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METHODS FOR CONTROLLED ADDUCT FORMATION IN MASS ANALYSIS

RELATED APPLICATIONS

[0001] The present patent application claims the priority benefit of U.S. Provisional Patent
Application Ser. No. 63/348,106, filed June 2, 2022, the content of which is hereby incorporated

by reference in its entirety into this disclosure.

BACKGROUND

[0002] Traditional mass analysis (e.g., mass spec, such as ESI, LC/MS) is often performedin
positive ionization mode, with results predominantly reported as protonated species ([M + xH]™).
However, other species can ionize and form adducts both as cationic species, such as metals (Group
1A and 2A (Na'", K, Li'*, Mg?*, Ca®"), transition metals, etc.) and as anionic species, (halides,
organic anions (OAc, gluconate, citrate, lactate, etc.)) and are more frequently being identified as
part of overall signals measured . The presence of such adduct species (e.g., alkali metal adducts)
1s usually attributed to low or trace amounts in the carrier/mobile phase(s) and common buffer
systems that include ions such as Na™ and K*, and such adduct species formation is typically not
controlled.

[0003] While the presence of alkali adducts in MS analysis has not yet been leveraged very
widely (e.g., adducts yield little to no MSMS information and are avoided in such analysis), high
resolution MS analysis applications more frequently account for the presence and signal attributable
to adduct species (e.g., alkali adducts) to provide better estimates of analyte concentration. Further,
recent complimentary applications such as Differential Mobility Spectrometry (DMS) and Electron
Capture Dissociation (ECD) have shown interesting results stemming from the presence of alkali
metal adducts, rather than protonated species. In DMS, for example, it has been shown that some
species of adducts can increase separation between ions. . And, in some ECD applications, selecting
alkali metal adduct species can provide a higher yield of radical fragments, similar to El-spectra.
Based on even these few results, there remains great potential to leverage and use adduct species
in mass analysis as a way to improve separation, selective detection, and additional obtain
additional complimentary analytical information.

[0004] Accordingly, there is a need for methods and systems that allow for the controlled, on-

demand generation of ionic adducts and, preferably, that can avoid system contamination.
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SUMMARY OF THE DISCLOSURE

[0005] In one aspect, the disclosure provides a method of performing mass analysis on a liquid
sample comprising: generating an adduct of an analyte in a sample wherein the generating
comprises adding a salt solution to the sample to form a diluted sample comprising the adduct of
the analyte.

[0006] In one aspect, the disclosure provides a method of performing liquid
chromatography/mass spec (LC/MS) comprising: generating an adduct of an analyte in asample
wherein the generating comprises adding a salt solution to the sample to form a diluted sample
comprising the adduct of the analyte.

[0007] In some embodiments of the above aspects, the method further comprises loading the
sample on a trap column, wherein the trap column is in fluid communication with a LC column. In
some further embodiments the method comprises adding the salt solution to the sample on the trap
column to generate the adduct.

[0008] In one aspect, the disclosure provides a method for generating an adduct of an analyte
in a sample for liquid chromatography mass (LC/MS) analysis comprising, contacting a trap column
with (1) a first volume comprising the sample, and (i1) a second volume comprising a salt solution,
wherein the contacting of the first volume and second volume forms the adduct of the analyte.
[0009] In one aspect, the disclosure provides a method of performing LC/MS analysis
comprising, generating an adduct of an analyte according to any one of the aspects and
embodiments disclosed herein; performing LC separation of the sample comprising the adduct of
an analyte; ionizing the sample comprising the adduct of an analyte; and detecting ions in the sample
comprising the adduct of an analyte, or fragments thereof.

[0010] In one aspect, the disclosure provides a method of performing LC/MS analysis
comprising, generating an adduct of an analyte according to any one of the aspects and
embodiments disclosed herein; performing LC separation of the sample comprising the adduct of
an analyte; 1onizing the sample comprising the adduct of an analyte; detecting ions in the sample
comprising the adduct of an analyte, or fragments thereof; acidifying the sample comprising the
adduct of any analyte and performing LC separation of the acidified sample that does not comprise
an adduct of an analyte; 1onizing the acidified sample; and detecting ions in the acidified sample,

or fragments thereof.

