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ABSTRACT 

Methods of controlling environmental conditions Within a 
?uidic system, Where such environmental conditions can 
affect the operation of the system in its desired function, and 
?uidic channels, devices and systems that are used in 
practicing these methods. Such methods are generally 
directed to environmental control ?uids, the movement of 
such ?uids through these systems, and the interaction of 
these ?uids With other components of the system, e.g., other 
?uids or solid components of the system. 
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CONTROL OF OPERATION CONDITIONS 
WITHIN FLUIDIC SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/993,385, ?led Nov. 14, 2001, Which 
is a continuation-in-part of US. patent application Ser. No. 
09/919,369, ?led Jul. 31, 2001, Which claims priority to 
Provisional Patent Application No. 60/223,072, ?led Aug. 4, 
2000. The full disclosure of each of these applications is 
incorporated herein by reference in its entirety for all pur 
poses. 

BACKGROUND OF THE INVENTION 

[0002] Micro?uidic systems have advanced to the point 
Where they are beginning to supplant conventional technolo 
gies in biological, chemical and biochemical analyses. For 
eXample, routine separation based analyses, e.g., nucleic 
acid separations, protein siZing separations, and the like are 
noW routinely performed in micro?uidic systems, e.g., the 
Agilent 2100 BioanalyZer and Caliper LabChip® systems. 
Similarly, high throughput analytical operations, e.g., phar 
maceutical screening, high throughput genetic analysis, and 
the like, are also being transitioned from multi-Well formats 
into micro?uidic formats, such as the Caliper HTS sipper 
chip systems. These micro?uidic systems have alloWed for 
increases in throughput While requiring substantially smaller 
volumes of reagents, smaller equipment footprint, and hav 
ing more reproducible, automatable, integratable operations. 

[0003] As With any advancing technology hoWever, the 
miniaturiZation of analytical chemistries introduces a num 
ber of additional considerations. For eXample, in conven 
tional scale chemical or biochemical analyses, problems 
associated With interaction betWeen reagents and reaction 
vessels are kept to a minimum by virtue of the overWhelm 
ing volume of reagents used. Similarly, the nature of the 
reaction vessels used in conventional technologies, While 
illustrating the advantages of micro?uidic systems, also 
obviate some of the potential problems of micro?uidic 
systems. For eXample, because these reaction vessels are 
typically con?gured as discrete Wells or test tubes, there is 
little or no issue of interaction betWeen discrete reactions 
that are being analyZed. Similarly, the open-top nature of 
these vessels alloWs the evolution of other interfering com 
ponents, Which is not reasonably practicable in sealed 
micro?uidic channels. 

[0004] In enclosed micro?uidic systems, hoWever, the 
channel surface to volume ratio is substantially increased 
over conventional technologies, increasing the effects that 
those surfaces have on the contents of those channels. 
Further, because of their enclosed nature, one cannot readily 
access and control the reactions as they progress through the 
system. In addition, the sealed nature of these systems can 
result in the accumulation of evolved gasses from the ?uid 
reagents of a system, Where such gases Would dissipate into 
the atmosphere in conventional assay formats. 

[0005] A number of stop-gap measures have been 
employed in attempts to address some of these potential 
problems of micro?uidic systems. For example, US. Pat. 
No. 5,880,071 describes methods of reducing effects of 
electrokinetic biasing of reagents Within electrically driven 
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micro?uidic channel systems. Similarly, US. Pat. No. 6,043, 
080 to LipshutZ et al., describes the use of gas venting 
membranes Within a miniature chamber, to permit degassing 
of ?uids Within a miniature ?uidic environment. 

SUMMARY OF THE INVENTION 

[0006] The present invention is generally directed to meth 
ods of controlling environmental conditions Within a ?uidic 
system, Where such environmental conditions can affect the 
operation of the system in its desired function, and ?uidic 
channels, devices and systems that are used in practicing 
these methods. Such methods are generally directed to 
environmental control ?uids, the movement of such ?uids 
through these systems, and the interaction of these ?uids 
With other components of the system, e.g., other ?uids or 
solid components of the system. 

[0007] In a ?rst aspect, the present invention is directed to 
a method of using an environmental control reagent to 
maintain optimal conditions Within a micro?uidic device. 
The method comprises introducing a volume of a ?rst ?uid 
into a channel segment of a micro?uidic device, Where the 
?rst ?uid region comprises an environmental control 
reagent. A volume of a second ?uid is ?oWed into the 
channel segment of the micro?uidic device immediately 
before or after the step of ?oWing the volume of the ?rst ?uid 
through the channel segment. 

BRIEF DESCRIPTION OF THE FIGURES 

[0008] FIG. 1 is a schematic illustration of serial ?uid 
plugs in a ?uidic channel, in accordance With certain aspects 
of the invention. 

[0009] FIG. 2 is a schematic illustration of an exemplary 
micro?uidic device structure. 

[0010] FIG. 3 is a schematic representation of a microf 
luidic assay device and reagent source used in conjunction 
With high-throughput applications of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] I. General 

[0012] The present invention generally provides methods 
for optimiZing the operation of microscale channel based 
systems through the use of environmental or operation 
control reagents Within the ?uids that are being transported 
through the capillary channels. In optionally preferred 
aspects of the invention, the environmental or operation 
control reagents are transported in ?uid regions that are 
different from ?uid regions that contain the reagents of 
interest for a given analysis, although such reagents may 
optionally be disposed Within the ?uid regions that contain 
the reagents of interest. 

