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TITLE OF THE INVENTION:
SYSTEMS AND METHODS FOR HIGH-THROUGHPUT

MICROFLUIDIC SAMPLE ANALYSIS

STATEMENT OF RELATED APPLICATION(S)
[0001] This application claims benefit of U.S. Patent Application No. 60/401,912
filed August 8, 2002 and currently pending.

FIELD OF THE INVENTION
[0002] The present invention relates to high-throughput systems for analyzing
samples by both liquid chromatography and mass spectrometry.

BACKGROUND OF THE INVENTION
[0003] Mass spectrometry (MS) is an important analysis technique in many
industrial and academic fields. MS exploits the behavior of the gas-phase ions (i.e.,
gaseous molecules with a non-zero charge) of a molecule in response to applied electric
and magnetic fields in order to deduce the composition of the molecule. The ionization
process breaks a molecule into its components, the mass of each of which is then
determined by analyzing the trajectory of the components as they travel through the mass
spectrometer. Knowing the mass and composition of a desired molecule is especially
important for pharmaceutical research, particularly in the synthesis of novel and
uncharacterized molecules.
[0004] The ability to identify molecules using MS complements another analytical
technique, high performance liquid chromatography (HPLC). HPLC is a physical method
of separation involving sample dissolved in one or more solvents (or a “mobile phase”),
wherein the solution is forced through a separation medium, typically a column packed
with a fine particulate matter (or a “stationary phase”). The stationary phase, through
chemical affinities, friction and/or hydrodynamic effects, acts to separate the compound
(typically a complex mixture of molecules of varying size and mass) into its individual
components or species. Following separation in a HPLC column, the output stream
contains a series of regions having an elevated concentration of an individual component
or “species” of the sample. Each of these regions appear on a chromatogram as a
concentration “peak,” and sometimes even comprise visible bands within the output

stream. Thus, HPLC acts to provide relatively pure and discrete samples of each of the
- 5 1
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components of a compound. However, it is difficult to identify or characterize individual
components using only HPLC, particularly when novel or previously uncharacterized
compounds are used.

[0005] By coupling the output of an HPLC system to a MS system, it becomes
possible to accurately identify and characterize each band, i.e., the component molecules
of a compound. Although several techniques may be used to introduce the output of an
HPLC apparatus into a MS instrument, one prevalent technique is to use an electrospray
(ES) interface. ES is a “soft” ionization technique. That is, ES does not rgly on extremely
high temperatures or extremely high voltages to accomplish ionization, which is
advantageous for the analysis of large, complex molecules that tend to decompose under
harsh conditions. ES uses the combination of an applied electric field and compressed
gas 1o generate charged droplets of the sample solution. The application of drying gases
in conjunction with a vacuum causes the droplets to grow increasingly smaller until a
desolvated, charged sample molecule is produced.

[0006] Recent advances in chromatography have resulted in the development of
high throughput liquid chromatography (HTLC), which employs improved ’
chromatographic columns to dramatically reduce the amount of time needed to perform
high-resolution separations. Also, demand for increased throughput capacity has led to
the development of multiplexed chromatography systems, which include multiple
separation columns to permit the separation of multiple chemical mixtures in parallel.
[0007] Typically, a single MS instrument has a single ES component (or other
suitabie ionization/input device) and, as such, may only accommodate the output of a
single HPLC column. Moreover, ES/MS instruments are extremely complex and
expensive to operate and maintain. Thus, it would be advantageous to have the ability to
couple a multiplexed HTLC system to a single ES/MS instrument, thereby minimizing the
number of ES/MS systems required to analyze multiple output streams. Several systems
for multiplexing multiple separation columns into a single ES/MS system have been
proposed. For example, U.S. Patent Nos. 6,410,915 to Bateman et al.; 6,191,418 to
Hindsgaul ef al.; 6,066,848 to Kassel et al.; and 5,872,010 to Karger ef al. each show
some variation of a multiplexed HPLC/MS system where the outputs of multiple
simultaneously-operated separation columns are periodically sampled by a single MS
device. However, in such real-time multiplexed HPLC/MS systems, only one separation
column output stream can be sampled at a given time. While one stream is being
analyzed, the others must continue to flow, as these systems have no storage capacity.
This inherently results in data loss. To mitigate this data loss, sampling must occur very
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quickly. The MS instrument thus receives very small plugs of sample, reducing the ability
of the instrument to integrate data in order to eliminate noise. Signal clarity, in turn,
suffers.

