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PRESSURIZABLE CARTRIDGE FOR POLYMERASE CHAIN REACTIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 61/369,925

filed August 2, 2010, the entirety of which is incorporated herein by this reference for all

purposes.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention is directed to the field of thermocyclers used in the practice of

the polymerase chain reaction (PCR).

2 . The Relevant Technology

An important tool in the field of molecular biology is the process known as the

"polymerase chain reaction" (PCR). PCR generates large quantities of genetic material from

small samples of the genetic material.

The PCR process is performed in a small reaction vial containing components for

DNA duplication: the DNA to be duplicated, and PCR reaction agents that include the four

nucleotides which are assembled to form DNA, two different types of synthetic DNA called

"primers" (one for each of the complementary strands of DNA), and an enzyme called DNA

polymerase, typically entrained in a carrier fluid.

DNA is double stranded. The PCR process begins by separating the two strands of

DNA into individual complementary strands, a step which is referred to as "denaturation."

This is typically accomplished by heating the PCR reaction mixture to a temperature of about

94 to about 96 degrees centigrade for a period of time between a few seconds to over a

minute in duration.



Once the DNA is separated into single strands, the mixture is cooled to about 45 to

about 60 degrees centigrade (typically chosen to be about 5 degrees below the temperature at

which the primer will melt) in order to allow a primer to bind to each of the corresponding

single strands of DNA in the mixture. This step is typically called "annealing." The annealing

step typically takes anywhere from a few seconds up to a few minutes.

Next, the reaction vessel is heated to about 72 to 73 degrees centigrade, a temperature

at which DNA polymerase in the reaction mixture acts to build a second strand of DNA onto

the single strand by adding nucleic acids onto the primer so as to form a double stranded

DNA that is identical to that of the original strand of DNA. This step is generally called

"extension." The extension step generally takes from a few seconds to a couple minutes to

complete.

This series of three steps, also sometimes referred to as "stages", define one "cycle."

Completion of a PCR cycle results in doubling the amount of DNA in the reaction vial.

Repeating a cycle results in another doubling of the amount of DNA in the reaction vial.

Typically, the process is repeated many times, e.g. 10 to 40 times, resulting in a large number

of identical pieces of DNA. Performing 20 cycles results in more than a million copies of the

original DNA sample. Performing 30 cycles results in more than a billion copies of the

original DNA sample. A "thermocycler" is used to automate the process of moving the

reaction vessel between the desired temperatures for the desired period of time.

DNA for amplification must be obtained from a biological sample, which involves

disrupting biological tissues, cell walls, capsids, or the like, in order to release a particular

DNA of interest. In some instances, a particular RNA is of interest, although the RNA must

be converted to DNA in order to use PCR for amplification.

A challenge in managing PCR reactions occurs when the temperature range at which

denaturation takes places is near the boiling temperature of the carrier fluid. For example, at



higher altitudes such as might be found in cities like Denver, water, a typical carrier fluid,

boils at 97 degrees centigrade. Heating a sample from about 94 to about 96 degrees

centigrade may cause bubbles of water vapor and/or dissolved gases to form. These bubbles

pose a challenge during PCR, particularly those systems that rely upon optical detection

systems. That is, optical detection systems project an optical signal through the reaction

vessel and the sample. Bubbles, however, can at least partially occlude and/or distort and/or

refract the optical signal and, in so doing, degrade the signal quality and/or introduce noise

received at the optical detector. Prior art solutions attempted to resolve this problem by using

very precise and, consequently, very expensive thermal controls to try and prevent boiling

from occurring, often with limited success.

Bubbles may also be present before the thermocycling process, such as those that

develop in what can be turbulent flow of the sample as it flows into the reaction vessel or

pockets of gas that become trapped within the reaction vessel when the sample enters the

reaction vessel. Such bubbles pose the same problems as those generated during

thermocycling.

In addition, the presence and development of bubbles within the fluid alters the

volume of the fluid. This occurs as the volume of the bubbles change much more

significantly than the volume of the fluid and sample change during thermocycling. The

change in the volume of the bubbles cause the fluid and entrained DNA sample to flow in and

out of the reaction vessel. Such flows of the fluid in and out of the reaction vessel may alter

and/or dilute the concentration of the DNA sample and/or the PCR reaction agents within the

reaction vessel.

Thus, there exists a need for a PCR process and system that improves signal quality.

