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(57) ABSTRACT

Methods and apparatus for mass filtering based on a-priori
biomarker knowledge and elution time 1ntervals for selected
lon species from a separation device. A sample may be
screened for biomarker patterns based on distinct elutions
times for selected 1ons or peptides. A mass spectrum for
species of 1nterest can be tailored by filtering out undesired
lons by measuring corresponding elution times and deter-
mining a priori selected elution time 1ntervals for desired 10n
species only. The 1nvention assists 1n the identification of
biomarkers having known mass spectral peaks correspond-
ing to known proteins or 1ons of interest that are known to
clute from a separation device within a pre-defined elution
time window.
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A-PRIORI BIOMARKER KNOWLEDGE BASED
MASS FILTERING FOR ENHANCED BIOMARKER
DETECTION

CROSS-REFERENCE

[0001] This application 1s a continuation application of
Ser. No. 10/810,332, filed Mar. 25, 2004, which 1s incorpo-
rated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

[0002] The invention relates to methods and apparatus for
increasing the dynamic range and sensitivity of mass spec-
trometers. More specifically, the invention relates to
improved performance of mass spectrometers with selective
ion filtering and accumulation of desired 1ons that provide
selected biomarker patterns based on a priori elution time
intervals.

BACKGROUND OF THE INVENTION

[0003] A mass spectrometer is an analytical tool for deter-
mining the mass of sample 1ons based on its mass to charge
ratio (m/z). A sample solution may be ionized by inducing
cither the loss or gain of a charge before mitroducing the
resulting 1ons into a mass analyzer. The formed 1ons are
separated afterwards according to their relative mass to
charge ratios followed by detection to provide a resulting
mass spectrum.

[0004] A variety of ionization techniques are available
today that may be selected based upon a particular applica-
tion. Each 1onization technique can be specifically chosen
for i1ts unique ability to provide certain results depending
upon device sensitivities and mass ranges that may be
required. Electrospray ionization (ESI) for example is a
method often used for analysis of molecules such as pep-
fides, proteins and carbohydrates. A fine spray of highly
charged droplets 1s formed 1n the presence of an electrical
field and directed to an mass analyzer. Because a solution
can be continuously introduced for analysis, ESI 1s particu-
larly suitable for and often interfaced with sample prepara-
tion techniques such as liquid chromatography (LC) and
capillary electrophoresis (CE). ESI is further interfaced with
a variety of mass analyzers such as time-of-fligcht or qua-
drupole 10n trap mass analyzers. While most mass analyzers
achieve the same basic result of 1on separation, each can
accomplish this goal differently in that some may separate
lons based on space or positioning, while others may sepa-
rate 10ons based on time. For example, an 1on trap mass
analyzer traps 1on species of a selected m/z ratio within a
radio frequency (RF) quadrupole field. The quadrupole
clectric field formed 1nside an 1on trap mass spectrometer 1s
accomplished by applying an RF voltage so as to capture and
accumulate 1ons before they are selectively ejected to a
detector afterwards. Accumulation of 1ons for extended
period of time enhances the signal-to-noise ratio of species
delivered to an 1on trap mass spectrometer by continuous
flow separation techniques such as CE which may not be
accomplished with other types of mass spectrometers.

[0005] The sensitivity and performance of trapping mass
analyzers 1s known to diminish when there 1s a large
abundance of undesired 10n species within a mixture which
can be referred to as background 1ons. The analysis of
complex mixtures frequently involve the presence of only
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small amounts of 1mportant components amidst an abun-
dance of relatively irrelevant 1ons. In order to fully recognize
the potential of mass spectrometers as powerful analytical
tools for biological applications, they must perform quali-
tative and quanftitative molecular analysis of complex mix-
tures where the relative abundances of discernable compo-
nents can vary by many orders of magnitude. For example,
a major goal of research i1n the ficld of proteomics or
biomarker pattern discovery calls for the highly selective
analysis of many important classes of proteins which are
often present in relatively low concentrations. The possible
range of peptide or protein concentrations in proteomic
measurements can be many orders of magnitude less in
comparison to other mixture components that are not of
interest. When interfaced with CE separation techniques in
particular, the total number of 1on species eluted and the
complexity of the overall mixture itself can be significant
while the relative abundance of components of interest 1s
extremely limited. The elution of highly abundant peptides
can restrict the detection of less abundant peptides eluting at
or ncar the same time since the dynamic range of mass
spectrometers can be relatively limited. In other words, the
detection sensitivity for 1ons of interest deteriorates when
there 1s a large amount of background 1ons. There 1s a need
for solutions that enhance the dynamic range and sensitivity
of 10on trap mass spectrometers for analysis of complex
mixtures with components having varying abundances
which can differ by many orders of magnitude.

