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(57) Abrégée/Abstract:

A composition, method, and kit for calibrating a mass spectrometer including a predetermined concentration of a calibrant having a
mixture of amino acid polyethylene glycol compounds and a solvent for dissolving the calibrant. The calibrant can be used In either
positive or negative ionization mode, and it can be used In calibrating an atmospheric pressure chemical ionization or an
electrospray mass spectrometer. The calibrant can include a mixture to enable calibration across a broad range of masses.
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Figure 1

meter including a predetermined concentration of a calibrant having a mixture
of amino acid polyethylene glycol compounds and a solvent for dissolving the
calibrant. The calibrant can be used i either positive or negative 1onization
mode, and it can be used in calibrating an atmospheric pressure chemical 1on-
ization or an electrospray mass spectrometer. The calibrant can include a mix-
ture to enable calibration across a broad range of masses.
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TITLE: COMPOSITION, METHOD, AND KIT FOR CALIBRATING

A MASS SPECTROMETER

RELATED APPLICATION

{0001] This application claims priority to US provisional
application no. 61/470,275 filed March 31, 2011.

FIELD

A —

[0002] The applicants’ teachings relate to a composition, method,
and kit for calibrating a mass spectrometer. |

INTRODUCTION

[0003] To achieve accuracy and reliability, mass spectrometers

‘need to be calibrated. Although there are a variety of calibrants used to

calibrate mass spectrometers, many of them do not span a large mass range,
do not work in both positive and negative ion modes, and are not ionizable in
both electrospray (ESI) and atmospheric préssure jonization (APCl) modes.
Typically, multiple sets of compounds are used that work either in positive or
negative ion mode and either in ESI or APC| mode.

SUMMARY

[0004] in accordance with an aspect of the appticants’ teachings,
a calibration composition for use in mass spectrometry is provided. The
system comprises a predetermined concentration of a calibrant comprising a
mixture of amino acid polyethylene glycol compounds, also known as discrete
polyethylene glycol (dPEG®) compounds, and a solvent for dissolving the

- calibrant. in various embodiments, the calibrant can be used in either positive
or negative ionization mode. In various embodiments, the calibrant can be

used in calibrating an atmospheric pressure chemical ionization (APCI) or an

CA 2831855 2018-03-29
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electrospray mass spectrometer. In various embodiments, the calibrant
composition comprises a mixiure to enable calibration across a range of
approximately 145 to 3500 Da. In various aspects, In calibrating an APCI
mass spectrometer in positive ionization mode, the polyethylene glycol
compounds comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG
8-acid, and amino-dPEG 12-acid. In various embodiments, the calibrant
further comprises 7-aminoheptanoic acid, clomipramine, reserpine,
phosphazene 921, and phosphazene 1521. In various aspects, the solvent
comprises a mixture of acetonitrile and water, but any suitable solvent can be
used. In various aspecis, in calibrating an APCl mass spectrometer in
negative ionization mode, the polyethylene giycol compounds comprise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG
12-acid, and amino-dPEG 16-acid. in various embodiments, the calibrant
further comprises 7-aminoheptancic acid and sulfinpyrazone. In various
aspects, the solvent comprises a mixture of acetonitrile and water, but any
suitable solvent can be used. In various embodiments, in calibrating an
electrospray mass spectrometer in positive ionization mode, the polyethylene
glycol compounds comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-
dPEG 8-acid, and amino-dPEG 12-acid. In various embodiments, the
calibrant further comprises 7-aminoheptanoic acid, clomipramine, reserpine,
phosphazene 921, and phosphazene 1521. In various aspects, the solvent
comprises a mixiure of acetonitrile and water, but any suitable solvent can be
used. In various embodiments, in calibrating an eiectrospray mass
spectrometer in negative ionization mode, the polyethyiene glycol compounds
comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid,
amino-dPEG 12-acid, and amino-dPEG 16-acid. In various embodiments, the
calibrant further comprises 7-aminoheptiancic acid and sulfinpyrazone. In
various aspects, the solvent comprises a mixture of acetonitrile and water, but

any suitable solvent can be used.

