example, a cartridge may be
formed of two or more rigid or semi-rigid plates 403, 405 and at feast one elastic layer 407, The
elastic fayer 407 may be a sheet of elastic matenial that is liquid impermeable. The elastic layer
may be somewhat gas permeable or may be treated to be more or less gas permeable, including
in varicus regions. Although a single continuous sheet of elastic material may be used, in some
examples roultiple elastic materials sheets may be used, or the ‘sheet” may be formed of sections
of multiple sheets. The layers and the elastic sheet may be laminated together. In general,
chambers for holding, valving and/or purnping fluid may be formed in the plates on etther side of
the elastic layer so that the elastic laver bisects the chambers into a liquid containing side and a
pressure {€.g., gas) applying side. The overall volume of charuber(s) may be constant and may be
formed into both the first (e g, upper) plate and the second (e 2., lower) plate, but this volume
may be divided into the pressure side and the liquid side. By applying positive or negative
pressure into the pressure side, the elastic sheet may be deformed to make reduce (dowu to zero,
closing the chamber off) the volume of the liquid containing side or to increase the volume of the
Haquid containing side (to a predetermined maximum). The pressure applying side of the chamber
may be connected, e.g, via a pressure pori 443 1n the upper plate (first layer) 403 connecting to a
pressure channel 447, for applying negative or positive pressure to the pressure-receiving side
419 of one or more chambers. The liquid containing side 417 opposite the pressure-applying side
of each chamber may be connected via a fluid channel 421 to a fluid port 423 Both the fluid port
and the pressure port may be formed by an opening into the upper plate (upper layer) 403 and the
elastic layer 407, allowing a sealed connection that is isolated from the atmosphere even when
there are multiple different input lines as the pressure line is pushed into the elastic layer 407 that
is supported on the underside of the port by the oppostte rigid or semi-rigid layer(s}, 405.

{0104} In FIG. 4A, the cartridge 400 includes a first {e.g., upper) layer (in this example, a
plaie} 403 having a first (e.g., top or upper} surface 411 and a second (bottom or lower) surface
429 and a thickness between the two. The first surface 411 may form an exposed outer surface.
The cartridge also includes a second layer (e.g., plate} 405 having a first {e.g., upper or top}
surface 431 and a second (e.g., lower or bottom) surface 433 and a thickness therebetween. An

elastic layer 407 is sandwiched between the second surface 429 of the first plate 403 and the first
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surface 431 of the second plate 405, The layers shown in FIG. 4A may not be to scale {e.g, the
elastic layer 407 may be thinner relative to the plates).

0105} The cartridge 460 shown in FIG. 4A may also include a plurality of chambers 415,
416, 420 each having a fixed volume. These chambers are formed by cut-out regions {e.g,,
rounded/curved cuts) into the second (bottom) surface 429 of the first plate 403 and the first
{upper) surface 431 of the second plate 405; the elastic layer 407 bifurcates these chambers 415
s0 that each wacludes a liquid containing side 417 and a pressure {¢.g., gas coutaining) side 419,
The cartridge 400 may also include multiple Liquid (e g, fluid) channels. In FIG. 4A, a single
fluid channel 421 1s shown extending from a fluid port 423 passing through the thickness of the
first plate 403, to a fluid channel opening 425 through the elastic layer 407 and through much of
the thickness of the second plate 405 down to the bottom region 433 of the second plate where a
fength of the liquid channel 421 running parallel to the bottom surface of the third plate is
formed.

[8106] 1o regard to the fluid port 423, the diameter of the opening into the first plate 403
forming the fluid port 423, which extends through the thickness of the first plate, may be larger
than the diaroeter of the fluid channel opening 425 which extends through the elastic layer 407
and into the hquid {e.g., fluid} channel 421, The fluid channel opening 425 may be centered
relative to the bottom of the fuid port opening and may be offset from the walls of the fluid port
opening by at [east the expected wall thickness of the fhuid line or fluid line coupling interface
that will connect to the fluid port.

8107} The fluid channel 421 conuects to the liquid containing side 417 of a first chamber
415, This first chamber may be configured as a valve, which has a relatively low retaining
volume (fixed volume) but can be fully opened or closed by the moovernent of the elastic layer
407,

{0108} The cartridge 400 also includes a plurality of pressure channels that may be
mdependently controlled to apply positive and/or negative pressure. In FIG. 4A, a single pressure
port 443 ts shown, connected to the fourth chamber 420, although each of the chambers 415, 416
may be connected to a separate pressure port and pressure channel for independently operating
and controlling the movement of the portion of the elastic layer 407 bifurcating these chambers,
to valve, and/or pump each chamber independently. In some examples the pressure ports may be

shared between multiple chambers. In F1(G. 4A the pressure {e.g., gas) port 443 is similar to the

3
O
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fluid (e g, Hauid) port 425, and includes an opening completely through the first plate 403, down
to the exposed elastic layer 407, to an opening through the elastic layer forming a pressure {e.g.,
gas} channel opening 445, The pressure channel opening 445 is continuous with a pressure {e.g.,
gas) channel 447 that extends from the pressure post 443, passing through much of the thickness
of the first plate 403, and 0 a channel along the second plate and back up through the second
plate and the elastic fayer 407, 10 a region of the pressure channel within the first plate that
connects to the pressure (e.g., gas) containing portion 419 of the fourth chamber 420, As
described for the similar fluid {e.g., iquid) port, the diameter of the pressure port 443 passing
through the thickness of the first plate 403 may be larger than the diameter of the pressure
channel opening 445 through the elastic layer 407, and may be centered or offset by greater than
the wall thickness of a pressure line or pressure line coupling interface that will connect to the
pressure pott

j010%9] In the section through a cartridge 400 shown in FIG. 4A, there are multiple
connections to other fluid (e.g., liquid) lines, fluid ports, pressure lines and pressure ports that are
not shown, as they may be out of the plane shown. For example, in FIG. 4A the liquid containing
side ot portion 417 of the fourth chamber may be connected to additional valves (chambers)
and/or channels, including, e.g., an exit channel extending trom the liquid containing side 417,
An additional chamber {e.g., configured as a valve), no shown may be formed as described
above. In some examples, an exit channel may deliver fluid from the one or more chamber
through another fluid port {not shown} to a fluid receiving depot, e g, a vial, tube, etc. This
receiving depot may be held in the reagent storage frame.

j01164 In general, this configuration of the microfluidic driver apparatus and the cartridge is
configured so that muitiple, complex operations may be executed by the apparatus on the
cartridge in a fully enclosed (sealed and protected from atmosphere) manner, without requiring
manual intervention. Fluid may be metered using the fixed-volume chambers and moved, mixed,
filtered, etc. by applying preumaiic pressure to deflect regions of the elastic layer.

0111} In some examples, the chambers within the cartridge may be configured as mixing
chambers, for mixing fluid within the cartridge. In some examples the chamber{s} may be
configured as purification chambers, which may include a filter material. In some examples one
or more chambers may be configured as a concentrator for concentrating the therapeutic

material{s).
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{6112} Although the varicus cartridge may have different arrangements of channels, ports
and chambers, they may also share a similar basic architecture and a number of functional
elements that can be used in different configurations to carry out different protocols. Functional
elements include input ports, metering valves, pumps, reaction chambers, mixing structures and
purification siructures, and/or UV sensing regious, as described herein. In FIG 4A the UV
sensing region 493 includes a thin UV measurement chamber 481 and the passage of material
wnto or out of this UV seusing region may be regulated by the controlier using one or more valves
andd by controlling the pressure within these channels.

0113} Any of these cartridge may include one or more bubble removal chambers, or any of
the chambers of the liquid-contacting side of the chamber may be configured as a bubble
removal chamber, in which bubbles within the fluid of the flutd-containing side may be removed.
A bubble removal chamber may be referred to as a vacuum cap; and may generally be
configured to apply negative pressure on the opposite side of the membrane while fluid is held
within the liquid-contacting side of the chamber. The membrane may be at least partially gas-
permeable, as mentioned. FIG. 10C shows an example of a bubble removal chamber. All, or
more preferably a portion 1988 (e.g., just a cap region), of the woembrane dividing the chamber
may be in contact with the vacuum through a vacuum line 1987, e.g., in the upper surface or
upper plate of the device, as shown in FIG. 10C. In operation, the vacuum cap 1938, may remove
or reduce a bubble within the line by holding fuid within the liquid-contacting side of the
chamber and applying a negative pressure on the upper {pressure receiving} side of the chamber.
The membrane dividing the chamber into the liguid-contacting side and the pressure-receiving
side may be gas permeable, so that the negative pressure may remove gas from the liquid
{fluidic) side by drawing gas {e.g., air, nitrogen, etc.} through the membrane overlying the thad
path. For example, the membrane (or the region of the membrane in the vacuum cap may be,
¢.g., PolyDiMethylSilicone (PDMS) elastomer film that is sufficiently gas permeable to allow
remove gas from the liquid side of the membrane. Fluid chambers having a fixed volume (e.g,,
formed between the first plate and the second plate) as described herein may include or be
coupled to one or more bubble removal chambers (vacuum caps} and/or may be configured as
bubble removal chambers. In some examples the portion of the elastic layer disposed between
the first and the second surfaces forming the charober, which divides the liquid-contacting side,

e.g., 1n the second surface (and/or second plate} and a pressure-receiving side in the first surface
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{and/or first plate) may be only minimally (or not at all} deflected. For example, the upper,
pressure-receiving side, may be minimally spaced, and/or nearly flush with the relaxed
membrane {e.g., flat), while the liguid-contacting side is concave and extends into the second
surface {second plate). A controller may hold fluid within the vacuum cap region, e.g , by
blocking valves on etther or both sides (entrance and exit) of the vacuum cap, e.g., by applying
positive pressure to the pressure-receiving side of the valve, and may apply negative pressure to
the pressure-receiving side of the vacuum cap. The absolute awount of negative pressure apphied
(e.g., the magnitude of the negative pressure) may be less than that applied to deflect the
membrane {e.g., less than the absolute value of the positive pressure applied to close the valve,
and/or pump). Aliernatively, in some examples the membrane may be configured to be deflected
{e.g., deflected up), against the first surface and/or plate, e.g., to draw fluid into the enlarged
liquid-coniacting side of the chamber from an input 1989. The membrane may be held by the
applied negative pressure against the first, upper surface, aliowing gas bubbles (e.g., air bubbles)
to be removed. The controller may hold fluid in the vacuum chamber for a period sufficient to
remove all or some gas (e.g., about 1 second or more, about 5 seconds or more, about 10 seconds
or more, about 20 seconds or more, about 30 seconds or more, about | minute or more, about 1.5
minutes or more, about 2 minutes or more, about 5 mimites or more, between about 1 second and
about 3 minutes, between about 2 seconds and about 5 minutes, between about 5 seconds and
about 5 minutes, etc.). In FIG. 10C, the pressure may be applied through the pressure line 1987
in communication with the pressure-receiving sides of the chamber formed between the first and
second surface (e.g., first and second plate) of the device. The vacuum cap 1938 may be valved
by one or more valves 1992, Fluid may exit the liquid-contacting side from a fluid line 1989 at
an opposite side of the vacuum cap.

{6114} The cartridges may interface with the microfluidic driver apparatus control system
through a set of spring-loaded connections for both the reagents, as well as pneumatic lines used
for managing fluid movement and valve control. The reagent and gas lines may be sealed by
pressure against an elastomeric layer embedded in the cartridge that creates a completely sealed
path from reagent vials into the cartridge and from the cartridge to the export vials. The sealed
path may be maintained through all of the reactions inside the cartridge(s), effectively precluding

any contact with the atmosphere and mintmizing the risk of contamination.
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[0115] The microfluidic driver apparatus control systems described herein may provide an
aseptic controlied environment and may include an interface for loading reagents and retrieving
outputs. In any of the apparatuses {e.g., systems) described herein, the apparatus may include an
enclosure that provide a controlied environment; this enclosure may also be placed within a
controtled environment. For example, the enclosed apparatus may be a class 5 environment that
may be placed within a class 7 environment.

{8116} The microfluidic driver apparatus control systems of the microthuidic driver
apparatus(s) and may provide a single-step connection to all the actuators. These control systems
may also scan all the reagents and cartridge dentifiers (e.g., barcodes), and may monitor fluid
levels. In general, these microfluidic driver apparatus control systems may automate all or some
of the microfluidic driver apparatus functions and may generate a visual recording of all process
operations that may be monitored (such as for optical quality control analysis, eg. of
intermediate process outputs), stored, transmitted, or later reviewed.

8117} As mentioned above, a microfluidic driver apparatus control system may include &
microflutdic driver apparatus management system that includes the hardware, such as a nest
{microfluidic driver apparatus holder) that ruay be engineered such that cartridges are correctly
aligned can only be inserted in a single orientation. This may be managed, e.g., through two pins
and/or a notch in the nest that is matched by the shape of the cartridge. The microfluidic driver
apparatus management system {control system} also includes vial racks to hold the reagent and
export vials, a downward looking camera that records all liguid and valve movements, and
product export. Side cameras on rails to capiure barcodes and detect fluid fevels, and a robotic
arm with magnets for bead manipulation. The cartridge is held in place with a vacuum chuck
which ensures good contact with a Peltier device for temperature management. Once the
cartridge is in place, mating with all the connectors is achieved in a single operation by lowering
the top part of the microfluidic driver apparatus management system through a dowel pin guided
system.

0118} FIG. 4B schematically illustrates one example of the UV measurement region of a
cartridge as described herein. In this example, as in FIG. 4A, the cartridge tncludes an upper,
first, layer 403 and a lower, second, layer 405. An elastic material 407 forms a layer between the
first and second layers. The UV measurement region 493 is formed by cutting down the

thickness of the first region 495 to form a first UV measurement region 496 and a second LIV
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measurement region 498 also potentially formed by cutting down the thickness of second layer
494. One or more fluid channels 421 may place the UV measurement chamber 481 in fluid
communication with a source of the therapeutic polynucleotide and/or a scurce of “blank”
solution (e.g., water, buffer, saline, etc.}.

[0119] As shown in FIG. 4B the UV measurement chamber 481 1s formed between the first
fayer and the second layer in a region where the elastic material 407 has been removed oris
absent. Thus, the UV measurement chamber has the same thickness as the elastic layer 407 UV
Hight may pass into the first UV measurement region (cut out region) and through the region of
the first layer thickness 491, then through any matenial, such as sample material and/or bank
material, held in the UV measurement chamber 481, and then out through the region of the
second layer thickness 499 and into the second UV measurement region 489 where the
remaining {non-absorbed} light may be detected.

01204 In the example shown in FIG. 4B the UV measurement region is formed by a cut-
down region in the first plate 496 and a cut-dowan region o the second plate 498, each having
dimensions of approximately 2.5 mm width and depth of approximately 1.3 mm (ina 1.5 mm
thick first layer). The secound layer is a mirror image of the first layer in this example. Thus, the
polymeric material forming the “windows” on each side of the UV measurement chamber 481
has a thickness of about 0.2 mm on each side of the UV measurement chamber. The UV
measurement chamber may hold a known volume and may have a thickness of, e.g., between
about 0.1 mm and 5 mm (e g, between 0.1 and 0.5 mm, ete ).

0121} Becanse the methods and apparatuses described heretn use a technique of measuring &
blank (e.g., a solution that is identical to the solution containing the polynuclectide, only without
the polynucleotide present), the overall transmission of the cartridge is not explicitly needed for
measuring the absorbance. However, the transmission of the cartridge window materials may
have a strong indirect consequence via signal/noise and measurable sample-concentrations. A
UV opaque window could not be used to measure UV transmission. Most microfluidic materials
{e.g., cvelic olefin copolymer, COC, cyclo olefin polymer, COP, and Polydimethylsiloxane,
PDMK} significantly absorb UV at the same wavelengths that the DNA/RNA characteristically
absorb. Thus, in any of these examples, the measurement area (the UV measurement chamber)
may be thinned, e.g., to between about 0.1 and 0.5 mm, etc.. To control the critical pathlength the

fayered structure of the cartridge may be modified. For example, one of the cartridge layers may
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be removed entirely {e g, the elastic fayer) from the UV measurement region. This may be
advantageous, as the thickness of the lavers is typically more tightly controtled than possibie by
machining/molding structures within the fayers. In general, with higher concentrations of sample,
a thinner path length may vield a better measurement {or may make measurement possible), ag
compared to lower concentration samples of interest. For example, for lower concentration
measurements {e.g., when forming the template material for synthesizing a polynuclectide) a
chamber having a substaie with a beight of about Tmir {e.g., reflecting a 1 mm PDMS elastic
fayer) may be used. In some examples, for higher concentration measurements {e.g., when
performing the IVT processes} a chamber having a height of about 0. 1mm (e g, a 1 mm PDMS
elastic layer) may be preferrad.