SUMMARY OF THE INVENTION

[0006] The invention provides mass spectrometers with
improved sensitivity and increased dynamic range. Various
aspects of the invention can be particularly applied to
different types of mass analyzers and 1on filters. The con-
cepts of the mvention can be applied for the mass analysis
of large macromolecules and complex biological samples
such as cell tissues and proteolytic digests. It shall be
understood that any features of the described embodiments
of the invention may be considered individually or in
combination with other variations and aspects of the inven-
fion.

[0007] Method and apparatus for enhanced biomarker
detection are provided in accordance with the invention by
using data directed mass filtering. A mass analysis system
conflguration may be selected that includes a separation
device that elutes multiple separation runs of 10ns into an 1on
trap mass analyzer and an 10n filter. A first separation run of
lons originating from the separation device may lead to an
lonization source, which 1n turn 1s followed by the 10n filter.
The various elution times for 10ns of 1nterest within the first
separation run may be measured as they are eluted from the
separation device to determine a priori retention time inter-
vals for these 1ons of interest. All ions from the first
separation run may be then directed to an 1on trap mass
analyzer for detection during this pre-scan procedure fol-
lowing an accumulation of these 1ons. The mass to charge
(m/z) values for a mass spectrum may be thereafter mea-
sured which corresponds to both desired 10on species and
undesired 1on species contained 1n the first separation run of
ions. After the a priori retention time intervals for 1ons of
interest are predetermined, a second separation run of 10ns
may be introduced through the 10n filter 1n a manner similar
to that of the first separation run. However, the elution times
for the second separation run of 1ons are measured to
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determine whether they fall within at least one a priori
determined retention time interval for 1ons of 1nterest so only
ions of interest are filtered and pass from the 10n filter mto
the 1on trap to notch out portions of the mass spectrum
corresponding to undesired 1ons. The 10ns of interest from
this second separation run are allowed to accumulate within
the 10n trap for a predetermined period of time that 1s derived
at least 1n part by measured intensities of the 1ons of interest
in the first separation run of 1ons. The predetermined period
for accumulation should however not exceed a priori reten-
fion time 1ntervals for 1ons of interest. By focusing on
selected regions of a mass spectrum corresponding to 10ns
species of interest used to identify the presence of a biom-
arker, the mass analysis 1s performed on 1ons of interest that
arec known to elute from a separation process within pre-
defined elution time windows. More than one biomarker can
be screened for during a single elution so that a plurality of
species of interest can be 1solated while other undesired 10ns
cluting at different time windows are removed.

[0008] Another embodiment of the invention provides
methods and apparatus for enhanced biomarker detection
based upon a priori elution retention time intervals that are
predetermined. A sample may elute from a separation device
into an 1onization source which 1onizes both desired biom-
arker species and undesired 1on species. Elution times may
be measured for the undesired 10n species and the desired
ion species from the separation device. These 10n species
may be introduced into an 1on filter so that undesired 10ns
can be filtered out with the 1on {filter by ejecting undesired
1on species which fall outside selected a priori retention time
intervals corresponding only to desired 1on species which
provides a tailored biomarker mass spectrum for a prede-
termined biomarker pattern.

[0009] Other goals and advantages of the invention will be
further appreciated and understood when considered in
conjunction with the following description and accompany-
ing drawings. While the following description may contain
specific details describing particular embodiments of the
mvention, this should not be construed as limitations to the
scope of the invention but rather as an exemplification of
preferable embodiments. For each aspect of the invention,
many variations are possible as suggested herein that are
known to those of ordinary skill in the art. A variety of
changes and modifications can be made within the scope of
the 1nvention without departing from the spirit thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0010] The figures contained in this specification and
features 1llustrated therein describe many of the advantages
of the mnvention. It shall be understood that similar reference
numerals and characters noted within these illustrations
herein can designate the same or like features of the 1nven-
tion. The figures and features depicted therein are not
intended to limit the scope and nature of the mvention, and
may not be drawn to scale.

[0011] FIG. 1 provides an overall illustration of the meth-
ods and apparatus for providing enhanced biomarker pattern
detection based on a priori elution retention time intervals.

10012] FIG. 2 includes a series of mass spectra describing
both broadband acquisition of all 10n species and those only
for desired 1ons upon filtering of undesired 10n species.

Jan. 12, 2006

[0013] FIGS. 3A-B are comparative illustrations between
non-selective scans and selective scans that eject certain
abundant 10n species resulting 1n detection of selected peaks
for 10ns of interest.

10014] FIG. 4 is a flow diagram describing the selective
data acquisition for only biomarker 1ons falling within
predetermined elution retention time windows.

[0015] FIG. 5 1s a table of elution time windows for
selected biomarker 1ons that elute from a separation device
at measured elution times excluding undesired 10n species
that are filtered out 1n accordance with a predetermined mass
spectrum {ilter pattern.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] The invention provides methods and apparatus for
improving the sensitivity and performance of mass spec-
trometers. Various aspects of the invention can be combined
or applied individually as more fully described below.

