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L&G Ref. 86-12WO

NEUTRON ENCODED MASS TAGS FOR ANALYTE QUANTIFICATION

BACKGROUND OF INVENTION
[001] Proteome quantification has become an increasingly essential component of
modern biology and translational medicine. Whether targeted or global, stable isotope
incorporation with mass spectromet‘ry (MS) analysis is the primary mechanism by which
protein abundance measurements are determined. There are numerous approaches to
introduce stable isotopes into peptides — SILAC, isobaric tagging (TMT/iTRAQ), iCAT,
etc. In most conventional approaches, hoWever, these methods incorporate heavy
isotopes to increase mass by at least 1 Da. SILAC, the quantification gold standard, for
example, typically utilizes a 4 Da spacing so as to limit the isotopic cluster overlap of the
heavy and light peptides. This requirement limits the quantitative capacity of SILAC to
triplex. The reason for this is twofold: (1) the mass of the amino acids can only be
élevate_d to ~ +12 Da and (2) mass spectral complexity is increased as multiple isotopic

clusters are introduced.

[002] Isobaric tagging addresses the problem of increases in mass spectra
complexity by conCealing the 'quantitative information in the MS' scan, thereby
permitting a higher level of multiplexing than obtained via conventional SILAC methods.
Mc Alister et al. recently report methods for expanding the throughput of methods using
TMT isobaric reagents from 6-plex to 8 plex, for example, via techniques that resolve
the relatively small isotopic shift resulting from substitution of a 1N for a 3Cin the
isobaric tagging ‘agents. [See, Mc Alister et al., Analytical Chemistry, accepted
manuscript, DOI:10.1021/ac301572t].  Despite the advances in the degree of
multiplexing accessible using isobaric tagging, these methods have been demonstrated
to be susceptible to certain limitations that impact their use in quantitative analysis for
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applications in proteomics. First, isobaric methods suffer from severe dynamic range
compression and loss of quantitative accuracy due to precursor interference with in the
MS/MS isolation window. Precursor interference in isobaric methods, for example, has
been demonstrated to significantly degrade the quantitative accuracy of the technique.
Second, quantitative data can only be obtained for peptides that are selected for further
MS? analysis When replicate analyses are necessary, therefore, this becomes a serious
problem as there is high variation in which peptides are selected for MS? from one run to
the next (~60%). Third, current isobaric tagging methods are only compatible with

collisional activation for dissociation, thus limiting the overall versatility of this technique.

[003] From the foregoing it shall be apparent that a need currently exists for mass
spectrometry techniques for proteomic analysis. For example, advanced mass
spectrometry techniques are needed that are capable of achieving high degrees of
multiplexing necessary for high throughput analysis of protein containing samples. In
addition, advanced mass spectrometry techniques are needed that are not susceptible
to problems of precursor interference that can impact quantitative accuracy and that are
compatible with a range of dissociation techniques including electron capture and

electron transfer dissociation methods.

SUMMARY OF THE INVENTION
[003] The invention provides mass spectrometry methods, compositions and systems
which enable a unique platform for analyte quantitation accessing very high degrees of
multiplexing and accurate quantification, particularly well-suited for a range of
quantitative analysis for proteomics applications. Embodiments of the present methods
and systems combine isotopic coding agents characterized by very small differences in
molecular mass with mass spectrometry methods providing large resolving power to
provide relative or absolute analyte quantification in a large number of samples. In
some embodiments, for example, quantification methods of the invention access a high
degree of multiplexing by introducing isotopic labels from a large number of (e.g.,
ranging from 2 to 10 and in some embodiments greater than 20) isotopic coding agents
that are isotopologues, such as amino acids, tagging agents and/or synthetic proteins
and peptides, having mass differences that can be accurately resolved using high

resolution mass spectrometry. The methods, compositions and systems described
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herein enable increased quantitation accuracy compatible with multiplexing necessary to
achieve high levels of throughput.

[004] In an aspect, the invention provides a method for determining the abundances
of an analyte in a plurality of samples comprising the steps of: (a) providing a plurality of
cell cultures including at least a first cell culture and a second cell culture; (b) providing a
different isotopically labeled amino acid to each of the cell cultures, wherein the
isotopically labeled amino acids of each of the cell cultures are isotopologues of the
same amino acid; (¢) growing cells of each of the cell cultures, thereby introducing a
different isotopic label into proteins generated by each cell culture; (d) generating a
sample for each of the cell cultures, wherein each sample is characterized by a different
isotopically labeled analyte, the samples including at least a first sample for the first cell
culture having a first isotopically labeled analyte and a second sample for the second
cell culture having a second isotopically labeled analyte, wherein the isotopically labeled
analytes of each sample are isotopologues; and wherein the difference of the molecular
masses of the first isotopically labeled analyte and the second isotopically labeled
analyte is less than or equal to 300 mDa; (e) analyzing the isotopically labeled analytes
for each sample using a mass spectrometry analysis technique providing a resolving
power equal to or greater than 100,000, thereby generating an independent and
distinguishable mass spectrometry signal for the isotopically labeled analytes of each
sample; and (f) comparing the mass spectrometry signals for the isotopically labeled
analytes of each sample, thereby determining the abundances of the analyte in the

plurality of samples.

[005] In an aspect, the invention provides a method for determining the abundances
of an analyte in a plurality of samples comprising the steps of: (a) providing the plurality
of samples each having the analyte including at least a first sample and a second
sample; (b) providing a different isotopic tagging reagent to each sample, wherein the
isotopic tagging reagents of each of the samples are isotopologues, and wherein the
isotopic tagging reagents are not isobaric tags having a reporter group and a mass
balancing group; (c) chemically reacting the analyte and isotopic tagging reagent of
each sample, thereby generating a different isotopically labeled analyte for each sample
including a first isotopically labeled analyte for the first sample and a second isotopically
labeled analyte for the second sample; wherein the isotopically labeled analytes of each

sample are isotopologues; and wherein the difference of the molecular masses of the
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first isotopically labeled analyte and the second isotopically labeled analyte is less than
or equal to 300 mDa; (d) analyzing the isotopically labeled analytes for each sample
using a mass spectrometry analysis technique providing a resolving power equal to or
greater than 100,000, thereby generating an independent and distinguishable mass
spectrometry signal for the isotopically labeled analytes of each sample; and (e)
comparing the mass spectrometry signals for the isotopically labeled analytes of each

sample, thereby determining the abundance of the analyte in the plurality of samples.

[006] In an aspect, the invention provides a method for determining the abundances
of an analyte in a plurality of samples comprising the steps of: (a) providing the plurality
of samples each having the analyte including at least a first sample and a second
sample; (b) providing a different isotopic tagging reagent to each sample, wherein the
isotopic tagging reagents of each of the samples are isotopologues; (¢) chemically
reacting the analyte and isotopic tagging reagent of each sample, thereby generating a
different isotopically labeled analyte for each sample including a first isotopically labeled
analyte for the first sample and a second isotopically labeled analyte for the second
sample; wherein the isotopically labeled analytes of each sample are isotopologues; and
wherein the difference of the molecular masses of the first isotopically labeled analyte
and the second isotopically labeled analyte is less than or equal to 300 mDa; (d)
analyzing the isotopically labeled analytes for each sample using a mass spectrometry
analysis technique providing a resolving power equal to or greater than 100,000,
thereby generating an independent and distinguishable mass spectrometry signal for the
isotopically labeled analytes of each sample; and (e) comparing the mass spectrometry
signals for the isotopically labeled analytes of each sample, thereby determining the
abundance of the analyte in the plurality of samples; wherein the step of analyzing the
isotopically labeled analytes for each sample using a mass spectrometry analysis
technique does not use an isobaric tagging method, for example, wherein the step of
analyzing the isotopically labeled analytes for each sample using a mass spectrometry
analysis technique does not generate a reporter ion or mass spectrometry data

corresponding to a reporter ion.

[007] In some methods of the invention, the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins of the samples do not comprise an isobaric mass tag, such as an TMT or

iTRAQ mass tag. In some embodiments, for example, the isotopically labeled analytes,
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isotopic tagging reagents, isotopically labeled amino acids and/or isotopically labeled
peptide or proteins of the samples do not have at least a portion of the functional groups
of conventional isobaric mass tags, such as not having a reporter group and/or not
having a mass balancing group. Itis noted, however, that isotopic tagging reagents of
the invention commonly containing reactive groups, such as protein or peptide reactive
groups, for example, to allow incorporation of an isotopic label into the analyte via

chemical reactions.

[008] In some methods of the invention, the step of analyzing the isotopically labeled
analytes for each sample is carried out using a single stage mass spectrometry
technique, such as a technique involving fragmentation and detection of product ions
generated directed from the analyte such as ions generated directly from electrospray
ionization and MALDI technigues. In some embodiments, for example, the step of
analyzing the isotopically labeled analytes for each sample using the mass spectrometry
analysis technique comprises: (i) generating ions from each of the isotopically labeled
analytes for each sample; (ii) fragmenting the ions so as to generate product ions having
a different isotopic label for each sample; and (iii) detecting the product ions for each
sample. In some embodiments, for example, the product ions are peptide fragment ions
having the isotopic label, optionally wherein the product ions are detected without further
mass selection or fragmentation of the product ions. In a specific embodiment, the step
of analyzing the isotopically labeled analytes for each sample is not carried out using a
MS* multiple stage mass spectrometry, wherein x is greater than or equal to 2, for
example, wherein the step of analyzing the isotopically labeled analytes for each sample
is not carried out using tandem mass spectrometry. Alternatively, the invention includes
methods wherein the step of analyzing the isotopically labeled analytes for each sample
is carried out using a MS* multiple stage mass spectrometry, wherein x is greater than

or equal to 2, such as tandem mass spectrometry techniques.

[009] Methods of the invention are compatible with a broad range of approaches for
introducing isotopic labels into analytes for generating isotopically labeled analytes,
such as reactive techniques, synthetic techniques and metabolic techniques. In reactive
techniques, for example, one or more isotopic tagging reagents are provided to a
sample under conditions (e.g., concentration of tagging reagent, temperature, pH, ionic
strength, solvent composition, etc.) such that at least a portion of the isotopic tagging

reagent reacts with analyte to generate isotopically labeled analyte. In synthetic
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techniques, for example, one or more isotopically labeled standards, such as an
isotopically labeled peptide standard, is synthesized, for example via chemical
reaction(s) of isotope encoded amino acids, and then added to a sample under analysis.
In metabolic techniques, for example, isotope encoded compounds, such as isotopically
labeled amino acids or peptides, are provided to a cell culture under conditions wherein
the isotopically labeled amino acids or peptides are incorporated into peptides and

modified peptides generated by the cells.

[010] In an embodiment, for example, the step of providing the different isotopically
labeled amino acids to each of the cell cultures comprises providing a growth medium to
each of the cell cultures comprising the isotopically labeled amino acids. In an
embodiment, for example, the introducing a different isotopic label into proteins
generated by each cell culture is achieved via metabolic incorporation of the isotopically
labeled amino acids into cells of the cell cultures. In an embodiment, for example, the
step of generating a sample for each of the cell cultures comprises lysing the cells of
each of the cell cultures. In an embodiment, for example, the step of generating a
sample for each of the cell cultures comprises extracting proteins of each of the cell
cultures. In an embodiment, for example, the step of generating a sample for each of
the cell cultures comprises digesting proteins of each of the cell cultures. In an
embodiment, for example, the samples are digested using trypsin or Endo LysC.

[011] An important aspect of the present methods is use of a series of isotopically
labeled analytes, isotopic tagging reagents, isotopically labeled amino acids and/or
isotopically labeled peptide or proteins having differences in mass that can be resolved
using a mass spectrometry analysis technique providing a resolving power equal to or
greater than 100,000. Use of at least a portion of the isotopically labeled analytes,
isotopic tagging reagents, isotopically labeled amino acids and/or isotopically labeled
peptide or proteins having small differences in molecular mass (e.g., less than or equal
to 300 mDa) is beneficial in some embodiments for accessing high multiplexing
capabilities. In some embodiments, for example, the step of analyzing the isotopically
labeled analytes for each sample comprises resolving differences of the mass to charge
ratios and/or molecular masses of the isotopically labeled analytes. In some
embodiments, for example, the difference of the molecular masses of the first
isotopically labeled analyte and the second isctopically labeled analyte is less than or

eqgual to 100 mDa, and optionally for some applications wherein the difference of the
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molecular masses of the first isotopically labeled analyte and the second isotopically
labeled analyte is less than or equal to 50 mDa and optionally for some applications
wherein the difference of the molecular masses of the first isotopically labeled analyte
and the second isotopically labeled analyte is greater than or equal to 10 mDa. In some
embodiments, for example, the difference of the molecular masses of the first
isotopically labeled analyte and the second isotopically labeled analyte is selected over
the range of 100 mDa to 1 mDa, and optionally for some applications wherein the
difference of the molecular masses of the first isotopically labeled analyte and the
second isotopically labeled analyte is selected over the range of 50 mDa to 1 mDa, and
optionally for some applications wherein the difference of the molecular masses of the
first isotopically labeled analyte and the second isotopically labeled analyte is selected
over the range of 10 mDa to 1 mDa. In some embodiments, for example, each of the
isotopically labeled analytes have a molecular mass within 100 mDa to 1 mDa of
another of the isotopically labeled analyte, and optionally for some applications each of
the isotopically labeled analytes have a molecular mass within 50 mDa to 1 mDa of
another of the isotopically labeled analyte and optionally for some applications each of
the isotopically labeled analytes have a molecular mass within 10 mDa to 1 mDa of
another of the isotopically labeled analyte. In some embodiments, for example, the
molecular masses of each of the isotopically labeled analytes are within a range of
10000 mDa to 10 mDa, and optionally for some applications the molecular masses of
each of the isotopically labeled analytes are within a range of 1000 mDa to 10 mDa, and
optionally for some applications the molecular masses of each of the isotopically labeled

analytes are within a range of 100 mDa to 10 mDa.

[012] Different isotopically encoded compounds of the invention can have a number
of stable heavy isotopes selected over a wide range for different applications. As used
herein isotopically encoded compounds refers to compound having one or more stable
heavy isotopes functioning as an isotopic label. Isotopically encoded compounds
include a range of tagging reagents, standards and/or labeled analytes, such as
isotopically labeled analytes, isotopic tagging reagents, isotopically labeled amino acids,
isotopically labeled standards and/or isotopically labeled peptide or proteins.
Isotopically encoded compounds include compounds having one or more stable heavy
isotopes that are isotopologues, for example, isotopologues that can be accurately
distinguished using mass spectrometry based on measured mass-to-charge ratios.

7
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[013] In an embodiment, for example, the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins have a number of stable heavy isotopes selected from the group consisting of
2,3,4,5,6,7,8,9,10,11,12,13, 14,15, 16, 17, 18, 19, and 20. In an embodiment,
for example, the isotopically labeled analytes, isotopic tagging reagents, isotopically
labeled amino acids and/or isotopically labeled peptide or proteins have a number of
stable heavy isotopes equal to or greater than 1, and optionally for some applications a
number of stable heavy isotopes equal to or greater than 4, and optionally for some
applications a number of stable heavy isotopes equal to or greater than 10, and
optionally for some applications a number of stable heavy isotopes equal to or greater
than 15.

[014] In some embodiments, for example, the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins are selected from the group consisting of: an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one "°N isotope; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one '*C isotope; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one '®0 isotope; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one 'S isotope; and an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled

peptide or protein having at least one ?H isotope.

[015] In some embodiments, for example, the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins are selected from the group consisting of: an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least two '>C isotopes; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one '*C isotope and at least one "N isotope; an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid

and/or isotopically labeled peptide or protein having at least one "*C isotope and at least

8
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one 2H isotope; an isotopically labeled analyte, isotopic tagging reagent, isotopically
labeled amino acid and/or isotopically labeled peptide or protein having at least one '*C
isotope and at least one "®0 isotope; an isotopically labeled analyte, isotopic tagging
reagent, isotopically labeled amino acid and/or isotopically labeled peptide or protein
having at least one '°C isotope and a *S isotope; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least two '°N isotopes; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one "N isotope and at least one *H isotope; an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid
and/or isotopically labeled peptide or protein having at least one "N isotope and at least
one '®0 isotope; an isotopically labeled analyte, isotopic tagging reagent, isotopically
labeled amino acid and/or isotopically labeled peptide or protein having at least one "°N
isotope and at least one *'S isotope; an isotopically labeled analyte, isotopic tagging
reagent, isotopically labeled amino acid and/or isotopically labeled peptide or protein
having at least two ?H isotopes; an isotopically labeled analyte, isotopic tagging reagent,
isotopically labeled amino acid and/or isotopically labeled peptide or protein having at
least one 2H isotope and at least one '®0 isotope; an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein having at least one ?H isotope and at least one 'S isotope; an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid
and/or isotopically labeled peptide or protein having at least two "0 isotopes; an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid
and/or isotopically labeled peptide or protein having at least one ®0 isotope and at least
one S isotope; an isotopically labeled analyte, isotopic tagging reagent, isotopically
labeled amino acid and/or isotopically labeled peptide or protein having at least one '*C
isotope, at least one °N isotope and at least one *H isotope; an isotopically labeled
analyte, isotopic tagging reagent, isotopically labeled amino acid and/or isotopically
labeled peptide or protein having at least one "*C isotope, at least one "N isotope and
at least one '®0 isotope; an isotopically labeled analyte, isotopic tagging reagent,
isotopically labeled amino acid and/or isotopically labeled peptide or protein having at
least one *C isotope, at least one "°N isotope and at least one **S isotope; and an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid

9
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and/or isotopically labeled peptide or protein having at least one '°0 isotope, at least

one N isotope and at least one **S isotope.