10122} FIG. 5 shows a profile of one example of a of a cartridge that demonstrates material
thinning and the short pathlength achieved by using the thickness of a layer of the elastomer in
the cartridge. In FIG. 5 the cartridge includes a first layer 503, a second layer 501 and a channel
521, In this exaraple the UV measurement chamber 581 has a thickness of about 0.1 mun {path
fength is 0.1 mm).

0123} For sterility, cartridges are often treated by gamma radiation prior to use. This has the
benefit of destroying contaminants but can afso alter the matenal properties of the cartridge,
gamma treatments were herein found to alter {e.g , reduce) the US transmittance of the various
materials used in some of the example cartridges. For example, the UV transmission of the one

component of the cartridge {COC) becomes significantly more UV opaque (see FIG. 6)

following gamma treatment. it would be completely opaque to the UV detectors were it not for
the thinning design shown in FIG. 4B and 5.

0124} The UV transmission through gamma-treated COC may depend on the extent of UV
exposure, following an unusual trend of becoming more transparent with moderate exposures,
and ultimately less transparent with long exposures. See, e.g, FIG. 7. In this example the
transmitiance of the polymeric material {e.g., COC) inmitially and surprisingly tncreases with
exposure, followed by a decline in admittance over the course of many hours. For example, as
the transmission of the cariridge is changing during exposure, in some of the apparatuses and
methods described herein it is beneficial to measure for concentration accurately but first
scanning with a blank, and in some cases (optionally) after eraploy three novel mitigating

measures: for example a “blank” measurement may be made before and after the “sample”
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measurement to get a trend of the cartridge’s transmission rate of change, and use these values to
estimate the material response during the sample measurements. The methods and apparatuses
described herein may pre-treat the cartridge with UV Hght, so it is at a stable and highes-
transmitting region of the curve (FIG. 7) during measurements. In general, UV light may be
applied {e.g., by pulsing or using dimaruing feature) only when needed to take a measurement,
thereby minimizing exposure and the dimming feature is utilized such that the LED light is just
bright enough to get a good signal and avoid overexposure. LED Hight adjustments ray be done
automatically or manually based on the detector reading to always ensure a good signal reading
from the detector.

[¢125] Any of the apparatuses described herein may be configured to perform measurements
on a series of dilutions (serial dilutions) as shown in FIG. 8. In general, a microfluidic apparatus
may be configured for performing serial ditution around the measurement chamber. The process
may consist of microfluidically transferring an aliquot of the reaction to the measurement
chamber, performing a roeasurement, then diluting the aliquot for a subseguent measurement.
The diluted aliquot may be diluted again and again, measured each time, producing a graph as
seen in FIG. 8. At the end of the measurement pure buffer is rinsed through the measurement
chamber to gather the “blank” reading and correct for UV exposure eftects. The graph in FIG. 8
iltustrates the mechanics and utility of this process. For example, a sample may initially be too
concentrated, so it is completely opagque to the UV wavelength of interest {e.g., 260 nm). This is
shown in the point 801 at the top-right of the graph of FIG. 8 A serial dilution {depicted at 70%)
takes the measurement a step lower in concentration, but still effectively opaque. Multiple
dilutions fater, the measurements enter a Hinear regime, eveniually reaching a point 805 at the
bottom-left of the graph of FIG. § where the aliquot becomes indistinguishable from the blank.
UV-absorbance can be used to directly determine concentration along the linear regime, until
reaching point 805, at which point the UV-absorbance measurements may no longer be useful.
From the siope of the linear regime the apparatus or method can alse determine a dilution rate
{i.e., 70% to 73%). The apparatus may use the number of dilution steps, the dilution rate and the
measured concentration at the current dilution to solve for the osiginal aliquot’s concentration.
Additionally, the linear portion of the curve validates the measurement, as nonlinear components
may indicate that the signal is close to the noise level of the detector, or there exists an

unexpected time varying component or dilution error.
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6126} FIG. 9 illustrates one potential configuration of a portion of a cartridge configared for
serial dilution. In this example the apparatus includes a UV measurement chamber 981 that is
adjacent to a fluid chamber 984, 985 on either side of the UV measurement chamber, along with
a series of valves 976, 977, 978, The chambers are in fluid communication the source of
polynucleotide input 972 and a source of buffer ("blank™) used for dilution 973, and a waste
output 975. By selectively opening and closing valves, as well as pressurizing measurement
chambers, 985, 984, the apparatus {e.g., coutrolier) may empty one chamber to waste, and refill
with fresh buffer to produce a dilution. Additionally, the control of pressure on either side of the
measurement chamber may enable air-bubble removal techniques such as fluid-sweeping and
forcing air through the gas-permeable flexible membranes as described above.

0127} In general, these methods and apparatuses may use the determined concentration of
the nuclectides 1o control operation of the apparatus. For example, these apparatuses and
methods may be configured to pool multiple batches of polynucleotide. The measured
concentration may be automatically compared against a nominal and acceptable range by the
controller. if the comparison is favorable, the batch may be pooled in a common container. Ifit is
unfavorable, the controller may microftuidically direct it to a waste container or for further-
analysis. In some examples the apparatus may use the determine concentration to standardize the
systern output. The RNA/DNA concentration may be measured and routed to a product
container. The volume of added product may be read on the product container {e.g., by mass or
imaging), and with this concentration and volume, along with the target concentration, the
volurue of dilutant may be calculated and added microfluidically. Alternatively, or additionally
these methods and apparatuses may adjust or control any of the processing (parametric) elements
when processing the polynucleotide. For example, the measured concentration may be
automatically compared against a nominal and acceptable range by the computer. In addition to
other process parameters such as temperature history and reagent usage the product may be
parametrically released for use. Anomalous products may be sorted, and the process investigated.
0128} FIGS. 10A-10F and 11A-11B illustrate additional examples of cartridges that may be
used as described herein, FIG. 10A shows one example of a cartridge 1900, This example also
includes a permeable insert 1969 within a liquid-contacting side of a chamber 1957 In FIG. 10A
a cartridge 1900 rmoay include at least one pair of chambers 1953, 1957, 19577, each of which

may include a liquid-contacting side 1917, a pressure (2.g., gas) side 1919, fluidic connections,
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pressure connections and fluidic/pressure lines that may be formed in the thickness of the
microfluidic driver apparatus. In some examples the chambers are paired, and each chamber of
the pair of chambers may be connected to each other by a fluidic connector 1955, The fluidic
connector 1955 may be used in coordination with positive and/or negative pressure applied to the
pressure side of the charober(s) to drive liquid in the liquid side between the two chambers to
mix this liguid within each of the chambers. The chamber may be bifurcated by an elastic
maierial (e.g., an elastic layer or membrane) and deflecting an elastic material within the fixed
volume of a chamber may drive any liquid within the liquid in/out of the liquid-contacting side
of the chamber {e.g., between the two chambers).

{0129} The cartridge 1900 may include more than one pair of chambers, any of which may
include a permeable insert. Each pair of chambers may be used for different processes. For
example, a first pair of chambers 1953 may be used for synthesis of the RNA. A second pair of
chambers 1957, 1957 may be used for purification of the synthesized polynucleotides. Fluid
from a first pair of chambers 1953 may be driven to a second pair of chambers upoun application
of pressure to the pressure-receiving side 1919 of the respective chambers and opening a valve
1959 between the first pair of chambers 1953 and the second pair of chambers 1957, The valve
chamber 1959 may be formed by the elastic layer 1907 within a connector channel between the
two pairs of chambers,

{6130} The cartridge 1900 as shown in FIGS. 10A and 108 may have a plurality of pressure
ports and fluid ports 1923, 19237 The plurality of pressure ports and fluid ports may be disposed
adjacent to a periphery of the cartridge and are configured to be connected to the fluid interface
assembly 109 as described above.

0131} Ports {e.g., sealing valves) may be formed from the elastic layer, along the length of a
connecting channel 1939 (either pressure channel or fluid channel), such as is shown in FIG.
LOA, for valve 1961, which may control timing of delivery of a reagent driven from fluid port
1923, but when placed in series with one or more similarly constructed valves, may also permit
metering to the chambers of the device. For example, in FIG. 10A, three valve chambers are
shown {desciibed in greater detail below); the first of these three valves may act as a peristaltic
pump, while the middle valve may be a metering chamber that meters small {e.g, having a
metering volume of about 10 nk, about 20 nl., about 25 vk, about 50 nL, about 75 nk., about 100

al, etc.). The size of the channels, and particularly the size of the chambers connected to the
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channels} can meter out the volume dispensed along fluidic connecting channel 1939, 1921 and
delivered into the chamber 1953 that is connected to the fluidic connecting channel 1939, 1921
In some examples, a metered volume may be as little as 50 nl.. Metered volumes of about 100
nl, about I microliter, about 5 microliters or more may be imported. A variety of valve sizes
may be pre-selected for incorporation within the microfluidic driver apparatus 1900, and
reagents may be connected to appropriate metering sizes by user choice.

0132} Additionally, more thau one valve body 1961 may be included in a row along fluidic
connecting channel 1939, A series of valves 1961 may act as a peristaltic pump 10 move fluid,
imncluding (but not limited to) viscus fluids. The ability to function as a peristaltic pump for fluids
generally, may have particular advantage for moving fluid that may be viscous or contain
suspended particles such as purification or capture beads.

0133} As mentioned, a cartridge 1900 may also include a delivery or export reservoir or
depot 1963, In FIG. 10A, a pre-selected volume may be formed similarly to the chamber
construction described above, or may contain only a4 metering side, as desired. In either case,
valves may be used to meter desired volumes into the reserveir 1963, Valve 1965 can control
delivery of fluid from reservoir 1963, If larger volumes are desived, the delivery may be
repeated. Alternatively, it reservoir 1963 was pre-selected to be an export reservoir, valve 1965
may open, and deliver fluid from chamber 1957, while retaining valve 1967 shut, which permits
only the measured volume of fluid to be exported to reservoir 1963, This fluid may then be
exported to a fluid vial on the reagent storage frame for further processing or testing. In some
examples, a chamber, reservoir or depot {e.g., 1963) may be configured as a metering section of,
e.g., a1l pL pump formed by three valve structures (1967, 1963, 1967). A chamber may be
configured for export of waste, for example, from a mixing chamber 1957

{0134} The cartridge 1900 can be a sealed path construction. While fluid vials, fluidic lines
and the microfluidic driver apparatus are connected, operation of the apparatus may be
performed without any exchange of materials in or cut of the system, and in particularty in/out of
the fluid path of the cartridge for processing, including synthesizing a polynucleotide (e g,
RINA) and preparing it for biclogical delivery {as a therapeutic, such as drug, vaccine, etc.).
Thus, the entire system may operate as a closed path and/or individual microfluidic driver

apparatuses may operate iu the systern as a closed path (protected from the atmosphere).
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[0135] Some exampies of the cartridge 1900 may further include a concentrator within a
chamber, which may be disposed within the thickness of the second plate and may be in fluid
communication with an exit channel such as 1949, The polynuclestides may be concentrated by
driving off excess fluidic medium, and the concentrated polynucleotide mixture exported out of
the cartridge 1900 for further handling or use. In some examples, the concentrator may be a
dialysis chamber. For example, a dialysis membrane may be present within or between the plates
of a microfluidic driver apparatus.

{0136} The cartridge 1900 may be formed of materials that are at least substantiaily
translucent to visible light; in some examples the materials may be substantially transmissive to
ultraviolet light {or both visible and UV light). In some examples, the microfluidic driver
apparatus 1900 may be formed of materials that are substantially transparent to visible and/or
ultraviolet light

01374 As described above, the cartridge may be formed of two or more plates that are
layered atop each other with the chambers and/or chanunels formed between the plates; an elastic
material may be sandwiched between the first and second plates. The first plate and/or the
second plate may be formed from a vigid material. The plates may be formed of the same
material, or a different material(s). For example, the rigid material may be a polymer or glass.
The polymer or glass may be biocompatible, e.g., does not leach any monomers or soluble small
molecules that are toxic to Hving cells. Any suitable biocompatible polymer may be used,
including medical grade polycarbonate-urethane, silicone polycarbonate urethane, polyether
urethane, amongst others. In some examples, the polymer may be a cycloolefin copolymer.
j01384 FIG. 108 shows a section through a portion of a cartridge, showing a UV
measurement chamber 1981 of a UV measurement region 1993, Thus, a microfluidic driver
apparatus may be configured as multilayered structure composed of two more rigid layers 1903,
1905 with a flexable membrane 1907 sandwiched between the two ridged layers. FIG. 10B shows
a portion of a sectional view {fransverse fo the plane of the cartridge) through one example of a
cartridge having multiple layers that form reactors for processing a therapeutic as described
herein. The reactors may include seals, channels, valves, and chambers, including pumping
chambers formed from the multiple layers. For example, a cartridge may be formed of two or
more rigid or semi-rigid plates 1903, 1905 and at least one elastic layer 1907, The elastic fayer

1907 may be a sheet of elastic material that is liquid impermeable. The elastic layer may be
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somewhat gas permeable or may be treated to be more or less gas permeable, including in
various regions. Although a single continuous sheet of elastic material may be used, in some
examples multiple elastic materials sheets may be used, or the ‘sheet” may be formed of sections
of multiple sheets. The layers and the elastic sheet may be laminated together. In general,
charabers for holding, valving and/or puraping fluid roay be formed in the plates on etther side of
the elastic layer so that the elastic layer bisects the chambers into a liquid containing side and a
pressure {e.g., gas) applying side. The overall volume of chamber(s) may be constant and may be
formed into both the first (e.g., upper} plate and the second (e.g., ower) plate, but this volume
may be divided into the pressure side and the liguid side. By applying positive or negative
pressure into the pressure side, the elastic shest may be deformed to make reduce (down to zero,
closing the chamber off) the volume of the liquid containing side or to increase the volume of the
liquid containing side (to a predetermined maximum). The pressure applying side of the chamber
may be connected, e.g., via a pressure port in the upper plate 1903 connecting to a pressure
channel 1947, for applying negative or positive pressure to the pressure-receiving side 1919 of
one or more chambers. The liquid containing side 1917 opposite the pressure-applying side of
each chamber may be connected via a fluid channel 1921 to a fluid port 1923, Both the thuid port
and the pressure port may be formed by an opening into the upper plate 1903 and the elastic
layer 1907, aliowing a sealed connection that is isolated from the atmosphere even when there
are multiple different input lines as the pressure line is pushed into the elastic layer 1907 that is
supported on the underside of the port by the opposite rigid or semi-rigid layer{s), 1905,

0139} In FIG. 10B, the cartridge 1900 includes a first (e.g., upper) plate 1903 having a first
{e.g., top or upper) surface 1911 and a second (bottom or lower) surface 1929 and a thickness
between the two. The first surface 1911 may form an exposed outer surface. The microfhuidic
driver apparatus also includes a second plate 1905 having a first (e.g., upper or top) surface 1931
and a second (e.g., lower or bottom) surface 1933 and a thickness therebetween. An elastic laver
1907 18 sandwiched between the second surface 1929 of the first plate 1903 and the first surface
1931 of the second plate 1905,

{0140} The cariridge 1900 shown in FIG. 10B may also include a plurality of chamberss
1915, 1916, 1918, 1920 each having a fixed volume. These chambers are formed by cut-out
regions (e.g., rounded/curved cuts) into the second (bottom) surface 1929 of the first plate 1903

and the first (upper) surface 1931 of the second plate 1905, the elastic layer 1907 bifurcates these
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chambers 1915 so that each includes a liquid containing side 1917 and a pressure-receiving (e.g
gas containing} side 1919, The cartridge 1900 may also include multiple liquid {e.g., fluid)
channels. In FIG. 108, a fluid channel 1921 is shown extending from a fluid port 1923 passing
through the thickness of the first plate 1903, to a fluid channel opening 1925 through the elastic
fayer 1907 and through much of the thickness of the second plate 1905 where a length of the
Hauid channel 1921 running parallel to the bottom surface of the third plate is formed.

{8141} In regard to the fluid port 1923, the diameter of the opening into the first plate 1903
forming the fluid port 1923, which extends through the thickness of the first plate, may be larger
than the diameter of the fluid channel opening 1925 which extends through the elastic layer 1907
and into the liquid {(e.g., fluid) channel 1921, The fluid channel opening 1925 may be centered
relative to the bottom of the fluid port opening and may be offset from the walls of the fluid port
opening by at least the expected wall thickness of the fluid line or fluid line coupling interface
that will connect to the fluid port.

