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(57) ABSTRACT 

This patent application describes an integrated apparatus for 
processing polynucleotide-containing samples, and for pro 
viding a diagnostic result thereon. The apparatus is config 
ured to receive a microfluidic cartridge that contains reagents 
and a network for processing a sample. Also described are 
methods of using the apparatus. 
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INTEGRATED SYSTEM FOR PROCESSING 
MICROFLUIDIC SAMPLES, AND METHOD 

OF USING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/728,964, filed Mar. 26, 2007 and scheduled to 
issue as U.S. Pat. No. 9,040,288 on May 26, 2015, which 
claims the benefit of priority under 35 U.S.C. S 119(e) to U.S. 
Provisional Application Ser. Nos. 60/786,007, filed Mar. 24, 
2006, and 60/859,284, filed Nov. 14, 2006. The disclosures of 
all of the above-referenced prior applications, publications, 
and patents are considered part of the disclosure of this appli 
cation, and are incorporated by reference herein in their 
entirety. 
0002 This application is also related to, and incorporates 
herein by reference the specifications of U.S. Design appli 
cation Ser. Nos. 29/257,028, 29/257,029, and 29/257,030, all 
of which filed on Mar. 27, 2006, and also U.S. patent appli 
cation Ser. No. 1 1/580,267, filed Oct. 11, 2006, also incorpo 
rated herein by reference. 

TECHNICAL FIELD 

0003. The technology described herein relates to an inte 
grated apparatus for processing polynucleotide-containing 
Samples and carrying out diagnostic tests on the same. More 
specifically, the technology relates to an apparatus for obtain 
ing a diagnostic result on a biological sample using a microf 
luidic cartridge that receives the sample, in conjunction with 
a bench-top system. Methods of using the technology are also 
described herein. 

BACKGROUND 

0004. The medical diagnostics industry is a critical ele 
ment of today's healthcare infrastructure. At present, how 
ever, diagnostic analyses no matter how routine have become 
a bottleneck in patient care. There are several reasons for this. 
First, there are usually several steps in a diagnostic analysis 
between collecting the sample, and obtaining a diagnostic 
result, that require different levels of skill by operators, and 
different levels of complexity of equipment. For example, a 
biological sample, once extracted from a patient, must be put 
in a form Suitable for a processing regime that typically 
involves using polymerase chain reaction (PCR) to amplify a 
nucleotide of interest. Once amplified, the presence of a 
nucleotide of interest in the sample needs to be determined 
unambiguously. Sample preparation is a process that is sus 
ceptible to automation but is also relatively routinely carried 
out in almost any location. By contrast, steps such as PCR and 
nucleotide detection have customarily only been within the 
compass of specially trained individuals having access to 
specialist equipment. Second, many diagnostic analyses can 
only be done with highly specialist equipment that is both 
expensive and only operable by trained clinicians. Such 
equipment is found in only a few locations—often just one in 
any given urban area. This means that most hospitals are 
required to send out samples to these locations for analysis, 
thereby incurring shipping costs and transportation delays, 
and possibly even sample loss, or mix-up. Third, some spe 
cialist equipment is typically not available on-demand but 
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instead runs in batches, thereby delaying the processing time 
for many samples because they must wait for a machine to fill 
up before they can be run. 
0005. The analysis of a biological sample to accomplish a 
particular diagnosis typically includes detecting one or more 
polynucleotides present in the sample. One example of detec 
tion is qualitative detection, which relates, for example, to the 
determination of the presence of the polynucleotide and/or 
the determination of information related to, for example, the 
type, size, presence or absence of mutations, and/or the 
sequence of the polynucleotide. Another example of detec 
tion is quantitative detection, which relates, for example, to 
the determination of the amount of polynucleotide present. 
Detection may therefore generally include both qualitative 
and quantitative aspects. Detecting polynucleotides qualita 
tively often involves establishing the presence of extremely 
Small quantities in a sample. In order to improve sensitivity, 
therefore, the amount of polynucleotide in question is often 
amplified. For example, some detection methods include 
polynucleotide amplification by polymerase chain reaction 
(PCR) or a related amplification technique. Such techniques 
use a cocktail of ingredients, including one or more of an 
enzyme, a probe, and a labeling agent. Therefore, detection of 
polynucleotides can require use of a variety of different 
reagents, many of which require sensitive handling to main 
tain their integrity, both during use, and over time. 
0006 Understanding that sample flow breaks down into 
several key steps, it would be desirable to consider ways to 
automate as many of these as possible, and, desirably, to 
facilitate accomplishing as many as possible with a single 
machine that can be made available, on demand, to many 
users. There is therefore need for a method and apparatus of 
carrying out steps of sample preparation, PCR, and detection 
on biological samples in Such a way that as few separate steps 
as possible are carried out. 
0007. The discussion of the background to the technology 
herein is included to explain the context of the technology. 
This is not to be taken as an admission that any of the material 
referred to was published, known, or part of the common 
general knowledge as at the priority date of any of the claims. 
0008 Throughout the description and claims of the speci 
fication the word “comprise' and variations thereof, such as 
“comprising and "comprises', is not intended to exclude 
other additives, components, integers or steps. 

SUMMARY 

0009. An apparatus, comprising: a receiving bay config 
ured to receive an insertable microfluidic cartridge; at least 
one heat source thermally coupled to the cartridge and con 
figured to apply heat to one or more selected regions of the 
cartridge at one or more selected times, in order to: create a 
micro-droplet of a polynucleotide-containing biological 
sample held on the cartridge, cause the micro-droplet to move 
between one or more positions on the microfluidic cartridge; 
lyse cells, where present in the biological sample, thereby 
releasing polynucleotides from the cells; prepare one or more 
of the polynucleotides for amplification; and amplify one or 
more of the polynucleotides; a detector configured to detect 
presence of the one or more amplified polynucleotides; and a 
processor coupled to the detector and the at least one heat 
Source, wherein the processor is configured to control apply 
ing heat to the one or more selected regions of the microflu 
idic cartridge at one or more selected times. 
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0010. The system herein further comprises an integrated 
system, comprising an apparatus and a complementary car 
tridge, wherein together the apparatus and cartridge process a 
sample that has been injected into the cartridge, and provide 
a diagnostic result on the sample. 
0011. The receiving bay of the apparatus can be config 
ured to selectively receive the microfluidic cartridge, as fur 
ther described herein and exemplified by the accompanying 
drawings. For example, the receiving bay and the microflu 
idic cartridge can be complementary in shape so that the 
microfluidic cartridge can be selectively received in, e.g., a 
single orientation. The microfluidic cartridge can have a reg 
istration member that fits into a complementary feature of the 
receiving bay. By selectively receiving the cartridge, the 
receiving bay can help a user to place the cartridge so that the 
apparatus can properly operate on the cartridge. The receiv 
ing bay can also be configured so that various components of 
the apparatus that can operate on the microfluidic cartridge 
(heat pumps, peltier coolers, heat-removing electronic ele 
ments, detectors, force members, and the like) can be posi 
tioned to properly operate on the microfluidic cartridge. For 
example, a contact heat source can be situated in the receiving 
bay such that it can be thermally coupled to one or more 
distinct locations of a microfluidic catridge that can be selec 
tively received in the receiving bay. 
0012. The heat pump can be, for example, a heat source 
Such as a resistor, a reversible heat pump Such as a liquid 
filled heat transfer circuitorathermoelectric element, a radia 
tive heat source such as a xenon lamp, and the like. The heat 
pump may be used not only to provide heat to the microfluidic 
elements but also to remove heat from microfluidic elements 
Such as to reduce activity of certain reagents, freeze liquid in 
a microchannel to change its phase from liquid to solid, 
reduce the pressure of an air chamber to create a partial 
vacuum, etc.) 
0013. In various embodiments of the apparatus: the appa 
ratus can further include a registration member that is 
complementary to the microfluidic cartridge, whereby the 
receiving bay receives the microfluidic cartridge in a single 
orientation; the apparatus can further include a sensor 
coupled to a processor, the sensor configured to sense whether 
the microfluidic cartridge can be selectively received. 
0014. The processor can be programmable to operate the 
detector to detect a polynucleotide or a probe thereof in a 
microfluidic cartridge located in the receiving bay. 
0015 The detector can be, for example, an optical detec 

tor. For example, the detector can include a light source that 
emits light in an absorption band of a fluorescent dye and a 
light detector that detects light in an emission band of the 
fluorescent dye, wherein the fluorescent dye corresponds to a 
fluorescent polynucleotide probe or a fragment thereof. For 
example, the optical detector can include a bandpass-filtered 
diode that selectively emits light in the absorption band of the 
fluorescent dye and abandpass filtered photodiode that selec 
tively detects light in the emission band of the fluorescent 
dye; or for example, the optical detector can be configured to 
independently detect a plurality of fluorescent dyes having 
different fluorescent emission spectra, wherein each fluores 
cent dye corresponds to a fluorescent polynucleotide probe or 
a fragment thereof, or for example, the optical detector can be 
configured to independently detect a plurality of fluorescent 
dyes at a plurality of different locations in the cartridge, 
wherein each fluorescent dye corresponds to a fluorescent 
polynucleotide probe or a fragment thereof. 
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0016. The processor can be, for example, programmable 
to operate the at least one heat pump. 
0017. In various embodiments, the at least one heat pump 
can be a contact heat source selected from a resistive heater, a 
radiator, a fluidic heat exchanger and a Peltier device. The 
contact heat source can be configured at the receiving bay to 
be thermally coupled to a distinct location in a microfluidic 
cartridge received in the receiving bay, whereby the distinct 
location can be selectively heated. At least one additional 
contact heat source can be included, wherein the contact heat 
Sources can be each configured at the receiving bay to be 
independently thermally coupled to a different distinct loca 
tion in a microfluidic cartridge received in the receiving bay, 
whereby the distinct locations can be independently heated. 
The contact heat source can be configured to be in direct 
physical contact with a distinct location of a microfluidic 
cartridge received in the receiving bay. In various embodi 
ments, each contact source heater can be configured to heat a 
distinct location having an average diameter in 2 dimensions 
from about 1 millimeter (mm) to about 15 mm (typically 
about 1 mm to about 10 mm), or a distinct location having a 
surface area of between about 1 mm about 225 mm (typi 
cally between about 1 mm and about 100 mm, or in some 
embodiments between about 5 mm and about 50 mm). 
0018. In various embodiments, the apparatus can include a 
compliant layer at the contact heat source, configured to 
thermally couple the contact heat Source with at least a por 
tion of a microfluidic cartridge received in the receiving bay. 
The compliant layer can have a thickness of between about 
0.05 and about 2 millimeters, and a Shore hardness of 
between about 25 and about 100. 