[0005] In various aspects, a method for calibrating a mass

spectrometer is provided. The method comprises obtaining a mass spectrum
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of a calibrant composition containing a plurality of known compounds
comprising a mixture of amino acid polyethylene glycol compounds, also
known as discrete polyethylene glycol (dPEG®) compounds, and a solvent for
dissolving the calibrant, determining the differences between the expected
mass peaks for the known compounds and the corresponding actual mass
peaks obtained, and adjusting the mass spectrometer based on the
differences between the expected and actual mass peaks. In various
embodiments, the calibrant can be used in either positive or negative
ionization mode. In various embodiments, the calibrant can be used in
calibrating an atmospheric pressure chemical ionization (APCI) or an
electrospray mass spectrometer. In various embodiments, the calibrant
mixture is selected to enable calibration across a range of approximately 145
to 3500 Da. In various aspects, in calibrating an APCI mass spectrometer in
positive ionization mode, the polyethylene glycol compounds comprise amino-
dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, and amino-dPEG 12-
acid. In various embodiments, the calibrant furiher comprises 7-
aminocheptanoic acid clomipramine, reserpine, phosphazene 921, and
phosphazene 1521. I[n vartious aspects, the solvent comprises a mixture of
acetonitrile and water, but any suitable solvent can be used. In various
aspects, in calibrating an APC| mass spectrometer in negative ionization
mode, the polyethylene glycol compounds comprise amino-dPEG 4-acid,
amino-dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG 12-acid, and amino-
dPEG 16-acid. In various embodiments, the calibrant further comprises /-
aminoheptanoic acid and sulfinpyrazone. In various aspecis, the solvent
comprises a mixture of acetonitrile and water, but any suitable solvent can be
used. In various embodiments, in calibrating an electrospray mass
spectrometer in positive ionization mode, the polyethylene glycol compounds
comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, and
amino-dPEG 12-acid. In various embodimenis, the calibrant further
comprises 7-aminoheptanocic acid clomipramine, reserpine, phosphazene
921, and phosphazene 1521. In various aspects, the solvent comprises a

mixture of acetonitrile and water, but any suitable solvent can be used. In
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various embodiments, in cailibrating an electrospray mass spectrometer Iin
negative ionization mode, the polyethylene glycol compounds comprise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG
12-acid, and amino-dPEG 16-acid. In various embodiments, the calibrant
further comprises 7-aminoheptanoic acid and sulfinpyrazone. In various

aspects, the solvent comprises a mixture of acetonitrile and water, but any

suitable solvent can be used.

[0006] In various aspects, a kit for calibrating a mass
spectrometer is provided comprising a predetermined conceniration of a
calibrant comprising a mixture of amino acid polyethylene glyco! compounds,
also known as discrete polyethylene glycol (dPEG) compounds, and a solvent
for dissolving the calibrant. In various embodiments, the calibrant comprises
a mixture to enable calibration across a range of approximately 145 to 3500
Da. In various aspects, in calibrating an atmospheric pressure chemical
ionization (APCIl) mass spectrometer in positive ionization mode, the
polyethylene glycol compounds comprise amino-dPEG 4-acid, amino-dPEG
G6-acid, amino-dFEG &-acid, and amino-dFPEG 12-acid. [n  various
embodiments, the calibrant further comprises 7-aminoheptanocic acid,
clomipramine, reserpine, phosphazene 921, and pnhosphazene 1521. In
various aspects, the solvent comprises a mixture of acetonitrile and water, but
any suitable solvent can be used. [n various aspects, in calibrating an
atmospheric pressure chemical ionization (APCIl) mass spectrometer in
negative ionization mode, the polyethylene glycol compounds comprise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG
12-acid, and amino-dPEG 16-acid. In various embodiments, the calibrant
further comprises 7-aminoheptanoic acid and sulfinpyrazone. In various
aspects, the solvent comprises a mixture of acetonitrile and water, but any
suitable solvent can be used. In various embodiments, in calibraiing an
electrospray mass spectrometer in positive ionization mode, the polyethylene
glycol compounds comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-
dPEG 8-acid, and amino-dPEG 12-acid. In various embodiments, the
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calibrant further comprises 7-aminoheptancic acid, clomipramine, reserpine,
phosphazene 921, and phosphazene 1521. In various aspects, the solvent
comprises a mixture of acetonitrile and water, but any suitable solvent can be
used. In  various embodiments, in calibrating an electrospray mass
spectrometer in negative ionization mode, the polyethylene glycol compounds
comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid,

amino-dPEG 12-acid, and amino-dPEG 16-acid. In various embodiments, the
calibrant further comprises 7-amincheptancic acid and sulfinpyrazone. In
various aspects, the solvent comprises a mixture of acetonitrile and water, but

any suitabie solvent can be used.