[0011] In embodiments of any of the aspects disclosed herein, the adduct of the analyte isan
1onic adduct. In some embodiments, ionic adduct is a cationic adduct. In some embodiments, the

1onic adduct 1s an anionic adduct. In some embodiments the salt solution and/or the 1onic adduct
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comprises an alkali metal, an alkaline metal, a transition metal, a halide, or an organic anion. In
some further embodiments of the aspects and embodiments disclosed herein, the concentration of
the salt solution is in a concentration that ranges from at least about 200 mM to up to about the
saturation limit of the salt in the particular solvent/solution.

[0012] In some embodiments the methods and systems can further comprise a Differential
Mobility Spectrometer (DMS) for 1on selection. In some embodiments the methods and systems
may further comprise Electron Capture Dissociation (ECD). In some embodiments, the methods
and systems may further comprise collision-induced dissociation (CID).

[0013] In some embodiments the methods and systems can further comprise a sample
handling system comprising a multi-well sample plate. In further embodiments, the sample
handling system can further comprise an autoinjector.

[0014] In some embodiments, the methods and systems include an LC column comprisingan
ion-exchange column, a normal-phase column, a reverse-phase column, a hydrophobic interaction
column, a size exclusion column, or an affinity column.

[0015] Other aspects and embodiments of the disclosure will be apparent in light of the

description and illustrative examples that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates a system suitable for generating one or more analyte adducts in
accordance with some example aspects and embodiments of the disclosure.

[0017] FIG. 2 illustrates another system suitable for generating one or more analyte adducts
in accordance with some example aspects and embodiments of the disclosure.

[0018] FIG. 3 illustrates another system suitable for generating one or more analyte adducts
in accordance with some example aspects and embodiments of the disclosure.

[0019] FIG. 4 illustrates another system suitable for generating one or more analyte adducts
in accordance with some example aspects and embodiments of the disclosure.

[0020] FIG. 5 illustrates another system suitable for generating one or more analyte adducts

in accordance with some example aspects and embodiments of the disclosure.

[0021] FIG. 6(A)-(C) illustrates chromatogram traces of an analyte mix prepared in
accordance with some example aspects and embodiments of the disclosure. (A) illustrates the
analyte mix prepared in 0.1 M formic acid (aqueous water solution); (B) illustrates theanalyte

mix prepared in 1 M NaOAc; and (C) illustrates the analyte mix prepared in 1 M KCI. Blue
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traces represent the TIC from ToF-MS analysis; the orange and pink traces represent XIC for
[M+Na]" and [M+K]" adduct forms, respectively.

[0022] FIG. 7 illustrates chromatogram traces of an analyte mix prepared in water (top
frame) and the same analyte mix prepared in 1 M LiCl, in accordance with some example
aspects and embodiments of the disclosure. XIC for Li adduct [M+Li]"™ demonstrates the

increase in adduct formation following contact with the LiCl salt solution.

DETAILED DESCRIPTION

[0023] The disclosure generally provides methods and systems for the controlled formation
of analyte adducts and for detection of one or more analyte adducts by mass analysis. As discussed
in more detail below, the disclosure provides for generation and mass detection of analytes in
protonated form, deprotonated form, and/or as 1onic adducts.

[0024] The methods and systems herein include and expand upon two basic techniques that
can generate 1onic adducts (e.g., alkali metal-adducts) in mass spec analysis (e.g., ESI analysis). For
example, the methods can comprise addition of a salt comprising an alkali metal to an LC mobile
phase solvent (e.g., FIG. 1), and/or addition of such salts following LC column separation (e.g.,
FIG. 2). These basic approaches generate adducts of analytes present in samples, but can require
adjustment of salt concentration or may require additional system features (e.g.,
mixers/microreactors). The methods and systems described herein further provide for additional
system flexibility and allow for easy switching between generating and detecting target analytes in
the protonated (or deprotonated) or adduct forms. This added flexibility provides for additional
utility in leveraging new information and techniques that are provided by analysis of analyte-

adducts.