In addition, there exists a need for a PCR system that reduces the presence of bubbles within

the sample.



BRIEF SUMMARY OF THE INVENTION

Conventional PCR systems and methodology require the use of laboratory equipment

and skilled technicians. The present invention is directed to methods and apparatus that can

lessen the requirements for laboratory equipment and for skilled technicians and can even be

used in applications in the field outside the presence of skilled technicians.

An exemplary sample processing module is described that includes a sample

assembly and a PCR assembly. A sample is added to the sample assembly at the time of use,

which is then connected to the PCR assembly. The sample is introduced into a PCR reaction

vial within the PCR assembly, which contains all of the constituents of a PCR reaction

mixture that are necessary to process the sample and provide amplified DNA of interest, if

that DNA was present in the sample.

Embodiments of the invention include those in which a sample within the PCR

reaction vial assembly can be pressurized above ambient pressure through the use of a flow

restriction device. The flow restriction device is in fluidic communication with at least one

PCR reaction vial. An embodiment of the flow restriction device includes a permeable

membrane that at least partially permits at least a first fluid to pass through the membrane and

at least partially prevents at least a second fluid from flowing through the membrane.

Another embodiment of the flow restriction device includes various types of valves.

These and other objects and features of the present invention will become more fully

apparent from the following description and appended claims, or may be learned by the

practice of the invention as set forth hereinafter.



BRIEF DESCRIPTION OF THE DRAWINGS

To further clarify the above and other advantages and features of the present

invention, a more particular description of the invention will be rendered by reference to

specific embodiments thereof which are illustrated in the appended drawings. It should be

understood that these drawings depict only typical embodiments of the invention and are

therefore not to be considered limiting of its scope. The invention will be described and

explained with additional specificity and detail through the use of the accompanying

drawings in which:

FIG. 1 is a perspective view of an embodiment of a sample processing module.

FIG. 2 is a side view of a sample assembly.

FIG. 3 is a cross-sectional side view taken along section line 3-3 of FIG. 2 .

FIG. 4 is a side view of the sample assembly of FIG. 2 and a swab.

FIG. 5 is another side view of the sample assembly of FIG. 2 and a swab.

FIG. 6 is a perspective view of a PCR assembly.

FIG. 7 is a top view of the PCR assembly of FIG. 6 .

FIG. 8 is a cross sectional side view of the PCR assembly of FIG. 6 .

FIG. 9 is a bottom view of the PCR assembly of FIG. 6 .

FIG. 10 is a side view of the sample processing module of FIG. 1 and optional

associated structures.

FIG. 11 is a partial cross-sectional view of an embodiment of the PCR assembly of

FIG. 6 .

FIG. 12 is a partial top view of the lenses and surrounding components of the PCR

assembly of FIG. 6 .

FIG. 13 is a bottom view corresponding to FIG. 12.

FIG. 14 is a cross-sectional view of another embodiment of a PCR assembly.



FIG. 15 is a cross-sectional side view of another embodiment of a sample assembly

taken along section line 3-3 of FIG. 2 .

DETAILED DESCRIPTION

The polymerase chain reaction is an important tool for use as a precursor for a number

of activities, such as the identification of small amounts of a particular genetic material in a

sample, measurement of how much genetic material is present in a sample, or generation of

enough genetic material for use in various applications.

Conventional thermocyclers have taken a number of forms. The most common

thermocyclers utilize a plurality of sample vials placed into a large, solid, thermally

conductive block. Each vial is manually loaded with sample DNA desired to be amplified,

hereinafter sometimes referred to as "template DNA," and the chemical constituents

necessary for the polymerase chain reaction. The steps of the PCR process are performed in

a laboratory by skilled technicians.

Referring to FIG. 1, the present invention provides a sample processing module 20

which simplifies the PCR process, various aspects of which are disclosed in the co-pending

U.S. Patent Application No. 11/958,332, filed December 17, 2007 and entitled "PCR Sample

Processing Module," which is incorporated in its entirety for all purposes by this reference.

Sample processing module 20 comprises a sample assembly 22 and a PCR assembly 24.

Sample assembly 22 is used for collection and optional processing of a biological sample,

template DNA, or a template RNA. PCR assembly 24 is used for the performance of PCR

amplification of template DNA.