[0007] These and other features of the applicants’ teachings are

set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The skilled person in the art will understand that the
drawings, described below, are for illustration purposes only. The drawings

are not intended to limit the scope of the applicants’ teachings in anyway.

[0009] Figure 1 shows the molecular structure of discrete
polyethylene compounds in accordance with various embodiments of the

applicants’ teachings.

[0010] Figure 2 shows a table of a calibration composition for an
APCI ion source in positive ionization mode in accordance with various

embodiments of the applicants’ teachings.

[0011] Figure 3 shows mass spectra of a calibrant composition
obtained using a mass spectrometer with an APCI ion source In positive
ionization mode in accordance with various embodiments of the applicants’

teachings.
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[0012] Figure 4 shows an MS/MS mass specfra of clomipramine
obtained with an APCI source in positive ionization mode in accordance with

various embodiments of the applicants’ teachings.

[0013] Figure 5 shows an MS/MS mass spectra of reserpine
obtained with an APCI source in positive ionization mode in accordance with

various embodiments of the applicants’ teachings.

[0014] Figure & shows an MS/MS mass spectra of verapamii
obtained with an APCI source in positive ionization mode in accordance with

various embodiments of the applicants’ teachings.

[0015] Figure 7 shows mass spectra of various compounds after
calibrating with a calibrant composition using an APCI ion source in positive
ionization mode in accordance with various embodiments of the applicants’

teachings.

[0016] Figure 8 shows a table of a calibration composition for an
APCI ion source in negative ionization mode in accordance with various

embodiments of the applicants’ teachings.

[0017] Figure 9 shows mass specira of a calibrant composition
obtained using a mass spectrometer with an APCI ion source in negative
ionization mode in accordance with various embodiments of the applicants’

teachings.

[0018] Figure 10 shows an MS/MS mass spectra of
sulfinpyrazone obtained with an APCI source in negative ionization mode in

accordance with various embodimentis of the applicants’ teachings.

[0019] Figure 11 shows an MS/MS mass spectra of
bromocriptine obtained with an APC! source in negative ionization mode In

accordance with various embodiments of the applicants’ teachings.
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[0020] Figure 12 shows mass spectra of Bromocriptine after
calibrating with a calibrant composition using an APCI ion source In negative
ionization mode in accordance with various embodiments of the applicants’
teachings.

[0021] Figure 13 shows a table of a calibration composition for an
ES| ion source in positive ionization mode In accordance with various

embodiments of the applicants’ teachings.

[0022] Figure 14 shows mass spectra of a calibrant composition
obtained using a mass spectrometer with an ES| ion source in positive
lonization mode in accordance with various embodiments of the applicants’

teachings.

{0023] Figure 15 shows mass spectra of a calibrant composition
obtained using a mass specirometer with an ESI lon source In positive
ionization mode in accordance with various embodiments of the applicants’

teachings.

[0024] Figure 16 shows a table of a calibration composition for an
APCI fon source in negative ionization mode In accordance with various

embodiments of the applicants’ teachings.

[0025] Figure 17 shows mass spectra of a calibrant composition
obtained using a mass spectrometer with an ESI ion source in negative
jonization mode in accordance with various embodiments of the applicanis’

teachings.

[0026] Figure 18 shows mass spectra of a calibrant composition
obtained using a mass specirometer with an ES] ion source in negative
ionization mode In accordance with various embodimenis of the applicants’

teachings.
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(00277 Figure 19 illustrates the stability of a calibrant composition
in positive ionization mode In accordance with various embodiments of the

applicants’ teachings.

[C028] Figure 20 illustrates the stability of a calibrant composition
in negative ionization mode in accordance with various embodiments of the