[0025] In some of the aspects and embodiments of the disclosure samples can be contacted
with high-concentration salt solutions to generate ionic (e.g., metal) adducts that can be used to
improve ion separation (e.g., DMS separation) or to obtain alternate fragment ions (e.g., in ECD
cells). As demonstrated herein, injecting standards and/or samples prepared in high concentrations
(e.g., > 200 mM) of a selected salt solution, can reliably and reproducibly generate analyte adducts
(e.g., as alkali metal adducts) for a wide variety of analytes. The methods can shift sample
equilibriums from predominantly generating protonated ([M+H]") ions, to predominantly adduct
forms (e.g., [M+alkali]") for a high proportion of analytes. Further, when samples are injected

without addition of salt solution, or in acidified solution, the equilibrium can be shifted back to
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favoring the protonated form over any adduct form(s). Thus, the methods provided herein allow
for selective measurement and switching between protonated and adduct forms by controlling
concentration of salt (or pH) added to samples, allowing for flexibility on automated systems.
[0026] Thus, methods and systems described herein that further comprise EAD/ECD and
DMS can take advantage of the presence of adduct species to provide El-like MSMS spectra or to
improve separation of species, respectively. For example, typical ESI conditions allow for the
detection of protonated species are detected. The flexibility in the methods disclosed herein(e.g.,
toggling between production of protonated species or, e.g., alkylated adducts) enhance the utility
and applicability of EAD/ECD and/or DMS.

[0027] As disclosed and demonstrated below, contacting, mixing, and/or co-injection of
high-concentration of salt solution with sample comprising one or more analytes can be
performed under conditions to increase and control the level of ionic adduct formation. The
methods can be performed directly as part of application/injection of sample solution to an LC
system, or via a trap column where salt solution and sample solution may be combined.

[0028] As used herein, the "total ion current chromatogram” ("TIC") represents the summed
signal intensity across the entire detected mass range versus time. The mass range can vary widely
but 15 typically about several hundred mass-to-charge (1v/z) units or more. In complex samples,
the TIC chromatogram often provides limited information as multiple analytes elute
simultaneously, obscuring individual species.

[0029] An "extracted-1on chromatogram” ("XIC", or alternatively EIC), as referred to herein,
depicts one or more my/z values representing one or more analytes of interest that are recovered
{'extracted’) from the entire data set for a chromatographic run. The total intensity or base peak
intensity within a mass tolerance window around a particular m/z 1s plotted at every pomnt in the
analysis. The size of the mass tolerance window typically depends on the mass accuracy and mass

resolution of the instrument collecting the data.

[0030] FIG. 1 depicts an embodiment of the general systems and methods that fall within the scope
of the disclosure. As shown in FIG. 1, an LC system comprises one or more reservoirs for the
solvent(s) to be used with the LC separation (e.g., mobile phase solution and gradient solution), a
pump, a sample handling platform, a chromatography column, and a mass spec system. In this
embodiment, one of the solvents used in the LC separation, typically the mobile phase, further
comprises an amount of salt, forming a salt solution. The sample is loaded onto the LC column for

species separation and analysis on the mass spec system. This embodiment allows for direct
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control of the salt concentration throughout the LC system over the course of the separation, and
allows for detection of salt-derived adduct species. After the separations and detection of adduct
species, the system may be used to detect protonated species, which can comprise flushing the
system with solvent that does not comprise salt, prior to loading the sample onto the LC column
for separation and analysis.

[0031] FIG. 2 depicts another embodiment of the general systems and methods that fall within
the scope of the disclosure. As shown in FIG. 2, an LC system comprises one or more reservoirs
for the solvent(s) to be used with the LC separation, a pump, a sample handling platform, a
chromatography column, a salt solution and salt solution delivery system, and amass spec system.
In this embodiment, the sample is loaded onto the LC column for species separation. As the species
elute from the column, a salt solution is added directly to the column eluate under conditions that
allow formation of one or more adduct species. Suitably, the salt solution can be added to the
column eluate in a device or a junction that is in fluidic communication with the LC system and a
reservoir containing salt solution. Non-limiting examples of such a device (or junction) can include
a reactor or a mixer, such as T mixers or microreactors of any geometry (e.g., arrow mixers) and
cross-sectional dimension, and that may utilize active or passive modes of mixing and flow. In this
embodiment, the salt solution may be added using an auto-injector or a pump that can adjust the
amount, concentration, and/or flow rate of the salt solution that is added to the column eluate.
[0032] The column eluate comprising any adduct species is then analyzed on the mass spec
system. This embodiment allows for direct application of salt to column eluate/fractions for each
individual separation, which can help limit overall system exposure to high salt solutions. The
embodiment by direct application of salt solution to the column eluate, also allows the option to

alternate between mass detection of salt-derived adduct species and protonated species.