0019. In various embodiments, at least one heat pump can 
be a radiative heat source configured to direct heat to a distinct 
location of a microfluidic cartridge received in the receiving 
bay. 
0020. In various embodiments, the one or more force 
members configured to apply force to at least a portion of a 
microfluidic cartridge received in the receiving bay. 
0021. In various embodiments, the one or more force 
members can be configured to apply force to thermally couple 
the at least one heat pump to at least a portion of the microf 
luidic cartridge. The one or more force members can be 
configured to operate a mechanical member at the microflu 
idic cartridge, the mechanical member selected from the 
group consisting of a pierceable reservoir, a valve or a pump. 
0022. In various embodiments, the one or more force 
members can be configured to apply force to a plurality of 
locations in the microfluidic cartridge. The force applied by 
the one or more force members can result in an average 
pressure at an interface between a portion of the receiving bay 
and a portion of the microfluidic cartridge of between about 5 
kilopascals and about 50 kilopascals, for example, the aver 
age pressure can be at least about 14 kilopascals. At least one 
force member can be manually operated. At least one force 
member can be mechanically coupled to a lid at the receiving 
bay, whereby operation of the lid operates the force member. 
0023. In various embodiments, the apparatus can further 
include a lid at the receiving bay, the lid being operable to at 
least partially exclude ambient light from the receiving bay. 
The lid can be, for example, a sliding lid. The lid can include 
the optical detector. A major face of the lid at the optical 
detector or at the receiving bay can vary from planarity by less 
than about 100 micrometers, for example, less than about 25 
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micrometers. The lid can be configured to be removable from 
the apparatus. The lid can include a latching member. 
0024. In various embodiments, the apparatus can further 
include at least one input device coupled to the processor. 
0025. In various embodiments, the apparatus can further 
include a heating stage configured to be removable from the 
apparatus wherein at least one heat pump can be located in the 
heating stage. 
0026. In various embodiments, the cartridge can further 
include an analysis port. The analysis port can be configured 
to allow an external sample system to analyze a sample in the 
microfluidic cartridge; for example, the analysis port can be a 
hole or window in the apparatus which can accept an optical 
detection probe that can analyze a sample in situ in the 
microfluidic cartridge. 
0027. In some embodiments, the analysis port can be con 
figured to directa sample from the microfluidic cartridge to an 
external sample system; for example, the analysis port can 
include a conduit in fluid communication with the microflu 
idic cartridge that directs a liquid sample to a chromatography 
apparatus, an optical spectrometer, a mass spectrometer, or 
the like. 
0028. In some embodiments, the apparatus can include a 
receiving bay configured to receive a microfluidic cartridge in 
a single orientation; at least one radiative heat source ther 
mally coupled to the receiving bay; at least two contact heat 
Sources configured in the receiving bay to be thermally 
coupled to distinct locations, whereby the distinct locations 
can be selectively heated; one or more force members con 
figured to apply force to at least a portion of the microfluidic 
cartridge received in the receiving bay, wherein at least one of 
the one or more force members can be configured to apply 
force to thermally couple the contact heat sources to the 
distinct locations, and at least one of the one or more force 
members can be configured to operate a mechanical member 
at the microfluidic cartridge, the mechanical member selected 
from the group consisting of a pierceable reservoir, a lid at the 
receiving bay, the lid being operable to at least partially 
exclude ambient light from the receiving bay, the lid compris 
ing an optical detector configured to independently detect one 
or more fluorescent dyes, optionally having different fluores 
cent emission spectra, wherein each fluorescent dye corre 
sponds to a fluorescent polynucleotide probe or a fragment 
thereof, at least one input device selected from the group 
consisting of a keyboard, a touch-sensitive surface, a micro 
phone, and amouse, at least one data storage medium selected 
from the group consisting of a hard disk drive, an optical disk 
drive, a communication interface selectede from the group 
consisting of a serial connection, a parallel connection, a 
wireless network connection, and a wired network connec 
tion, a sample identifier selected from an optical character 
reader, a bar code reader, and a radio frequency tag reader; at 
least one output selected from a display, a printer, a speaker; 
and a processor coupled to the detector, the sensor, the heat 
Sources, the input, and the output. 
0029. A microfluidic cartridge can include a microfluidic 
network and a retention member in fluid communication with 
the microfluidic network, the retention member being selec 
tive for at least one polynucleotide over at least one poly 
merase chain reaction inhibitor. In some embodiment, the 
microfluidic cartridge also includes a registration member. 
0030. In various embodiments of the microfluidic car 
tridge, the microfluidic cartridge can further include a sample 
inlet valve in fluid communication with the microfluidic net 
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work. The sample inlet valve can be configured to accept a 
sample at a pressure differential compared to ambient pres 
sure of between about 20 kilopascals and 200 kilopascals, for 
example between about 70 kilopascals and 110 kilopascals. 
0031. In various embodiments, the microfluidic network 
can include a filter in fluid communication with the sample 
inlet valve, the filter being configured to separate at least one 
component from a sample mixture introduced at the sample 
inlet. 
0032. In various embodiments, the microfluidic network 
can include at least one thermally actuated pump in fluid 
communication with the microfluidic network. The thermally 
actuated pump can include a thermoexpansive material 
selected from a gas, a liquid vaporizable at a temperature 
between 25°C. and 100° C. at 1 atmosphere, and an expancel 
polymer. 
0033. In various embodiments, the microfluidic network 
can include at least one thermally actuated valve in fluid 
communication with the microfluidic network. The thermally 
actuated valve can include a material having a solid to liquid 
phase transition at a temperature between 25°C. and 100° C. 
at 1 atmosphere. 
0034. In various embodiments, the microfluidic network 
can include at least one sealed reservoir containing a reagent, 
a buffer or a solvent. The sealed reservoir can be, for example, 
a self-piercing blister pack configured to bring the reagent, 
the buffer or the solvent into fluid communication with the 
microfluidic network. 
0035. In various embodiments, the microfluidic network 
can include at least at least one hydrophobic vent. 
0036. In various embodiments, the microfluidic network 
can include at least one reservoir configured to receive and to 
contain waste Such as fluids and/or particulate matter Such as 
cellular debris. 
0037. In various embodiments, the retention member can 
include a polyalkylene imine or a polycationic polyamide, for 
example, polyethylene imine, poly-L-lysine or poly-D- 
lysine. The retention member can be in the form of one or 
more particles. The retention member can be removable from 
the microfluidic cartridge. 
0038. In various embodiments, the microfluidic network 
can include a lysis reagent. The lysis reagent can include one 
or more lyophilized pellets of surfactant, wherein the microf 
luidic network can be configured to contact the lyophilized 
pellet of Surfactant with a liquid to create a lysis reagent 
Solution. The microfluidic network can be configured to con 
tact a sample with the lysis reagent to produce alysed sample. 
0039. In various embodiments, the microfluidic network 
can be configured to couple heat from an external heat source 
to the sample to produce the lysed sample. For example, the 
microfluidic network can be configured to contact the reten 
tion member and the lysed sample to create a polynucleotide 
loaded retention member. 
0040. In various embodiments, the microfluidic cartridge 
can further include a filter configured to separate the poly 
nucleotide-loaded retention member from liquid. 
0041. In various embodiments, the microfluidic cartridge 
can further include a reservoir containing a wash buffer, 
wherein the microfluidic network can be configured to con 
tact the polynucleotide-loaded retention member with the 
wash buffer, for example, the wash buffer can have a pH of at 
least about 10. 
0042. In various embodiments, the microfluidic cartridge 
can include a reservoir containing a release buffer, wherein 
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the microfluidic cartridge can be configured to contact the 
polynucleotide-loaded retention member with the release 
buffer to create a released polynucleotide sample. 
0043. In various embodiments, the microfluidic network 
can be configured to couple heat from an external heat Source 
to the polynucleotide-loaded retention member to create the 
released polynucleotide sample. 
0044. In various embodiments, the microfluidic cartridge 
can include a reservoir containing a neutralization buffer, 
wherein the microfluidic network can be configured to con 
tact the released polynucleotide sample with the neutraliza 
tion buffer to create a neutralized polynucleotide sample. 
0045. In various embodiments, the microfluidic cartridge 
can include a PCR reagent mixture comprising a polymerase 
enzyme and a plurality of nucleotides. The PCR reagent mix 
ture can be in the form of one or more lyophilized pellets, and 
the microfluidic network can be configured to contact the 
PCR pellet with liquid to create a PCR reagent mixture solu 
tion. 
0046. In various embodiments, the microfluidic network 
can be configured to couple heat from an external heat Source 
with the PCR reagent mixture and the neutralized polynucle 
otide sample under thermal cycling conditions suitable for 
creating PCR amplicons from the neutralized polynucleotide 
sample. 
0047. In various embodiments, the PCR reagent mixture 
can further include a positive control plasmid and a fluoro 
genic hybridization probe selective for at least a portion of the 
plasmid. 
0048. In various embodiments, the microfluidic cartridge 
can include a negative control polynucleotide, wherein the 
microfluidic network can be configured to independently 
contact each of the neutralized polynucleotide sample and the 
negative control polynucleotide with the PCR reagent mix 
ture under thermal cycling conditions suitable for indepen 
dently creating PCR amplicons of the neutralized polynucle 
otide sample and PCR amplicons of the negative control 
polynucleotide. 
0049. In various embodiments, the microfluidic cartridge 
can include at least one probe that can be selective for a 
polynucleotide sequence, wherein the microfluidic cartridge 
can be configured to contact the neutralized polynucleotide 
sample or a PCR amplicon thereof with the probe. The probe 
can be a fluorogenic hybridization probe. The fluorogenic 
hybridization probe can include a polynucleotide sequence 
coupled to a fluorescent reporter dye and a fluorescence 
quencher dye. The PCR reagent mixture can further include a 
positive control plasmid and a plasmid fluorogenic hybrid 
ization probe selective for at least a portion of the plasmid and 
the microfluidic cartridge can be configured to allow inde 
pendent optical detection of the fluorogenic hybridization 
probe and the plasmid fluorogenic hybridization probe. 
0050. In various embodiments, the probe can be selective 
for a polynucleotide sequence that can be characteristic of an 
organism, for example any organism that employs deoxyri 
bonucleic acid or ribonucleic acid polynucleotides. Thus, the 
probe can be selective for any organism. Suitable organisms 
include mammals (including humans), birds, reptiles, 
amphibians, fish, domesticated animals, farmed animals, 
wild animals, extinct organisms, bacteria, fungi, viruses, 
plants, and the like. The probe can also be selective for com 
ponents of organisms that employ their own polynucleotides, 
for example mitochondria. In some embodiments, the probe 
can be selective for microorganisms, for example, organisms 
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used in food production (for example, yeasts employed in 
fermented products, molds or bacteria employed in cheeses, 
and the like) or pathogens (e.g., of humans, domesticated or 
wild mammals, domesticated or wildbirds, and the like). In 
Some embodiments, the probe can be selective for organisms 
selected from the group consisting of gram positive bacteria, 
gram negative bacteria, yeast, fungi, protozoa, and viruses. 
0051. In various embodiments, the probe can be selective 
for a polynucleotide sequence that is characteristic of Group 
B Streptococcus. 
0052. In various embodiments, the microfluidic cartridge 
can be configured to allow optical detection of the fluorogenic 
hybridization probe. 
0053. In various embodiments, the microfluidic cartridge 
can further include a computer-readable label. For example, 
the label can include a bar code, a radio frequency tag or one 
or more computer-readable characters. The label can be 
formed of a mechanically compliant material. For example, 
the mechanically compliant material of the label can have a 
thickness of between about 0.05 and about 2 millimeters and 
a Shore hardness of between about 25 and about 100. 
0054. In various embodiments, the microfluidic cartridge 
can be further Surrounded by a sealed pouch, during handling 
and storage, and prior to being inserted into the chamber. The 
microfluidic cartridge can be sealed in the pouch with an inert 
gas. The sealed pouch may also contain a packet of dessicant. 
The microfluidic cartridge can be disposable. 
0055. In various embodiments, the microfluidic cartridge 
can contain one or more sample lanes. For example, a sample 
lane can include a thermally actuated pump, a thermally 
actuated valve, a sample inlet Valve, a filter, and at least one 
reservoir. The lanes can be independent of each other, or can 
be partially dependent, for example, the lanes can share one or 
more reagents such as the lysis reagent. 
0056. In some embodiments, the microfluidic cartridge 
can include a registration member; and a microfluidic net 
work. The microfluidic network includes, in fluidic commu 
nication: at least one thermally actuated pump; at least one 
thermally actuated valve; a sample inlet valve configured to 
accept a sample at a pressure differential compared to ambi 
ent pressure of between about 70 kilopascals and 110 kilo 
pascals; a retention member selective for at least one poly 
nucleotide over at least one polymerase chain reaction 
inhibitor, the retention member being in the form of a plural 
ity of particles formed of a polyalkylene imine or a polyca 
tionic polyamide; a filter configured to separate the poly 
nucleotide-loaded retention member from liquid; a plurality 
of reservoirs, at least said one said reservoir being a sealed, 
self-piercing blister pack reservoir. The plurality of reservoirs 
can contain among them: a lysis reagent, the microfluidic 
network being configured to contact a sample introduced at 
the sample inlet with the lysis reagent and the retention mem 
ber to create a polynucleotide-loaded retention member; a 
reservoir containing a wash buffer, the microfluidic network 
being configured to contact the polynucleotide-loaded reten 
tion member with the wash buffer; a reservoir containing a 
release buffer, the microfluidic network being configured to 
contact the polynucleotide-loaded retention member with the 
release buffer to create a released polynucleotide sample; a 
neutralization buffer, the microfluidic network being config 
ured to contact the released polynucleotide sample with the 
neutralization buffer to create a neutralized polynucleotide 
sample; a PCR reagent mixture comprising a polymerase 
enzyme, a positive control plasmid, a fluorogenic hybridiza 
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tion probe selective for at least a portion of the plasmid and a 
plurality of nucleotides; and at least one probe that can be 
selective for a polynucleotide sequence, wherein the microf 
luidic network can be configured to contact the neutralized 
polynucleotide sample or a PCR amplicon thereof with the 
probe. Further, the microfluidic network can be configured to 
couple heat from an external heat source with the PCR 
reagent mixture and the neutralized polynucleotide sample 
under thermal cycling conditions suitable for creating PCR 
amplicons from the neutralized polynucleotide sample. 
0057. In various embodiments, a polynucleotide analysis 
system can include both the microfluidic cartridge and the 
apparatus, as further described herein. 
0058. In various embodiments, a polynucleotide sample 
kit can include a microfluidic cartridge comprising a microf 
luidic network and a retention member in fluid communica 
tion with the microfluidic network, the retention member 
being selective for at least one polynucleotide over at least 
one polymerase chain reaction inhibitor a sample container, 
and a liquid transfer member Such as a Syringe. 
0059. In various embodiments, the polynucleotide sample 
kit can further include instructions to employ the liquid trans 
fer member to transfera sample from the sample container to 
the microfluidic network. 
0060. In various embodiments, the polynucleotide sample 
kit can further include instructions to employ the liquid trans 
fer member to direct a sample from the sample container, and 
a volume of air into the microfluidic network, the volume of 
air being between about 0.5 mL and about 5 mL. 
0061. In various embodiments, the polynucleotide sample 
kit can further include a filter, and, for example, instructions 
to employ the liquid transfer member to direct a sample from 
the sample container through the filter into the microfluidic 
network. 
0062. In various embodiments, the polynucleotide sample 
kit can further include at least one computer-readable label on 
the sample container. The label can include, for example, a 
bar code, a radio frequency tag or one or more computer 
readable characters. The microfluidic cartridge can be sealed 
in a pouch with an inert gas. 
0063. In various embodiments, the polynucleotide sample 
kit can further include a sampling member; a transfer con 
tainer, and instructions to contact the sampling member to a 
biological sample and to place the sampling member in the 
transfer container. 
0064. In various embodiments, the polynucleotide sample 
kit can further include a sample buffer, and, for example, 
instructions to contact the sampling member and the sample 
buffer. 
0065. In various embodiments, the polynucleotide sample 
kit can further include at least one probe that can be selective 
for a polynucleotide sequence, e.g., the polynucleotide 
sequence that is characteristic of a pathogen selected from the 
group consisting of gram positive bacteria, gram negative 
bacteria, yeast, fungi, protozoa, and viruses. 
0066. In some embodiments, the polynucleotide sample 
kit can include a microfluidic cartridge comprising a microf 
luidic network, a retention member in fluid communication 
with the microfluidic network, and a flurogenic probe, the 
retention member being selective for at least one polynucle 
otide over at least one polymerase chain reaction inhibitor, the 
flurogenic probe being selective for a polynucleotide 
sequence that can be characteristic of a pathogen selected 
from the group consisting of gram positive bacteria, gram 
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negative bacteria, yeast, fungi, protozoa, and viruses; a 
sample container, a liquid transfer member; a sampling mem 
ber; a transfer container, a sample buffer, and instructions. 
The instructions can include instructions to: employ the liq 
uid transfer member to transfer a sample from the sample 
container to the microfluidic network; employ the liquid 
transfer member to direct a sample from the sample container 
and a volume of air into the microfluidic network, the volume 
of air being between about 0.5 mL and about 5 mL; employ 
the liquid transfer member to direct a sample from the sample 
container through a filter into the microfluidic network; and 
contact the sampling member to a biological sample and to 
place the sampling member in the transfer container. 
0067. A method for sampling a polynucleotide can include 
the steps of contacting the retention member at the microflu 
idic cartridge with a biological sample, the biological sample 
comprising at least one polynucleotide, thereby producing a 
polynucleotide-loaded retention member in the microfluidic 
cartridge; separating at least a portion of the biological 
sample from the polynucleotide-loaded retention member; 
and releasing at least a portion of a polynucleotide from the 
polynucleotide-loaded retention member, thereby creating a 
released polynucleotide sample. 
0068. In various embodiments, the method can further 
include one or more of the following steps: placing the 
microfluidic cartridge in the receiving bay of the apparatus; 
operating the force member in the apparatus to apply pressure 
at an interface between a portion of the receiving bay and a 
portion of the microfluidic cartridge (e.g., creating a pressure 
between about 5 kilopascals and about 50 kilopascals, or in 
Some embodiments, at least about 14 kilopascals); employing 
the force member to apply force to a mechanical member in 
the microfluidic cartridge, the mechanical member selected 
from the group consisting of a pierceable reservoir, a valve or 
a pump, to release at least one reagent, buffer, or solvent from 
a reservoir in the microfluidic chip; and/or closing the lid to 
operate the force member, wherein the force member can be 
mechanically coupled to a lid at the receiving bay. 
0069. In some embodiments, the method can further 
include employing a sample identifier to read a label on the 
microfluidic cartridge or a label on the biological sample. 
0070. In some embodiments, the method can further 
include introducing a crude biological sample into the 
microfluidic cartridge and separating the biological sample 
from the crude biological sample in the microfluidic car 
tridge, e.g., using a filter in the cartridge, or the biological 
sample can be separated from a crude biological sample prior 
to introducing the biological sample into the microfluidic 
cartridge. 
(0071. In some embodiments, the method can further 
include lysing the biological sample, for example, using heat, 
alysis reagent, and the like. In some embodiments, wherein 
the microfluidic cartridge comprises one or more lyophilized 
pellets of lysis reagent, the method can further include recon 
stituting the lyophilized pellet of surfactant with liquid to 
create a lysis reagent solution. 
0072. In various embodiments, the method can further 
include one or more of the following: heating the biological 
sample in the microfluidic cartridge; pressurizing the biologi 
cal sample in the microfluidic cartridge at a pressure differ 
ential compared to ambient pressure of between about 20 
kilopascals and 200 kilopascals, or in some embodiments 
between about 70 kilopascals and 110 kilopascals. 
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0073. In some embodiments, the portion of the biological 
sample separated from the polynucleotide-loaded retention 
member can include at least one polymerase chain reaction 
inhibitor selected from the group consisting of hemoglobin, 
peptides, faecal compounds, humic acids, mucousol com 
pounds, DNA binding proteins, or a saccharide. In some 
embodiments, the method can further include separating the 
polynucleotide-loaded retention member from substantially 
all of the polymerase chain reaction inhibitors in the biologi 
cal sample. 
0.074. In various embodiments, the method can further 
include one or more of the following: directing a fluid in the 
microfluidic cartridge by operating a thermally actuated 
pump orathermally actuated valve; contacting the polynucle 
otide-loaded retention member with a wash buffer; heating 
the polynucleotide-loaded retention member to a temperature 
of at least about 50° C. (in some embodiments, the tempera 
ture can be 100° C. or less); heating the polynucleotide 
loaded retention member for less than about 10 minutes; 
contacting the polynucleotide-loaded retention member with 
a release buffer to create a released polynucleotide sample 
(for example, in some embodiments, the the release buffer 
can have a volume of less than about 50 microliters, the 
release buffer can include a detergent, and/or the release 
buffer can have a pH of at least about 10); and/or contacting 
the released polynucleotide sample with a neutralization 
buffer to create a neutralized polynucleotide sample. 
0075. In various embodiments, the method can further 
include one or more of the following: contacting the neutral 
ized polynucleotide sample with a PCR reagent mixture com 
prising a polymerase enzyme and a plurality of nucleotides 
(in some embodiments, the PCR reagent mixture can further 
include a positive control plasmid and a fluorogenic hybrid 
ization probe selective for at least a portion of the plasmid); in 
some embodiments, the PCR reagent mixture can be in the 
form of one or more lyophilized pellets, and the method can 
further include reconstituting the PCR pellet with liquid to 
create a PCR reagent mixture solution; heating the PCR 
reagent mixture and the neutralized polynucleotide sample 
under thermal cycling conditions suitable for creating PCR 
amplicons from the neutralized polynucleotide sample; con 
tacting the neutralized polynucleotide sample or a PCR 
amplicon thereof with at least one probe that can be selective 
for a polynucleotide sequence; independently contacting 
each of the neutralized polynucleotide sample and a negative 
control polynucleotide with the PCR reagent mixture under 
thermal cycling conditions Suitable for independently creat 
ing PCR amplicons of the neutralized polynucleotide sample 
and PCR amplicons of the negative control polynucleotide: 
and/or contacting the neutralized polynucleotide sample or a 
PCR amplicon thereof and the negative control polynucle 
otide or a PCR amplicon thereof with at least one probe that 
is selective for a polynucleotide sequence. 
0076. In various embodiments, the method can further 
include one or more of the following: determining the pres 
ence of a polynucleotide sequence in the biological sample, 
the polynucleotide sequence corresponding to the probe, if 
the probe is detected in the neutralized polynucleotide sample 
or a PCR amplicon thereof; determining a contaminated 
result if the probe is detected in the negative control poly 
nucleotide or a PCR amplicon thereof; and/or in some 
embodiments, wherein the PCR reagent mixture further com 
prises a positive control plasmid and a plasmid probe selec 
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tive for at least a portion of the plasmid, the method further 
including determining a PCR reaction has occurred if the 
plasmid probe is detected. 
0077. In various embodiments, the method does not com 
prise centrifugation of the polynucleotide-loaded retention 
member. 
0078. In some embodiments, the method for sampling a 
polynucleotide can include: placing a microfluidic cartridge 
in the receiving bay of an apparatus; operating a force mem 
ber in the apparatus to apply pressure at an interface between 
a portion of the receiving bay and a portion of the microfluidic 
cartridge, the force operating to release at least one reagent, 
buffer, or solvent from a reservoir in the microfluidic car 
tridge; lysing a biological sample in the microfluidic cartridge 
to create a lysed biological sample; contacting a retention 
member at a microfluidic cartridge with the lysed biological 
sample, the biological sample comprising at least one poly 
nucleotide, thereby producing a polynucleotide-loaded reten 
tion member in the microfluidic cartridge, wherein the reten 
tion member is in the form of a plurality of particles of a 
polyalkylene imine or a polycationic polyamide; contacting 
the polynucleotide-loaded retention member with a wash 
buffer; heating the polynucleotide-loaded retention member 
to a temperature of at least about 50° C. for less than about 10 
minutes; contacting the polynucleotide-loaded retention 
member with a release buffer to create a released polynucle 
otide sample. contacting the released polynucleotide sample 
with a neutralization buffer to create a neutralized polynucle 
otide sample; contacting the neutralized polynucleotide 
sample with a PCR reagent mixture under thermal cycling 
conditions suitable for creating PCR amplicons from the neu 
tralized polynucleotide sample, the PCR reagent mixture 
comprising a polymerase enzyme, a positive control plasmid 
a fluorogenic hybridization probe selective for at least a por 
tion of the plasmid, and a plurality of nucleotides. contacting 
the neutralized polynucleotide sample or a PCR amplicon 
thereof with at least one fluorogenic probe that can be selec 
tive for a polynucleotide sequence, wherein the probe can be 
selective for a polynucleotide sequence that can be character 
istic of an organism selected from the group consisting of 
gram positive bacteria, gram negative bacteria, yeast, fungi, 
protozoa, and viruses; and detecting the fluorogenic probe 
and determining the presence of the organism for which the 
one fluorogenic probe can be selective. 
0079. In various embodiments, a computer program prod 
uct includes computer readable instructions thereon for oper 
ating the apparatus. 
0080. In some embodiments, a computer program product 
includes computer readable instructions thereon for causing 
the system to create a released polynucleotide sample from a 
biological sample. The computer readable instructions can 
include instructions for contacting the retention member with 
the biological sample under conditions Suitable for producing 
a polynucleotide-loaded retention member; separating at 
least a portion of the biological sample from the polynucle 
otide-loaded retention member, and releasing at least a por 
tion of a polynucleotide from the polynucleotide-loaded 
retention member, thereby creating a released polynucleotide 
sample. 
I0081. In various embodiments, the computer program 
product can include one or more instructions to cause the 
system to: output an indicator of the placement of the microf 
luidic cartridge in the receiving bay; read a sample label or a 
microfluidic cartridge label; output directions for a user to 
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input a sample identifier; output directions for a user to load a 
sample transfer member with the biological sample; output 
directions for a user to apply a filter to the sample transfer 
member; output directions for a user to introduce the biologi 
cal sample into the microfluidic cartridge; output directions 
for a user to cause the biological sample to contact a lysis 
reagent in the microfluidic cartridge; output directions for a 
user to place the microfluidic cartridge in the receiving bay; 
output directions for a user to operate a force member in the 
apparatus to apply pressure at an interface between a portion 
of the receiving bay and a portion of the microfluidic car 
tridge; output directions for a user to close the lid to operate 
the force member; and/or output directions for a user to pres 
Surize the biological sample in the microfluidic cartridge by 
injecting the biological sample with a Volume of air between 
about 0.5 mL and about 5 mL. 