10142} The fluid chaunel 1921 connects to the lHquid containing side 1917 of a first chamber
1915, This first chamber may be configured as a valve, which has a relatively low retaining
volume {fixed volume) but can be fully opened or closed by the movement of the elastic layer
1907,

0143} The cartridge 1900 also includes a plurality of pressure channels that may be
independently controlied to apply positive and/or negative pressure. Each of the chambers 1913,
1916, 1918 may be connected to a separate pressure port and pressure channel for independently
operating and controlling the movement of the portion of the elastic layer 1907 bifurcating these
chambers, to valve, and/or pump each chamber independently. In some examples the pressure
ports may be shared between multiple chambers,

{0144} In the section through a cartridge 1900 shown in FIG. 10B, there are multiple
connections to other fluid (e g, liguid) lines, fluid ports, pressure lines and pressure ports that are
not shown, as they may be out of the plane shown. For example, in FIG. 10B the liguid
comntaining side or portion 1917 of the fourth chamber may be connected to additional valves
{chambers) and/or channels, including, e.g., an exit channel extending from the liquid containing
side 1917, An additional chamber (e.g., configured as a valve), no shown may be formed as

described above. In some examples, an exit channel may deliver fluid from the oue or more
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chamber through another fluid port (not shown to a fluid receiving depot, e g, a vial, tube, etc.
This receiving depot may be held in the reagent storage frame.

81454 In FI(3. 10E the cartridge 1980 includes four PCR chambers 1983, 19837, 1983,
1983”7 each of which may include a liquid-contacting side, a pressure (e g., gas} side, and
which are fluidically conunected to adjacent PCR chambers, Each PCR chamber has a fixed
volume, and as described above for general chambers, are formed between a first surface of a
first plate and the second surface of a second plate; the first and second plates may be joined
together with an elastically deformable membrane {e.g., elastic layer) between them, dividing the
chamber. The elastic layer divides each chamber into a liquid-contacting side in the second
surface and a pressure-receiving side in the first surface.

0146} In the cartridge shown in FIG. 10D, the pressure-receiving side 1919 of each chamber
is further partitioned up by one or more fluidly connected serpentine pathways 1985, These
serpentine pathways in the pressure receiving surface are configured to distribute the positive
and negative pressure applied through the channels (and in patticular, the negative pressure)
more evenly across the surface of the relatively large chamber The sub-division of the pressure-
receiving surface in each PCR chamber {e.g., in some examples by one or more serpentine
pathways) may support the deflectable membrane when negative pressure is applied to pull it
away from the fluid-containing chamber. This may also prevent the formation of bubbles and
may maintain a fixed, predictable volume.

10147} The cartridge shown in FIG. 10D also includes a plurality of fluid channels each
extending from a fluid port 1923, 1923° through the first plate region and into the second plate
region to fluidly connect with the liquid-contacting side of one or mwore of the plurality of
chambers (similar to the configuration shown in FIGS, 10A and 10B). In FIG. 10D, a subset of
fluid ports are labeled, including those providing fluidic connection to a source of {off-device)
plasmid 1923, PCR buffer, primer(s) {e.g., T7 primer), oligo dTs, enzyme {e.g., polymerase),
purification substrate {e.g., Ampure™ beads}, RNASE-free air, dNTPs, product output (“OUT”}
1923, output from a UV yield detection channel ("OUT UV”), buffer for UV detection (“UV
buffer”), water, Hthanol {e.g., 70% Ethanol rinse}, and waste (“Waste”}. Additional fluid ports
are also included and may be redundant or may not be used. As described, a pressure ports may
provide communication for the application of posttive and/or negative pressure to the pressure-

receiving sides of each chamber, channel, vacuum cap, valve, etc. Thus, a controller may control
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movement of fluid within the device, including mixing, pumping, valving, etc., by applying
positive or negative pressure to specific pressure ports 1943 or combinations of pressure ports.
The pressure ports and fluid ports may be arranged on an upper side of the first plate, typically
around a periphery of the plate, as shown in FIGS. 10A and 19D,

[0148] In FIG. 10D, the device also includes a plurality of pressure channels 1947 each
extending from one or more pressure ports, through the first plate region and elastic layer, into
the second plate region, and back through the elastic layer and iuto the first plate region {similar
to that shown in FIG. 10B), wherein each pressure channel of the plurality of pressure channels
extends within the first plate region and fluidly connects with one or more pressure-receiving
sides of one or more of the plurality of chambers. As shown in FIG. 10B, the application of
positive or negative pressure through the pressure channels (from the pressure port) by the
controller of the system including a fluid depot and pneumatic drive may open/close valve 1915,
1918, and may pump flnid through the chambers 1916, 1920, 1983,

{0149} As mentioned, any of the cartridge described herein may also include one or more
UV measurement chambers {e.g., UV vield detection chambers} 1990 in fluid communication
with one or more of the PCR chambers, The UV yield detection chamber may include a UV
yield detection window that is contigured to pass UV light therethrough for quantification of a
polynucieotide within the UV vield detection chamber. The UV measurement chamber 1990
may also be connected to a source of buffer for performing the UV detection. UV detection may
be measured the absorbance of the buffer that the DNA ig in. The apparatus (system), including a
controller coordinating the operations on the microfluidic driver apparatus may be configured fo
control operation of the UV vield detection chambers, as will be described in detail betow. For
example, the controller of the system for which the microfluidic driver apparatus is configured o
be used may first examine the absorbance of the UV butfer without the product and may then
add a predetermined amount of the {(e.g., purified) product for comparison. The system {e.g.,
controtler) may then automatically or semi-automatically use the determined concentration to
alert the user and/or make a decision to discard or flag a sample for further analysis and/or to
dilute the product before it 1s exported from the cartridge or moved to another cartridge.

{0159} FIG. 10E shows ancther example of a cartridge (e.g., “biochip”) 1980° similar to that

shown in FIG. 10D, including a UV yield detection chamber 1990 in fluid commuuication with
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sample and/or blank {e g, buffer) chambers. In FI(3. 10F the cartridge device also includes a
waste port 19237 (e.g., negative pressure port, which may be coupled to a waste line).

0151 In general, the devices shown in FIGS. 10D and 10E are similar and may include any
of the features of that shown in FIG. 10A-10C. For example, the ports may be formed from the
elastic fayer, along the length of a connecting channel 1939 (either pressure channel or fluid
channel}, such as is shown in FIG. 10A. One or more valve bodies 1961 may be included in a
row along fluidic connecting channel 1939,

j0152] The PCR chambers may be configured {o optimize the PCR processes described
herein. For example, the microfluidic driver apparatus may include PCR chambers having a
much larger area than height of the Higuid-contacting side. For example, the liquid-contacting
side of each PCR chamber may have a thickness thatis 1.5 cm or less, such as in particular 1.3
cmorless, 1 2cmorless, 1.1 emorless 1.0 cm or less 0.9 cm or less, 0.8 cm or less, 0.7 cm or
fess, 0.6 cm or less, or 0.5 cm or less. Typically, the lower the height (e g, the “thickness” of the
chamber), the more efficient the heat transfer due to thermal cycling may be, however the lower
the overall volume. The cartridge described herein may be used for PCR within the PCR
chambers without requiring the addition of an oil/hydrophobic material, as evaporation may be
fimited by the closed {or closable} configuration of the chamber.

0153} In general, any of these cartridge may include a purification chamber in fluid
communication with a purification substrate {e.g., Ampure beads}.

0154} The cartridge described herein may also be configured to provide mixing {e.g., bubble
mixing) by applying air {¢.g.. RNAse-free air} through the liquid-contacting side of the apparatus
from the cartridge, and out of a fluid port into a reservoir coupled to the fluid port. In FIG. 10D,
for exarmaple, the cariridge may be controlled by a controller {of a system to which the cartridge is
coupled) to mix and resuspend substrate beads {e.g., Ampure™ beads) within a reservoir coupled
to a fluid port by driving RMNAse-free air through the fluid channels in communication with the

fluid port. This may result in bubbling and mixing of the substrate beads within the reservoir.

The controller may control {using positive and/or negative pressure applied through the pressure
ports of the microfluidic driver apparatus) the mixing by application of the RNAse-free air and
after mixing, may direct resuspended substrate cut of the reservoir and into the purification

chamber(s) for purifying template product.
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[0155] As mentioned, any of these apparatuses may be configured as a removable cartridge
configured to engage with a fluid depot and pncumatic drive, and may be coupled to system, ¢.g.,
a microfluidic driver apparatus control system that includes a controiler for coordinating the
operation of the microfluidic driver apparatus to produce template.

10136} In general, a cartridge may be any appropriate size/volume. For example, the
cartridge may be configured {0 have a total PCR reactor size of between about 3 mL and about
10 mi (e.g., between about 4 mL and about B mL, between about 5 mL and 7 miL, etc ). In the
example shown in FIG. 10D the total PCR reactor volume (the combination of all four PCR
chambers) is about 0.03mL. Thus, in FIG. 10D the PCR reaction volume is about 3 mL, which
has been found to produce about 130 ng/pl of template product (within the 3 mL).

0187} FIGS. 11A and 11B iliustrate examples of cartridges including UV measurement
channels 1181 coupled to one or more valves 1176, 1177 and inputs (e g, a source of
polynucleotides material, such as a polynuclectide forming chamber 1179 and/or source of
butter or other blank solution. In FIG. 11A the UV measurernent chamber also counects to a
suction {e.g., waste) port 1172, Suction may be used to load the UV measurement chamber 1181
by controlling the valves. FIG. 118 shows a slightly enlarged view of the UV measurement
chamber ot FIG. TTA.

[0158] Another example of a UV measurement chamber is shown in FIGS 13A and 13B. In
this example, the UV measurement chamber 1381 is formed by a thinned region of the upper
plate and lower plate (with the UV charaber 1381 formed between them) in the space may
otherwise contain an elastic layer. The UV measurement chamber in this example is formed of a
COC polymer (from the upper and lower layers) and has a diameter of about 2.5 mm. The elastic
layer {e.g., PDMS) has been cut out to form a chamber having dimensions of 3 mm by 4.5 mm.
i this example the UV chamber includes a flnid inlet 1383 coupled to a valve 1376 and a fluid
outlet 1385 coupled to a second valve 1377, The fluid inlet valve 1376 is in fluid communication
with a polynuclectide sample line 1339 and a water (or buffer/blank} fluid line 1338; flow
through each of these lines is also controlied by valves 1378, 1378, In operation the valves may
be opened and fluid from etther the polynuclestide sample line 1339 or the waier/bufter/blank
fine 1338 may be either pumped into the UY measurement chamber 1381 or the fluid may be
pulled into the UV measurement chamber by applying negative pressure (suction) from a

suction/waste port 1388,
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[0159] FIG. 12 schematically illustrates the operation of an apparatus as described above to
process a polynucleotide using a microfluidic driver apparatus operating on g cartridge. In this
example, the method may for{e.g., in a cariridge} a therapeutic polynucleotide 1201, as
described above. Additional processes may be performed on the polynuclectide (e g,
purification, concentration, etc.). In addition, the UV measurement sub-system may be prepared
for taking measurements 1203, For example, the apparatus may pre-irradiate the chamber as
described above and/or may form one or more dilutant of the polynucieotide solution. The
apparatus may then determine a concentration of the therapeutic polynuclectide 1205, This may
include serially driving a first blank solution into the UV measurement chamber and taking a
first absorption measurement 1207, then driving the sample solution (or a diluted version
thereof) and taking the second absorption measurement 1209, Optionally a second blank
measurement may be taken 1210, in which case the first and second blank measurements may be
compared and/or combined. For example, the two blank measurements may be averaged. The
apparatus may theu estimate the concentration of the polynucleotides in the sample from the first
and second (and optionally the third) absorption measurements 1211,

0160} Thereafter, the method {or an apparatus performing it} may adiust operation of the
apparatus {e.g., the microfluidic driver apparatus) based on the absorption measurements and/or

the concentration of the therapeutic polynucleotide 1213,

EXAMPLES

{0161} FIG. 14 illustrates an example of a portion of an apparatus as described herein
including a UV detection sub-system. For example, the apparatus may include a controller
{shown here as a separate processor 1401 for data processing); in some examples the controlier
may be integrated into the apparatus. In this example both the UV light source (shown as an LED
1411 and the UV detector 1415 include power supplies 1407, 1407 that may allow them fo be
separately adjusted. For exaraple, the LED intensity may be increased or decreased (..,
brightened/dimmed 14035) by adjusting the power supplied by the power sully 1407 to the LED
driver 1409 which controls the output of the LEID} 1411 and therefore iHumination through the
sample or blank in the UV detection chamber 1413, Similarly, the power supplied to the UV
detector 1413 by the power supply 1407 may be adjusted to increase or decrease the sensitivity
of the LED) detector sensing absorption. As described above and iHustrated in FIG. 14, the

resulting UV absorption signal(s) may be stored and/or analyzed by the apparatus, in FIG. 14 the
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apparatus includes a signal grabber circuitry 1403 to capture, store and/or transmit the resulting
absorptance. The controlier may further provide feedback based on the detected absorbance(s) to
adjust either or both the intensity of the UV light source 1409 and/or the detecior sensitivity of
the UV detector 1415,

0162} As described above, any of the apparatuses configured to determine polynucleotide
concentration using UV light absorption may be configured to adjust the UV light intensity over
a range of values in order to achieve linear cutput range for absorption by the polynucieotide
sample, thereby avoiding saturation of the absorption signal output. In FIG. 154, the dimming
voltage vs. current is shown for one example of a UV light source (LED) that may be used. The
dimming voltage over this range is linear and may be related in a linear manner {o the resulting
fight intensity, as shown in FIG. {SB. FIG. 5B shows the voltage readout for different dimming
voltages applied. Referring back to FIG. 14, the LED may therefore be adjusted to increase or
decrease the intensity (e.g., by adjusting the dimming voltage) based on the detected absorption
signal from a sample and blank. For example, if the absorpiion signal received for a particular
polynucieotide signal is too high {e.g., at or near saturation} the voltage applied to the UV LED
may be reduced, by adjusting the diroming voltage. Alternatively, or additionally, the sensitivity
of the UV detecior may be decreased or increased. The same adjusiments (¢ g., dimming voltage)
may be used for both the sample and blank{s}).

{6163} I general, the apparatuses and methods described herein may provide polynucleotide
concentration deterraination that is highly accurate and repeatable. For example, FIG. 16A
Hlustrates an example of detection of the concentrations of various samaples (and corresponding
blanks). In FIG. 10A, an apparatus as described herein may be used to apply first a blank 1602,
and then measure a UV absorption, as shown in FIG. 16A. In this example, absorption of each
polynucieotide sample or blank is made for 10 seconds, and stable readings are acquired over
this entire time period; in some examples, absorption may be measured for shorter {e.g., 5 sec, |
sec, 0.5 sec, 0.1 sec, etc.} or longer times. After the first blank is measured, a first RNA sample
{e.g., undiluted} s moved into the UV measurement chamber to replace the blank, and UV
absorption is measured 6104, The sample fluid may then be moved out of the UV measurement
chamber, and a second blank may be moved in and measured 1602, followed by a second
samiple (e.g., an RNA sample that is diluted by half) 1606, A second sample is measured 1608

{e.g., an RNA sample diluted by 10-fold), followed by a third blank 1602”7 The sample
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measurements may be different polynucleotides and/or different dilutions of the same
polynucleotide (as shown in FIG. 16A).

0164} FIG. 108 shows a comparison between the measurements made as described above
and a commercially available concentration detection system that required different methods and
techuiques for determining analyte concentration, showing very close agreement. In this
example, the commercially available analyte concentration detector may be, e.g., a Nanodrop™
system (Thermo Fisher). Thus, the methods and apparatuses described herein which are
particularly well suited for on-cartridge {e.g., “on chip”) UV and therefors concentration
measurements, show similar or even better results as compared to other, larger and more
expensive systems.

