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New X') to determine a unique charge state of the ions.



WO 2015/191993 PCT/US2015/035540

10

15

20

25

30

35

40

SYSTEM AND METHOD FOR ENHANCING CHARGE-STATE DETERMINATION IN
ELECTROSPRAY MASS SPECTROMETRY

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from and the benefit of United States provisional
patent application serial No. 62/011,665 filed on 13 June 2014. The entire contents of that
application are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to a method of mass spectrometry and a
mass spectrometer.

BACKGROUND

The accurate identification of product ion spectra (MS/MS) or precursor ion mass to
charge ratio (mass fingerprinting) is predicated on the ability of a de-isotoping algorithm to
correctly assign the charge state (z) of ions and determine the lowest mass peak Ao of an
isotopic distribution (also known as the monoisotopic mass).

Due to the lack of elemental variability in biomolecules (peptide, lipids, metabolites
etc.) the process of seeking to determine the charge state of the ions and determine the
lowest mass peak Ao of an isotopic distribution can be particularly problematic when
analysing either a simple or a complex biomolecule mixture since certain mass to charge
ratio values can exist at multiple charge states.

Furthermore, there can be both inter-digitated and overlapping ion clusters which
will cause significant problems for the de-isotoping algorithm to resolve.

It is desired to provide an improved method of mass spectrometry.

SUMMARY

According to an aspect there is provided a method of mass spectrometry
comprising:

ionising a sample and obtaining mass spectral data relating to a plurality of ion
detection events;

applying match tolerances for mass to charge ratio (m/z) and at least one of:
chromatographic retention time (t;); and ion mobility drift time (14), to the ion detection
events in order to determine possible charge state connections;

constructing a tentative isotope chain and querying ion detection events for a match
to the tentative isotope chain;

wherein once a tentative isotope chain has been constructed, the method further
comprises:
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determining a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

querying one or more lookup tables and returning one or more parameters (New X,
New X', A New X’) related to the fractional mass to charge ratio (fn;) and at least one of:
ion mobility drift time (ts); and nominal mass to charge ratio (Nm.); of the ion detection
events; and

using the one or more parameters (New X, New X', A New X’) to determine a
unique charge state of the ions.

In embodiments, the method may further comprise analysing and processing a
control sample prior to analysing the sample in order to validate instrument performance.
The method may further comprise analysing and processing a control sample prior to
analysing the sample in order to update a simulation model. The method may further
comprise removing chemical noise from the mass spectral data.

In embodiments, the method may further comprise parsing the ion detection events
into a first group comprising singly charged ions and a second group comprising multiply
charged ions. The method may further comprise sorting the ion detection events in the
second group by intensity or ion area. The method may further comprise sorting the ion
detection events in descending order of intensity or ion area up to a user or algorithmically
derived maximum ion count. The method may further comprise removing ion detection
events exceeding the maximum ion count. The method may further comprise sorting the
selected ion detection events by mass to charge ratio in ascending order.

In embodiments, the step of applying a tolerance for chromatographic retention time
(t)) may comprise setting a tolerance at a fraction or percentage of the chromatographic
retention time at the full width half maximum of a retention time peak. The step of applying
a tolerance for mass to charge ratio may comprise setting a tolerance at a fraction or
percentage of the mass to charge ratio at the full width half maximum of a mass to charge
ratio peak. The step of applying a tolerance for ion mobility drift time may comprise setting
a tolerance at a fraction or percentage of the ion mobility drift time at the full width half
maximum of an ion mobility peak. A possible charge state connection may be confirmed if
a companion ion is located having a mass to charge ratio and/or chromatographic retention
time and/or ion mobility drift time within the tolerances.

In embodiments, the step of constructing a tentative isotope chain may further
comprise initially selecting an ion detection event having the lowest mass to charge ratio
and the highest charge state. The method may further comprise querying remaining ion
detection events for a match within a mass to charge ratio tolerance. If a tentative isotope
chain cannot be constructed then an ion having the next highest mass to charge ratio may
be selected and remaining ion detection events may then be queried for a match within a
mass to charge ratio tolerance.

In embodiments, once a tentative isotope chain has been constructed then the first
ion in the isotope chain and having a charge state z may be assumed to correspond with
an A ion. The step of determining a corresponding theoretical molecular mass and a
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corresponding theoretical isotopic distribution may be made on the basis of the charge
state z and the mass to charge ratio of the Ag ion.

in embodiments, the method may further comprise comparing the number of ions
(L) in a tentative isotope chain to a predicted number of ions. If the number of ions (L) in
the tentative isotope chain is determined to be greater than or equal to the predicted
number of ions then the tentative isotope chain may be allowed to proceed for further
processing. If the number of ions (L) in the tentative isotope chain is determined to be less
than the predicted number of ions then the tentative isotope chain may be no longer
considered as representing a tentative isotope chain.

In embodiments, the step of querying the lookup table may further comprise limiting
the mass to charge ratio range to the full width half maximum of a mass to charge ratio
peak.

In embodiments, the method may further comprise transforming the fractional mass
to charge ratio (fmiz) and ion mobility drift time (t4) of ion detection events to determine a
first parameter (New X). The method may further comprise transforming the fractional
mass to charge ratio (fm;) and nominal mass to charge ratio (Nm/.) of ion detection events
to determine a second parameter (New X’). The method may further comprise determining
the difference (A New X') between the second parameter (New X’) and the first parameter
(New X). The one or more parameters may be calculated on-the-fly and/or may be
calculated during the generation of the one or more lookup tables.

In embodiments, the one or more lookup tables may be derived from a database of
bio-molecules or molecules of biological origin. The database may comprise simulated
proteomes, metabolomes or lipidomes.

In embodiments, the method may further comprise distributing the one or more
parameters amongst a plurality of mass or mass to charge ratio bins. The method may
comprise setting the width of the mass or mass to charge ratio bins based upon a minimum
number of representation ions for calculating charge state probabilities. The method may
comprise calculating a distribution of charge states and determining the probability of each
possible charge state.

In embodiments, if the use of one of the parameters is insufficient to determine a
unique charge state of the ions then the method may further comprise using another of the
parameters to determine a unique charge state of the ions. If a unique charge state for the
ions cannot be determined then the tentative isotope chain may be no longer considered to
represent a tentative isotope chain.

Once a unique charge state of the ions has been determined the method may
further comprise estimating a summed area for the complete isotope chain. The step of
estimating the summed area for the complete isotope chain comprises dividing the area of
the lowest mass to charge ratio ion having a unique charge state by its theoretical
abundance. If the ratio of a theoretical ion area to the area of an ion detection event is
within a desired tolerance then the tentative isotope chain may be considered to comprise
a valid isotope cluster. If the ratio of a theoretical ion area to the area of an ion detection
event is < 1 then the method may further comprise creating a virtual ion. If the ratio of a
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theoretical ion area to the area of an ion detection event is > 1 then the method may further
comprise recalculating the summed area.

The method according to an embodiment provides the ability to correctly de-
isotope, de-convolve and distribute (segment) the area of overlapping, inter-digitated
and/or composite ion spectra. The method according to an embodiment represents a
significant advance in the art in achieving both clarity (correct determination of mass to
charge ratio) and depth-of-coverage across the entire experimental dynamic range.

With respect to accurate quantification, the ability to correctly parse the area of two
ions having similar mass to charge ratios but different charge states or isotope number is
important to providing precise area counts for accurate quantification.

Conventional methods of ion detection (in contrast to embodiments) do not
accurately determine either on-the-fly or post-acquisition a unique charge state or possible
charge states of a single ion.

For ions with a measured mass to charge ratio capable of existing at multiple
charge states each charge state may be annotated with its probability.

In targeted analyses the ability to correctly predict the charge state z of an ion limits
precursor ion selection to only those isotopes having a unique charge state z. This ability
maximizes both the duty-cycle and selectivity of the employed workflow.

According to another aspect there is provided a mass spectrometer comprising:

an ion source for ionising a sample;

an ion detector system for obtaining mass spectral data relating to a plurality of ion
detection events; and

a control system arranged and adapted:

(i) to apply match tolerances for mass to charge ratio (m/z) and at least one of:
chromatographic retention time (t;); and ion mobility drift time (t4) to said ion detection
events in order to determine possible charge state connections;

(ii} to construct a tentative isotope chain and to query ion detection events for a
match to said tentative isotope chain;

wherein once a tentative isotope chain has been constructed, said control system is
further arranged and adapted:

(iii) to determine a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

(iv) to query one or more lookup tables and to return one or more parameters (New
X, New X', A New X) related to the fractional mass to charge ratio (fn;) and at least one of:
ion mobility drift time (t1); and nominal mass to charge ratio (Nw2) of said ion detection
events; and

(v) to use said one or more parameters (New X, New X', A New X’) to determine a
unique charge state of said ions.

According to another aspect there is provided a method of mass spectrometry
comprising:

ionising a sample and obtaining mass spectral data relating to a plurality of ion
detection events;
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applying match tolerances for chromatographic retention time (t), mass to charge
ratio (m/z) and optionally ion mobility drift time (ts) to said ion detection events in order to
determine possible charge state connections;

constructing a tentative isotope chain and querying ion detection events for a match
to said tentative isotope chain;

wherein once a tentative isotope chain has been constructed, said method further
comprises:

determining a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

querying one or more lookup tables and returning one or more parameters (New X,
New X', A New X’) related to the fractional mass to charge (fn) and/or ion mobility drift
time (ty) and/or nominal mass to charge ratio (N, of said ion detection events; and

using said one or more parameters (New X, New X', A New X'} to determine a
unique charge state of said ions.