[016] In an embodiment, for example, the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins are selected from the group consisting of: an isotopically labeled analyte,
isotopic tagging reagent, isotopically labeled amino acid and/or isotopically labeled
peptide or protein isotopically labeled amino acid selected from the group consisting of:
an isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid
and/or isotopically labeled peptide or protein having 1, 2, 3, or 4 "N isotopes; an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid
and/or isotopically labeled peptide or protein having 1, 2, 3, 4, 5,6, 7, 8,9, 10 or 11 '°C
isotopes; an isotopically labeled analyte, isotopic tagging reagent, isotopically labeled
amino acid and/or isotopically labeled peptide or protein having 1 or 2 '®0 isotopes; an
isotopically labeled analyte, isotopic tagging reagent, isotopically labeled amino acid
and/or isotopically labeled peptide or protein having one *S isotope; and an isotopically
labeled analyte, isotopic tagging reagent, isotopically labeled amino acid and/or
isotopically labeled peptide or protein having 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 °H isotopes.

[017] Methods of the invention include quantification approaches using isotopically
encoded amino acids, such as isotopically labeled amino acids. In an embodiment, for
example, the isotopically labeled amino acids are isotopologues of a naturally occurring
amino acid. In an embodiment, for example, the isotopically labeled amino acids are
isotopologues of serine, leucine, tyrosine, lysine, methionine, or arginine. In an
embodiment, for example, the isotopologues have a number of stable heavy isotopes
selected from the group consisting of 2, 3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, and 20. In an embodiment, for example, the isotopically labeled amino acids of
each sample have an isotopic compaosition for its coded element formula selected from
the group consisting of:

¢, PC'HH N LN, 0,20, , wherein i<3, j<4, n<l1, o<lI;
2Cq.PC'H7 A H N, PN, 90, %0, , wherein i<6, j<7, n<4, 0<1;
2c,.PC'Hy  H'N,.,. "N, °0,.,"%0, , wherein i<4, j<3, n<2, 0<2;
2c, BCH MH N L PN, 0., 00, , wherein i<4, j<3, n<1, 0<2
12C3_i13C,~1H3_j2H]-14N1_,,lan1601_018003281,,,3481, , Wherein 1<3, j<3, n<l, o<1, p<lI;
205 BC s 1N PN, 0,00, , wherein i<5, j<5, n<1, 0<2;

10
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2¢s,BC s, H N, PN, 0., %0, , wherein i<5, j<5, n<2, 0<2;

¢, PC'H. H/ "N, N, °0,,"%0, , wherein i<2, j<2, n<l1, o<l
Cs.C'Hs/H'N3.,"N,'°0,.,"%0, , wherein i<6, j<5, n<3, 0<lI;
2Cs.PC 0, HN L, PN, 0., 00, , wherein i<6, j<10, n<1, 0<1;
Ce.°C'Hyo,/H*N 1., N, '°0,,,"%0, , wherein i<6, j<10, n<1, 0<1;
2Ce.°C'Ho /H/*N,.,""N,'°0,,"%0, , wherein i<6, j<9, n<2, o<l;
Cs.PC' Hg A H N 1L, "N, °0,,"%0,%S1.,™S, |, wherein i<5, j<8, n<l, o<1, p<l;
20y, B¢ e AHN L PN, 0., %0, , wherein i<9, j<8, n<l1, o<l;
Cs.PC'Hy/H*N ., N, '°0,.,"*0, , wherein i<5, j<7, n<l, 0<l;

2Cy PG HHMN 1-°N,0.,."%0, , wherein (<3, j<3, n<l, 0<l;

¢, BCi'Hs A HMN L PN, 90, %0, , wherein i<4, j<5, n<l1, 0<l;
2C,..°C e M H N, PN, %0, 00, , wherein i<11, j<8, n<2, 0<l;
12C9_,'13C,'1H7_]-2Hj14N1_,215N,11601_01800 , Wherein i<9, j<7, n<l1, 0<I; and
20s,BC s MH N 1L, PN, 0,1, "%0, , wherein i<5, j<8, n<l1, 0<lI;

wherein each of i, j, n, 0 and p are independently an integer or 0.

[018] In an embodiment, for example, the isotopically labeled amino acids have the

formula:

bC dc ic
" \ac/ \"C/ NS \OH
N\
IH my rH/ \s hé\l
~
T e (FX1); wherein, °N and "N are both ®N; or

one of 9N and "N is "N, and one of 3C, PC, °C, 9C, °C and 'C is °C; or one of °N and "N
is "N, and one of H,*H, 'H, ™H, "H, °H, PH, 9H, "H, °*H, 'H, “H and *H is 2H; or 'O is '®0; or
two of 2C, °C, °C, 9C, °C and 'C are '3C: or one of 2C, °C, °C, UC, °C and 'C is '*C, and
one of H,*H, 'H, ™H, "H, °H, PH, °H, 'H, *H, 'H, “H and “H is ?H; or two of H,"H, 'H, ™H, "H,
°H, PH, %H, 'H, °H, 'H, “H and *H are *H.

[019] In an embodiment, for example, the isotopically labeled amino acids have the

formula:

11
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"H ny o PH a 0
N VACN
i N\ /C\C /C\e /C\\
H /C\ /C\ ‘C OH
| m s
H H " H /hN\
H “H (FX1); wherein, °N and "N are both "N, and

'O is '®0; or N and "N are both "°N, and two of °C, °C, °C, C, ®C and 'C are '°C; or N
and "N are both "N, one of °C, °C, °C, °C, °C and 'C is '*C, and one of H,*H, 'H, ™H, "H,
°H, PH, H, "H, *H, 'H, “H and "H is ®H; or one of ®N and "N is "®N, one of °C, °C, °C, ‘C,
°C and 'Cis "*C, and 'O is '®0; or 9N and "N are both "°N, and two of 'H,*H, 'H, ™H, "H,
°H, PH, 9H, 'H, °H, 'H, “H and “H are ?H; or one of °N and "N is "°N, and three of °C, °C,
°C, °C, °C and 'C are °C; or one of ®N and "N is "°N, one of 'H,*H, 'H, ™H, "H, °H, PH, H,
"H, *H, 'H, “H and *H is H, and 'O is "®0; or one of ®N and "N is "°N, two of C, °C, °C,
°C, °C and 'C are "*C, and one of H,*H, 'H, ™H, "H, °H, PH, ®H, 'H, °H, 'H, “H and *H is *H;
or two of 2C, °C, °C, °C, °C and 'C are '*C, and 'O is '®0; or one of ®N and "N is "°N, one
of 2C, °C, °C, °C, °C and 'C is °C, and two of 'H,"H, 'H, ™H, "H, °H, PH, °H, 'H, °H, 'H, "H
and “H are ?H; or four of °C, °C, °C, °C, °C and 'C are *C; or one of °C, °C, °C, °C, °C
and 'C is °C, one of H,*H, 'H, ™H, "H, °H, PH, °H, "H, °H, 'H, “H and *H is ®H, and 'O is
'80; or one of 9N and "N is "®N, and three of 'H,*H, 'H, ™H, "H, °H, PH, °H, H, °H, H, “H
and “H are 2H; or three of °C, °C, °C, 9C, °C and 'C are "*C, and one of 'H,"H, 'H, ™H, "H,
°H, PH, ®H, "H, *H, 'H, “H and "H is 2H; or two of 'H,H, 'H, ™H, "H, °H, PH, °H, 'H, °H, 'H,
“H and “H are ®H, and 'O is "®0; or two of °C, ®C, °C, °C, °C and 'C are *C, and two of
IH,5H, 'H, ™H, "H, °H, PH, °H, H, *H, 'H, “H and YH are 2H; or one of °C, °C, °C, “C, °C and
'Cis '°C, and three of 'H,*H, 'H, ™H, "H, °H, PH, %H, 'H, °*H, H, “H and *H are 2H; or four of
IH*H, 'H, ™H, "H, °H, PH, °H, "H, *H, 'H, "H and “H are *H.

[020] In an embodiment, for example, the isotopically labeled amino acids have the

formula:

12
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IH
w PH aH !
"H_  °H v
kH ” \bC/ §C/ " fl(l?
Nov” S \CC\/ N Non
[ A
tH/ \”H (FX2); wherein, two of °N, "N, N and

*N are "°N; or one of N, "N, ¥N and *N is °N, and one of °C, °C, °C, °C, °C and ‘C is
13C; or one of N, "N, “N and N is "N, and one of 'H,*H, 'H, ™H, "H, °H, PH, H, H, °H,
'H, “H and *H is 2H; or 'O is '®0: or two of 3C, C, °C, °C, °C and ‘C are '3C; or one of 3C,
bC, °C, 9C, °C and ‘C is '°C, and one of 'H,*H, 'H, ™H, "H, °H, PH, 9H, "H, °H, 'H, “H and *H
is 2H; or two of 'H,*H, 'H, ™H, "H, °H, PH, °H, 'H, *H, 'H, “H and “H are 2H.

[021] In an embodiment, for example, the isotopically labeled amino acids have the

H

ni o PH ay 0
[NV
S

formula: H oy (FX2); wherein, four of °N, "N,
"N and *N are "°N; or three of N, "N, "N and *N are °N, and one of °C, °C, °C, °C, °C
and 'Cis "3C; or three of °N, "N, *N and *N are N, and one of 'H,*H, 'H, ™H, "H, °H, PH,
9H, 'H, *H, 'H, “H and *H is 2H; or two of °N, "N, *N and *N are °N, and 'O is '®0; or two
of 9N, "N, N and *N are "°N, and two of 2C, °C, °C, °C, °C and 'C are *C; or two of °N,
"N, “N and *N are N, one of °C, °C, °C, C, ®C and 'C is '3C, and one of H,*H, 'H, ™H,
"H, °H, PH, %H, "H, *H, 'H, “H and "H is ®H; or one of °N, "N, *N and *N is "°N, one of °C,
®C, °C, C, °C and 'Cis '*C, and 'O is '®0; or two of N, "N, “N and *N are "°N, and two
of H,*H, 'H, ™H, "H, °H, PH, H, 'H, *H, 'H, “H and *H are *H; or one of °N, "N, *N and *N
is "N, and three of C, ®C, °C, C, °C and 'C are '*C; or one of °N, "N, "N and *N is "°N,
one of 'H,*H, 'H, ™H, "H, °H, PH, %H, "H, °H, 'H, “H and “H is °H, and 'O is ®0; or one of
N, "N, “N and *N is "N, two of 3C, °C, °C, °C, °C and 'C are '*C, and one of 'H,*H, 'H,
™H, "H, °H, PH, 9H, 'H, °H, H, “H and “H is *H; or two of *C, °C, °C, °C, °C and 'C are °C,
and 'O is "®0; or one of ®N, "N, ¥N and *N is "N, one of °C, °C, °C, °C, °C and 'C is '°C,
and two of 'H,"H, 'H, ™H, "H, °H, PH, %H, "H, °H, 'H, “H and 'H are 2H; or four of °C, °C, °C,
9C, °C and 'C are '*C; or one of °C, °C, °C, 9C, °C and ‘C is "*C, one of 'H,*H, 'H, ™H, "H,
13
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°H, PH, 9H, 'H, °H, 'H, “H and *H is ?H, and 'O is "®0; or one of °N, "N, “N and *N is N,
and three of H,*H, 'H, ™H, "H, °H, PH, 9H, 'H, °H, 'H, “H and “H are 2H; or three of °C, °C,
°C, °C, °C and 'C are *C, and one of 'H,*H, 'H, ™H, "H, °H, PH, 9H, 'H, °H, 'H, “H and ‘H is
2H; or two of H,*H, 'H, ™H, "H, °H, PH, %H, "H, °H, 'H, “H and *H are ®H, and 'O is "®Q; or
two of 2C, °C, °C, °C, °C and 'C are °C, and two of H,*H, 'H, ™H, "H, °H, PH, %H, "H, °H,
'H, “H and “H are 2H; or one of °C, °C, °C, °C, °C and C is '*C, and three of 'H,"H, 'H,
™H, "H, °H, PH, H, 'H, *H, 'H, "H and “H are 2H; or four of 'H,*H, 'H, ™H, "H, °H, PH, %H,
"H, °H, 'H, "H and "H are °H.

[022] Methods of the invention include quantification approaches using isotopically
encoded tagging agents, such as isotopically labeled tagging reagents, and isotopically
encoded labels, such as isotopically labeled functional groups of analytes including
isotopically labeled peptide groups. In an embodiment, for example, the isotopic
tagging reagents comprise an amine reactive group or a carboxylic acid reactive group,
such as one or more functional groups that react with an amine group or carboxylic acid
group of a protein or peptide. In an embodiment, for example, the isotopic tagging
reagents are isotopologues of a peptide isotopic tag or modified peptide isotopic tag. In
an embodiment, for example, the isotopic tagging reagents are isotopologues of a
peptide label reagent. In an embodiment, for example, the isotopologues of the peptide
isotopic tag or modified peptide isotopic tag of each sample have an isotopic

composition for its coded element formula selected from the group consisting of:

12 1317 20935 3Ty 14 15n7 16 18 . .
Co, "C; H7;/H;"Cli,,” Cl, "Ni, "N, O, O, , wherein i<9, j<7, m<l, n<l, 0<l;

12 13 1py Zpyling 15ng 16 18 e
Cs,"CiHi,H;"Ns,, °'N, O, O, , Wherein i<5, j<1, n<5, 0<1;
124 13 ipy 2pyldng. 1S e
Cs.; "Ci Hs, Hj "N, "Ny, , wherein i<5, j<6, n<2;
12 13~ ipy 2pyldyng. 15 .
Cs,7Ci HaoH; "Ns,, "Ny, , wherein i<3, j<2, n<5;
12 13~ ipy 2pypldng. 15 .
Cys,"Ci H77H; "Na,, "Ny, , wherein i<4, j<1, n<3;
12 13 1py 2ppldng 15 o,
Ca:"Ci He, Hj "N "Ny, , wherein i<4, j<6, n<4;
2 .. .
2Co PG Hy P H By Br/ *N 1L, "N, '°01,"°0, , wherein i<9, j<7, <1, n<l, 0<1;
2 .. .
12C4,i13Ci1H2,j H]-HNg,nlSanéO],olSOo , wherein i<4, j<2, n<3, o<l;
12+ 13 1py 2pyldng. 15ng 16, 18 L .
Cyi "CiHa 7 Hy N2, "N, 700 70, , wherein i<4, j<2, n<2, 0<2;
2 .. .
12C5_,'13Cl'1H4_j H]‘HNz_nlSanéOz_olgOo , wherein i<5, j<4, n<2, 0<2;

; 2 5 . .
12C14_,']3C,'1H14_j HjMNg,nl N,,1604_g]800 , wWherein i<14, j<14, n<3, 0<4;
12 131 2rpldny. 156y 16~ 18 e

Co.; C; H11_j Hj Ni, "N, 01, O, , Wherein 1<9, j<11, n<l1, 0<1;
12 13~ 1 Zrylany. 1Sng 16~ 18 . . .

Cios TG, Hl()_j Hj Nix N, Oy 0O, , Wherein i<10, j<10, n<l1, 0<2;
12 13~ py 2pylang. 153 16 18 . .

Cioi G Hg_j Hj Nz "N, 05, 0O, , wherein i<10, j<9, n<3, 0<3;
12~ 13~ 1py 2pypldng 15ng 16 18 L

Cr:"CiH7, H; N1, "N, O, O, , wherein i<7, j<7, n<l, 0<l;

20 LR L H N L PN, 01,100,728 1,°1S, |, wherein i<11, j<12, n<l1, o<1, p<l;

14
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C1,. G 7, H "N L, N, °0,,"%0, , wherein i<12, j<17, n<1, 0<1;
Cy.Ci'Ho H;' " N,., "N, '°0..,"%0, , wherein i<9, j<9, n<2, 0<l;
2C1. PG L H N5, PN, 004,00, , wherein i<14, j<14, n<3, 0<4;
201, RC L H N, PN, 04,20, , wherein i<14, j<14, n<3, 0<4;
2. RC L H NG, PN, 04,00, , wherein i<12, j<13, n<2, 0<3;
2C16.Ci Has A H NS, PN, 204,00, , wherein i<16, j<23, n<2, 0<4;
201 0C s H NG, PN, 04,100, , wherein i<12, j<15, n<2, 0<3;
201G 1 H N, L, PN, 04,100, , wherein i<14, j<19, n<2, 0<4;
20,10 C L H NG, PN, 00,00, , wherein i<11, j<13, n<2, 0<2;
¢y PC'Hy A HMN,., PN, 90,20, , wherein i<8, j<7, n<2, 0<2;
Cg.°Ci'Hy1, 7 H "N, "N, '°05,,"%0, , wherein i<18, j<21, n<4, 0<5; and
2C 5. °Ci' Hy1 P H "N, "N, °05,,"%0, , wherein i<18, j<21, n<4, 0<5;

wherein each of i, j, I, m, n, 0, and p are independently an integer or 0.