10165} FIGS. 17-18 depict another example of a cartridge (e g., “biochip™} 2000, Cartridge
2000 of this example may be configured and operable like any of the other cartridges described
herein, with examples of differences described below. Cartridge 2000 of this example includes a
plurality of pressure ports 2043 and a plurality of fluid ports 2023, A plurality of pressure
channels 2047 extend from pressure ports 2043, Pressure ports 2043 and pressure channels 2047
may a provide for the application of positive and/or negative pressure to the pressure-receiving
sides of each chamber, channel, vacuum cap, valve, gic. in cartridge 2000, Thus, a coniroller
may control movement of fluid within cartridge 2000, including mixing, pumping, valving, etc
by applying positive or negative pressure to specific pressure ports 2043 or combinations of
pressure ports 2043, Pressure channels 2047 may thus be understood as pneumatic channels.
Pressure ports 2043 and fluid ports 2023 may be arranged on an upper side of cartridge 2000
{e.g., around a periphery cartridge 2000}, as shown in FIG. 17. Alternatively, pressure ports
2043 and/or thad ports 2023 may be arranged on a lower side of cartridge 2000

[0166] Each fluid port 2023 1s fluidically coupled with a corresponding fluid channel in
cartridge 2000, such that each fluid channel extends from a respective fluid port 2023, By way
of example only, one or more fluid ports 2023 may be fluidically connected with a source of
plasmid, PCR buffer, primer(s) (e.g., T7 primer}, oligo dTs, enzyme (e.g., polymerase),
purification substrate {e.g., Ampure™ beads), RNAKSE-free air, dNTPs, a product output
coliection receptacle, output from a UV yield detection channel, buffer for UV detection, water,

Ethanol {e.g., 70% Ethanol rinse), or waste. Fluid ports 2023 {(and correspouding channels) may

46



WO 2024/035754 PCT/US2023/029796

be understood as providing paths for communication of liquids. In some cases, one or more fluid
ports 2023 are redundant and thus not used during certain processes.

0167} Cartridge 2000 of this example further includes PCR chambers 2083, 20837, 2083
2083777, each of which may include a liguid-contacting side, a pressure {e.g., gas/pneumatic)
side, and which are fluidically connected to adjacent PCR chambers. Each PCR chamber has a
fixed volume, and as described above for general chambers, are formed between a first surface of
a first plate and the second surface of a second plate; the first and second plates may be joined
together with an elastically deformable membrane {e.g., elastic layer) between them, dividing the
chamber. The elastic layer divides each chamber into a liquid-contacting side in the second
surface and a pressure-receiving side in the first surface.

~9

{0168} The pressure-receiving side of each chamber PCR chamber 2083, 20837, 20837,
20837 is partitioned by one or more fluidly connected serpentine pathways 2085 These
serpentine pathways 20835 in the pressure receiving surface are configured to distribute the
positive and negative pressure applied through the corresponding pressure channels 2047 (and in
particular, the negative pressure) more evenly across the surface of the relatively large chamber.
The sub-division of the pressure~receiving surface in each PCR chamber 2083, 20837, 208377,
208377 by serpentine pathways 2085 may support the deflectable membrane when negative
pressure is applied to pull it away from the flutd-containing chamber. This may also prevent the
formation of bubbles and may maintain a fixed, predictable volume.

0149} Cartridge 2000 of this example further inciudes a UV measurement chamber 2020 in
fluid communication with one or more of the PCR chambers 2083, 20837, 208377, 2083”7 and/or
blank (e.g., buffer) chambers, such that UV measurement chamber 2020 may receive aliquots of
Hauid from one or more of the PCR chambers 2083, 20837, 20837, 2083 and/or blank {e.g.,
buffer) chambers. UV measurement chamber 2020 may include a UV yield detection window
that is configured 1o pass UV light therethrough for quandification of a polynucleotide within the
UV measurement chamber 2020 as described hergin. As best seen in FIG. 18, an inlet liquid
channel 2026 leads into UV measurement chamber 2020; while an outlet liquid channel 2050
feads out of UV measurement chamber 2020

{6170} A vacuum cap 2024 is positioned upstream of inlet fiquid channel 2026, Anocther
vacuum cap 2052 is positioned dowustream of outlet liquid channel 2050, In some versions,

o

vacuum caps 2024, 2052 are configured and operable like vacuum cap 1938 described above
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with reference FIG. 10C. In the present example, vacuum caps 2024, 2052 are operable to
remove bubbles from liquid in UV measurement chamber 2020, Vacuum caps 2024, 2052 are
pneumatically coupled together via a pneumatic channel 2040, which facilitates simultaneous
operation of vacuum caps 2024, 2052 In some versions, one or both of vacuum caps 2024, 20352
may also serve as valves that selectively permit or prevent communication of liguid
aliquots/samples to/from UV measurement chamber 2020, In such scenarios, the vacuum caps
2024, 2052 may be pneumatically actuated like other valves as described herein.

{8171} A pair of liquid channels 2028, 2030 lead inte vacuum cap 2024. A valve 2076
selectively permits or prevents the flow of Haquid to vacuurn cap 2024 via channel 2028
Similarly, a valve 2032 selectively permits or prevents the flow of Higuid to vacuum cap 2024 via
chanunel 2030, Another vacuum cap 2070 is in fluid communication with valve 2076; and is
pneumatically coupled with vacuum cap 2024 via channel 2022, Yet another vacuum cap 2072
is also pneumatically coupled with vacuum cap 2070; and is in fluid communication with another
valve 2074, Vacuum caps 2024, 2052, 2070, 2072 may thus be pneumatically coupled together
via channels 2022, 2040 to facilitate simultaneous operation of vacuum caps 2024, 2052, 2070,
2072,

{8172} In the present example, valve 2076 15 fluidically interposed in a path between PCR
chambers 2083, 20837, 20837, 20837 and channel 2028, such that valve 2076 s operable to
selectively prevent or allow communication of liguid from PCR chambers 2083, 20837, 20837,
2083”7 to channel 2028; and thus to UV measurement chamber 2020 via vacuum cap 2024 and
channel 2026, In some versions, a PCR charber 2083, 20837, 208377, 2083777 may be
pressurized to push the liquid aliguot/sampie into UV measurement chamber 2020 while valves
in the path may be in an open state. Alternatively the liquid may be driven into UV
measurement chamber 2020 by applying vacuum through output port 2060 while the valves in
the path may be in an open state. In still other versions, a main reservoir may be pressurized;
and valves 2076, 2052 {and perhaps vacuum caps 2024, 2052) may be driven in a sequence to
peristaltically pump the liquid from a PCR chamber 2083, 20837, 2083”7, 2083 into UV
measurement chamber 2020, Alternatively, any other suitable structural features and/or
techniques may be used.

0173} Channel 2030 provides a path for fluid communication of a blank or buffer (e.g,,

water, etc.) to UV measurement chamber 2020 via vacuum cap 2024 and inlet liquid channel
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2026. As noted above, vaive 2032 selectively permits or prevents the flow of liquid to vacuum
cap 2024 {and, hence, to inlet liquid channel 2026 and UV measurement chamber 2020) via
channel 2036, A channel 2034 extends from valve 2030 to a pump chamber 2036, Pump
chamber 2036 may be further fluidically coupled with a source of blank or butfer; and may be
pneumatically operated to drive the blank or buffer fluid toward UV measurement chamber 2020
via channels 2034, 2030, 2026 when valve 2032 is in an open state. Alternatively, the blank or
buffer liquid may be duven into UV measurement chamber 2020 by applyving vacuum through
output port 2060 while the valves in the path may be in an open state.

0174} Another channel 2054 and valve 2056 are further coupled with vacuur cap 2052, A
pneumatic channel 2062 further extends from valve 2056 and provides a path for pressurizing
valve 2056 to thereby transition valve 2056 between an open state and a closed state. Another
channel 2058 also extends from valve 2056; and provides a path for fluid communication from
valve 2056 to cutput port 2060. Qutput port 2060 may be operated similar to suction/waste port
1388 described above.

[6175) Cartridge 2000 of this example further includes a pooling output port 2002, As best
seen in FIG. 18, pooling output port 2002 is coupled with a liguid communication channel 2004,
which leads to a valve 2000, Valve 2006 1s in thud communication with a pneumatic channel
2010, through which valve 2006 may be selectively pressurized to thereby transition valve 2006
between an open and closed state. A liquid communication channel 2008 is also coupled with
valve 2006, Channel 2008 is further fluidically coupled with PCR chambers 2083, 20837,
208377, 208377, such that fluid may be conveved from PCR chambers 2083, 20837, 20837,
208377 to pooling cutput port 2002 via channels 2004, 2008 when valve 2006 is in an open state.
Pooling output port 2002 may thus be used to pool the outputs of PCR chambers 2083, 2083,
208377, 20837 into a single batch in a receptacle that is outside of cartridge 2000, as described
above.

{8176} Some versions of cartridge 2000 may further include an additional output port (not
shown) that is fluidically coupled with PCR chambers 2083, 2083°, 20837, 2083”7, such that
fluid may be conveved from PCR chambers 2083, 20837, 208377, 20837 to the additional output
port (not shown) in lieu of being conveyed to pooling output port 2002, In other words, output
fluid from PCR charmbers 2083, 20837, 208377, 2083”7 may be selectively conveyed to either

pooling output port 2002 or the additional output port, such that PCR chambers 2083, 2083’
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20837, 20837 may effectively have two distinet and individually controlled cutputs. In some
scenarios, the fluid communicated from PCR chambers 2083, 20837, 208377, 208377 to the
additional cutput port {not shown) may be retained for further analysis or may be otherwise dealt
with. In some such scenarios, fluid from PCR chambers 2083, 20837, 20837, 2083 may be
communicated to the additional output port (not shown) instead of being communicated to
pooling output port 2002 due to concentration measurement data obtained through UV
measurement chamber 2020, Tt should also be understood that at least some of the fluid output
from PCR chambers 2083, 20837, 20837, 2083”"" may be communicated out through output port
2060. In some such scenarios, the fluid communicated out through output port 2060 1s treated as
waste.

{0177} In some instances, the intensity of a UV light source (e.g., UV LED 101) may change
over time. In addition, or in the alternative, the UV transmissivity may vary among different
cartridges. Such differences in UV light intensity and/or UV transmissivity may affect the Limit
of Quantitation (LoQ) of a UV weasurement process. In other words, variations in UV light
mntensity, UV transmissivity, and/or other sources of noise may impact the maximum and
minimum sanople concentrations that ruay be reliably detected through UV measurements as
described herein with some predefined confidence. It may therefore be desirable to provide a
process tor establishing the upper and lower LoQs for a cartridge before using the cartridge to
obtain polynucleotide concentration measurements during a process for forming a therapeutic
polynucieotide.

{0178} FIG. 19 depicts an example of a process 2100 that may be used to evaluate the upper
and lower LoQs for a cartridge before using the cartridge to obtain polynuclectide concentration
measurements during a process for forming a therapeutic polynucleotide. This process 2100 may
be used with any of the various cartridges described herein. Process 2100 may be executed by
controtler 221, processor 1401, and/or any other suitable hardware component(s). Process 2100
begins with a measurement of the maximum voltage of the UV detector (e.g., UV detector 103,
1415}, as shown in block 2102, Next, the standard deviation of the UV detection signal is
measured, as shown in block 2104, With these measured vahues, process 2100 then includes
determining the upper LoQ, as shown in block 2106; and determining the lower Lo, as shown

i block 2108,
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{6179} By way of example only, the upper LoQO may be determined (block 2106) through the

following equation (I):

4

M Upper Log = logy, (2245) «

3+Veo i

where Vmax = the maximum voliage,
Vo= the standard deviation of the signal;
¢ = UV absorption coefficient of the nucleotide; and
{ =the sample thickness (i.e, path length).
{0180} By way of further example only, the lower LoQ may be determined (block 2108}

through the following equation (II):

T o Tl e 4 Ymax _1_
{1y Lower Lo} = logq, (———————Vmar . wa) * =
where Vmax = the maximum voltage;
Vi = the standard deviation of the signal;
¢ = UV absorption coefficient of the nuclectide; and
{ = the sample thickness (i.c., path length).
[0181} The determined upper LoQ may be compared against a threshold to determine

whether the upper LoQ is acceptable, as shown in block 2116, Similarly, the determined lower
£oQ may be compared against a threshold to determine whether the lower LoQ is acceptable, as
shown in block 2112, If either the upper Lo} or the lower Lo is unacceptable, then an alert
may be provided to the operator, as shown in block 2112, By way of example ouly, the alert
may include a message indicating that the UV light source should be replaced; a message
indicating that the measured concentration is too close to one the upper or lower LoQ, such that
the measured concentration is not reliable; and/or any other suitable message. In some versions,
controller 221, processor 1401, and/or any other suitable hardware component{s) may prevent
further use of the cartridge and/or UV light source if the upper LoQ or the lower Lo} are found
unacceptable, unless and until corrective action is taken by the operator and then upper Lo( and

fower Lo} are subsequently found acceptable. In any case, if the upper LoQ and the lower Lo
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are both found to be accepiable, then the controlier 221, processor 1401, and/or any other
suitable hardware component{s) may allow the cartridge to be used to form a therapeutic
polynuciectide {(and/or to perform any other suitable process), as shown in block 2118,

0182} In some mstances, particularly when the sarple is at a substantially high
concentration level {e.g., such that the UV transmissivity of the sample is substantially low), the
sample may tend to induce substantial backscattering when the sample is irradiated with UV
Hght. Such backscattering of the UV light may adversely impact the accuracy of readings by the
UV detector {(e.g., UV detector 103, 1415} by adversely impacting the dynamic range. In some
cases, such backscattering may be corrected through data processing techniques; but such data
processing technigues may require certain geometry assumptions. Anocther aliernative may
include using a UV light blocking material to suppress scattered light and thereby improve the
dynamic range of the UV detector.

j0183} FIGS. 20-21 show one example of a way in which UV light blocking material may be
used to suppress scattered light and thereby improve the dynamic range of a UV detector. In
particular, F1GS. 20-21 show a UV blocking member 2200 that includes a disc-shaped body
2202 with a central opening 2204 formed therethrough. Body 2202 comprises a material that s
configured to prevent transmission of UV light through body 2202, through central opening 2204
permits transmission of UV light through central opening 2204,

{0184} FIG. 21 shows an arrangement 2300 where UV blocking member 22060 is applied to a
cartridge 2310, Cartridge 2310 may be configured and operable like any other cartridge
described herein. Cartridge 2310 of this example inclodes an upper plate 2320, a lower plate
2330, and an elastic layer 2340 interposed between plates 2320, 2330, A recess 2322 formed in
upper plate 2320 provides a first UV measurement region; while a recess 2332 formed in lower
plate 2330 provides a second UV measurement region underneath recess 2322, A UV
measurement chamber 2350 is interposed between recesses 2322, 2332; and 1s configured and
operable like other UV measurement chambers described herein.

8185} UV blocking member 2200 is positioned atop upper plate 2320, directly over recess
2322. In some versions, UV blocking member 2200 is adhered to the upper surface of upper
plate 2320, Alternatively, UV blocking member 2200 may be secured relative to upper plate
2320 iu any other suitable fashion. As shown in FIG. 21, the diameter of opening 2204 is

smaller than the diameter of recess 2322, Opening 2204 allows UV light 2304 from a UV light
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source 2302 to enter recess 2322 through UV blocking member 2200, such that the UV light
2304 may irradiate a sample in UV measurement chamber 2350, To the extent that the sample in
UV measurement chamber 2350 provides backscattering of the UV light 2304, body 2202 will
substantially restrict such backscattering. The UV light 2360 exiting UV measurement chamber
2350 through recess 2332 will reach UV detector 2362, which will generate a signal indicating
the concentration of the sample in UV measurement chamber 2350 as described herein.

{8136} FHG. 22 depicts another example of an arrangement 2400 that may be used to mitigate
backscattering of UV light from a UV measureraent chamber. Like arrangement 2300 described
above, arrangement 2400 of this example includes a UV light source 2402, a cartridge 2410, and
a UV detector 2462, Like cartridge 2310 described above (and like other cartridges described
herein), cartridge 2410 of this example includes an upper plate 2420, a lower plate 2430, and an
elastic layer 2440 interposed between plates 2420, 2430, A recess 2422 formed in upper plate
2420 provides a first UV measurement region, while a recess 2432 formed in lower plate 2430
provides a second UV measurement region underneath recess 2422, A UV measurement
chamber 2450 is interposed between recesses 2422, 2432; and is configured and operable like
other UV measurement chambers described herein.

{8187} Like arrangement 2300, arrangement 2400 of the present example also includes a UV
blocking member 2470; but UV blocking member 2470 of this example is configured differently
from UV blocking member 2200, In particular, UV blocking member 2470 of this example
comprises a evliindraceous body 2472 that defines a central passageway 2472 therethrough.
Body 2472 comprises a material that is configured to prevent transmission of UV light through
body 2472, through central passageway 2472 permits transmission of UV light through central
passageway 2472

{0188} Body 2472 is dimensioned to fit within recess 2422, such that the outer sidewall of
body 2472 contacts the inner sidewall of recess 2422, In some versions, body 2472 1s secured
within recess 2422 through a friction fit, using an adhesive, or using any other suitable
techniques. In the present example, the tuner sidewall of central passageway 2472 is configured
to provide an tnner diameter that is substantially constant along the height ot body 2472, In
some other versions, central passageway 2472 is tapered. For instance, some variations may
provide an opening at the top of body 2472 that is smaller thao the opening at the bottom of body

2472, Some other variations may provide an opening at the top of body 242 that is larger than
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the opening at the bottom of body 2472, Alternatively, central passageway 2472 may have any
other suttable configuration.