[0013] As used herein, the phrase “environmental control 
reagent” or “operation control reagent” refers to a reagent 
that typically is not involved directly in the reaction of 
interest, but instead modi?es, controls or provides an indi 
cation of the state of the environment Within a microscale 
channel in Which a reaction of interest is taking place, so as 
to control that environment or provide the user With infor 
mation as to the state of that environment such that eXternal 
controls may be applied. Some speci?c and preferred 
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examples of environmental controls include modifying the 
surface characteristics of the microscale channel, adjusting 
the viscosity and/or the channel ?oW resistance, and reduc 
ing the potential for gas evolution Within the channel. 
Operation control reagents that are used as indicators or 
diagnostic reagents typically include, e.g., pH indicators, 
redox indicators, conductivity indicators, and any of a 
variety of dyes or labels that indicate the presence or absence 
of particular species, e.g., proteins, nucleic acids, etc. 
Because the environmental control reagents are ?oWed 
through the microscale channels, either as a constant stream, 
or in periodic pulses, they continually modify and control 
the environment Within those channels or provide constant 
indicators as to the state of that environment. This is a 
particularly useful function Where one or more environmen 
tal conditions Within a microscale channel can change over 
time or deteriorate With respect to the performance of the 
reaction of interest. 

[0014] The methods, devices and systems described herein 
are particularly useful in performing serially oriented 
micro?uidic analyses, e.g., Where analytes are separately 
and serially introduced into a microscale channel. The serial 
processing is also multiplexed using multiple separate chan 
nels, e.g., Where a large number of different analytes are 
subjected to analysis by serially introducing each into a 
separate one of multiple parallel channels. In such serially 
processed analyses, it is often desirable, although not alWays 
necessary, to space serially introduced analytes from each 
other. This is primarily to provide an ease of identi?cation of 
the different analyte regions Within a channel, as Well as 
preventing intermixing of analytes and its potential delete 
rious effects on the analysis being carried out. These spacer 
?uid regions are ideal vehicles for the environmental control 
reagents described herein. In particular, conditions for a 
given analytical reaction can be optimiZed Without having to 
account for the presence of the environmental control 
reagent Within the reaction ?uid region. Alternatively, a Wide 
variety of different analytes can be tested Without having to 
mix them With these environmental control reagents. 

[0015] FIG. 1 is a schematic illustration of a serial process 
analysis that includes multiple reaction ?uid regions inter 
spersed With spacer ?uid regions that include environmental 
control reagents. Speci?cally, reaction ?uid regions 104, 108 
and 112 are ?oWed through a microscale channel segment 
102. Spacer ?uid regions 106, 110 and 114, Which include 
the environmental control reagents, are interspersed betWeen 
the reaction ?uid regions. The spacer ?uid regions 106, 110 
and 114 include the environmental control reagents as 
described herein. Although the reaction ?uid regions option 
ally include the environmental control reagents, in preferred 
aspects the environmental control reagents are primarily 
contained Within the spacer ?uid regions. This alloWs the use 
of a single source of environmental control reagents, e.g., in 
a spacer ?uid reservoir, rather than requiring mixing of each 
of the different reaction ?uids With those reagents. Addi 
tionally, to the extent environmental control reagents might 
have any effect on the reactions that are being carried out in 
the reaction ?uid regions, they are kept substantially sepa 
rated. Further, as each spacer ?uid region passes through the 
microscale channel segment, it performs the particular func 
tion or functions for Which the reagent is intended. In this 
manner, the spacer plugs perform someWhat of a “house 
keeping” function in the micro?uidic channel systems. 
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[0016] In certain preferred aspects, the environmental 
control reagent is ?oWed through the channel segment 
immediately folloWing each region of reaction ?uid, e.g., 
such that the ?uid region containing the environmental 
control reagent(s) are interspersed among reaction regions. 
In certain aspects, the environmental control reagent region 
is adjacent to and abutting the reaction ?uid region, to 
optimiZe the environmental control function that those 
reagents perform. HoWever, in those instances Where envi 
ronmental control functions are not necessary on as routine 
a basis, the period betWeen environmental control reagent 
additions can be increased, e.g., after 2, 5, 10 or even 20 or 
more reaction ?uid regions, and their optionally associated 
spacer ?uid regions, have passed through the particular 
channel segment. Conversely, in some cases, an environ 
mental control reagent may be transported through a channel 
only once or a feW times for the lifetime use of a given 
channel structure, and may increase the useful lifetime of a 
channel netWork. 

[0017] II. Surface Modifying Reagents 

[0018] As noted above, one exemplary environmental 
control reagent type is a channel surface modifying reagent. 
In microscale ?uidic systems, the nature of the surface of the 
microscale channel through Which materials are being trans 
ported can have a signi?cant effect on the operations that are 
being performed. For example, surfaces can have properties, 
e.g., surface charges, hydrophobicity, etc., Which promotes 
the sticking of proteins, cells or other reaction materials to 
those surfaces. This accumulation of material can subse 
quently interfere With material ?oWing or other aspects of a 
reaction of interest. Similarly, in electrically driven micros 
cale channel systems, the existence of charged functional 
groups on the channel surface can give rise to electrokinetic 
movement of ?uids Within channels, Where such movement 
may be more or less desired. 

[0019] Accordingly, in many microscale ?uidic systems it 
is desirable to treat the surfaces of the channels to mask 
unfavorable characteristics or provide or accentuate favor 
able characteristics. Previously, such surface treatments 
have focused upon pretreating the channel surfaces through 
coating processes that involved complex chemical treat 
ments to covalently attach chemical modifying agents to 
those channel surfaces. In certain applications, e.g., Where a 
channel is used a single time, dynamic coating materials 
have been described, Where a solution of the surface modi 
fying agent is disposed Within the channel in order to 
perform the analysis of interest. While these dynamic coat 
ings are useful in a variety of applications, e.g., Where the 
entire channel segment Where the analysis is being per 
formed is ?lled With the dynamic coating material, their 
non-permanent nature can be a signi?cant draWback to their 
use in a number of other applications, e.g., applications 
Where such materials can adversely affect the reaction of 
interest, as the channel surface properties Will change over 
time as the dynamic coatings are Washed from the channel 
surfaces. 