applicants’ teachings.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0029] It should be understood that the phrase “a” or "an” used in
conjunction with the applicants’ teachings with reference to various elements
encompasses “one or more” or "at least one” unless the context clearly
indicates otherwise. In various embodiments, a calibration compaosition
comprises a predetermined concentration of a calibrant comprising a mixture
of amino acid polyethylene glycol compounds or discrete polyethylene glycol
(dF’EG@) compounds in a solvent that can dissolve the calibrant and any other
components that can be present in the composition. In various embodiments,
the calibrant composition can be used in posttive or negative ionization mode.
In various aspects, certain calibrant compositions can be betier suited for use
In positive ionization mode while others can be better for use In negative
ionization mode. In various embodiments, the calibrant composition can be
used in calibrating a mass specirometer with an atmospheric pressure
chemical ionization (APCIl) mass spectrometer or a mass spectrometer with
an electrospray (ESI) lon source. in various embodiments, a calibrant
composition can be selected 1o enable calibration across a broad mass range
and can provide reference mass peaks in both positive and negative
lonization modes. In various aspects, substantially the same components can
be used for both APCI and electrospray mass specirometry. To provide
calibration across a broad mass range, the calibrant composition can
comprise a mixture of different discrete polyethylene gliycol compounds in
accordance with various embodiments of the applicant’'s teachings. In various

aspects, the calibrant composition can enable calibration across a range of
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approximately 145 to 3500 Da. In various aspects, the solvent to dissolve the
calibrant can comprise a mixture of acetonitrile and water, but any suitable

solveni can be used.

[0030] Reference is made to Figure 1 which shows the molecular
structure of discrete polyethylene giycol compounds that can comprise the
calibrant composition in accordance with various embodiments of the
applicants’ teachings. In various aspects, the calibrant composition can
include, but is not limited to, the discrete polyethylene glycol compounds
shown in Figure 1. In various embodiments, as shown in Figure 1, the
calibration composition can comprise a mixture of discrete length polyethylene
glycol compounds having an amino group on one end, a humber of ethyiene
oxide units, and a carboxylic acid group on the other end, known also as
amino-dPEG,-acids, wherein n is the number of ethylene oxide units. For
example, amino-dPEG,-acid has an amino group on one end, four ethylene
oxide units, and a carboxylic acid group on the other end, as shown in Figure
1. In various embodimenis, n can be in the range of 4 to 16. In various
aspects, the calibrant composition comprises a mixture of different amino-
dPEG-acid compounds that can be selected to span across a broad mass
range. In various embodiments, approximately four to five amino-dPEG-acid
compounds can be used in the calibration composition. For example, the
following amino-dPEG-acid compounds in the calibration composition can
include, but are not limited to, amino-dPEG4-acid, amino-dPEGg-acid, amino-
dPEGsg-acid, amino-dPEG»-acid, and amino-dPEGs-acid. The amino-dPEG-
acid compounds can be obtained commercially from QuantaBiodesign. In
various aspects, the amino-dPEG,-acid compounds in the calibration
composition can be produced by mixing an assortment of amino-dPEG, and
acid-dPEG, of discrete masses. The calibration composition can further
include, but is not limited to, 7-amincheptancic acid {(which can be
commercially obtained from Sigma-Aldrich), clomipramine (which can be
commercially obtained from Sigma-Aldrich), reserpine (which can be

commercially obtained from Sigma-Aldrich), phosphazene 921 (which can be



CA 02831855 2013-09-27

WO 2012/135682 PCT/US2012/031553

10

15

20

25

30

- 10 -

commercially obtained from Apcllo Scientific Lid.), phosphazene, 1521 (which
can be commercially obtained from Apollo Scientific Ltd.), and sulfinpyrazone

(which can be commercially obtained from Sigma-Aldrich).

[0031] In various embodiments, in calibraling an APClI mass
spectrometer in positive ionization mode, the polyethylene glycol compounds
comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, and
amino-dPEG 12-acid. In wvarious embodiments, the calibrant further
comprises 7-aminoheptanoic acid, clomipramine, reserpine, phosphazene

921, and phosphazene 1521.

[0032] In various embodiments, a calibration composition for use
in APCl mass spectrometry calibration in positive ionization mode was
prepared comprising the components in Figure 2. Figure 3 shows the mass
spectra of the calibration composition obtained in APCI positive ionization
mode from two instrumenis according fo varicus embodimenis of the
applicant’s teachings. In various aspects, Figure 4 shows an MS/MS
spectrum obtained for clomipramine In positive ionization mode following an
autotune calibration with the APCI calibration composition prepared in Figure
2. The individual mass peaks found ciosely agreed with the farget mass
peaks as shown in the table in Figure 4. Figure 5 shows an MS/MS spectrum
obtained for reserpine in positive ionization mode following an autotune
calibration with the APCI calibration composition prepared in Figure 2. The
individual mass peaks found closely agreed with the target mass peaks as
shown in the table in Figure 5. Figure 6 shows an MS/MS spectrum obtained
for verapamil in positive ionization mode following an autotune calibration with
the APCI calibration composition prepared in Figure 2. The individual mass
peaks found closely agreed with the target mass peaks as shown in the table
in Figure 6. According to various embodiments of the appiicant’'s teachings,
Figure 7 shows the mass accuracy obtained for various compounds in
positive ionization mode following an autotune calibration with the APCI