FIG. 2 is a side view of sample assembly 22 prior to being attached to PCR assembly

24. As more easily seen in the cross-sectional view of sample assembly 22 taken along

section line 3-3 of FIG. 2, FIG. 3 shows sample assembly 22 as having a body 26 which

contains an interior cylindrical cavity 28 with an open end 31 for receiving a sample of a



biological material or a solution, such as a carrier fluid, containing template DNA or RNA.

Sample assembly 22 is advantageously provided with a removable threaded cap 34 having

cap threads 33 that mates with corresponding body threads 27 on the body 26 of the sample

assembly 22 so as to protect cavity 28 from contamination prior to use and to secure the

contents once a sample is placed within the cavity 28 but prior to the sample assembly 22

being secured to the PCR assembly 24. Of course, other ways of mating the body 26 to the

cap 34 and the PCR assembly 24 can be used, such as friction fits, seals, clasps, latches, and

the like, all fall within the scope of the disclosure. The upper end of cavity 28 may be

provided with an anti-splash structure 36.

The bottom end of cavity 28 is sealed by a movable plug 30, which on its upper end is

fitted with a seal 32 that prevents escape of the contents of the cavity. The movable plug 30

is mechanically coupled to a linear actuator 38 that moves the moveable plug 30 into and out

of the cavity 28 along axis 39. In some embodiments, the linear actuator is actuated

manually, such as by a user depressing a plunger (not shown). In other embodiments, the

linear actuator 38 is connected to a controller 35 that generates a movement signal and

transmits it to the linear actuator 38, that may include any of various types of electric motors,

screw drives, and equivalent systems. The controller 35 can be a general purpose computer

with a program written to effect the described actions and/or it may be a specific instruction

computer or chip. Optionally, the controller 35 stops sending the movement signal and/or

transmits a stop signal after a given period of time, during which the distance traveled may be

calculated for the rate at which a linear actuator 38 moves the moveable plug 30.

Optionally, a pressure sensor 4 1 operably coupled to the sample assembly 22 and/or

the PCR assembly 24 (FIG. 8) is coupled to the controller 35. The pressure sensor 4 1 is

configured to generate a pressure signal reflective of the pressure in the cavity 28 and/or one

or more areas of the PCR assembly 24, such as the PCR reaction vial 56 (FIG. 8) and transmit



the pressure signal to the controller 35. The controller 35, in response to a pressure signal,

stops sending the movement signal and/or transmits a stop signal to the linear actuator 38.

Optionally, a force gauge 43 configured to detect a force applied by the linear actuator 38 to

the moveable plug 30 and to generate a force signal representative of the force is coupled to

the controller 35. Embodiments of the force gauge include electrical, electro-mechanical,

mechanical switches, and binary devices that change state when a selected or target force is

met. The force gauge 43 transmits the force signal to the controller 35. The controller 35, in

response to the force signal, stops sending the movement signal and/or transmits a stop signal

to the linear actuator 38.

Rather than a moveable plug 30, another embodiment of sample assembly 122

illustrated in FIG. 15 includes a flexible membrane or bladder 132 incorporate or

mechanically coupled to the body 126 of the sample assembly 122. The flexible membrane

132 acts similarly to the moveable plug 30 in that it is deflected inward into the cavity 128 of

the sample assembly 122 and, in so doing, urges the sample into the PCR assembly 24 as

described below. A possible advantage of using a flexible membrane 132 is that it may

reduce the risk of a leak occurring at higher pressures at the interface where the flexible

membrane 132 couples to the body 126 as compared to the seal provided by the moveable

plug 30 against the body 26. The flexible membrane 132 may be deflected inward through

the use of air pressure or other force applied to the flexible membrane 132 as an alternative to

the linear actuator 38.

Sample assembly 22 may be preloaded with a solution or dried constituents, reagents,

base chemicals, such as deoxyribonucleic triphosphate (dNTP), and the like, or may be

provided empty until use. Although a template DNA may be placed into the sample

assembly 22 for use with the PCR sample processing module 20, it is contemplated that the

sample assembly 22 can utilize intact biological samples. FIGS. 4 and 5 depict the use of a



swab 38 which has been used to collect a biological sample, for example from a patient's

throat. Swab tip 40 may be separated from the swab 38 at a weakened area 42, allowing

swab tip 40 to drop into cavity 28 of the sample assembly 22. The sample assembly 22 may

then be subjected to an ultrasonic treatment to release DNA and R A from the biological

sample in accordance with the methods and apparatus of copending U.S. Patent Application

Number 11/958,299, filed December 17, 2007 and entitled "Ultrasonic Release of DNA and

RNA," the disclosure of which is incorporated herein by reference in its entirety for all

purposes.