[0020] It is these latter situations that are particularly 
advantageously addressed by the methods of the present 
invention. Speci?cally, in applications Where one is intro 
ducing reaction ?uid regions into a microscale channel, 
surface modifying reagents can be introduced into the chan 
nel in a separate ?uid region that is ?oWed through the 
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channel before and/or after the reaction ?uid region. This 
can be repeated each time a neW reaction ?uid region is 
introduced into the microscale channel segment or at pre 
selected intervals, e.g., regularly spaced intervals. As these 
spacer ?uid regions or plugs ?oW through the channel, they 
continually coat or re-coat the surface of the channels for a 
folloWing reaction ?uid region. 

[0021] A Wide variety of different materials are useful as 
surface modi?cation reagents in accordance With the present 
invention. For example, as noted above, dynamic coatings 
that typically comprise surface adsorbing polymer solutions 
are used as the surface modifying reagent. Examples of such 
polymer solutions include linear, e.g., non-crosslinked cel 
lulose polymers, agarose polymers, acrylic polymers, e.g., 
polyacrylamides, and the like. Particularly preferred poly 
mers include linear polyacrylamide polymers, and more 
particularly linear polydimethylacrylamide polymers 
(PDMA) and copolymers of these, e.g., PDMA co-acrylic 
acid polymers as described in US. Pat. No. 5,948,227, 
Which is incorporated herein by reference in its entirety for 
all purposes, monovalent or bivalent compounds that inter 
act With the surface and present different environments to the 
?uids Within the microchannel, e.g., charged groups, hydro 
phobic moieties, af?nity binding moieties, or the like, for use 
in chromatographic analyses, and the like. Avariety of these 
latter reagents have been described in detail in the art, and 
could be readily employed in the present invention. 

[0022] In accordance With this aspect of the invention and 
With reference to FIG. 1, the surface modifying reagent is 
provided in a ?rst ?uid region that is transported through a 
particular microscale channel, Whereupon the reagent Within 
the ?rst ?uid region modi?es the surface of the channel. A 
second ?uid region is preferably introduced into the channel 
folloWing the ?rst ?uid region. As the channel surfaces have 
been previously modi?ed, the in?uence of those channel 
surfaces on the reaction is controlled as desired, e.g., mini 
miZed, reduced, increased, or otherWise altered for desired 
effect. In preferred aspects, an additional ?rst ?uid region, 
e.g., containing the surface modifying reagent, is then trans 
ported through the channel after the reaction ?uid region, to 
re-coat the channel surfaces. This ensures a consistent level 
of environmental control among different, serially intro 
duced reaction ?uid mixtures. 

[0023] In a closely related aspect, the environmental con 
trol reagents of the invention can be used to counteract 
build-up of other reagents Within a microscale channel by 
performing cleaning functions Within the channel. For 
example, as noted above, microscale channels, and particu 
larly uncoated microscale channels are very susceptible to 
deposition and accumulation of material Within a ?oWing 
system, e.g., as a result of the surface charge or hydropho 
bicity of the channel surface. Such accumulation can affect 
the continued operation of a micro?uidic system by affecting 
the concentration of reagents, interfering With detection 
techniques, etc. Accordingly, in accordance With the present 
invention, environmental control reagents that are ?oWed 
through the channels of the device include “cleaning” agents 
to remove any accumulated material from channel Walls. In 
its simplest form, such cleaning agents include acids (e.g., 
HCl), bases (e.g., NaOH), detergents, high salt solutions 
(NaCl, NH4SO4, and the like), ZWitterionic solutions, e.g., 
amino acid solutions, nondetergent sulfobetaine (NDSB), 
and others. Acid or base solutions are typically used at 
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concentrations of greater than 1 mM and preferably greater 
than about 10 mM, and in some cases greater than 50 mM. 
In such cases, the environmental control reagents may be 
separated from sample material containing ?uids by a 
strongly buffered spacer ?uid region, e.g., to avoid damag 
ing the sample material. Salt concentrations Will generally 
vary depending upon the nature of the cleaning operation to 
be carried out and may be in excess of 10 mM and often in 
excess of 20 or even 50 mM. Similarly, in the case of 
detergents, a variety of detergents are commercially avail 
able and may be employed as desired as an environmental 
control reagent. 

[0024] III. Viscosity/Flow Resistance Adjusting Reagents 

[0025] Environmental control, as used in conjunction With 
the present invention may also include control of the overall 
or average ?uidic characteristics of a microscale channel or 
channel netWork. For example, in pressure driven ?uidic 
systems, e.g., systems Where ?uid ?oW is controlled by 
application of pressure differentials across channels, the rate 
of ?oW Within channels is dictated, at least in part, by the 
level of ?oW resistance Within a particular channel. FloW 
resistance of a channel can be manipulated by adjusting the 
structural characteristics of the channel, e.g., its length, 
Width and or depth. HoWever, such manipulations are typi 
cally carried out at the time of manufacturing of the channel 
system and are not readily altered. 

[0026] How resistance can also be altered by altering the 
characteristics of the ?uid ?oWing through the channels. In 
particular, by adjusting the viscosity of ?uids ?oWing 
through channels, one can alter the overall ?oW resistance of 
those ?uids. In accordance With the present invention, 
certain ?uid regions, e.g., spacer ?uid regions, can be 
viscosity adjusted to achieve an overall change in ?oW 
resistance through the channel. Implicit in this description is 
the optional situation Where certain ?uid regions are not 
adjusted for viscosity. This can result from an inability to 
practically adjust viscosity in some of the ?uids, due to their 
numbers, etc., or can be a result of negative interactions 
betWeen the viscosity adjusting reagents and those other 
?uids, e.g., reaction components. 

[0027] A variety of viscosity adjusting reagents may be 
used in accordance With the present invention, including 
polymeric reagents, e.g., cellulose, agarose, gelatin, poly 
acrylamides, i.e., PDMA and co-polymers thereof, PEGs 
and other polyalcohols, Ficoll, hydrogels, and the like. 