[0017] FIG. 1 illustrates an embodiment of the invention
that provides an 10n trap mass spectrometer with an 10niza-
tion source such as an electrospray 1onization (ESI) source.
An embodiment of the invention provides methods of
enhanced biomarker detection using data directed mass
filtering. These methods can be carried out on mass spec-
trometry systems consisting of a separation device followed
by an 1onization source. The 1onization source may be any
source conventionally used 1n mass spectrometry and inter-
faced with any conventional separation schemes such as
clectrophoretic or chromatographic commonly used 1n the
field. The 1ons from the 1onization source may be directed
into an 1on filter such as a quadrupole 1on filter that is
followed by an 10n trap mass analyzer consisting of an 1on
frap for accumulation of 1ons and a detector, or 1n an
alternative embodiment it may serve as an intermediate 1on
trap to externally accumulate 10ns before they are directed to
another mass analyzer as alternatively illustrated in FIG. 1
with dashed lines. In the case where collection 1s an inter-
mediate trap, the desired 1ons are accumulated 1n the inter-
mediate trap, and then transferred to a separate mass ana-
lyzer such as a Fourier transform ion cyclotron resonance
mass spectrometer (FTTCR or FTMS) or time-of-flight mass
spectrometer (TOFMS) where the mass analysis is per-
formed.

|0018] A first separation run of ions or pre-scan can be
initiated with the flow of a sample from the separation
device as shown 1n FIG. 1. The elution times for various
components of the sample can be detected and measured
before entering the 1onization source. Both the desired and
undesired 10ns are thereafter formed by the 10n1zation source
and directed 1nto the 1on filter. At least a portion of the first
separation of 1ons are accumulated within the 1on trap
portion of an 10on trap mass analyzer during an initial period
of time for subsequent 1on detection by the detector. The
mass to charge (m/z) values for a mass spectrum may be
identified and correspond to both desired 1on species and
undesired 1on species contained 1n the first separation run of
ions. The measured elution times for 10ns of interest within
the first separation run are identified to determine a priori
retention time intervals for those 1ons of interest. A second
separation run of ions 1s subsequently introduced through
the 10n filter immediately after the initial separation run or
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at some point 1n time 1n the future. The elution times for the
second separation run of 1ons are measured to determine
whether they fall within at least one of the a prior1 deter-
mined retention time interval for 10ns of 1nterest. Only those
ions of mnterest are permitted to pass from the 1on filter mto
the 10n trap that results 1 notched-out portions of the mass
spectrum corresponding to undesired 1ons. Moreover, the
ion filter can be disabled during the second separation run
when elution times do not fall within at least one a priori
retention time 1nterval for 1ons of 1nterest determined during
the first separation run. The resulting mass spectrum of a
sample can be therefore compared and analyzed for a
selected biomarker pattern and corresponding 1ons known 1n
advance which presumes a-prior1 knowledge of biomarker
patterns. Moreover, during this second separation run, 1t 1s
preferable that only those 1ons of interest are selectively
accumulated 1n the 10n trap for a predetermined period of
time that 1s derived at least in part by measured intensities
of the 10ns of interest 1n the first separation run of ions. The
predetermined period of time should not however exceed a
priori retention time intervals for 10ns of 1nterest determined
during the first separation run.

[0019] In another embodiment of the invention, the ion
trap mass analyzer may include an automatic gain control
(AGC) circuit, and wherein the step of accumulating the
desired 1ons 1s selectively accomplished with the AGC
circuit to maintain a desired density of ions within the 10n
trap. As with many available 1on trap devices, the dynamic
range of the 1on traps provided in accordance with the
invention can be further optimized by maintaining an appro-
priate number of 1ons within the trap region. Often times the
most accurate results can be attained when the 1on trap is
f1lled with an optimal number of 10ns, and more particularly,
with those desired biomarker 10ons of interest. When too few
lons are present 1n the trap, device sensitivity can be
relatively lower. At the same time, if too many ions are
present 1n the trap, space-charge effects have been known to
significantly diminish mass resolution of an 1on trap when
used for 1on detection, or 1t can cause 1on discrimination/
fragmentation 1f an 10n trap 1s employed for 10n accumula-
tion with subsequent 1on detection using another mass
analyzer (i.e., time-of-flight mass spectrometer or Fourier
transform 1on cyclotron resonance mass spectrometer). A
preferable embodiment of the invention can effectively
control or mitigate space-charge effects and the related loss
of resolution 1n the 10n trap based on a priori knowledge of
the relative intensity of eluting species based on elution
time, particularly for desired 10ons or species of interest. A
subsequent separation run of 1ons directed into an 1on trap
can accumulate therein for a predetermined period of time
derived at least in part by measured intensities for a par-
ficular 1on species from a prior separation run. These
selected 10n species, particularly those 1ons of interest cor-
responding to a particular biomarker, can externally accu-
mulate within an 1on trap in combination with any type of
mass analyzer when not carrying out this aspect of the
invention with an 1on trap mass analyzer. Additionally,
another preferable embodiment of the invention can incor-
porate automatic gain control (AGC) techniques and circuits
that are intended to dynamically maintain the total charge or
the number of 10ns within an 1on trap at a constant or optimal
level. AGC can regulate the density of 1ons within an 10n trap
to a desired range by monitoring the intensity information
from resulting mass spectra in an AGC feedback loop.
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Depending on the measured intensities for certain m/z
values or ranges, more or less 1ons can be directed to the 10n
trap for selective accumulation. Based on a detected AGC
signal, the accumulation time of 1ons delivered by continu-
ous 1on source such as CE/LC separations can be appropri-
ately determined by a computer to allow desired 1ons to
selectively accumulate at a desired level within the trap
region. AGC can thus provide preferable accumulation
results that can be derived from relative mtensity informa-
tion for preselected masses within a spectrum or broadband
acquisitions that can be obtained for the purposes of only
determining intensity information for the AGC feed back
loop.