01891 As shown in FIG. 22, the diameter of central passageway 2472 is smaller than the
diameter of recess 2422, It should be understood that the diameter of central passageway 2472
shown in FIG, 22 1s just an example; and that the diameter of central passageway 2472 may be
increased or decreased relative to what is shown in FIG. 22, In any case, central passageway
2472 allows UV light 2404 from a UV light source 2402 to enter recess 2422 through UV
biocking member 2470, such that the UV light 2404 may trradiate a sample in UV measurement
chamber 2450. To the extent that the sample in UV measurement chamber 2450 provides
backseattering of the UV light 2404, body 2472 will substantially restrict such backscattering,
The UV light 2460 exiting UV measurement chamber 2450 through recess 2432 will reach UV
detector 2462, which will generate a signal indicating the concentration of the sample in UV
measurement chamber 2450 as described herein.

0196} While FIGS. 21 and 22 show UV blocking members 2200, 2470 being used in
separate arrangements 2300, 2400, some other arrangements may include a combination of UV
blocking members 2200, 2470. For wstance, in a variation of arrangement 2400 shown in FIG,
22, UV blocking member 2200 may be positioned atop UV blocking member 2470, In some
such arrangements, the diameter of opening 2204 is smaller than the diameter of central
passageway 2472, In some such arrangements, UV blocking member 2200 substantially
prevents backscattering that might otherwise occur through the upper opening of recess 2422;
while UV blocking member 2470 prevents backscattering that might otherwise occur through the
sidewall of recess 2422, As yet another example of a variation, the sidewall of recess 2422 may
be laser-charred, coated with a UV blocking material, or otherwise treated {o prevent
transmission of UV light through the sidewall of recess 2422

{0191} In some instances, bubbles may reach a UV measurement chamber, and the presence
of such bubbles in the UV measurement chamber may result in an underestimation of the
concentration of a sample in the UV measurement chamber. It may therefore be desirable to
provide a measurement algorithm that accounts for the possibility of inaccurate measurements
that might be caused by the presence of bubbles in the UV measurement chamber. An example
of such a process 2500 is shown in FIG. 23, This process 2500 may be used with any of the

various cartridges described herein. Process 2500 may be executed by controller 221, processer
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1401, and/or any other suitable hardware componeni(s). As shown in block 2502 of FIG. 23,
process 2500 begins with four concentration measurements being taken based on readings from a
UV detector (e.g., UV detector 103, 1415, 2362, 2462} as described herein. The mean of these
four measurements is then calculated, as shown in block 2504, The four measurements are then
compared to the calculated mean, with the outlier measurement being discarded, as shown in
block 2506. In some versions, the outlier measurement is identified as the measurement whose
value 18 furthest from the mean. In some other versions, the cutlier is identified based on a T-
test. As yet another variation, the measurement providing the lowest concentration value may be
automatically identified as the outlier. In some such versions, the calculation of the mean (block
2504% may be omitted.

{6192} After the outlier measurement is discarded (block 2506}, the mean of the remaining
three measuremenis is then calculated, as shown in biock 2508 This updated mean is then
reported {e.g., as the measured concentration), as shown in block 2510, In some cases, the
standard deviation is reported along with the mean. The updated mean {and perhaps the standard
deviation} may be reported to an operator and/or to a control algorithm, which may automatically
modify one or more subsequent operations based on the reported mean (and perhaps standard
deviation}. By way of further example only, the updated mean may be used for pocling as
described herein.

6193} In some instances, the calculation of the mean of the first four measurements as
shown in block 2504, and the subsequent comparison of the first four measurements to that
mean, may reveal that all four measurements were substantially close to the mean. In other
words, the standard deviation from the first mean calculation may be substantially small (e.g ,
below a predetermined threshold). In some such scenarios, the process 2500 may stop and report
the mean (similar to what is shown in block 2510 and described above) without discarding the
outlier (block 2506) and recalculating the mean (block 2508). While four measurements are
mitially utitized in process 2500 of the present example, other versions may provide more or
fewer than four measurenients as an initial step. Similarly, while only one outlier is discarded in
process 2500 of the present example, other versions may discard two or more outliers.

{0194} As an alternative to using the process 2500 shown in FIG. 23 and described above, a
quad detector may be used to account for the presence of any bubbles in the sample. For

instance, differences in voltages across the axis of the quad may indicate an inhomogeneous
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sample. Such versions may warrant a calibration measurement after each cartridge is loaded, to
account for optic variations among cartridges. Such calibrations may be automated.

0195} As yet another example of an aliernative to using the process 2500 shown in FIG. 23
and described above, an imaging detector may be used to account for the presence of any
bubbles in the sample. For instance, image analysis and/or machine-learning techniques may be
used to identify bubbles. In the event that bubbles are detected, a vacuum cap (e.g., like vacuum
cap 1938 described above) may be used to automatically remove the bubbles in response to the
optical detection of bubbles. Alternatively, any concentration measurements captured during the
detection of bubbles may be ignored. Alternatively still, the optically captured bubble data may
be utilized to apply a correction to a concentration measurement, 1o effectively cancel out the
presence of the bubbles in the fluid.

8196} The following examples relate to various non-exhaustive ways in which the teachings
herein may be combined or applied. It should be understood that the following examples are not
intended to restrict the coverage of any claims that may be presenied at any time in this
application or in subsequent filings of this application. No disclaimer is intended. The following
examples are being provided for nothing more than merely tusirative purposes. It is
contemplated that the various teachings herein may be arranged and applied in numerous other
ways. Itis also contemplated that some variations may omit certain features referred to in the
below examples. Therefore, none of the aspects or features referred to below should be deemed
critical unless otherwise explicitly indicated as such at a later date by the inventors or by a
suCeessor in interest to the inventors. If any claims are presented in this application or in
subsequent filings related to this application that include additional features beyond those
referred to below, those additional features shall not be presumed to have been added for any
reason relating to patentability.

{8197} Example |

{3198} A cartridge device for processing a polynucleotide, the cartridge device comprising: a
first layer having a first thickness; a second layer having a second thickness; an elastic material
extending between the first layer and the second layer and separating the first layer from the
second layer by a separation thickness; and an ultraviolet (UJV} measurement region formed
through the first and second layers, wherein a region of the first layer in the UV measurement

region has a thickness that is equal or less than the first thickness, a region of the second layer
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the UV measurement region has a thickness that is equal or less than the second thickness, and
wherein the clastic material is absent from between the region of the first fayer in the UV
measurement region and the region of the second layer the UV measurement region to form a
UV measurement chamber having the separation thickness.

10199} Example 2

{6200} The cartridge device of Example 1, wherein the first layer comprises a polymeric
material,

{0201} Example 3

{0202} The cartridge device of Example 2, wherein the first layer comprises a cyclic olefin
copolymer {COC) material.

{0203} Example 4

0204} The cartridge device of any of Examples 1 through 3, wherein the first thickness ig
between 1 and 5 mm.

{8285} Hxample 5

{6206} The cartridge device of any of Examples 1 through 4, wherein the second layer
comprises a polymeric material,

18207} Example 6

[0208] The cartridge device of Example S, wherein the second layer comprises a cyclic
olefin copolvmer (COC) material.

{0209} HExample 7

[0210] The cartridge device of any of Examples 1 through 6, wherein the second thickness is
between | and 5 mm.

[0211]  Example 8

{6212} The cartridge device of any of Examples 1 through 7, wherein the separation
thickness 1s between | mm and 0.1 mm.

9213} Bxample 9

0214} The cartridge device of any of Examples 1 through 8, further comprising a fluid
channels in second layer in fluid communication with the UV measurement chamber,

[0215]  Example 10

0216} The cartridge device of any of Examples 1 through 9, further comprising a plurality

of pneumatic valves arranged to control flow into and out of the UV measurement chamber,
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wherein the plurality of pneumatic valves are each formed by a pneumatic chamber in the first
fayer and a fluid chamber in the second layer, wherein a portion of the elastic material separates
the pneumatic chamber from the fluid chamber, further whergin the pneumatic chamber is in
fluid communication with a pneumatic channel in the first layer configured to communicate with
a pressure port on the an outer region of the cartridge device to actuate the pueumatic valve, and
wherein the fluid chamber is in fluid communication with the UV measurement chamber through
a fluid channel in the second fayer when the pneumatic valve is open.

{02174 Example 11

[0218] The cartridge device of any of Examples 1 through 10, further comprising an in vitro
transeription (IV'T) chamber formed at least partially within the second layer and in fluid
communication with the UV measurement chamber.

062191 Example 12

0220 The cartridge device of any of Examples 1 through 11, further comprising one or
more vacoum ports on an outer region of the cartridge device configured to couple to a source of
negative pressure to draw fluid into the UV measurement chamber.

0221} Example 13

092224 The cartridge device of any of Examples 1 through 12, further comprising a first injet
channel within the second layer that is in fluid communication with a first chamber configured to
hold a polynucleotide sample fluid, and a second inlet channel within the second layer that is in
fluid communication with a second chamber configured to hold a blank sample fluid.

(0223} Example 14

02244 The cartridge device of any of Examples 1 through 13, further comprising one or
more dilution mixing chambers in fluid communication with UV measurernent chamber
configured to dilute a fluid sample.

{9225} Example 15

0226} The cartridge device of any of Examples 1 through 14, wherein a diameter of the UV
measurement chamber is greater than a diameter of the region of the firstlayer in the UV
measurement region to limit bubbles in a central region of the UV measurement chamber.

(0227}  Example 16

0228} A cartridge device for processing a polynucleotide, the cartridge device comprising: a

first layer comprising a polymeric material having a first thickness; a second layer comprising a
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polymeric material having a second thickness; an elastic material extending between the first
fayer and the second layer; an ultraviolet (UV) measurement region formed through the first and
second layers, wherein a region of the first layer in the UV measurement region has a thickness
that is less than or equal to the first thickness, a region of the second layer the UV measurement
region has a thickness that is less than or equal to the second thickness, and wherein the elastic
material is removed from between the region of the first layer 1n the UV measurement region and
the region of the second layer the UV measurement region to form a UV measurement chamber;
andd an in vitro transcription (IVT) chamber formed at least partially within the second layer and
in fluid communication with the UV measurement chamber.

{0229} HExample 17

10230} A method for manufacturing a polynucleotide using a microfluidic driver apparatus
operating on a cartridge, the method comprising: forming, in a cartridge, a therapeutic
polynuclectide; and determining, by the microfluidic driver apparatus, a concentration of the
therapeutic polyuucleotide by: driving a first blank solution into an ultraviolet (UV)
measurement chamber of the cartridge and taking a first absorption measurement through the
cartridge, driving a sample solution of the therapeutic polynucleotide into the UV measurement
chamber of the cariridge and taking a second absorption measurement through the cartridge, and
estimating a concentration of the therapeutic polynucleotide from the first and second absorption
measurenents.

{0231} Example 18

0232} The method of Exaraple 17, further comprising adjusting, in a processor of the
microfiuidic driver apparatus, the operation of the microfluidic driver apparatus based on the
estimated concentration of the therapeutic polynucleotide.

{6233} Example 19

{9234} The method of any of Examples 17 through 18, further comprising comparing, by a
processor of the microfluidic driver apparatus, the estimated concentration of the therapeutic
polynuclectide to a concentration range, and based on this comparison, directing the therapeutic
polynucieotide for one of pooling with one or more additional baiches of therapeutic
polynucleotide formed in the cariridge, waste, or further analysis.

(D235} Example 20
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{0236} The method of any of Examples 17 through 19, further comprising diluting, under
control of a processor of the microfluidic driver apparatus, the therapeutic polynucieotide to a
standard concentration for output.

102371 Example 21

10238} The method of any of Examples 17 through 20, further comprising automatically
adjusting one or more parameters of the formation of the therapeutic polynucleotide by the
microfluidic drver apparatus based on the estimated conceniration of the therapeutic
polynucieotide.

10239} Example 22

{0248} The method of Example 21, wherein the one or more parameters comprises one or
more of: temperature, reagent volume, reagent concentration, time, and mixing.

{0241} Example 23

[0242] The method of any of Examples 17 through 22, wherein determining the
concentration of the therapeutic polynucleotide further comprises performing serial dilutions
within one or more chambers of the cartridge under control of the microfluidic driver apparatus
and repeating the steps of driving the sample solution of the therapeutic polyuucleotide for each
of one or more dilutions formed by the seral dilutions to generate a dilution curve.

0243} Example 24

{0244} The method of Example 23, wherein estimating the concentration of the therapeutic
polynucieotide comprises estimating the concentration of the therapeutic polynucleotide from the
dilution curve.

0245} Example 25

(0246} The method of any of Examples 17 through 24, wherein estimating the concentration
of the therapeutic polynuclectide further comprises changing one or more of a sensitivity of a
UV detector and an intensity of a UV emuitter of the microfluidic driver apparatus in response o
the second absorption measurement through the cartridge.

(0247} Example 26

{0248} The method of any of Examples 17 through 235, further comprising pretreating the UV
measurement chamber with UY light prior to taking the first absorption measurement through
the cartridge.

102494 Example 27
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[02508] The method of any of Examples 17 through 20, wherein forming the therapeutic
polynucieotide comprises performing an in vitro transcription {IVT) reaction to form the
therapeutic polynucleotide.

10251} Example 28

{0252} The method of Example 27, further comprising generating, in the cartridge, a
template for the [VT reaction.

{02583} Hxample 29

02544 The method of any of Examples 17 through 28, wherein the therapeutic
polynucleotide comprises a therapeutic mRNA.

{02585} HExample 30

(0256} The method of Example 29, further comprising encapsulating the therapeutic mRNA
with a delivery vehicle.

[0257§ Example 31

[0258] The method of any of Examples 17 through 30, wheretn the microfluidic driver
apparatus oversees the steps of driving the first blank solution and driving the sample solution by
preurnatically deflecting one or more regions of a membrane of the cartridge to open and/or
close valves of the cartridge.

[0259] Example 32

{0260} The method of Example 31, wherein the microfluidic driver apparaius pneumatically
deflects one or more regions of the membrane of the cartridge to drive the first blank solution
and/or the sample solution inio the UV measurement chamber.

0261} Example 33

0262} A method for manufacturing a polynucleotide using a mierofluidic driver apparatus
operating on a cartridge, the method comprising: forming, in a cartridge, a therapentic
polynucleotide, wherein the therapeutic polynucleotide comprises a therapeutic mRNA,;
determining, by the microftuidic driver apparatus, a concentration of the therapeutic mRNA by
driving a first blank solution into an ultraviolet (UV) measurement chamber of the cartridge and
taking a first absorption measurement through the cartridge, driving a sample solution of the
therapeutic polynuclectide into the UV measurement chamber of the cartridge and taking a
second absorption measurement through the cartridge, driving a second blank solution into the

UV measurement chamber of the cartridge and taking a third absorption measurement through
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the cartridge, and estimating a concentration of the therapeutic polynucleotide from the first,
second and third absorption measurements; and adjusting, in a processor of the microfluidic
driver apparatus, the operation of the microfluidic driver apparatus based on the estimated
concentration of the therapeutic polynucleotide.

10263} Example 34

{0264} A system for making and/or processing a polynucieoctide, the system comprising: a
cartridge mount; a plurality of pressure lives; a plurality of fluidic lines, each coupled with or
configured to couple with a fluid source, wherein each fluidic line and at least a subset of the
pressure lines are configured to be secured to wnlet or outlet ports on a cartridge held in the
cartridge mount; an ultraviolet (1IV) light socurce; a UV light detector; and a controller
configured to control application of pressure through the pressure lines to drive fluid through the
cartridge, wherein the controller is further configured to direct the formation of a therapeutic
polynuclectide in the cartridge, and to estimate a concentration of the therapeutic polynucleotide
by driving a first blank solution through a UV measurement chamber of the cartridge and taking
a first absorption measurement using the UV light source and UV light receiver, driving a sample
sohution ncluding the therapeutic polynucieotide through the UV measurement chamber of the
cartridge and taking a second absorption measurement using the UV light source and UV light
receiver, further wherein the controller is configured to estimate the concertation of the
therapeutic polynuclectide from the first and second absorption measurement.