According to another aspect there is provided a mass spectrometer comprising:

an ion source for ionising a sample;

an ion detector system for obtaining mass spectral data relating to a piurality of ion
detection events; and

a control system arranged and adapted:

(i) to apply match tolerances for chromatographic retention time (t;), mass to charge
ratio (m/z) and optionally ion mobility drift time (14) to said ion detection events in order to
determine possible charge state connections;

(ii) to construct a tentative isotope chain and to query ion detection events for a
match to said tentative isotope chain;

wherein once a tentative isotope chain has been constructed, said control system is
further arranged and adapted:

(iii) to determine a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

(iv) to query one or more lookup tables and to return one or more parameters (New
X, New X', A New X’) related to the fractional mass to charge (fn.) and/or ion mobility drift
time (ts) and/or nominal mass to charge ratio (Nm;) of said ion detection events; and

(v) to use said one or more parameters (New X, New X', A New X’) to determine a
unique charge state of said ions.

According to another aspect there is provided a method of mass spectrometry
comprising:

ionising a sample and obtaining mass spectral data relating to a plurality of ion
detection events;

applying match tolerances for chromatographic retention time (t;), mass to charge
ratio (m/z) and optionally ion mobility drift time (1) to the ion detection events in order to
query the complete plurality of ion detections for charge state or z-connections, wherein a
charge state or z-connection relates to a matched ion from the plurality of ion detections
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whose m/z is optionally equal to the queried m/z +/- 1/z wherein z optionally goes from
highest-to-lowest, within the applied m/z, t. and if employed ts match tolerances;

calculating a fractional m/z of each ion detection from the plurality of ion detections
optionally by subtracting the integer m/z value of each m/z from its m/z, transforming the
fractional m/z versus tq, or in the absence of ion mobility, transforming the fractional m/z
versus nominal m/z in order to calculate a transformed value of New X or New X’
respectively;

applying match tolerances for chromatographic retention time (t.), mass to charge
ratio (m/z) and optionally ion mobility drift time (ts) to the ion detection events in order to
construct tentative ion chains starting from the highest charge state z to the lowest;

applying match tolerances for comparing the experimentally derived New X and/or
New X’ values to a series of lookup tables of calculated New X, New X’ to determine a
unique charge state of the ions;

wherein the unique status of each ions’ charge-state is validated by comparison to
its charge state or z-connections, wherein an ions charge-state can be adjusted if it has a
unique charge state z-connection but multiple charge state or z values from comparison(s)
of New X and/or New X’;

wherein optionally if an ion has multiple charge state or z-connections but only a
single charge state z from comparison of New X and/or New X’ then the method further
comprises revoking the unique charge state or z status;

wherein once a tentative isotope chain has been constructed, the method further
comprises:

determining a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

optionally determining an estimated sum ion cluster intensity utilizing the
experimental ion areas of the unique charge state or z ions in the chain;

optionally calculating a theoretical ion area for each ion in the tentative ion cluster
by multiplying the estimated sum ion cluster area by a theoretical fractional abundance
ratio of a theoretical model by isotope number;

optionally calculating a best fit of the clustered data to the theoretical model by
taking the ratio of the experimental ion area to the calculated theoretical area determined
by multiplying the estimated sum ion cluster area by the theoretical fractional abundance
ratio of the theoretical model by isotope number;

optionally determining composite ion clusters by their area ratios and optionally
creating virtual ions by keeping all the physico-chemical attributes of the composite ion
excluding the experimental ion area replacing the experimental ion area with the difference
between the experimental ion area and its theoretical ion area;

wherein optionally for ions contained in an ion cluster that are in saturation where
the experimental ion area is compromised, the compromised area is replaced with the
theoretical ion area generated from the estimated sum ion cluster area.

According to an embodiment the mass spectrometer may further comprise:

(a) an ion source selected from the group consisting of: (i) an Electrospray
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ionisation ("ESI") ion source; (ii) an Atmospheric Pressure Photo lonisation ("APPI") ion
source; (iii) an Atmospheric Pressure Chemical lonisation ("APCI") ion source; (iv) a Matrix
Assisted Laser Desorption lonisation ("MALDI") ion source; (v) a Laser Desorption
lonisation ("LDI") ion source; (vi) an Atmospheric Pressure lonisation ("API") ion source;
(vii) a Desorption lonisation on Silicon ("DIOS") ion source; (viii) an Electron Impact ("EI")
ion source; (ix) a Chemical lonisation ("CI") ion source; (x) a Field lonisation ("FI") ion
source; (xi) a Field Desorption ("FD") ion source; (xii) an Inductively Coupled Plasma
("ICP") ion source; (xiii) a Fast Atom Bombardment ("FAB") ion source; (xiv) a Liquid
Secondary lon Mass Spectrometry ("LSIMS") ion source; (xv) a Desorption Electrospray
lonisation ("DESI") ion source; (xvi) a Nickel-63 radioactive ion source; (xvii) an
Atmospheric Pressure Matrix Assisted Laser Desorption lonisation ion source; (xviii) a
Thermospray ion source; (xix) an Atmospheric Sampling Glow Discharge lonisation
(“ASGDI”) ion source; (xx) a Glow Discharge (“GD”) ion source; (xxi) an Impactor ion
source; (xxii) a Direct Analysis in Real Time ("DART") ion source; (xxiii) a Laserspray
lonisation ("LSI") ion source; (xxiv) a Sonicspray lonisation ("SSI") ion source; (xxv) a
Matrix Assisted Inlet lonisation ("MAII") ion source; (xxvi) a Solvent Assisted Inlet lonisation
("SAII") ion source; (xxvii) a Desorption Electrospray Ionisation (“DESI”) ion source; and
(xxviii) a Laser Ablation Electrospray lonisation (“LAESI") ion source; and/or

(b) one or more continuous or pulsed ion sources; and/or

(c) one or more ion guides; and/or

(d) one or more ion mobility separation devices and/or one or more Field
Asymmetric lon Mobility Spectrometer devices; and/or

(e) one or more ion traps or one or more ion trapping regions; and/or

(f) one or more collision, fragmentation or reaction cells selected from the group
consisting of: (i) a Collisional Induced Dissociation ("CID") fragmentation device; (i) a
Surface Induced Dissociation ("SID") fragmentation device; (iii) an Electron Transfer
Dissociation ("ETD") fragmentation device; (iv) an Electron Capture Dissociation ("ECD")
fragmentation device; (v) an Electron Collision or Impact Dissociation fragmentation device;
(vi) a Photo Induced Dissociation ("PID") fragmentation device; (vii) a Laser Induced
Dissociation fragmentation device; (viii) an infrared radiation induced dissociation device;
(ix) an ultraviolet radiation induced dissociation device; (x) a nozzle-skimmer interface
fragmentation device; (xi) an in-source fragmentation device; (xii) an in-source Collision
Induced Dissociation fragmentation device; (xiii} a thermal or temperature source
fragmentation device; (xiv) an electric field induced fragmentation device; (xv) a magnetic
field induced fragmentation device; (xvi) an enzyme digestion or enzyme degradation
fragmentation device; (xvii) an ion-ion reaction fragmentation device; (xviii) an ion-molecule
reaction fragmentation device; (xix) an ion-atom reaction fragmentation device; (xx) an ion-
metastable ion reaction fragmentation device; (xxi) an ion-metastable molecule reaction
fragmentation device; (xxii) an ion-metastable atom reaction fragmentation device; (xxiii) an
ion-ion reaction device for reacting ions to form adduct or product ions; (xxiv) an ion-
molecule reaction device for reacting ions to form adduct or product ions; (xxv) an ion-atom
reaction device for reacting ions to form adduct or product ions; (xxvi) an ion-metastable
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ion reaction device for reacting ions to form adduct or product ions; (xxvii) an ion-
metastable molecule reaction device for reacting ions to form adduct or product ions;
(xxviii) an ion-metastable atom reaction device for reacting ions to form adduct or product
ions; and (xxix) an Electron lonisation Dissociation (“EID”) fragmentation device; and/or

{(g) a mass analyser selected from the group consisting of: (i) a quadrupole mass
analyser; (ii) a 2D or linear quadrupole mass analyser; (iii) a Paul or 3D quadrupole mass
analyser; (iv) a Penning trap mass analyser; (v) an ion trap mass analyser; (vi) a magnetic
sector mass analyser; (vii) lon Cyclotron Resonance ("ICR") mass analyser; (viii) a Fourier
Transform lon Cyclotron Resonance ("FTICR") mass analyser; (ix) an electrostatic mass
analyser arranged to generate an electrostatic field having a quadro-logarithmic potential
distribution; (x) a Fourier Transform electrostatic mass analyser; (xi) a Fourier Transform
mass analyser; (xii) a Time of Flight mass analyser; (xiii) an orthogonal acceleration Time
of Flight mass analyser; and (xiv) a linear acceleration Time of Flight mass analyser; and/or

(h) one or more energy analysers or electrostatic energy analysers; and/or

(i) one or more ion detectors; and/or

(i) one or more mass filters selected from the group consisting of: (i) a quadrupole
mass filter; (i) a 2D or linear quadrupole ion trap; (i} a Paul or 3D quadrupole ion trap; (iv)
a Penning ion trap; (v) an ion trap; (vi) a magnetic sector mass filter; (vii) a Time of Flight
mass filter; and (viii) a Wien filter; and/or

(k) a device or ion gate for pulsing ions; and/or

(1) a device for converting a substantially continuous ion beam into a pulsed ion
beam.

The mass spectrometer may further comprise either:

(i) a C-trap and a mass analyser comprising an outer barrel-like electrode and a
coaxial inner spindle-like electrode that form an electrostatic field with a quadro-logarithmic
potential distribution, wherein in a first mode of operation ions are transmitted to the C-trap
and are then injected into the mass analyser and wherein in a second mode of operation
ions are transmitted to the C-trap and then to a collision cell or Electron Transfer
Dissociation device wherein at least some ions are fragmented into fragment ions, and
wherein the fragment ions are then transmitted to the C-trap before being injected into the
mass analyser; and/or

(i) a stacked ring ion guide comprising a plurality of electrodes each having an
aperture through which ions are transmitted in use and wherein the spacing of the
electrodes increases along the length of the ion path, and wherein the apertures in the
electrodes in an upstream section of the ion guide have a first diameter and wherein the
apertures in the electrodes in a downstream section of the ion guide have a second
diameter which is smaller than the first diameter, and wherein opposite phases of an AC or
RF voltage are applied, in use, to successive electrodes.