FIGS. 6-9 and 11-13 depict different views of the PCR assembly 24 of FIG. 1. PCR

assembly 24 is provided with a interface 44 that mates with the open end 31 and the body

threads 27 of the sample assembly 22 illustrated best in FIG. 3 . As best seen in FIG. 8, a

sealing element 46, such as an O-ring, rubber gasket, and the like, is provided to act as a seal

between the PCR assembly 24 and sample assembly 22.

It is preferred that interface 44 and the sample assembly 22 be provided with a

locking structure 48, illustrated in FIG. 9, that prevents the sample assembly 22 from being

removed once it has been secured to the PCR assembly 24 so as to protect against subsequent

exposure of the contents of the sample assembly to users or handlers of the sample processing

module 20, a feature that is particularly desirable when working with virulent substances.

The locking structure 48, for example, optionally includes ratchet notches that interface with

flanges 50 on the sample assembly 22 (see FIG. 5) so as to allow sealing attachment of the

sample assembly 22 to the PCR assembly 24, but to thereafter prevent removal of the sample

assembly 22 from the PCR assembly 24.

A fluid conduit 47 in the PCR assembly 24 provides a route through which fluids and

the sample contained within the cavity 28 of the sample assembly 22 travel. A filter 52 is

provided over the fluid conduit 47 to prevent solid matter from passing from the sample



assembly 22 into a fluid delivery channel 54 of the PCR assembly 24. Stated differently,

solution containing template DNA to be amplified contained within the cavity 28 of the

sample assembly 22 is urged through the filter 52 and into the delivery channel 54 by raising

the movable plug 30 upwardly into cavity 28 so as to eject the solution from the cavity 28

into the delivery channel 54. Delivery channel 54 carries sample solution from the sample

assembly 22 to one or more PCR reaction vials 56. The illustrated PCR assembly 24 shows

the use of two PCR reaction vials 56, each of which is provided with sample via a split in the

delivery channel 54 shown at reference numeral 54a.

It is preferred that the sample processing module 20 be permanently secured in place

following attachment of the sample assembly 22 to the PCR assembly 24 so as to protect

against release of potentially hazardous materials. Inasmuch as this results in an enclosed,

non-vented space which decreases in overall volume as the movable plug is advanced within

cavity 28, it is preferred to provide one or more air chambers that serve to accommodate the

reduction of volume without impeding flow of solution from the sample assembly 22 to the

PCR reaction vials 45, and which also serve as a vent location for bubbles forming within the

PCR reaction vials 56. The illustrated embodiment utilizes vent chambers 58 for this

purpose, which communicate with PCR reaction vials 56 through vent channels 60 but which

are otherwise sealed.

Although FIGS. 6-9 show use of a separate vent chamber 58 for each of the PCR

reaction vials 56, it should be understood that this is not required and that other

configurations could provide the same functionality as vent chambers 58. For example, and

as will be discussed below, embodiments of the PCR assembly 124 illustrated in FIG. 14

optionally forego a vent chamber altogether and provide a structure through which gases

might be vented directly to the atmosphere.



It is preferred that each PCR reaction vial 56 contain a lyophilized bead 62

comprising the various constituents, hereinafter "the PCR reaction mixture," required to

amplify the template DNA supplied from the sample assembly 22. The PCR reaction mixture

within the lyophilized bead 62 will include the primers necessary to amplify the template

DNA, the polymerase, dNTP, and any other necessary constituents. More than one

lyophilized bead 62 may be provided if that is more convenient or if various constituents of

the PCR reaction mixture need to be isolated from one another prior to use.

The PCR reaction mixture will differ depending on the template DNA to be amplified.

Inasmuch as PCR assembly 24 is provided in a preloaded form factor, a label should be

attached which identifies the preloaded PCR assembly. FIGS. 8 and 9 show the use of a

radio frequency identification (RFID) label 64, which can also be used to provide information

to a thermocycler with which the sample module is used. Optimal operating conditions and

protocols, such as those used by the controller 35 may differ depending upon the template

DNA or the constituents of the PCR reaction mixture, so the RFID identification information

can also be used to select a thermocycler program, which may include instructions regarding

parameters such as target temperatures and cycle times, that are optimal for the contents of

the PCR reaction mixture.