0082 In various embodiments, the computer program 
product can include one or more instructions to cause the 
system to: lyse the biological sample; lyse the biological 
sample with a lysis reagent; reconstitute a lyophilized pellet 
of surfactant with liquid to create alysis reagent solution; heat 
the biological sample; separate the polynucleotide-loaded 
retention member from at least a portion of the biological 
sample; separate the polynucleotide-loaded retention mem 
ber from substantially all of the polymerase chain reaction 
inhibitors in the biological sample; direct a fluid in the microf 
luidic cartridge by operating a thermally actuated pump or a 
thermally actuated valve; contact the polynucleotide-loaded 
retention member with a wash buffer; heat the polynucle 
otide-loaded retention member to a temperature of at least 
about 50° C. (in some embodiments, the temperature can be 
about 100° C. or less); heat the polynucleotide-loaded reten 
tion member for less than about 10 minutes; contact the 
polynucleotide-loaded retention member with a release 
buffer to create a released polynucleotide sample; and/or 
contact the released polynucleotide sample with a neutraliza 
tion buffer to create a neutralized polynucleotide sample. 
0083. In various embodiments, the computer program 
product can include one or more instructions to cause the 
system to: contact the neutralized polynucleotide sample with 
a PCR reagent mixture comprising a polymerase enzyme and 
a plurality of nucleotides; heat the PCR reagent mixture and 
the neutralized polynucleotide sample under thermal cycling 
conditions suitable for creating PCR amplicons from the neu 
tralized polynucleotide sample; contact the neutralized poly 
nucleotide sample or a PCR amplicon thereof with at least one 
probe that can be selective for a polynucleotide sequence; 
independently contact each of the neutralized polynucleotide 
sample and a negative control polynucleotide with the PCR 
reagent mixture under thermal cycling conditions Suitable for 
independently creating PCR amplicons of the neutralized 
polynucleotide sample and PCR amplicons of the negative 
control polynucleotide; contact the neutralized polynucle 
otide sample or a PCR amplicon thereof and the negative 
control polynucleotide or a PCR amplicon thereof with at 
least one probe that can be selective for a polynucleotide 
sequence; output a determination of the presence of a poly 
nucleotide sequence in the biological sample, the polynucle 
otide sequence corresponding to the probe, if the probe is 
detected in the neutralized polynucleotide sample or a PCR 
amplicon thereof, and/or output a determination of a contami 
nated result if the probe is detected in the negative control 
polynucleotide or a PCR amplicon thereof. 
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I0084. In various embodiments, the computer program 
product can include one or more instructions to cause the 
system to automatically conduct one or more of the steps of 
the method. 

0085. In various embodiments, wherein the microfluidic 
network comprises two or more sample lanes each including 
a thermally actuated pump, a thermally actuated valve, a 
sample inlet valve, a filter, and at least one reservoir, wherein 
the computer readable instructions can be configured to inde 
pendently operate each said lane in the system. 
I0086. In some embodiments, the computer program prod 
uct includes computer readable instructions thereon for caus 
ing a system to create a released polynucleotide sample from 
a biological sample. The system can include a microfluidic 
cartridge comprising a microfluidic network and a retention 
member in fluid communication with the microfluidic net 
work, the retention member being selective for at least one 
polynucleotide over at least one polymerase chain reaction 
inhibitor; and an apparatus comprising a receiving bay con 
figured to selectively receive the microfluidic cartridge; at 
least one heat pump configured to be thermally coupled to the 
microfluidic cartridge in the receiving bay; a detector; and a 
programmable processor coupled to the detector and the heat 
pump. The computer readable instructions can include 
instructions for:lysing a biological sample by contacting the 
biological sample with a lysis reagent and heating to produce 
a lysed sample; contacting the retention member with the 
biological sample and/or the lysed sample to produce a poly 
nucleotide-loaded retention member, separating at least a 
portion of the biological sample from the polynucleotide 
loaded retention member, contacting the polynucleotide 
loaded retention member with a wash buffer; contacting the 
polynucleotide-loaded retention member with a release 
buffer and or heat to release at least a portion of a polynucle 
otide from the polynucleotide-loaded retention member, 
thereby creating a released polynucleotide sample; contact 
ing the released polynucleotide sample with a neutralization 
buffer to create a neutralized polynucleotide sample; inde 
pendently contacting each of the neutralized polynucleotide 
sample and a negative control polynucleotide with a PCR 
reagent mixture under thermal cycling conditions Suitable for 
independently creating PCR amplicons, the PCR reagent 
mixture comprising a polymerase enzyme, a plurality of 
nucleotides, a positive control plasmid and a plasmid probe 
selective for at least a portion of the plasmid; determining a 
PCR reaction has occurred if the plasmid probe is detected; 
contacting the neutralized polynucleotide sample or a PCR 
amplicon thereof and the negative control polynucleotide or a 
PCR amplicon thereof with at least one probe that is selective 
for a polynucleotide sequence; determining the presence of a 
polynucleotide sequence in the biological sample, the poly 
nucleotide sequence corresponding to the probe, if the probe 
is detected in the neutralized polynucleotide sample or a PCR 
amplicon thereof, and determining a contaminated result if 
the probe is detected in the negative control polynucleotide or 
a PCR amplicon thereof. 
0087. The details of one or more embodiments of the 
technology are set forth in the accompanying drawings and 
the description below. Other features, objects, and advantages 
of the technology will be apparent from the description and 
drawings, and from the claims. Like reference symbols in the 
various drawings indicate like elements. 
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DESCRIPTION OF DRAWINGS 

0088 FIG. 1 shows a schematic overview of an apparatus 
described herein. 
I0089 FIGS. 2A-2E show perspective views of an exem 
plary apparatus, in various configurations, as further 
described herein. 
0090 FIG.3 is an exploded view of typical components of 
an apparatus. 
0091 FIG. 4 is a block diagram of an apparatus. 
0092 FIG. 5 is a diagram of a fluorescent detection mod 

ule. 
0093 FIGS. 6A and 6B depict the location, in various 
embodiments, of a microfluidic cartridge after installation 
into an apparatus. 
0094 FIG. 7 shows a perspective view of a removable 
heater module, as further described herein. 
0095 FIGS. 8A-8C show a plan view of heater circuitry 
adjacent to a PCR reaction Zone; and thermal images of heater 
circuitry in operation. 
0096 FIG. 9 shows a perspective view of a microfluidic 
cartridge, as further described herein. 
0097 FIG. 10 is a perspective view of a microfluidic 
device. 
0098 FIG. 11 is a cross-sectional view of a processing 
region for retaining polynucleotides and/or separating poly 
nucleotides from inhibitors. 
0099 FIG. 12A is a perspective view of a gate. 
0100 FIG. 12B is a perspective view of a bent gate. 
0101 FIG. 13 is a cross-sectional view of an actuator. 
0102 FIG. 14A is a perspective view of a microfluidic 
cartridge. 
0103 FIG. 14B is a side cross-sectional view of the 
microfluidic cartridge of FIGS. 14A and 14B. 
0104 FIGS. 15A and 15B, taken together, illustrate a per 
spective view of a microfluidic network of the microfluidic 
cartridge of FIGS. 14A and 14.B. 
0105 FIG. 16 illustrates an array of heat sources for oper 
ating components of the microfluidic cartridge of FIGS. 14A 
and 14B. 
0106 FIGS. 17 and 18 illustrate a valve in the open and 
closed states respectively. 
0107 FIG. 19A-19D illustrate a mixing gate of the microf 
luidic network of FIGS. 6A and 6B and adjacent regions of 
the network. 
0108 FIGS. 20A-20C illustrate a reservoir with actuation 
mechanism. 
0109 FIGS. 21A-21C illustrate a reservoir with actuation 
mechanism. 
0110 FIG.22 illustrates a reservoir with actuation mecha 
1S. 

0111 FIGS. 23 A-23B illustrate a reservoir with actuation 
mechanism. 
0112 FIGS. 24A-24B illustrate a reservoir with actuation 
mechanism. 
0113 FIG.25 illustrates a reservoir with actuation mecha 
nism. 
0114 FIG.26 illustrates a reservoir with actuation mecha 
1S. 

0115 FIGS. 27A and 27B illustrate embodiments of a 
reagent pack with a piercing member. 
0116 FIG. 28 depicts an apparatus that can operate as a 
Small bench-top, real time polynucleotide analysis system. 
0117 FIG.29 depicts a sample kit that can be used with an 
apparatus. 
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0118 FIG. 30 depicts a pouch for components of a sample 
kit. 
0119 FIG. 31 depicts an exemplary microfluidic car 
tridge. 
I0120 FIG. 32 depicts the use of a bar code reader to a read 
bar code on a microfluidic cartridge. 
I0121 FIG.33 depicts the use of a bar code reader a to read 
a bar code on a sample container. 
0.122 FIG. 34 depicts attachment of a filter to a lysis 
reservoir of a microfluidic cartridge via a sample inlet, 
whereby the contents of syringe may be injected into microf 
luidic cartridge through a filter. 
I0123 FIG.35 depicts the addition of air to syringe in order 
to pressurize microfluidic cartridge. 
0.124 FIG. 36 depicts the placement of a microfluidic 
cartridge in a receiving bay of an apparatus. 
(0.125 FIGS. 37 and 38 depict the closure of a lid of an 
apparatus. 
(0.126 FIGS. 39 & 40 depict the removal of a heating/ 
sensor module from an apparatus. 
I0127 FIG. 41A is a graph of real time heat sensor data 
from an apparatus. 
I0128 FIG. 41B is a graph of real time optical detector data 
from an apparatus. 
I0129 FIG. 42 is a schematic representation of various 
exemplary chambers and/or subunits in an exemplary microf 
luidic cartridge. 
I0130 FIG. 43 is a schematic representation of the steps 
relating to PCR and detection that can be performed in an 
exemplary microfluidic cartridge. 
I0131 FIG. 44 is a schematic of an exemplary real-time 
PCR assay based on the TaqMan(R) assay. 
I0132 FIG. 45 is a schematic of positive internal control 
plasmids which can be employed. 
(0.133 FIG. 46 depicts the mixing of two fluids (“A” blue 
and “B” orange). 
I0134 FIGS. 47A and 47B depict a thermally actuated 
pump 500 based on a phase transition material (PTM) 510, in 
a closed (FIG. 47A) and open (FIG. 47B) configurations. 
I0135 FIGS. 47C and 47D show another example of a 
pump 501 with expancel polymer 511 in chamber 513 which 
can be actuated to operate gat 515. 
0.136 FIG. 48 depicts components of an integrated single, 
microfluidic technology based, disposable cartridge. 
I0137 FIG. 49 depicts DNA capture beads which can be 
employed. 
I0138 FIGS. 50A-50J highlight various elements of the 
microfluidic cartridge shown in FIGS. 15A and 15B. 
I0139 FIG.51 is a side view of a lever assembly 1200, with 
lever 1210, gear unit 1212, and force member 1214. 
(O140 FIG. 52 shows a side view of lever assembly 1200, 
with a microfluidic cartridge in a receiving bay. 
0141 FIG. 53 shows a close-up of a receiving bay. 
0.142 FIG. 54 shows a close-up of the interface between a 
microfluidic cartridge, thermally conductive, mechanically 
compliant layer, and a thermal stage. 
0143 FIG.55 shows a top view of assembly 1200. 
014.4 FIG. 56 is a close-up of FIG. 55. 
(0145 FIGS. 57-59 are a series of pictures of lever 1210 in 
action. Shown in addition in gear assembly 1212 can be cam 
1228, which enables lever 1210 to apply force to plate 1230 
coupled to force members 1214. 
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0146 FIGS. 60 and 61 show views of a microfluidic car 
tridge with self-piercable reservoirs 1228 and mechanical 
members 1230 for actuating the self piercing reservoirs. 
0147 FIGS. 62 and 63 show elements of optical detector 
elements 1220 including light sources 1232 (for example, 
light emitting diodes), lenses 1234, light detectors 1236 (for 
example, photodiodes) and filters 1238. 
0148 FIG. 64 illustrates a microfluidic device. 
0149 FIG. 65 is a cross-section of the microfluidic device 
of FIG. 64 taken along 5. 
0150 FIG. 66 illustrates the retention of herring sperm 
DNA. 
0151 FIG. 67 illustrates the retention and release of DNA 
from group B streptococci; 
0152 FIG. 68 illustrates the PCR response of a sample 
from which inhibitors had been removed and of a sample 
from which inhibitors had not been removed. 
0153 FIG. 69 illustrates the PCR response of a sample 
prepared in accord with the technology described herein and 
a sample prepared using a commercial DNA extraction 
method. 
0154 FIG.70A illustrates a flow chart showing steps per 
formed during a method for separating polynucleotides and 
inhibitors. 
(O155 FIG.70B illustrates DNA from samples subjected to 
the method of FIG. 26A. 
0156 FIG.71 is a flow chart that outlines an exemplary set 
of criteria which may be used by the decision algorithm in 
apparatus 800 to interpret the results, as described in Example 
13. 