[023] In an embodiment, for example, the isotopically labeled analytes independently
comprise a peptide label. In an embodiment, for example, the peptide label of each
isotopically labeled analyte has an isotopic composition for its coded element formula

selected from the group consisting of:

C14. G L H NG, PN, 01,00, |, wherein i<14, j<12, n<8, 0<l1;
12C27_,'1SCilH27_j2Hjl4Ns,nISNn16O4_01800 , Wherein i<27, j<27, n<8, 04,
2C17. G 0./ H N, "N, '°01,,"°0, | wherein i<17, j<10, n<6, 0<lI;
2Cy. PG Hi0,/H "Ne., "N, '°01,,'°0, | wherein i<9, j<10, n<6, 0<l;
12C30_,’13C,’1H31_]'2H]'14N12,n15Nn16O4_01SOD R wherein l§30,]§31, n§12, 054;
12C31_i13C,~1H35_j2H]-14Ng,,,15N,,1606_01800 , wherein i<31, j<35, n<8, 0<6:
2C5.0C L H NG, PN, 001,00, wherein <15, j<12, n<8, 0<1;
12C12_,'1SC,'IHs_jZH]‘HNg_nlanmO]_glSOO R wherein i§12, ]SS, n§9, OSI;
201G e H NG, PN 001,20, wherein <11, j<6, n<8, 0<l;
12C31,i1SCilHgs,jZH]-HNg,nISN,,1604,01800 , wherein 1<31, j<35, n<8, 0<4;
201 0CH Hap FH NG, PN, 000,120, wherein i<12, j<20, n<2, 0<2;
12C7_,'13C,'1H13_]-2H]-14N2_,115N,11601_01800 , wherein i<7, j<13, n<2, 0<1; and

12C18—i1SCilHZS—szjHNS»n15N721603—01800 , wherein i<18, j<25, n<3, 0<3;

wherein each of i, j, n, and o are independently an integer or 0.
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In an embodiment, for example, the isotopic tagging reagents of the methods

are isotopologues of a small molecule isotopic tag. In an embodiment, for example, the

isotopologues of the small molecule isotopic tag of each sample have an isotopic

composition for its coded element formula selected from the group consisting of:

12C9_113C,¢1H14_]-2H]-14N1_,,,ISN,, ’
12C3_113Ci1H9_]’2H]’28 Si, _,,SOS i, ’
12C11_i13Ci1H7_j2Hj14N1_,,15Nn3251_p34$p ,
12C12-i13Ci1H16-j2Hj14N6-n15Nn1602-018003281-p34sp ’
12C6_i13Cl’1H15_j2H]'288 il_qSOS i, ’
12C2—i1SCilHS-szijZ-olgOo ’
12¢,.13¢,1°0,, %0, ’

]2C4_,'1 3Cil H5-j2Hj]602—ul 800
1ch_il3Ci1HZ-szjMI\IZ—nlSI\In

1206 C ' Hy A H N, PN, 10,0,
12C2_,’13Ci1601_01800
12C7_j13Cj1H6-j2Hjl4N2-n15Nn1603—01800
12C7_,1SCi1H7.j2Hjl4N3.n15an601_olSOo

-

-

-

-

-

12C6_i13Ci1H3_j2H]_14N4_n15Nn1604_01800 ,
12C6,i13Ci1H1,j2Hj1602701800 ’
120,501, 1.j2Hj1602-01800 ’
12C6—i1SCiIHS—jZHjMOZ—olgOo ’
20y, B0 Hy 2H NS, N, 005,180,728, S, |
12C18—i13Ci1H23-j2Hjl4N2-n15Nn1601—()1SOU ,

05, PC HLH N5 N, ;
12C6_,'1SCiIHs.szijz-olsOo
12C6_il3Ci1H7.j2Hjl4N3-n15Nn
C,Ci'H, 1.j2Hj14N2-n15Nn1601-alSOo
2C,L.RCHH, 1-j2Hj14N3-n15Nn1601-01800
12C6_,'13Ci1H2.j2Hj14N3 -nlSNn1603-01 800
12C9_i13Ci1H10_]_2H]_14N2_n15Nn328 1-p34sp
12C1 1_,'13Ci1H7-j2H7'14N1»nlanmol—ol 800

-

-

M

M

M

M

12C4_i13Ci1601_01800 ’
] 2C7_i1 3Cil H4'j2Hj] 4N2—n ! SNn ! 602—01 8003 2S 1»p34sp ’
C, PG L H N, PN, 004,00, )
205, G Hu H N PN, 05,0, ,

IZC] 4_i13CiIH14'j2Hj14N1 »nlSNn16O4—01 800
2Co. Ci'Hi2 H/ N2, N,y

C12, "G HL NG N 00,,%0,781 M,
C1, "G HL NN, 0,,1%0,781 7S,
HCs Ci' Ha " N1, PN, 02,170, :

-

16

wherein i<9, j<14, n<I;

wherein i<3, j<9, g<1;

wherein i<11, j<7, n<1, p<1;
wherein i<12, j<16, n<6, 0<2, p<l;
wherein i<6, j<15, g<1;

wherein <2, j<3, 0=<2;

wherein i<3, 0<1;

wherein i<4, j<5, 0<2;

wherein i<1, j<2, n<2;

wherein i<6, j<4, n<2, 0<2;
wherein i<2, 0<1;

wherein i<], j<6, n<2, 0<3;
wherein i<1, j<7, n<3, o<l;
wherein <6, j<3, n<4, 0<4;
wherein i<6, j<l, 0<2;

wherein i<15, j<11, 0<2;

wherein i<6, j<8, 0<2;

wherein i<12, j<12, n<3, 0<2, p<l;
wherein i<18, j<23, n<2, 0<l;
wherein i<5, j<4, n<3;

wherein i<6, j<8, 0<2;

wherein i<6, j<7, n<3;

wherein 1<6, j<11, n<2, o<l;
wherein i<11, j<11, n<3, 0<I;
wherein i<06, j<2, n<3, 0<3;
wherein i<9, j<10, n<2, p<1;
wherein (<11, j<7, n<l1, 0<1;
wherein i<4, 0<1;

wherein i<7, j<4, n<2, 0<2, p<l;
wherein i<7, j<4, n<l, 0<4;
wherein i<8, j<14, n<1, 0<3;
wherein i<14, j<14, n<l, 0<4;
wherein i<9, j<12, n<2;

wherein i<12, j<12, n<3, 02, p<1;
wherein i<12, j<12, n<1, 0=<2, p<l;
wherein i<6, j<4, n<1, 0<2;
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“Ce,”Ci'Hy /H; "N, "N, °0,,"%0, , wherein i<6, j<4, n<4, 0<1;
IZCZO_,'IScilH15_j2Hj14N2,n15Nn1601_01800 , Wherein i<20, j<15, n<2, 0<I;
Cs. PG H H N, N, , wherein i<6, j<12, n<2;
12C5_,'13C,‘1H13_j2Hj14N1,n15Nn1601_01800 N wherein ZSS,]§13, nSl, OSI;
Ce. PG HL HN 1-°N,"°0,.,"%0, , wherein i<6, j<4, n<l, 0<2; and
Cg PG g, H N PN, , wherein i<8, j<18, n<I,

wherein each of i, j, n, 0, p and g are independently an integer or 0.

[025] Isotopically encoded compounds useful in the present methods, such as the
isotopically labeled analytes, isotopic tagging reagents, isotopically labeled amino acids
and/or isotopically labeled peptide or proteins, may comprise a wide range of stable
isotope combinations. In an embodiment, for example, at least a portion of the
isotopically labeled analytes, isotopic tagging reagents, isotopically labeled amino acids
and/or isotopically labeled peptide or proteins comprises at least one '2C isotope and at
least one "°N isotope; and at least a portion of the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins comprises at least one '*C isotope and at least one *N isotope. In an
embodiment, for example, at least a portion of the isotopically labeled analytes, isotopic
tagging reagents, isotopically labeled amino acids and/or isotopically labeled peptide or
proteins comprises at least one '“C isotope and at least one ?H isotope; and at least a
portion of the isotopically labeled analytes, isotopic tagging reagents, isotopically
labeled amino acids and/or isotopically labeled peptide or proteins comprises at least
one "*C isotope and at least one "H isotope. In an embodiment, for example, at least a
portion of the isotopically labeled analytes, isotopic tagging reagents, isotopically
labeled amino acids and/or isotopically labeled peptide or proteins comprises at least
one "N isotope and at least one °H isotope; and at least a portion of the isotopically
labeled analytes, isotopic tagging reagents, isotopically labeled amino acids and/or
isotopically labeled peptide or proteins comprises at least one '°N isotope and at least
one 'H isotope. In an embodiment, for example, at least a portion of the isotopically
labeled analytes, isotopic tagging reagents, isotopically labeled amino acids and/or
isotopically labeled peptide or proteins comprises at least one '®0 isotope; and at least a
portion of the isotopically labeled analytes, isotopic tagging reagents, isotopically
labeled amino acids and/or isotopically labeled peptide or proteins comprises at least

one '®0 isotope. In an embodiment, for example, at least a portion of the isotopically
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labeled analytes, isotopic tagging reagents, isotopically labeled amino acids and/or
isotopically labeled peptide or proteins comprises at least two '*C, H or °N isotopes
and at least one '°0 isotope; and at least a portion of the isotopically labeled analytes,
isotopic tagging reagents, isotopically labeled amino acids and/or isotopically labeled
peptide or proteins comprises at least one '®0 isotope and at least at least two '?C, 'H
or "*N isotopes. In an embodiment, for example, at least a portion of the isotopically
labeled analytes, isotopic tagging reagents, isotopically labeled amino acids and/or
isotopically labeled peptide or proteins comprises at least two '*C, ?H or "°N isotopes;
and at least a portion of the isotopically labeled analytes, isotopic tagging reagents,
isotopically labeled amino acids and/or isotopically labeled peptide or proteins
comprises at least one **S isotope and at least at least two '“C, "H or "N isotopes.

[026] [n an embodiment, for example, each of the isotopically labeled analytes are
independently protein analytes or modified protein analytes having a different isotopic
label. In an embodiment, for example, each of the isotopically labeled analytes are
independently peptide analytes or modified peptide analytes having a different isotopic
label. In an embodiment, for example, the isotopically labeled analytes have molecular
masses selected from the range of 50 Da to 250 kDa, optionally selected from the range
of 400 Da to 250 kDa, for example, for applications directed to protein and peptide
analytes. In an embodiment, for example, the isotopically labeled analytes have

molecular masses with 1 to 300 mDa of each other.

[027] Methods of the invention provide an improvement on isobaric and SILAC-type
quantification approaches, for example, via accessing much larger degrees for
multiplexing. Enhance multiplexing in some embodiments results, at least in part, from
compatibility of the methods for a large number of isotopically coded analytes, reagents,
tagging agents, labels, standards, amino acids, etc. that are isotopologues that are
distinguishable on the basis of mass to charge ratio using mass spectrometry analysis
techniques. In an embodiment, the invention provides a multiplex method of analyzing
the relative or absolute abundances of the analyte in the plurality of samples, for
example a plurality of samples corresponding to difference in vivo or in vitro conditions.
In an embodiment, for example, the method is for analyzing the relative or absolute
abundances abundance of an analyte in at least 2 samples, optionally for some
applications at least 4 samples, optionally for some applications at least 8 samples,

optionally for some applications at least 20 samples. In an embodiment, for example,
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the step of providing the plurality of cell cultures comprises providing 2 to 20 cell
cultures; and wherein the step of generating a sample for each of the cell cultures
comprises generating 2 to 100 samples. In an embodiment, for example, the step of
analyzing the isotopically labeled analytes for each sample using the mass spectrometry
analysis technique providing the resolving power equal to or greater than 100,000
generates 2 to 150 of the independent and distinguishable mass spectrometry signals

corresponding to the isotopically labeled analytes.

[028] The present methods are compatible with a wide range of mass spectrometry
techniques providing useful resolving powers, including techniques designed to probe
the abundances of analytes in a plurality of samples, such as protein and peptide
containing samples. In an embodiment, for example, a method of the invention further
comprising the step of combining the samples characterized by a different isotopically
labeled analyte prior to the step of analyzing the isotopically labeled analytes or
isotopically labeled standards for each sample using the mass spectrometry analysis
technique providing the resolving power equal to or greater than 100,000, thereby
ensuring each sample undergoes similar sample preparation, purification, ionization,
fragmentation and/or detection conditions. In an embodiment, for example, different
isotopically labeled analytes or isotopically labeled standards for the plurality of samples
are analyzed concurrently, for example, via purification steps and mass spectrometric
analysis steps of a combination of a plurality of samples. In an embodiment, for
example, the step of analyzing the isotopically labeled analytes for each sample
comprises: generating one or more product ions for each of the isotopically labeled
analytes, and measuring mass-to-charge ratios for at least a portion of the product ions
using the mass spectrometry analysis technique providing the resolving power equal to
or greater than 100,000. In an embodiment, for example, the step of analyzing the
isotopically labeled analytes or isotopically labeled standards for each sample is carried
out using a quadrupole ion trap, Fourier transform ion cyclotron resonance ion trap, a
linear quadrupole ion trap, an orbitrap ion trap, a quadrupole mass analyzer or a time of
flight mass analyzer.

[029] In an embodiment, for example, the step of analyzing the isotopically labeled
analytes or isotopically labeled standards comprises generating from the isotopically
labeled analyte or isotopically labeled standards, for example, using electrospray

ionization and MALDI technigues. In an embodiment, for example, the step of analyzing
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the isotopically labeled analytes or isotopically labeled standards comprises fragmenting
ions generated from the isotopically labeled analytes or isotopically labeled standards,
for example using one or more techniques selected from the group consisting of
collision induced dissociation (CID), surface induced dissociation (SID), laser induced
dissociation (LID), electron capture dissociation (ECD), electron transfer dissociation
(ETD).

[030] In an embodiment, for example, the method of the invention further comprises
purifying proteins or peptides of the samples prior to the step of analyzing the
isotopically labeled protein or peptide analytes for each sample, for example, via liquid
phase chromatography (e.g., HPLC), gas phase chromatography, and/or capillary
electrophoresis. In an embodiment, for example, the method of the invention further
comprises frationating proteins or peptides of the samples prior to the step of analyzing
the isotopically labeled protein or peptide analytes for each sample.

[031] The methods of the present invention are useful for analyzing a variety of
samples, including biological materials and samples derived from biological materials,
such as biofluids, cell extracts, cell lysates, tissue extracts, etc. The methods of the
present invention are useful for analyzing samples derived from in vivo biological
materials. The methods of the present invention are useful for analyzing samples for
proteomic analysis such as micro array samples and derived from in vitro assays. In
embodiment, for example, the analyte is a protein, a peptide, a modified protein or a
modified peptide. The methods of the present invention are useful for analyzing
samples for analysis via gas chromatography — mass spectrometry methods, liquid
chromatography — mass spectrometry methods and electrophoresis — mass

spectrometry methods.

[032] In another aspect, the invention provides a method for determining the
abundance of an analyte in a sample comprising the steps of: (a) providing the sample
having the analyte, wherein the analyte is a peptide or protein; (b) providing an
isotopically labeled standard to the sample, wherein the analyte and the isotopically
labeled standard are isotopologues; and wherein the difference of the molecular mass of
the analyte and the isotopically labeled standard is less than or equal to 300 mDa; (c)
analyzing the analyte and the isotopically labeled standard in the sample using a mass
spectrometry analysis technique providing a resolving power equal to or greater than
100,000, thereby generating independent and distinguishable mass spectrometry
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signals for the analyte and the isotopically labeled standard of the sample; and (e)
comparing the mass spectrometry signals for the analyte and the isotopically labeled
standard of the sample, thereby determining the abundance of the analyte in the
sample. As used herein, an “isotopically labeled standard” refers to an isotopically
encoded compound provided to a sample to allow for absolute or relative quantification,
such as an isotopically encoded peptide or protein that is provided to a sample in a
known amount (e.g., having a known concentration). In an embodiment, for example,
the isotopically labeled standard is an isotopically encode protein or peptide synthesized
using one or more isotopically labeled amino acids, such as those provided throughout
the present description. In an embodiment, the method of this aspect further comprises:
(a) providing a plurality of samples, wherein each sample has the analyte; (b) providing
the isotopically labeled standard to each of the samples; (¢) analyzing the analyte and
the isotopically labeled standard in each of the samples using a mass spectrometry
analysis technique providing a resolving power equal to or greater than 100,000,
thereby generating independent and distinguishable mass spectrometry signals for the
analyte and the isotopically labeled standard of each sample; and (e) comparing the
mass spectrometry signals for the analyte and the isotopically labeled standard of each
sample, thereby determining the abundances of the analyte in the plurality of samples.