According to an embodiment the mass spectrometer further comprises a device
arranged and adapted to supply an AC or RF voltage to the electrodes. The AC or RF
voltage may have an amplitude selected from the group consisting of: (i) < about 50 V
peak to peak; (ii) about 50-100 V peak to peak; (iii) about 100-150 V peak to peak; (iv)



WO 2015/191993 PCT/US2015/035540

10

15

20

25

30

35

40

-9-

about 150-200 V peak to peak; (v) about 200-250 V peak to peak; (vi) about 250-300 V
peak to peak; (vii) about 300-350 V peak to peak; (viii) about 350-400 V peak to peak; (ix)
about 400-450 V peak to peak; (x) about 450-500 V peak to peak; and (xi) > about 500 V
peak to peak.

The AC or RF voltage may have a frequency selected from the group consisting of:
(i) < about 100 kHz; (ii) about 100-200 kHz; (iii) about 200-300 kHz; (iv) about 300-400
kHz; (v) about 400-500 kHz; (vi) about 0.5-1.0 MHz; (vii) about 1.0-1.5 MHz; (viii) about
1.5-2.0 MHz; (ix) about 2.0-2.5 MHz; (x) about 2.5-3.0 MHz; (xi) about 3.0-3.5 MHz; (xii)
about 3.5-4.0 MHz; (xiii) about 4.0-4.5 MHz; (xiv) about 4.5-5.0 MHz; (xv) about 5.0-5.5
MHz; (xvi) about 5.5-6.0 MHz; (xvii) about 6.0-6.5 MHz; (xviii) about 6.5-7.0 MHz; (xix)
about 7.0-7.5 MHz; (xx) about 7.5-8.0 MHz; (xxi) about 8.0-8.5 MHz; (xxii) about 8.5-9.0
MHz; (xxiii) about 9.0-9.5 MHz; (xxiv) about 9.5-10.0 MHz; and (xxv) > about 10.0 MHz.

The mass spectrometer may also comprise a chromatography or other separation
device upstream of an ion source. According to an embodiment the chromatography
separation device comprises a liquid chromatography or gas chromatography device.
According to another embodiment the separation device may comprise: (i) a Capillary
Electrophoresis (“CE”) separation device; (ii) a Capillary Electrochromatography (“CEC”)
separation device; (iii) a substantially rigid ceramic-based multilayer microfluidic substrate
(“ceramic tile”) separation device; or (iv) a supercritical fluid chromatography separation
device.

The ion guide may be maintained at a pressure selected from the group consisting
of: (i) < about 0.0001 mbar; (ii) about 0.0001-0.001 mbar; (jii) about 0.001-0.01 mbar; (iv)
about 0.01-0.1 mbar; (v) about 0.1-1 mbar; (vi) about 1-10 mbar; (vii) about 10-100 mbar;
(viii) about 100-1000 mbar; and (ix) > about 1000 mbar.

According to an embodiment analyte ions may be subjected to Electron Transfer
Dissociation (“ETD”) fragmentation in an Electron Transfer Dissociation fragmentation
device. Analyte ions may be caused to interact with ETD reagent ions within an ion guide
or fragmentation device.

According to an embodiment in order to effect Electron Transfer Dissociation either:
(a) analyte ions are fragmented or are induced to dissociate and form product or fragment
ions upon interacting with reagent ions; and/or (b) electrons are transferred from one or
more reagent anions or negatively charged ions to one or more multiply charged analyte
cations or positively charged ions whereupon at least some of the multiply charged analyte
cations or positively charged ions are induced to dissociate and form product or fragment
ions; and/or (c) analyte ions are fragmented or are induced to dissociate and form product
or fragment ions upon interacting with neutral reagent gas molecules or atoms or a non-
ionic reagent gas; and/or (d) electrons are transferred from one or more neutral, non-ionic
or uncharged basic gases or vapours to one or more multiply charged analyte cations or
positively charged ions whereupon at least some of the multiply charged analyte cations or
positively charged ions are induced to dissociate and form product or fragment ions; and/or
(e) electrons are transferred from one or more neutral, non-ionic or uncharged superbase
reagent gases or vapours to one or more multiply charged analyte cations or positively
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charged ions whereupon at least some of the multiply charge analyte cations or positively
charged ions are induced to dissociate and form product or fragment ions; and/or (f)
electrons are transferred from one or more neutral, non-ionic or uncharged alkali metal
gases or vapours to one or more multiply charged analyte cations or positively charged
ions whereupon at least some of the multiply charged analyte cations or positively charged
ions are induced to dissociate and form product or fragment ions; and/or (g) electrons are
transferred from one or more neutral, non-ionic or uncharged gases, vapours or atoms to
one or more multiply charged analyte cations or positively charged ions whereupon at least
some of the multiply charged analyte cations or positively charged ions are induced to
dissociate and form product or fragment ions, wherein the one or more neutral, non-ionic or
uncharged gases, vapours or atoms are selected from the group consisting of: (i} sodium
vapour or atoms; (ii) lithium vapour or atoms; (iii) potassium vapour or atoms; (iv) rubidium
vapour or atoms; (v) caesium vapour or atoms; (vi) francium vapour or atoms; (vii) Ceo
vapour or atoms; and (viii) magnesium vapour or atoms.

The multiply charged analyte cations or positively charged ions may comprise
peptides, polypeptides, proteins or biomolecules.

According to an embodiment in order to effect Electron Transfer Dissociation: (a)
the reagent anions or negatively charged ions are derived from a polyaromatic
hydrocarbon or a substituted polyaromatic hydrocarbon; and/or (b) the reagent anions or
negatively charged ions are derived from the group consisting of: (i} anthracene; (ii) 9,10
diphenyl-anthracene; (iii) naphthalene; (iv) fluorine; (v) phenanthrene; (vi) pyrene; (vii)
fluoranthene; (viii) chrysene; (ix) triphenylene; (x) perylene; (xi) acridine; (xii) 2,2' dipyridyl;
(xiii) 2,2' biquinoline; (xiv) 9-anthracenecarbonitrile; (xv) dibenzothiophene; (xvi) 1,10'-
phenanthroline; (xvii) 9" anthracenecarbonitrile; and (xviii) anthraquinone; and/or (c) the
reagent ions or negatively charged ions comprise azobenzene anions or azobenzene
radical anions.

According to an embodiment the process of Electron Transfer Dissociation
fragmentation comprises interacting analyte ions with reagent ions, wherein the reagent
ions comprise dicyanobenzene, 4-nitrotoluene or azulene.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments will now be described, by way of example only, and with
reference to the accompanying drawings in which:

Fig. 1 shows a raw data file comprising a plurality of data channels including MSE
data acquired at low energy and elevated energy (channels #1 and #2), DDA data (channel
#3 through to channel #n-1) and lock mass data (channel #n);

Fig. 2 shows how ion detections are divided into singly charged and multiply
charged groups and tentative isotope chains are constructed for each group;

Fig. 3A shows a plot of mass to charge ratio versus chromatographic retention time
which includes chemical noise, Fig. 3B illustrates the removal of background chemical
noise, Fig. 3C shows a plot of mass to charge ratio versus ion mobility drift time, Fig. 3D
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shows a plot of mass to charge ratio versus ion mobility drift time and highlights singly
charged ions resulting from in-source fragmentation, Fig. 3£ shows a histogram of ion
count for ions having a particular mass to charge ratio and ion mobility drift time, Fig. 3F
illustrates how an inflexion point may be used to remove chemical noise and Fig. 3G
further illustrates how ions may be divided into a first group comprising singly charged ions
and a second group comprising multiply charged ions;

Fig. 4A shows singly charged ions being group together in a first bin and Fig. 4B
shows multiple charged ions being placed in a second bin;

Fig. 5A shows a transformation that is applied to low-energy (survey) MSE ion
detections to determine a value of New X, Fig. 5B shows a corresponding transformation
which is applied if the ions are not subjected to ion mobility separation to determine a value
of New X' and Fig. 5C shows both New X and New X’ values;

Fig. 6 shows the steps involved in comparing tentative charge groups (isotope
clusters);

Fig. 7 shows the steps involved in post-acquisition processing;

Fig. 8 shows the steps involved in on-the-fly processing;

Fig. 9A shows a complete array comprising 2000 human proteins, 1,264,212
isotopes and 5 charge states and the distribution of charge states as a function of New X,
Fig. 9B highlights a particular region of the distribution shown in Fig. 9A for values of New
X between 0.38683 and 0.55042 and Fig. 9C highlights a particutar region of the
distribution shown in Fig. 9A for values of New X between -0.32206 and -0.213;

Fig. 10A illustrates how embodiments may seek to resolve inter-digitated 4* and 3*
ion detections present in a complex sample comprising 350,000 low energy ion detections,
Fig. 10B shows the process of creating a phantom 3* cluster and Fig. 10C shows in more
detail the process of the determining the charge state of an ion having a mass to charge
ratio of 549.0398 as being 4*;

Fig. 11 shows a 4* z-loop and illustrates the process of starting with ions having the
lowest mass to charge ratio;

Fig. 12 shows a 4* loop and illustrates the process of calculating a theoretical
isotope distribution from Ay and the determined charge state z;

Fig. 13 shows a 4" loop and illustrates the process of assigning charge state
probabilities;

Fig. 14 shows a 4" loop and illustrates the step of creating a virtual ion;

Fig. 15 shows a 3* loop and illustrates the process of checking the ratio of the
theoretical areas of the ion peaks to the experimentally determined ion peak areas; and

Fig. 16 iliustrates the problem of determining where clusters start and end.
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DETAILED DESCRIPTION

An embodiment will now be described.

The lack of elemental (C,N,H,0,S,P) variability in the construction of bio-molecules
gives rise to the problem of there being overlapping and/or inter-digitated (chimeric) ion
clusters within the mass to charge ratio range of a predicted isotopic distribution. The
frequency of chimeric interaction is proportional to mass to charge ratio, elution position
and sample, type (Stable Isotope Labelling) and complexity.