[0020] It shall be understood that other ionization sources
may be selected for use with the invention including varia-
tions of ESI such as nanoelectrospray, nanospray and or
micro-electrospray techniques. When 1onized molecules are
generated from an 10n source, the mixture includes both 10n
species of 1nterest and background 1ons that ordinarily
provide a mass spectrum with both desired portions of
interest and undesired portions, respectively. An 1on filter
such as a quadrupole linear ion filter may be selected in
accordance with the invention to filter or notch out undesired
ions effectively eliminating them from the resulting mass
spectrum. These background ions may be mass-selectively
ejected while desired 1ons are directed 1nto an 1on trap prior
to performing mass analysis.

[0021] Furthermore, the ion filters that can be selected
herein can mnclude a quadrupole 10n filter or similar device
to remove background 1ons before they enter the 1on trap
analyzer such as those described generally in U.S. Pat. Nos.
6,075,244, 5,572,022 and U.S. Patent Application Publica-
fion No. 2003/0071206 which are incorporated by reference
herein 1n their entirety. U.S. Pat. No. 6,075,244 describes a
manner of mass filtering using rf/dc quadrupole setup. Such
a device has been known to transmit only a relatively narrow
m/z range or single species of 1ons at a time. If more than one
biomarkers with substantially different molecular masses
migrate from a capillary electrophoresis (CE) column at the
same time (1.€., are present 1n one mass spectrum), the rf/dc
quadrupole mass filter would need to be scanned to deliver
these biomarkers to an 1on trap. This scanning can reduce the
sensifivity for a particular biomarker that migrates from the
CE column only for a limited period. The sensitivity will
decrease even further for faster separations as the ratio of the
scanning period to the biomarker migration time will
increase. In addition, U.S. Patent Application 2003/0071206
describes an 10on preselection approach based on resonant
dipolar excitation/ejection of multiple species with different
m/z values at the same time. This approach 1s capable of
downloading an excitation waveform, which would selec-
tively eject all other species from the selection quadrupole
but the biomarkers. If more than one biomarker were to
migrate from the CE column at the same time, all of them
would be transmitted to the accumulation multipole. These
aforementioned approaches nevertheless fail to offer the
enhanced biomarker detection capabilities provided in
accordance with 1nvention.

[10022] After the mass filter removes background ions to
better 1solate selected sample 10ons, the sample 10ns can then
enter nto an 1on trap such as a linear 1on trap based on
rf-only multipole (e.g., quadrupole or octopole). A linear ion
trap may be employed for 1on accumulation 1n accordance
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with the invention herein or other standard 1on traps can be
used. The 1ons are allowed to accumulate within the trap for
a certain period of time before they are detected and ana-
lyzed. During continuous flow separation of a mixture, the
desired 1ons are thus permitted to selectively accumulate
within an 10n trap for subsequent detection that improves the
dynamic range and sensitivity of the mass spectrometer.
Furthermore, a 3-D quadrupolar 1on trap may be alternately
selected which basically includes a ring electrode 1in between
two end cap electrodes facing towards each other and
aligned with the hole in the ring electrode. A radio frequency
voltage 1s applied between the ring electrode and two end
cap electrodes so as to generate a three-dimensional radio
frequency quadrupole electric field between the electrodes 1n
which 1ons accumulate. Mass analysis can be either per-
formed 1n the same 1on trap where desired 1ons are accu-
mulated, or 1 yet another 1on trap mass analyzer down-
stream 1n accordance with known tandem mass spectrometer
conilgurations.