It is preferred that PCR be monitored and controlled on a real time basis. FIG. 7

depicts the provision of lenses 66 to assist in direct visual observation of the contents of PCR

reaction vials 56. FIG. 10 depicts the use of optical excitation sources 68 for use in the

excitation of fluorescent constituents of the PCR reaction mixture, and photo receivers 70

which monitor fluorescent emissions through lenses 66. Copending U.S. Patent Application

Publication Application No. US 2006/0152727, entitled "Fluorescence Detection System,"

incorporated in its entirety by this reference for all purposes, contains additional details of

fluorescent detection systems that could be implemented for use with PCR assembly 24.



Copending U.S. Patent Application Publication No. US 2006/018889, entitled "Methods and

Apparatus for Controlling DNA Amplification," incorporated in its entirety by this reference

for all purposes, provides information regarding the control of PCR using real time

information from an optical detection system.

As noted, bubbles may form with the sample and the carrier fluid during the filling of

the reaction vials 56 and/or during the thermocycling process, particularly if the vapor

pressure of the sample and carrier fluid is close to the temperature at which the denaturing

process occurs, thereby raising the risk of unintentionally boiling the sample. For example,

an ideal denaturing temperature for a typically is from about 94 degree centigrade to about 96

degrees centigrade. However, the boiling point of water at a city at the altitude of Denver,

Colo., for example, is at about 97 degrees centigrade. Thus, to avoid unintentionally boiling

the sample during a PCR reaction occurring in Denver requires the use of very accurate and,

consequently, expensive thermal control system. In addition, bubbles of dissolved gases

might come out of solution during the thermocycling process as the capacity of the carrier

fluid to maintain the dissolved gases in solution decreases during the heating phase of the

thermocycle. Further, the presence and development of bubbles within the fluid alters the

volume of the fluid. This occurs as the volume of the bubbles change much more

significantly than the volume of the fluid and sample change during thermocycling. The

change in the volume of the bubbles cause the fluid and entrained DNA sample to flow in and

out of the reaction vessel. Such flows of the fluid in and out of the reaction vessel may alter

and/or dilute the concentration of the DNA sample and/or the PCR reaction agents with in the

reaction vessel.

These bubbles pose several potential difficulties in accurately replicating and

analyzing samples that undergo a PCR reaction. For one, it has been discovered that bubbles



often form under lenses 66, and these bubbles can result in inaccurate readings by photo

receivers 70.

To manage and mitigate the effect any bubbles might have after the bubbles have

developed, FIGS. 11-13 depict a configuration of lenses 66 and associated structure which is

useful to direct bubbles away from the lenses so that the accuracy of readings is not impeded.

FIG. 11 shows the use of an angled portion 80 formed in the structure of the PCR assembly

overlying reaction vials 56. This angled portion 80 serves to direct bubbles away from the

area underlying the lenses 66, and toward connecting vent channels 60 which lead to vent

chambers 58. As best seen by reference to both FIGS. 11 and 13, using a teardrop shaped

cavity 82 further assists in directing bubbles toward vent channels 60.

While the angled portion 80 acts to shepherd and guide bubbles away from the lenses

66 after the bubbles form, it is desirable to reduce the number of bubbles generated, in the

first instance. Further, it is desirable to reduce the volume of any individual bubble after the

bubble has formed. In so doing, the efficacy of the angled portion 80 to shepherd or guide

bubbles that are created could possibly be improved.

Applicants have discovered that including an optional flow restriction device 57

(FIGS. 6 and 8) downstream of the reaction vials 56 and between the reaction vials 56 and the

vent chambers 58. In one embodiment, the flow restriction device 57 in FIGS. 6 and 8 is a

permeable membrane that is sealed, such as by welding by heat, laser, sonically, and the like,

to the PCR assembly 24. In the embodiment illustrated in FIGS. 6 and 8, each permeable

membrane 57 is substantially the same length and width of the associated vent chamber 58.

Of course, it will be understood that the dimensions of the permeable membrane 57 may be

selected as appropriate. In addition, the location of the permeable membrane can be located

in different locations, including within an inner diameter of the vent channel 60.