An embodiment seeks to improve the determination of the charge state of ions from
a mass spectrum.

Fig. 1 illustrates a raw data file 1 which according to an embodiment comprises a
plurality of channels including MSE data 2 acquired at low energy (channel #1) and at
elevated energy (channel #2), Data Dependent Acquisition (‘DDA”) data 3 (channels #3 to
channel #n-1) and lock mass data 4 (channel #n).

Fig. 2 shows how ion detections may be divided into singly charged and multiply
charged groups.

If the mass to charge (m/z) of ions is plotted as a function of the ion mobility drift
time (tg) of the ions, then ions having a value of m/z / t; < 8.8 are determined as
corresponding to singly charged ions whereas ions having a m/z / ts > 8.8 are determined
as corresponding to multiply charged ions.

For the singly charged ions a tentative isotope chain may be constructed starting
from the lowest mass to charge ratio ion to the highest mass to charge ratio ion with a
tolerance of Am/z =1, At, = 0.2 x FWHM and Aty = FWHM.

For the multiply charged ions a tentative isotope chain is constructed from lowest
mass to charge ratio ion to the highest mass to charge ratio and starting from the maximum
charge state z first down to lowest charge state z = 2, with tolerances set at Am/z =1/z, At,
being a user-defined or algorithmically derived percentage of the FWHM and Aty = FWHM.

Tentative isotope chains are then compared with simulated data.

Fig. 3A shows mass spectral data from channel #1 (low energy survey mass
spectral data) and shows approximately 350,000 ion arrival events having been detected.
Chemical noise may be removed as shown in Fig. 3B. Chemical noise is apparent in Figs.
3A and 3B as a series of horizontal lines in the plots of mass to charge ratio (m/z) against
chromatographic retention time ().

A histogram of the count of ions having a particular mass to charge ratio and ion
mobility drift time ts may be generated as shown in Fig. 3E. Fig. 3E shows how the ion
count exceeds 140,000 for the low frequency bins. Fig. 3F shows the same data but up to
a frequency of 240 and wherein the actual ion count at low frequencies exceeds the
displayed maximum ion count which is shown of 1400.

In Fig. 3E the frequency is only shown up to 32 and the ion detections are all
considered as relating to an analyte ion signal rather than chemical noise. In Fig. 3F the
frequency is shown up to 240 and the ion count is only shown up to 1400. It will be
understood that the maximum ion count at low frequencies is > 20000 as shown in Fig. 3E.
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A point of inflexion as shown in Fig. 3F is determined around a frequency of 48.
lons or mass spectral data in the histogram having a frequency < 48 (the inflexion point)
are determined to relate to ion signal whereas ions or mass spectral data having a
frequency > 48 (the inflexion point) are determined as relating to chemical noise.

lon detections which are determined as relating to chemical noise may be deleted
or otherwise removed from the mass spectral data. With reference to the mass spectral
data as shown in Fig. 3B, 16,571 ion arrival events are determined as relating to chemical
noise and are duly removed from the mass spectral data.

Figs. 3C and 3D shows plots of mass to charge ratio versus ion mobility drift time.
lons are shown in two distinct clusters. The first cluster relates to multiply charged ions
and the second cluster relates to singly charged ions. The singly charged ions correspond
with in source fragment ions which are useful for isobaric labelling. In the particular mass
spectral data shown in Fig. 3D, 32,945 ion detections are determined as relating to singly
charged ions.

Fig. 3G shows a plot of ts / m/z and shows how singly charged ions may be
differentiated from multiply charged ions.

Once the ions have been filtered of chemical noise the raw ion detections are then
parsed into two groups 1* and >1* as illustrated in Fig. 2.

The charge state of an ion may be inferred by transforming the fractional mass to
charge ratio and ion mobility drift time ts to a new value (New X). Alternatively, in the
absence of ion mobility spectrometry (“IMS”) data, the algorithm according to an
embodiment may transform the integer or nominal mass to charge ratio versus the
fractional mass to charge ratio to a new value (New X’).

The selectivity of New X’ relative to New X though not as great can be improved by
utilizing additional relationships between chromatographic retention time t., ion mobility drift
time ts and New X',

An illustration of the transformations which may be applied are shown in Figs. 4A,
4B, 5A, 5B and 5C and will be discussed in more detail below.

Fig. 4A shows low energy (i.e. survey scan) ion detections and highlights singly
charged ions which have been recognised and which are treated separately. The singly
charged ions result from in-source fragmentation.

Fig. 4B shows corresponding multiple charged ions which are placed in a separate
bin for separate processing.

Fig. 5A shows a plot of ion mobility drift time as a function of fractional mass to
charge ratio. By way of example, it will be understood that ions having a mass charge ratio
of, for example, 700.3505 may be considered as having an integer or nominal mass to
charge ratio (Nm/z) of 700 and a fractional (fn..) mass to charge ratio of 0.3505.

Fig. 5A shows a transform which may be applied to the mass spectral data resulting
the determination of a value New X.

The equations which may be used for calculating New X are:

New X = (fuz — (ts + b)/m) (1)
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wherein fy; is the fractional mass to charge ratio, t is the ion mobility drift time, b is the y-
intercept and m is the slope.

Fig. 5A shows a plot of count versus New X and the main peak as shown
corresponds with ions having charge states of 2*, 3*, 4%, 5* and 6".

The mass spectral data shown in Fig. 5A was obtained by subjecting the ions to ion
mobility separation. However, embodiments may also apply to mass spectral data wherein
the ions are not subjected to ion mobility separation. Fig. 5B shows low energy ion
detections wherein the ions were not subjected to in mobility separation.

In the case that the ions are not subjected to ion mobility separation, then a similar
transformation is applied using instead the integer or nominal mass to charge ratio in place
of the ion mobility drift time in order to calculate a value New X':

New X' = (fnz — (Nm/z + b)/m) (2)

wherein i is the fractional mass to charge ratio, N/ is the integer or nominal mass to
charge ratio, b is the y-intercept and m is the slope.

Fig. 5C shows that according to an embodiment values of New X and New X' may
be determined since there are situations wherein the value of New X' may be used to
determine the charge state of an ion if the determined value of New X does not result in an
unique charge state determination.

A value A New X’ may also be determined which represents the difference between
the value New X’ and the value New X.

The values New X and New X’ may be calculated on-the-fly or during generation of
charge state lookup tables from a SQL database containing the simulated proteomes,
metabolomes or lipidomes in a manner as will be described in more detail below.

An example workflow according to an embodiment is illustrated in Fig. 6.

According to an embodiment a control sample may first be analysed and processed
to both validate instrument performance as well as update models stored in a “Simulator’
component of the processor in order to best reflect the experimental workflow. The step of
analysing and processing a control sample is shown in both Figs. 7 and 8.

A control sample comprising pre-digested Escherichia coli sample was analysed
using the same analytical workflow as was followed with subsequent experiments. Prior to
acquisition of the control sample, the proteome of the MC4100 strain of Escherichia coli
was first processed by the “Simulator” component of the processor using a set of pre-
loaded models.

The proteomics sample was then analysed and data was acquired and the resulting
peptide identifications were optionally paired (experimental to simulated) by charge state
and isotope number.

According to an embodiment the algorithm may then calculate a linear least
squares fit models for both chromatographic retention time t, and ion mobility drift time tq.
With regards ion mobility drift time t4 the algorithm may create individual models for each
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charge state z. Accordingly, the “Simulator” models are updated and adjusted for the
subsequent experimental acquisitions.

Once the control sample has been run and the “Simulator” model adjusted,
experimental data may then be acquired. As a first step, raw ion detections with their
associated experimental attributes may be read into a charge determination and isotope
clustering algorithm “Select3D” 10 as shown in Fig. 6. Processing may commence with the
removal of any and all chemical noise. The process of removing chemical noise is
illustrated in Fig. 3 and is described in more detail above.

In a second loop the raw ion detections may then be sorted into two groups, 1* and
>1* (as illustrated by Fig. 2). The >1*group may then be sorted by ion area in descending
order up to a user or algorithmically derived maximum ion count. All the ions exceeding
the max count may be removed from further processing. The selected ions may then be
sorted by mass to charge ratio in ascending order.

Next a series of user-defined or algorithmically derived match tolerances for mass
to charge ratio, chromatographic retention time t.and ion mobility drift time ts may be
applied to determine each ions’ possible charge state connections. Typically these values
are set as a fraction of each attributes’ value at half-height.

For example, tolerances At;, Aty and Am/z may be set to a fractional value of 0.5, 1
and 0.66 of FWHM respectively according to an embodiment.

A charge state connection may be confirmed if a companion ion is found illustrating
the appropriate mass to charge ratio tolerance A m/z (1/z, from z max 0 z=2) within the
previously described match tolerances of chromatographic retention time t-and ion mobility
drift time tq.

Charge state connections will be utilized later in the processing for further resolution
of each ions charge state probability.

Once the input ion detections have been filtered and the charge state connections
established the algorithm may then start a z-loop for ion chain construction 13. The z-loop
begins with the lowest mass to charge ratio ion at the highest experimental charge state z.
The mass to charge ratio tolerance A m/z (1/z) for the current z-loop may be added or
applied and the algorithm may query 14 the remaining ion detections for a match within the
applied match tolerances.

If an ion chain cannot be created in the current z loop, all ions may be released 15
and the algorithm may migrate to the next mass to charge ratio and the process may be
repeated until a tentative ion chain is constructed.

Once a tentative ion chain is constructed, at this point the charge state is assumed
(z-loop) and given ion selection is in order of mass to charge ratio ascending, then the first
ion in the chain is assumed to relate to the Ay ion.