[0033] FIG. 3 depicts another embodiment of the general systems and methods that fall within
the scope of the disclosure. As shown in FIG. 3, an LC system comprises one or more reservoirs
for the solvent(s) to be used with the LC separation, a pump, a sample handling platform, a
chromatography column, and a mass spec system. In this embodiment, a salt solution is added
directly to one or more of the samples in the sample handling platform to form one or more adduct
species, which may be a preparative step for the sample. The sample is then loaded onto the LC
column for species separation and analysis on the mass spec system. This embodiment allows for
direct control of the salt concentration at the individual sample level, which can help limit overall

system exposure to high salt solutions. The embodiment also allows the option to alternate between
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mass detection of salt-derived adduct species and protonated species.

[0034] FIG. 4 depicts another embodiment of the general systems and methods that fall within
the scope of the disclosure. As shown in FIG. 4, an LC system comprises one or more reservoirs for
the solvent(s) to be used with the LC separation, a reservoir or reservoirs for a salt solution, a pump,
a sample handling platform, a chromatography column, and a mass spec system. In this
embodiment, salt solution from the reservoir is added as a paired injection (e.g.,a second injection)
with the sample onto the column to form one or more adduct species. The paired injection of salt
solution is made prior to the application of any elution gradient to the column. In this embodiment,
the injection can be made as a dual injection (i.e., of sample and salt solution), providing an option
for a single trigger for the start of the LC gradient (e.g., application of eluent solution) and start of
the MS analysis. This embodiment allows for direct control of the salt concentration at the
individual sample level and allows for mass detection of salt-derived adduct species and protonated
species.

[0035] FIG. 5 depicts another embodiment of the general systems and methods that fall within
the scope of the disclosure. As shown in FIG. 5, an LC system comprises one or more reservoirs
for the solvent(s) to be used with the LC separation, a pump, a sample handling platform, a trap
column, a chromatography column, and a mass spec system. In this embodiment, a salt solution is
added directly to one or more of the samples in the sample handling platform to form one or more
adduct species. Prior to LC analysis, the samples comprising the salt solution and adduct species
are injected on a TRAP column that is in liquid communication with the system, e.g., using a
column-switching set up such as a diverter valve. The sample is then loaded onto the LC column
for species separation and analysis on the MS. This embodiment allows for direct control of the salt
concentration at the individual sample level, which can help limit overall system exposure to high
salt solutions. The embodiment also provides the option to alternate between mass detection of salt-
derived adduct species and protonated species.

[0036] The methods can provide for contacting one or more samples - which may be
unprocessed, raw, or crude samples, or may be samples that are pre-processed through one or more
preparative steps - with a salt solution under conditions effective to form one or more adduct species
with one or more sample components (e.g., analyte(s)). In embodiments, a sample is contacted with
a salt solution having a known amount of salt under conditions to form a solution comprising an
adduct. The salt solution may comprise an amount of an ionic salt that, in solution, dissociates to
cations (e.g., alkali, alkaline, or transition metal ions) and anions (e.g., halides, hydroxides, organic

anions, etc.). In some particular embodiments, the cation in the salt solution comprises a Group 1A
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metal ion (e.g., Li+, Na+, K+, etc.) or a Group 2A metal ion (Mg2+, Ca2+, Sr2+, etc.). In some
other particular embodiments, the anion in the salt solution comprises a halide (e.g., F-, Cl-, I-, Br-
, etc.) or an organic anion such as, for example, acetate, lactate, gluconate, citrate, etc. The salt
solutions can be provided at various concentrations, typically from at least about 200 mM to about
the saturation limit of the salt in the particular solvent. In some embodiments, the concentration
may range from about 200 mM to about 4 M (e.g., 200 mM, 250 mM, 300 mM, 350 mM, 400 mM,
450 mM, 500 mM, 550 mM, 600 mM, 650 mM, 700 mM, 750 mM, 800 mM, 850 mM, 900 mM,
950 mM, 1M, 1.25M, 1.5M, 1.75M, 2 M, 2.25M, 2.5 M, 275 M, 3 M, 3.25M, 3.5 M, 3.75 M,
or about 4.0 M).