In another embodiments, the permeable membrane 157 may form at least a portion of

a wall 55 of the reaction vial 56, as illustrated in FIG. 11. An advantage of the embodiment

in which the permeable membrane 157 forms a portion of a wall 55 is that it may prevent

PCR reagents, the sample, and/or the carrier fluid from being flushed or diluted out of the

reaction vials 56 during the filling and/or pressurization process. Further, any bubbles that do

come out of solution may pass through the permeable membrane and into the vent channel

60.

An attribute of embodiments of the permeable membrane 57 is that it is selectively

permeable. That is, the permeable membrane 57 is permeable to selected fluids, such as

water vapor and formerly dissolved gases that come out of solution of the sample and carrier

fluid. At the same time, the permeable membrane resists and/or prevents the flow of other

fluids, such as water, the carrier fluid, and other liquids from passing through the permeable

membrane 57. As a result, gases can flow through the permeable membrane 57 and into the

vent chamber 58 while the sample and carrier fluid are retained within the reaction vial 56

and, depending upon the location of the permeable membrane 57, the vent channel 60.

Optionally, the membrane 57 and other embodiments thereof, include a framework or

structure 59 to minimize or reduce any bulging or deflection of the permeable membrane 57

when a pressure differential exists between the two sides of the permeable membrane 57, as

illustrated in FIG. 6 . A deflection of the permeable membrane 57, if unchecked, may cause a

distortion or change in the relative volumes of the vent chamber 58 and the volume upstream

of the vent chamber 58 (i.e., the reaction vials 56 and associated fluid channels). That is, as

the permeable membrane 57 bulges more of the carrier fluid and sample flows through the

reaction vial 56, possibly causing more of any PCR reagents being flushed out of the reaction

vials 56 and into the vent channel 60. Such a change in the relative volume could require a

higher or lower fluid pressure and, consequently, more or less fluid than anticipated to obtain



a selected pressure. Thus, a framework or supporting structure 59, such as ribs or a lattice,

optionally is inserted within the permeable membrane or on one or both sides of the

permeable membrane 57. The supporting structure 59 resists the deflection of the permeable

membrane 57 when it is subject to a pressure differential between its two sides. In some

embodiments, rather than a physical structure 59 the permeable membrane 57 optionally

includes a matrix of load supporting fibers and other similar enhancements that improve the

resilience and stiffness of the permeable membrane.

Another embodiment of a flow restriction device is a valve 67 located within the vent

channel 60 and, optionally, valve 69 located within fluid delivery channel 54, illustrated in

FIG. 12. The valve may be selectively operated by a user or under command from a

controller 35 to open partially and/or fully and to selectively close the valve. Closing the

valve 67 after any gases have been vented to the vent chamber 58 allows a pressure above

ambient to be applied to the sample within the reaction vial 56 as will be described in further

detail below. An embodiment of the valve includes those made from elastomeric elements

The flow restriction device allows a pressure to be applied to the sample and carrier

fluid contained within the reaction vial 56. That is, the pressure within the reaction vial 56

can be maintained above ambient pressure, such as from about atmospheric/ambient pressure

to about 80 pounds per square inch (psi) above ambient pressure and, in some embodiments,

pressures even higher. In other embodiments, the flow restriction device provides the

capability of maintaining the pressure within the reaction vial from about 15 psi to about 60

psi above ambient pressure.

In the embodiment of the flow restriction device that comprises the permeable

membrane 57, pressure is provided in the following way. As noted, the moveable plug 30 is

moved linearly, urging the sample and entrained carrier fluid to flow through the fluid

delivery channel 54, into the reaction vials 56, through the vent channel 60 until it reaches the



permeable membrane 57. Gases, air, and other bubbles within the sample and carrier fluid

will pass through the permeable membrane, while the sample and carrier fluid presses against

the permeable membrane 57. Pressure above ambient can be created within the reaction vials

56 by causing the moveable plug 30 to further advance. As discussed above, the movement

of the moveable plug 30 can be controlled by the controller in response to a force signal or a

pressure signal, whether at the sample assembly 22 and/or the reaction vial 56. Stated

differently, pressurizing the fluid against the permeable membrane 57 serves as a method to

detect when a selected volume or amount of the sample and carrier fluid has entered the

reaction vial 56 because any gases would have permeated the permeable membrane 57 and

entered the vent chamber 58. When this occurs and the fluid reaches the permeable

membrane 57 and fails to pass through the permeable membrane, a detectable increase in the

pressure occurs quickly. In some instances, the pressure increase might be quite abrupt, thus

indicating that the PCR assembly 24 is adequately filled to perform the PCR reaction. Thus,

the rise in pressure serves, in part, as a method to detect when the sample and carrier fluid has

reached the permeable membrane 57.