calibration composition prepared in Figure 2.
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[0033] in various aspects, in calibrating an APCl mass
spectrometer in negative ionization mode, ihe polyethylene glycol compounds
comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid,
amino-dPEG 12-acid, and amino-dPEG 16-acid. In various embodiments, the
calibrant composition further comprises 7-aminoheptanoic acid and

sulfinpyrazone.

[0034] In various embodiments, a calibration composition for use
in APC| mass spectrometry calibration in negative ionization mode was
prepared comprising the components in Figure 8. Figure 9 shows the mass
spectra of the calibration composition obtained in APCI negative tonization
mode from two instrumenis according to various embodimentis of the
applicant’s teachings. In various aspects, Figure 10 shows an MS/MS
spectrum obtained for sulfinpyrazone in negative ionization mode following an
autotune calibration with the APCI calibration composition prepared in Figure
8. The individual mass peaks found closely agreed with the iarget mass
peaks as shown in the table in Figure 10. Figure 11 shows an MS/MS
spectrum obtained for bromocriptine in negative ionization mode foliowing an
autotune calibration with the APCI calibration composition prepared in Figure
8. The individual mass peaks found closely agreed with the target mass
peaks as shown in Figure 11. According to various embodiments of the
applicant’s teachings, Figure 12 shows the mass accuracy obtained for
bromocriptine in negative ionization mode following an autotune calibraiion

with the APCI calibration composition prepared in Figure 8.

[0035] In various embodiments, in calibrating an electrospray
mass specirometer in positive ionization mode, the polyethylene glycol
cbmpounds comprise amino-dPEG 4-acid, aminc-dPEG 6-acid, amino-dPEG
8-acid, and amino-dPEG 12-acid. In various embodiments, the calibrant
further comprises 7-aminoheptanoic acid clomipramine, reserpine,

phosphazene 921, and phosphazene 1521.
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[0036] In various embodiments, a calibration composition for use
in electrospray mass spectrometry calibration in positive ionization mode was
prepared comprising the components in Figure 13. Figure 14 shows the mass
spectrum of the calibration composition obtained in electrospray positive
ionization mode according to various embodiments of the applicant’s
teachings. In various aspects, Figure 15 shows the mass spectrum obtained
from a 100 ng/mL mixture of calibration composition in electrospray positive

ionization mode.

[0037] In various embodiments, In calibrating an electrospray
mass spectrometer in negative ionization mode, the polyethylene glycol
compounds comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG
8-acid, amino-dPEG 12-acid, and amino-dPEG 16-acid. in  various
embodiments, the calibrant further comprises 7-amincheptanoic acid and

sulfinpyrazone.

[0038] in various embodiments, a calibration composition for use
in electrospray mass spectrometry calibration in negative ionization mode was
prepared comprising the components in Figure 16. Figure 17 shows the mass
spectrum of the calibration composition obtained in electrospray negative
jonization mode according to various embodiments of the applicant’s
teachings. Figure 18 shows a spectrum obtained in negative ionization mode
following an autotune calibration with the ESI calibration composition
prepared in Figure 16. The individual mass peaks found closely agreed with

the target mass peaks as shown in the table in Figure 18.

[0039] According to various embodimenis of the applicani’s
teachings, Figure 19 shows the stability of the positive ion calibration solution
during a span of five weeks at a temperature of 25 degrees Celsius. Figure
20 shows the stability of the negative ion calibration soiution during a span of
five weeks at a temperature of 25 degrees Celsius according to various

embodiments of the applicant’s teachings.
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[0040] In various embodiments, solvents can be used to dissolve
the calibrant and can include, but are not limited to, acetonitrile, methanol,
ethanol, propanol, isopropanol, or water. In varicus aspects, the solvent can

comprise a mixture of acetronitrile and water.