[0008] Optical detection devices, such as UV-Visible spectrum detectors that are
capable of collecting data in parallel, may be used to selectively control the sampling of
multiple separation column output streams so that a region of interest in a particular
stream may be sampled more frequently, thereby ameliorating the limitations of a
sampling system. However, if two or more regions of interest coincide in time, which
frequently occurs, such pre-screening-based sample selection will be of limited value.
[0009] U.S. Patent No. 6,318,157 to Corso et al. (“Corso”) describes a
multiplexed HPLC/MS device where gradient separations are performed by staggering
the initiation of separations in four separate columns by using input lines of varying
length. In this manner, each output stream may be analyzed continuously by the MS
instrument. The staggering technique taught by Corso effectively acts as four serial
separations. While some efficiencies are gained by not having to prepare a single
column four times, the overall run time of the four columns run in a stagger is much
longer than the run time of four columns run simultaneously. Also, this system
incorporates numerous rotary valves that may create dead volumes and induce error.
Moreover, the necessary amount of stagger (i.e., the length of each input line) must be

‘calculated in advance to insure that regions of interest have no temporal overlap, which

may be difficult when characterizing unknown compounds. Corso also suggests that the
staggering of inputs is not necessary for isocratic separations; however, Corso does not
indicate how overlap of regions of interest can be avoided. Presumably, a sampling
technique is used, thus creating the same data loss and signal clarity issues discussed
above. \
[0010] Accordingly, there exists a need for a multiplexed HPLC/MS system that
permits the substantially continuous analysis of the output streams of multiple
simultaneously-operated separation columns with minimal loss of data and/or signal
clarity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a top diagrammatic view of one embodiment of a fluid handiing
system for multiplexed HPLC/MS analysis according to the present invention.
[0012] FIG. 2 is a top diagrammatic view of another embodiment of a fluid
handling system for multiplexed HPLC/MS analysis according to the present invention.
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[0013] FIG. 3 is a top diagrammatic view of another embodiment of a fluid
handling system for multiplexed HPLC/MS analysis according to the present invention.
[0014] FIG. 4A is a schematic of an experimental system used to measure
performance characteristics of a fluid injector. FIG. 4B is a schematic of an experimental
system used to measure performance characteristics of a fluid injector used in
combination with a storage line. '

[0015] FIG. 5 is a block diagram illustrating the components of an output stream
produced by a separation column.

[0016] FIG. 6 is a flowchart of a method for operating a multi-column liquid

chromatography apparatus with storage lines coupled to a mass spectrometer.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
Definitions
[0017] The terms “column” or “separation column” as used herein are used
interchangeably and refer to a region of a fluidic device that contains stationary phase
material and is adapted to perform a separation process.
[0018] The term “microfluidic” as used herein refers to structures or devices
through which one or more fluids are capable of being passed or directed and having at
least one dimension less than about 500 microns.
[0019] The term “parallel” as used herein refers to the ability to concomitantly or
substantially concurrently process two or more separate fluid volumes, and does not
necessarily refer to a specific channel or chamber structure or layout.
[0020] The term “plurality” as used herein refers to a quantity of two or more.
[0021] The term “storage line” as used herein refers to any structure adapted to
convey and store a fluid while maintaining the integrity of an output stream of a
separation column, including, but not limited to tubes, conduits, and channels.

Preferred Embodiments

[0022] Systems according to the present invention collect the output streams from
muitiple microfluidic HPLC columns and provide the streams to a smaller number of mass
spectrometer(s) (MS). Such systems utilize predetermined lengths of microfluidic tubing
or conduits that act as storage buffers for the output of each column. Because the entire
output of each column may be stored, substantially all the output streams may be
preserved. Because the storage buffers are microfluidic, there is minimal diffusion
between sample bands and solvent and signal clarity is preserved.
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[0023] Referring to FIG. 1, a HPLC/MS fluid handling system 10 according to the
present invention includes a microfiuidic parallel HPLC apparatus 12 having six
separation columns 13A-13N (i.e., six “channels”), a microfluidic storage line 16A-16N
connected to each column 13A-13N and leading to a mass spectrometer 14. (Although
FIG. 1 shows the system 10 having six channels 13A-13N and six microfluidic storage
lines 16A-16N, it will be readily apparent to one skilled in the art that any number of
channels 13A-13N and microfluidic storage lines 16A-16N may be provided. For this
reason, the designation “N” is used to represent the last channel 13N and microfluidic
storage line 16N, with the understanding that “N” represents a variable and could
represent any desired humber of microfluidic storage lines. This convention is used
throughout this document.)