DETAILED DESCRIPTION 

0157. A system, microfluidic cartridge, kit, methods, and 
computer program product, are now further described 
0158 Analysis of biological samples often includes deter 
mining whether one or more polynucleotides (e.g., a DNA, 
RNA, mRNA, or rRNA) can be present in the sample. For 
example, one may analyze a sample to determine whether a 
polynucleotide indicative of the presence of a particular 
pathogen (such as a bacterium or a virus) can be present. The 
polynucleotide may be a sample of genomic DNA, or may be 
a sample of mitochondrial DNA. Typically, biological 
samples can be complex mixtures. For example, a sample 
may be provided as a blood sample, a tissue sample (e.g., a 
Swab of for example, nasal, buccal, anal, or vaginal tissue), a 
biopsy aspirate, a lysate, as fungi, or as bacteria. Polynucle 
otides to be determined may be contained within particles 
(e.g., cells (e.g., white blood cells and/or red blood cells), 
tissue fragments, bacteria (e.g., gram positive bacteria and/or 
gram negative bacteria), fungi, spores). One or more liquids 
(e.g., water, a buffer, blood, blood plasma, Saliva, urine, spinal 
fluid, or organic solvent) can typically be part of the sample 
and/or can be added to the sample during a processing step. 
0159 Methods for analyzing biological samples include 
providing a biological sample (e.g., a Swab), releasing poly 
nucleotides from particles (e.g., cells Such as bacteria) of the 
sample, amplifying one or more of the released polynucle 
otides (e.g., by polymerase chain reaction (PCR)), and deter 
mining the presence (or absence) of the amplified polynucle 
otide(s) (e.g., by fluorescence detection). Biological samples, 
however, typically include inhibitors (e.g., mucousal com 
pounds, hemoglobin, faecal compounds, and DNA binding 
proteins) that can inhibit determining the presence of poly 
nucleotides in the sample. For example, Such inhibitors can 
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reduce the amplification efficiency of polynucleotides by 
PCR and other enzymatic techniques for determining the 
presence of polynucleotides. If the concentration of inhibitors 
is not reduced relative to the polynucleotides to be deter 
mined, the analysis can produce false negative results. The 
methods and related systems herein for processing biological 
samples (e.g., samples having one or more polynucleotides to 
be determined) are typically able to reduce the concentration 
of inhibitors relative to the concentration of polynucleotides 
to be determined by methods further described herein. 
0160 Various aspects of a system and a microfluidic car 
tridge are described herein. Additional disclosures of various 
components thereof may be found in U.S. application Ser. 
No. 1 1/580,267, and in provisional application Ser. No. 
60/859,284, the specifications of which are hereby incorpo 
rated by reference. 

System Overview 

0.161. A schematic overview of a system 981 for carrying 
out analyses described herein is shown in FIG. 1. The geo 
metric arrangement of the components of system 981 shown 
in FIG. 1 is exemplary and not intended to be limiting. A 
processor 980. Such as a microprocessor, is configured to 
control functions of various components of the system as 
shown, and is thereby in communication with each Such com 
ponent. In particular, processor 980 is configured to receive 
data about a sample to be analyzed, e.g., from a sample reader 
990, which may be a barcode reader, an optical character 
reader, or an RFID scanner (radio frequency tag reader). For 
example, the sample identifier can be a handheld bar code 
reader. Processor 980 is configured to accept user instructions 
from an input 984, where such instructions may include 
instructions to start analyzing the sample, and choices of 
operating conditions. Processor 980 is also configured to 
communicate with a display 982, so that, for example, results 
of analysis are transmitted to the display. Additionally, pro 
cessor 980 may transmit one or more questions to be dis 
played on display 982 that prompt a user to provide input in 
response thereto. Thus, in certain embodiments, input 984 
and display 982 are integrated with one another. Processor 
986 is optionally further configured to transmit results of an 
analysis to an output device Such as a printer, a visual display, 
or a speaker, or a combination thereof. Processor 980 is still 
further optionally connected via a communication interface 
such as a network interface to a computer network 988. The 
communication interface can be one or more interfaces 
selected from the group consisting of a serial connection, a 
parallel connection, a wireless network connection and a 
wired network connection. Thereby, when the system is suit 
ably addressed on the network, a remote user may access the 
processor and transmit instructions, input data, or retrieve 
data, such as may be stored in a memory (not shown) associ 
ated with the processor, or on some other computer-readable 
medium that is in communication with the processor. 
0162 Although not shown in FIG. 1, in various embodi 
ments, input 984 can include one or more input devices 
selected from the group consisting of a keyboard, a touch 
sensitive surface, a microphone, a track-pad, a retinal scanner, 
and a mouse. 

0163 Additionally, in various embodiments, the appara 
tus can further comprise a data storage medium configured to 
receive data from one or more of the processor, an input 
device, and a communication interface, the data storage 
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medium being one or more media selected from the group 
consisting of a hard disk drive, an optical disk drive, a flash 
card, and a CD-Rom. 
0164 Processor 980 is further configured to control vari 
ous aspects of sample diagnosis, as follows in overview, and 
as further described in detail herein. The system is configured 
to operate in conjunction with a complementary cartridge 
994, such as a microfluidic cartridge. The cartridge is itself 
configured, as further described herein, to receive a biological 
sample 996 in a form suitable for work-up and diagnostic 
analysis. The cartridge is received by a receiving bay 992 in 
the system. The receiving bay is in communication with a 
heater 998 that itself is controlled by processor 980 in such a 
way that specific regions of the cartridge are heated at specific 
times during sample work-up and analysis. The processor is 
also configured to control a detector 999 that receives an 
indication of a diagnosis from the cartridge 994. The diagno 
sis can be transmitted to the output device 986 and/or the 
display 982, as described hereinabove. 
0.165 A suitable processor 980 can be designed and manu 
factured according to, respectively, design principles and 
semiconductor processing methods known in the art. 
0166 The system shown in outline in FIG. 1, as with other 
exemplary embodiments described herein, is advantageous 
because it does not require locations within the system Suit 
ably configured for storage of reagents. Neither does the 
system, or other exemplary embodiments herein, require inlet 
or outlet ports that are configured to receive reagents from, 
e.g., externally stored containers Such as bottles, canisters, or 
reservoirs. Therefore, the system in FIG. 1 is self-contained 
and operates in conjunction with a microfluidic cartridge, 
wherein the cartridge has locations within it dedicated to 
reagent Storage. 
0167. The system of FIG.1 may be configured to carry out 
operation in a single location, such as a laboratory setting, or 
may be portable so that it can accompany, e.g., a physician, or 
other healthcare professional, who may visit patients at dif 
ferent locations. The system is typically provided with a 
power-cord so that it can accept AC power from a mains 
Supply or generator. An optional transformer (not shown) 
built into the system, or situated externally between a power 
Socket and the system, transforms AC input power into a DC 
output for use by the system. The system may also be config 
ured to operate by using one or more batteries and therefore is 
also typically equipped with a battery recharging system, and 
various warning devices that alert a user if battery power is 
becoming too low to reliably initiate or complete a diagnostic 
analysis. 
0168 The system of FIG.1 may further be configured, in 
other embodiments, for multiplexed sample analysis. In one 
Such configuration, multiple instances of a system, as out 
lined in FIG. 1, are operated in conjunction with one another 
to accept and to process multiple cartridges, where each car 
tridge has been loaded with a different sample. Each compo 
nent shown in FIG.1 may therefore be present as many times 
as there are samples, though the various components may be 
configured in a common housing. 
0169. In still another configuration, a system is configured 
to accept and to process multiple cartridges, but one or more 
components in FIG. 1 is common to multiple cartridges. For 
example, a single device may be configured with multiple 
cartridge receiving bays, but a common processor and user 
interface Suitably configured to permit concurrent, consecu 
tive, or simultaneous, control of the various cartridges. It is 
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further possible that such an embodiment, also utilizes a 
single sample reader, and a single output device. 
0170 In still another configuration, a system as shown in 
FIG. 1 is configured to accept a single cartridge, but wherein 
the single cartridge is configured to process more than 1, for 
example, 2, 3, 4, 5, or 6, Samples in parallel, and indepen 
dently of one another. Exemplary technology for creating 
cartridges that can handle multiple samples is described else 
where, e.g., in U.S. application Ser. No. 60/859,284, incor 
porated herein by reference. 
0171 It is further consistent with the present technology 
that a cartridge can be tagged, e.g., with a molecular bar-code 
indicative of the sample, to facilitate sample tracking, and to 
minimize risk of sample mix-up. Methods for Such taggin are 
described elsewhere, e.g., in U.S. patent application Ser. No. 
10/360,854, incorporated herein by reference. 

Exemplary Systems 

(0172 FIGS. 2A-2E show exterior perspective views of 
various configurations of an exemplary system, as further 
described herein. FIG. 2A shows a perspective view of a 
system 2000 for receiving microfluidic cartridge (not shown), 
and for causing and controlling various processing operations 
to be performed a sample introduced into the cartridge. The 
elements of system 2000 are not limited to those explicitly 
shown. For example, although not shown, system 2000 may 
be connected to a hand-held bar-code reader, as further 
described herein. 
(0173 System 2000 comprises a housing 2002, which can 
be made of metal, or a hardened plastic. The form of the 
housing shown in FIG. 2A embodies stylistic as well as func 
tional features. Other embodiments of the invention may 
appear somewhat differently, in their arrangement of the com 
ponents, as well as their overall appearance, in terms of 
Smoothness of lines, and of exterior finish, and texture. Sys 
tem 2000 further comprises one or more stabilizing members 
2004. Shown in FIG. 2A is a stabilizing foot, of which several 
are normally present, located at various regions of the under 
side of system 2000 so as to provide balance and support. For 
example, there may be three, four, five, six, or eight Such 
stabilizing feet. The feet may be moulded into and made of the 
same material as housing 2002, or may be made of one or 
more separate materials and attached to the underside of 
system 2000. For example, the feet may comprise a rubber 
that makes it hard for system 2000 to slip on a surface on 
which it is situated, and also protects the Surface from 
scratches. The stabilizing member of members may take 
other forms than feet, for example, rails, runners, or one or 
more pads. 
(0174 System 2000 further comprises a display 2006, 
which may be a liquid crystal display, such as active matrix, 
an OLED, or some other Suitable form. It may present images 
and other information in color or in black and white. Display 
2006 may also be a touch-sensitive display and therefore may 
be configured to accept input from a user in response to 
various displayed prompts. Display 2006 may have an anti 
reflective coating on it to reduce glare and reflections from 
overhead lights in an laboratory setting. Display 2006 may 
also be illuminated from, e.g., a back-light, to facilitate easier 
viewing in a dark laboratory. 
0.175 System 2000, as shown in FIG. 2A, also comprises 
a moveable lid 202, having a handle 2008. The lid 2010 can 
slide back and forward. In FIG. 2A, the lid is in a forward 
position, whereby it is “closed. In FIG. 2B, the lid is shown 
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in a back position, wherein the lid is “open’ and reveals a 
receiving bay 2014 that is configured to receive a microfluidic 
cartridge. Of course, as one of ordinary skill in the art would 
appreciate, the technology described herein is not limited to a 
lid that slides, or one that slides back and forward. Side to side 
movement is also possible, as is a configuration where the lid 
is “open' when positioned forward in the device. It is also 
possible that the lid is a hinged lid, or one that is totally 
removable. 
0176 Handle 2008 performs a role of permitting a user to 
move lid 2010 form one position to another, and also per 
forms a role of causing pressure to be forced down on the lid, 
when in a closed position, so that pressure can be applied to a 
cartridge in the receiving bay 2014. In FIG. 2C, handle 2008 
is shown in a depressed position, wherein force is thereby 
applied to lid 2014, and thus pressure is applied to a cartridge 
received in the receiving bay beneath the lid. 
0177. In one embodiment, the handle and lid assembly are 
also fitted with a mechanical sensor that does not permit the 
handle to be depressed when there is no cartridge in the 
receiving bay. In another embodiment, the handle and lid 
assembly are fitted with a mechanical latch that does not 
permit the handle to be raised when an analysis is in progress. 
0.178 A further configuration of system 2000 is shown in 
FIG. 2D, wherein a door 2012 is in an open position. Door 
2012 is shown in a closed position in FIGS. 2A-C. The door 
is an optional component that permits a user to access aheater 
module 2020, and also a computer-readable medium input 
tray 2022. System 2000 can function without a door that 
covers heater module 2020 and medium input 2022, but such 
a door has convenience attached to it. Although the door 2012 
is shownhinged at the bottom, it may also be hinged at one of 
its sides, or at its upper edge. Door 2012 may alternatively be 
a removable cover, instead of being hinged. Door 2012, may 
also be situated at the rear, or side of system 2000 for 
example, if access to the heater module and/or computer 
readable medium input is desired on a different face of the 
system. It is also consistent with the system herein that the 
heater module, and the computer readable medium input are 
accessed by separate doors on the same or different sides of 
the device, and wherein such separate doors may be indepen 
dently hinged or removable. 
(0179 Heater module 2020 is preferably removable, and is 
further described hereinbelow. 
0180 Computer readable medium input 2022 may accept 
one or more of a variety of media. Shown in FIG. 2D is an 
exemplary form of input 2022, a CD-Rom tray for accepting 
a CD, DVD, or mini-CD, or mini-DVD, in any of the com 
monly used readable, read-writable, and writable formats. 
Also consistent with the description herein is an input that can 
accept another form of medium, Such as a floppy disc, flash 
memory Such as memory stick, compact flash, Smart data 
card, or secure-data card, a pen-drive, portable USB-drive, 
Zip-disk, and others. Such an input can also be configured to 
accept several different forms of media. Such an input 2022 is 
in communication with a processor (as described in connec 
tion with FIG. 1, though not shown in FIGS. 2A-E), that can 
read data from a computer-readable medium when properly 
inserted into the input. 
0181 FIG.2E shows a plan view of a rear of system 2000. 
Shown are an air vent 2024, or letting Surplus heat escape 
during an analysis. Typically, on the inside of system 2000, 
and by air vent 2024 and not shown in FIG. 2E, is a fan. Other 
ports shown in FIG. 2E are as follows: a power socket 2026 
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for accepting a power cord that will connect system 2000 to a 
supply of electricity; an ethernet connection 2028 for linking 
system 2000 to a computer network such as a local area 
network; an phone-jack connection 2032 for linking system 
2000 to a communication network such as a telephone net 
work; one or more USB ports 2030, for connecting system 
2000 to one or more peripheral devices such as a printer, or a 
computer hard drive; an infra-red port for communicating 
with, e.g., a remote controller (not shown), to permita user to 
control the system without using a touch-screen interface. For 
example, a user could remotely issue scheduling commands 
to system 2000 to cause it to start an analysis at a specific time 
in the future. 

0182. Features shown on the rear of system 2000 may be 
arranged in any different manner, depending upon an internal 
configuration of various components. Additionally, features 
shown as being on the rear of system 2000, may be optionally 
presented on another face of system 2000, depending on 
design preference. Shown in FIG. 2E are exemplary connec 
tions. It would be understood that various other features, 
including inputs, outputs, sockets, and connections, may be 
present on the rear face of system 2000, though not shown, or 
on other faces of system 2000. 
0183 An exploded view of an exemplary embodiment of 
the apparatus is shown in FIG. 3, particularly showing inter 
nal features of apparatus 2000. Apparatus 2000 can comprise 
a computer readable medium configured with hardware/firm 
ware that can be employed to drive and monitor the operations 
on a cartridge used therewith, as well as software to interpret, 
communicate and store the results of a diagnostic test per 
formed on a sample processed in the cartridge. Referring to 
FIG. 3, typical components of the apparatus 2000 are shown 
and include, for example, control electronics 2005, remov 
able heaterisensor module 2020, detector 2009 such as a 
fluorescent detection module, display screen or optionally 
combined display and user interface 2006 (e.g., a medical 
grade touch sensitive liquid crystal display (LCD)). In some 
embodiments, lid 2010, detector 2009, and handle 2008 can 
be collectively referred to as slider module 2007. Additional 
components of apparatus 2000 may include one or more 
mechanical fixtures such as frame 2019 to hold the various 
modules (e.g., the heater/sensor module 2020, and/or the 
slider module 2007) in alignment, and for providing struc 
tural rigidity. Detector module 2009 can be placed in rails to 
facilitate opening and placement of cartridge 2060 in the 
apparatus 2000, and to facilitate alignment of the optics upon 
closing. Heater/sensor module 2020 can be also placed on 
rails for easy removal and insertion of the assembly. 
0.184 Embodiments of apparatus 2000 also include soft 
ware (e.g., for interfacing with users, conducting analysis 
and/or analyzing test results), firmware (e.g., for controlling 
the hardware during tests on the cartridge 812), and one or 
more peripheral communication interfaces shown collec 
tively as 2031 for peripherals (e.g., communication ports Such 
as USB/Serial/Ethernetto connect to storage such as compact 
disc or hard disk, to connect input devices such as a bar code 
reader and/or a keyboard, to connect to other computers or 
storage via a network, and the like). 
0185. Control electronics 840, shown schematically in the 
block diagram in FIG.4, can include one or more functions in 
various embodiments, for example for, main control 900, 
multiplexing 902, display control 904, detector control 906, 
and the like. The main control function may serve as the hub 
of control electronics 840 in apparatus 2000 and can manage 
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communication and control of the various electronic func 
tions. The main control function can also Support electrical 
and communications interface 908 with a user or an output 
device Such as a printer 920, as well as optional diagnostic and 
safety functions. In conjunction with main control function 
900, multiplexer function 902 can control sensor data 914 and 
output current 916 to help control heater/sensor module 2020. 
The display control function 904 can control output to and, if 
applicable, interpret input from touchscreen LCD 846, which 
can thereby provide a graphical interface to the user in certain 
embodiments. The detector function 906 can be implemented 
in control electronics 840 using typical control and process 
ing circuitry to collect, digitize, filter, and/or transmit the data 
from a detector 2009 such as one or more fluorescence detec 
tion modules. 
0186 Invarious embodiments, fluorescent detection mod 
ule 2009 can be a miniaturized, highly sensitive fluorescence 
detection system which can, for example, be capable of real 
time analysis of a fluorescent signal emanating from a Suit 
ably positioned microfluidic cartridge, as shown in FIG. 5. 
Detection module 2009 can employ one or more light sources 
2850 (e.g., light emitting diodes (LED's)), one or more detec 
tors 2852 (e.g., photodiodes), and one or more filters 2851 
and/or lenses 2853. In some embodiments, detection module 
2009 can contain multiple (e.g., six) detection elements, 
where each element can detect one or more fluorescent 
probes. 
0187. In various embodiments, slider module 2007 of the 
apparatus 2000 can house the detection module 2009 (e.g., 
optical detection system) as well as mechanical assembly/ 
optics jig 856 to press down on microfluidic cartridge 2020 
when the handle 2008 of the slider module 2007 is pressed 
down. FIGS. 6A and 6B depict the location, in various 
embodiments, of the microfluidic cartridge 2060 after inser 
tion into the apparatus 2000. Optics jig 856 can be suspended 
from the case of slider module 2007 at one or more (e.g., 4) 
points. Upon closing slider module 2007 and turning handle 
2008 of the apparatus 2000 down, one or more mechanical 
actuators 858 (e.g., four cams) can push down plate 860 
against one or more (e.g., 4) springs 862. Upon compression, 
springs 862 can deliver force on detector module 2009. A 
bottom surface 864 of detector module 2009 can be made flat 
(e.g., within 250 microns, typically within 100 microns, more 
typically within 25 microns), and Surface 864 can press upon 
cartridge 2060, which can have a compliant layer 868 (e.g., 
Shore hardness approximately 50-70) with a thickness from 
0.1-2.5 mm at no compression, typically about 1.5 mm thick 
at no compression. Consequently, compression of cartridge 
2060, in combination with flat surface 864, can make the 
pressure, and thus the thermal contact, more or less uniform 
over microfluidic cartridge 2060. One or more springs 862 in 
slider module 2007 can deliver a force (e.g., from 5-500 N. 
typically about 200-250 N) to generate a pressure (e.g., 2 psi) 
over the bottom of microfluidic cartridge 2060. FIG. 6B also 
shows that, when the slider module 2007 can be closed, 
mechanical features 863 of the slider module 2007 can press 
down on self-pierceable reservoirs 866 of the microfluidic 
cartridge 2060, causing the reservoir contents (e.g., DI water, 
PCR reagents) be released. 