[0041] In various aspects, the calibration composition can be
used as an internal standard to optimize and tune parameters of the mass
spectrometer to ensure that accuraie mass spectra are obtained. In use, a
mass spectrum of a calibrant composition can be obtained. The calibrant
composition can include a plurality of known compounds comprising a mixture
of amino acid polyethylene glycol compounds and a solvent for dissclving the
calibrant. The differences between the expected mass peaks for the known
compounds and the corresponding mass peaks obtained can be determined
and the mass spectrometer can be adjusted based on the differences
between the expected and actual mass peaks. In various aspects, the

calibrant can be used in either positive or negative ionization mode, and the

calibrant can be used in calibrating an APCl or an electrospray mass

speciromeier.

[0042] In various embodiments, in calibrating an APC| mass
spectrometer in positive ionization mode, the polyethylene glycol compounds
can comprise amino-dPEG 4-acid, amino-dPEG 6-acid, aminc-dPEG 8-acid,
and amino-dPEG 12-acid. In various embodiments, the calibrant can further
comprise 7-aminoheptanoic acid, clomipramine, reserping, phosphazene 921,

and phosphazene 1521.

[0043] In various embodiments, in calibrating an APC|I mass
spectrometer in negative ionization mode, the polyethylene glycol compounds
can comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid,
amino-dPEG 12-acid, and amino-dPEG 16-acid. [n various aspects, the

calibrant can further comprise 7-aminoheptanoic acid and sulfinpyrazone.
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[0044] In various embodiments, in calibrating an electrospray
mass spectrometer in positive iconization mode, the polyethylene glycol
compounds can comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-
dPEG 8-acid, and amino-dPEG 12-acid. in various aspects, the calibrant can
further comprise 7-amincheptanoic acid, clomipramine, reserpineg,

phosphazene 921, and phosphazene 1521.

[0045] In various embodiments, in calibrating an electrospray
mass spectrometer in negative ionization mode, the polyethylene glycol
compounds comprise amino-dPEG 4-acid, amino-dPEG G-acid, amino-dPEG
8-acid, amino-dPEG 12-acid, and amino-dPEG 16-acid. |n various aspects,

the calibrant can further comprise 7-amincheptancic acid and sulfinpyrazone.

[0046] In various embodiments, solvents can be used to dissolve
the calibrant and can include, but are not limited to, acetonitrile, methanol,
ethanol, propanol, isopropanol, or water. In various aspects, the solvent can

comprise a mixiure of acetronitrile and water.

[0047] In various embodiments, the calibrant composition can
include a mixture to enable calibration across a broad range of masses., In
various aspects, the calibrant composition can enable calibration across a

range of approximately 145 to 3500 Da.

[0048] In various embodiments, a kit for calibrating a mass
specirometer can be provided. The kit can comprise a predetermined
concentration of a calibrant comprising a mixture of amino acid polyethylene

giycol compounds and a solvent for dissolving the calibrant.

[0049] In various aspects, in calibrating an APCI mass

spectrometer in positive ionization mode, the polyethylene glycol compounds

in the kit can comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG
8-acid, and amino-dPEG 12-acid. In various embodiments, the kit can further
comprise 7-aminohepianoic acid, clomipramine, reserpine, phosphazene 921,
and phosphazene 1521.
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[0050] In various embodiments, in calibrating an APCI mass
spectrometer in negative ionization mode, the polyethylene glycol compounds
in the kit can comprise amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG
8-acid, amino-dPEG 12-acid, and amino-dPEG 16-acid. in various aspecis,

the kit can further comprise 7-aminoheptanoic acid and sulfinpyrazone.

[0051] In various embodiments, in calibrating an electrospray
mass spectrometer in positive ionization mode, the polyethylene glycol

compounds in the kit can comprise amino-dPEG 4-acid, amino-dPEG 6-acid,

amino-dPEG 8-acid, and amino-dPEG 12-acid. In various aspects, the kit can
further comprise 7-aminoheptancic acid, clomipramine, reserpine,

phosphazene 921, and phosphazene 1521.

[0052] In various embodiments, in calibrating an electrospray

mass spectrometer in negative ionization mode, the polyethylene glycol

compounds in the kit can comprise amino-dPEG 4-acid, amine-dPEG 6-acid,
amino-dPEG 8-acid, amino-dPEG 12-acid, and amino-dPEG 16-acid. In
various aspects, the kit can further comprise 7-aminoheptanoic acid and

sulfinpyrazone.