Knowing both the charge state z and the mass to charge ratio of the Ag ion, the
algorithm may then calculate a molecular mass by using the elemental composition of an
“averagine” (i.e. a theoretical amino acid) and a theoretical isotopic distribution 16 may be
determined.
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As previously described, the raw ion detections may be parsed into two charge
groups (1%, >1*). The ions in each group may be limited by rank intensity (most-to-least) to
a user-defined maximum precursor ion count. The lowest ranked precursor ion intensity
(x2) may set the experimental limit of detection (“LOD”). With the calculated isotope model
and limit of detection the algorithm may determine if the chain is viable by comparing the
number of ions (L) in the chain to the number of ions predicted and if (L) is greater than or
equal to the number predicted then the tentative ion chain passes the minimum length test
and the process continues, otherwise the ions may be released and the algorithm may
continue to the next mass to charge ratio.

Fig. 7 shows a post-acquisition processing flow diagram and Fig. 8 shows an on-
the-fly processing flow diagram.

The complete process is illustrated and will be described in more detail with
reference to Figs. 9-15. When an initial ion chain passes the minimum number filter then a
“Compare” portion of the algorithm may be activated.

Given a mass analysers’ ability to accurately measure mass to charge ratio to
within a few parts-per-million the algorithm may limit the mass to charge ratio tolerance A
m/z range for querying the lookup table to each ions’ width at half-height. The returned
New X, New X’ and A New’ values are then distributed in 0.010 mass bins.

According to an embodiment the algorithm controls the bin width based on a
minimum number of representative ions for calculating the charge state probabilities. Bins
widths may also be user-definable. Once the bin widths have been set then the algorithm
may calculate a simple distribution on the returned charge states and may determine the
probability of each possible charge state 13.

In instances where New X does not return a charge state probability of 1 (i.e. an
unique charge state), New X’ and A New X' may be used as tie breakers.

According to an embodiment if the calculated charge state probability is less then
unity, then a comparison may be made between the charge state connections and the New
X charge state count. There will be instances where a transformed New X can exist at
multiple charge states albeit, in the mass to charge ratio, chromatographic retention time t;
and ion mobility drift time ty space queried for the creation of the tentative ion chain, no ion
of that charge state is present hence the charge state connections comparison. Here, the
charge state probability value may be altered to reflect the absence of the interfering ions
exhibiting that charge state. If the charge state probability as yet has not reached unity then
the chromatographic retention time t. may be used to further resolve the charge state ion
count for that New X.

As the chromatographic retention time t. increases so does both mass and charge.
Given the algorithms’ knowledge of the target ions chromatographic retention time t. in a
final attempt at establishing a unique charge state a user-defined or algorithmically derived
retention time window may be applied and the charge state, count and probabilities may be
re-calculated.

Algorithmically, the applied retention time window may be set to whichever is
greater - 20x the chromatographic retention time t- FWHM or 0.25x the total elution time.
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Though limited, even after all algorithmic attempts at achieving a uniform or unique charge
state probability, there are mass to charge ratio values that can exist at muitiple charge
states. Given the elemental composition of bio-molecules there is a near certitude that at
least one isotope in an isotopic cluster will be isolated by charge state using high mass
resolving power and/or chromatographic retention time t- and ion mobility drift time tq. If
there are no unique charge state ions in the constructed ion chain, then all ions may then
be released 15 and the processing may continue to the next mass to charge ratio.

Fig. 9A shows a complete array comprising 2000 human proteins, 1,264,212
isotopes and 5 charge states over a range of New X from -0.992 through to 0.55042.
Importantly, it should be understood that no mass to charge ratio tolerance has been
applied i.e. all ions across the entire mass scale are represented.

Fig. 9B shows in greater detail a portion of the array over a range of New X from
0.38683 to 055042. The different colours show the charge state and the length represents
the percentage of all the ions illustrating the corresponding value of New X. Again, it
should be emphasised that the percentage probability shown is in respect of all ions across
the entire mass scale.

Even without applying a mass to charge ratio tolerance, it is apparent from Fig. 9B
that ions having a value of New X around 0.55042 will have a 100% likelihood of having a
charge state of 6 i.e. these ions can be identified as having a unique charge state.
Similarly, ions having a value of New X around 0.48031 will have a 99.8% likelihood of
having a charge state of 4* and a 0.2% likelihood of having a charge state of 5* prior to the
application of an additional requirement of having a mass to charge ratio within a certain
tolerance.

Fig. 9C illustrates another portion of the complete array corresponding to ions
having a value of New X in the range from -0.32206 through to -0.213. It clear from Fig. 9C
that ions in this range do not have a unique charge state, but again this is for ions across
the entire mass range.

Fig. 10A shows inter-digitated 4* and 3* ion detections which would be particularly
problematic for a conventional mass spectrometer to process but which may be correctly
resolved according to embodiments. In the absence of prior knowledge a conventional de-
isotoping algorithm may construct a 4+ ion cluster interpreting the ion having a mass to
charge ratio of 549.3058 as being solely the A, isotope of an Ay ion having a mass to
charge ratio of 549.0398.

Fig. 10B illustrates how with the elimination of the 549.3058 ion a de-isotoping
algorithm is unable to construct a correct 3* charge cluster starting at mass to charge ratio
548.9784 but is able to create a (phantom) 3* ion cluster starting at mass to charge ratio
549.6436. The first inset shown in Fig. 10C shows the mass to charge ratio and the ion
mobility drift time of the 549.0398 ion. When the transformation is performed according to
an embodiment then ions having a value of New X in the range -0.52482 through to -
0.51536 have a 100% likelihood of having a charge state of 4*. It will be understood that in
this case a mass to charge ratio tolerance (+ 50 mDa) is applied.

Fig. 11 illustrates a 4* loop according to an embodiment. The A, ion is determined
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to have a mass to charge ratio of 549.0327 and the A+ ion has a mass to charge ratio of
549.2845 but the intensity is too large (saturated). The A; ion has a mass to charge ratio
of 549.5344, the As ion has a mass to charge ratio of 549.7840 and the A, ion has a mass
to charge ratio of 550.0391.

Fig. 12 illustrates further the 4* loop and shows the predicted or estimated isotopic
distribution of a theoretical bio-molecule “Averagine” having a mass to charge ratio of
549.0327 and a 4* charge state. In particular, the relative intensities of the Ao, A1, Az, A3
and A4 peaks are shown.

The inset in the top right of Fig. 12 shows further isotopic ions which are below the
limit of detection (“LOD”).

In particular, it is noted that from the theoretical distribution if the estimated area of
the Ao peak is 186089 then the estimated area of the A peak is 224033. However, with
the experimental data the A peak has an area of 186089 but the A; peak has an area of
445250 i.e. approximately twice that predicted.

Fig. 13 shows the 4* loop assigning charge state probabilities. The New X value
relating to the Ao ion having a mass to charge ratio of 549.0327 is -0.519 and the New X
value uniquely identifies this ion as having a charge state of 4*. The A ion has a mass to
charge ratio of 549.2845 but the New X value of -0.267 corresponds with ions having
charge states of 6%, 5%, 4* and 3" i.e. the charge state is not uniquely determined. The A;
ion has a mass to charge ratio of 549.5344 and the New X value is -0.017 which
corresponds with ions having a charge state of 4+ and 3+. However, the New X’ value is
0.005 which uniquely identifies the ion as having a charge state of 4*. The As ion has a
mass to charge ratio of 549.7840 and the New X value uniquely identifies the ion as having
a charge state of 4*.

Fig. 14 shows the 4* loop and shows the process of creating a virtual ion when the
area of an isotope peak exceeds that expected from a theoretical isotope distribution.
From the theoretical isotopic distribution the A, ion should have an area of approximately
224033. However, the intensity of the A ion was observed as being 445250. Accordingly,
a virtual ion at mass to charge ratio of 549.2845 and having an intensity of 221217 (i.e.
445250 minus 224033) is created.

Fig. 15 shows the 3* loop and illustrates the theoretical isotopic abundance of an
ion having a mass to charge ratio of 548.9665 and a charge state of 3*. The theoretical or
estimated areas of the ion peaks are in close agreement with the experimentally
determined areas of the ion peaks.

Fig. 16 illustrates the problem of trying to determine where an isotope cluster starts
and ends. An Ao 3" ion having a mass to charge ratio of 729.3981 and an intensity or area
count of 37847 arbitrary area counts should theoretically have (just) three companion
isotopes above the limit of detection. However, what the observed mass spectrum
seemingly shows a chain of ten 3* isotopes. In fact, what is shown in the mass spectrum
shown in Fig. 16 is a series of inter-digitated 3* and 2* charge clusters. It will be
understood that conventional mass spectrometers will not be able to correctly process the
inter-digitated charge clusters.
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As illustrated in Figs. 9-16 once a unique charge state has been identified and the
ion chain passes the initial length validation test 17, the estimated sum area for the
complete ion chain may be calculated by dividing the area of the lowest mass to charge
ratio unique z ions’ area by its corresponding theoretical abundance. This provides the
means to compare the theoretical ion area to its corresponding experimental ion area in the
form of a ratio.

If all ion area ratios are within the algorithmically determined tolerance (e.g. +/- 25%
of unity) then the ion chain is determined to be a valid isotope cluster.

If the ratio is less than unity by the allowed tolerance, then the experimental ions
are considered to be interfered with and its area is adjusted by subtracting the area
difference and a new virtual ion 18 may be created as illustrated in Fig. 14.

Conversely, if the ratio is greater than unity by the applied tolerance then the
algorithm may re-calculate the summed area by pivoting off the next lowest mass to charge
ratio ion illustrating a unique charge state. The area ratios may be recalculated and
compared as previously described. This behaviour typically reflects either a series of inter-
digitated ion clusters or a miss-assignment of the isotope number. Given that nature
provides for stable isotopes (e.g. 0.01 of carbon is '3C) rarely, if ever, can the area of an
isotope of a correctly constructed ion cluster be less than that predicted given its elemental
composition.

fon area ratios that are lower than what is predicted suggests that the ion used for
calculating the estimated sum area may be a composite. An example of this behaviour is
illustrated in Fig. 16 wherein five inter-digitated doubly charged ion clusters were
algorithmically resolved into five distinct correctiy distributed doubly charged ion clusters.