Removable Heater Module 

0188 An exemplary removable heater module 2020 is 
shown in FIG. 7. The module is configured to deliver local 
ized heat to various selected regions of a cartridge received in 
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the receiving bay 2014. Shown in FIG. 7 is a heater module 
having a recessed surface 2044 that provides a platform for 
Supporting a cartridge when in receiving bay 2014. In one 
embodiment, the cartridge rests directly on surface 2044. 
Surface 2044 is shown as recessed, in FIG. 7, but need not be 
SO 

0189 Area 2044 is configured to accept a microfluidic 
cartridge in a single orientation. Therefore area 2044 can be 
equipped with a registration member Such as a mechanical 
key that prevents a user from placing a cartridge into receiv 
ing bay 2014 in the wrong configuration. Shown in FIG. 7 as 
an exemplary mechanical key 2045 is a diagonally cutout 
corner of area 2044 into which a complementarily cutout 
corner of a microfluidic cartridge fits (see, e.g., FIG.9). Other 
registration members are consistent with the apparatus 
described herein: for example, a feature engineered on one or 
more edges of a cartridge including but not limited to: several, 
Such as two or more, cut-out corners, one or more notches cut 
into one or more edges of cartridge of FIG.9; or one or more 
protrusions fabricated into one or more edges of cartridge of 
FIG. 9. Alternative registration members include one or more 
lugs or bumps engineered into an underside of a cartridge, 
complementary to one or more recessed sockets or holes in 
surface 2044. Alternative registration members include one 
or more recessed sockets or holes engineered into an under 
side of a cartridge, complementary to one or more lugs or 
bumps on Surface 2044. In general, the pattern of features is 
Such that the cartridge possesses at least one element of asym 
metry so that it can only be inserted in a single orientation into 
the receiving bay. 
0190. Also shown in FIG. 7 is a hand-grasp 2042 that 
facilitates removal and insertion of the heater module by a 
user. Cutaway 2048 permits a user to easily remove a car 
tridge from receiving bay 2014 after a processing run where, 
e.g., a users thumb of finger when grabbing the top of the 
cartridge, is afforded comfort space by cutaway 2048. Both 
cutaways 2042 and 2048 are shown as semicircular recesses 
in the embodiment of FIG. 7, but it would be understood that 
they are not so limited in shape. Thus, rectangular, square, 
triangular, oval, and other shaped recesses are also consistent 
with a heater module as described herein. 

0191 In the embodiment of FIG. 7, which is designed to 
be compatible with the system of FIGS. 2A-E, the front of the 
heater module is at the left of the figure. At the rear of heater 
module 2020 is an electrical connection 2050, such as an 
RS-232 connection, that permits electrical signals to be 
directed to heaters located at specific regions of area 2044 
during sample processing and analysis, as further described 
herein. Thus, underneath area 2044 and not shown in FIG. 7 
can be an array of heat Sources, such as resistive heaters, that 
are configured to align with specified locations of a microf 
luidic cartridge properly inserted into the receiving bay. Sur 
face 2044 is able to be cleaned periodically to ensure that any 
liquid spills that may occur during sample handling do not 
cause any short circuiting. 
0.192 Other non-essential features of heater module 2020 
are as follows. One or more air vents 2052 can be situated on 
one or more sides (such as front, rear, or flanking) or faces 
(such as top or bottom) of heater module 2020, to permit 
excess heat to escape, when heaters underneath receiving bay 
2014, are in operation. The configuration of air vents in FIG. 
7 is exemplary and it would be understood that other numbers 
and shapes thereofare consistent with routine fabrication and 
use of a heater module. For example, although 5 Square air 
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vents are shown, other numbers such as 1, 2, 3, 4, 6, 8, or 10 
air vents are possible, arranged on one side, or spread over 
two or more sides and/or faces of the heater module. In further 
embodiments, air vents may be circular, rectangular, oval, 
triangular, polygonal, and having curved or squared vertices, 
or still other shapes, including irregular shapes. 
0193 Heater module 2020 may further comprise one or 
more guiding members 2047 that facilitate inserting the 
heater module into an apparatus as further described herein 
for an embodiment in which heater module 2020 is removable 
by a user. Heater module is advantageously removable 
because it permits system 2000 to be easily reconfigured for 
a different type of analysis, such as employing a different 
cartridge with a different registration member and/or microf. 
luidic network, in conjunction with the same or a different 
sequence of processing operations. In other embodiments, 
heater module 2020 is designed to be fixed and only remov 
able, e.g., for cleaning, replacement, or maintenance, by the 
manufacturer or an authorized maintenance agent, and not 
routinely by the user. Guiding members may perform one or 
more roles of ensuring that the heater module is aligned 
correctly in the apparatus, and ensuring that the heater mod 
ule makes a tight fit and does not significantly move during 
processing and analysis of a sample, or during transport of the 
apparatus. Guiding members shown in the embodiment of 
FIG. 7 are on either side of receiving bay 2044 and stretch 
along a substantial fraction of he length of module 2020. 
Other guiding members are consistent with use herein, and 
include but are not limited to other numbers of guiding mem 
bers such as 1, 3, 4, 5, 6, or 8, and other positions thereof, 
including positioned in area 2051 of module 2020. Guiding 
members 2047 are shown having a non-constant thickness 
along their lengths. It is consistent herein that other guiding 
members may have essentially constant thickness along their 
lengths. 
0194 Adjacent receiving bay 2014 is a non-contact heat 
ing element 2046, such as lamp, set into a recessed area. 2053. 
Recessed area 2053 may also be configured with a reflector, 
or a reflective coating, so that as much as thermal and optical 
energy from non-contact heating element 2046 as possible is 
directed outwards towards receiving bay 2014. Element 2046 
is a heat lamp in certain embodiments. Element 2046 is con 
figured to receive electrical energy and thereby heat up from 
the effects of electrical resistance. Element 2046 provides a 
way of heating a raised region of a cartridge received in 
receiving bay 2014. The raised region of the cartridge (see, 
e.g., FIG.9) may contain a lysis chamber, and application of 
heat from non-contact heating element 2046 can have the 
effect of lysing cells within the lysis chamber. 
0.195 Also shown in FIG. 7 is an optional region of fluo 
rescent material, such as optically fluorescent material. 2049 
on area 2051 of heater module 2020. The region offluorescent 
material is configured to be detected by a detection system 
further described herein. The region 2049 is used for verify 
ing the state of optics in the detection system prior to sample 
processing and analysis and therefore acts as a control, or a 
standard. For example, in one embodiment a lid of the appa 
ratus (see, e.g., FIG. 2A) when in an open position permits 
ambient light to reach region 2049 and thereby cause the 
fluorescent material to emit a characteristic frequency or 
spectrum of light that can be measured by the detector for, 
e.g., standardization or calibration purposes. In another 
embodiment, instead of relying on ambient light to cause the 
fluorescent material to fluoresce, light source from the detec 

Nov. 19, 2015 

tion system itself, such as one or more LEDs, is used. The 
region 2049 is therefore positioned to align with a position of 
a detector. Region 2049 is shown as rectangular, but may be 
configured in other shapes such as Square, circular, elliptical, 
triangular, polygonal, and having curved or squared vertices. 
It is also to be understood that the region 2049 may be situated 
at other places on the heater module 2020, according to con 
Venience and in order to be complementary to the detection 
system deployed. 
0196. Heater module 2020 also comprises an array of 
heaters, situated beneath area 2044 and not shown in FIG. 7. 
As further described herein, such heaters may be resistive 
heaters, configured to heat specifically and at specific times, 
according to electrical signals received. 
0.197 In particular and not shown in FIG. 7, heater/sensor 
module 2020 can include, for example, a multiplexing func 
tion 902 in a discrete multiplexing circuit board (MUX 
board), one or more heaters (e.g., a microheater), one or more 
temperature sensors (optionally combined together as a 
single heater/sensor unit with one or more respective micro 
heaters, e.g., as photolithographically fabricated on fused 
silica Substrates), and a non-contact heating element 2046. 
The micro-heaters and non-contact heating element can pro 
vide thermal energy that can actuate various microfluidic 
components on a Suitably positioned microfluidic cartridge. 
A sensor (e.g., as a resistive temperature detector (RTD)) can 
enable real time monitoring of the micro-heaters and the 
non-contact heater(s) 2046, for example through a feedback 
based mechanism to allow for control of the temperature. One 
or more microheaters can be aligned with corresponding 
microfluidic components (e.g., valves, pumps, gates, reaction 
chambers) to be heated on a suitably positioned microfluidic 
cartridge. A microheater can be designed to be slightly bigger 
than the corresponding microfluidic component(s) on the 
microfluidic cartridge so that even though the cartridge may 
be slightly misaligned, such as off-centered, from the heater, 
the individual components can be heated effectively. 
0198 Non-contact heater 2046 can also serve as a radia 
tion heat Source to heat one section of a suitably positioned 
microfluidic cartridge. For example, a 20W Xenon lamp may 
be used as the non-contact heating element 2046. In various 
embodiments, heater/sensor module 2020 can be specific to 
particular cartridge designs and can be easily replaceable 
through the front panel of the apparatus 800. Heater/sensor 
module 2020 can be configured to permit cleaning of heating 
Surface 2044 with common cleaning agents (e.g., a 10% 
bleach solution). 
(0199 Referring to FIGS. 8A and 8B, an exemplary set of 
heaters configured to heat, cyclically, PCR reaction Zone 
1001 is shown. It is to be understood that heater configura 
tions to actuate other regions of a microfluidic cartridge Such 
as other gates, valves, and actuators, may be designed and 
deployed according to similar principles to those governing 
the heaters shown in FIGS. 8A and 8B. An exemplary PCR 
reaction Zone 1001, typically a chamber or channel having a 
Volume ~1.6 ul, is configured with a longside and a short side, 
each with an associated heating element. A PCR reaction 
Zone may also be referred to as a PCR reactor, herein. The 
apparatus therefore preferably includes four heaters disposed 
along the sides of, and configured to heat, a given PCR reac 
tion Zone, as shown in the exemplary embodiment of FIG. 8A: 
long top heater 1005, long bottom heater 1003, short left 
heater 1007, and short right heater 1009. The small gap 
between long top heater 1005 and long bottom heater 1003 
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results in a negligible temperature gradient (less than 1 C. 
across the width of the PCR channel at any point along the 
length of the PCR reaction Zone) and therefore an effectively 
uniform temperature throughout the PCR reaction Zone. The 
heaters on the short edges of the PCR reactor provide heat to 
counteract the gradient created by the two long heaters from 
the center of the reactor to the edge of the reactor. 
0200. It would be understood by one of ordinary skill in 
the art that still other configurations of one or more heater(s) 
situated about a PCR reaction Zone are consistent with the 
methods and apparatus described herein. For example, a 
longside of the reaction Zone can be configured to be heated 
by two or more heaters. Specific orientations and configura 
tions of heaters are used to create uniform Zones of heating 
even on Substrates having poor thermal conductivity because 
the poor thermal conductivity of glass, or quartz, or fused 
silica Substrates is utilized to help in the independent opera 
tion of various microfluidic components such as valves and 
independent operation of the various PCR lanes. It would be 
further understood by one of ordinary skill in the art, that the 
principles underlying the configuration of heaters around a 
PCR reaction Zone are similarly applicable to the arrange 
ment of heaters adjacent to other components of the microf 
luidic cartridge, such as actuators, Valves, and gates. 
0201 In certain embodiments, each heater has an associ 
ated temperature sensor. In the embodiment of FIG. 8A, a 
single temperature sensor 1011 is used for both long heaters. 
A temperature sensor 1013 for short left heater, and a tem 
perature sensor 1015 for short right heater are also shown. 
The temperature sensor in the middle of the reactor is used to 
provide feedback and control the amount of power supplied to 
the two long heaters, whereas each of the short heaters has a 
dedicated temperature sensor placed adjacent to it in order to 
control it. Temperature sensors are preferably configured to 
transmit information about temperature in their vicinity to the 
processor at Such times as the heaters are not receiving current 
that causes them to heat. This can be achieved with appropri 
ate control of current cycles. 
0202. In order to reduce the number of sensor or heater 
elements required to control a PCR heater, we may use the 
heaters to sense as well as heat, and thereby obviate the need 
to have a separate dedicated sensor for each heater. In another 
embodiment, each of the four heaters may be designed to have 
an appropriate wattage, and connect the four heaters in series 
or in parallel to reduce the number of electronically-control 
lable elements from 4 to just 1, thereby reducing the burden 
on the associated electronic circuitry. 
0203 FIG. 8B shows expanded views of heaters and tem 
perature sensors used in conjunction with a PCR reaction 
Zone of FIG. 8A. Temperature sensors 1001 and 1013 are 
designed to have a room temperature resistance of approxi 
mately 200-300 ohms. This value of resistance is determined 
by controlling the thickness of the metal layer deposited (e.g., 
a sandwich of 400 A TiW/3,000 A Au/400 A TiW), and 
etching the winding metal line to have a width of approxi 
mately 10-25um and 20-40 mm length. The use of metal in 
this layer gives it a temperature coefficient of resistivity of the 
order of 0.5-20°C./ohms, preferably in the range of 1.5-3° 
C./ohms. Measuring the resistance at higher temperatures 
enables determination of the exact temperature of the location 
of these sensors. 
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0204 The configuration for uniform heating, shown in 
FIG. 8A for a single PCR reaction Zone, can also be applied to 
a multi-lane PCR cartridge in which multiple independent 
PCR reactions occur. 
0205 Each heater can be independently controlled by a 
processor and/or control circuitry used in conjunction with 
the apparatus described herein. FIG. 8C shows thermal 
images, from the top surface of a microfluidic cartridge when 
heated by heaters configured as in FIGS. 8A and 8B, when 
each heater in turn is activated, as follows: (A): Long Top 
only; (B) Long Bottom only; (C) Short Left only; (D) Short 
Right only; and (E) All Four Heaters on. Panel (F) shows a 
view of the reaction Zone and heaters on the same scale as the 
other image panels in FIG. 8C. Also shown in the figure is a 
temperature bar. 