[033] The invention also provides compositions of matter including any of the
isotopically encoded compounds described herein, such as isotopically labeled amino
acids, isotopically labeled standards, isotopically labeled analytes, isotopic tagging
reagents, and/or isotopically labeled peptides or proteins described herein, provided in a
purified state. In an embodiment, for example, the invention also provides compositions
of matter including any of the isotopically encoded compounds described herein, such
as isotopically labeled amino acids, isotopically labeled standards, isotopically labeled
analytes, isotopic tagging reagents, and/or isotopically labeled peptides or proteins

described herein, provided as an isotopically enriched composition.

[034] Without wishing to be bound by any particular theory, there may be discussion
herein of beliefs or understandings of underlying principles relating to the devices and
methods disclosed herein. It is recognized that regardless of the ultimate correctness of
any mechanistic explanation or hypothesis, an embodiment of the invention can

nonetheless be operative and useful.
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BRIEF DESCRIPTION OF THE DRAWINGS
[035] Figure 1. lllustration how to calculate resolving power. Figure 1A - By one
definition, the resolving power is m/Am = 500/1 = 500. Figure 1B - By a second
definition, the resolving power for the same pair of peaks is m/my,» = 500/0.481 = 1.040.
Figure 1C - With the second definition, two peaks at m/z500 and 501 are just barely
discernible if the resolving power is 500.

[036] Figure 2. Mass spectrometry results for a selected lysine labeled pair of
peptides at varying resolution settings. At the typical operating resolution of the Orbitrap
MS system (30,000) the two NeuCode labeled peptides are indistinguishable and
appear as one species. When analyzed at 240,000 resolving power, the pair is baseline
resolved. Operation of the system at its highest resolution — 480,000 — produced
baseline resolution of nearly every peptide species detected in the complex mixture.

[037] Figure 3. A plot showing 41 different isotopologues generated by incorporating
nine heavy isotopes into different positions the amino acid Lysine (selected from '°N,

'3C, 2H, and '®0). The isotopologues have a mass range spanning only 41.4 mDa. The
X-axis represents each isotopologue number and the y-axis is the mass difference in Da

from normal Lys residues.

[038] Figure 4. Overview of SILAC and isobaric tagging methods. In SILAC, three
isotopic clusters are generated: “light” (0 added Da), “medium” (4 added Da) and
‘heavy” (8 added Da). These signals are distinguished during MS1 analysis and the ion
chromatograms for each are extracted over the entire elution profile so that quantitative
data is averaged over ~50 scans per peptide. In isobaric tagging all plexes have the
same mass so that only one isotopic cluster peak is generated during MS1. During
collisionally activated dissociation (CAD) fragmentation during MS2, the tags cleave and
reporter ion signals are detected. These reporter ion signals can be integrated to

determine relative abundance.

[039] Figures 5-7. MS/MS scans of a NeuCode labeled peptide. At low resolution,
such as shown in Figure 5, the quantitative information is invisible and the peaks
appear as single peaks. At high resolution (Figure 6), however, these peaks are
revealed as multiple peaks providing additional data (Figure 7). These data are

reflective of abundance and could be used for quantification.
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[040] Figure 8. Theoretical calculations depicting the minimum mass spacing that
can be distinguished at R = 480,000 or 960,000. Figure 8A - The minimum m/z (Th)
spacing that can be resolved at m/z 1,200 for mass resolutions from 10° to 10°. Figure
8B - Percentage of peptides that are resolved (FWOM) at varied mass resolutions (10° -
10°).

[041] Figure 9. Possible isotopologues of Lysine when its mass is increased by 2 Da
using various combinations of '*C, 2H, "°N, %0 atoms. The mass range spanned by
isotopologues depends on the number of heavy isotopes and the overall composition of

the tagged molecule. For Lys +2Da, a mass range of 18.5 mDa can be achieved.

[042] Figure 10. Preliminary data using NeuCode SILAC method with two Lys
isotopologues differing by 36 mDa. Figure 10A - Base peak chromatogram following 60
minute nLC-MS/MS analysis of tryptic yeast peptides. Figure 10B - MS' scan #12,590,
collected at 30K and inset of a selected precursor having m/z at 827. Also shown in
Figure 10B is the signal recorded in a subsequent high resolution MS' scan (480K), and
the inset shows that the SILAC pair is concealed at typical resolution. Figure 10C -
MS/MS spectrum following CAD and ion trap m/z analysis of neutron encoded SILAC
pair.

[043] Figure 11. NeuCode provides quantitative data that is commensurate with
traditional SILAC. Figure 11A - the dashed horizontal lines indicate the true ratio (grey
= 1:1, black = 5:1) while boxplots demarcate the median (stripe), the 25th to 75th
percentile (interquartile range, box), 1.5 times the interquartile range (whiskers), and
outliers (open circles). From these data, it was concluded that NeuCode SILAC (referred
to in the figure as OMNE SILAC) offers quantitative accuracy and precision that is not
distinguishable from traditional SILAC. Figure 11B - the percentage of time a PSM
produced quantitative information for both NeuCode SILAC and traditional SILAC as a
function of precursor intensity. Both methods produce quantitative data less frequently
(at essentially the same rate) as precursor intensity is decreased; however, NeuCode
SILAC generated 1,824 PSMs having precursor intensity less than 10°° (arbitrary units)
while traditional SILAC only detected 522 in that same range. NeuCode SILAC permits
increased sampling depth compared to traditional SILAC, while maintaining highly

comparable quantitative accuracy and precision.
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[044] Figure 12. A plot of the distribution of mass error (ppm) as a function of
identification e-value (~ significance) for both NeuCode SILAC (labeled in the figure as
OMNE SILAC) and traditional SILAC for all identifications (1% FDR). NeuCode labeling

does not significantly affect mass accuracy as compared to traditional SILAC.

[045] Figure 13. Number of neutron encoded isotopologues and their mass ranges

for the six amino acids most commonly used in SILAC.

[046] Figure 14. lllustration of triplex and quadplex NeuCode SILAC strategy using
isotopologues of +8 Da Lysine. At a resolving power of 480K, differentially NeuCode
labeled peptides carrying Lysine spaced ~18 mDa apart provide a triplex quantification
method (red and red/blue isotopologues). At higher resolving power (i.e., 960K), the
isotopologues can be spaced closer together (~12 mDa) so that now quadplex

quantification can be performed (blue and red/blue isotopologues).

[047] Figure 15. Summary of possible isotopologues, mass ranges, and plexing
capacity for +4 Da, +8 Da, and +12 Da Lysine isotopologues. Combination of these
three labels could produce highly plexed quantitative capability.

[048] Figure 16. A plot of the masses and isotope composition of theoretical
isotopologues for the amino acid Lysine when 4, 8, or 12 extra neutrons are added

using various combinations of "*C, 2H, "°N, ®0 atoms.

[049] Figure 17. Preliminary results for coupling the NeuCode SILAC strategy with
the conventional multi-Da SILAC strategy to achieve very high multiplexing capacity
using the duplex Lys isotopologues ("*Ce/'°N2 Lys (+8.0142 Da) or ?Hs (+8.0502 Da)).
Once labeled, peptides containing duplex NeuCode SILAC and mTRAQ were mixed
(six-plex) ina 1:1:1:1:1:1 (left) or 10:10:5:5:1:1 (right) ratios.

[050] Figure 18. Different isotopologues of a chemical tag comprising up to 8 *C and
®N atoms and 4 "®0 atoms (no ?H atoms).

[051] Figure 19. Theoretical spectra achieved using the 9-plex tags described herein
at 480K resolving power. Panel C displays the quantitative data and that it is only
revealed upon high resolution analysis.

[052] Figure 20. A compound that could contain enough C, N and O atoms to
provide the isotopologue combinations of Figure 18.
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[053] Figure 21. Another compound that could be used as a NeuCode chemical tag.

[054] Figure 22. lllustration of NeuCode strategy using two versions of isotopically
labeled Lue which differ in mass by 27 mDa. One isotopologue has six '*C atoms and
one N atom, and the second isotopologue contains seven °H atoms. Two yeast
cultures were grown in leucine dropout media, each containing one of these leucine
isotopologues. Proteins from each culture were digested, mixed together, and a
resulting peptide (AAAVRDL*SE) analyzed by high resolution mass spectrometry using
an Orbitrap MS system. Relative protein abundance measurements were made by

comparing peak heights between isotopologue species.

[055] Figure 23. lllustration of carbamylation labeling of primary amines on peptides.
Figure 23A — Urea carbamylates the primary amines of peptides when exposed to heat.
Peptides carbamylated with urea (labeled with either *C or °N,) are carbamylated with
either a single "*C or "N for each carbamyl group added. These carbamyl tags differ by
6.3 mDa per carbamylation site. Figure 23B — The peptide LEQNPEESQDIK was
carbamylated using each of the labeled ureas. Both the peptide n-terminus and the
primary amine on the lysine chain were carbamylated thereby producing peptides that
are 12.6 mDa apart. This difference was observed as a m/z difference of 6.6 for the
peptide with charge (z)=2.

[056] Figure 24. A table showing common elements having stable heavy isotopes
that can be incorporated into molecules. The third column provides the nominal mass of
each isotope while the third column provides the exact masses. The fourth column
provides the abundance ratios of the isotopes.

[057] Figure 25. Structures, chemical formulas, and coded element formulas for

common amino acids which can be used as isotopic tagging reagents.

[058] Figure 26. Structures, chemical formulas, and coded element formulas for
peptide labels which can be used as isotopic tagging reagents which are reacted with a
peptide, or attached to the peptide during synthesis of the peptide.

[059] Figure 27. Structures, chemical formulas, and coded element formulas for

additional peptide labels which can be used as isotopic tagging reagents.
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[060] Figure 28. Structures, chemical formulas, and coded element formulas for

small molecule labels which can be used as isotopic tagging reagents.

[061] Figure 29. Plot showing that NeuCode SILAC and SILAC demonstrate a
strong correlation for quantifying protein changes during the myogenic differentiation of
mouse-derived C2C12 myoblasts (m = 0.82, R = 0.78).

[062] Figure 30. Gene ontology enricment SILAC and NeuCode. Statistically
significant gene ontology bioprocess terms that are down-regulated (-) or up-regulated
during differentiation from myoblast to myotube (p-value, fisher’s exact test with

benjamini hochberg correction).

DETAILED DESCRIPTION OF THE INVENTION
[063] In general, the terms and phrases used herein have their art-recognized
meaning, which can be found by reference to standard texts, journal references and
contexts known to those skilled in the art. The following definitions are provided to

clarify their specific use in the context of the invention.

[064] In an embodiment, a composition or compound of the invention, such as an
isotopically encoded compound including isotopically labeled analytes, isotopic tagging
reagents, isotopically labeled amino acids, isotopically labeled standards and/or
isotopically labeled peptides or proteins, is isolated or purified. In an embodiment, an
isolated or purified compound is at least partially isolated or purified as would be
understood in the art. In an embodiment, a composition or compound of the invention
has a chemical purity of 90%, optionally for some applications 95%, optionally for some
applications 99%, optionally for some applications 99.9%, optionally for some
applications 99.99%, and optionally for some applications 99.999% pure. In some
embodiments, an isolated or purified compound of the invention, such as an isotopically
encoded compound including isotopically labeled analytes, isotopic tagging reagents,
isotopically labeled amino acids, isotopically labeled standards and/or isotopically
labeled peptides or proteins, is an isotopically enriched composition.

[065] Many of the molecules disclosed herein contain one or more ionizable groups.
lonizable groups include groups from which a proton can be removed (e.g., -COCH) or
added (e.g., amines) and groups which can be quaternized (e.g., amines). All possible
ionic forms of such molecules and salts thereof are intended to be included individually

in the disclosure herein. With regard to salts of the compounds herein, one of ordinary
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skill in the art can select from among a wide variety of available counterions that are
appropriate for preparation of salts of this invention for a given application. In specific
applications, the selection of a given anion or cation for preparation of a salt can result
in increased or decreased solubility of that salt.

[066] The compounds of this invention can contain one or more chiral centers.
Accordingly, this invention is intended to include racemic mixtures, diasteromers,
enantiomers, tautomers and mixtures enriched in one or more sterecisomer. The scope
of the invention as described and claimed encompasses the racemic forms of the
compounds as well as the individual enantiomers and non-racemic mixtures thereof.
[067] As used herein, the term “group” may refer to a functional group of a chemical
compound. Groups of the present compounds refer to an atom or a collection of atoms
that are a part of the compound. Groups of the present invention may be attached to
other atoms of the compound via one or more covalent bonds. Groups may also be
characterized with respect to their valence state. The present invention includes groups
characterized as monovalent, divalent, trivalent, etc. valence states.

[068] As used herein, the term “precursor ion” is used herein to refer to an ion which
is produced during ionization stage of mass spectrometry analysis, including the MS'
ionization stage of MS/MS analysis.

[069] As used herein, the terms “product ion” and “secondary ion” are used
interchangeably in the present description and refer to an ion which is produced during
ionization and/or fragmentation process(es) during mass spectrometry analysis. The
term “secondary product ion” as used herein refers to an ion which is the product of

successive fragmentations.

[070] As used herein, the term “analyzing” refers to a process for determining a
property of an analyte. Analyzing can determine, for example, physical properties of
analytes, such as mass, mass to charge ratio, concentration, absolute abundance,
relative abundance, or atomic or substituent composition. In the context of proteomic
analysis, the term analyzing can refer to determining the composition (e.g., sequence)
and/or abundance of a protein or peptide in a sample.

[071] As used herein, the term “analyte” refers to a compound, mixture of compounds
or other composition which is the subject of an analysis. Analytes include, but are not
limited to, proteins, modified proteins, peptides, modified peptides, small molecules,
pharmaceutical compounds, oligonucleotides, sugars, polymers, metabolites, lipids, and
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mixtures thereof. An “isotopically labeled analyte” refers to an analyte that has been
labeled with one or more isotopic labels, such as one or more stable heavy isotopes, for
example, in a manner allowing isotopologoues of an isotopically labeled analyte to be
distinguished on the basis of mass to charge ratio and quantitatively analyzed
independently via mass spectrometry. For example, an “isotopically labeled analyte”
includes analyte having one or more stable heavy isotopes of hydrogen, carbon,
oxygen, nitrogen, sulfur, chlorine, bromine, and silicon, such as '°C, "N, °D, '70, '®0,
8, %Cl, *'Br, #Si, and *°Si.

[072] As used herein, the term “ion source” refers to a device component which
produces ions from a sample, for example, during mass spectrometry analysis.
Examples of ion sources useful in the present methods include, but are not limited to,
electrospray ionization sources and matrix assisted laser desorption/ionization (MALDI)

sources.

[073] As used herein, the term “mass spectrometry” (MS) refers to an analytical
technique for the determination of the elemental composition, mass to charge ratio,
absolute abundance and/or relative abundance of an analyte. Mass spectrometric
techniques are useful for elucidating the composition and/or abudnance of analytes,
such as proteins, peptides and other chemical compounds. Mass spectrometry includes
processes comprising ionizing analytes to generate charged species or species
fragments, fragmentation of charged species or species fragments, such as product
ions, and measurement of mass-to-charge ratios of charged species or species
fragments, optionally including additional processes of isolation on the basis of mass to
charge ratio, additional fragmentation processing, charge transfer processes, etc.
Conducting a mass spectrometric analysis of an analyte results in the generation of
mass spectrometry data for example, comprising the mass-to-charge ratios and
corresponding intensity data for the analyte and/or analyte fragments. Mass
spectrometry data corresponding to analyte ion and analyte ion fragments is commonly
provided as intensities of as a function of mass-to-charge (m/z) units representing the
mass-to-charge ratios of the analyte ions and/or analyte ion fragments. Mass
spectrometry commonly allows intensities corresponding to difference analytes to be
resolved in terms of different mass to charge ratios. In tandem mass spectrometry
(MS/MS or MS?), multiple sequences of mass spectrometry analysis are performed. For

example, samples containing a mixture of proteins and peptides can be ionized and the
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resulting precursor ions separated according to their mass-to-charge ratio. Selected
precursor ions can then be fragmented and further analyzed according to the mass-to-

charge ratio of the fragments.

[074] As used herein, the term “interference” refers to a species detected in an
analysis which interferes with the detection of a species or analyte of interest.
Interference can refer to detection of a protein, or protein fragment, which is not a
protein or protein fragment of interest and which interferes with the accurate detection or
quantitation of the protein or peptide fragment of interest. Interference can be quantified
as an interference ratio, such as a ratio of an amount of interference signal to an amount
of analyte signal. In a mass spectral analysis, interference can be manifested as an
interference peak which corresponds to detection of a species which is not an analyte of

interest.