[0024] The HPLC apparatus 12 may be any suitable device that includes multiple
parallel separation columns 13A-13N. The columns 13A-13N may be integrated in a
single chip 12; multiple independent columns (not shown); multiple independent columns
positioned within a single device (not shown); or any other suitable configuration. The
HPLC system 12 and its component columns 13A-13N may be manufactured by any
suitable method, such as through the use of stainless steel, polymeric, or glass capillary
tubes, laminated stencil layers, or by processing various materials using conventional
processing techniques such as micromachining, etching or molding. The stationary
phase material included in the columns 13A-13N may be selected to provide the desired
performance characteristics. It will be readily understood by one skilled in the art that any
form or configuration of HPLC columns may be used, the appropriate column, fabrication
method and stationary phase material being selected to match the performance
characteristics required for the particular separation(s). Representative parallel HPLC
column devices and fabrication methods are provided in co-pending and commonly
assigned U.S. patent application no. entitled “Multi-Column Separation Devices
and Methods” filed August 7, 2003, the disclosure of which is hereby incorporated by
reference as if fully set forth herein.

[0025] The system 10 also includes valves 18A-18N (numbering for valves 18B-
18E is omitted for clarity) interposed between each separation column 13A-13N and its
respective storage line 16A-16N. A fluid/pressure source 20 connects to the valves 20A-
20N. Each of the storage lines 16A-16N connect to an associated electrospray needle
24A-24N (numbering for needles 24B-24E is omiited for clarity) and the positioning of the
needles 24A-24N relative to the mass spectrometer 14 is controlled with a translation
stage 22, which may have two or more degrees of freedom. The mass spectrometer 14
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may be any suitable MS device selected by one skilled in the art, including, but not limited
to quadrupole, tandem, triple quadrupole, ion trap, or time-of-flight mass spectrometers.

It will be readily apparent to one skilled in the art that, in addition to or as an alternative to
mass spectrometers, other analytical tools may be used in conjunction with fluid handling
systems according to the present invention.

[0026] In operation, the desired HPLC separations are performed simultaneously
in columns 13A-13N. The output stream from each column 13A-13N is directed into its
associated storage line 16A-16N. Referring to FIG. 5, it should be understood that the
output stream 500 frorh an HPLC column includes a waste segment 502 and a species
segment 504. The waste segment 502 comprises the mobile phase that is forced through
the column o wet the stationary phase to prepare it for the separation operation. The
species segment 504 comprises mobile phase combined with the sample, which, after
passage through the column, has been separated into its component species 506A-506N.
The waste segment 502 of the output stream may be discarded, as it typically contains no
materials of interest.

[0027] Referring again to FIG. 1, the storage lines 16A-16N are filled
simultaneously. The waste segment of the output stream may be discarded before
entering the storage lines or may travel through the storage lines before being diverted to
a waste collector (not shown). The length of each storage line 16A-16N is selected to
accommodate the species segment of mobile phase output for a single chromatographic
separation on its respective column 13A-13N. Thus, if the volume of the species
segment of the mobile phase output of a separation is X microliters, the volume (V) of the
storage line (V= 1r (0.5 x ID)? x L, where ID is the inner diameter of the storage line and L
is the length of the storage line) should be greater than or equal to X microliters. For
example, a species segment having a volume of about 0.003 fl. oz. (about 100
microliters) requires an associated storage line 16A-16N having a length of approximately
twenty-five feet (about seven and six tenth meters), assuming the internal diameter of the
storage line 16A-16N is approximately five mils (about 130 microns).