[0023] In an alternative embodiment of the invention,
dynamic data filtering may also be selected to remove
undesired proteins from the mass spectrum. In this approach,
the elution time at which to apply the desired filter 1s not
known a-priori, but 1s determined dynamically as the sample
1s eluting and the spectrum determined “on the fly.” This
approach 1s sometimes referred to as dynamic range
enhancement applied to mass spectrometry (DREAMS) and
can automatically remove proteins or undesired 1ons that
exists in relatively large abundance from those that appear in
relatively fewer numbers (U.S. Patent Application Publica-
tion No. 2003/0071206 referenced above). The desired 1ons
of 1nterest which often but not always appear 1n relatively
low abundances can be effectively detected to help identily
the presence of certain proteins which are important in
biomarker pattern studies. As compared to DREAMS
approach described 1n the U.S. Patent Application Publica-
tion No. 2003/0071206 which expands the dynamic range of
a mass spectrometer by removing the most abundant pro-
teins 1n a mass spectrum while accumulating lower abun-
dance species for extended periods of time, the present
invention enables the enhancement of the signal-to-noise
rat1os of specific biomarker 10ns whose intensities may be
comparable to that of the most abundant species 1n the
acquired mass spectrum. A quadrupole 1on filter or other
filtering device can be selected to remove background or
undesired 10ons based on their m/z to improve dynamic range
and device sensitivity. The quadrupole 10n filter can be also
used with a combination of configured high/low bandpass
mass filters to select a specific 10n species or m/z range for
detailed analysis. This targets a specific m/z peak(s) and/or
defined mass range(s) to filter out excess information outside
the field of interest and focuses on desired 1ons which may
otherwise appear as relatively low abundance species. A
disadvantage of DREAMS 1s that significantly more data
processing must occur dynamically to process the spectrum
and determine when to apply the appropriate mass filtering.
Whereas, with the present invention, if the variation in
clution times can be sufficiently controlled, no dynamic
analysis of the spectrum need be performed in order to
appropriately filter the eluting sample. An 1on f{ilter as
described heremn can be selectively applied 1n accordance
with the 1nvention to capture particular marker 1ons having,
certain m/z ratios within a mass spectrum that are known to
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clute during retention time windows determined a priori
during a previous 1on separation or initialization run.

[0024] The undesired portions of a mass spectrum can be
determined 1n advance and notched-out in accordance with
another aspect of the mvention as shown 1n FIG. 2. During
broadband data acquisition of all 1ons, all 1ons are allowed
to pass through the filter and are detected resulting 1n a
complete mass spectrum with peaks associated with undes-
ired 1ons and sometimes no observed peaks for desired 10ns
of interest as 1illustrated. By 1dentitying during a pre-scan
those elution retention time intervals during which desired
ions are known to elute, only those desired 1ons are passed
through the 10n filter for subsequent detection. Meanwhile,
the undesired 1ons falling outside the defined elution win-
dows are {iltered out by the 10n filter which 1s enabled during
those timeframes. The resulting mass spectrum excludes
notched-out portions corresponding to undesired 1ons. As a
result, the 1ons which correspond to the undesired parts of
the spectrum can be selectively removed with the 1on filter
at appropriate elution times 1n order to allow selective data
acquisition for only desired 1ons. The desired 10ons can be
allowed to accumulate which results in relatively greater
observed intensities for a particular known biomarker pat-
tern as shown 1n FIG. 2. A return cycle to a broadband
acquisition may be conducted thereafter where all 10n spe-
cies are allowed again to pass through the 1on filter to
provide to a broadband mass spectrum where peaks associ-
ated with desired 1ons are not observed while those for
undesired 1ons predominate.