[0265] HExample 35

[0256] The system of Example 34, wherein the controller is further configured to modify
operation of the system based on the estimated concentration of the therapeutic polynucleotide.
{0267} Hxample 36

{0268} The system of any of Examples 34 through 35, wherein the controller is further
configured to compare the estimated concentration of the therapeutic polynucleotide to a
concentration range and, based on this comparison, to direct the therapeutic polynucleotide for
one of ! pooling with one or more additional batches of therapeutic polynucleotide formed in the
cartridge, waste, or further analysis.

[0269]  Example 37

{0270} The system of any of Examples 34 through 36, wherein the controller is further

configured to dilute the therapeutic polynucleotide to a standard concentration for output.
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{0271} Hxample 38

06272} The system of any of Examples 34 through 37, wherein the controller is further
configured to automatically adjust one or more parameters of the formation of the therapeutic
polynucieotide based on the estimated concentration of the therapeutic polynucleotide.

{0273} Example 39

{6274} The system of Example 38, wherein the ong or more parameters Comprises one or
more of temperature, reagent voluwe, reagent concentration, time, and mixing.

{02751 Example 40

0276} The system of any of Examples 34 through 39, wherein the controller 1s further
configured to perform serial difutions within one or more chambers of the cartridge and repeat
the steps of driving the sample solution of the therapeutic polymucleotide for each of one or more
dilutions of the sample solution of the therapeutic polynucleotide formed by the serial ditutions
to generate a dilution curve.

{8277} Hxample 41

{6278} The system of Example 40, wherein the controller is further configured to estimate
the concentration of the therapeutic polynucleotide from the didution curve,

18279 Example 42

{0280} The system of any of Examples 34 through 41, wherein the controller is further
configured to change one or more of a sensitivity of the UV detector and an intensity of the UV
fight source in response to the second absorption measurement through the cartridge.

(0281} Example 43

jO282 The system of any of Examples 34 through 42, wherein the controller is further
configured to pretreat the UV measurement chamber with UV light prior to taking the first
absorption measurement through the cartridge.

{9283} Example 44

{0284} The system of any of Examples 34 through 43, wherein the controller is further
configured to form the therapeutic polynucleotide comprises performing an in vitro transcription
{IV'T} reaction to form the therapeutic polynuclectide.

[0285]  Example 45

[0286] The system of Example 44, wherein the controller is further configured to generate, in

the cartridge, a template for the IVT reaction.
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{0287} Hxample 46

0288} The system of any of Examples 34 through 45, wherein the therapeutic
polynucigotide comprises a therapeutic mRNA.

[0289] Example 47

{6290} The system of Example 46, wherein the controller is further configured to encapsulate
the therapeutic mRNA with a delivery vehicle.

{0291} Hxample 48

02921 The system of any of Examples 34 through 47, wherein the controller is further
configured to pnenmatically deflecting one or more regions of a membrane of the cartridge to
open and/or close valves of the cartridge when driving the first blank solution, driving the second
blank solution and driving the sample solution.

[0293]  Bxample 49

j0294§ The system of Example 48, wherein the controller is further configured to
pneumatically deflect one or more regions of the membrane of the cartridge o drive the first
blank solution, the second blank solution and/or the sample solution into the UV measurement
chamber,

{8295] Example 50

[0296] A system for making and/or processing a polynucleotide, the system comprising: a
cartridge; and a microfluidic driver apparatus comprising: a cartridge mount; a plurality of
pressure lines; a plurality of fluidic lines, each coupled with or configured to couple with a fluid
source, wherein cach flutdic line and at least a subset of the pressure lines are configured to be
secured to inlet or outlet poris on a cartridge held in the cartridge mount; an ultravielet (UV)
Hght source; a UV light detector; and a controller configured to control application of pressure
through the pressure lines to drive fluid through the cartridge, wherein the controller is further
configured to direct the formation of a therapeutic polynucleotide, further wherein the controller
is configured to estimate a concentration of the therapeutic polynucleotide by driving a first
blank solution through a UV measurement chamber of the cartridge and taking a first absorption
measurement using the UV light source and UV light receiver, driving a sample solution
mcluding the therapeutic polynucleotide through the UV measurement chamber of the cartridge
and taking a second absorption measurement using the UV light source and UV light receiver,

and driving a second blank solution though the UV measurement chamber of the cartridge and
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taking a third absorption measurement using the UV light source and UV light receiver;
modifying operation of the microfluidic driver apparatus based on the concertation of the
therapeutic polynucleotide determined from the first, second and third absorption measurement.
102571 Example 51

[0298] A method for manufacturing a polynucleotide using a microfluidic driver apparatus
operating on a cartridge, the method comprising: forming, in a cariridge, a therapeutic
polynucieotide; and determining, by the microfiuidic driver apparatus, a concentration of the
therapeutic polynucleotide by: driving a first blank solution into a conceniration measurement
chamber of the cartnidge and taking a first measurement through the cartridge, driving a sample
sotution of the therapeutic polynucleotide into the concentration measurement chamber of the
cartridge and taking a second measurement through the cartridge, and estimating a concentration
of the therapeutic polynucleotide from the first and second measurements; and comparing, by a
processor of the microfluidic driver apparatus, the estimated concentration of the therapeutic
polynucieotide to a conceniration range, and based on this comparison, directing the therapeutic
polynucleotide for one of: pooling with one or more additional batches of therapeutic
polynucieotide formed in the cartridge, waste, or further avalysis.

18299 Example 52

0300} The method of Example 51, the concentration measurement chamber comprising an
ultraviolet (UV) measurement chamber, the first measurement comprising a first absorption
measurement, the second measurement comprising a second absorption measurement.

0301} Example 53

03024 The method of Example 52, wherein estimating the concentration of the therapeutic
polynucleotide further comprises changing one or more of a sensitivity of a UV detector and an
intensity of a UV emitter of the microfiuidic driver apparatus in response to the second
absorption measurement through the cartridge.

18303} Hxample 54

[0304] The method of any of Examples 52 through 53, further comprising pretreating the UV
measurement chamber with UV light prior to taking the first absorption measurement through
the cartridge.

[3305] Example 55
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{0306} The method of any of Examples 51 through 54, further comprising adjusting, in a
processor of the microflutdic driver apparatus, the operation of the microfluidic driver apparatus
based on the estimated concentration of the therapeutic polynuclectide.

10307} Example 56

{0308} The method of any of Examples 51 through 55, further comprising dituting, under
control of a processor of the microfluidic driver apparatus, the therapeutic polynuclectide to a
standard concentration for cutput.

030% Example 57

(0316} The method of any of Examples 31 through 53, further comprising automatically
adjusting one or more parameters of the formation of the therapeutic polynuclectide by the
microfluidic driver apparatus based on the estimated concentration of the therapeutic
polynuclectide.

j0311} Example 58

{8312} The method of Example 57, wherein the one or more parameters Comprises one or
more of: temperature, reagent volume, reagent concentration, time, and mixing.

{8313} Hxample 59

{0314} The method of any of Examples 51 through 58, wherein determining the
concentration of the therapeutic polynucleotide further comprises performing serial dilutions
within one or more chambers of the cartridge under control of the microfluidic driver apparatus
and repeating the steps of driving the sample solution of the therapeutic polynuclieotide for each
of one or more dilutions formed by the serial dilutions to generate a dilution curve.

8315} Example 60

0316} The method of Example 59, wherein estimating the concentration of the therapeutic
polynucieotide comprises estimating the concentration of the therapeutic polynuclectide from the
dilution curve.

19317} Bxample 61

[0318] The method of any of Examples 51 through 60, wherein forming the therapeutic
polynucieotide comprises performing an in vifro transcription (IVT) reaction to form the
therapeutic polynuclectide.

0319} HExample 62
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{6328} The method of Example 61, further comprising generating, in the cartridge, 2
template for the IVT reaction.

j83211 Bxample 63

[0322] The method of any of Examples 51 through 62, wherein the therapeutic
polynucieotide comprises a therapeutic mRNA.

{6323} Hxample 64

10324} The method of Exaruple 63, further comprising encapsulating the therapeutic mRNA
with a delivery vehicle.

[8325] Example 65

{0326} The method of any of Examples 51 through 64, wherein the microfluidic driver
apparatus oversees the steps of driving the first blank solution and driving the sample solution by
pneumatically deflecting one or more regions of a membrane of the cartridge to open and/or
close valves of the cartridge.

{8327} Hxample 66

[6328] The method of Example 65, wherein the microfluidic driver apparatus pneumatically
deflects one or more reglons of the membrane of the cartridge to drive the first blaok solution
and/or the sample solution inlo the measurement chamber.

[0329] Example 67

{6330} A system for making and/or processing a polynuclectide, the system comprising: a
cartridge mount; a plurality of pressure lines; a plurality of fluidic fines, each coupled with or
counfigured to couple with a fluid source, wherein cach fluidic line and at least a subset of the
pressure lines are configured to be secured to inlet or outlet ports on a cariridge held in the
cartridge mount; and a coniroller configured to control application of pressure through the
pressure lines to drive fluid through the cartridge, wherein the controller is further configured to
direct the formation of a therapeutic polynucleotide in the cartridge, and to estimate a
concentration of the therapeutic polynucteotide by driving a first blank solution through a
measurement chamber of the cartridge and taking a first measurement of the first blank sample in
the measurement chamber, driving a sample solution including the therapeutic polynucleotide
through the measurement chamber of the cartridge and taking a second measurement of the

samaple solution 1o the measurement chamber, further wherein the controller is configured to
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estimate the concertation of the therapeutic polynucleotide from the first and second
measurement. |

83311 Bxample 68

10332} The system of Example 67, further comprising: an ultraviolet (UV) light source; and &
UV light detector; wherein the controller is configured to take the first measurement in the form
of a first absorption measurement using the UV light scurce and the UV light receiver; wherein
the controller is configured to take the second measurement in the form of a second absorption
measurement using the UV light source and the UV light receiver; wherein the controller is
configured to estimate the concertation of the therapeutic polynucleotide from the first and
second absorption measurement.

{0333} Example 69

(0334} The system of Example 68, wherein the controller is further configured to change one
or more of a sensitivity of the UV detector and an intensity of the UV light source in response to
the second absorption measurement through the cartridge.

{0335} Hxample 70

{0336} The system of any of Exanples 68 through 69, wherein the controller is further
configured to pretreat the UV measurement chamber with UV light prior to taking the first
absorption measurement through the cartridge.

{0337} Hxample 71

0338} The system of any of Examples 67 through 70, wherein the controller is further
counfigured to modify operation of the systers based on the estimated concentration of the
therapeutic polynucleotide.

[0339]  Example 72

{0340} The system of any of Examples 67 through 71, wherein the controller is further
configured to dilute the therapeutic polynucleotide to a standard conceniration for cuiput.

18341} Bxample 73

0342} The system of any of Examples 67 through 73, wherein the controller is further
configured to automatically adjust one or more parameters of the formation of the therapeutic
polynucleotide based on the estimated concentration of the therapeutic polynucleotide.

0343} Example 74
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{0344} The aystem of Example 73, wherein the one or more parameters comprises one or
more of temperature, reagent volume, reagent concentration, time, and mixing.

33451 Bxample 75

0346} The system of any of Examples 67 through 74, wherein the controller is further
configured to perform serial dilutions within one or more chambers of the cartridge and repeat
the steps of driving the sample solution of the therapeutic polynucleotide for each of one or more
dilutions of the sample solution of the therapeutic polyunucieotide formed by the serial ditutions
to generate a dilution curve.

{6347} Example 76

{0348} The system of Example 75, wherein the coniroller is further configured to estimate
the concentration of the therapeutic polynucleotide from the dilution curve.

0349 Example 78

{0350 The system of any of Examples 67 through 76, wherein the controller is further
configured to form the therapeutic polynucleotide comprises performing au in vitro transcription
{}VT) reaction to form the therapeutic polynuclectide.

10351} Example 79

{33521 The system of Example 78, wherein the controfler is further configured to generate, in
the cartridge, a template for the IVT reaction.

[0353] HExample 80

0354} The system of any of Examples 67 through 79, wherein the therapeutic
polynucicotide comprises a therapeutic mRNA.

jB355] Example 81

0356} The system of Example 80, wherein the controller is further configured to encapsulate
the therapentic mRNA with a delivery vehicle.

{8357} Example 82

{3358} The system of any of Examples 67 through 81, wherein the controller is further
configured to pneumatically deflecting one or more regions of a membrane of the cartridge to
open and/or close valves of the cartridge when driving the first blank solution, driving the second
blank solution and driving the sample solution.

33589} Example 83
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[0360] The system of Example 82, wherein the controller is further configured to
preumatically detlect one or more regions of the membrane of the cartridge to drive the first
blank solution, the second blank sclution and/or the sample solution into the measurement
chamber.

10361} HExample 84

{0362} A method comprising: emitting ultraviolet (UV) light through a UY measurement
chamber of a cartridge, the UV measurernent chamber being configured to receive fluid;
receiving the UV light at 2 UV light detector, the received UV light having passed through the
UV measurement chamber of the cartridge; measuring a maximum voltage of the UV light
detector; measuring a standard deviation of a signal from UV the light detector; determining an
upper limit of quantitation (LoQ) based on the measured maximum voltage and based on the
measured standard deviation; determining a lower Lof} based on the measured maximum voltage
and based on the measured standard deviation; determining whether the upper Lo€QQ and the lower
LoQ} are acceptable; and either: allowing the cartridge to be used o generate a therapeutic
polynucleotide if the upper Lof} and the lower LoQ are acceptable, or providing an alert if one or
both of the upper LoQ or the Jower LoQ is not acceptable.

18363} Example 85

[0364] The method of Example 84, further comprising forming or processing a therapeutic
polynucleotide on the cartridge.

[0365] Example 86

(0366} A cartridge device for processing a polynucleotide, the cartridge device comprising: a
first layer, the first layer defining a first recess providing a first nltraviclet (UV) measurenment
region; a second layer, the second layer defining a second recess providing a second UV
measurement region; an elastic material extending between the first layer and the second layer
and separating the first layer from the second layer; a UV measurement chamber formed between
the first and second UV measurement regions, the UV measurement chamber being configured
to receive fluid, the first layer and the second laver betng configured to allow UV light to pass
through the UV measurement chamber; and a UV blocking feature positioned on or in the first
fayer, the UV blocking feature being configured to restrict backscattering of UV light through or
from the first layer.

103674 Example 87
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[0368] The cartridge device of Example 86, the elastic material being absent along the UV
measurement chamber.

33691 Bxample 88

10376} The cartridge device of any of Examples 86 through 87, the first recess having a first
diameter, the UV blocking feature having an opening with a diameter that is smaller than the first
diameter of the first recess.

{9371} Hxample 89

{83724 The cartridge device of any of Examples 806 through 88, the UV blocking feature
having a body positioned on an upper surface of the first layer, the first recess being formed
through the upper surface of the first layer.

{0373} Example 90

0374} The cartridge device of Example &9, the body having a disc shape.

{0375} Example 91

{8376} The cariridge device of any of Examples 86 through 20, the UV blocking feature
having a cylindraceous body positioned in the first recess.

10377} Example 92

{3378} The cartridge device of any of Examples 86 through 91, the UV blocking feature
being configured to block transmission of UV light through a sidewall of the first recess.

{6379} HExample 93

0330} A method comprising: emitting vliraviolet (UV) light through a UV measurement
chamber of a cartridge, the UV measurement chamber containing fluid; receiving the UV light at
a UV light detector, the received UV light having passed through the UV measurement chamber
of the cartridge; obtaining a first plurality of concentration measurements, each concentration
measurement of the first plurality of concentration measurements indicating a respective
concentration of fluid in the UV measurement chamber; calculating a mean of the first plurality
of concentration measurements, comparing each concentration measurement of the first plurality
of concentration measurements to the mean of the first plurality of concentration measurements;
identifying an outlier from among the first phurality of concentration measurements relative to
the mean of the first plurality of concentration measurements; establishing a second plurality of
councentration measurements, the second plurality of concentration measurements comprising the

first plurality of concentration measurements with the identified outlier removed; calculating a
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mean of the second plurality of concentration measurements; and reporting the mean of the
second plurality of concentration measurements.

33811 Bxample 94

[0382] The method of Example 93, the first plurality of concentration measurements
comprising four concentration measurements.

{6383} Hxample 95

0384} The method of any of Examples 93 through 94, the second plurality of concentration
measurements comprising three concentration measurements.

{0385] Example 96

{0386} The method of any of Examples 93 through 95, the identified outlier providing a
concentration measurement substantially deviating from the mean of the first plurality of
measuremenis due to a presence of bubbles in the fluid in the UV measurement chamber,

{0387} Example 97

[0388] The method of Example 96, further comprising executing a bubble removal algorithm
in response to the identified outlier deviating from the mean of the first plurality of
measurements by a predetermined degree.