[075] As described herein, “isolation” or an “isolation window” refers to a range of
ions, such as precursor ions that is selectively separated and fragmented, manipulated
or isolated.

[076] As used herein, the term “species” refers to a particular molecule, compound,
ion, anion, atom, electron or proton. Species include isotopically labeled analytes,
isotopic tagging reagents, isotopically labeled amino acids and/or isotopically labeled
peptide or proteins.

[077] As used herein, the term “signal-to-noise ratio” refers to a measure which
quantifies how much a signal has been corrupted by noise, or unwanted signal. It can
also refer to the ratio of signal power to the noise power corrupting the signal. A ratio
higher than 1:1 indicates more signal than noise and is desirable for some applications.

[078] As used herein, the term “mass-to-charge ratio” refers to the ratio of the mass of
a species to the charge state of a species. The term “m/z unit” refers to a measure of
the mass to charge ratio. The Thomson unit (abbreviated as Th) is an example of an
m/z unit and is defined as the absolute value of the ratio of the mass of an ion (in

Daltons) to the charge of the ion (with respect to the elemental charge).

[079] As used herein, the term “ion optic” refers to a device component which assists
in the transport and manipulation of charged particles, for example, by the application of

electric and/or magnetic fields. The electric or magnetic field can be static, alternating,
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or can contain both static and alternating components. lon optical device components
include, but are not limited to, ion deflectors which deflect ions, ion lenses which focus
ions, and multipoles (such as quadruples) which confine ions to a specific space or

trajectory. lon optics include multipole RF device components which comprise multiple

rods having both static and alternating electric and/or magnetic fields.

[080] As used herein, the term “mass spectrometer” refers to a device which
generates ions from a sample, separates the ions according to mass to charge ratio,
and detects ions, such as product ions derived from isotopically labeled analytes,
isotopic tagging reagents, isotopically labeled amino acids and/or isotopically labeled
peptide or proteins. Mass spectrometers include single stage and multistage mass
spectrometers. Multistage mass spectrometers include tandem mass spectrometers

which fragment the mass-separated ions and separate the product ions by mass once.

[081] As used herein, the term “disease state” refers to condition that can cause pain,
dysfunction, distress, social problems, and/or death to a patient. Methods and systems
described herein can be useful for diagnosis of a disease state.

[082] The terms “peptide” and “polypeptide” are used synonymously in the present
description, and refer to a class of compounds composed of amino acid residues
chemically bonded together by amide bonds (or peptide bonds). Peptides and
polypeptides are polymeric compounds comprising at least two amino acid residues or
modified amino acid residues. Modifications can be naturally occurring or non-naturally
occurring, such as modifications generated by chemical synthesis. Modifications to
amino acids in peptides include, but are not limited to, phosphorylation, glycosylation,
lipidation, prenylation, sulfonation, hydroxylation, acetylation, methylation, methionine
oxidation, alkylation, acylation, carbamylation, iodination and the addition of cofactors.
Peptides include proteins and further include compositions generated by degradation of
proteins, for example by proteolyic digestion. Peptides and polypeptides can be
generated by substantially complete digestion or by partial digestion of proteins.
Polypeptides include, for example, polypeptides comprising 2 to 100 amino acid units,
optionally for some embodiments 2 to 50 amino acid units and, optionally for some
embodiments 2 to 20 amino acid units and, optionally for some embodiments 2 to 10

amino acid units.
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[083] “Protein” refers to a class of compounds comprising one or more polypeptide
chains and/or modified polypeptide chains. Proteins can be modified by naturally
occurring processes such as post-translational modifications or co-translational
modifications. Exemplary post-translational modifications or co-translational
modifications include, but are not limited to, phosphorylation, glycosylation, lipidation,
prenylation, sulfonation, hydroxylation, acetylation, methylation, methionine oxidation,
the addition of cofactors, proteolysis, and assembly of proteins into macromolecular
complexes. Modification of proteins can also include non-naturally occurring derivatives,
analogues and functional mimetics generated by chemical synthesis. Exemplary
derivatives include chemical modifications such as alkylation, acylation, carbamylation,
iodination or any modification that derivatizes the protein.

[084] As used herein, the term “controller” refers to a device component which can be
programmed to control a device or system, as is well known in the art. Controllers can,
for example, be programmed to control mass spectrometer systems so as to carry out
the methods as described herein. The invention includes mass spectrometers having a
controller configured to carry out any of the methods described herein.

[085] As used herein, the term “fractionated” or “fractionate” refers to the physical
separation of a sample, as is well known in the art. A sample can be fractionated
according to physical properties such as mass, length, or affinity for another compound,
among others using chromatographic techniques as are well known in the art.
Fractionation can occur in a separation stage which acts to fractionate a sample of
interest by one or more physical properties, as are well known in the art. Separation
stages can employ, among other techniques, liquid and gas chromatographic
techniques. Separation stages include, but are not limited to, liquid chromatography
separation systems, gas chromatography separation systems, affinity chromatography

separation systems, and capillary electrophoresis separation systems.

[086] Quantitative analysis in chemistry is the determination of the absolute or relative
abundance of one, several, or all particular substance(s) present in a sample. For
biological samples, quantitative analysis performed via mass spectrometry can
determine the relative abundances of peptides and proteins. The quantitation process
typically involves isotopic labeling of protein and peptide analytes and analysis via mass

spectrometry.
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[087] “Fragment” refers to a portion of molecule, such as a peptide. Fragments may
be singly or multiple charged ions. Fragments may be derived from bond cleavage in a
parent molecule, including site specific cleavage of polypeptide bonds in a parent
peptide. Fragments may also be generated from multiple cleavage events or steps.
Fragments may be a truncated peptide, either carboxy-terminal, amino-terminal or both,
of a parent peptide. A fragment may refer to products generated upon the cleavage of a
polypeptide bond, a C-C bond, a C-N bond, a C-O bond or combination of these
processes. Fragments may refer to products formed by processes whereby one or
more side chains of amino acids are removed, or a modification is removed, or any
combination of these processes. Fragments useful in the present invention include
fragments formed under metastable conditions or result from the introduction of energy
to the precursor by a variety of methods including, but not limited to, collision induced
dissociation (CID), surface induced dissociation (SID), laser induced dissociation (LID),
electron capture dissociation (ECD), electron transfer dissociation (ETD), or any
combination of these methods or any equivalents known in the art of tandem mass
spectrometry. Fragments useful in the present invention also include, but are not limited
to, x-type fragments, y-type fragments, z-type fragments, a-type fragments, b-type
fragments, c-type fragments, internal ion (or internal cleavage ions), immonium ions or
satellite ions. The types of fragments derived from a an analyte, such as a isotopically
labeled analyte, isotopically labeled standard and/or isotopically labeled peptide or
proteins, often depend on the sequence of the parent, method of fragmentation, charge
state of the parent precursor ion, amount of energy introduced to the parent precursor
ion and method of delivering energy into the parent precursor ion. Properties of
fragments, such as molecular mass, may be characterized by analysis of a

fragmentation mass spectrum.

[088] An “amine reactive group” of a tagging reagent can be any functional group able
to react with an amine group of a peptide, protein or other molecule, thereby forming

bond between the tagging reagent and the peptide, protein or other molecule.

[089] An “amino acid” refers to an organic compound containing an amino group
(NHy), a carboxylic acid group (COOH), and any of various side chain groups. Amino
acids may be characterized by the basic formula NH,CHRCOOH wherein R is the side
chain group. Natural amino acids are those amino acids which are produced in nature,

such as isoleucine, alanine, leucine, asparagine, lysine, aspartic acid, methionine,
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cysteine, phenylalanine, glutamic acid, threonine, glutamine, tryptophan, glycine, valine,

proline, serine, tyrosine, arginine, and histidine as well as ornithine and selenocysteine.

[090] As used herein, "isotopically labeled” refer to compounds (e.g., such as
isotopically labeled amino acids, isotopically labeled standards, isotopically labeled
analyte, isotopic tagging reagents, and/or isotopically labeled peptide or proteins) having
one or more isotopic labels, such as one or more heavy stable isotopes. An “isotopic
label” refers to one or more heavy stable isotopes introduced to a compound, such as
such as isotopically labeled amino acids, isotopically labeled standards, isotopically
labeled analyte, isotopic tagging reagents, and/or isotopically labeled peptide or
proteins, such that the compound generates a signal when analyzed using mass
spectrometry that can be distinguished from signals generated from other compounds,
for example, a signal that can be distinguished from other isotopologues on the basis of
mass-to-charge ratio. “Isotopically-heavy” refers to a compound or fragments/moieties
thereof having one or more high mass, or heavy isotopes (e.g., stable heavy isotopes
such as °C, "N, 2D, V70, 80, s, **s, *CI, ®'Br, °Si, and *°Si.).

[091] In an embodiment, an isotopically enriched composition comprises a compound
of the invention having a specific isotopic composition, wherein the compound is present
in an abundance that is at least 10 times greater, for some embodiments at least 100
times greater, for some embodiments at least 1,000 times greater, for some
embodiments at least 10,000 times greater, than the abundance of the same compound
having the same isotopic composition in a naturally occurring sample. In another
embodiment, an isotopically enriched composition has a purity with respect to a
compound of the invention having a specific isotopic composition that is substantially
enriched, for example, a purity equal to or greater than 90%, in some embodiments
equal to or greater than 95%, in some embodiments equal to or greater than 99%, in
some embodiments equal to or greater than 99.9%, in some embodiments equal to or
greater than 99.99%, and in some embodiments equal to or greater than 99.999%. In
another embodiment, an isotopically enriched composition is a sample that has been
purified with respect to a compound of the invention having a specific isotopic

composition, for example using isotope purification methods known in the art.

[092] “Mass spectrometer resolving power, often termed resolution, is a quantitative

measure of how well m/z peaks in a mass spectrum are separated (i.e., resolved).
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There are a variety of conventions to calculate resolving power. The IUPAC definition

is:
Resolving power (R) : R="/pm

[093] Figure 1A, is from Harris, Quantitative Chemical Analysis. This Figure and the
equation above illustrate how to calculate resolving power (R) where m is the mass
corresponding to the peak and Am is the spacing between that peak and the nearest
neighbor peak. Another, utilized definition for resolving power is:

Resolving power (R) : R = M 1
2

[094] In this definition (see, Figure 1B), the mis the mass corresponding to the peak
(m) and m'2is a variable refering to the full width at half maximum of the peak (m'2 =
FWHM). With the second definition, two peaks at m/z500 and 501 are just barely
discernible if the resolving power is 500 (Figure 1C). This method of calculating
resolution is particularly useful as it provides a metric to assess peak width regardless of
whether there is a nearby neighbor to compare it to. For the calculations contained in

this writing we use this method of calculating resolution.

[095] As used herein, the “coded element formula” of a compound refers to
constituent elements of the compound, as well as the number of atoms of each element,
that are suitable to be isotopically labeled with stable heavy isotopes, for example, to
form isotopologues that may be analyzed via mass spectrometry in the present
methods. The coded element formula of a compound will contain the same or fewer
elements, as well as the same or fewer number of atoms of each element, than the
chemical formula of the compound due to the fact that some atoms of the compound
may not be suitable to be isotopically labeled to form isotopologues for use in the
present methods. For example, H atoms of the compound that are easily exchangeable
with H atoms of solvents, such as water, may not be suitable to be isotopically labeled in
the present methods because such exchange processes may degrade the isotopic
signature of isotopically labeled analytes and/or standards. Similarly, if the compound
contains leaving groups or reactive groups which are not ultimately present in the
isotopically label species, such as the isotopically labeled analytes, isotopic tagging

reagents, isotopically labeled amino acids and/or isotopically labeled peptide or proteins,
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then atoms within the leaving groups or reactive groups would also not be suitable to be
isotopically labeled in the present invention and, thus, would not be included in the
coded element formula. Certain elements of such reactive groups and/or leaving
groups, for example, may be exchanged or otherwise removed or lost in the chemical
reaction between the tag and the analyte, and, hence would not result in incorporation in
the isotopic label. For example, in one embodiment, the chemical formula for lysine is:
CeH14N202 while the coded element formula for lysine is: CeHgN2O. In one embodiment,
H atoms that are easily exchangeable with H atoms of solvents are not included in a
compound's coded element formula. For instance, in one embodiment, the H atoms of
at least some, and optionally all of, -OH, —SH, —NH-, and —NH; groups would be part of
a compound’s chemical formula but would not be part of the compound’s coded element
formula. In a further embodiment, the O atoms of at least some, and optionally all of, —
OH groups would not be part of the compound’s coded element formula. In one
embodiment, all carbon atoms in a compound, particularly an amino acid, would be part
of the compound'’s coded element formula. In one embodiment, all nitrogen atoms in a
compound, particularly an amino acid, would be part of the compound’s coded element

formula.
[096] Brief Description of Proteome quantification

[097] There are currently two main methods for global proteome quantification. The
firstis SILAC (stable isotope labeling with amino acids in cell culture), which is very
popular and has been used for nearly a decade. In SILAC, *C atoms are incorporated
into amino acids so that these amino acids (called heavy amino acids) are 3 to 6 Da
heavier than the normal amino acids. Cells are then grown in separate cultures, one
culture containing the heavy amino acids and the other culture containing normal amino

acids.

[098] New proteins synthesized in the cultures incorporate either the heavy amino
acids or the normal amino acids and the cells are then treated with a perturbation and
the proteins are combined. After enzymatic digestion, the peptides produced have the
same sequence, but have slightly different masses because of the '*C atoms in the
heavy amino acids. When analyzed by MS, two discrete peaks are seen for the same
peptide — a light peak and a heavy peak. These peaks are usually separated by
approximately 3 to 8 Da. However, it has been very difficult to multiplex (compare 4 or
more samples simultaneously) with SILAC because a minimum of 3 Da separation
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between the labeled peptides is required to minimize isotopic distribution overlap. With

a maximum range of 10 Da, plexing is limited to roughly 3 samples.

[099] Because of the lack of ability to multiplex (>3), researchers have become
increasingly excited about isobaric tagging (TMT or iTRAQ commercial products).
Isobaric tagging involves the addition of a tag to the analyte peptides. Isobaric tags are
designed to have three components: (1) a reactive group for attachment to the analyte,
(2) a balance group, and (3) an ionizable reporter group. The balance and reporter
groups are designed with a distribution of stable isotopes so that they have the same
mass with approximately 6 to 8 different tags. When the samples elute into the mass
spectrometer, the tagged samples all have the same mass so a single peak is obtained.
The targets in this peak are isolated and the reporter group is cleaved. Each reporter
group has a mass that is approximately 1 Da separated from the next reporter group so
the 6 — 8 analytes become distinguishable using MS/MS. However, there are two
genuine problems with isobaric tagging. First, targets are isolated with a broad window,
approximately 2 to 3 m/z, and so interferences get co-isolated, then co-fragmented
during MS/MS and produce reporter peaks at the same m/z values, leading to a lower
dynamic range and quantitative accuracy. The second problem is that a MS/MS scan
must be acquired to get quantitative data. This becomes problematic with multiple
replicates since the overlap between what gets isolated for MS/MS in one experiment to

the next can be low.

[0100] The developers of the TMT isobaric tags have recently published work showing
that by swapping a '“C for a '*C and concomitantly a °N for a "N in the TMT reagents,
one can achieve a new reagent that has a 6 mDa mass difference due to the energetics
of the neutron binding difference between N and C. This slight mass difference makes
them distinguishable using high resolution mass spectrometers. With this approach

they have expanded their TMT reagents from a 6-plex to an 8-plex system.
[0101] Brief Description of Present Tagging System

[0102] The present invention discloses a new method and customized tagging
reagents for MS proteome quantification generally called “neutron encoded mass
tagging” or “NeuCode”. This method is also referred to herein as “offset mass neutron
encoding” or “OMNE”. In this method, the neutron mass difference between heavy

isotopes, such as N and C, could be coupled with amino acids and novel reagent tags to
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create a MS1-based quantification method that is superior to both conventional SILAC
and isobaric tagging in many ways. This idea was initially tested using two +8 Da heavy
lysine amino acids, one with six '*C’s and two "°N’s and another with eight deuteriums
(PH).

[0103] Figure 2 illustrates results for selected lysine labeled pair of peptides at varying
resolution settings. At the typical operating resolution of the Orbitrap MS system
(30,000) the two NeuCode labeled peptides are indistinguishable and appear as one
species. When analyzed at 240,000, however, the pair is baseline resolved and one

can determine the relative abundance of each analyte.

[0104] These neutron tags can be incorporated into amino acids and then the modified
amino acids used during cell culture similar to SILAC. Using such a tagging system
would alleviate the spectral complication problem associated with SILAC and allow for
increased multiplexing. Initial calculations for the incorporation of nine different heavy
isotopes into the amino acid Lysine (either °N, *C, 2H, or "®0 atoms) showed that the
construction of 41 different isotopologues that have masses spanning only 41.4 mDa is
possible (shown in Figure 3).