[0037] In embodiments in accordance with the above aspects, the disclosure comprises liquid
chromatography (e.g., separation media in a column) with mass analysis of a sample (e.g., analyte
adducts). The column can comprise any media generally known and available in the art such as, for
example, media comprising resins, beads, or other micro or nano-structures that comprise ceramics,
glasses, metals, and/or polymers, and that have functional groups or moieties that can interact with
one or more target analytes that may be present in a sample. The column media can be selected
based on a physical property that can distinguish and separate one or more components present in
asample (e.g., binds a target analyte(s) and does not bind sample matrix/buffer), based on molecular
size, shape, charge, or hydrophobicity, or based on binding affinity to e.g., an antibody, a small
molecule, or a macromolecule. In some embodiments, the column can comprise an ion exchange
column (e.g., amine and/or carboxylate functional groups), a chelating column, a hydrophobic
column (e.g., HI.C.), an affinity column (e.g., immunoaffinity), a carbohydrate column, or a size
exclusion column, and the like.

[0038] In some embodiments one or a plurality of solvent reservoirs are prepared each
comprising a mobile phase and/or an eluent solution having a concentration of eluent that can be
applied to the system in adjustable eluent concentrations (e.g., increasing or decreasing eluent
concentration gradients). In some embodiments, the methods may comprise applying a gradient of
eluent to the LC/column to separate one or more species (e.g., adducts, protonated, etc. species)
present in sample after it is applied to the column. Some embodiments can comprise addition of
salt solution to one of the solvent reservoirs. Some other embodiments can comprise addition of
salt solution to the sample prior to, or after its application to the LC system (i.e., prior to or after
application to the column).

[0039] The eluent in the eluent solution (or gradient buffer(s)) can comprise any molecule, or

composition comprising a molecule or molecules, as a solvent or solution that, when applied to a
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column/LC system, can bind (e.g., competitively bind) to the column media and elute or displace
one or more components from the sample solution that are bound to the media, thereby making the
eluted or displaced component(s) in the eluent volume available for detection/analysis. In some
non-limiting embodiments, the eluent comprises one or more organic molecules/solvents, a non-
ionic solution, an ionic (salt) solution (e.g., high concentration/high ionic strength solution), a low
pH buffer solution (e.g., pH 2-6), a high pH buffer solution (e.g., pH 8-12), one or more affinity
partners including for example, immunoglobulins, specific binding partners (e.g., antigen/antibody,
enzyme/substrate, receptor/ligand, biotin/avidin, protein/nucleic acid, aptamers, fusion protein
partners (eg., HIS-tags/Ni-agarose, glutathione), etc.), carbohydrates (eg.,
lectins/polysaccharides), and the like. In embodiments, the eluent can comprise a higher binding
affinity (e.g., binding constant) for the separation media than the one or more components (target

analyte(s)/analyte-adducts) in the sample.

[0040] In accordance with embodiments disclosed herein, the methods comprise the analysis
of volumes of LC fractions (e.g., gradient/eluent solutions) that are analyzed and sampled over any
range of eluent solution concentrations. The analysis can comprise removing a volume(e.g., ejecting
the volume, injecting the volume, withdrawing the volume) from the LC separation and delivering
it to a sampling interface. In some embodiments, the volume may be injected or ejected using, for
example, an autosampler/injector, manual injection, a microinjector, a nanoinjector, an inkjet printer
nozzle, a low pressure pump (e.g., peristaltic pump), or an acoustic droplet ejector (ADE) and the
volume may be captured by any known sample receiving interface, for example, an open port

interface (OPI) or an acoustic mist 10onization interface.

[0041] In some embodiments, the methods and systems incorporate a trap column (as depicted
in, e.g., FIG. 5). In such embodiments, any trap column that is known and available in the art can
be incorporated into any of the methods and systems described herein, including as depicted in,
e.g., FIGs. 1-4. Trap columns typically comprise short columns and contain high- capacity,
typically low-efficiency, resing {eg., ion-exchange resin) Trap columns can, among other
functional features, concentrate samples, purify samples, act as specialized polisher columns,
provide for formation of adducts, and provide for normalized sample retentiontimes. Trap columns
can be mcorporated at various locations within the systems, including between the sampler and
imjector, between the iyector and LC column, and between the LC column and MS system. Thus,
trap columns can be employed to facilitate and provide one or more features that may be desirable

in the performance of adduct formation and detection. For example, and among other features, a
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trap column can provide: (i) a region in which adduct formation is performed (e.g., via mixing of
sample and salt solution), and/or (i1) better reproducibility in terms of analyte retention time (RT),
particularly when toggling between detecting protonated (e.g., acidified) and adduct-forms. These
features can enhance aspects of the methods including, for example, allowing for consistent and
reproducible RTs, which can provide additional confirmation criteria during analysis and avoids
the need to perform additional RT alignment/correlations during analysis.