Another benefit of pressurizing the sample and carrier fluid against the permeable

membrane 57 is that the stability of the pressure and/or force measured serves as a method of

detecting leaks. That is, if the pressure and/or force measured at the moveable plug 30 were

to decrease would be an indicator suggestive of a leak allowing fluid to escape from at least

one of the sample assembly 22 and PCR assembly 24. Such an indication would permit a

user to investigate the cause, run a new sample, and/or take other supplemental measures,

particularly if the sample to be tested is hazardous.

In addition, the volume of the vent chambers 58 may be adjusted in part, to obtain a

desired pressure within the reaction vial 56 and the pressure created within the vent chamber

58 by any gas that migrates into the vent chamber 58. That is, in some embodiments, the



volume of the vent chamber 58 is a function of the dimensions of the cavity 28 of the sample

assembly 22 and the reaction vial 56, and a desired or selected pressure to be obtained in the

vent chamber 58 and the reaction vial 56, as well as the type of sample and carrier fluid as

well as the reaction to occur within the reaction vessel. By calibrating the volumes of the

vent chamber 58, the reaction vials 56 and the pressures within each when in use, the pressure

differential across the permeable membrane 57 can be managed and optimized to improve the

efficacy of the permeable membrane 57 and to ensure that the pressure differential does not

exceed the design limits of the permeable membrane 57.

In some embodiments, the volume of the vent chamber 58 is sufficiently small such

that the entry of gas into the vent chamber 58, as discussed above, creates sufficient back

pressure so as to eliminate the need for a flow restriction device, such as the permeable

membrane 57 or valve 67. In such an embodiment, the design of the vent chamber 58 is such

that vent channel 60 turns upward and exits into the vent chamber 58, creating a u-tube

hydrostatic effect. The u-tube prevents the gases from migrating back into the reaction vial

56 after they reach the vent chamber 58.

Applying a pressure above ambient to the sample and carrier fluid within the reaction

vial 56 provides several benefits. For example, applying a pressure to the sample in the

reaction vial 56 increases the boiling temperature of the sample and the carrier fluid. Thus, in

the example previously described for Denver, Colo., the unpressurized sample boils at about

97 degrees centigrade, quite close to a selected denaturing temperature of from about 94

degrees centigrade to about 96 degrees centigrade. The sample under pressure, however,

boils at a temperature higher and, depending on the pressure, sometimes significantly higher

than 97 degrees centigrade. That is, because the boiling temperature is raised significantly

away from a desired denaturing temperature, it is possible to forego very accurate and,

consequently, very expensive temperature control methods. In so doing, bubbles that might



otherwise be inadvertently created by boiling or coming out of solution are not created and,

therefore, avoid the issues bubbles pose for optical scanning systems as discussed above.

Another advantage of creating a pressurizable cartridge as disclosed is that higher

pressure at which the sample and the carrier fluid is maintained reduces the size of bubbles

that are present and reduces the change in the volume of those bubbles as the thermocycling

process occurs. As noted above, the change in the volume of the bubbles causes a pumping

action by which the sample and carrier fluid may move into and out of the reaction vial by the

changing volume of the bubbles. Thus, using pressure to minimize the volume of the bubbles

reduces this pumping action that might cause dilution of PCR reagents in the reaction vial 56.

In addition, reducing the volume of the bubbles reduces the effect those bubbles have on the

optical scanning systems. That is, smaller bubbles will cause less noise in the optical signal

used with fluorescence detection systems, as discussed above.

Yet another advantage is that the reaction vials 56 optionally are formed of a thin

plastic and shaped with a taper to ensure good contact with the heating/cooling block that is

used to heat and cool the reaction vial 56 and the sample therein during the thermocycle

process. Holding the sample and carrier fluid at a higher pressure within the reaction vial 56

causes the thin plastic wall 55 (FIG. 11) of the reaction vial 56 to bulge slightly and press

more tightly against the heating and cooling block, thereby improving the heat transfer

thereto and the efficiency of the thermocycle process.