[0105] In addition, this tagging system may be used with novel tagging reagents and
are not limited to SILAC related methods. This would allow for analysis of tissues and
other body fluids that are not compatible with tissue culture. NHS ester technology is a
widely used chemistry to link tags onto peptides for proteomic analysis. Both
commercial isobaric tagging methods (iTRAQ and TMT) use this approach.
Accordingly, the present tagging system could utilize a dipeptide-like tag, or other tags
able to bind to peptides, that is simple to synthesize that also uses the NHS ester
linkage chemistry. Unlike isobaric tags, however, the present tagging system would not
require specialized designs that incorporate reporter groups, linkers and charge sites.
Instead the tags of the present invention are designed to remain bound to the peptide
and to provide a quantitative measure only when examined under high resolution
conditions. An initial version of this tag was tested in silico and shown to enable a 5-
plex analysis at current MS resolving powers. The resolution of mass spectrometry
systems are reasonably expected to double within the several years which means this

tag could then enable a 9-plex analysis.
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[0106] Thus, using this tagging system with cell culture allows for greater multiplexing
compared to conventional SILAC methods, while also ameliorating the spectral
complexity problem associated with SILAC. Using this tagging system with novel
reagent tags allows for similar multiplexing compared to isobaric tagging methods, but
without the problems caused by interferences due to co-isolation or the need to perform
MS/MS.

EXAMPLES

[0107] Example 1 - Background of SILAC and Isobaric Taqging Methods and
Overview of Neutron Encoded Mass Taqging

[0108] Protein identification technologies have rapidly matured such that constructing
catalogs of the thousands of proteins present in a cell using mass spectrometry is now
relatively straightforward. Knowing how the abundance of these molecules change
under various circumstances, however, is not straightforward. Stable isotope
incorporation is a central component of many MS-based protein quantification
strategies. Presently, there are two main approaches to accomplish this. The firstis to
metabolically introduce heavy stable isotopes (i.e., '*C, '®0, "°N, 2H) into proteins during
cell growth. In SILAC, amino acids that incorporate stable isotopes, which are typically
4 or 8 Da heavier than the normal amino acids, are included in the cell culture media so
that all synthesized proteins incorporate the heavy amino acids. Combination of cells
grown on heavy and light media produce identical proteomes except that each peptide
that includes a heavy amino acid that differs by +4 Da from its light counterpart. Using
this technique to proteomes can be simultaneously compared by MS analysis of the

heavy and light peptides.

[0109] Isobaric tagging is an elegant solution to this problem, allowing relative
quantification of up to eight proteomes simultaneously. Further, unlike metabolic labeling
approaches, it is compatible with mammalian tissues and biofluids. Despite its potential,
isobaric tagging has not been widely embraced for large-scale studies —chiefly because
of the problem of precursor interference. This problem does not exist for SILAC because
abundance measurements are obtained from high-resolution survey mass spectra
(MS1). Even for very complex samples having hundreds of co-eluting peptides, high—
resolving power mass analyzers can easily distinguish the target from neighboring
peaks less than 0.01 Th away.
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Isobaric tags are designed to have three components: (1) a reactive group for
attachment to the analyte, (2) a balance group, and (3) an ionizable reporter group. The
balance and reporter groups are designed with stable isotopes so that they have the
same aggregate mass with 6 to 8 different tags. In this way 6 to 8 samples are co-
analyzed. When the tagged samples elute into the mass spectrometer, the samples all
will have the same mass so just one peak is produced. When MS/MS is performed, the
tagged peptide is fragmented causing the reporter group to cleave off and be detected.
Each reporter group has a mass that is approximately 1Da separated from the next
reporter group, so the 6 — 8 analytes become distinguishable in MS/MS analysis. From
this, the abundance of the analyte in each of the 6 — 8 conditions can be determined.

[0110] MS17 vs. MS2 Quantification Quality

[0111] SILAC is the most widely used multiplexing strategy for protein quantification.
By obtaining quantitative data from MS1 scanning, SILAC can offer improved
quantitative performance over isobaric labeling approaches for three main reasons.
First, MS' abundance measurements allow averaging of several data points per peptide.
Isobaric tagging, on the other hand, typically draws all information from a single MS/MS
scan. A second benefit of MS' vs. MS?-based quantitation is that upon peptide
identification, quantitative information for that peptide can be extracted from MS' data
alone in each replicate. Isobaric tagging, however, requires both the collection of an
MS? scan and an identification in each replicate analysis. With a ~ 50-75% run-to-run
overlap in spectral identifications, this caveat limits statistical significant testing to the
subset of peptides/proteins identified across multiple experiments. The third advantage
of MS'-centric quantification is significantly improved quantitative accuracy. Specifically,
isobaric tagging suffers from the well-documented problem of precursor interference —
the co-isolation of impurities. This problem does not exist for SILAC because
abundance measurements are obtained from high-resolution MS' scans and even for
very complex samples having hundreds of co-eluting peptides, high—resolving power
mass analyzers can easily distinguish the target from neighboring peaks less than 0.01
m/z away. In the isobaric tagging approach, the target peptide is isolated at much lower
resolution (typically 1-3 m/z), then dissociated to produce reporter tags. Therefore, the
quantitative signal in the reporter region is compiled from every species in the isolation
window. Co-isolation of multiple species is the rule, not the exception for even highly

fractionated samples.
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[0112] Multiplexing

[0113] Even with these fundamental limitations, two essential advantages — tissue
compatibility and high multiplexing capacity — propel the widespread use of isobaric
tagging. Since isobaric tagging is a chemical, rather than metabolic, labeling strategy
one can easily compare up to 8 mammalian tissue samples. The ability to analyze
biological fluids and tissues is vital for the application of proteomics to translational
medicine. Beyond the obvious direct analysis of human tissues, there are countless
mammalian models of disease, e.g., cancer, diabetes, multiple sclerosis, etc., where
proteome characterization requires tissue-compatible technologies. Advancing
quantitative proteomics from cell culture toward more complex animal-based disease
models, requires increased replicate analysis and, typically, several biological states. In
a simple experiment examining the effects of caloric restriction (CR) and the
deacetylase Sirt3 in mice, there are four conditions — wt (control), Sirt3 knockout, wt CR,
and Sirt3 knockout CR. For statistical significance testing, at least 3 animals in each
condition must be analyzed for a minimum of 12 samples. And this experiment only
considers analysis of one tissue, one age, and one strain. Thus, the ability to achieve
expanded multiplexed proteomic comparisons with high quantitative accuracy and
reproducibility will deeply impact modern biclogy and medicine.

[0114] Accuracy issues with MS2 quantification are not acceptably resolved

[0115] Even though MS2 approaches already deliver multiplexing capacity, data quality
and quantification overlap (reproducibility, see above) are still require improvement.
Efforts have been made to overcome these shortcomings. For example, ion/ion
reactions for gas-phase precursor purification have been explored as well as MS3-
based strategies. Despite improved quantitative accuracy on model systems
(approximately -20% accuracy bias, i.e., true value 10:1 detected as 8:1), duty cycle,
sensitivity, and availability of both approaches are problematic. Both MS3 and
QuantMode acquisition methods reduce duty cycle and, consequently, generate about
50 to 70% of the identifications as compared to typical shotgun analyses. The
sensitivity of either approach is likewise restricted by limited sampling depth (duty cycle)
and by reduced reporter ion intensities (purification losses). Finally, both require the
presence of an ion trap and QuantMode requires ETD capability. Experience with these
purification approaches indicates that there is no straightforward remedy to the duty
cycle, sensitivity, and compatibility issues outlined above. These problems, combined
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with the irreproducibility of MS?-based quantification over multiple replicate analyses
(see above), strongly suggest that developing a multiplexed MS'-centric approach is key
to advancing quantitative proteomics and, in particular, its application to translational

medicine.
[0116] MS1 multiplexing — The Path Forward

[0117] Unfortunately, achieving multiplexed analysis with MS'-based technology has
been challenging. SILAC provides a means to make binary or ternary comparisons and
by interlacing these experiments, higher-order comparisons can be obtained; however,
obtaining such measurements are laborious and only reported by a handful of expert
laboratories. SILAC is practically limited to triplex comparisons because a minimum of 4
Da separation between the labeled peptides is needed to minimize isotopic distribution

overlap. This spacing is greatly compressed when precursor charge is 3 or greater.

[0118] In SILAC multiple isotopic clusters are generated, typically 4 Da apart, for each
additional plex that is quantified — up to three-plex (see Figure 4). These signals are
distinguished during MS1 analysis and the ion chromatograms for each are extracted
over the entire elution profile so that quantitative data is averaged over ~ 50 scans per
peptide. Inisobaric tagging all plexes have the same mass so that only one isotopic
cluster peak is generated during MS1. During MS2 the tags cleave and reporter ion
signals are detected. These can be integrated to determine relative abundance. This
approach, however, often draws quantitative data from a single scan and an MS2 event
is required.

[0119] The ability to introduce heavy isotopes into Lys for SILAC is limited by its
composition (six C atoms and 2 N atoms); hence, the largest commercially available
heavy version is +8 Da. A handful of attempts to increase SILAC plexing have been
reported, but require non-trivial computation and the presence of Arg within each
peptide. These limitations have precluded their widespread adoption. A second
problem of SILAC plexing is the increased spectral complexity. Specifically, for each
peptide every SILAC channel produces an additional set of m/z peaks. MS/MS
sampling of more than one of these peaks produces redundant identifications and,
consequently, consumes MS/MS bandwidth so that lower abundance m/z peaks often

do not get sampled. Overall such increased complexity reduces proteome coverage.
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[0120] [Isobaric Neutron Encoded Mass Tagging

[0121] The developers of the TMT isobaric tags have recently discovered that by
swapping a '2C for a '*C and concomitantly a °N for a "N in the TMT reagents can
achieve a new reagent that has a 6 mDa mass difference. The mass change results
from the discrepancy in energetics of neutron binding between N and C and can be
distinguished with a mass resolution of 50,000 at m/z 130. By implementing this
approach, the TMT reagents can be expanded from a 6-plex system to an 8-plex
system. This new TMT isobaric concept still relies upon MS?-based quantification and
all does not resolve the issues outlined above. The present invention advances this
neutron encoding concept to develop an ultraplexed (up to 45-plex) MS'-based

quantification technology that combines the best aspects of both SILAC and isobaric

tagging.
[0122] Differences Between Neutron Coding and Traditional Isobaric Tagging

[0123] Traditional isobaric tagging relies on introduction of chemical tags to peptides.
The chemical tags are designed to have three specific components: a reactive group, a
balance group, and a reporter group. During MS1 analysis, analytes labeled with
isobaric tags appear as a single m/z peak and quantitative information cannot be
obtained from MS1 analysis — no matter how high the resolving power. Quantitative
data is only retrieved upon fragmentation of the precursor ions by collisional activation.
During this process the charged reporter group is released from the balance group and
produces a detectable m/z peak at a defined mass. Isobaric tags currently offer up to 8
channels of quantitation. Reporter ions vary in mass between each channel by 1 Da.
For example, m/z 126, 127, and 128. Thus, quantitative data can only be measured by

first performing collisional activation and by monitoring the product ions by MS/MS.

[0124] Limitations of this approach are many in number. First, since no data is derived
from the MS1 scan, if an MS/MS event is not acquired for a given precursor, then no
quantitative data of any kind is recorded. Second, all precursors within the MS/MS
isolation window (usually about 1-3 m/z) are subjected to collisions and produce the
reporter tags. This means that the quantitative signal is the convolution of all the
precursors within the isolation window. This shortcoming severely limits quantitative
accuracy. Third, isobaric tagging is only compatible with one type dissociation —

collisional activation. Key to isobaric tagging is that the reporter group be cleaved from
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the balance group and detected. For commercial products these have been optimized
for collisional activation; however, many types of dissociation are available and include

electron capture and transfer dissociation along with those that use photons.

[0125] The neutron encoding strategy of the present invention embeds very subtle
mass differences into analytes for quantitative purposes. These differences are so
small (<50 mDa) that they cannot be distinguished at normal MS resolving powers.
Analysis under high resolution conditions, however, (>100,000) can separate these
closely spaced peaks and reveal quantitative information. Neutron codes can be
introduced by growing cells on custom amino acid isotopologues or by placing chemical
tags onto peptides. For the latter case the chemical reagents do not have the features
of a traditional isobaric tag, i.e., no reporter or balance group. Instead the tag is simply
a delivery vehicle to embed a neutron fingerprint onto each analyte. This fingerprint is
then only detected when the sample is analyzed under high resolution conditions,
typically in the MS1 scan.

[0126] Figures 5-7 show MS/MS scans of a neutron encoded labeled peptide. At low
resolution, such as shown in Figure 5, the quantitative information is invisible and the
peaks appear as single peaks. At high resolution (Figure 6), however, these peaks are
revealed as multiple peaks providing additional data (Figure 7). These data are
reflective of abundance and could be used for quantification.

[0127] Another major difference from traditional isobaric tagging is that the neutron
encoding signatures of the present invention stay with the peptide after dissociation.
Dissociation can be accomplished by any fragmentation method. Product ions that
result from the cleavage of the peptide backbone that contain the neutron coding tag,
either the amino acid or the chemical tag, will be detected if analyzed under high
resolution conditions (>100,000). Unlike traditional isobaric tagging, these signals do
not occur at the same mass for every precursor (the reporter fragment mass), they
occur along with the backbone fragments of the peptide and at every fragment that
contains the neutron tag. This means that quantitative information can also be gathered
from MS/MS spectra, but only if scanned under high resolution and at m/z peaks where
the peptide fragments. Thus, for neutron coding, the interference problem of traditional
isobaric tags is eliminated.
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[0128] NeuCode Overview

[0129] The neutron encoded mass difference that has been exploited to expand the
plexing capacity of isobaric tagging can be harnessed to create an MS' quantification

method — one that is superior to both conventional SILAC and isobaric tagging.

[0130] To determine the feasibility of NeuCode, a library of 105,067 identified tandem
mass spectra was surveyed and it was determined that 99.4% of the peptide precursors
had m/z values of 1,200 or less. Next, the minimum resolvable difference (full width at
1% max, FWOM, i.e., only 1% overlap in peak areas) was calculated for a 1,200 Th
precursor as a function of resolving power ranging from 10° to 107 (Figure 8A). The
current commercially available Orbitrap is capable of 480,000 resolving power, enabling
separation of precursors spaced as narrowly as 11.1 mTh. This value falls to half that
(5.6 mTh) with the highest reported Orbitrap resolution of 960,000. The average
precursor has a much lower m/z (~750) and can be resolved at 7.0 and 3.5 mTh at
480,000 and 960,000, respectively. Using these calculations as a guide, the peptide
library was used to model the percentage of the peptidome that would be quantifiable
(i.e., separated at FWOM) when labeled at intervals of 12, 18, and 36 mDa (Figure 8B).
This takes into account the diversity of precursor m, z, and m/z that is typically observed
in a shotgun experiment. These data demonstrate that at a resolving power of 480,000,
> 85% of identified peptides can be quantified (i.e., resolved) when spaced 18 mDa
apart. At 960,000 resolving power, > 90% coverage was achieved with 12 mDa
spacing.

[0131] These data confirm that with the current commercial Orbitrap resolving power
capability of 480,000, detection and identification using the NeuCode tagging strategy
could be achieved for nearly the entire peptidome with ~18 mDa spacing between
labeled peaks. At the highest reported Orbitrap resolving power of 960,000, similar
coverage could be achieved with only 12 mDa peak spacing. It was next determined
what spacing ranges and gap sizes could be achieved using the common elements
found in biological systems —i.e., C, H, N, and O. Figure 9 presents all theoretical
isotopologues of the amino acid Lysine that contains a +2 Da offset by incorporation of
13C, 2H, ™N, '®0 in various combinations. With just a modest mass difference of 2 Da, 7
isotopologues can be created spanning a mass range of 18.5 mDa (referred to herein as
the offset mass) offering either du-plex or tri-plex tagging (i.e., ~9 and 18 mDa spacing).
Incorporation of more stable isotopes, +8 Da, can deliver offset mass ranges in excess
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of 50 mDa. Together with the theoretical calculations above, it was concluded that
sufficient offset masses can be introduced to allow implementation of the NeuCode

strategy with currently available mass resolving power.
[0132] Neutron-Encoded Amino Acids for Multiplexed SILAC (NeuCode SILAC)

[0133] Rationale: Synthesis of amino acids that incorporate the NeuCode labeling
strategy will produce SILAC reagents that greatly expand (4-10X) the multiplexing
capability of the gold standard protein quantification technique — SILAC. This added
plexing capacity will neither increase MS' spectral complexity nor reduce peptide

identification rate, as compared to the conventional SILAC strategy.

[0134] Hypothesis: Using conventional multi-Da isotopic spacing limits SILAC to
binary and ternary comparisons. Highly multiplexed experiments allow measurement of
time-course experiments, permit collection of biological replicate data, and enable direct
comparison of transcriptomic and proteomic data. By incorporating various
isotopologues of Lysine, each differing by approximately 10 mDa, a set of amino acids is
created that yield 12 channels for quantification when combined. These amino acids
deliver a greatly increased level of multiplexing and performance compared to SILAC.