[0028] IV. Reagents for Controlling Gas Evolution 

[0029] Another environmental characteristic that can pose 
potential problems in micro?uidic channel systems, and for 
Which the present invention is particularly suited is the 
variation in dissolved gases Within ?uids ?oWing through 
the channels of the system. In particular, Where ?uids in 
micro?uidic systems have the potential to evolve dissolved 
gases, such gases can create substantial problems in micros 
cale channels, including blocking or otherWise restricting 
?oWs in channel netWorks, Which can substantially disrupt 
the ef?cient operation of those systems. In analytical reac 
tions, the potential for gas evolution is increased Where, as 
in many bioanalytical operations, temperatures are main 
tained at elevated levels to optimiZe assay conditions. Simi 
larly, many micro?uidic operations involve the use of pres 
sure gradients to manipulate ?uids Within microscale 
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channel networks. Substantial changes in pressures can lead 
to outgassing Within the channel system. For example, often 
?uid ?oW is driven by an applied vacuum, Where the 
pressure drop across the channel netWork can result in 
substantial degassing of ?uids Within the channel networks, 
Where those ?uids are sufficiently saturated. 

[0030] In accordance With the present invention, an envi 
ronmental control reagent comprises a ?uid reagent that is 
capable of controlling dissolved gas levels Within the chan 
nel system at levels that do not result in gas evolution Within 
the channels under the conditions of operation. In the 
simplest aspect, the environmental control reagent in this 
context is a ?uid reagent, e.g., buffer, Water, etc., that has a 
dissolved gas level that is far beloW the level Where gas 
evolution Would be expected in the operation that is being 
carried out, e.g., at the temperatures and pressures or vacu 
ums involved Within the microscale channel systems. Typi 
cally, this gas control ?uid also has a dissolved gas level that 
is su?iciently beloW that of most, if not all of the other ?uids 
that are used in the particular analytical operation, e.g., the 
reaction ?uids, spacer ?uids, etc. such that When all of the 
?uids are mixed, the resulting solution Will not evolve gas 
under the operating conditions of the particular operation. 

[0031] Because the gas control ?uid has such a loW level 
of dissolved gas, it can serve to scavenge excess dissolved 
gases from the other ?uid regions Within the channel net 
Works, e.g., the reaction ?uid regions, Where a degassing 
operation may not have been reasonably practicable and as 
a result may have dissolved gas levels that could result in gas 
evolution Within the microscale channel system. In particu 
lar, for many operations, e.g., high throughput analytical 
operations, it is not reasonably practicable to de-gas all of 
the different sample materials that one is analyZing. Further, 
in many cases, sample materials are subjected to numerous 
in-process, but out-of-channel manipulations, e.g., dilutions, 
mixing, etc. Which Would effectively negate any attempts at 
degassing. By maintaining certain ?uids Within a channel 
system at dissolved gas levels that are Well beloW saturation, 
one can balance the effects of higher gas concentrations in 
other ?uids used in the operation. As used herein, the term 
“saturation” refers to the gas saturation point of a given ?uid 
under the then current conditions Within a microscale chan 
nel. As a result, the saturation point, or gas solubility, of a 
particular ?uid at one temperature and pressure Will be 
different from the saturation point of the ?uid at another 
temperature and/or pressure. 

[0032] The reduced level of dissolved gas Within the gas 
control reagents, as described herein, is generally dependent 
upon the particular operation that is to be carried out, rather 
than being an absolute characteristic. In particular, Where a 
desired operation is to be carried out Within a microchannel 
structure at loWer temperatures, higher absolute concentra 
tions or levels of dissolved gas can be tolerated Without 
evolution. Conversely, Where a particular operation is car 
ried out at higher temperatures, loWer dissolved gas con 
centrations are tolerated. Similarly, Where negative pres 
sures are applied to ?uids Within a channel, e.g., as 
compared to ambient pressure of the ?uids prior to their 
introduction into the channel system, it is generally required 
that such ?uids have loWer dissolved gas concentrations in 
order to avoid outgassing Within the channels. Conversely, 
positively pressuriZed channels are generally capable of 
supporting ?uids With higher dissolved gas concentrations. 
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[0033] From the particular conditions of a given operation, 
one can readily determine the level of acceptable dissolved 
gas, in order to avoid any problems associated With gas 
evolution Within the channels, e.g., bubble formation. For 
example, Where one knoWs the temperature at Which the 
?uid is maintained Within the channel system, the amount of 
dissolved gas in some of the ?uid reagents, and the amount 
of applied vacuum in a given channel, one can determine the 
acceptable level of dissolved gas Within a spacer ?uid, as 
Well as the relative amount of that spacer ?uid needed, to 
counter any potential of outgassing Within the channel. 
Speci?cally, one can provide a sufficient amount of a spacer 
?uid Within a channel, Where that spacer ?uid has a suffi 
ciently loW level of dissolved gas, such that any excessive 
gas concentrations of any of the remaining ?uid reagents is 
absorbable by the spacer ?uids Without outgassing under the 
conditions of the operation. 

[0034] By Way of example, Where a micro?uidic channel 
netWork is operated at —2 psi vacuum to cause ?uid ?oW, 
While the device and all of the reagents are at room tem 
perature, and Where the environmental control reagent 
makes up 40% of the overall ?uid volume Within the 
channels of the device, then the environmental control 
reagent must be at or beloW 75% saturation With air at room 
temperature and 1 atmosphere pressure. 

[0035] Typically, the gas control reagents are only 
required to be at a saturation level that is at or beloW that 
necessary to prevent outgassing of a given system under that 
system’s operating conditions. In accordance With this prin 
ciple, the degassing ?uid need only have someWhat less. 
HoWever, in general, this results in the gas control reagents 
having a dissolved gas concentration that is less than 90% of 
the saturation concentration for any portion of the operation 
that is to be carried out Within the microscale channel 
system. In preferred aspects, the gas control reagent has a 
dissolved gas concentration that is less than 80%, more 
preferably, less than 60%, more preferably, less than 50%, 
and often less than 40%, 30% or even 20% of the saturation 
level of dissolved gas in any portion of the operation being 
carried out. 