[CO53] In various aspects, the kit can comprise a solvent to
dissolve the calibrant. In various embodiments, the solvent can comprise a

mixture of acetonitrile and water. In various embodiments, the kit can contain

any suitable solvent.

[0054] In various embodiments, the calibrant composition can
include a mixture to enable calibration across a broad range of masses. In
various aspects, the kit can comprise a calibrant composition that can enable

calibration across a range of approximately 145 to 3500 Da.

[0055] While the applicanis’ teachings are described In
conjunction with various embodiments, it is not intended that the applicants’
teachings be limited to such embodiments. On the conirary, the applicants’

teachings encompass various alternatives, modifications, and equivalents, as
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will be appreciated by those skilled in the art.
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CLAIMS
1. A calib_ration composition for use in mass spectrometry comprising:

a predetermined concentration of a calibrant comprising a mixture of
5 discrete length amino acid polyethylene glycol compounds, the discrete

length amino acid polyethylene glycol compounds each having an
amino group on one end, a number of ethylene oxide units and a

carboyxlyic acid group on the other end, and,;
a solvent for dissolving the calibrant.

10 - 2. The composition of claim 1 wherein the calibrant is used in either positive
or negative ionization mode.

3. The composition of claim 2 wherein the calibrant is used in calibrating an
‘atmospheric pressure chemical ionization or an electrospray mass

spectrometer.

15 4. The composition of claim 3 wherein in calibrating an atmospheric pressure
 chemical ionization mass spectrometer in positive ionization mode, the
discrete length amino acid polyethylene glycol compbunds c_om_prise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 84aoid, and amino-
dPEG 12-acid.

20 5. The composition of claim 3 wherein in calibrating an atmospheric pressure
chemicél ionization mass spectrometer in negative ionization mode, the
discrete length amino acid polyethylene glycol compounds comprise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, amino-
dPEG 12-acid, and amino-dPEG 16-acid.

25 6. The composition of claim 4 wherein the calibrant further comprises /-
| aminoheptanoic acid, clomipramine, reserpine, phosphazene 921, and
phosphazene 1521. '

CA 2831855 2018-03-29
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7. The compossition of claim 5 wherein the calibrant further comprises 7-

aminoheptanoic acid and sulfinpyrazone.

8. The composition of claim 3 wherein in calibrating an electrospray mass
spectrometer in positive ionization mode, the discrete length amino acid
polyethylene glycol compounds comprise amino-dPEG 4-acid, amino-
dPEG 6-acid, amino-dPEG 8-acid, and amino-dPEG 12-acid.

9. The composition of claim 3 wherein in calibrating an electrospray mass
spectrometer in negative ionization mode, the discrete length amino acid

polyethylene glycol compounds comprise amino-dPEG 4-acid, amino-
dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG 12-acid, and amino-dPEG
16-acid.

10. The composition of claim 8 wherein the calibrant further comprises 7-
‘aminoheptanoic acid, clomipramine, reserpine, phosphazene 921, and

phosphazene 1521.

11. The composition of claim 9 wherein the calibrant further comprises 7-
aminoheptanoic acid and sulfinpyrazone.

12. The composition of claim 1 wherein the solvent comprises a mixture of
acetronitrile and water.

13. The composition of claim 1 wherein the calibrant comprises a mixture to

enable calibration across a range of approximately 145 to 3500 Da.
14. A method for calibrating a mass spectrometer comprising:

a) obtaining a mass spectrum of a calibrant composition containing a
plurality of known compounds comprising a mixture of discrete length

amino acid polyethylene glycol compounds and a solvent for dissolving
the calibrant, each of the discrete length amino acid polyethylene glycol

compounds having an amino group on one end, a number of ethylene

oxide units, and a carboxylic acid group on the other end:;

b) determining the differences between the expected mass peaks for the

known compounds and the corresponding actual mass peaks obtained.

CA 2831855 2018-03-29
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c) adjusting the mass spectrometer based on the differences between the

~ expected and actual mass peaks.

15. The method of claim 14 wherein the calibrant is used in either positive or
negative ionization mode.

5 16.The method of claim 15 wherein the calibrant is used in calibrating an
atmospheric pressure chemical ionization or an electrospray mass
spectrometer.

" 17 The method of claim 16 wherein in calibrating an atmospheric pressure
chemical ionization mass spectrometer in positive ionization mode, the
10 discrete length amino acid polyethylene glycol compounds comprise
o ém'ino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, and amino-
dPEG 12-acid.