{03891 It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein and
may be used to achieve the benefits described herein.

[0390] The process parameters and sequence of steps described and/or illustrated herein are
given by way of example only and can be varied as desired. For example, while the steps
Htustrated and/or described herein may be shown or discussed in a particular order, these steps
do not necessarily need to be performed in the order illustrated or discussed. The various
example methods described and/or Hllustrated herein may also omit one or more of the steps
described or iHustrated herein or include additional steps in addition to those disclosed.

0391} Any of the methods (including user interfaces) described herein may be impiemented
as software, bardware or firmware, and may be described as a non-transitory computer-readable
storage medium storing a set of instructions capable of being executed by a processor {e.g.,
computer, tablet, soartphone, etc.), that when executed by the processor causes the processor to

control perform any of the steps, including but not limited to: displaying, communicating with

72



WO 2024/035754 PCT/US2023/029796

the user, analyzing, modifying parameters (including timing, frequency, intensity, etc.},
determining, alerting, or the like. For example, any of the methods described herein may be
performed, at least in part, by an apparatus including one or more processors having a memory
storing a non-transitory computer-readable storage medium storing a set of instructions for the
processes(s) of the method.

{0392} While various embodiments have been described and/or illustrated herein in the
coutext of fully functional computing systems, one or more of these example emboduments may
be distributed as a program product in a variety of forms, regardless of the particular type of
computer-readable media used to actually carry out the distribution. The embodiments disclosed
herein may also be implemented using software modules that perform certain tasks. These
software modules may include script, batch, or other executabie files that may be stored on a
computer-readable storage medium or in a compuiing system. In some embodiments, these
software modules may configure a computing system to perform one or more of the example
embodiments disclosed herein.

6393} Although illustrated as separate elements, the method steps described and/or
tllustrated herein may represent portions of 4 single apphcation. In addition, in some
embodiments one or more of these steps may represent or correspond 10 ong or more software
applications or programs that, when executed by a computing device, may cause the computing
device to perform one or more tasks, such as the method step.

10394} In addition, one or more of the devices described herein may transform data, physical
devices, and/or representations of physical devices from one form to another. Additiounally, or
alternatively, one or more of the modules recited herein may transform a processor, volatile
memory, non-volatile memory, and/or any other portion of a physical computing device from
one form of computing device to another form of computing device by executing on the
computing device, storing data on the computing device, and/or otherwise interacting with the
computing device.

[0395] The term “computer-readable medium,” as used herein, generally refers to any form
of device, carrier, or medium capable of storing or carrying computer-readable instructions.
Examples of computer-readable media comprise, without limitation, transmission-type media,
such as carrier waves, and non-transitory-type media, such as magoetic-storage media (e.g., hard

disk drives, tape drives, and floppy disks), optical-storage meadia {e.g., Compact Disks ({CDs},
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Digital Video Disks (DVDs}, and BLU-RAY disks), electronic-storage media {e g , solid-state
drives and flash media), and other distribution systems.

03961 When a feature or element is herein referred 1o as being "on" another feature or
element, it can be directly on the other feature or element or intervening features and/or elements
may also be present. In countrast, when a feature or elernent is referred to as being "directly on”
ancther feature or element, there are no intervening features or elemenis present. It will also be
understood that, when a feature or element is referred to as being "connected”, "attached” or
"coupled” to another feature or element, it can be directly connected, attached or coupled to the
other feature or element or intervening features or elements may be present. In contrast, when &
feature or element is referred to as being "directly connected", "directly attached” or "directly
coupied" to another feature or element, there are no intervening features or elements present.
Although described or shown with respect to one embodiment, the features and elements so
described or shown can apply to other embodiments. It will also be appreciated by those of skill
in the art that references to a structure or feature that is disposed "adjacent” another feature may
have portions that overlap or underlie the adjacent feature.

0397} Terminology used heretn is for the purpose of describing particular embodiments
only and is not intended {0 be limiting of the tnvention. For example, as used hergin, the singular
forms "a", "an” and "the® are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms "comprises" and/or
*comprising,” when used in this specification, specify the presence of stated features, steps,
operations, elements, and/or components, but do vot preclude the presence or addition of one or
more other features, steps, operations, elemenis, components, and/or groups thereof. As used
herein, the term "and/or” includes any and all combinations of one or more of the associated
fisted items and may be abbreviated as "/".

{8398} Spatially relative terms, such as "under”, "below”, "lower”, "over®, "upper” and the
fike, may be used herein for ease of description to describe one element or feature's relationship
to another element(s) or feature(s) as tllustrated in the figures. It will be understood that the
spatially relaiive terms are intended to encompass different orieniations of the device in use or
operation in addition to the orientation depicted in the figures. For exampie, if a device in the
figures is inverted, elements described as "under” or "beneath” other elements or features would

then be oriented "over” the other elements or features. Thus, the exemplary term "under” can
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encompass both an orientation of over and under. The device may be otherwise oriented (rotated
90 degrees or at other onentations) and the spatially relative descriptors used herein interpreted
accordingly. Similarly, the terms "upwardly”, "downwardly", "vertical", "horizontal” and the like
are used herein for the purpose of explanation only unless specifically indicated otherwise.
[0399] Although the terms “first” and “second” may be used herein to describe various
features/elements {(including steps), these features/elements should not be limited by these terms,
unless the context indicates otherwise. These terms may be used to distinguish one
feature/element from another feature/element. Thus, a first feature/element discussed below
could be termed a second feature/element, and similarly, a second feature/element discussed
below could be termed a first feature/element without departing from the teachings of the present
invention.

{6400} In general, any of the apparatuses and methods described herein should be understood
to be inclusive, but all or a sub-set of the components and/or steps may alternatively be exclusive
and roay be expressed as “congisting of” or alternatively “consisting essentially of” the various
components, steps, sub-components or sub-steps.

{8401} As used herein wn the specification and claims, weluding as used o the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word "about”
or “approximately,” even if the term does not expressly appear. The phrase “about” or
“approximately” may be used when describing magnitude and/or position to indicate that the
value and/or position described 1s within a reasonable expected range of values and/or positions.
For example, a numeric value may have a value that is +/- 0.1% of the stated value {or range of
values), +/- 1% of the stated value (or range of values), +/~ 2% of the stated value (or range of
values), +/- 5% of the stated value (or range of values), +/- 10% of the stated value {(or range of
values), etc. Any numerical values given herein should also be understood to include about or
approximately that value, unless the context indicates otherwise. For example, if the value "10"
is disclosed, then "about 10" is also disclosed. Any numerical range recited herein is intended to
include all sub-ranges subsumed therein. It is also understood that when a value is disclosed that
"tess than or equal to” the value, "greater than or equal to the value" and possible ranges between
values are also disclesed, as appropriately understood by the skilled artisan. For example, if the
value "X 13 disclosed the "less than or equal to X" as well as "greater than or equal to X" {e.g.,

where X is a numerical value} is also disclosed. 1t is also understood that the throughout the
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application, data is provided in a number of different formats, and that this data represents
endpoints and starting points, and ranges for any combination of the data points. For example, if
a particular data point “10” and a particular data point “157 are disclosed, it is understood that
greater than, greater than or equal to, less than, less than or equal to, and equal to 10 and 15 are
considered disclosed as well as between 10 and 15, It is also understood that each unit between
two particular units are also disclosed. For example, it 10 and 15 are disclosed, then 11, 12, 13,
and 14 are also disclosed.

0402 Although various iHustrative embodiments are described above, any of a number of
changes may be made to various embodiments without departing from the scope of the invention
as described by the claims. For example, the order in which varicus described method steps are
performed may often be changed in alternative embodiments, and in other alternative
embodiments one or more method steps may be skipped altogether. Optional features of various
device and system embodiments may be included in some embodiments and not in others.
Theretore, the foregoing description is provided prirvarily for exemplary purposes and should
not be interpreted to limit the scope of the invention as 1t is set forth in the claims.

{0403} The examples and illustrations included herein show, by way of illustration and not of
fimitation, specific embodiments in which the subject matter may be practiced. As mentioned,
other embodiments may be utilized and derived there from, such that structural and logical
substitutions and changes may be made without departing from the scope of this disclosure. Such
embodiments of the inventive subject matter may be referred to herein individually or
collectively by the term “invention” merely for convenience and without intending to voluntarily
Himit the scope of this application to any single invention or inventive concept, if more than one
is, in fact, disclosed. Thus, although specific embodiments have been illustrated and described
herein, any arrangement calculated to achieve the same purpose may be substituted for the
specific embodiments shown. This disclosure 18 intended to cover any and all adaptations or
variations of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.
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CLAIMS

What 1s claimed 1s:

1. A cartridge device for processing a polynucleotide, the cartridge device
comprising;

a first layer having a first thickness;

a second layer having a secound thickness;

an elasiic material extending between the first layer and the second layer and
separating the first layer from the second laver by a separation thickness;
and

an ubtraviolet {UV) measurement region formed through the first and second
layers, wherein a region of the first laver in the UV measurement region
has a thickness that is equal or less than the first thickness, a region of the
second layer the UV measurement region has a thickness that is equal or
less than the second thickness, and wherein the elastic material is absent
from between the region of the first layer in the UV measurement region
and the region of the second layer the UV measurement region to form a

UV measurement chamber having the separation thickness.

2. The cartridge device of claim |, wherein the first layer comprises a polymeric
material,
3. The cartridge device of claim 2, wherein the first layer comprises a cyclic olefin

copolymer {COC) material.

4 The cartridge device of any of claims 1 through 3, wherein the first thickness is

between | and S mim.

5. The cartridge device of any of claims 1 through 4, wherein the second layer

comprises a polymeric material.
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P

6. The cartridge device of claim 5, wherein the second layer comprises a cyclic
olefin copolymer (COC) material.
7. The cartridge device of any of claims 1 through 6, wherein the second thickness is

between | and S mm.

8. The cartridge device of any of claims 1 through 7, wherein the separation

thickness is between 1 mm and 0.1 mm.

9. The cartridge device of any of claims 1 through &, further comprising a fluid

chanuels in second layer in fluid communication with the UV measurement chamber.

10, The cartridge device of any of claims 1 through 9, further comprising a plurality
of pneumatic valves arranged to control flow into and out of the UV measurement chamber,
wherein the plurality of pneumatic valves are each formed by a pneumatic chamber in the first
fayer and a fluid chamber in the second layer, wherein a portion of the elastic material separates
the pneumatic chamber from the fluid chamber, further wherein the pneumatic chamber is in
fluid communication with a pneumatic channel in the first layer configured to communicate with
a pressure port on the an outer region of the cartridge device to actuate the pneumatic valve, and
wherein the fluid chamber is in fluid communication with the UV measurement chamber through

a fluid channel in the second layer when the pneumatic valve is open.

11, The cartridge device of any of claims 1 through 10, further comprising an in vitro
transcription (1VT) chamber formed at least partially within the second layer and in fluid

communication with the UV measurement chamber.
12, The cartridge device of any of claims 1 through 11, further comprising one or

maore vacuum ports on an cuter region of the cartridge device configured to couple to a source of

negative pressure to draw fluid into the UV measurement chamber.
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13, The cartridge device of any of claims 1 through 12, further comprising a first inlet
chanunel within the second layer that is in fluid communication with a first chamber configured to
hold a polynuclectide sample fluid, and a second inlet channel within the second faver that is in

fluid communication with a second chamber configured to hold a blank sample fluid.

i4. The cartridge device of any of claims 1 through 13, further comprising one or
more dilution mixing chambers in fluid communication with UV measurement chamber

configured to dilute a fluid sample.

15, The cartridge device of any of claims 1 through 14, wherein a diameter of the UV
measurement chamber is greater than a diameter of the region of the first layer in the UV

measurement region to limit bubbles in a central region of the UV measurement chamber.

16. A cartridge device for processing a polynucleotide, the cartridge device
comprising:

a first layer comprising a polymeric material having a first thickness;

a second layer comprising a polymeric material having a second thickness;

an elastic material extending between the first layer and the second layer;

an yltraviolet (V) measurement region formed through the first and second
layers, wherein a region of the first layer in the UV measurement region
has a thickness that is less than or equal to the first thickness, a region of
the second layer the UV measurement region has a thickness that is less
than or equal to the second thickness, and wherein the elastic material is
removed from between the region of the first layer in the UV measurement
region and the region of the second layer the UV measurement region to
form a UY measurement chamber; and

an in vitro transcription (IVT) chamber formed at least partially within the second

tayer and in fluid communication with the UV measurement chamber.

17. A method for manufacturing a polynucieotide using a microfluidic driver

apparatus operating on a cartridge, the method comprising:
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forming, in a cartridge, a therapeutic polynucleotide; and
determining, by the microfluidic driver apparatus, a concentration of the
therapeutic polynucleotide by:
driving a first blank solution into an ultraviolet (UV) measurement
charber of the cartridge and taking a first absorption measurement
through the cartridge,
driving a sample solution of the therapeutic polynucieotide into the UV
measurement chamber of the cartridge and taking a second
absorption measurement through the cartridge, and
estimating a concentration of the therapeutic polvaucleotide from the first

and second absorption measurements.

18.  The method of claim 17, further comprising adjusting, in a processor of the
microfluidic driver apparatus, the operation of the microfluidic driver apparatus based on the

estimated concentration of the therapeutic polynucleotide.

19. The method of any of claims 17 through 18, further comprising comparing, by a
processor of the microfluidic driver apparatus, the estimated concentration of the therapeutic
polynucleotide 1o a concentration range, and based on this comparison, directing the therapeutic
polynucieotide for one of pooling with one or more additional batches of therapeutic

polynucleotide formed in the cariridge, waste, or further asalysis.

20, The method of any of claims 17 through 19, further comprising diluting, under
control of a processor of the microfluidic driver apparatus, the therapeutic polynuciectide to a

standard concentration for cutput.

21, The method of any of claims 17 through 20, further comprising automatically
adjusting one or more parameters of the formation of the therapeutic polynucleotide by the
microfluidic driver apparatus based on the estimated concentration of the therapeutic

polyrucieotide.
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22, The method of claim 21, wherein the one or more parameters comprises one or

more of temperature, reagent volume, reagent concentration, time, and mixing.

23, The method of any of claims 17 through 22, wherein determining the
concentration of the therapeutic polynucleotide further comprises performing serial dilutions
within one or more chambers of the cartridge under control of the microfluidic driver apparatus
and repeating the steps of driving the sample solution of the therapeutic polyuucieotide for each

of one or more dilutions formed by the serial dilutions to generate a dilution curve.

24, The method of claim 23, wherein estimating the concentration of the therapeutic
polynucleotide comprises estimating the concentration of the therapeutic polynucleotide from the

dilution curve.

25, The method of any of claims 17 through 24, wherein estimating the concentration
of the therapeutic polynuclectide further comprises changing one or more of a sensitivity of a
UV detector and an intensity of a UV emitter of the microftutdic driver apparatus in respouse to

the second absorption measurement through the cartridge.

26, The method of any of claims 17 through 25, further comprising pretreating the
UV measurement chamber with UV light prior to taking the first absorption measurement

through the cartridge.
27, The method of any of claims 17 through 26, wherein forming the therapeutic
polynucleotide comprises performing an in vitro transcription (IVT) reaction to form the

therapeutic polynucleotide.

28.  The method of claim 27, further comprising generating, in the cartridge, a

template for the VT reaction.

29 The method of any of claims 17 through 238, wherein the therapeutic

polynuciectide comprises a therapeutic mRNA.

81



WO 2024/035754 PCT/US2023/029796

30.  The method of claim 29, further comprising encapsulating the therapeutic mRNA

with a delivery vehicle.

31, The method of any of claims 17 through 30, wherein the microfluidic driver
apparatus oversees the steps of driving the first blank solution and driving the sample solution by
preumatically deflecting one or more regions of a membrane of the cartridge to open and/or

close valves of the cartridge.

32, The method of claim 31, wherein the microfluidic driver apparatus pneumatically
deflects one or more regions of the membrane of the cartridge to drive the first blank solution

and/or the sample solution into the UV measurement chamber.

33 A method for manufacturing a polynuclectide using a microfluidic driver
apparatus operating on a cartridge, the method comprising:
forming, 1n a cartridge, a therapeutic polynucieotide, wherein the therapeutic
polynucleotide comprises a therapeutic mRINA;
determining, by the microfluidic driver apparatus, a conceniration of the
therapeutic mRNA by:
driving a first blank solution into an ultraviolet {(UUV) measurement
chamber of the cartridge and taking a first absorption measurement
through the cartridge,
driving a sample solution of the therapeutic polynucleotide into the UV
measurement chamber of the cartridge and taking a second
absorption measurement through the cartridge,
driving a second biank solution into the UV measurement chamber of the
cartridge and taking a third absorption measurement through the
cartridge, and
estimating a concentration of the therapeutic polynucleotide from the first,

second and third absorption measurements; and
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adjusting, in a processor of the microfluidic driver apparatus, the operation of the
microfluidic driver apparatus based on the estimated concentration of the

therapeutic polynucleotide.