FIG. 10 depicts the optional use of a sonic transducer 72 in association with the

sample assembly. Copending U.S. Patent Application No. 11/958,299, filed December 17,

2007 and entitled "Ultrasonic Release of DNA and RNA" is incorporated in its entirety for all

purposes by this reference, and discloses methods and apparatus for releasing DNA or RNA

from biological materials using sonic energy.



As has been noted, the PCR process operates on DNA. When it is necessary to detect

R A rather than DNA, the RNA must first converted to DNA before PCR can be utilized.

Co-owned U.S. Patent Application No. 11/733,035, filed April 9, 2007 and entitled "Rapid

Reverse Transcription of PCR", and incorporated by reference in its entirely herein, discloses

methods and apparatus for use in forming template cDNA from template RNA, and further

discloses incorporating the appropriate constituents for this process into a PCR reaction

mixture and performing the transcription step prior to the PCR.

Any suitable thermocycler may be used to bring the sample and PCR reaction mixture

to the desired PCR target temperatures, but it is currently preferred to use a thermocycler of

the type disclosed in copending U.S. Patent Application No. 11/697,917, filed concurrently

herewith and entitled "Rapid Thermocycler, and which application is incorporated by

reference in its entirely herein.

The methods and apparatus of the invention allow for sample handling in a wide

variety of form factors that may be optimized in view of any desired number of samples,

portability requirements, the type of PCR detection assembly which might be used, the

chemical constituents to be utilized, treatment conditions and steps, and other features that

will apparent to one of ordinary skill in view of the teachings herein.

It will be appreciated that the drawings used to describe various aspects of exemplary

embodiments of the invention are diagrammatic and schematic representations of such

exemplary embodiments, and are not limiting of the present invention, nor are they

necessarily drawn to scale. Furthermore, specific details set forth in the foregoing description

have been given in order to provide a thorough understanding of the present invention, but it

will be apparent to one skilled in the art that the present invention may be practiced without

these specific details or with different details. In may respects, well-known aspects of PCR



and of thermocyclers have not been described in particular detail in order to avoid

unnecessarily obscuring the present invention.

The present invention may be embodied in other specific forms without departing

from its spirit or essential characteristics. The described embodiments are to be considered in

all respects only as illustrative and not restrictive. The scope of the invention is, therefore,

indicated by the appended claims rather than by the foregoing description. All changes

which come within the meaning and range of equivalency of the claims are to be embraced

within their scope.



CLAIMS

What is claimed is:

1. A sample processing module, comprising:

a PCR assembly, said PCR assembly including at least one PCR reaction vial;

a sample assembly, said sample assembly being configured to hold a fluid sample therein,

said sample assembly being attachable to said PCR assembly so as to form a closed

system;

a delivery channel formed in said PCR assembly, said delivery channel being in fluidic

communication with said PCR reaction vial and with said sample assembly;

a pressurization device; said pressurization device being configured to increase a pressure of

said fluid sample in said sample assembly and direct at least a portion said fluid

sample through said delivery channel to said PCR reaction vial, and

a flow restriction device between said sample assembly and said PCR reaction vial, said flow

restriction device being configured to enable said increase of said pressure to be

applied to said fluid sample delivered to said PCR reaction vial.

2 . The module of claim 1, further comprising a vent channel in fluidic communication

with said PCR reaction vial.

3 . The module of claim 2, wherein said flow restriction device is a permeable membrane

between said vent channel and said PCR reaction vial.

4 . The module of claim 3, wherein said permeable membrane is located between said

sample assembly and said at least one PCR reaction vial.



5 . The module of claim 2, wherein said flow restriction device is a valve between said

vent channel and said PCR reaction vial.

6 . A sample processing module, comprising:

a sample assembly, said sample assembly being configured to hold a fluid sample therein,

said sample assembly including a pressurization device configured to increase a

pressure of said fluid sample in said sample assembly; and

a PCR assembly, said PCR assembly including at least one PCR reaction vial, said PCR

assembly being configured to receive said sample assembly so as to form a closed

system, said PCR assembly including:

a delivery channel, said delivery channel being in fluidic communication with said

PCR reaction vial and with said sample assembly;

a vent channel in fluidic communication with said PCR reaction vial; and

a flow restriction device between said vent channel and said PCR reaction vial, said

flow restriction device being configured to enable said increase of said

pressure to be applied to said fluid sample delivered to said PCR reaction vial.
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