[0036] Although described above in terms of the use of a 
degassing reagent or ?uid Within a micro?uidic channel 
system, it is also an aspect of the invention to operate 
micro?uidic systems under conditions that prevent such 
outgassing, e.g., using any or all ?uids Within the channel 
netWork to prevent outgassing. In particular, as noted above, 
the conditions Which prevent outgassing Will generally 
depend upon other conditions of the system, e. g., the applied 
pressure, the gas saturation level of the ?uids Within the 
channels and the gas saturation level of the ?uids prior to 
entering the channel. Gas saturation is highly temperature 
dependent, e.g., colder ?uids can dissolve larger amounts of 
oxygen than Warmer ?uids. Similarly, ?uids maintained at a 
loWer pressure Will evolve more gas than ?uids kept at 
higher pressure. Accordingly, by adjusting one or more of 
the temperatures of the ?uids before and after entering a 
micro?uidic channel netWork, and/or the pressure or 
vacuum applied to a system, one can ensure that the system 
operates under non-out-gassing conditions. 

[0037] In particularly preferred aspects, the applied pres 
sure is determined by the desired ?oW rate through the 
system, e.g., resulting from desired throughput or reaction 
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times. Accordingly, prevention of outgassing is typically a 
matter of adjusting one or more of the temperatures of the 
?uids prior to entering the channels and after entering the 
device. By Way of example, a ?uid that is maintained at a 
?rst temperature, but Which is heated upon entering the 
channel netWork poses a substantial risk of bubble genera 
tion Within the channels. This is particularly true Where the 
?oW of ?uids in the channels is driven by vacuum. Accord 
ingly, to remedy this issue, prior to draWing ?uids into the 
channel netWork, one can (1) maintain all of the ?uids at a 
temperature that is at or above the temperature of the 
channel netWork; (2) elevate the temperature of some por 
tion of ?uids (e.g., environmental control/degassing ?uids) 
above the temperature of the channel netWork; or (3) cool 
the channel netWork to a temperature beloW that of the 
outside ?uids. Finally, one could also perform any of these 
adjustments in conjunction With changes in the level of 
applied pressure to the channel system. As channel tempera 
tures are often optimiZed for the particular analysis, it is 
generally preferable that most of the temperature adjust 
ments be made to the ?uids prior to their entering the 
channel netWorks. This is typically a simple matter of 
providing a heating element to the sources of these ?uids, 
e.g., multiWell plates, reagent troughs, or the like. Again, as 
described above, relative temperatures of ?uids inside and 
outside the channel netWorks are dependent upon the nature 
of the overall conditions. Typically, hoWever, ?uids are 
maintained at least 1° C. over the temperature of the 
microscale channel netWork (also referred to as the chip 
temperature), and preferably, more than 5° C. This is par 
ticularly the case Where only a portion of the ?uids to be 
introduced into the chip are provided outside the chip at 
elevated temperatures. In some cases higher temperature 
differentials are desirable and may be 10, 20, 30° C. or more, 
e.g., the temperature of the ?uids prior to entering the 
channel netWork is 10, 20 or 30° C. higher than the chip 
temperature. Alternatively or additionally, one can adjust the 
pressures to Which the ?uids are subjected so as to prevent 
bubble formation Within a microchannel. For example, in 
one aspect, one can subject ?uids to a loW pressure envi 
ronment, e.g., beloW ambient, by applying a vacuum to the 
?uids to degas those ?uids prior to introducing them into the 
channels of the system. Alternatively, or additionally, one 
can maintain the pressures Within the channels at levels that 
prevent such degassing, e.g., above ambient or the pressure 
at Which the ?uids Were kept prior to introduction into the 
channels. 

[0038] In preferred aspects, because ?uids are often 
?oWed through microchannels under an applied vacuum, the 
latter alternative is not optimally applicable in all situations. 
As such, Where pressure adjustments are used to prevent 
degassing Within the microchannel, it is typically applied as 
a preloading step, e.g., ?uids are subjected to vacuum prior 
to loading into a channel. 

[0039] In particularly preferred aspects, the ?uids to be 
introduced are subjected to either one or both of an elevated 
temperature or reduced pressure environment immediately 
prior to introducing those ?uids into the channels, to prevent 
re-equilibration of the ?uids at atmospheric temperatures, 
and so as not to necessitate complex sealed bottle systems. 
As used herein, “immediately prior to introduction” means 
5 minutes or less before ?uid introduction, preferably 1 
minute or less, and often 30 seconds or less. In certain 
systems, a trough of ?uids is continuously recirculated and 
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subjected to elevated temperatures. In the case of subjecting 
?uids to reduced pressure atmospheres, a variety of different 
vacuum degassing methods may be employed, including 
bulk degassing of ?uids, e.g., subjecting larger volumes of 
?uid to negative pressures. HoWever, in the systems 
described herein, in-line degassing systems are generally 
preferred. One example of an in-line degassing system, 
available from Agilent Technologies, applies a negative 
pressure to one side of a Gore-Tex fabric membrane While 
the ?uid to be degassed is ?oWed across the other side of the 
membrane. The system alloWs gas to pass from the ?uid, 
through the membrane as a result of the applied vacuum, 
resulting in effective degassing of the ?uid in a ?oWing 
format. The degassed ?uid is then ?oWed into a trough for 
sampling, or is delivered directly to a port of a micro?uidic 
device for introduction into the channels of the device. 