[10025] FIGS. 3A and B are comparative illustrations of

non-selective scans and selective scans. Non-selective scans
(FIG. 3A) and selective scans (FIG. 3B) were alternately
performed multiple times ranging from about 150 to 750
scans as shown. While ejecting certain relatively abundant
ions during selective data acquisitions and 10n accumulation,
the resulting mass spectrum reveals certain peaks corre-
sponding to relatively less abundant 1ons associated with a
variety of known biomarkers. When running a scan non-
selectively as shown with scan #264 mm FIG. 3A, the
resulting mass spectrum includes certain 1ons in relatively
orecat abundance that may not be necessarily of interest such
as those corresponding to the VASLR peak between m/z of
550 and 600. However when this 1on species can be ri-only
cjected by an 1on filter because 1t falls outside an a priori
determined elution retention time interval for a biomarker
and allowed to accumulate for a predetermined elution
retention time interval 1n accordance with the invention,
those desired 10ns which would otherwise be unnoticed can
be detected during a corresponding scan #264 in F1G. 3B as
illustrated to provide a tailored mass spectrum for a particu-
lar biomarker. The appropriate rf fields can be applied to the
ion filter such that the undesired 1ons are ejected. The
ejection of undesired 10ns 1s preferably caused by resonant
ri-only excitation. This resonant rf-only excitation may be
dipolar, quadrupolar, or parametric. Once the undesired 10ns
have been ejected, the desired 10ons can be then accumulated
in an 1on trap for subsequent analysis. The 1on trap is
preferably an 1on trap mass spectrometer or a Fourier
fransform 10on cyclotron mass spectrometer. Because of the
known disadvantages for searching an entire mass spectrum
for certain biomarkers of interest, this aspect of the invention
accomplishes filtering out of background or undesired 10ns
which may be present in large abundances except for certain
biomarker ions of interest which are known to elute at
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selected times within known a prior elution retention time
intervals. When elution times for a particular m/z 1on species
are already known, these desired 1ons can pass through an
ion trap for subsequent accumulation within a defined elu-
tion time window to confirm the presence of the biomark-
er(s). Elution times therefore provide an added piece of
information to enhance the sensitivity and assist in identi-
fying one or more desired 1ons from those not of interest.
Similarly, when running a scan non-selectively as shown
with scan #487 1n FIG. 3A, the HPYFYAPELLY YANK
peak between m/z of 750 and 1000 predominates the mass
spectrum. The 1llustrated close-up with greater resolution of
this mass spectrum for the m/z range between 944.5 and
94°7.5 reveals five additional peaks as shown. When this
relatively abundant 1on species i1s rf-only or otherwise
cjected by an 10n filter as described herein, other peaks are
revealed 1 a corresponding scan #487 1n F1G. 3B. The
invention thus provides selective data acquisition and 1on
accumulation during a priori elution retention time intervals
for only those 1ons of interest corresponding to a known
biomarker. Alternative embodiments of the invention pro-
vide methods and apparatus for a priort biomarker knowl-
cdge based mass filtering which result m tailored mass
spectrum as show 1n FIGS. 3A and B. For example, an 1on
frap mass analyzer and an 1on filter may be configured to
detect both undesired and desired 10n species during a first
or 1initial separation run. An 1on sample containing undesired
ion species and desired 1on species may be timed as they
clute from a separation device and 10onized by an 1onization
source. The 1onization source may be followed by an 10n
filter that mmitially allows all 1on species to pass which
permits broadband data acquisition for all species. The
clution times for the undesired 10n species and the desired
ion species are both measured. However the elution times
for the one or more selected 10ns of 1nterest associated with
a biomarker are measured to define the temporal limits of an
clution retention time interval. Those 1ons falling outside
these a prior1 time intervals are filtered out by the 1on filter
which may be enabled to eject undesired 10on species falling
outside at least one a prior1 retention time interval corre-
sponding to only desired 10n species during later separation
runs. Only those desired 1ons of interest are allowed to
accumulate within a downstream intermediate 1on trap or 10n
trap analyzer. Accordingly, such selective data acquisition
and 1on accumulation can provide an enhanced biomarker
mass spectrum for a selected biomarker pattern with
notched-out portions related to 1ons that are not of interest.

10026] The flowchart shown in FIG. 4 illustrates another
embodiment of invention and various methodologies pro-
vided 1n accordance with the invention for enhanced biom-
arker detection. During an 1nitial separation run or pre-scan
for selected biomarkers, elution retention time intervals may
be determined by detecting and measuring when desired
biomarker 1on species for one or more selected biomarkers
begin to elute from a separation device. The data from this
separation run may be determined for another separation run
to be conducted immediately therecafter, or stored in a
computer database 1n accordance with another aspect of the
invention or otherwise retained for later use during separa-
tion runs to be completed sometime in the future. These a
priori elution retention time 1ntervals may include a single or
multiple periods of time typically ranging 50 ms to 500 ms
or greater which correspond to one or more selected group
of biomarker 1ons.
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[0027] Upon the determination of elution times for
selected 10n species which correspond to a selected a priori
known biomarker beforehand, a separation run may be
conducted as described elsewhere herein to elute a sample