[0028] Because all the separations may be run simultaneously, once the
separations are complete and the species segments are stored in the storage lines 16A-
16N, the valves 18A-18N may be closed and the device 12 may be prepared for the next
run while the stored species segments are analyzed. However, storing the species
segments for long periods of time (e.g., many minutes) may be of concern as diffusion
between the separated bands of analyte and the solvent may occur. Such diffusion could
cause band broadening, thereby affecting the signal clarity of the sample as it is analyzed
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by the mass spectrometer. It has been found that maintaining microfluidic dimensions in
the storage lines 16A-16N minimizes the size of the diffusion interface between bands
and solvents, thereby mitigating band broadening. Moreover, it has been found that such
diffusion produces a very small contribution to total band broadening compared to other
features of the system (e.g., fluid inter-connections, valves, frits, etc.). As a result, there
is considerable flexibility in the size of capillary tubing required to produce sufficient
system performance. '

[0029] Another concern is the degree of band broadening caused by the travel of
the output stream through the entire length of the storage line. Band broadening in this
context may be characterized by a band broadening factor (BF), which equals the ratio of
peak width after passing through a storage line (“final peak width” or W,) to peak width
measured at the injector (“injector peak width” or W,), (i.e., BF = W/ W,). Thus, if a one
minute peak traveling through a seven meter storage line were to broaden to two
minutes, the band broadening factor would be two (BF = 2 min. / 1 min. = 2). Another
method for characterizing the band broadening is to determine the absolute or additive
broadening (AB) factor, which is equal to the difference between the final peak width
minus the injector peak width (i.e., AB = Wy~ W,). While both measures are useful, it has
been found that the band broadening caused by travel through storage lines appears to
be fixed or constant and not linear or geometric. Thus, in a storage line where a one-
minute band is broadened to two minutes upon exiting the line, a two-minute band also is
like to broaden by one minute. Accordingly, the additive broadening factor may be a
more desirable measure of storage line performance.

[0030] Referring to FIGS. 4A and 4B, an experiment was conducted using a test
system 400A, in which a reference analyte was provided from an injector 402A directly
into an ultraviolet (UV) detector 404A. The same reference analyte was then introduced
by an injector 402B into a storage line 406 and then to a UV detector 404B located at the
terminus of the storage line 406. The reference analyte was a 0.5 microliter plug of
caffeine (2 milligrams/milliliter) introduced into a solvent flowing at 5 microliters/min.
Table 1 shows the results of a comparison between storage lines fabricated with
polyetheretherketone (PEEK) and stainless steel. Both experiments were performed
using twenty-five foot (7.6 meter) storage lines with inner diameters of five mils (130
microns). Table 2 show the results of a similar experiment comparing the performance of
PEEK storage lines having inner diameters of five and seven mils (130 and 180 microns ,
respectively) and lengths of twenty five feet (7.6 meters) and thirteen feet (four meters),
respectively.
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Material W(x) (min) W(o) (min) BF AB (min
PEEK (5mil) 0.393 0.118 3.33 0.275
SS (5mil) 0.604 0.118 5.12 0.486

Table 1. Comparison of PEEK and Stainless Steel Storage Lines

ID (mil W(x) (min) W(o) (min) BF AB (min)

5 0.393 0.118 3.33 0.275

7 0.684 0.118 5.80 0.566

Table 2. Comparison of Different Inner Diameters of PEEK Storage Lines

[0031] These experiments demonstrate that band broadening may be controlled
by selecting the size/geometry and material properties of the storage lines 16A-1 6N.
Thus, band broadening may be minimized by reducing the interior diameter of the storage
lines 16A-16N and/or using a more hydrophobic material, such as PEEK. These
parameters may be varied to tailor the system to the desired results. For example, wider
or larger diameter storage lines may be used to accelerate processing where band
resolution is not critical. Likewise, where band resolution is paramount, very narrow or
smaller diameter storage lines may be used to minimize diffusion and broadening. Also,
other materials, such as, but not limited to, polytetrafluoro-ethylene (PTFE), may be
selected to further minimize or otherwise manipulate the behavior of the output stream in
the storage lines 16A-16N. Suitable materials will be readily apparent to one skilled in the
art.

[0032] When the separation is complete and all of the storage lines 16A-16N are
filled, the fluid flow to the storage lines 16A-16N from the separation columns 13A-13N is
terminated. The flow may be terminated at the pressure source driving the separation
(not shown) or by the actuation of the valves 18A-18N. The valves 18A-18N may then be
selectively activated to direct pressurized fluid from fluid/pressure source 20 into each
storage lines 16A-16N to drive the stored fluid into the mass specirometer 14. The valves

18A-18N are preferably actuated sequentially, allowing the entire contents of each
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storage line 16A-16N to be analyzed by the mass spectrometer 14 before the next
storage line 16A-16N is selected.