[0042] The methods and systems in accordance with the disclosure are operable with ion
sources and/or mass spectrometers in both positive and negative ionization modes. As is known in
the art, in positive mode, profonated and/or cationic adduct {e.g., alkali and alkaline} analyie
molecules are generally observed in the mass spectra, while in the negative mode deprotonated

and/or anionic adduct (e.g., halide, organic anion) analyte molecules can be observed.

[0043] In some embodiments, the methods can include Differential ion Mobility Spectrometry
(DMS), which may also be referred to as Field Asymmetric Waveform Ion Mobility Spectrometry
(FAIMS) or Field Ion Spectrometry (FIS). DMS typically performs gas- phase ion sample separation
and analysis by continuously transmitting ions-of-interest while filtering out unwanted/non-selected
species. In accordance with the example aspects and embodiments of the disclosure, a DMS can be
interfaced with a mass spectrometer (e.g., LC/MS) to take advantage of the atmospheric pressure,
gas-phase, and continuous ion separation capabilities of the DMS and the detection accuracy of the
MS. The combination of a DMS with an MS can enhance numerous areas of complex sample
analysis, including proteomics, peptide/protein conformation, pharmacokinetics, and metabolic
processes. In addition to pharmaceutical and biotech applications, DMS-based analyzers have been
used for trace level explosives detection and petroleum monitoring.

[0044] A DMS separates and analyzes ions based on the mobility characteristics of the ions
rather than based on the mass-to-charge ratio as in MS. Specifically in DMS, ions within a drift gas
can be continuously sampled, between two parallel electrodes that generate an asymmetric electric
field (S or separation field) therebetween that tends to move the 10ons in a direction perpendicular to
the direction of the drift gas flow (i.e., toward the electrodes). The asymmetric field (S) can be
generated by applying an electrical signal(s) (e.g., RF voltages) to one or moreof the electrodes so
as to generate an asymmetric waveform, the amplitude of which is referred to as the SV (separation
voltage). Typically, the DMS is in fluid communication with a mass spectrometer in any variety of
configurations that are generally known and described in the art (see, e.g., US Patent 8,084,736,
US2019/0113478 and US2019/0086363 all of which are incorporated herein by reference).
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Suitably, the DMS is configured to resolve ions (e.g., ionized isobaric species) based on their
mobility through a fixed or variable electric field. As such, the DMS can comprise any ion mobility
device configured to separate ions based on their mobility through a carrier or drift gas, including
by way of non-limiting example, an ion mobility spectrometer, a drift-time ion mobility
spectrometer, a traveling-wave ion mobility spectrometer, a differential mobility spectrometer, and
a high-field asymmetric waveform ion mobility spectrometer (FAIMS) of various geometries such
as parallel plate, curved electrode, spherical electrode, micromachined FAIMS, or cylindrical

FAIMS device, among others.

[0045] In addition to mass analysis by MS, the analysis used in accordance with the

aspects and embodiments described herein may comprise any one or more known technique

that may be useful in identifying, detecting, characterizing, and/or quantifying the components

that are present in a sample including, for example, ionic adducts. In some embodiments the

analysis may comprise one or more spectrometers, spectrophotometers, spectrographs, or

spectral analyzers, and include one or more technique(s) comprising UV-Vis, IR, near-IR,

Raman, fluorescence, absorption spectroscopy (e.g., atomic absorption), emission

spectroscopy (e.g., ICP-AES), EPR, and NMR.

[0046] The examples that follow illustrate some example embodiments of the aspects and
embodiments described herein, and should not be construed as limiting to the scope of the

disclosure or the appended claims.

Examples
[0047] Example la: Formation and detection of alkali adducts.