The ability to predict, with a high degree of certitude, the number of isotopes that
should be associated to a charge cluster constructed from an ion of a given mass to charge
ratio, charge state and area provides the means for the algorithm to create virtual Ag’'s
when the experimental limit of detection limits the ability to detect the true experimental Aq.

With respect to the natural distribution of stable isotope in nature, generally, this
occurs most frequently on ions exhibiting higher charge state, lower intensity and higher
mass to charge ratio. A lower intensity 5* ion chain may be considered comprising of 4
ions. The algorithm assumes the lowest mass to charge ratio ion is the Ao. Given that the
intensity ratio of near neighbours at high charge state and mass to charge ratio is much
greater, incorrectly assigning Ao leads to a significant over estimation of the summed area.
This causes a severe ratio (theoretical/experimental) mismatch triggering the algorithm to
re-index the isotope number from Ap to A1. As such, if the new area ratio is within the
accepted tolerance a virtual Aq is created with its area set to the theoretical. It follows as
mass resolving increase the maximum number of discernible charge states will increase in
concordance. Given that the algorithm, at the onset, establishes the experimental mass
resolution it determines a maximum number of re-indexing attempts.

There are a number of avenues that can be algorithmically pursued once an isotope
cluster has been validated. In contrast to a typical qualitative analysis whereby a product
ion spectra from either a precursor isolation window (DDA) or time and/or time and drift
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aligned (MSE or HD-MSE) is queried against a database, according to an embodiment the
calculated exact mass to charge ratio, the chromatographic retention time t, and the ion
mobility drift time ts may be queried directly against a SQL database of target compounds.
Product ion spectra from candidate peptide sequences may be generated in a rapid
manner and may be directly compared to the product ions illustrating the same
chromatographic retention time t, and ion mobility drift time t4 of the queried A;. This can
be accomplished in real time or post-acquisition as illustrated in Figs. 7 and 8 respectively.

in experiments where a Target Compound List (“TCL") is included in the
experimental workflow the Target Compound List is processed in the “Simulator” (running
the updated models) and all target compounds are annotated with their retention time (and
if ion mobility separation is employed then ion mobility drift times), charge-states, isctope
distributions, ionization rank order, fragmentation pattern, New X, New X’ and A New X'.

Although the present invention has been described with reference to various
embodiments, it will be understood by those skilled in the art that various changes in form
and detail may be made without departing from the scope of the invention as set forth in
the accompanying claims.
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Claims
1. A method of mass spectrometry comprising:

ionising a sample and obtaining mass spectral data relating to a plurality of ion
detection events;

applying match tolerances for mass to charge ratio (m/z) and at least one of:
chromatographic retention time (t); and ion mobility drift time (t4), to said ion detection
events in order to determine possible charge state connections;

constructing a tentative isotope chain and querying ion detection events for a match
to said tentative isotope chain;

wherein once a tentative isotope chain has been constructed, said method further
comprises:

determining a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

querying one or more lookup tables and returning one or more parameters (New X,
New X’, A New X’) related to the fractional mass to charge ratio (fn;) and at least one of:
ion mobility drift time (ts); and nominal mass to charge ratio (Nm;,); of said ion detection
events; and

using said one or more parameters (New X, New X’, A New X’) to determine a
unique charge state of said ions.

2. A method as claimed in claimed 1, further comprising analysing and processing a
control sample prior to analysing said sample in order to validate instrument performance.

3. A method as claimed in claimed 1 or 2, further comprising analysing and processing
a control sample prior to analysing said sample in order to update a simulation model.

4. A method as claimed in claim 1, 2 or 3, further comprising removing chemical noise
from said mass spectral data.

5. A method as claimed in any preceding claim, further comprising parsing said ion
detection events into a first group comprising singly charged ions and a second group
comprising multiply charged ions.

6. A method as claimed in claim 5, further comprising sorting said ion detection events
in said second group by intensity or ion area.

7. A method as claimed in claim 6, further comprising sorting said ion detection events
in descending order of intensity or ion area up to a user or algorithmically derived
maximum ion count.
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8. A method as claimed in claim 7, further comprising removing ion detection events
exceeding said maximum ion count.

9. A method as claimed in claim 8, further comprising sorting said selected ion

detection events by mass to charge ratio in ascending order.

10. A method as claimed in any preceding claim, wherein the step of applying a
tolerance for chromatographic retention time (t;) comprising setting a tolerance at a fraction
or percentage of the chromatographic retention time at the full width half maximum of a
retention time peak.

11. A method as claimed in any preceding claim, wherein the step of applying a
tolerance for mass to charge ratio comprising setting a tolerance at a fraction or
percentage of the mass to charge ratio at the full width half maximum of a mass to charge
ratio peak.

12. A method as claimed in any preceding claim, wherein the step of applying a
tolerance for ion mobility drift time comprising setting a tolerance at a fraction or
percentage of the ion mobility drift time at the full width half maximum of an ion mobility
peak.

13. A method as claimed in any preceding claim, wherein a possible charge state
connection is confirmed if a companion ion is located having a mass to charge ratio and/or
chromatographic retention time and/or ion mobility drift time within said tolerances.

14. A method as claimed in any preceding claim, wherein the step of constructing a
tentative isotope chain further comprises initially selecting an ion detection event having
the lowest mass to charge ratio and the highest charge state.

15. A method as claimed in claim 14, wherein said method further comprises querying
remaining ion detection events for a match within a mass to charge ratio tolerance.

16. A method as claimed in claim 15, wherein if a tentative isotope chain cannot be
constructed then an ion having the next highest mass to charge ratio is selected and
remaining ion detection events are then queried for a match within a mass to charge ratio
tolerance.

17. A method as claimed in any preceding claim, wherein once a tentative isotope
chain has been constructed then the first ion in said isotope chain and having a charge
state z is assumed to correspond with an A ion.
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18. A method as claimed in claim 17, wherein the step of determining a corresponding
theoretical molecular mass and a corresponding theoretical isotopic distribution is made on
the basis of said charge state z and the mass to charge ratio of said Ay ion.

19. A method as claimed in any preceding claim, further comprising comparing the
number of ions (L) in a tentative isotope chain to a predicted number of ions.

20. A method as claimed in claim 19, wherein if the number of ions (L) in said tentative
isotope chain is determined to be greater than or equal to the predicted number of ions
then said tentative isotope chain is allowed to proceed for further processing.

21. A method as claimed in claim 19 or 20, wherein if the number of ions (L) in said
tentative isotope chain is determined to be less than the predicted number of ions then said
tentative isotope chain is no longer considered as representing a tentative isotope chain.

22. A method as claimed in any preceding claim, wherein the step of querying said
lookup table further comprises limiting the mass to charge ratio range to the full width half
maximum of a mass to charge ratio peak.

23. A method as claimed in any preceding claim, further comprising transforming the
fractional mass to charge ratio (fnz) and ion mobility drift time (t4) of ion detection events to
determine a first parameter (New X).

24, A method as claimed in any preceding claim, further comprising transforming the
fractional mass to charge ratio (fn;) and nominal mass to charge ratio (Nm,,) of ion
detection events to determine a second parameter (New X).

25. A method as claimed in claim 23 and 24, further comprising determining the
difference (A New X') between said second parameter (New X’) and said first parameter
(New X).

26. A method as claimed in any preceding claim, wherein said one or more parameters
are calculated on-the-fly.

27. A method as claimed in any preceding claim, wherein said one or more parameters
are calculated during the generation of said one or more lookup tables.

28. A method as claimed in any preceding claim, wherein said one or more lookup
tables are derived from a database of bio-molecules or molecules of biological origin.

29. A method as claimed in claim 28, wherein said database comprises simulated
proteomes, metabolomes or lipidomes.
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30. A method as claimed in any preceding claim, wherein said method further
comprises distributing said one or more parameters amongst a plurality of mass or mass to
charge ratio bins.

31. A method as claimed in claim 30, further comprising setting the width of said mass
or mass to charge ratio bins based upon a minimum number of representation ions for
calculating charge state probabilities.

32. A method as claimed in claim 30 or 31, further comprising calculating a distribution
of charge states and determining the probability of each possible charge state.

33. A method as claimed in any preceding claim, wherein if the use of one of said
parameters is insufficient to determine a unique charge state of said ions then said method
further comprises using another of said parameters to determine a unique charge state of
said ions.

34. A method as claimed in any preceding claim, wherein if 2 unique charge state for
said ions cannot be determined then said tentative isotope chain is no longer considered to
represent a tentative isotope chain.

35. A method as claimed in any preceding claim, wherein once a unique charge state of
said ions has been determined said method further comprises estimating a summed area
for the complete isotope chain.

36. A method as claimed in claim 35, wherein the step of estimating the summed area
for the complete isotope chain comprises dividing the area of the lowest mass to charge
ratio ion having a unique charge state by its theoretical abundance.

37. A method as claimed in claim 36, wherein if the ratio of a theoretical ion area to the
area of an ion detection event is within a desired tolerance then said tentative isotope chain
is considered to comprise a valid isotope cluster.

38. A method as claimed in claim 36 or 37, wherein if the ratio of a theoretical ion area
to the area of an ion detection event is < 1 then said method further comprises creating a
virtual ion.

39. A method as claimed in claim 36, 37 or 38, wherein if the ratio of a theoretical ion
area to the area of an ion detection event is > 1 then said method further comprises

recalculating the summed area.