[0033] Each storage line 16A-16N may be coupled with a dedicated electrospray
needle 24A-24N in order to deliver analyte from the storage line 16A-16N to the mass
spectrometer 14. The electrospray needles 24A-24N are preferably fabricated in a
closely spaced array positioned in front of the mass spectrometer inlet orifice 26. When a
particular output stream is to be analyzed, the needie 24A-24N corresponding to the
selected storage line 16A-16N is positioned in front of the orifice 26 by the translation
stage 22. The fluid flow is actuated at the upstream end of the storage line 16A-16N by
actuating a valve 18A-18N to provide pressurized fluid from fluid/pressure source 20 to
the storage line 16A-16N. To analyze another sample, the translation stage 22 is
repositioned and the flow actuated for the next corresponding storage line 16A-16N. This
interface has the advantage of fewer connections that could cause band broadening.
[0034] in an alternative embodiment, shown in FIG. 2, system 110 is similar to the
system 10 shown in FIG. 1, except that the storage lines 116A-1 16N are connected to the
inputs of a multi-port switching rotary valve 130 (such as those produced by Valco
Instrument Co. Inc, “VICI,” Houston, TX). The single output 132 of the rotary valve 130 is
linked directly to the standard input interface of the mass spectrometer114. The rotary
valve 132 is actuated to the desired storage line 116A-116N to the mass spectrometer
114. The interface shown in FIG. 2 has the advantage of requiring little or no modification
of existing ES/MS interfaces and, thus, would be readily adapted to aimost any
commercially available ES/MS. The rotary valve 132, however, may include a dead
volume that could result in undesirable band broadening. Other multi-port valves (not
shown), such as translational multi-port switching valves, also may be used.

[0035] In addition, any suitable interface between the storage lines and the mass
spectrometer may be used. For example, with the benefit of the present disclosure, any
of the sampling interfaces described in U.S. Patent Nos. 6,410,915 to Bateman et al.;
6,191,418 to Hindsgaul et al.; 6,066,848 to Kassel et al.; and 5,872,010 to Karger et al.
could be modified to provide a switching, rather than a sampling, function and thus used
in conjunction with storage lines.

[0036] In another preferred embodiment, shown in FIG. 3, a HPLC/MS system
210 also may include a pre-screening sensor array 230 in communication with a detector
250. The pre-screening detector array 230 includes sensors 232A-232N and may sense
any desirable or useful characteristic of the output of columns 213A-213N such as
transmissive or reflective response to uliraviolet (UV) or visible light. The detector 250
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may be used to analyze the sensor data, identify compounds or regions of interest in the
output streams, and/or provide data to control the analysis of the output streams. For
example, if a chromatogram produced by the detector 250 indicates large separation of
bands (i.e., good resolution) the mass spectrometer analysis may be performed more
quickly without concerns of data loss. If, in contrast, a chromatogram produced by the
detector 250 shows tightly spaced bands, the mass spectrometer analysis can be
performed much more slowly in order to generate greater data resolution. Also, the
detector 250 may be used to identify the waste and species segments of the output
stream to control the diversion of the stream to a waste collector.

[0037] Similarly, such a feedback system may be used to vary the flow rate of a
particular sample to provide high resolution during signal analyéis and higher speed
between signals. In other words, data from the detector 250 could be used to accelerate
the flow from the storage lines 216A-216N into the mass spectrometer 214 between
bands and decelerate the flow rate when the bands are being introduced into the mass
spectrometer 214.

[0038] It may be desirable to position a sensor array 252 proximate to the
interface between the storage lines 216A-216N and the mass spectrometer 214 to allow
for more accurate control of the flow rate vis-a-vis the output stream characteristics.
Alternatively, sensor arrays 230, 252 may be used at either end of the storage lines
216A-216N to provide even more control.

[0039] Thus, it may be desirable to control the flow rate of fluid from the storage
lines 216A-216N to the mass spectrometer 214 to accomplish one or more desired
results. For example, the output flow rate may be varied to optimize signal resolution as
described above. Alternatively, the output flow rate may be accelerated for each storage
line 216A-216N uniformly to accelerate overall processing times. In one embodiment, if
six separation columns are used, the flow rate from the storage lines 216A-216N may be
adjusted so that the time to output fluid from one of the storage lines 216A-216N into the
mass specirometer 214 has a duration of one sixth of the duration of the separation. In
this manner, the entire output of all the columns 213A-213N may be analyzed in the time
required to perform all of the separations.