[0048] Using an experimental setup as generally depicted by FIG. 5, a sample comprising an
array of target analytes (e.g., a mixture of over 200 analytes representing a wide chemical diversity
including: pesticides, peptides, pharmaceutical compounds (APIs) and drugs of abuse) was
prepared in an aqueous solution of formic acid (0.1% formic acid in water). The diluted sample is
injected into the Trap column and the species are subsequently separated on a C18 column. The
species as detected by ESI/MS in the positive mode are detected as the protonated form ([M+H]")
with little to no detection of any alkali adduct species. FIG. 6(A) depicts the TIC from ToF-MS data
(blue, indicated by arrow) as a function of time. FIG. 6(A) also depicts the extracted ion
chromatogram (XIC) traces for the [M+Na]™ and [M+K]" adducts colored in orange and pink

(respectively), also indicated by arrows.
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[0049] The same analyte sample is prepared in two salt solutions, one in 1M sodium acetate
(NaOACc) and the other in 1M potassium chloride (KCl). As separate column separations, each of
the prepared samples are injected into the Trap column and the species are subsequently separated
on the C18 column. The species are detected by ESI/MS in the positive mode for each of the
samples and demonstrate that the samples include an increased amount of alkali-adduct species.
FIG. 6(B) depicts the TIC from the ToF-MS data (colored blue and indicated by an arrow) as well
as the XIC trace for the detected sodium adducts ([M+Na]+ colored orange, indicated by an arrow).
Comparing the XIC for the [M+Na]+ adducts between FIG. 6(A) and 6(B), the total number of
[M+Na]+ species increased from 2 to 54. FIG. 6(C) depicts the TIC from the ToF-MS data (colored
blue and indicated by an arrow) as well as the XIC trace for the detected potassium adducts
([M+K]+ colored pink, indicated by an arrow). Comparing the XIC for the [M+K]+ adducts
between FIG. 6(A) and 6(C), the total number of [M+K]+ species increased from 1 to 37.

[0050] The same experimental procedure is performed using a third salt solution, 1 M lithium
chloride (LiCl). As illustrated in FIG. 7, the top panel illustrates the species detected in the aqueous
sample (low/no salt), and the bottom panel illustrates the species detected in the sample containing
LiCl. Each panel in FIG. 7 depicts the XIC, and when the results from the aqueous sample are
adjusted to remove signal associated with isotopic overlap (three false positives), a single [M+Li]"
adduct is detected. Similar to the results obtained for the Na and K salt solutions, an analysis of
the XIC for the IM LiCl sample shows that as many as 37 [M+Li]" adducts were generated and
detectable.

[0051] Following the examples noted above, injection of acidified solution (following the
salt-containing solution), increased the detection of species in protonated form (similar to Fig 6
(A)). This demonstrates that the method allows for switching between a desired mode of detection
(IM+H]" or [M+alkali]”") which can be used to take advantage of other analytical tools such as, for
example, DMS or ECD which can provide additional selectivity and/or obtain orthogonal
fragmentation information, respectively.

[0052] Example 1b: Formation and detection of alkaline (Group Ila) adducts.

[0053] Using an experimental setup as described in Example 1a, the same analyte sample is
prepared as an aqueous solution, and is injected onto the Trap column and the species are
subsequently separated on a C18 column. It is expected that the detected species (e.g., by ESI/MS
in the positive mode) are detected as the protonated form ([M+H]") with little to no detection of

any alkaline adduct species.
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[0054] The same analyte sample is prepared in two salt solutions, one as a high concentration
magnesium salt (e.g., ~ 1M Mg(OAc), MgClz, MgS04) and the other as a high concentration
calcium salt (e.g., Ca(OAc), Ca(lactate)2, Ca(citrate)2, Ca(gluconate): ). As separate column
separations, each of the prepared samples are injected into the Trap column and the species are
subsequently separated on the C18 column. The species are detected by ESI/MS in the positive
mode for each of the samples and are expected to show an increased amount of detectable alkaline-
adduct species, relative to the aqueous sample.

[0055] Example 1c: Formation and detection of adducts in negative mode ionization.

[0056] Using an experimental setup as described in Example 1a, the same analyte sample is
prepared as an aqueous solution, and is injected onto the Trap column and the species are
subsequently separated on a C18 column. In this example, however, the detection of species is
performed in negative ionization mode (e.g., by ESI/MS in the negative mode) and areexpected
to be detected as the de-protonated form ([M-H]") with little to no detection of any adduct species,
formed with the negatively charge salt ion.