Microfluidic Cartridge 
0206 FIG.9 shows a perspective view of an exterior of an 
exemplary microfluidic cartridge 2060 for use in conjunction 
with the system described herein. Present in cartridge 2060 is 
at least one reagent package 2062. Four Such reagent pack 
ages are shown, though other numbers of such packages, such 
as but not limited to one, two, three, five, six, eight, ten, and 
twelve, are possible, depending upon application. Cartridge 
2060 further comprises a tower 2064 that contains reagents, 
and is fitted with an inlet 2066, such as a luer, through which 
a portion of a biological sample can be introduced. Tower 
2064 can also comprise one or more chambers such as a bulk 
lysis chamber 2065 and a waste chamber 2067. Waste cham 
ber 2067 may have a vent 2069 for releasing gases such as air. 
0207. Other than tower 2064, cartridge 2060 is substan 

tially planar Such that it can be easily handled by an operator 
and can be easily matched to a complementary receiving bay 
of an apparatus Such as shown in FIG. 1. 
(0208 Cartridge 2060 further comprises a port 2068 
through which a detector can receive a signal directly or 
indirectly from one or more polynucleotides in the sample, 
during processing or amplification, in order to provide a user 
with a diagnostic result on the sample. 
0209 Cartridge 2060 can further comprise a registration 
member Such as a mechanical key, complementary to a cor 
responding registration member in the receiving bay. Shown 
in FIG. 9 is an exemplary registration member 2071, a corner 
cut-out from the cartridge. 
0210. The integrated system, as described herein, com 
prises an apparatus configured to receive a microfluidic car 
tridge, and a microfluidic cartridge. It is consistent with the 
system described herein that a number of different configu 
rations of microfluidic cartridge, and purposes thereof, are 
compatible with Suitably configured apparati. Thus, for 
example, although benefits are described wherein a single 
cartridge is capable of accepting a collected biological 
sample, working up the sample, including lysing cells to 
liberate and collect polynucleotides contained therein, apply 
ing pre-amplification preparatory steps to the polynucle 
otides, amplifying the polynucleotides, and causing the 
amplified polynucleotides to be detected, it is also consistent 
with the descriptions herein that other microfluidic cartridges 
can be used. Such other cartridges can be configured to carry 
out fewer, such as one or more, of the aforementioned steps, 
and, correspondingly the apparatus for use therewith is con 
figured to cause fewer such steps to be effectuated. It is to be 
understood therefore, that when presenting various exem 
plary configurations of microfluidic cartridge herein, the Vari 
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ous components thereof can be used interchangeably (e.g., an 
exemplary valve described in connection with one cartridge 
can also be used in a network described in connection with 
another cartridge) both without modification, and with suit 
able adjustments or modifications of geometry or size, as 
appropriate. 

Aspects of Microfluidic Cartridges 
0211. Accordingly, the technology herein also comprises 
a microfluidic cartridgehaving attributes, as follows. Thus the 
technology includes a microfluidic cartridge that is config 
ured to process one or more polynucleotides, e.g., to concen 
trate the polynucleotide(s) and/or to separate the polynucle 
otide(s) from inhibitor compounds, (e.g., hemoglobin, 
peptides, faecal compounds, humic acids, mucousol com 
pounds, DNA binding proteins, or a saccharide) that might 
inhibit detection and/or amplification of the polynucleotides. 
0212. The microfluidic cartridge can be configured to con 

tact the polynucleotides and a relatively immobilized com 
pound that preferentially associates with (e.g., retains) the 
polynucleotides as opposed to inhibitors. An exemplary com 
pound is a poly-cationic polyamide (e.g., poly-L-lysine and/ 
or poly-D-lysine), or polyethyleneimine (PEI), which may be 
bound to a Surface (e.g., Surfaces of one or more particles). 
The compound retains the polynucleotides so that the poly 
nucleotides and inhibitors may be separated, such as by wash 
ing the Surface to which the compound and associated poly 
nucleotides are bound. Upon separation, the association 
between the polynucleotide and compound may be disrupted 
to release (e.g., separate) the polynucleotides from the com 
pound and Surface. 
0213. In some embodiments, the surface (e.g., surfaces of 
one or more particles) can be modified with a poly-cationic 
substance such as a polyamide or PEI, which may be 
covalently bound to the Surface. The poly-cationic polyamide 
may include at least one of poly-L-lysine and poly-D-lysine. 
In some embodiments, the poly-cationic polyamide (e.g., the 
at least one of the poly-L-lysine and the poly-D-lysine) has an 
average molecular weight of at least about 7500 Da. The 
poly-cationic polyamide (e.g., the at least one of the poly-L- 
lysine and the poly-D-lysine) may have an average molecular 
weight of less than about 35,000 Da (e.g., an average molecu 
lar weight of less than about 30,000 Da (e.g., an average 
molecular weight of about 25,000 Da)). The poly-cationic 
polyamide (e.g., the at least one of the poly-L-lysine and the 
poly-D-lysine) may have a median molecular weight of at 
least about 15,000 Da. The poly-cationic polyamide (e.g., the 
at least one of the poly-L-lysine and the poly-D-lysine) may 
have a median molecular weight of less than about 25,000 Da 
(e.g., a median molecular weight of less than about 20,000 Da 
(e.g., a median molecular weight of about 20,000 Da). If the 
polycationic material is PEI, its molecular weight is prefer 
ably in the range 600-800 Daltons. 
0214. In other embodiments, the microfluidic cartridge 
includes a Surface having a poly-cationic polyamide or PEI 
bound thereto and a sample introduction passage in commu 
nication with the Surface for contacting the Surface with a 
fluidic sample. 
0215. In some embodiments, the apparatus includes aheat 
Source configured to heat an aqueous liquid in contact with 
the surface to at least about 65° C. 

0216. In some embodiments, the cartridge includes a res 
ervoir of liquid having a pH of at least about 10 (e.g., about 
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10.5 or more). The cartridge can be configured to contact the 
Surface with the liquid (e.g., by actuating a pressure source to 
move the liquid). 
0217. Another aspect of the microfluidic cartridge relates 
to a retention member, e.g., a plurality of particles such as 
beads, comprising bound PEI, or poly-lysine, e.g., poly-L- 
lysine, and related methods and systems. An exemplary 
method for processing a sample includes contacting a reten 
tion member with a mixture that includes providing a mixture 
including a liquid and an amount of polynucleotide. The 
retention member may be configured to preferentially retain 
polynucleotides as compared to polymerase chain reaction 
inhibitors. Substantially all of the liquid in the mixture can be 
removed from the retention member. The polynucleotides can 
be released from the retention member. The polynucleotide 
may have a size of less than about 7.5 Mbp. 
0218. The liquid may be a first liquid, and removing sub 
stantially all of the liquid from the retention member may 
include contacting the retention member with a second liquid. 
0219 Contacting the retention member with a second liq 
uid can include actuating a thermally actuated pressure 
Source to apply a pressure to the second liquid. Contacting the 
retention member with a second liquid can include opening a 
thermally actuated valve to place the second liquid in fluid 
communication with the retention member. 
0220. The second liquid may have a volume of less than 
about 50 microliters, and may include a detergent (e.g., SDS). 
0221) The retention member may include a surface having 
a compound configured to bind polynucleotides preferen 
tially to polymerase chain reaction inhibitors (such inhibitors 
including, for example, hemoglobin, peptides, faecal com 
pounds, humic acids, mucousol compounds, DNA binding 
proteins, or a saccharide). 
0222. The Surface may include a poly-lysine (e.g., poly 
L-lysine and/or poly-D-lysine) or PEI. 
0223 Releasing polynucleotidges from the retention 
member may include heating the retention member to a tem 
perature of at least about 50° C. (e.g., at about 65° C.). The 
temperature may be insufficient to boil the liquid in the pres 
ence of the retention member during heating. The tempera 
ture may be 100° C. or less (e.g., less than 100° C., about 97° 
C. or less). The temperature may be maintained for less than 
about 10 minutes (e.g., for less than about 5 minutes, for less 
than about 3 minutes). The releasing may be performed with 
out centrifugation of the retention member. 
0224. In certain embodiments, PCR inhibitors can be rap 
idly removed from clinical samples to create a PCR-ready 
sample. Methods herein therefore may comprise the prepa 
ration of a polynucleotide-containing sample that can be Sub 
stantially free of inhibitors. Such samples may be prepared 
from, e.g., crude lysates resulting from thermal, chemical, 
ultrasonic, mechanical, electrostatic, and other lysing tech 
niques. The samples may be prepared without centrifugation. 
The samples may be prepared using other microfluidic 
devices or on a larger scale. 
0225. The retention member may be used to prepare poly 
nucleotide samples for further processing, Such as amplifica 
tion by polymerase chain reaction. In certain embodiments, 
more than 90% of a polynucleotide present in a sample may 
be bound to the retention member, released, and recovered. 
0226. In certain embodiments, a polynucleotide may be 
bound to the retention member, released, and recovered, in 
less than about 10 minutes (e.g., less than about 7/2 minutes, 
less than about 5 minutes, or less than about 3 minutes). 
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0227. A polynucleotide may be bound to a retention mem 
ber, released, and recovered without Subjecting the poly 
nucleotide, retention member, and/or inhibitors to centrifu 
gation. 
0228 Separating the polynucleotides and inhibitors gen 
erally excludes Subjecting the polynucleotides, inhibitors, 
processing region, and/or retention member to sedimentation 
(e.g., centrifugation). 
0229. In various embodiments, the microfluidic cartridge 
can include a PCR reagent mixture comprising a polymerase 
enzyme and a plurality of nucleotides. The PCR reagent mix 
ture can be in the form of one or more lyophilized pellets, and 
the microfluidic network can be configured to contact the 
PCR pellet with liquid to create a PCR reagent mixture solu 
tion. 
0230. In various embodiments, the microfluidic cartridge 
can be configured to couple heat from an external heat Source 
with the PCR reagent mixture and the neutralized polynucle 
otide sample under thermal cycling conditions suitable for 
creating PCR amplicons from the neutralized polynucleotide 
sample. 
0231. In various embodiments, the PCR reagent mixture 
can further include a positive control plasmid and a fluoro 
genic hybridization probe selective for at least a portion of the 
plasmid. 
0232. In various embodiments, the microfluidic cartridge 
can include a negative control polynucleotide, wherein the 
microfluidic network can be configured to independently 
contact each of the neutralized polynucleotide sample and the 
negative control polynucleotide with the PCR reagent mix 
ture under thermal cycling conditions suitable for indepen 
dently creating PCR amplicons of the neutralized polynucle 
otide sample and PCR amplicons of the negative control 
polynucleotide. 
0233. In various embodiments, the microfluidic cartridge 
can include at least one probe that can be selective for a 
polynucleotide sequence, wherein the microfluidic cartridge 
can be configured to contact the neutralized polynucleotide 
sample or a PCR amplicon thereof with the probe. The probe 
can be a fluorogenic hybridization probe. The fluorogenic 
hybridization probe can include a polynucleotide sequence 
coupled to a fluorescent reporter dye and a fluorescence 
quencher dye. The PCR reagent mixture can further include a 
positive control plasmid and a plasmid fluorogenic hybrid 
ization probe selective for at least a portion of the plasmid and 
the microfluidic cartridge can be configured to allow inde 
pendent optical detection of the fluorogenic hybridization 
probe and the plasmid fluorogenic hybridization probe. 
0234. In various embodiments, the probe can be selective 
for a polynucleotide sequence that can be characteristic of an 
organism, for example any organism that employs deoxyri 
bonucleic acid or ribonucleic acid polynucleotides. Thus, the 
probe can be selective for any organism. Suitable organisms 
include mammals (including humans), birds, reptiles, 
amphibians, fish, domesticated animals, farmed animals, 
wild animals, extinct organisms, bacteria, fungi, viruses, 
plants, and the like. The probe can also be selective for com 
ponents of organisms that employ their own polynucleotides, 
for example mitochondria. In some embodiments, the probe 
can be selective for microorganisms, for example, organisms 
used in food production (for example, yeasts employed in 
fermented products, molds or bacteria employed in cheeses, 
and the like) or pathogens (e.g., of humans, domesticated or 
wild mammals, domesticated or wildbirds, and the like). In 
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Some embodiments, the probe can be selective for organisms 
selected from the group consisting of gram positive bacteria, 
gram negative bacteria, yeast, fungi, protozoa, and viruses. 
0235. In various embodiments, the probe can be selective 
for a polynucleotide sequence that can be characteristic of an 
organism selected from the group consisting of Staphylococ 
cus spp., e.g., S. epidermidis, S. aureus, Methicillin-resistant 
Staphylococcus aureus (MRSA), Vancomycin-resistant Sta 
phylococcus, Streptococcus (e.g., C, B or Y-hemolytic, Group 
A, B, C, D or G) Such as S. pyogenes, S. agalactiae, E. 
faecalis, E. durans, and E. faecium (formerly S. faecalis, S. 
durans, S. faecium); nonenterococcal group D Streptococci, 
e.g., S. bovis and S. equines, Streptococcus viridans, e.g., S. 
mutans, S. sanguis, S. salivarius, S. mition, A. milleri, S. 
constellatus, S. intermedius, and S. anginosus, S. iniae, S. 
pneumoniae, Neisseria, e.g., N. meningitides, Ngonor 
rhoeae, saprophytic Neisseria sp; Erysipelothrix, e.g., E. rhu 
Siopathiae, Listeria spp., e.g., L. monocytogenes, rarely L. 
ivanovii and L. Seeligeri; Bacillus, e.g., B. anthracis, B. 
cereus, B. subtilis, B. subtilus niger; B. thuringiensis, Nocar 
dia asteroids, Legionella, e.g., L. pneumonophilia, Pneu 
mocystis, e.g., P. carinii; Enterobacteriaceae Such as Salmo 
nella, Shigella, Escherichia (e.g., E. coli, E. coli O157:H7); 
Klebsiella, Enterobacter, Serratia, Proteus, Morganella, 
Providencia, Yersinia, and the like, e.g., Salmonella, e.g., S. 
typhi S. paratyphi A, B (S. schottmuelleri), and C (S. hir 
schfeldii), S. dublin S. choleraesuis, S. enteritidis, S. typhimu 
rium, S. heidelberg, S. newport, S. infantis, S. agona, S. mon 
tevideo, and S. Saint-paul Shigella, e.g., Subgroups: A, B, C, 
and D. Such as S. flexneri, S. Sonnei, S. boydii, S. dysenteriae, 
Proteus (P. mirabilis, P. vulgaris, and P. myxofaciens), Mor 
ganella (M. morgani); Providencia (Prettgeri, P alcalifa 
ciens, and P Stuartii); Yersinia, e.g., Y. pestis, Y, entero 
colitica, Haemophilus, e.g., H. influenzae, H. parainfluenzae 
H. aphrophilus, H. ducreyi, Brucella, e.g., B. abortus, B. 
melitensis, B. suis, B. Canis, Francisella, e.g., F. tularensis, 
Pseudomonas, e.g., P. aeruginosa, P. paucimobilis, Pputida, 
Pfluorescens, P. acidovorans, Burkholderia (Pseudomonas) 
pseudomalilei, Burkholderia mallei, Burkholderia cepacia 
and Stenotrophomonas maltophilia, Campylobacter, e.g., C. 
fetus fetus, C. jejuni, C. pylori (Helicobacter pylori); Vibrio, 
e.g., V. cholerae, V parahaemolyticus, V. mimicus, V algi 
molyticus, V. hollisae, V. vulnificus, and the nonagglutinable 
Vibrios; Clostridia, e.g., C. perfringens, C. tetani, C. difficile, 
C. botulinum, Actinomyces, e.g., A. israeli; Bacteroides, 
e.g., B. fragilis, B. thetaiotaOmicron, B. distasonis, B. vulga 
tus, B. ovatus, B. caccae, and B. merdae; PrevOtella, e.g., P 
melaninogenica; genus Fusobacterium, Treponema, e.g. T. 
pallidum Subspecies endemicum, T. pallidum Subspecies 
pertenue, T. Carateum, and T. pallidum Subspecies pallidum; 
genus Borrelia, e.g., B burgdorferi; genus Leptospira, Strep 
tobacillus, e.g., S. moniliformis, Spirillum, e.g., S. minus, 
Mycobacterium, e.g., M. tuberculosis, M. bovis, M. afri 
canum, M. avium M. intracellulare, M. kansasii, M. xenopi, 
M. marinum, M. ulcerans, the M. fortuitum complex (M. 
fortuitum and M. chelonei), M. leprae, M. asiaticum, M. che 
lonei Subsp. abscessus, M. fallax, M. fortuitum, M. mal 
moense, M. Shimoidei, M. Simiae, M. Szulgai, M. xenopi; 
Mycoplasma, e.g., M. hominis, M. orale, M. Salivarium, M. 
fermentans, M. pneumoniae, M. bovis, M. tuberculosis, M. 
avium, M. leprae, Mycoplasma, e.g., M. genitalium, Urea 
plasma, e.g., U. urealyticum, Trichomonas, e.g., T vaginalis, 
Cryptococcus, e.g., C. neoformans. Histoplasma, e.g., H. 
capsulatum, Candida, e.g., C. albicans, Aspergillus sp; Coc 
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cidioides, e.g., C. immitis, Blastomyces, e.g. B. dermatitidis, 
Paracoccidioides, e.g., P brasiliensis, Penicillium, e.g., P 
marnefei, Sporothrix, e.g., S. Schenckii; Rhizopus, Rhizomu 
cor, Absidia, and Basidiobolus; diseases caused by Bipolaris, 
Cladophialophora, Cladosporium, Drechslera, Exophiala, 
Fonsecaea, Phialophora, Xvlohypha, Ochroconis, Rhinocla 
diella, Scolecobasidium, and Wangiella, TrichospOron, e.g., 
T. beigelii, Blastoschizomyces, e.g., B. capitatus, Plasmo 
dium, e.g., Pfalciparum, P. vivax, P ovale, and P. malariae, 
Babesia sp; protozoa of the genus Trypanosoma, e.g., T. 
Cruzi, Leishmania, e.g., L. donovani, L. major L. tropica, L. 
mexicana, L. braziliensis, L. Viannia braziliensis, Toxo 
plasma, e.g., T. gondii; Amoebas of the genera Naegleria or 
Acanthamoeba, Entamoeba histolytica, Giardia lamblia; 
genus Cryptosporidium, e.g., C. parvum, Isospora belli, 
Cyclospora Cayetanensis, Ascaris lumbricoides, Trichuris 
trichiura, Ancylostoma duodenale or Necator americanus, 
Strongyloides Stercoralis Toxocara, e.g., T. canis, T. Cati, 
Baylisascaris, e.g., B. procyonis, Trichinella, e.g., T. spiralis, 
Dracunculus, e.g., D. medimensis; genus Filarioidea, 
Wuchereria bancrofti, Brugia, e.g., B. malayi, or B. timori; 
Onchocerca volvulus, Loa loa, Dirofilaria immitis; genus 
Schistosoma, e.g., S. japonicum, S. mansoni, S. mekongi, S. 
intercalatum, S. haematobium, Paragonimus, e.g., P. Wester 
mani, P. Skriabini; Clonorchis sinensis, Fasciola hepatica, 
Opisthorchis sp; Fasciolopsis buski, Diphyllobothrium 
latum, Taenia, e.g., T. Saginata, T. solium, Echinococcus, 
e.g., E. granulosus, E. multilocularis; Picornaviruses, rhi 
noviruses echoviruses, coxsackieviruses, influenza virus; 
paramyxoviruses, e.g., types 1, 2, 3, and 4; adnoviruses; Her 
pesviruses, e.g., HSV-1 and HSV-2; varicella-Zoster virus: 
human T-lymphotrophic virus (type I and type II); Arbovi 
ruses and Arenaviruses; Togaviridae, Flaviviridae, Bun 
yaviridae, Reoviridae: Flavivirus; Hantavirus; Viral encepha 
litis (alphaviruses e.g., Venezuelan equine encephalitis, 
eastern equine encephalitis, western equine encephalitis); 
Viral hemorrhagic fevers (filoviruses, e.g., Ebola, Marburg, 
and arenaviruses, e.g., Lassa, Machupo); Smallpox (variola); 
retroviruses e.g., human immunodeficiency viruses 1 and 2: 
human papillomavirus (HPV) types 6, 11, 16, 18, 31, 33, and 
35. 