[0040] Although the preferred gas control reagents com 
prise ?uids having suf?ciently loW dissolved gas concentra 
tions, e.g., buffers, Water etc., it Will be appreciated that gas 
absorbing additives may also be used in conjunction With 
this aspect of the present invention, in order to reduce the 
potential for outgassing during a given operation. For 
example, in certain embodiments, it may be useful to 
employ liquids that have very high oxygen saturation levels, 
i.e., ?uorocarbons and per?uorocarbons. 

[0041] V. Other Operational Control Reagents 

[0042] In addition to the environmental control reagents 
described above, intermediate ?uid slugs in micro?uidic 
channels can be put to a variety of other useful functions in 
micro?uidics based analyses. For example, spacer ?uid 
slugs optionally incorporate signaling components, e.g., 
dyes, labels, etc., so as to provide an indicator component of 
the spacer slugs versus the sample slugs. Such indicators 
may be varied in terms of the nature of the label, e.g., in the 
case of ?uorescent labels, via its Wavelength of excitation, 
emission, intensity or the like, to provide the ability to 
distinguish betWeen spacer slugs at different points in an 
operation. By Way of example, a spacer slug early in an 
assay run may have a ?rst signaling component, e.g., ?uo 
rescing at a ?rst Wavelength or combination of Wavelengths, 
Whereas later spacer slugs ?uoresce at a different Wave 
length or combination of Wavelengths. Depending upon the 
nature of the spacer slug’s label, one can determine Where 
the system is in a given operation, in order to identify 
intermediate steps in an operation, or match analysis data 
With exogenously introduced reagent slugs, e.g., alloWing 
identi?cation of the particular reagent slug. Such different 
labels can be provided by sampling spacer ?uids from 
different sources at different time points in an operation, or 
by constantly adjusting the signal component make-up of a 
single source of spacer ?uid. For example, a trough of spacer 
?uid may be sloWly, but constantly supplemented With a neW 
labeled signaling component, so as to produce an increasing 
level of signal in later sampled spacer ?uid slugs. 

[0043] Spacer slugs containing signaling components may 
also be used as calibrators for detection systems used in 
conjunction With the devices and methods described herein. 
In particular, a knoWn concentration of signaling component 
can be used to set detection system so as to optimally detect 
assay results. 

[0044] In addition to the foregoing, signaling components 
of spacer slugs can be used as indicators or diagnostics of 
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other environmental conditions Within a microscale channel 
system. For example, temperature sensitive signaling com 
ponents may be used to monitor temperature Within such 
systems over the course of an assay run, While pH sensitive 
signaling components may be used to indicate intrachannel 
pH or changes therein. Additionally, ion speci?c indicators, 
or generic conductivity indicators may be used. Avariety of 
temperature sensitive signaling components may be used in 
conjunction With this aspect of the invention, including 
molecular beacons, self hybridiZing nucleic acid sequences 
that become ?uorescent When heated above their melting 
temperatures. Similarly, pH indicating labels or dyes are 
Widely available from commercial sources, including, e.g., 
Molecular Probes, Inc. (Eugene, Oreg.). Dyes or labels can 
also be provided to indicate the level of macromolecular 
buildup Within channels, Which buildup might affect the 
functions of the channels, or their usefulness in a given 
analysis. Such dyes include protein indicators, nucleic acid 
indicators, and the like. 

[0045] VI. Microscale Channels and Systems 

[0046] As noted repeatedly above, the present invention is 
most useful in the context of analytical operations that are 
carried out Within a sealed microscale channel environment. 
In its simplest form, such an environment includes a simple 
channel, e.g., a capillary, tube or other enclosed conduit 
through Which ?uid materials are ?oWed. HoWever, in 
preferred aspects, the operations in question are carried out 
Within more complex netWorks of microscale ?uid channels, 
e.g., in micro?uidic devices. Typically, such devices include 
at least tWo different microscale channels disposed Within 
the same single body structure. Often, the at least tWo 
microchannels Will be in ?uid communication With each 
other, e.g., at a channel junction, to form an integrated 
channel netWork. In general, micro?uidic devices incorpo 
rating complex channel geometries have been previously 
described in, e.g., US. Pat. Nos. 5,869,004, 5,942,443, 
5,976,336, 6,042,709 and 6,068,752, each of Which is incor 
porated herein by reference in its entirety for all purposes. 
As used herein, the term microchannel typically refers to a 
channel conduit that has at least one cross-sectional dimen 
sion betWeen 0.1 and 500 pm. Preferably, at least one 
cross-sectional dimension of a microchannel is betWeen 
about 1 and about 100 pm. 

[0047] While micro?uidic devices may be fabricated as an 
aggregate of different parts, e.g., capillaries and chambers, 
pieced together in a desired orientation, in preferred aspects, 
such devices are fabricated in a monolithic format, inte 
grated in solid substrates. In particular, microscale channels 
and channel netWorks are typically fabricated as grooves 
into a surface of at least one planar substrate layer. The ?rst 
substrate layer is then overlaid With a second substrate layer, 
Which is bonded to the ?rst, to seal and enclose the grooves 
as microscale channels. Reservoirs or access ports are 

optionally provided in one or both of the substrate layers to 
provide access to the channels from the outside World. 
Additional substrate layers are optionally added to increase 
to the complexity of channel netWorks that may be pro 
duced. Similarly, individual channel netWorks may be dupli 
cated Within one or more different body structures, in order 
to multiplex operations, and gaining the consequent 
improvements in throughput. FIG. 2 provides a schematic 
illustration of the assembly of a layered micro?uidic device. 
As shoWn, the device 10 includes a loWer planar substrate 12 
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having a plurality of grooves fabricated into its surface. An 
upper substrate layer 18 is also provided that includes a 
plurality of apertures disposed through it. The apertures are 
positioned so as to be in communication With the grooves 
When the upper layer is placed upon and bonded to the loWer 
substrate. This bonding also seals the grooves as enclosed 
channels or conduits. Although illustrated as grooves on the 
loWer substrate and apertures through the upper substrate, it 
Will be appreciated that grooves and apertures may be 
disposed in either and/or both substrates depending upon the 
desired nature of the ?nished micro?uidic device. 