[0040] Of course, the rate at which the samples are output from the storage lines
216A-216N may affect the quality of the data as a consequence of fluid flow effects on
the samples (e.g., a high flow rate may induce turbulence thereby causing band widening
or loss of resolution). Thus, it may be desirable to alter the flow rate in a manner more
suited to the desired output resolution. For example, multiple mass spectrometers may
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be used'to allow a slower output flow rate. In the embodiment described above, the use
of two mass spectrometers would allow the output of the six storage lines 216A-216N two
be divided into two sets of three. The mass spectrometry analysis could then performed
in the same amount of time, but only requiring increasing the output flow rate by a factor
of three, rather than six. This approach may be used for any number of columns and flow
rates. A device incorporating sixteen, twenty-four or more separation columns could be
coupled with two, four, eight or more mass spectrometers o allow for the desired output
flow rate, but still minimizing the total number of mass spectrometers required to perform
the desired analysis. One skilled in the art will readily recognize that any and all of the
approaches described above may be combined in any number of ways to achieve the
desired system performance and data resolution.

[0041] In addition, output signals from the detector 250 may be used to control
valves 218A-218N and re-direct a portion of each output flow stream through sample
diversion lines 234 to a fraction collector 236. In this manner, discrete samples of interest
may be collected and stored for other forms of analysis. Alternatively, or in addition,
valves 238A-238N may be positioned proximate to the interface between the storage
lines 216A-216N in order to divert portions of the output streams through diversion lines
242 into a fraction collector 236 for the reasons noted above. The sensor array 252 may
be used to provide data to the detector 250 to control the operation of the valves 238A-
238N, accordingly.

[o042] Storage systems according to the invention allow entire output streams to
be isolated and stored for individual analysis. This approach has several advantages
over real-time sampling systems, including the negation of the data loss, improved signal
resolution and the ability to simultaneously perform the MS analysis and flush and
prepare the separation columns for subsequent separations. In addition, the rotary valve
HPLC/MS coupling system eliminates the need to modify the ES/MS interface of existing
ES/MS devices, thus allowing the system to be adapted to almost any commercially
available ES/MS. The arrayed ES coupling method utilizes a much more limited range of
motion. This, in combination with the ability to store the output streams for an extended
period of time, allows the array to be positioned more easily and accurately than a rapidly
cycling sampling system because the array is not required to move with immense speed.
This increase in accuracy as well as the improvement of signal clarity and negation of
data loss offsets the potential need to modify the ES/MS interface to accommodate the
array.

11



10

15

20

25

30

WO 2004/015411 PCT/US2003/025013

[0043] A flowchart outlining the steps of a method for operating a muiti-column
liquid chromatography apparatus with storage lines coupled to a mass spectrometer is
provided in FIG. 6. A first step 601A includes separating the first sample within a first
separation column to generate a first output stream. A second step 602A includes storing
the first output stream in a first microfluidic storage line. A third step, 601N, which occurs
substantially simultaneously to the first step 601A, includes separating a second sample
within a second separation column to generate a second output stream. A fourth step
602N, which occurs substantially simultaneously o the second step 602A, includes
storing the second output stream in a second microfluidic storage line. A fifth step 603A
includes performing a substantially continuous mass spectrometric analysis of the
contents of the first output stream. A sixth step, which occurs substantially
simultaneously to the fifth step 603A, includes performing a substantially continuous
mass spectrometric analysis of the contents of the second output stream. (Note that
while FIG. 6 illustrates operation of a system with only two parallel sample separation
columns and microfluidic storage lines, it will be readily understood by one skilled in the
art that any number of columns and storage lines may be used.)

[0044] Optional steps include detecting a characteristic of the first and/or second
output streams 604A, 604N and controlling the mass spectrometric analysis in
accordance with the detected characteristics 605A, 605N (as described above). For
example, the flow rate of the output streams into the mass spectrometer may be varied
based on the presence or absence of species of interest. Optional steps also include
splitiing the output streams 606A, 606N so that a portion of each may be collected in a
fraction collector 607A, 607N.