0236. In various embodiments, the probe can be selective 
for a polynucleotide sequence that can be characteristic of an 
organism selected from the group consisting of Pseudomonas 
aeruginosa, Proteus mirabilis, Klebsiella Oxytoca, Klebsiella 
pneumoniae, Escherichia coli, Acinetobacter Baumannii, 
Serratia marcescens, Enterobacter aerogenes, Enterococcus 
faecium, Vancomycin-resistant enterococcus (VRE), Staphy 
lococcus aureus, methecillin-resistant Staphylococcus 
aureus (MRSA), Streptococcus viridans, Listeria monocyto 
genes, Enterococcus spp., Streptococcus Group B, Strepto 
coccus Group C, Streptococcus Group G, Streptococcus 
Group F. Enterococcus faecalis, Streptococcus pneumoniae, 
Staphylococcus epidermidis, Gardenerella vaginalis, Micro 
coccus sps. Haemophilus influenzae, Neisseria gonor 
rhoeee, Moraxella catarrahlis, Salmonella sps. Chlamydia 
trachomatis, Peptostreptococcus productus, Peptostrepto 
coccus anaerobius, Lactobacillus fermentum, Eubacterium 
lentum, Candida glabrata, Candida albicans, Chlamydia 
spp., Camplobacter spp., Salmonella spp., Smallpox (variola 
major), Yersina Pestis, Herpes Simplex Virus I (HSVI), and 
Herpes Simplex Virus II (HSV II). 
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0237. In various embodiments, the probe can be selective 
for a polynucleotide sequence that is characteristic of Group 
B Streptococcus. 
0238. The technology herein also comprises a microflu 
idic cartridge having a component for inhibiting motion of 
fluid. The component comprises a channel, a first mass of a 
thermally responsive substance (TRS) disposed on a first side 
of the channel, a second mass of a TRS disposed on a second 
side of the channel opposite the first side of the channel, a gas 
pressure source associated with the first mass of the TRS. 
Actuation of the gas pressure source drives the first mass of 
the TRS into the second mass of the TRS and obstructs the 
channel. 
0239. The microfluidic cartridge can include a second gas 
pressure source associated with the second mass of the TRS. 
Actuation of the second gas pressure source drives the second 
mass of TRS into the first mass of TRS. At least one (e.g., 
both) of the first and second masses of TRS may be a wax. 
0240 Another aspect of the microfluidic cartridge 
includes a component for obstructing a channel of a microf 
luidic cartridge. A mass of a TRS can be heated and driven 
across the channel (e.g., by gas pressure) into a second mass 
of TRS. The second mass of TRS may also be driven (e.g., by 
gas pressure) toward the first mass of TRS. 
0241 Another aspect of the microfluidic cartridge is an 
actuator. The actuator includes a channel, a chamber con 
nected to the channel, at least one reservoir of encapsulated 
liquid disposed in the chamber, and a gas Surrounding the 
reservoir within the chamber. Heating the chamber expands 
the reservoir of encapsulated liquid and pressurizes the gas. 
Typically the liquid has a boiling point of about 90° C. or less. 
The liquid may be a hydrocarbon having about 10 carbon 
atoms or fewer. The liquid may be encapsulated by a polymer. 
0242 An actuator may include multiple reservoirs of 
encapsulated liquid disposed in the chamber. The multiple 
reservoirs may be dispersed within a solid (e.g., a wax). The 
multiple reservoirs may be disposed within a flexible enclo 
Sure (e.g., a flexible sack). 
0243 Another aspect of the microfluidic cartridge 
includes pressurizing a gas within a chamber of the device to 
create a gas pressure Sufficient to move a liquid within a 
channel of the microfluidic device. Pressurizing the gas typi 
cally expands at least one reservoir of encapsulated liquid 
disposed within the chamber. Expanding the at least one 
reservoir can include heating the chamber. Pressurizing the 
gas can include expanding multiple reservoirs of encapsu 
lated liquid. 
0244 Another aspect of a microfluidic cartridge for use 
herein includes combining (e.g., mixing) first and second 
liquid Volumes. The device includes a mass of a temperature 
responsive substance (TRS) that separates first and second 
channels of the device. The device can be configured to move 
a first liquid along the first channel so that a portion (e.g., a 
medial portion) of the first liquid can be adjacent the TRS, and 
to move a second liquid along the second channel so that a 
portion (e.g., a medial portion) of second liquid can be adja 
cent the TRS. Aheat source can be actuated to move the TRS 
(e.g., by melting, dispersing, fragmenting). The medial por 
tions of the first and second liquids typically combine without 
being separated by a gas interface. Typically, only a Subset of 
the first liquid and a Subset of the second liquid can be com 
bined. The liquids mix upon being moved along a mixing 
channel. The liquids when combined should be moved at least 
two droplet lengths to get good mixing by interlayering and 
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transverse diffusion (perpendicular to the length of the micro 
channel) without having to rely on longitudinal diffusion 
alone for mixing (see, also, e.g., “Mathematical modeling of 
drop mixing in a slit-type microchannel, K Handique, et al., 
J. Micromech. Microeng., 11 548-554, (2001), incorporated 
herein by reference). By moving the combined drop by a drop 
length, the liquid in the middle of the receding drop is caused 
to move to the front of the leading drop and then towards the 
channel wall. At the receding end of the drop, liquid moves 
from the wall towards the center of the drop. This motion of 
the drop results in interlayering between the two liquids. 
Further interlayering can be achieved by repeating the 
method additional times, such as over further drop lengths. 
0245. The microfluidic cartridge further includes a lyo 
philized reagent particle. In some embodiments, the lyo 
philized particles include multiple smaller particles each hav 
ing a plurality of ligands that preferentially associate with 
polynucleotides as compared to PCR inhibitors. The lyo 
philized particles can also (or alternatively) include lysing 
reagents (e.g., enzymes) configured to lyse cells to release 
polynucleotides. The lyophilized particles can also (or alter 
natively) include enzymes (e.g., proteases) that degrade pro 
teins. 

0246 Cells can be lysed by combining a solution of the 
cells, e.g., in a microfluidic droplet, with the lyophilized 
particles thereby reconstituting the particles. The reconsti 
tutedly sing reagents lyse the cells. The polynucleotides asso 
ciate with ligands of the Smaller particles. During lysis, the 
solution may be heated (e.g., radiatively using a lamp such as 
a heat lamp, or by a contact heat Source. 
0247. In some embodiments, lyophilized particles include 
reagents (e.g., primers, control plasmids, polymerase 
enzymes) for performing PCR. 
0248. Another aspect of the microfluidic cartridge 
includes a liquid reservoir capable of holding a liquid (e.g., a 
Solvent, a buffer, a reagent, or combination thereof). In gen 
eral, the reservoir can have one or more of the following 
features, as further described in international application pub 
lication no. WO2006/079082. 

0249. The reservoir can include a wall that can be manipu 
lated (e.g., pressed or depressed) to decrease a Volume within 
the reservoir. For example, the reservoir can include a pierc 
ing member (e.g., a needle-like or otherwise pointed or sharp 
member) that ruptures another portion of the reservoir (e.g., a 
portion of the wall) to release liquid. The piercing member 
can be internal to the reservoir such that the piercing member 
ruptures the wall from an inner Surface of the reservoir (e.g., 
wall) outwards. 
0250 In general, the wall resists passage of liquid or vapor 
therethrough. In some embodiments, the wall lacks stretchi 
ness. The wall may be flexible. The wall may be, e.g., a 
metallic layer, e.g., a foil layer, a polymer, or a laminate 
including a combination thereof. The wall may be formed by 
vacuum formation (e.g., applying a vacuum and heat to a 
layer of material to draw the layer against a molding Surface). 
The molding Surface may be concave such that the wall can be 
provided with a generally convex surface. 
0251 Exemplary liquids held by the reservoir include 
water and aqueous Solutions including one or more salts (e.g., 
magnesium chloride, sodium chloride, Tris buffer, or combi 
nation thereof). The reservoir can retain the liquid (e.g., with 
out Substantial evaporation thereof) for a period of time (e.g., 
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at least 6 months or at least a year). In some embodiments, 
less than 10% (e.g., less than about 5%) by weight of the 
liquid evaporates over a year. 
0252. The piercing member may be an integral part of a 
wall of the reservoir. For example, the reservoir can include a 
wall having an internal projection, which may be in contact 
with liquid in the reservoir. The reservoir also includes a 
second wall opposite the piercing member. During actuation, 
the piercing member can be driven through the second wall 
(e.g., from the inside out) to release liquid. 
0253) In some embodiments, a maximum amount of liquid 
retained by a reservoir can be less than about 1 ml. For 
example, a reservoir may hold about 500 microliters or less 
(e.g., 300 microliters or less). Generally, a reservoir holds at 
least about 25 microliters (e.g., at least about 50 microliters). 
The reservoir can introduce within about 10% of the intended 
amount of liquid (e.g., 50+5 ul). 
0254 The reservoir can deliver a predetermined amount of 
liquid that can be substantially air-free (e.g., Substantially 
gas-free). Upon introduction of the liquid, the Substantially 
air and/or gas free liquid produces few or no bubbles large 
enough to obstruct movement of the liquid within the microf 
luidic device. Use of a piercing member internal to the reser 
voir can enhance an ability of the reservoir to deliver substan 
tially air and/or gas free liquids. 
0255. In some embodiments, the reservoir can be actuated 
to release liquid by pressing (e.g., by one’s finger orthumb or 
by mechanical pressure actuation). The pressure may be 
applied directly to a wall of the reservoir or to a plunger 
having a piercing member. In various embodiments, minimal 
pressure can be required to actuate the reservoir. An auto 
mated system can be used to actuate (e.g., press upon) a 
plurality of reservoirs simultaneously or in sequence. 
0256 Actuation of the reservoir may include driving a 
piercing member through a wall of the reservoir. In some 
embodiments, the reservoir does not include a piercing mem 
ber. Instead, internal pressure generated within the reservoir 
ruptures a wall of the reservoir allowing liquid to enter the 
microfluidic device. 
0257. Upon actuating a reservoir to introduce liquid into 
the microfluidic device, liquid generally does not withdraw 
back into the reservoir. For example, upon actuation, the 
Volume of the reservoir may decrease to some minimum but 
generally does not increase so as to withdraw liquid back into 
the reservoir. For example, the reservoir may stay collapsed 
upon actuation. In Such embodiments, the flexible wall may 
be flexible but lack hysteresis, elasticity, or stretchiness. 
Alternatively or in combination, the reservoir may draw in air 
from a vent without withdrawing any of the liquid. 
0258. The reservoir preserves the reactivity and composi 
tion of reagents therein (e.g., the chemicals within the reser 
voir may exhibit little or no change in reactivity over 6 months 
or a year). 
(0259. The flexible wall of the reservoir can limit or prevent 
leaching of chemicals therethrough. The reservoir can be 
assembled independently of a microfluidic cartridge and then 
secured to the microfluidic cartridge. 

Exemplary Microfluidic Cartridge for Processing 
Polynucleotides 
0260 Referring to FIG. 10, a portion of an exemplary 
microfluidic cartridge 200 suitable for use with the system 
described herein includes first, second, and third layers 205, 
207, and 209 that define a microfluidic network 201 having 
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various components configured to process a sample that 
includes one or more polynucleotides to be detected. Car 
tridge 200 typically processes the sample by, among other 
aspects, increasing the concentration of a polynucleotide to 
be determined and/or by reducing the concentration of inhibi 
tors relative to the concentration of polynucleotide to be 
determined. The various features of cartridge 200 may be 
incorporated wholesale, or with suitable modification, into 
alternative configurations of cartridge that carry out poly 
nucleotide processing in conjunction with various other 
operations. 

Fabrication of Cartridge 
0261 Microfluidic cartridge 200 can be fabricated as 
desired. Typically, layers 205, 207, and 209 can be formed of 
a polymeric material. Components of network 201 can typi 
cally be formed by molding (e.g., by injection molding) lay 
ers 207,209. Layer 205 can typically be a flexible polymeric 
material (e.g., a laminate) that can be secured (e.g., adhe 
sively and/or thermally) to layer 207 to seal components of 
network 201. Layers 207 and 209 may be secured to one 
another using adhesive. Other methods of cartridge fabrica 
tion suitable for application herein can be found described in 
U.S. provisional patent application Ser. No. 60/859,284, filed 
Nov. 14, 2006, and incorporated herein by reference in its 
entirety. 

Microfluidic Network 

0262 An exemplary arrangement of components of net 
work 201 is as follows, as further described in U.S. Patent 
Application Publication No. 2006/0166233, incorporated 
herein by reference. 
0263 Network 201 includes an inlet 202 by which sample 
material can be introduced to the network and an output 236 
by which a processed sample can be removed (e.g., expelled 
by or extracted from) network 201. A channel 204 extends 
between inlet 202 and a junction 255. A valve 206 can be 
positioned along channel 204. A reservoir channel 240 
extends between junction 255 and an actuator 244. Gates 242 
and 246 can be positioned along channel 240. A channel 257 
extends between junction 255 and a junction 259. A valve 208 
can be positioned along channel 257. A reservoir channel 246 
extends between junction 259 and an actuator 248. Gates 250 
and 252 can be positioned along channel 246. A channel 261 
extends between junction 259 and a junction 263. A valve 210 
and a hydrophobic vent 212 can be positioned along channel 
261. A channel 256 extends between junction 263 and an 
actuator 254. A gate 258 can be positioned along channel 256. 
0264. A channel 214 extends between junction 263 and a 
processing chamber 220, which has an inlet 265 and an outlet 
267. A channel 228 extends between processing chamber 
outlet 267 and a waste reservoir 232. A valve 234 can be 
positioned along channel 228. A channel 230 extends 
between processing chamber outlet 267 and output 236. 
0265 Particular components of microfluidic network 201 
are further described as follows. 