[0048] Methods for manufacturing micro?uidic devices 
have been previously described, and include techniques 
commonly employed in the integrated circuit industries, e. g., 
photolithography and Wet chemical etching, for silica based 
solid substrates, as Well as other Well knoWn microfabrica 
tion techniques for other materials, e.g., injection molding 
and embossing techniques for polymer-based materials (see, 
e.g., US. Pat. No. 5,885,470). 

[0049] Generally, such devices are mounted on an instru 
ment that includes ?uid transport systems, as Well as detec 
tion systems, Whereby the instrument interfaces With the 
micro?uidic device to control ?uid movement and detect 
assay results Within the channels of the micro?uidic device. 
Such instruments are exempli?ed by, e.g., the Agilent Tech 
nologies 2100 BioanalyZer and the Caliper Technologies 
HTS “Sipper” platform, as described at WWW.calipertech 
.com and WWW.Agilent.com, the contents of Which are 
hereby incorporated herein by reference in their entirety for 
all purposes. Micro?uidic devices, methods and systems that 
include serially introduced ?uidic regions, e.g., as described 
in the preferred embodiments of the invention, are described 
in substantial detail in US. Pat. Nos. 5,942,443, and 6,042, 
709, each of Which is incorporated herein by reference in its 
entirety for all purposes. 

[0050] The devices and methods of the invention may be 
employed in conjunction With appropriate instrumentation 
depending upon the nature of the analysis that is to be 
performed. For example, for loWer throughput operations, 
micro?uidic devices are readily con?gured for operation on 
commercially available controller/detector instrument, e.g., 
an Agilent 2100 BioanalyZer that is equipped With at least 
one pressure/vacuum source. Similarly, higher throughput 
operations are readily con?gured to operate on sipper sys 
tems that are available from Caliper Technologies Corp. 
Such systems are described in detail at WWW.agilent.com 
and WWW.calipertech.com and in US. Pat. Nos. 5,955,028, 
6,042,709 and 6,071,478, each of Which is incorporated 
herein by reference in its entirety for all purposes, as Well as 
the patents described elseWhere herein, and incorporated 
herein by reference. 

[0051] VII. Examples 

[0052] The degassing functions of the present invention 
Were modeled and applied in a high-throughput screening 
system that incorporates a micro?uidic channel netWork. A 
simpli?ed schematic illustration of the micro?uidic device 
and overall system is shoWn in FIG. 3. As shoWn, the 
micro?uidic device 300 includes a planar body structure 302 
that includes a channel netWork disposed Within its interior. 
The channel netWork includes a main analysis channel 304 
that is coupled at one end to an external capillary element 
306, via inlet 308. At the other end, the main channel 304 is 
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?uidly connected to reservoir/port 310. TWo side channels 
312 and 314 intersect and are in ?uid communication With 
the main channel 304. These channels provide a connection 
betWeen the main channel 304 and reagent reservoirs 316 
and 318, respectively. In the examples described beloW, 
sample material is sampled into the main analysis channel 
through the external capillary 306 by dipping the open end 
of the capillary into a source of sample material 320 and 
applying a vacuum at reservoir/port 310. The applied 
vacuum draWs a slug of sample material into the capillary 
element 306 and moves it into the analysis channel 304. In 
the system shoWn, a spacer ?uid is introduced after the 
sample material slug, in order to space the sample material 
from subsequent sample materials. The spacer buffer is 
sampled into the system the same Way that the sample is 
draWn in. Speci?cally, the capillary element is placed into 
contact With the trough 322 of spacer buffer and a slug of 
spacer ?uid is draWn into the system. Within main channel 
304, additional reagents needed for a given analysis are 
brought into the main channel 304 from the side channels 
312 and 314. Movement of reagents into channel 304 from 
these side channels is driven by the same vacuum used to 
draW materials in through the capillary element. In the 
context of the present example, the spacer ?uid constituted 
the degassing ?uid. 

[0053] Degassing parameters Were calculated for a system 
having the attributes described With reference to FIG. 3. In 
particular, a number of physical and temporal parameters of 
the operation of a micro?uidic device are dictated by the 
particular analysis to be carried out therein. Those param 
eters Were then used to calculate the maximal alloWable 
level of oxygen Within the spacer ?uid in order for that ?uid 
to function as a degassing reagent. In order to achieve this 
oxygen level, therefore, a minimum spacer ?uid trough 
temperature Was calculated, e.g., to provide spacer ?uid at 
an acceptable oxygen level. By providing the spacer ?uid 
beloW maximal oxygen levels, substantial reductions in 
bubble formation and channel blockage have been observed. 
Exemplary calculations are provided beloW. 

[0054] In one exemplary analysis, sample compounds are 
sipped for 2 seconds, While spacer ?uids are sipped for 1 
second. Transit time betWeen the sample Well 320 and the 
spacer ?uid trough 322 is 1.5 seconds. For the particular 
example chip/channel con?guration, ?oW into main channel 
304 from the side channels is 50% of the total ?oW, e. g., 25% 
from each side channel. The temperature of the sample 
material is assumed to be room temperature or 22° C., While 
the device temperature is elevated to 28° C. This elevated 
temperature is generally desirable to accelerate analysis 
chemistries Within the device. Finally, a vacuum of —0.3 psi 
is applied to reservoir/port 310 to drive ?uid ?oW through 
the channels of the device. These parameters Were then used 
to calculate the maximal level of oxygen Within the spacer 
?uid in order to avoid any degassing or bubble formation 
Within the channels of the device, e.g., under the temperature 
and pressure conditions applied. In carrying out the calcu 
lations, tWo alternate scenarios Were assumed. The ?rst case 
is Where a hanging droplet of ?uid at the end of the capillary 
element does not equilibrate With air during the transit time 
from the sample to the trough. The second case assumes that 
the droplet becomes fully equilibrated With air during tran 
sit. Given that the radius of the Water droplet is 0.018 cm and 
the diffusion constant for oxygen in Water is 2x10‘5 cm2/s, 
giving a diffusion time of 8.1 seconds, the droplet should not 
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equilibrate during a typical transit time, e.g., 1.5 seconds. 
The calculations are set forth beloW: 