[0135] Preliminary Data: To test the hypothesis that isobaric isotopologues of amino
acids can allow SILAC hyperplexing, two +8 Da heavy lysine amino acids were
purchased, one with six >C atoms and two "°N atoms and the other with eight ?H atoms.
These two isotopologues differ in mass by 36 mDa and are easily distinguished at the
commercially available resolution of current Orbitrap systems (480K). Two yeast
cultures (BY4741 Lys1A) were grown in defined synthetic complete drop out media
supplemented with either the “light” lysine (+0 Da), “heavy 1” *Ce/'°N; Lys (+8.0142 Da)
or “heavy 2” ®Hg (+8.0502 Da). To ensure complete Lys incorporation, cells were
propagated for at least 10 doublings, then harvested in mid-log phase by centrifugation
at 3,000 xg for 3 minutes. Cell pellets were re-suspended in 5mL lysis buffer and
protein was extracted by glass bead milling. Protein from lysed yeast cells were
reduced, alkylated, and digested with endo-LysC. Next, three traditional SILAC samples
were prepared in known mixing ratios by combining the “light” (+0 Da) and “heavy 1” (+8
Da) labeled peptides in ratios of 1:1 and 1:5 by mass. NeuCode SILAC ratios were
prepared exactly the same, except by using “heavy 1” (+8.0142 Da) and “heavy 2"
(+8.0502 Da) labeled peptides.
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[0136] Samples from each method (i.e., NeuCode SILAC and traditional SILAC) were
independently loaded onto a capillary nLC column and gradient eluted into an ion trap-
Orbitrap hybrid MS over 60 minutes. For traditional SILAC, MS' analyses were
performed at a resolving power of 30,000 with the top 10 most intense precursors
selected for MS/MS analysis (ion trap CAD). For NeuCode SILAC analysis, an
additional MS' scan was implemented at a resolving power of 480,000 immediately
following the first 30,000 resolving power full scan. The high resolution scan
distinguished the NeuCode SILAC pairs — effectively decoding the embedded
quantitative data. Example spectra from that analysis are presented in Figure 10;
panel A displays a MS' scan (R = 30K) and panel B presents the isotopic cluster of a
selected precursor at m/z827. Here, the signal that is generated under the typical 30K
resolving power and the high resolution quantification scan (480K) are plotted. Both
“‘heavy” Lysine isotopologues that are spaced only 36 mDa apart were observed. The
very close m/z spacing of these NeuCode SILAC partners is ideal for MS/MS scanning
since both isotopologues are co-isolated, fragmented, and mass analyzed together. In
fact, since MS/MS analysis is typically executed at low resolution (i.e., <7,500) the
NeuCode SILAC MS/MS spectra are essentially identical to those of an unlabeled, non-
multiplexed sample. Panel C of Figure 10 displays the ion trap MS/MS of the isolated
precursor shown in Panel B. At these low resolutions, the encoded abundance
information is concealed and spectral matching is executed as if no multiplexing were
being performed. It should be noted that the high resolution scan takes ~ 1.6 seconds
to complete; however, the system performs ion trap MS/MS analyses (top 10) during
that time so that very little effect on overhead is induced (16,852 vs. 18,973 MS/MS
spectra acquired, NeuCode SILAC vs. traditional SILAC, respectively). The NeuCode
SILAC experiment produced considerably more unique peptide spectral matches
(PSMs) — 2,935 vs. 2,401. This is because in traditional SILAC, each unique peptide
precursor appears at two distinct m/z values — separated by 4 Da. This means that
there is a tremendous amount of redundancy in peptide identifications because the most
abundant peptide partners both get selected. The result is limited sampling depth.
NeuCode SILAC eliminates this problem as all quantitative information is encoded within
a single m/z peak for each precursor (insert of Figure 10B) so that redundant MS/MS

scans on partner peaks are not acquired.

[0137] Quantitative accuracy and precision of NeuCode SILAC
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[0138] Next, the quality of the quantitative data generated by NeuCode SILAC (also
referred to as OMNE SILAC) was assessed as compared to traditional SILAC. Figure
11A captures quantitative metrics for both methods: the dashed horizontal lines indicate
the true ratio (grey = 1:1, black = 5:1) while boxplots demarcate the median (stripe), the
25th to 75th percentile (interquartile range, box), 1.5 times the interquartile range
(whiskers), and outliers (open circles). From these data, it was concluded that NeuCode
SILAC offers quantitative accuracy and precision that is not distinguishable from
traditional SILAC. Of the 2,935 PSMs posted by NeuCode SILAC, 80% were
quantifiable (2,572). For traditional SILAC 2,120 PSMs produced quantitative data —
88% percent of the 2,401 total PSMs. It was wondered why NeuCode SILAC would
have a reduced quantifiable rate? It should be noted that PSMs were quantified only if
both partners were detected with a S/N ratio in excess of 2:1. It was surmised that since
NeuCode SILAC permitted greater sampling depth and, hence, more identifications for
lower S/N precursors, there was likely no fundamental difference in the frequency with
which a peptide could be quantified between the two methods. To test this hypothesis,
the percentage of time a PSM produced quantitative information was plotted (Figure
11B) for both NeuGCode SILAC and traditional SILAC as a function of precursor intensity.
Both methods produce quantitative data less frequently (at essentially the same rate) as
precursor intensity is decreased; however, NeuCode SILAC generated 1,824 PSMs
having precursor intensity less than 10> (arbitrary units) while traditional SILAC only
detected 522 in that same range. NeuCode SILAC permits increased sampling depth
compared to traditional SILAC, while maintaining highly comparable quantitative

accuracy and precision.

[0139] Preliminarily, all identifications from the NeuCode SILAC data were generated
using the MS' scans collected under low resolution settings (30K, Figure 10B). Since
those peaks contain two unresolved versions of each peptide that differ in mass by 36
mDa, it was wondered whether any major decrease in mass accuracy would result. To
test this, the distribution of mass error (ppm) was plotted as a function of identification e-
value (~ significance) for both NeuCode SILAC and traditional SILAC for all
identifications (1% FDR, Figure 12). A very subtle decrease in mass accuracy for
NeuCode SILAC - 3.5 vs. 2.5 ppm —is present with comparable precision. It was
concluded that this subtle increase in mass error is not problematic as most database

searching imposes precursor mass error tolerances of £ 7 to £ 25 ppm. It was also
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noted that the use of the mass values from the high resolution MS' scan, where the

isotopologues are resolved, could completely eliminate this subtle error altogether.

[0140] Sample preparation. Saccharomyces cerevisiae strain BY4741 Lys1A was
grown in defined, synthetic-complete (SC, Sunrise Science) drop out media
supplemented with either light lysine (+0 Da), heavy 6'3C/2"°N lysine (+8.0142 Da,
Cambridge Isotopes), or heavy 8D (+8.0502 Da, Cambridge Isotopes). Cells were
allowed to propagate for a minimum of 10 doublings to ensure complete lysine
incorporation. Upon reaching mid-log phase, the cells were harvested by centrifugation
at 3,000 xg for 3 minutes and washed three times with chilled ddH>O. Cell pellets were
re-suspended in 5mL lysis buffer (50mM Tris pH8, 8M urea, 75mM sodium chloride,
100mM sodium butyrate, 1mM sodium orthovanadate, protease and phosphatase
inhibitor tablet), and total protein was extracted by glass bead milling (Retsch). Lysate
protein concentration was measured by BCA (Pierce).

[0141] Protein from lysed yeast cells was reduced by addition of 5 mM dithiothitriol and
incubation for 30 minutes at ambient temperature. Free thiols were alkylated by addition
of 15 mM iodoacetamide and incubated in the dark, at ambient temperature, for 30
minutes, followed by quenching with 5 mM dithiothitriol. Urea concentration was diluted
to 4 M with 50 mM tris pH 8.0. Proteolytic digestion was performed by addition of LysC
(Wako), 1:50 enzyme to protein ratio, and incubated at ambient temperature for 16
hours. The digest reaction was quenched by addition of TFA and desalted with a tC18
sep-pak (Waters).

[0142] SILAC known ratios were prepared by mixing “light” = +0 Da and “heavy” = +8
Da labeled peptides in the “light” to “heavy” ratios 1:1, 1:5, and 1:10 by mass. NeuCode
ratios were prepared exactly the same, except light = +8.0142 Da and heavy = +8.0502
Da.

[0143] 6-plex samples were prepared by labeling each NeuCode SILAC yeast peptide
with three mTRAQ tags (AB SCIEX), according to the manufacturer’s protocol, except
that hydroxylamine was added to quench the labeling reaction after 2 hours. These

peptides were mixed in the ratio 10:10:5:5:1:1 by mass.

[0144] LC-MS/MS. For the NeuCode SILAC vs. SILAC comparison, each sample was
independently loaded onto a 75 um capillary packed with 5 um Magic C18 (Michrome)
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particles in mobile phase A (0.2% formic acid in water). Peptides were gradient-eluted
with mobile phase B (0.2% formic acid in acetonitrile) over 60 minutes. Eluted peptides
were analyzed by an Orbitrap elite mass spectrometer (Thermo Scientific). A survey
scan was performed by the Orbitrap at 30,000 resolving power to identify precursors to
sample for data dependent top-10 ion trap CAD tandem mass spectrometry. NeuCode
SILAC analysis had an additional quantitative 480,000 resolving power scan
immediately following the survey scan. Preview mode was enabled, and precursors with
unknown charge, or charge = +1, were excluded from MS2 sampling. MS1 and MS2
target ion accumulation values were set to 1 x 10° and 4 x 10, respectively. Dynamic
exclusion was set to 30 seconds for -0.55 m/z and +2.55 m/z of selected precursors.
MS1 6-plex samples were analyzed as above except for the following changes.
Samples were eluted over a 90 minute gradient. Tandem mass spectrometry was
performed by HCD fragmentation in the HCD cell followed by detection in the orbitrap
with 15,000 resolving power. Finally, MS2 target ion accumulation values were set to 5
x 10%,

[0145] Data analysis. MS raw files were converted to searchable text files and
searched against a target-decoy database (Saccharomyces Genome Database (yeast),
www.yeastgenome.org; UniProt (mouse), www.uniprot.org) using the Open Source
Mass Spectrometry Search Algorithm (OMSSA). For all samples, methionine oxidation
and cysteine carbamidomethylation were searched as a variable and fixed modification,
respectively. SILAC samples were searched independently with an unmodified lysine
and + 8.014199 fixed modification, and later combined during false discovery rate
filtering. NeuCode SILAC samples were searched with a single fixed modification
representing the average mass shift from the 6'°C/2"°N and 8%H isotopologues (+
8.0322). Precursor mass tolerance was defined as 100 ppm and fragment ion mass
tolerance was set to 0.5 Da. This relatively wide precursor mass tolerance was used to
account for the mass difference observed between isotopologues. Search results were
filtered to 1% FDR based on E-values. 6-plex samples were searched as above except
for the following changes. The light (I), medium (m), and heavy (h) versions of mTRAQ
were independently searched. The peptide N-terminal fixed modifications: +140.0953
(1), +144.1024 (m), or +148.104 (h); lysine fixed modifications: +148.1275 (1), +152.1346
(m), or +156.1362 (h); tyrosine variable modifcations: +140.0953, +144.1024, or
+148.104. Fragment ion mass tolerance was reduced to 0.1 Da. The three
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independent searches were combined during FDR filtering. Peptides were grouped into

proteins and filtered to 1% FDR according to rules previously described.

[0146] Quantitation. Following database searching, the FDR-filtered list of peptide-
spectrum matches was first utilized to calculate the systematic precursor mass error
associated with the data set. After adjusting “light” and “heavy” precursor masses for
this error, an algorithm inspected every high-resolution MS1 scan within 30 seconds of
all PSMs identifying a unique peptide sequence. In each MS1 scan “light” and “heavy”
peaks were isolated for the first four isotopes of the isotopic cluster. If at least two
peaks, with greater than S/N of 3, are found within the specified tolerance (£ 5 ppm for
NeuCode; £ 10 ppm for SILAC), a SILAC pair is created. Any peaks below the noise
level simply contribute a noise-based intensity to the appropriate missing “light” or
“‘heavy” channel. Peaks exhibiting possible peak coalescence, as determined by de-
normalizing intensity by injection time, are excluded from quantification. The intensities
for “light” and “heavy” channels are summed across their elution profiles. To eliminate
the noise-capped peaks on the fringes of a peptide’s elution profile compressing the
quantitative ratio towards 1:1, peaks with intensities below 1/2e the maximum intensity
were discarded. Peptides were required to have a minimum of 3 ratio-providing pairs
(i.e., quantified across at least 3 MS1 scans) to be eligible for quantification. Protein
quantification was accomplished by averaging the ratios of all corresponding peptides.
The resulting protein ratios were normalized to a median fold-change around 0 to
account for unequal mixing. This algorithm was utilized to quantify both traditional and
NeuCode SILAC data sets.

[0147] Example 2 - Neutron-Encoded Signatures for Multiplexed Protein
Quantification

[0148] Applying a neutron-encoded tagging system to protein quantification involves
exploiting the subtle mass differences that are induced by the varying energies of
neutron binding in C, N, O, S, Cl, Br, Si and H atoms. For example, a difference in
mass of 6 mDa can be induced by swapping a '*N for a "°N atom while concomitantly
switching a "*C with a '?C atom in the analyte molecule. Doing this process in various
combinations, within the context of an analyte molecule, generates dozens of chemically
identical isotopologues that when analyzed under normal MS analysis conditions (mass
resolution < 30,000) are indistinguishable —i.e., produce one m/z peak. Analysis with
high resolving power (>100,000 resolution), however, reveals distinct m/z peaks whose
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abundances can be extracted and used to determine analyte quantity across the sundry
conditions. This technology will permit very high levels of multiplexing (such as 45-plex
systems, ultraplexing) while avoiding the pitfalls of both SILAC and isobaric tagging.
Applications of such a tagging system include analysis of the skeletal muscle
mitochondrial proteome (1098 proteins), which is of outstanding importance to human
health. For example, the tagging system of the present invention can be used to
precisely monitor the alterations of mitochondrial protein and phosphoproteins levels in

response to cellular iron deprivation, the top worldwide nutritional disorder.
[0149] Neutron-encoded amino acids for multiplexed SILAC

[0150] Neutron-encoded isotopic versions of Lysine and Arginine permit up to 11-plex
SILAC quantification. However, these highly multiplexed SILAC reagents will offer less
spectral complexity than traditional 3-plex SILAC. This is accomplished by incorporating
various isotopologues of each amino acid — each differing by approximately 6 mDa — to
create a set of 5-plex and a 6-plex Arg/Lys amino acids that when combined yield 11
channels for quantification. These amino acids deliver an unprecedented level of
multiplexing and performance to the current gold standard protein quantification
technology, SILAC.

[0151] NeuCode SILAC Performance in a Complex Biological System

[0152] To benchmark the performance of NeuCode against traditional SILAC in a
complex biological system, NeuCode and SILAC labels were each used to quantify
protein during mouse myoblasts and their myogenic differentiation to myotubes. The
differentiation of mouse-derived C2C12 myoblasts is an extensively-studied model
system for the development of skeletal muscle myocytes. NeuCode quantifies x% more
proteins than traditional SILAC (1,458 vs. 1,031) while comparably estimating relative
protein abundance (m = 0.82, R® = 0.78; Figure 29). Both methods measure protein
changes that support the ongoing myogenic differentiation, as evidenced by the
enrichment of GO terms such as electron transport chain and muscle system process
(Figure 30).

[0153] Example 3 - Neutron Encoded Amino Acids

[0154] The above data demonstrates the feasibility of the NeuCode tagging strategy

and doubles the plexing capacity provided by SILAC. For increased plexing, custom
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isotopologues of SILAC amino acids are synthesized. To determine the most expedient
strategy, the mass range and number of NeuCode isotopologues for each of the six
amino acids used for SILAC (Ser, Leu, Tyr, Lys, Met, and Arg) were calculated. These
six amino acids alone can be manipulated to produce 3,004 isotopologues (Figure 13)!
On average, these isotopologues are spaced 1.07 mDa apart over ranges of 26 — 63
mDa. This means that the plexing capacity can be maximized by precisely matching
isotopologue offset mass spacing to the currently achievable mass resolution. Arg
offers the widest offset mass range (62.8 mDa) and, thus, the potential for the highest

level of multiplexing.

[0155] Traditional SILAC experiments, however, utilize either Lys, alone, orin
combination with Arg. Since custom amino acid synthesis can be costly, custom
isotopologues of only Lys were initially generated. If one only uses Lys for SILAC, the
best results are achieved with the protease endo LysC. This enzyme cuts peptides at
Lys, ensuring every generated peptide contains a label. Endo LysC is rapidly becoming
a preferred protease for proteomics and is often used in place of trypsin. LysC produces
only a slightly larger peptides, on average, than trypsin (11 vs. 13 residues, yeast).
Besides this, LysC is often preferred as it maintains proteolytic activity at very high
amounts of denaturing agents such as urea (up to 8M).