40. A mass spectrometer comprising:
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an ion source for ionising a sample;

an ion detector system for obtaining mass spectral data relating to a plurality of ion
detection events; and

a control system arranged and adapted:

(i) to apply match tolerances for mass to charge ratio (m/z) and at least one of:
chromatographic retention time (t;); and ion mobility drift time (t4) to said ion detection
events in order to determine possible charge state connections;

(i) to construct a tentative isotope chain and to query ion detection events for a
match to said tentative isotope chain;

wherein once a tentative isotope chain has been constructed, said control system is
further arranged and adapted:

(iii) to determine a corresponding theoretical molecular mass and a corresponding
theoretical isotopic distribution;

(iv) to query one or more lookup tables and to return one or more parameters (New
X, New X', A New X’) related to the fractional mass to charge ratio (/) and at least one of:
ion mobility drift time (ts); and nominal mass to charge ratio (N, of said ion detection
events; and

(v) to use said one or more parameters (New X, New X', A New X’) to determine a
unique charge state of said ions.
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Fig. 9B

Complete Array (2000 Human Proteins, 1,264,212 isotopes, 5 charge-states)

WO 2015/191993

%3 E_MS\\\\\ \\\\\\\\\\\\\\\\\\\\N\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 7007
7 \\\\\\\\ \\\\\\\\\\ \\\\ \\\\\\\\\ Zv0SS 0
1 S \\\\\\\\\ 7 \\\\\\\\\\\\ 07 \\\\\\\\\\ \\\
..O.\\\\\ \\\\\\\\\\ \\\\\\\\\\\\\\\\\ 0
% 502250
—— sz 8020G°0
> %8'66 “=+ 1€08Y°0
................ 1 .V@@@?O
LSEEV0
[ Bort .
14 020140
Ww\§ £898€°0
S I R I =
(aw] (an] o o [an] (am) (o) O O [an]
O (@)] (o] I~ (de) Lo <r [ap] N —

S6

New X

Colour represents z length represents
% of all the ions illustrating that New X
@5

82 O3 B4

Colour by preclon. z:

2z



PCT/US2015/035540

WO 2015/191993

16/29

98 SO vE €O ¢O @

X MaN X MaN
S o © o & o o oS S o o © © © o ©
nNo N nNo N [h.) nNo [o%] W W 1 (@3] = -+ sy =~ (F6]
—_ N E=N w ~J [de) (e N [$)] N [an] o (&)} w b (0]
w o FEN [{eo] (@3} (e [@)>] N (an] ~J (@8] o (@] [F%] (] [@)]
o (&)] —_ ~J [S%] [do] o [aw] =S (am] [@)] w [{e] o N [@e]
(] oo [@)] -~ N o o [@)] [p] (@) <o — EeN ~J O [@%]
0 0
- %01 - - %01
- %02 - - %02
L %0€ - 7 : - %0€
%01 s - %01
13
L %06 , - m e - %05
RS
SANNE SN - %09 - M - %09
- %0/ i 7 L %0/
: 1 Foos - 908
o O [ el Ly : N L 906
4 b7 onbjun o Z anbiun
- - %001 - o ST - %001

(saye1s-abieyd G ‘sa8dojost Z12v9z' L ‘sulsloid uewny 000z) Aesy 8)sjdwo)

06 b1



PCT/US2015/035540

WO 2015/191993

17/29

0LL 00L 06 08 0/ 09 05 Oy 0t 0¢ Ol

(i) 4

'86€0°6YS
z/w ye Oy au Jo by ayp A13|0s Se'850E 6YS
Z/w Bunaidiajul 18}SNjd Lol _ & B JoN1SU09
pInoo wyyLiobie burdoosi-ap e Jey) ajqgissod
ajinb st 11 abpajmouy Jold Jo a2Uasqe sy} U

056 6VS
Z/w : . -0
R \
00v 05006 4>
L 009 :@N.mvm\v .
008 ocradps & :
L0001 ¥1GG 675 . =
3 8650675 |
L0021 S @ Oy
L00Y |
- zf L
0091 868G
™ & w - ee L0081 850€6Y5 —_ -001
® . ®
N _ A . {4 vavll A
/7INT ISINGH ™ 1Q UewnH 0860 €102
suoRogle( uol qd19/Hay In/lowy 6/m 1se6ip 17 1 /B 01| UBWNH
AB1au3-mo7 000'05E

+€ pue 7 pajeybip-Iajuj

VOl "6



PCT/US2015/035540

WO 2015/191993

18/29

99 669
"90220°0- "96%'0- "815°0-
| 9N eyeq [ X MaN] v "aN |

- o - 615

- - G'6PS
‘_u 1 1 .v

0L 00L 06 08 0. 09 0S5 Oy 0¢ 0¢c Ol

-00v
-009
-008
-0001
0021
-00v 1
-0091
0081

-000¢

] i 1 H 1 1 L 1 H 1 1

suo1}98)8(] Uo|

qo01 b1 AB13UF-M0T 000‘0GE

w

z/

9E¥9'6¥G Z/W Je burels isisn|o
uol | ¢ wojueyd e a)eaId Pino9 Ing $8/6'8YS
z/w 1e Buipe)s Jsysnfo afiseys ¢ 1081100
3yl 10N11SU09 },upinod wyiobe buidojosi-ap
9y} U0l 8G0E 6¥G aul JO UonEUILi3 syl UM

056G 6vS

Z/w
_—
0€50°0GS A
L/61°6YG
9ev9’
—~
Al 86E0°6vS
N—
A ¥8/6°8Y5
850E'6V5 —_
A

vevleL N
L~LNT ISNAH ™ 1O VeWnH 060 €102

-004

adio/Hay n/jowy 6/m 3sabip 17 1@ In/Bu 01 | uBWInH

+€ pue y pajeybip-selu|



PCT/US2015/035540

WO 2015/191993

-9€G1G°0- - ¢8YcG0- = XMIN pauulg Je Jeq sy

19/29

000}

abejus9Ia

equosyT
86E0°6YS

G 0-

P
9¢ b 99 5G9

Junog BNEA o
Z'opaid Aq paping | 90220°0- "96Y0- "8IS 0-

[N eyaa]. X MaN] voN |

$pI099 9 SUIBIUO)
1y = z’uojpaid Jo4 [ ) - 6vS

zZ/uw

$pI098J 9E SUIBUO0Y

-G'6YS

X MaN

8y0-
160
Y60
L9570~
09°0-

- K

T %0
L0501
L %,02
%08
%0
950G
%09
%01
9508
%06
M Log001

SU0N19813( Uo|
AB13u3-M07T 000°0GE

D01 b4

9E¥9°61S Z/W e bunJes Jssnjo
uol , ¢ wojueyd e 818310 pIN0J Ing ¥8/6°8YS
z/wi e Buruels Jsisnjo abieyo € 1081100
3y} 1oNJ1SU09 1, upinod wyiiobje buidojosi-ap
9} Uol 8G0E 6¥G 3yl JO uoneuils syl Ulim

055 6vS
Z/W _ , -0
0£50°055
EE.@E\\
9EY9 6
L -
Al 8650°6%G |
N~— |
78.6'8%S
850€ 675 —_ -001
yoy L'

T/ 1N ISIWAHT LA ueWnH 0T 60 €102
qdi9/Hay n/1owy G/m 1sa8bIp [ 1 n/Bu gL | uewny

+€ pue  y pajebip-lajul



PCT/US2015/035540

WO 2015/191993

20/29

¢¢0°0- L6¥'0- ¢lg0- gLl 0 G6'/v | 8¥081 |96'G9| L6£0°0SG
¢¢00- 6620 €€C’0 Gl 0 v6'Ly | 8G¥6S |96°G9| 0¥8.6¥G
¢c00- G000 L10°0- gLl 0 L6’y |666LC1]96°G9| ¥PEG 6YS
¢¢00- G2 0- | 192°0- vl | ¢0'8y |0925Pv|96'G9 | G¥826VS
¢¢00- L6v'0- | 6150 A 0 G6'/v |1680981]96°G9|/2E0°6VS
XMaNBYag| XMmeN | XMmaN | Pyzw |uoneimes| P galy | 4 Z/w
om,m mh_nm
9]
0SS 6vS
Z/w -0

060€°0G5

ry

8G0€ 65

Oy

v8.6°874

%

-001

Z/Ud 1SaMO| - LIBIS "L

M
16'59 96'G9

G996'8Y5Q) . |
" [6vS

\
~

Lc€06VS

GY8C6vS(QD)!
PrESEYS(@ [ ©OU°
Q

0v8L 675D

Z/w

168005570 [ 00

000€°055(0

doo7 . ¥

L1 b4



PCT/US2015/035540

WO 2015/191993

21/29

H
1659 9659

2200 16v°0- | 2160 | GLI 0 S6'/v | 8v081 [96'G9] 16€0°08G
2200 G520 | €820 | G111 0 ¥6'/V | 856G |96'G9| 078 6YS
22070 5000 | Z100- | G1L 0 L6,y |6661¢L|96'G9| ¥vES 6VS
220°0- Sv20- | 2920- | Vi | 208y |0525hY|96°G9| Sv8Z 6¥S
22070 /6v0- | 6160 | Vv LL 0 S6'/7 |680981[96°G9| /2E0°6VS

XMeNeyaqg| xMmeN | xmeN | Pyzw |uoneimeg| P galy | 4 Z/uw
055 675
4
ry m
y
Cy
Oy
0s| ‘Pald = (y)
Q07 Palewis3 mojog E__w 2| sseq
¥ 0000 | 2825 1S %
02 0000 |9/82'1SS ly
¥0L | 0000 |0/E0ISS . - .
€8y | 1000 |79820SS ¢89G'ySS / ¢850 F%
€v0Z | €000 |85£50GS "

o > ¥99/ | 2100|582 08S

L6V | 800 |9¥€0°0SS | by

016/9 | €010 | 1¥8/'6¥S | Sy

0LV} | 2220 |SEESBYS | 2y

€022 | OvE0 | 6282675 | by

68098} | 2820 |52E0°6YS | Oy (+¥'22€0°6vS) suibelany
ROy 1S3 |'NQyoRi{|  Z/w UORNQLASI] 353

00t

G996'8Y5Q) . |
\®, mﬁm

U

\
~ 7

LeC06YS

SY826vS(Q);

prESHS(@ [ ° 077

@
0v8L'6Y5.0;