solution 1nto an 1onization device such as an ESI microflu-
idic chip. For example, the elution times for various ion
species are checked and measured during a continuous flow
separation. These 10n species include both desired biomar-
ker 1ons along with those undesired 10on species that are
typically present in great abundance. When the measured
clution time falls within an a prior1 elution retention time
interval corresponding to the selected biomarker(s), only
those desired 1ons during this period of time are passed
through the 1on filter and 10n trap. Upon detection, selective
data acquisition 1s achieved for only those biomarker 10ons
that elute during a relatively short and defined period of
time. This time period 1n which desired 10ons are eluted can
range up to and around approximately 50 ms. Various types
of mass analyzers may be selected with the invention
including time-of-flight (TOF) mass analyzers wherein ion
trapping 1s not performed preferably during this initial
separation run or pre-scan. Meanwhile, for 1ons that elute at
other times falling outside the time window associated with
the predetermined biomarker pattern, broadband data acqui-
sition 1s achieved for all 1ons eluted during a relatively
longer and defined period of time. The period of time for
broadband data acquisition may extend up to and over 500
ms with mass analyzer devices such as TOF analyzers.
Again no 1on trapping 1s performed during this initial
pre-scan. During a subsequent mass spectrum acquisition,
only those desired biomarker 1ons known to elute during a
prior1 elution time 1ntervals can be accumulated selectively
for a predetermined period of time 1nside an external ri-only
1on trap, or alternatively, within the 10n trap portion of an 1on
trap mass analyzer. This period of time for selective accu-
mulation may be determined based on biomarker signal
intensity for desired 1ons obtained from the previous acqui-
sition. The accumulation time for these desired biomarker
ions should preferably not exceed the elution time window
determined for the selected corresponding biomarker. It
shall be further noted that the ions identified for ejection
during subsequent separation runs following a pre-scan will
typically be the most highly abundant species. The ejection
of these species often times produce the most additional
capacity for further accumulation in the 1on trap for desired
ions. However, 1t may not always be the case that 1ons are
selected for ejection based purely on theiwr abundance. In
certain applications, 1ons are selected simply because they
are not of interest to the desired analysis, even though they
are not the most abundant. The present invention should thus
be broadly construed to mclude any application where 1ons
are selectively ejected by the 1on filter using rf excitation or
similar methods to make room for further accumulation.

[10028] FIG. 35 illustrates an elution retention time table
provided 1n accordance with another aspect of the invention.
The elution retention times corresponding to various biom-
arkers can be compiled 1n a database comprising a plurality
of data sets for each biomarker (biomarker 1-4 or greater),
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wherein each data set includes a corresponding mass spec-
trum filter pattern (A-C or greater). Each dataset may
include more than one biomarker (1,2) as illustrated. The
elution times (t;-t; or greater) for selected biomarker ions
can be determined ahead of time and included within the
datasets for each biomarker. This elution time/mass spectral
computer database may be generated ahead of time during
an 1nitial 1on separation run for particular biomarkers. The
data may include predetermined elution times and time
windows or intervals derived from standardized conditions
for desired m/z proteins which provide certain biomarker
patterns. The standardization of elution conditions can mini-
mize or avold large variations in elution times since similar
operating parameters are be selected. Variations in elution
times and intervals could otherwise occur and are attribut-
able to numerous factors such as variations 1n CE tempera-
ture and electroosmotic flow. In order to define a priori
clution retention time intervals or windows corresponding to
desired biomarker 1on species, a pre-scan or initial separa-
fion run may be conducted to identify and measure the
clution times and ranges for desired 1on species. During this
per1od of time, desired 10n species pass through the 10n filter
into an 1on trap as described herein. Each retention time
window may be defined and begin around the time a first
known desired 10n species 1s known to elute from a sepa-
ration device. The respective time windows can also termi-
nate or end at a time at which desired 10n species corre-
sponding to a biomarker pattern no longer elute from the
separation device. During an 1nitial separation run, undes-
ired 1on species are 1dentified and their respective elution
times are measured too and pass through the 1on filter and
ion trap. Following detection of all 1on species in either the
1on trap itself or a separate mass analyzer, a complete mass
spectrum 1s provided. When selected portions of the mass
spectrum corresponding to undesired 10n species are 1den-
tified which can be notched-out, a mass spectrum f{ilter
pattern may be constructed to filter out undesired 10n species
thus allowing only desired biomarker 1ons to pass through
the 10n filter during a subsequent separation run. Only those
1ons corresponding to selected elutions times for a particular
biomarkers falling within the selected a priori elution reten-
tion time windows are allowed through the 1on filter and
subsequently detected. An enhanced biomarker mass spec-
trum pattern may be thus provided which excludes or has
notched-out portions of the mass spectrum corresponding to
ions other than desired biomarker 1ons of interest. It shall be
understood that the elution time/mass spectral database can
be alternatively constructed and searched to 1dentily certain
biomarker 1ons of interest according to their characteristic
clution times. These 10ns can be 1dentified based on speciiic
fimes 1n which they are known to elute within pre-defined
clution time windows.

10029] While the invention has been described with ref-
erence to the aforementioned specification, the descriptions
and 1llustrations of the preferable embodiments herein are
not meant to be construed in a limiting sense. It shall be
understood that all aspects of the invention are not limited to
the specific depictions, configurations or relative proportions
set forth herein which depend upon a variety of conditions
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and variables. Various modifications in form and detail of
the embodiments of the invention will be apparent to a
person skilled in the art upon reference to the present
disclosure. It 1s therefore contemplated that the appended
claims shall also cover any such modifications, variations
and equivalents.