34, Asystem for making and/or processing a polynucleotide, the system comprising:

a cartridge mount;

a plurality of pressure lines;

a plurality of fluidic lines, each coupled with or configured to couple with a fluid
source, wherein each fluidic line and at least a subset of the pressure lines
are configured to be secured to inlet or outlet ports on a cartridge held in
the cartridge mount;

an ubtraviolet (V) light source;

a UV light detector; and

a controller configured to control application of pressure through the pressure
lines to drive fluid through the cartridge, wherein the controller is further
configured to direct the formation of a therapeutic polynucleotide in the
cartridge, and to estimate a concentration of the therapeutic polynuclestide
by driving a first blank solution through a UV measurerent chamber of
the cartridge and taking a first absorption measurement using the UV light
source and UV light receiver, driving a sample solution including the
therapeutic polynucleotide through the UV measurement chamber of the
cartridge and taking a second absorption measurement using the UV light
source and UV light receiver, further wherein the coniroller is configured
to estimate the concertation of the therapeutic polyvnucleotide from the first

and second absorption measurement.

35, The system of claim 34, wherein the controller is further configured to modify

operation of the system based on the estimated concentration of the therapeutic polynucleotide.

36.  The systern of any of claims 34 through 35, wherein the controller is further

configured to compare the estimated concentration of the therapeutic polynucleotide to a
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concentration range and, based on this comparison, to direct the therapeutic polynuclectide for
one of: pooling with one or more additional batches of therapeutic polynucleotide formed in the

cartridge, waste, or further analysis.

37, The system of any of claims 34 through 36, wherein the controller is further

configured to dilute the therapeutic polynucleotide to a standard concentration for output.

38. The system of any of claims 34 through 37, wherein the controlier is further
configured to automatically adjust one or more parameters of the formation of the therapeutic

polynucieotide based on the estimated concentration of the therapeutic polynucleotide.

39, The system of claim 38, wherein the one or more parameters comprises one of

more of: temperature, reagent volume, reagent concentration, time, and mixing.

406.  The system of any of claims 34 throngh 39, wherein the controlier is further
configured to perform senal dilutions within one or more chambers of the cartridge and repeat
the steps of driving the sample solution of the therapeutic polynuciectide for each of one or more
dilutions of the sample solution of the therapeutic polynucleotide formed by the serial dilutions

to generate a dilution curve,

41, The system of claim 40, wherein the controller 1s further configured to estirate

the concentration of the therapeutic polynucleotide from the dilution curve.

42, The system of any of claims 34 throngh 41, wherein the controlier is further
configured to change one or more of a sensitivity of the UV detector and an intensity of the UV

fight source 10 response to the second absorption measurement through the cartridge.
43. The system of any of claims 34 through 42, wherein the controlier is further

configured to pretreat the UV measurement chamber with UV light prior to taking the first

absorption measurement through the cartridge.
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44 The system of any of claims 34 through 43, wherein the controlier is further
configured to form the therapeutic polynucleotide comprises performing an in vitro transcription

{(IVT) reaction to form the therapeutic polynucleotide.

45 The system of claim 44, wherein the controller is further configured o generate,

in the cartridge, a template for the IVT reaction.

46. The system of any of claims 34 through 45, wherein the therapeutic

polynucleotide comprises a therapeutic mRNA.

47.  The system of claim 46, wherein the controller is further configured to

encapsulate the therapeutic mRNA with a delivery vehicle.

48. The system of any of claims 34 through 47, wherein the controlier is further
configured to pneumatically deflecting one or more regions of a membrane of the cartridge to
open and/or close valves of the cartridge when driving the first blank solution, driving the second

blank solution and driving the sample solution.

49, The system of claim 48, wherein the controller is further configured to
pneumatically deflect one or more regions of the membrane of the cartridge to drive the first
blank solution, the second blank solution and/or the sample solution into the UV measurement

chamber.

50. A system for making and/or processing a polynucleotide, the system comprising:
a cartridge; and
a microfluidic driver apparatus comprising;
a cartridge mount;
a plurality of pressure lines;
a plurality of flutdic lines, each coupled with or configured to couple with

a fluid source, wherein each fluidic line and at least a subset of the
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pressure lines are configured to be secured to inlet or outlet ports
on a cartridge held in the cartridge mount;

an ultraviolet (UV} light source;

a UV light detector; and

a controfler configured to countrol application of pressure through the
pressure lines to drive fluid through the cartnidge, wherein the
controller is further configured to direct the formation of a
therapeutic polynucleotide, further wherein the controller is
configured to estimate a concentration of the therapeutic
polyoucleotide by driving a first blank solution through a UV
measurement chamber of the cartridge and taking a first absorption
measurement using the UV light source and UV light receiver,
driving a sample solution including the therapeutic polynucleotide
through the UV measurernent chamber of the cartridge and taking
a second absorption measurement using the UV light source and
UV light recerver, and driving a second blank solution though the
UV measurement chamber of the cartridge and taking a third
absorption measurement using the UV light source and UV light
receiver; modifying operation of the microfluidic driver apparatus
based on the concertation of the therapeutic polynucleotide
determined from the first, second and third absorption

measurement.

51, A method for manufacturing a polynuclectide using a microfluidic driver
apparatus operating on a cartridge, the method comprising:
forming, in a cartridge, a therapeutic polynucleotide; and
determining, by the microfluidic driver apparatus, a concentration of the
therapeutic polynucleotide by:
driving a first blank solution into a concentration measurement chamber of
the cartridge and taking a first measurement through the cartridge,

driving a sample solution of the therapeutic polynucieotide into the
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concentration measurement chamber of the cariridge and taking a
second measurement through the cartridge, and
estimating a concentration of the therapeutic polynuclectide from the first
and second measurements; and
comparing, by a processor of the microfluidic driver apparatus, the estimated
concentration of the therapeutic polynucleotide to a concentration range,
and based on this comparison, directing the therapeutic polynucleotide for
one of. pooling with one or more additional batches of therapeutic

polynucleotide formed in the cartridge, waste, or further analysis,

52, The method of claim 51, the concentration measurement chamber comprising an
ultraviolet (UV) measurement chamber, the first measurement comprising a first absorption

measurement, the second measurement comprising a second absorption measurement.

53.  The method of claim 52, wherein estimating the concentration of the therapeutic
polynucieotide further conprises changing one or more of a sensitivity of a UV detector and an
mtensity of a UV emitter of the microfluidic driver apparatus in response to the second

absorption measurement through the cartridge.

54.  The method of any of claims 52 through 53, further comprising pretreating the
UV measurement chamber with UV light prior to taking the first absorption measurement

through the cartridge.

55.  The method of any of claims 51 through 54, further comprising adjusting, ina
processor of the microfluidic driver apparatus, the operation of the microfluidic driver apparatus

based on the estimated concentration of the therapeutic polynucleoctide.
50. The method of any of claims 51 through 55, further comprising difuting, under

control of a processor of the microfluidic driver apparatus, the therapeutic polynuciectide to a

standard concentration for output.
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57.  The method of any of claims 51 through 55, further comprising automatically
adjusting one or more parameters of the formation of the therapeutic polynucleotide by the
microfluidic driver apparatus based on the estimated concentration of the therapeutic

polynucieotide.

38. The method of claim 57, wherein the one or more parameters comprises one or

more of temperature, reagent voluwe, reagent concentration, time, and mixing.

59. The method of any of claims 51 through 38, wherein determining the
concentration of the therapeutic polynucleotide further comprises performing serial dilutions
within one or more chambers of the cartridge under control of the microfluidic driver apparatus
and repeating the steps of driving the sample solution of the therapeutic polynucleotide for each

of one or more dilutions formed by the serial dilutions to generate a dilution curve.

60.  The method of claim 59, wherein estimating the concentration of the therapeutic
polynucieotide comprises estimating the concentration of the therapeutic polynucleotide from the

dilution curve.
61, The method of any of claims 51 through 60, wherein forming the therapeutic
polynucieotide comprises performing an in vitro transeription {IVT) reaction to form the

therapeutic polynucleotide.

62, The method of claim 61, further comprising generating, in the cartridge, a

template for the IVT reaction.

63 The method of any of claims 51 through 62 whergin the therapeutic

polynucleotide comprises a therapeutic mRNA.

64.  The method of claim 63, further comprising encapsulating the therapeutic mRNA

with a delivery vehicle.
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65, The method of any of claims 51 through 64, wherein the microfluidic driver
apparatus oversees the steps of driving the first blank solution and driving the sample solution by
pneumatically deflecting one or more regions of 2 membrane of the cartridge to open and/or

close valves of the cartridge.

66.  The method of claim 65, wherein the microfluidic driver apparatus pneumatically
deflects one or more reglons of the membrane of the cartridge to drive the first blavk solution

and/or the sample solution inlo the measurenent chamber.

67. A system for making and/or processing a polynucleotide, the system comprising:

a cartridge mount;

a plurality of pressure lines;

a plurality of fluidic lines, each coupled with or configured to couple with a fluid
source, wherein each fluidic line and at least a subset of the pressure lines
are configured to be secured to inlet or outlet ports on a cartridge held in
the cartridge rount; and

a controller configured to control application of pressure through the pressure
lines to drive fluid through the cartridge, wherein the controller is further
configured to direct the formation of a therapeutic polynucleotide in the
cartridge, and fo estimate a concentration of the therapeutic polynuclectide
by driving a first blank solution through a measurement chamber of the
cartridge and taking a first measurement of the first blank sample in the
measurement chamber, driving a sample solution including the therapeutic
polynucleotide through the measurement chamber of the cartridge and
taking a second measurcment of the sample solution in the measurement
chamber, further wherein the controller is configured to estimate the
concertation of the therapeutic polynucieotide from the first and second

measurement.

68.  The system of claim 67, further comprising;

an ultraviolet (UV) light source; and
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a UV light detector;

wherein the controlier is configured to take the first measurement in the form of a
first absorption measurement using the UV light source and the UV light
receiver;

wherein the controller is configured to take the second measurement in the form
of a second absorption measurement using the UV light source and the UV
fight receiver;

wherein the controlier is configured to estimate the concertation of the therapeutic

polynucleotide from the first and second absorption measurement.

69.  The system of claim 08, wherein the controller ts further configured to change one
or more of a sensitivity of the UV detector and an intensity of the UV light source in response to

the second absorption measurement through the cartridge.

70.  The system of any of claims 68 throngh 69, wherein the controller is further
configured to pretreat the UV measurement chamber with UV light prior to taking the first

absorpiion measurement through the cartridge.

71, The system of any of claims 67 throngh 70, wherein the controlier is further
configured to modify operation of the system based on the estimated concentration of the

therapeutic polynucleotide.

72, The system of any of claims 67 through 71, wherein the controlier is further

configured to dilute the therapeutic polynuclectide to a standard concentration for output.
73 The system of any of claims 67 through 73, wherein the controlier is further
configured to automatically adjust one or more parameters of the formation of the therapeutic

polynucieotide based on the estimated concentration of the therapeutic polynucieotide.

74, The system of claim 73, wherein the one or more parameters COmprises one or

more of temperature, reagent volume, reagent concentration, time, and mixing.
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75.  The system of any of claims 67 through 74, wherein the controlier is further
configured to perform serial dilutions within one or more chambers of the cartridge and repeat
the steps of driving the sample solution of the therapeutic polynucleotide for each of one or more
dilutions of the sample solution of the therapeutic polynucleotide formed by the serial dilutions

to generate a dilution curve.

76.  The system of claim 75, wherein the controller is further configured to estimate

the concentration of the therapeutic polynucleotide from the dilution curve.

78. The system of any of claims 67 through 76, wherein the controller is further
configured to form the therapeutic polynucleotide comprises performing an in vitro transcription

{(IVT) reaction to form the therapeutic polynucleotide.

79, The system of claimy 78, wherein the controller is further configured to generate,

in the cartridge, a template for the IVT reaction.

80.  The system of any of claims 67 through 79, wherein the therapeutic

polynucieotide comprises a therapeutic mRNA.

81, The system of claim 80, wherein the controller is further configured to

encapsuiate the therapeutic mRNA with a delivery vehicle.

82.  The system of any of claims 67 through 81, wherein the controller is further
configured to pneumatically deflecting one or more regions of a membrane of the cartridge to
open and/or close valves of the cartridge when driving the first blank solution, driving the second

blank solution and driving the sample sotution.
83.  The system of claim 82, wherein the controller is further configured to

pneunnatically deflect one or more regions of the membrane of the cartridge to drive the first

blank solution, the second blank solution and/or the sample solution into the measurement
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chamber.

84,

85,

A method comprising:

emitting ultraviotet (UV) light through a UV measurement chamber of a cartridge,
the UV measurement chamber being configured to receive fluid;

receiving the UV light at a UV light detector, the received UV light having passed
through the UV measurement chamber of the cartridge;

measuring a maximum voltage of the UV light detector;

measuring a standard deviation of a signal from UV the light detector;

determining an upper limit of quantitation (L.o{}) based on the measured
maximum voltage and based on the measured standard deviation;

determining a lower Lo(Q based on the measured maximum voltage and based on
the measured standard deviation;

determining whether the upper LoQ and the lower L.oQ are acceptable; and

either:
allowing the cartridge o be used o generate a therapeutic polynucleotide

if the upper LoQ and the lower LoQ are acceptable, or

providing an alert if one or both of the upper Lo(} or the lower LoQ is not

acceptable.

The method of claim 84, further comprising forming or processing a therapeutic

polynuciectide on the cartridge.

86.

comprising;

A cartridge device for processing a polynucleotide, the cartridge device

a first layer, the first layer defining a first recess providing a first ultraviolet (UV)
measurenment region;

a second layer, the second faver defining a second recess providing a second UV
measurement region;

an elastic material extending between the first layer and the second layer and

separating the first laver from the second layer;
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a UV measurement chamber formed between the first and second UY
measurement regions, the UV measurement charmber being configured to
receive fluid, the first layer and the second layer being configured 1o allow
UV light to pass through the UV measurement chamber; and

a UV blocking feature posttioned on or in the first layer, the UV blocking feature
being configured to restrict backscattering of UV light through or from the

first layer.

87. The cartridge device of claim 86, the elastic material being absent along the UV

measurement chamber.

88.  The cartridge device of any of claims 86 through 87, the first recess having a first
diameter, the UV blecking feature having an opening with a diameter that is smaller than the first

diameter of the first recess.

89.  The cartridge device of any of claums 86 through 88, the UV blocking feature
having a body positioned on an upper surface of the firsi layer, the first recess being formed

through the upper surface of the first layer.

80.  The cartridge device of claim 89, the body having a disc shape.
91.  The cartridge device of any of claims 80 through 90, the UV blocking feature

having a eylindraceous body positioned in the first recess.

92 The cartridge device of any of claims 86 through 91, the UV blocking feature

being configured to block transmission of UV light through a sidewall of the first recess.

93, A method comprising:
emitting ultraviolet (UV} light through a UV measurement chamber of a cartridge,
the UV measuremeni chamber containing fluid;

receiving the UV light at a UV light detector, the received UV light having passed
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through the UV measurement chamber of the cartridge;

obtaining a first plurality of concentration measurements, each concentration
measurement of the first plurality of concentration measurements
indicating a respective concentration of fluid in the UV measurement
chamber;

calculating a mean of the first plurality of concentration measurements;

comparing each conceniration measurement of the first plurality of concentration
measurements to the mean of the first plurality of concentration
measurements;

identifying an outlier from among the first plurality of concentration
measurements relative to the mean of the first plurality of concentration
measuremeants;

establishing a second plurality of concentration measurements, the second
plurality of concentration measurements comprising the first plurality of
concentration measurements with the identified outlier removed;

calculating a mean of the second plurality of concentration mieasurements; and

reporting the mean of the second plurality of concentration measurements.

94, The method of claim 93, the first plurality of concentration measurements

comprising four concentration measurerments,

95.  The method of any of claims 93 through 94, the second plurality of concentration

measurements comprising three concentration measurements.

96.  The method of any of claims 93 through 95, the identified outlier providing a
concentration measurement substantially deviating from the mean of the first plurality of

measurements due to a presence of bubbles in the fluid in the UV measurement chamber.
07.  The method of claim 96, further comprising executing a bubble removal

algorithm in response to the identified outlier deviating from the meaun of the first plurality of

measurements by a predetermined degree.
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