Z/W

l6c0'055{0) [ 0%

000€055{@,

z pue Oy woy
uolnguisiqg adojosj
[eanaloay ] a1e|nafen

doo7 ¥

ARE



PCT/US2015/035540

WO 2015/191993

22/29

220°0- I6v°0- | 21G0- | GLL 0 G6'/v | 8v081L [96°G9] 16£0°0SS
220°0- GGZ'0 1 ¢£20 GLL 0 v6'/v | 8G¥6G [96°G9 | 0V82 6¥S
220°0- G000 & Z100- {1 GLI 0 16',F |66612L|96'G9| ¥¥ES6¥S
220°0- Sy20- } 1920- { VLI | 208y |0S25hv|96°59] Sv8e 6vS
220°0- /6v0- | 61G0- 1 VLI 0 G6'/v |680981(96°G9|22£0°61S
X MBN BY8Q | X map X MaN Pyzw | uoneinies Y1 poly 4 Z/w
055 6v5
Nl
yn bty Av "
pn Sy 4
pn -y Av 7 MaN g Z/W
o Oy Asnp
ev/s9 by
SalllIgeqoid z ubissy
¢l b4

<ty
<p oy
< ly
<rOly

H
16'59 96'G9

G996'8Y5 QD) _
\®V

\
~—

1280°6YS
582 6Y5.D);
PYES 6YS(D)
Q
0Y8L6vS O

16£0°095( 0

000€095{0,

-6vG

-G 6V

Z/W

- 055

dooq Lv



PCT/US2015/035540

WO 2015/191993

23/29

e oo bse
=2 RS o w
Sogheat 2355883
%01 i L0001
%02 b EREEL %02
- %0¢ - W L9408
%07 - i %0
; _ - %06 - L9405
7. e i %09
0L - P %01
s A o\cOw 5 4 i o\oow
%06 %06
::NEV c\oOOﬁ NEV ;o\ooow
oy Ly

SaNl|Iqeqoid Z ubissy

(1 uoD)g| "bi-

: LMMNW
2%

999%7

W wﬁx
g
77
27
_L\

- %01
- %0¢
- %0€
- %01
- %09
- %09
- %04
- %08
- %06
- %001



PCT/US2015/035540

WO 2015/191993

24/29

IN

Sulq 00¢ 0lul pauuiq St SIXz-X 8y 1
S vd €E3 <O LM
:Z'uojoald Aq unojon

'SP1023J JO Jaquuinu
ay} syuasa.dal Jeq e Jo yblay ay|

606¢°0
861€¢0
90€1¢0

L 9%01
%02
F%0€
- %0Y
%06
%09
- %02
% %08
%06
L9500 |

0 ¢869¢°0

7

Ll

Sy

(11 wuoD)g| "Bi

X MoN

- %04
- %0¢
- %0¢
- %0V
- %09
- %09
- %0.
- %08
- %06
- %001




PCT/US2015/035540

WO 2015/191993

25/29

8¢e'| le6vz | %070 | v | by | 8r081 | 16£0°0SS ¥
vLl 01629 010 | ¥ €y | 8GY6S | 0V8L 6VS £6°'99 96°99
0L | 0LE9yL | 220 | v | ey |666let|vrESEYS| | S996'8vSQ) . | -
Lizize | 050 1§ eeovzz | ve0 0 v |ty |oSesyy|svezers @
00'L | 680981 | 8Z0 | v | Oy [680981|/280°6¥S £ce06yS
uoj [enpiA | dx3/1s3 | eadyis3 | 1siqroeyl | zenbiun | z |osrosyl | eauy Z/W
Y2675 (D)
055 6vS -
m «
W [ presers@ [0 077
ey %) s
Oy 0v8L 6750
07 pejewns3 mofeg i o Lose
¥ 0000 |28£5'165 1620°095: 0,
0¢ | 0000 |9782°155 ly
¥0L | 0000 |0ZE0 1SS . Z/w . -
£8v_| 1000 |v98L0SS ¢85S b3S __csaUss 000£'055(0
£70Z | £00°0 |85€50SS | —
¥99/ | 2100 | 2582085
- - z pue Oy wouy
€6V | 8800 |9rE005S LognaLasI adojos|
0LE9V1| 2220 |Geesdys
ce0vzz | OVE0 | 6282 675 o 5 doo 4 v
630981 | 2820 |£2806YS (+¥'£2€0°6vS) aulbeiany
— uoBNgLISIQ 183 B
Raly1sy |'nayroey|  zjw 00l V1 14




PCT/US2015/035540

WO 2015/191993

26/29

Z/W

aTae

060€°099

0SS 64S
é < _m St e 0
. oY ﬁ
¥
ey
9EP9 6YS
- =
€620
- uotl jenii
£55 I [ENLIA
. FE
mmom.@\m\ HED ? - ,.OS
¥3/6°8YS
Z/W }S9MO] - LBIS *|
Gl ‘b4

U
Nm._mm @m“mm

5996'87S:Q);
©
LZE0'6YS

Gv82'6Y5(Q);

yrea6vs @

0v8.'6vS ©

-L6£0°055(0)

000€°055{©

oY S

-04S

doo7 . ¢

-G'6YS

Z/W



PCT/US2015/035540

WO 2015/191993

27/29

JOL 1 90ZvL | 6100 0 ¢ | vy |e662el [000£08G

9l'L | €/96v | $90°0 0 ¢ | € |ecveer [v296%6vS

et {01661 | 610 | ¢ | 2ov |eszizl|zeco6ys

001 1§ zv0lzz | €s€0 0 e | W |ecsizz|sr8z6YS

00l 1§ G6906Z | 6.€0 | ¢ | Oy |<69062|5996 875
uoj fenuip | "dx3/183 | eaiyisg | 1s1qoayl | zenbiun | z |osoayl | eany Z/w

Z/u Gm@.%%

J0/ | 1000 |€£996°055

O > €0ve | ¥00°0 |0€€9°055

90zvl | 6100 | /662055

€/967 | S90°0 |¥9966¥S

0IG/EL| 6/10 | +E89°6VS

o /Y0172 | €560 |86626¥5

(+£'6996'8y5) aulbesany 569062 | 650 |S9968YS

uoNLIsIq ‘153

001 BOJy1ST |'nayoely|  z/w

(‘uoD)g| "Oi-

cy

oy



PCT/US2015/035540

WO 2015/191993

28/29

100Q 0} ,.Z M8) B UUIM S13)SNj3 abieys L ¢
paleNBip-iajul J0 $38118S B SI pajelisn||l s1eym ‘Auea|9
"007 8u1 anoge sadojos! uolurdwoo ¢ aaey
A1jean9810sL) pinoys Sjuno9 eaJe Alesqe

Ly8'L€ PUB |86E 62/ Z/W jo uol L ¢ ‘Oy uy

P
0 000 |Lisoees | Ly 8 bl
| 000 |691228L | Oly -@z © - G62/
b 000 |828£28/ By o S
1z 000 |/8V0°2EL By i -0°0€L
86 000 |9viL1El Ly N
. . 8 -G08/
9Ly 000 |S08E°LEL Yy
LIGL | 100 |yov0'leL | Sy N o ol
IE1G v0'0  |221L°0EL by s oS
eE0VL | 010 |[181£0€L Ey - o -Gl
62205 | 220 |ovv00SL | oy © °l
¥809% | S0 |660.62L | by B A A
1¥8/€ | 820 |8S/E6cL | Oy . S R
OpvSEL |'nayoR |  Z/w adojos| ®
91 "B

ul
1'99 659
Mo.mﬁw.m@
o
© O © 562,
O OO
L° 5 L 0'052
o
s O g 0e/
O
o 09 B tole
o o O .y
O Oop
i o o Lozes
i © L gze)
O




PCT/US2015/035540

WO 2015/191993

29/29

£ee'0 £ee0 £€70
€L mwmo ﬁ 0€/ 62/ 82/
. . 1" G20 9¢.¢°8¢/
oegcee. |.5¢0 <70 IR D P
1088°28. o .
=0 eee’0 | e8e0
: eee’0 :
fureyo ¢ adojos| 0| es0cts 186€°6¢.
%%.o.&/ 520 590]89] 2
. 520 00| 2 |¢
92/£°28/ .
05€0°08L ZL0|8L ¥
S00| S | ¢
900] 9 |9
‘qoid| 10 | Z
¢PU3 PUB LIB}S SIBISN|) Op BI8UM £69¢°08.
(JuoD)9l Oi-

-001



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US15/35540

CLASSIFICATION OF SUBJECT MATTER

A.
IPC(8) - HO1J49/10, 49/14; GO1N 30/72 (2015.01)
CPC - HO01J 49/025, 49/10, 49/145

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO1N 30/72, 33/6848

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): HO1J 49/10, 49/14; GO1N 30/72, 33/68 (2015.01); CPC: HO1J 49/025, 49/10, 49/14, 49/145; G06K 9/00563, 9/00536 9/00543;

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google; Google Scholar; ProQuest; KEYWORDS:

mass spectrometry ionising sample separation device parent ions target list predicted mass to charge ratio predicted chromatographic
retention elution time ion mobility drift time table lookup parameters unique charge state

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

0327-0328, 0333]

US 2013/0299688 A1 (BALOGH, M. et al.) November 14, 2013; paragraphs [0006, 0011-0012;

Category*
A US 2013/0282293 A1 (WATERS TECHNOLOGIES CORPORATION) October 24, 2013;
paragraphs [0087, 0103, 0117, 0125]
A
0033, 0079-0083]
A

US 2012/0259557 A1 (GORENSTEIN, M. et al.) October 11, 2012 paragraphs [0067-0068,

1-2, 3/1-3/2 and 40

1-2, 3/1-3/2 and 40

1-2, 3/1-3/2 and 40

Dl Further documents aré listed in the continuation of Box C.

D ‘See patent family annex.

» Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or afier the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q" document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“I™  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance. the claimed invention cannot be
considered to involve an inventive step when the document is
combined with onc or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 August 2015 (27.08.2015)

Date of mailing of the international search report

18 SEP 2015

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313- 1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US15/35540

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

1. D Claims Nos.: .

2. D Claims Nos.:

3. % Claims Nos.: 4-39

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

because they relate to subject matter not required to be searched by this Authority, namely:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

claims.

additional fees.

(5]

payment of a protest fee.

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest . D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - wo-search-report
	Page 57 - wo-search-report