1. A method of enhanced biomarker detection using data
directed mass filtering comprising the steps of:

selecting a mass analyzer and an 1on {ilter;

introducing a first separation run of 1ons from a separation
device and 1omization source into the ion filter and

followed by the mass analyzer which includes a detec-
tor;

measuring mass to charge (m/z) values for a mass spec-
trum corresponding to desired 1on species and undes-
ired 10n species contained 1n the first separation run of
101S;

measuring elution times for 1ons of interest within the first
separation run ecluted from the separation device to
determine a priori retention time intervals for 1ons of

interest;

introducing a second separation run of 1ons through the
separation device and into the 1on filter;

measuring elution times for the second separation run of
1ons to determine whether they fall within at least one
a priorl determined retention time interval for 1ons of
interest so only 10ons of interest are filtered and passed
from the 1on filter to notch out portions of the mass
spectrum corresponding to undesired 1ons; and

wherein measured intensities of the 1ons of iterest fall
within a predetermined dynamic range.

2. The method as recited 1n claim 1, wherein filtering by
the 1on {filter 1s disabled during the second separation run
when elution times do not fall within at least one a priori
retention time 1nterval for 1ons of interest determined during
the first separation run.

3. The method as recited in claim 1, wherein the mass
analyzer includes an 1on trap and a automatic gain control
(AGC) circuit, wherein the desired ions are accumulated in
the 1on trap, and wherein the accumulation 1s selectively
accomplished with AGC to maintain the intensities of the
ions of interest within a predetermined dynamic range.

4. The method as recited 1n claim 1, wherein the 1on filter
1s a quadrupole linear 10n filter.

5. A method of enhanced biomarker detection using data
directed mass filtering comprising the steps of:

selecting an 1on {ilter configured 1 a predetermined
arrangement followed by a mass analyzer which
includes a detector;

introducing a first separation run of 1ons from a separation
device and 1oni1zation source 1nto the 1on filter followed
by the mass analyzer for detection of at least a portion
of the first separation run of ions;

measuring mass to charge (m/z) values for a mass spec-
trum corresponding to desired 1on species and undes-
ired 1on species contained in the first separation run of
101S;
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measuring elution times for 1ons of 1nterest within the first
separation run ecluted from the separation device to
determine a priori determined retention time interval
for 1ons of interest;

introducing a second separation run of ions through the
separation device and into the 1on filter; and

measuring elution times for the second separation run of
1ons to determine whether they fall within at least one
a prior1 determined retention time interval for only 1ons
of interest so only 1ons of interest are filtered and
passed from the 1on filter followed by the mass analyzer
which provides notching out of portions of the mass
spectrum corresponding to undesired 1on species, and

wherein the detector 1n an acquisition system operates
within a predetermined dynamic range in the presence
of variable intensities of the 10ns of interest.

6. The method as recited 1n claim 5, wherein the mass
analyzer includes an 1on trap and a automatic gain control
(AGC) circuit, wherein accumulation of the ions of interest
in the 1on trap 1n the second separation run of 1ons 1s
selectively accomplished with AGC for a predetermined
period of time that 1s dertved at least in part by measuring,
intensities of the 1ons of interest from the first separation run
of 10ons, wherein the predetermined period of time does not
exceed the selected a priori retention time interval for 10ns
of interest.

7. The method as recited 1n claim 6, wherein no accumu-
lation of any 1ons within the second separation run 1is
performed when elution times for the second separation run
do not fall within at least one a priori determined retention
time 1nterval for the 1ons of interest to provide broadband
acquisition of 1ons from the second separation run.

8. The method as recited in claim 5, wherein {iltering by
the 1on filter 1s disabled when elution times for the second
separation run do not fall within at least one a priori
determined retention time for 1ons of interest.
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9. The method as recited 1n claim 5, wherein both desired
and undesired 10ns are allowed to pass through the 10n filter
when elution times for the second separation run of 1ions do
not fall within at least one a priori determined retention time
for 10ns of interest.

10. The method as recited 1n claim 6, wherein a step of
externally accumulating the desired 1ons 1s selectively
accomplished with AGC to maintain a desired density of
lons within the 1on trap.

11. The method as recited 1n claim 5, wherein the mass
analyzer 1s a FIMS device.

12. The method as recited in claim 5, wherein the mass
analyzer 1s a TOF mass analyzer.

13. A method for a-prior1 biomarker knowledge based
mass {iltering comprising the following steps of:

selecting a mass analyzer which includes a detector and
an 1on filter;

cluting an 1on sample containing undesired 1on species
and desired 10n species from a separation device that 1s
ionized by an 1onization source followed by the 1on

filter;

measuring elution times for the undesired 10n species and
the desired 10n species from the separation device; and

filtering out undesired 1ons with the 10n filter by ejecting,
undesired 1on species which fall outside at least one a
prior1 retention time interval corresponding to only
desired 10on species to provide a tailored biomarker
mass spectrum for a predetermined biomarker pattern,

wherein after the elution of the desired 10on species from

the mass analyzer a detector range 1s capable of
enabling an acquisition of a single 10n species.

14. The method as recited in claim 13, wheremn the

taillored biomarker mass spectrum pattern excludes portions

corresponding to undesired 10n species that are notched-out.
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