[0045] A wide variety of samples may be used with methods and systems
according to the present invention. Preferably, any of the method steps may be
automated. Automation means preferably include a programmable microprocessor such
as contained within a personal computer or other conventional processing device.
[0046] - ltis also to be appreciated that the foregoing description of the invention
has been presented for purposes of illustration and explanation and is not intended to
limit the invention to the precise manner of practice herein. i is to be appreciated
therefore, that changes may be made by those skilled in the art without departing from
the spirit of the invention and that the scope of the invention should be interpreted with |
respect to the following claims.
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What is claimed is:
1. A method for analyzing a first sample and a second sample, the method
comprising the steps of:

a) separating the first sample within a first separation column to generate a first
output stream (601A);

b) substantially simultaneously with step a), separating the second sample within
a second separation column to generate a second output stream (601N);

c) storing the first output stream in a first microfiuidic storage line (602A);

d) substantially simultaneously with step c), storing the first output stream in a
second microfluidic storage line (602N); ’

e) performing a substantially continuous mass spectrometric analysis of the
contents of the stored first output stream (603A); and

f) subsequent to step e), performing a substantially continuous mass
spectrometric analysis of the contents of the stored second output stream (603N).

2. The method of claim 1, further comprising the steps of:
g) detecting a characteristic of the first output stream (604A); and
h) controlling step e) responsive to step g) (605A).

3. The method of claim 1 wherein step h) includes varying a flow rate of any of the
stored first output stream and the stored second output stream into a mass spectrometer.

4. The method of claim 1, further comprising the step of:
g) collecting at least one discrete fraction of the first output stream (607A).

5. The method of claim 4, further comprising the steps of:
h) detecting a characteristic of the first output stream (604A); and
i) controlling step g) responsive to step h) (605A).

6. A system (10, 110, 210) for analyzing a first sample and a second sample, the
system (10, 110, 210) comprising:

a first separation column (13A-13N, 113A-113N, 213A-213N) adapted to separate
the first sample to generate a species segment of a first output stream;

a second separation column (13A-13N, 113A-113N, 213A-213N) adapted to
separate the second sample to generate a species segment of a second output stream;
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a first microfluidic storage line (16A-16N, 116A-116N, 216A-216N) in fluid
communication with the first separation column (13A-13N, 113A-113N, 213A-213N),
wherein the first microfluidic storage line (16A-16N, 116A-116N, 216A-216N) has a
volume sulfficient to store substantially all of the species segment of the first output
stream;

a second microfluidic storage line (16A-16N, 116A-116N, 216A-216N) in fluid
communication with the second separation column (13A-13N, 113A-113N, 213A-213N),
wherein the second microfluidic storage line (16A-16N, 116A-116N, 216A-216N) has a
volume sulfficient to store substantially all of the species segment of the second output
stream; and

a mass spectrometer (14, 114, 214) in selective fluid communication with the first
storage line (16A-16N, 116A-116N, 216A-216N) and the second storage line (16A-16N,
116A-116N, 216A-216N).

7. The system (10, 110, 210) of claim 6 further comprising a detector (250) adapted
to detect at least one characteristic of the first output stream.

8. The system (10, 110, 210) of claim 7, further comprising:
a fraction collector (236) capable of fluid communication with the first separétion
column (13A-13N, 113A-113N, 213A-213N); and |
a valve (218A-218N) interposed between the fraction collector (236) and the first
separation column (13A-13N, 113A-113N, 213A-213N); wherein operation of the
valve (218A-218N) is responsive to the detector (250).

9. The system (10, 110, 210) of claim 6, further comprising:

a translation stage (22, 222) positioned proximate to and in fluid communication
with the mass spectrometer (14, 114, 214);

a first electrospray needie (24A-24N) affixed to the translation stage (22, 222) and
in fluid communication with the first microfiuidic storage line (16A-16N, 116A-116N, 216A-
216N); and

a second electrospray needle (24A-24N) affixed to the translation stage (22, 222)
and in fluid communication with the second microfluidic storage line (16A-16N, 116A-
116N, 216A-216N).

14
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10. The system (10, 110, 210) of claim 6, further comprising:

an electrospray needle (132) positioned proximate to and in fluid communication
with the mass spectrometer (14, 114, 214); and

a multi-port switching valve (130) in fluid communication with the electrospray
needle (132), the first microfluidic storage line (16A-16N, 116A-116N, 21 6A-216N), and
the second microfluidic storage line (16A-16N, 116A-116N, 216A-216N).
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