18. The method of claim 16 wherein in calibrating an atmospheric pressure '
chemical ionization mass spectrometer in negative ionization mode, the
16 discrete iength amino acid polyethylene glycol compounds comprise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid, amino-
dPEG 12-acid, and amino-dPEG 16-acid.

19. The method of claim 17 wherein the calibrant further comprises 7-

. aminoheptanoic acid, clomipramine, reserpine, phosphazene 921, and
20 phosphazene 1521.

20. The method of claim 18 wherein the calibrant further comprises 7-
amincheptanoic acid and sulfinpyrazone.

21. The method of claim 16 wherein in calibrating an electrospray mass
spectrometer in positive ionization mode, the discrete length amino acid
25 polyethylene glybol compounds comprise amino-dPEG 4-acid, amino-
- dPEG 6-acid, amino-dPEG 8-acid, and amino-dPEG 12-acid.

22. The method of claim 16 wherein in calibrating an electrospray mass

spectrometer in negative ionization mode, the discrete length amino acid
polyethylene glycol compounds comprise amino-dPEG 4-acid, amino-

CA 2831855 2018-03-29
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dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG 12-acid, and amino-dPEG
16-acid.

23. The method of claim 21 wherein the calibrant further comprises 7-

amincheptanoic acid, clomipramine, reserpine, phosphazene 921, and

o phosphazene 1521.

24. The method of claim 22 wherein the calibrant further comprises 7-
amincheptanoic acid and sulfinpyrazone.

25.The method of claim 14 wherein the solvent comprises a mixture of

acetronitrile and water.

10 26. The method of claim 14 wherein the calibrant mixture is selected to enable
| calibration across a range of approximately 145 to 3500 Da.

27.AKit for calibrating a mass spectrometer comprising:

a predetermined concentration of a calibrant comprising a mixture of

discrete length amino acid polyethylene glycol compounds, each of the
16 - discrete length amino acid polyethylene glycol compounds having an

amino acid group on one end, a number of ethylene oxide units, and a

carboxylic acid group on the other end, and;

a solvent for dissolving the calibrant.

28.The kit of claim 27 wherein in calibrating an atmospheric pressure
20 chemical ionization mass spectrometer in positive ionization mode, the
' discrete length amino acid polyethylene glycol compounds comprise

amino-dPEG 4-acid, amino~-dPEG 6-acid, amino-dPEG 8-acid, and amino-
dPEG 12-acid.

29. The kit of claim 27 wherein in calibrating an atmospheric pressure
- 25 chemical ionization mass spectrometer in negative ionization mode, the
discrete'length amino acid polyethylene glycol compounds comprise
amino-dPEG 4-acid, amino-dPEG 6-acid, amino-dPEG 8-acid. amino-
dPEG 12-acid, and amino-dPEG 16-acid.
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30. The kit of claim 28 wherein the calibrant further comprises 7-

~ aminoheptanoic acid, clomipramine, reserpine, phosphazene 921, and
phosphazene 1521.

31. The kit of claim 29 wherein the calibrant further comprises 7-
aminoheptanoic acid and sulfinpyrazone.

32.The kit of claim 27 wherein in calibrating an electrospray mass
spectrometer in positive ionizatioh mode, the discrete length amino acid
polyethylene glycol compounds comprise amino-dPEG 4-acid, amino-
dPEG 6-acid, amino-dPEG 8-acid, and amino-dPEG 12-acid.

33. The kit of claim 27 wherein iri calibrating an electrospray mass
spectrometer in negative ionization mode, the discrete length amino acid
polyethylene glycol compounds comprise amino-dPEG 4-acid, amino-
dPEG 6-acid, amino-dPEG 8-acid, amino-dPEG 12-acid, and amino-dPEG
16-acid.

34. The kit of claim 32 wherein the calibrant further comprises 7-
aminoheptanoic acid, clomipramine, reserpine, phosphazene 921, and

phosphazene 1521.

35. The Kit of claim 33 wherein the calibrant further comprises 7-
aminoheptanoic acid and sulfinpyrazone.

36. The kit of claim 27 wherein the solvent comprises a mixture of acetronitrile
and water.

| -~ 37. The kit of claim 27 wherein the calibrant comprises a mixture to enable

calibration across a range of approximately 145 to 3500 Da.

CA 2831855 2018-03-29
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