Processing Chamber 
0266 Referring also to FIG. 11, processing chamber 220 
includes a plurality of particles (e.g., beads, microspheres) 
218 configured to retain polynucleotides of the sample under 
a first set of conditions (e.g., a first temperature and/or first 
pH) and to release the polynucleotides under a second set of 
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conditions (e.g., a second, higher temperature and/or a sec 
ond, more basic pH). Typically, the polynucleotides can be 
retained preferentially as compared to inhibitors that may be 
present in the sample. Particles 218 can be configured as a 
retention member 216 (e.g., a column) through which sample 
material (e.g., polynucleotides) must pass when moving 
between the inlet 265 and outlet 267 of processing region 220. 
0267 A filter 219 prevents particles 218 from passing 
downstream of processing region 220. A channel 287 con 
nects filter 219 with outlet 267. Filter 219 has a Surface area 
within processing region 220 that can be larger than the 
cross-sectional area of inlet 265. For example, in some 
embodiments, the ratio of the surface area offilter 219 within 
processing chamber 220 to the cross-sectional area of inlet 
265 (which cross-sectional area is typically about the same as 
the cross-sectional area of channel 214) can be at least about 
5 (e.g., at least about 10, at least about 20, at least about 30). 
In some embodiments, the surface area of filter 219 within 
processing region 220 can be at least about 1 mm (e.g., at 
least about 2 mm, at least about 3 mm). In some embodi 
ments, the cross-sectional area of inlet 265 and/or channel 
214 can be about 0.25 mm or less (e.g., about 0.2 mm or less, 
about 0.15 mm or less, about 0.1 mm or less). The larger 
surface area presented by filter 219 to material flowing 
through processing chamber 220 helps prevent clogging of 
the processing region while avoiding significant increases in 
the void volume (described hereinbelow) of the processing 
region. 
0268 Particles 218 can be modified with at least one 
ligand that retains polynucleotides (e.g., preferentially as 
compared to inhibitors). Typically, the ligands retain poly 
nucleotides from liquids having a pH about 9.5 or less (e.g., 
about 9.0 or less, about 8.75 or less, about 8.5 or less). As a 
sample solution moves through processing chamber 220, 
polynucleotides can be retained while the liquid and other 
Solution components (e.g., inhibitors) can be less retained 
(e.g., not retained) and exit the processing region. In general, 
the ligands release polynucleotides when the pH can be about 
10 or greater (e.g., about 10.5 or greater, about 11.0 or 
greater). Consequently, polynucleotides can be released from 
the ligand modified particles into the Surrounding liquid. 
0269 Exemplary ligands on particles 218 include, for 
example, polyamides (e.g., poly-cationic polyamides such as 
poly-L-lysine, poly-D-lysine, poly-DL-ornithine) and PEI. 
Other ligands include, for example, intercalators, poly-inter 
calators, minor groove binders polyamines (e.g., spermidine), 
homopolymers and copolymers comprising a plurality of 
amino acids, and combinations thereof. In some embodi 
ments, the ligands have an average molecular weight of at 
least about 5,000 Da (e.g., at least about 7,500 Da, of at least 
about 15,000 Da). In some embodiments, the ligands have an 
average molecular weight of about 50,000 Da or less (e.g., 
about 35,000, or less, about 27,500 Da or less). In some 
embodiments, the ligand can be a poly-lysine ligandattached 
to the particle surface by an amide bond. 
0270. In certain embodiments, the ligands on the particles 
218 can be resistant to enzymatic degradation, such as deg 
radation by protease enzymes (e.g., mixtures of endo- and 
exo-proteases such as pronase) that cleave peptide bonds. 
Exemplary protease resistant ligands include, for example, 
poly-D-lysine and other ligands that can be enantiomers of 
ligands susceptible to enzymatic attack. 
0271 Particles 218 can typically beformed of a material to 
which the ligands can be associated. Exemplary materials 
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from which particles 218 can be formed include polymeric 
materials that can be modified to attach a ligand. Typical 
polymeric materials provide or can be modified to provide 
carboxylic groups and/or amino groups available to attach 
ligands. Exemplary polymeric materials include, for 
example, polystyrene, latex polymers (e.g., polycarboxylate 
coated latex), polyacrylamide, polyethylene oxide, and 
derivatives thereof. Polymeric materials that can used to form 
particles 218 are described in U.S. Pat. No. 6,235,313 to 
Mathiowitz et al., which patent is incorporated herein by 
reference. Other materials include glass, silica, agarose, and 
amino-propyl-tri-ethoxy-silane (APES) modified materials. 
0272 Exemplary particles that can be modified with suit 
able ligands include carboxylate particles (e.g., carboxylate 
modified magnetic beads (Sera-Mag Magnetic Carboxylate 
modified beads, Part #3008050250, Seradyn) and Polybead 
carboxylate modified microspheres available from Poly 
science, catalog no. 09850). In some embodiments, the 
ligands include poly-D-lysine and the beads comprise a poly 
mer (e.g., polycarboxylate coated latex). In other embodi 
ments, the ligands include PEI. 
0273. In general, the ratio of mass of particles to the mass 
of polynucleotides retained by the particles can be no more 
than about 25 or more (e.g., no more than about 20, no more 
than about 10). For example, in some embodiments, about 1 
gram of particles retains about 100 milligrams of polynucle 
otides. 
0274 Typically, the total volume of processing chamber 
220 (including particles 218) between inlet 265 and filter 219 
can be about 15 microliters or less (e.g., about 10 microliters 
or less, about 5 microliters or less, about 2.5 microliters or 
less, about 2 microliters or less). In an exemplary embodi 
ment, the total Volume of processing region 220 can be about 
2.3 microliters. In some embodiments, particles 218 occupy 
at least about 10 percent (e.g., at least about 15 percent) of the 
total Volume of processing region 220. In some embodiments, 
particles 218 occupy about 75 percent or less (e.g., about 50 
percent or less, about 35 percent or less) of the total volume of 
processing chamber 220. 
0275. In some embodiments, the volume of processing 
chamber 220 that can be free to be occupied by liquid (e.g., 
the void volume of processing chamber 220 including inter 
stices between particles 218) can be about equal to the total 
Volume minus the Volume occupied by the particles. Typi 
cally, the Void Volume of processing region 220 can be about 
10 microliters or less (e.g., about 7.5 microliters or less, about 
5 microliters or less, about 2.5 microliters or less, about 2 
microliters or less). In some embodiments, the void volume 
can be about 50 nanoliters or more (e.g., about 100 nanoliters 
or more, about 250 nanoliters or more). For example, in an 
exemplary embodiment, the total Volume of processing 
chamber 220 can be about 2.3 microliters, the volume occu 
pied by particles can be about 0.3 microliters, and the volume 
free to be occupied by liquid (void volume) can be about 2 
microliters. 
0276 Particles 218 typically have an average diameter of 
about 20 microns or less (e.g., about 15 microns or less, about 
10 microns or less). In some embodiments, particles 218 have 
an average diameter of at least about 4 microns (e.g., at least 
about 6 microns, at least about 8 microns). 
0277. In some embodiments, a volume of channel 287 
between filter 219 and outlet 267 can be substantially smaller 
than the void volume of processing chamber 220. For 
example, in some embodiments, the volume of channel 287 
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between filter 219 and outlet 267 can be about 35% or less 
(e.g., about 25% or less, about 20% or less) of the void 
Volume. In an exemplary embodiment, the Volume of channel 
287 between filter 219 and outlet 267 can be about 500 nano 
liters. 
0278. The particle density can typically be at least about 
10 particles per milliliter (e.g., about 10 particles per milli 
liter). For example, a processing region with a total Volume of 
about 1 microliter may include about 10 beads. 
(0279 Filter 219 typically has pores with a diameter 
smaller than the diameter of particles 218. In an exemplary 
embodiment, filter 219 has pores having an average width of 
about 8 microns, where particles 218 have an average diam 
eter of about 10 microns. 
0280. In some embodiments, at least some (e.g., all) of the 
particles can be magnetic. In alternative embodiments, few 
(e.g., none) of the particles are magnetic. 
0281. In some embodiments, at least some (e.g., all) the 
particles can be solid. In some embodiments, at least some 
(e.g., all) the particles can be porous (e.g., the particles may 
have channels extending at least partially within them). 
0282. Further components that may be found in microflu 
idic network 201 are as follows. 

Channels 

0283 Channels of microfluidic network 201 typically 
have at least one sub-millimeter cross-sectional dimension. 
For example, channels of network 201 may have a width 
and/or a depth of about 1 mm or less (e.g., about 750 microns 
or less, about 500 microns, or less, about 250 microns or less). 

Valves 

0284. A valve can be a component that has a normally 
open state allowing material to pass along a channel from a 
position on one side of the valve (e.g., upstream of the valve) 
to a position on the other side of the valve (e.g., downstream 
of the valve). Upon actuation, the valve transitions to a closed 
state that prevents material from passing along the channel 
from one side of the valve to the other. For example, in FIG. 
10, valve 206 includes a mass 251 of a thermally responsive 
substance (TRS) that can be relatively immobile at a first 
temperature and more mobile at a second temperature (e.g., a 
phase transition material (PTM) of a known melting point, 
typically about 60° C., or about 75° C., or about 90° C., such 
as a paraffin wax, solder, etc.). A chamber 253 can be in 
gaseous communication with mass 251. Upon heating gas 
(e.g., air) in chamber 253 and heating mass 251 of TRS to the 
second temperature, gas pressure within chamber 253 moves 
mass 251 into channel 204 obstructing material from passing 
therealong. Other valves of network 201 have a similar struc 
ture and operate in a similar fashion as valve 206. 
0285. A mass of TRS can be an essentially solid mass oran 
agglomeration of Smaller particles that cooperate to obstruct 
the passage. Examples of TRS’s include a eutectic alloy (e.g., 
a solder), wax (e.g., an olefin), polymers, plastics, and com 
binations thereof. The first and second temperatures can be 
insufficiently high to damage materials, such as polymer lay 
ers of cartridge 200. Generally, the second temperature can be 
less than about 90° C. and the first temperature can be less 
than the second temperature (e.g., about 70° C. or less). 
0286 A gate can be a component that can have a closed 
state that does not allow material to pass along a channel from 
a position on one side of the gate to another side of the gate, 
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and an open state that does allow material to pass along a 
channel from a position on one side of the gate to another side 
of the gate. Actuation of an open gate can transition the gate 
to a closed State in which material is not permitted to pass 
from one side of the gate (e.g., upstream of the gate) to the 
other side of the gate (e.g., downstream of the gate). Upon 
actuation, a closed gate can transition to an open state in 
which material is permitted to pass from one side of the gate 
(e.g., upstream of the gate) to the other side of the gate (e.g., 
downstream of the gate). For example, gate 242 in FIG. 10 
includes a mass 271 of TRS positioned to obstruct passage of 
material between junction 255 and channel 240. Upon heat 
ing mass 271 to a second temperature, the mass changes state 
(e.g., by melting, by dispersing, by fragmenting, and/or dis 
Solving) to permit passage of material between junction 255 
and channel 240. 

0287. In various embodiments, a microfluidic network 
201 can include a narrow gate 380 as shown in FIG. 12A 
where a gate loading channel 382 used for loading wax from 
a wax loading hole 384 to a gate junction 386 can be narrower 
(e.g., approximately 150 um wide and 100 microns deep). An 
upstream channel 388 as well as a downstream channel 390 of 
the gate junction 386 can be made wide (e.g., -500 um) and 
deep (e.g., ~500 um) to help ensure the wax stops at the gate 
junction 386. The amount of gate material melted and moved 
out of the gate junction 386 may be minimized for optimal 
gate 380 opening. As an off-cartridge heater may be used to 
melt the thermally responsive substance in gate 380, a mis 
alignment of the heater could cause the wax in the gate load 
ing channel 382 to be melted as well. Therefore, narrowing 
the dimension of the loading channel may increase reliability 
of gate opening. In the case of excessive amounts of wax 
melted at the gate junction 386 and gate loading channel 382, 
the increased cross-sectional area of the downstream channel 
390 adjacent to the gate junction 386 can prevent wax from 
clogging the downstream channel 390 during gate 380 open 
ing. The dimensions of the upstream channel 388 at the gate 
junction 386 can be made similar to the downstream channel 
390 to ensure correct wax loading during gate fabrication. 
0288. In various embodiments, the gate can be configured 

to minimize the effective area or footprint of the gate within 
the network, such as bent gate 392 as shown in FIG. 12B. 
Minimizing the effective area or footprint of the gate within 
the network can increase the density of a given microfluidic 
network and can thereby reduce the cost per part, provide for 
a more compact network, minimize network channel length 
or volume, or the like. Still other configurations are possible, 
though not explicitly shown in the drawings, according to 
specific layouts of microfluidic network. 
0289. In the microfluidic cartridge of FIG. 10, the portion 
of channel 240 between gates 242 and 246 forms a fluid 
reservoir 279 configured to hold a liquid (e.g., water, an 
organic liquid, or combination thereof). During storage, gates 
242 and 246 limit (e.g., prevent) evaporation of liquid within 
the fluid reservoir. During operation of cartridge 200, the 
liquid of reservoir 279 can typically be used as a wash liquid 
to remove inhibitors from processing region 220 while leav 
ing polynucleotides associated with particles 218 (FIG. 11). 
Typically, the wash liquid can be a solution having one or 
more additional components (e.g., a buffer, chelator, Surfac 
tant, a detergent, a base, an acid, or a combination thereof). 
Exemplary solutions include, for example, a solution of 10-50 

Nov. 19, 2015 

mM Tris at pH 8.0, 0.5-2 mM EDTA, and 0.5%-2% SDS, a 
solution of 10-50 mM Tris at pH 8.0, 0.5 to 2 mM EDTA, and 
0.5%-2% Triton X-100. 
0290. The portion of channel 247 between gates 250 and 
252 form a fluid reservoir 281 configured like reservoir 279 to 
hold a liquid (e.g., a solution) with limited or no evaporation. 
During operation of cartridge 200, the liquid of reservoir 281 
can typically be used as a release liquid into which polynucle 
otides that had been retained by particles 218 can be released. 
An exemplary release liquid can be a hydroxide Solution (e.g., 
a NaOH solution) having a concentration of for example, 
between about 2 mM hydroxide (e.g., about 2 mM NaOH) 
and about 500 mM hydroxide (e.g., about 500 mMNaOH). In 
some embodiments, liquid in reservoir 281 can be a hydrox 
ide solution having a concentration of about 25 mM or less 
(e.g., a hydroxide concentration of about 15 mM). 
0291 Reservoirs 279, 281 typically each independently 
hold at least about 0.375 microliters of liquid (e.g., at least 
about 0.750 microliters, at least about 1.25 microliters, at 
least about 2.5 microliters). In some embodiments, reservoirs 
279. 281 each independently hold about 7.5 microliters or 
less of liquid (e.g., about 5 microliters or less, about 4 micro 
liters or less, about 3 microliters or less). 

Actuators 

0292 An actuator can be a component that provides a gas 
pressure that can move material (e.g., Sample material and/or 
reagent material) between one location in a network e.g., 
network 201, and another location. For example, referring to 
FIG. 13, actuator 244 includes a chamber 272 having a mass 
273 of thermally expansive material (TEM) therein. When 
heated, the TEM expands decreasing the free volume within 
chamber 272 and pressurizing the gas (e.g., air) Surrounding 
mass 273 within chamber 272. Typically, gates such as gates 
246 and 242 in network 201 can be actuated with actuator 
244. Consequently, the pressurized gas drives liquid in fluid 
reservoir 279 towards junction 255. In some embodiments, 
actuator 244 can generate a pressure differential of more than 
about 3 psi (e.g., at least about 4 psi, at least about 5 psi) 
between the actuator and junction 255. 
0293. In one embodiment, shown in FIG. 13, the TEM 
includes a plurality of sealed liquid reservoirs (e.g., spheres) 
275 dispersed within a carrier 277. Typically, the liquid can be 
a high vapor pressure liquid (e.g., isobutane and/or isopen 
tane) sealed within a casing (e.g., a polymeric casing formed 
of monomers such as vinylidene chloride, acrylonitrile and 
methylmethacrylate). Carrier 277 has properties (e.g., flex 
ibility and/or an ability to soften (e.g., melt) at higher tem 
peratures) that permit expansion of the reservoirs 275 without 
allowing the reservoirs to pass along channel 240. In some 
embodiments, carrier 277 can be a wax (e.g., an olefin) or a 
polymer with a suitable glass transition temperature. Typi 
cally, the reservoirs make up at least about 25 weight percent 
(e.g., at least about 35 weight percent, at least about 50 weight 
percent) of the TEM. In some embodiments, the reservoirs 
makeup about 75 weight percent or less (e.g., about 65 weight 
percent or less, about 50 weight percent or less) of the TEM. 
Suitable sealed liquid reservoirs can be obtained from Expan 
cel (available from Akzo Nobel). 
0294. When the TEM can be heated (e.g., to a temperature 
of at least about 50° C. (e.g., to at least about 75°C., or at least 
about 90°C.)), the liquid vaporizes and increases the volume 
of each sealed reservoir and of mass 273. Carrier 277 softens 
allowing mass 273 to expand. Typically, the TEM can be 
















