Input Parameters 

Parameter ID Value 

Sample plate sip time (s) PST 2 
Trough sip time (s) TST 1 

Sipper transit time (s) STT 1.5 
Side channel ?oW (fraction) SAF 0.5 

Sample plate temperature (O C.) PT 22 
Chip temperature (O C.) CT 28 
Applied vacuum (psi) V 0.3 

[0055] 

Calculated Parameters 

Parameter ID Case 1 Case 2 

Sample plate ?oW (‘70) FP 29.2 41.7 
Trough ?oW (fraction) PT 20.8 8.3 

[O2] in plate OP 4.17 x 10’3 4.17 x 10’3 
[O2] in side channel reservoirs OS 3.71 x 10’3 3.71 x 1O’3 

[02] allowable in chip OAC 3.63 X 10*3 3.63 X 10*3 
[O2] allowable in trough OAT 2.7 x 10’3 2.7 x 10’3 
Minimum trough temp. MTT 5O 94 
% Saturation in trough % O2 65 12 

[0056] The calculations used to calculate these parameters 
Were as folloWs: 

[0057] [O2] in grams of gas/ 100 grams of Water at atmo 
spheric pressure and temperature T is 

OAT=(OAC—OP*FP(n)—)S*SAF)/FT Where is 1 
or 2 depending on the case. 

[0058] As noted above, When the trough is maintained 
above the calculated minimum trough temperature for a 
given operation, channel plugs resulting from outgassing 
Within channels is substantially reduced. 

[0059] All publications and patent applications are herein 
incorporated by reference to the same extent as if each 
individual publication or patent application Was speci?cally 
and individually indicated to be incorporated by reference. 
Although the present invention has been described in some 
detail by Way of illustration and example for purposes of 
clarity and understanding, it Will be apparent that certain 
changes and modi?cations may be practiced Within the 
scope of the appended claims. 
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What is clamed is: 
1. A method of using an environmental control reagent to 

maintain optimal conditions Within a micro?uidic device, 
the method comprising: 

introducing a volume of a ?rst ?uid into a channel 
segment of a micro?uidic device, the ?rst ?uid com 
prising an environmental control reagent; and 

introducing a volume of a second ?uid into the channel 
segment of the micro?uidic device, the second ?uid 
comprising a component of a reaction mixture. 

2. The method of claim 1, Wherein the volume of the ?rst 
?uid is introduced into the channel segment after the volume 
of the second ?uid is introduced into the channel segment. 

3. The method of claim 1, further comprising introducing 
a volume of a third ?uid into the channel segment. 

4. The method of claim 1, Wherein introducing a volume 
of a ?rst ?uid into a channel segment of a micro?uidic 
device comprises treating a surface of the channel segment. 

5. The method of claim 4, Wherein treating a surface of the 
channel segment comprises one or more actions selected 
from a group consisting of modifying the surface of the 
channel segment, coating the surface of the channel seg 
ment, and cleaning the surface of the channel segment. 

6. The method of claim 4, Wherein the ?rst ?uid includes 
one of a monovalent or a bivalent compound. 

7. The method of claim 4, Wherein the ?rst ?uid includes 
a surface adsorbing polymer. 

8. The method of claim 7, Wherein the surface adsorbing 
polymer is selected from a group consisting of a linear 
cellulose polymer, an agarose polymer, an acrylic polymer, 
a polyacrylamide, a linear polyacrylamide polymer, a linear 
polyacrylamide copolymer, a linear polydimethylacrylamide 
polymer, a linear polydimethylacrylamide copolymer, and a 
combination thereof. 

9. The method of claim 4, Wherein the ?rst ?uid includes 
a cleaning reagent. 

10. The method of claim 9, Wherein the cleaning reagent 
is selected from a group consisting of an acid, a base, a 
detergent, a high salt solution, a ZWitterionic solution, and a 
combination thereof. 
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11. The method of claim 1, Wherein introducing a volume 
of a ?rst ?uid into a channel segment of a micro?uidic 

device comprises altering ?oW resistance Within the channel 
segment. 

12. The method of claim 11, Wherein the ?rst ?uid 
includes a viscosity adjusting reagent. 

13. The method of claim 12, Wherein the viscosity adjust 
ing reagent is selected from a group consisting of a poly 
meric reagent, a polysaccharide, a polysaccharide polymer, 
a polyacrylamide, gelatin, and a combination thereof. 

14. The method of claim 1, Wherein introducing a volume 
of a ?rst ?uid into a channel segment of a micro?uidic 

device comprises minimiZing gas evolution Within the chan 
nel segment. 

15. The method of claim 14, Wherein the ?rst ?uid is not 
gas saturated. 

16. The method of claim 14, Wherein the ?rst ?uid is 
heated immediately prior to introducing the ?rst ?uid into 
the channel segment. 

17. The method of claim 14, Wherein the ?rst ?uid is 
subjected to a negative pressure immediately prior to intro 
ducing the ?rst ?uid into the channel segment. 

18. The method of claim 1 Wherein the ?rst ?uid includes 
a signaling component. 

19. The method of claim 18, Wherein the signaling com 
ponent is selected from a group consisting of a dye, a label, 
a marker, and a combination thereof. 

20. The method of claim 18, Wherein the signaling com 
ponent is selected from a group consisting of a temperature 
indicator, a pH indicator, a conductivity indicator, and a 
combination thereof. 

21. The method of claim 1, Wherein the ?rst ?uid includes 
a calibrator. 