[0057] The same analyte sample 1s prepared in two salt solutions, one as a high concentration
sodium acetate (e.g., ~ 1M Na(OAc)) and the other as a high concentration potassium chloride (e.g.,
(e.g., ~ IM KCl). As separate column separations, each of the prepared samples are injected into
the Trap column and the species are subsequently separated on the C18 column.

[0058] The species are detected by ESI/MS in the negative mode for each of the samples

and are expected to show an increased amount of detectable adduct species, as the acetate

and the chloride adducts, relative to the aqueous sample.

[0059] Further description is included in Appendix A.
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APPENDIX A

verview

Enhancing signal response of the alkall metal adducts vs protonated ana-
logues

- Conirol of the sample matrix for reproducitle adduct formation
= Elaciron Caplure Dissociation (ECD) of the alkali melal sbducts

- ombination of ECD and CID fragmentation for improved metabolite charac-
terisation/identification
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Adduct distribution with different alkali salt type
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Analyte responsa with different matrices
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Conclusions

The presance of salt in the sample does not affect the parformance of chiromatography, but the
analyte response is improved.

The relative response of [M+NMNal+ for two diastereoisomers, testosterone and epitesios-
ierone, increases with the size of the alkali cation. This parameter can polentiaily ba used
to distinguish isomers.

The addition of high salt concentralion in the sample buffers the malrix effect and allows
reproducible adduct formation.
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We Claim:

1. A method of performing mass analysis on a liquid sample comprising:
generating an adduct of an analyte in a sample, wherein generating comprises adding a salt solution

to the sample to form a diluted sample comprising the adduct of the analyte.

2. A method of performing liquid chromatography/mass spec (LC/MS) comprising:
generating an adduct of an analyte in a sample, wherein generating comprises adding

a salt solution to the sample to form a diluted sample comprising the adduct of the analyte.

3. The method according to any one of claims 1-2, wherein the adduct of the analyte isan

1onic adduct.

4. The method according to any one of claims 1-3, wherein the adduct of the analyte isa

metal adduct.

5. The method according any one of claims 1-4, further comprising loading the sample ona

trap column, wherein the trap column is in fluid communication with a LC column.

6. The method according to claim 5, wherein adding the salt solution to the sample is

performed on the trap column to generate the adduct.

7. A method for generating an adduct of an analyte in a sample for liquid chromatography
mass (LC/MS) analysis comprising, contacting a trap column with (1) a first volume comprising
the sample, and (i1) a second volume comprising a salt solution, whereinthe contacting of the first

volume and second volume forms the adduct of the analyte.

8. A method of performing LC/MS analysis comprising,
generating an adduct of an analyte according to one any of claims 1-7; performing LC

separation of the sample comprising the adduct of an analyte;
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ionizing the sample comprising the adduct of an analyte; and

detecting ions in the sample comprising the adduct of an analyte, or fragments thereof.

0. A method of performing LC/MS analysis comprising,

generating an adduct of an analyte according to any of claims 1-7; performing LC
separation of the sample comprising the adduct of an analyte; ionizing the sample
comprising the adduct of an analyte;

detecting ions in the sample comprising the adduct of an analyte, or fragments thereof;,

acidifying the sample comprising the adduct of any analyte and performing LC separation of the
acidified sample that does not comprise an adduct of an analyte;

ionizing the acidified sample; and

detecting ions in the acidified sample, or fragments thereof.

10. The method according to any one of claims 1-9, further comprising Differential ion

Mobility Separation (DMS).

11. The method according to any of claims 1-10, further comprising Electron Capture
Dissociation (ECD).
12. The method according to any of claims 1-11, wherein the salt solution comprises an

alkali metal, an alkaline metal, a transition metal, a halide, or an organic anion.

13. The method according to any of claims 1-12, wherein the salt solution comprises an

alkali (Group Ia) or alkaline (Group IIa) metal.

14. The method according to any of claims 1-13, wherein the concentration of the salt

solution is at least 200 mM.

15. The method according to any of claims 1-14, wherein the concentration of the salt

solution added to the sample is from about 500 mM to about its solvent saturation point.
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16. The method according to any one of claims 1-15, further comprising a multi-well sample
plate.
17. The method according to any one of claims 1-16, wherein the LC column comprises, an

ion-exchange column, a normal-phase column, a reverse-phase column, a hydrophobic interaction

column, a size exclusion column, and an affinity column.
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