[0156] Development of NeuCode Lysine Isotopologues

[0157] Figure 14 displays the isotope compositions and molecular weights of the 39
Lys isotopologues that are +8 Da heavier than unlabeled Lys. One can achieve an
offset mass range of 38.5 mDa (adding a total of 10 Da of heavy isotopes generates the
maximum offset shown in Figure 13). Only two of the +8 isotopologues are
commercially available ("*Cs*Ho'°N2 and *Co?Hs'°No, red/blue striped bars in Figure
14). These two isotopologues nearly span the entire offset mass range (36.0 mDa) and
for this experiment are used as the two most extreme tags (i.e., lightest and heaviest) in
either a triplex or quadplex NeuCode SILAC strategy. Synthesis of the +8 Da Lys
isotopologue, "*C3s®H,"°N;, will create a “medium” tag that is precisely 18.0 mDa from the
“heavy” and “light” (red bar, Figure 14). This spacing is compatible with 480K resolving
power — the current commercial capability of the Orbitrap system and resolution used for
the preliminary data shown here. It is anticipated that the wide commercial
implementation of 960K resolving power on Orbitrap systems will occur in the near
future. For those systems, and FT-ICR-MS systems, a quadplex NeuCode SILAC
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method can be implemented by synthesis of two additional +8 Lys isotopologues —
3C5?H2"°Ny and '°C42H4"°No. These two custom isotopologues, in combination with the
commercial available “heavy” and “light” +8 Da Lys residues, are equally spaced at ~ 12
mDa intervals (blue bars, Figure 14). Doubling on MS resolution from 480K to 960K,
and use of these custom isotopologues, will permit a quadplex NeuCode SILAC method
that, when analyzed under routine conditions (i.e., resolution < 100K) offers the specitral

complexity of an unlabeled sample.
[0158] The route to 11-plex NeuCode SILAC

[0159] As discussed above, NeuCode SILAC reduces the spectral complexity of SILAC
experiments; moreover, it greatly increases multiplexing capability (up to quadplex). It
was reasoned that coupling the above NeuCode SILAC strategy with the conventional
multi-Da SILAC strategy would permit even higher orders of MS1-based multiplexing.
This can be accomplished this directly by generating the NeuCode isotopologues shown
above with various offset masses (e.g., +4, +8, +12 Da). Figure 15 displays the number
of isotopologues available when the mass of Lys is increased by 4, 8, and 12 Da by
stable heavy isotope incorporation. By dividing the mass range over which these
isotopologues span with defined offset masses of 6, 12, or 18 mDa, the number of
plexes each offers can be calculated (Figure 15). By combining these three Lys
groups, i.e., +4, +8, and +12 Da, either 8-plex (18 mDa spacing) or 11-plex (12 mDa
spacing) NeuCode SILAC can be produced. The masses and isotope compositions of
the isotopologues for the amino acid Lysine when 4, 8, or 12 extra neutrons are added
using various combinations of '*C, 2H, "N, "®0 atoms are shown in Figure 16.

[0160] To transform custom quadplex Lys isotopologues into a 12-plex experiment
NeuCode SILAC peptides are chemically labeled using the commercial mTRAQ tag.
mTRAQ imparts a +0, +4, and +8 Da tag onto all primary amines (i.e., Lys and N-
termini). In this strategy, peptides having the same sequences are distributed across 3
MS' isotopic clusters — each cluster comprises four-plex quantitative information that is
only revealed upon high resolution MS' scanning. It should be noted that the mTRAQ
delivers the gross mass differences that produce the three distinct isotopic clusters.
This chemical labeling serves to mimic the results that would be achieved if the custom
Lys isotopologues described above were available. Figure 17 presents preliminary
results using this strategy with the duplex Lys isotopologues (**Ce/'°N; Lys (+8.0142 Da)
or ?Hg (+8.0502 Da)). Once labeled, peptides containing duplex NeuCode SILAC and
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mTRAQ were mixed (six-plex) ina 1:1:1:1:1:1 (Figure 17, left) or 10:10:5:5:1:1 (Figure
17, right) ratio and analyzed by with the same nLC-MS/MS method described above.

[0161] Figure 14 presents a plot of the masses of all theoretical isotopologues of the
amino acid lysine at offset masses of +4, +8, and +12 Da. Each has 18, 39, and 35
unique isotopologues spanning 26.8, 38.5, and 35.6 mDa, respectively. Current
instrumentation does not have adequate resolution to distinguish each of these
isotopologues, so a 92-plex SILAC capacity is not feasible with current commercial
instrumentation. With current technology, however, it is possible to resolve
isotopologues spaced ~ 10-20 mDa apart. As indicated in Figure 8, approximately
~40% of peptides are quantifiable with 10 mDa spacing at 480K resolving power
(current commercial Orbitrap maximum resolution). At 20 mDa nearly 90% are
quantifiable at this resolving power. At 960K resolving power, which was recently
published and under commercial development for Orbitraps, would quantify ~ 90% of
observed peptides at 10 mDa spacing. Using ~ 10-12 mDa spacing, 3, 5, and 4
isotopologues were selected from the +4, +8, and +12 Da offset mass groups. When
combined, these residues would offer up to 12-plex SILAC that are compatible with
current FT-MS instrumentation.

[0162] Isotopologue mass differences can be coded by use of just '*C, "°N, '20.
Figure 18 shows different isotopologues that can be introduced into a chemical tag
comprising up to 8 *C and "°N atoms and up to 4 '®0 atoms (no ®°H atoms). The
highlighted isotopologues in Figure 18 show only the isotopologues using 0 to 8 '*C
atoms and 0 to 8 "°N atoms (no '®0 atoms or H atoms). In one embodiment of the
present invention, synthetic tags ideally use only '*C and "N as deuterium (°H) can
induce chromatographic peak shifts and are avoided by use of only '*C and "N. In this
embodiment, '°0 are preferably not used because "0 does not provide as large of a
mass difference as '°C and "°N atoms. At 6 mDa spacing, one can produce a chemical
reagent capable of offering 9-plexed quantification using just '*C and "°N. In this way,

the synthetic strategy is also streamlined as only two elements need to be varied

[0163] Figure 19 shows a theoretical simulation of what the highlighted isotopologues
shown in Figure 18 (heavy C and N atoms only) would produce if used to label a
peptide (assumes two tags on the peptide). Using 480K resolution one could distinguish

each of these tags and obtain 9-plex quantification data (highlighted mice).
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[0164] Figure 20 shows the structure of a possible compound that could contain

enough C, N and O atoms to provide the isotopologue combinations of Figure 18.

[0165] An alternate chemical tag that similarly could be encoded to provide a wide

number of isotopologues is shown in Figure 21.
[0166] Additional Experimental Parameters

[0167] Sampling-Development of higher order multiplexing will require increasing the
number of MS' clusters of isotopologue labeled peptides. The number MS1 clusters
increases the complexity of the spectra and will likely decrease duty cycle. Instrument
control options for dynamic exclusion can be utilized to identify which peaks are from the
same peptide species and then sample only the most abundant of these while excluding
the others from MS? sampling. This will prevent sampling the same species with
different forms. Analyzing truncated mass ranges to maximize identifications can also be

utilized.

[0168] AGC targets-For each peptide precursor, the more ions analyzed during a
quantitation scan, the more likely the NeuCode pairs will coalesce. This may be more of
a problem for fractionated samples, where the total ion count is spread across fewer
peptide precursors. Lowering the AGC target of the quantitation will decrease the
likelihood of coalescence but will also result in lower signal, but also less noise. Thus, it
is unlikely the signal to noise ratio, which dictates sensitivity, will change.

[0169] Fragmentation — Current strategies employ ion trap CAD fragmentation and MS
analysis, although the use of ion trap HCD and ETD are similarly possible. The duty
cycle for these scan functions will be similar to CAD, but will likely give better
fragmentation for the more highly charged peptide products from LysC digestion.

[0170] Resolution testing- Based on the above experiments, seven NeuCode SILAC
pairs can be resolved with R = 480K and nine can be resolved at R = 960K. Itis
expected that greater than 80% of peptides labeled with either seven or nine NeuCode
SILAC pairs, mixed in 1:1 ratios, have a complete series of resolvable pairs at FWOM.

[0171] Scan rates— The impact on the number of collected MS1 and MS2 spectra can
be evaluated when an additional 480K or 960K resolving power quantitation scan is
incorporated into the scan sequence. There is likely little impact from the additional
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quantitative scan because ion-trap MS2 spectra and the quantitative scan can be

simultaneously collected.

[0172] Number of peptide identifications- The number of peptide spectral identifications
made for an NeuCode SILAC seven or eleven-plex experiment is similar to a SILAC
triplex experiment. The number of identifications made will likely indirectly correlate with
the number of MS1 clusters present. Thus, the experiments described above are most

similar to SILAC triplex and should be compared with it as such.

[0173] Dynamic range/Accuracy/Precision- Mixing NeuCode SILAC pairs and SILAC
pairsin 1:1, 1:2, 1:5, and 1:10 ratios demonstrate that the median values (accuracy) and
standard deviation (precision) for NeuCode SILAC and SILAC are similar for each of

these ratios.
[0174] Informatics tools

[0175] Informatics tools translate the gathered spectra into highly multiplexed, MS'-
centric peptide quantification. This is illustrated using a duplex experiment employing
two versions of lysine: “light” ("*Cs'°Np, +8.0142 Da) and “heavy” (Ds, +8.0502 Da). First,
database searching will match the low-resolution MS/MS spectra to peptides of
“average” lysine composition for the given experiment (i.e., fixed modification on lysine
equal to the average mass difference between all different lysine versions employed; in
this case, +8.0322 Da). This list of peptide-spectrum matches will then direct an
algorithm that iterates through every high-resolution MS1 scan within a certain retention
time window of all PSMs identifying a unique peptide sequence. In each MS1 scan, the
identification-producing peak will be isolated. Since its identity as either “light” or “heavy”
remains unknown at this point, its partner peak will be searched for using the
appropriate mass difference, calculated using sequence and charge state information,
on both the low and high sides of the identification peak. If a peak is found whose mass
falls within the tolerance (0.002 Da) and whose intensity is above the noise level for the
identification peak, it is considered a partner peak and a pair is formed. If no such peak
is found, a noise peak will be substituted as the partner to the identification peak to
provide a pair for ratio estimation. Once pairs have been extracted from all MS1 scans
within the appropriate range to assemble “light” and “heavy” profiles, these profiles will
be translated so that “light” and “heavy” peak apexes align. This relocation corrects for

chromatographic shifts in retention induced by certain isotopically-labeled versions of
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amino acids, most notably those containing deuterium, that impede accurate ratio
estimation. For aligned profiles, pairs whose intensity falls below 1/e of the profile
maximum will be discarded and the median ratio of the remaining pairs reported.
Peptides will be required to have a minimum of 3 ratio-providing pairs to be eligible for

quantification.

[0176] Example 4 - Synthesis of neutron-encoded chemical reagents for up to

45-plex proteomic comparison

[0177] To achieve maximum multiplexing capability (i.e., ultraplexing) and to ensure
compatibility with biological tissue and fluid analysis, a set of neutron-encoded reagents
are synthesized that permit an unprecedented 45-plex analysis. These reagents employ
the well-studied NHS ester reactive groups and place the tags on peptide free amines.
Varying the "N and '3C content of a peptide precursor affords 9 variants each spaced ~
6 mDa apart. Ultra-plexing will be achieved by coupling the 9 isotopologues with +0, +4,
+8, +12, and +16 Da isotopes of '°C/'®0 — also on the tag. In this ultra-plexed mode
one will observe 5 isotopic cluster peaks in the MS' spectrum. High resolution analysis
will reveal 9 distinct isotopic peaks under each of these 5 clusters.

[0178] Experimental Design: Two +8 Da heavy lysine amino acids, one with six '*C
atoms and two '°N atoms and the other with eight °H. These two isotopologues differ in
mass by 36 mDa and, according to calculations, are easily distinguished at the
commercially available resolution of current Orbitrap systems (480K). Two yeast
cultures were grown in lysine dropout media containing either of these lysine isotopes.
We then digested proteins from each culture, mixed them together and analyzed the
peptides by high resolution mass spectrometry using an Orbitrap MS system.

[0179] Selection of Lysine. Which amino acids and their various isotopologues were
considered to determine the maximum number of plexing NeuCode SILAC could afford.
Typical SILAC experiments utilize either Lysine, alone, or in combination with Arginine.
Endo LysC is rapidly becoming a preferred protease for proteomics and is often used in
place of trypsin. LysC produces only a slightly larger peptide, on average, than trypsin
(11 vs. 13 residues, yeast). Besides this LysC is often preferred as it maintains
proteolytic activity at very high amounts of denaturing agents such as urea (up to 8M).
Because of the strong performance of LysC, isotopologues of Lys were selected for

synthesis. The rationale is straightforward — LysC is often a preferred enzyme for
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shotgun proteomics and its use would allow isotopologues of only Lys — which simplifies
the experiments. Thatis, the custom synthesis efforts can be focuses on only one
amino acid — Lys — and still achieve excellent proteomic depth and performance by
testing with the enzyme LysC, which will insure that each produced peptide contains a

neutron-encoded Lys residue.

[0180] Figure 14 presents a plot of the masses of all theoretical isotopologues of the
amino acid lysine at offset masses of +4, +8, and +12 Da. Each has 18, 39, and 35
unique isotopologues spanning 26.8, 38.5, and 35.6 mDa, respectively. Current
instrumentation does not have adequate resolution to distinguish each of these
isotopologues, so a 92-plex SILAC capacity is not currently feasible with current
commercial instrumentation. With current commercial technology, however,
isotopologues spaced ~ 10-20 mDa apart can be resolved. Figure 8 illustrates that
~40% of peptides are quantifiable with 10 mDa spacing at 480K resolving power
(current commercial Orbitrap maximum resolution). At 20 mDa nearly 90% are
quantifiable at this resolving power. 960K resolving power would quantify ~ 90% of
observed peptides at 10 mDa spacing. Using ~ 10-12 mDa spacing, 3, 5, and 4
isotopologues were selected from the +4, +8, and +12 Da offset mass groups. When
combined, these residues offer up to 12-plex SILAC that are compatible with current FT-

MS instrumentation.
[0181] NeuCode SILAC

[0182] Neutron-encoded isotopic versions of Lysine and Arginine are generated that
permit up to 11-plex SILAC quantification. These highly multi-plexed SILAC reagents,
however, provide less spectral complexity than traditional 3-plex SILAC. Various
isotopologues of each amino acid — each differing by 6 mDa — are incorporated to create
a set of 5-plex and 6-plex Arg/Lys amino acids that when combined yield 11 channels
for quantification. These amino acids deliver an increased level of multi-plexing and

performance compared to SILAC.
[0183] NeuCode ULTRA

[0184] To achieve maximum multiplexing capability (i.e., ultra-plexing) and to ensure
compatibility with biological tissue and fluid analysis, a set of neutron-encoded reagents

are synthesized that permit an unprecedented 45-plex analysis. These reagents employ
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the well-studied NHS ester reactive groups and place the tags on peptide free amines.
Varying the °N and "*C content of a peptide precursor affords 9 variants each spaced ~
6 mDa apart. Ultra-plexing is achieved by coupling the 9 isotopologues with +0, +4, +8,
+12, and +16 Da isotopes of '*C/'®0 — also on the tag. In this ultra-plexed mode one
will observe 5 isotopic cluster peaks in the MS' spectrum. High resolution analysis

reveals 9 distinct isotopic peaks under each of these 5 clusters.

[0185] Quantitative Proteomics with Neutron Encoding - O Mass Neutron
Encoded

[0186] Neutron encoding can be incorporated into 1) amino acids and 2) novel reagent
tags to create a MS1-based quantification method that is superior to both conventional
SILAC and isobaric tagging in many ways. Two +8 Da heavy lysine amino acids, one
with six *C’s and two '°N’s and another with eight deuteriums (°*H). Two yeast cultures
was grown in lysine dropout media containing either of these lysine isotopes. Proteins
were digested from each culture, mixed together, and analyzed by high resolution mass
spectrometry using an orbitrap MS system.

[0187] The resolution required to separate peptides labeled with these lysines
increases with increasing peptide mass. The achievable resolution with an Orbitrap
analyzer falls off a function of the square root of the m/z value. Thus, it was not
immediately obvious that current state-of-the-art MS instrument was capable of
discerning the neutron-induced subtle mass differences at the high m/z values and
multiple charge states of peptide precursors. It should be noted that the TMT work
described above requires resolution of very small tags ~ 100 m/z and in only the +1
charge state. For neutron encoded mass tagging to work, this difference must be able
to be resolved at much higher mass and a high charge states. With each increased
charge state, the m/z spacing is reduced by a factor of two — thus, requiring higher

resolution to separate them.

[0188] Figure 2 demonstrates results for a selected lysine labeled pair of peptides at
varying resolution settings. It should be noted that at the typical operating resolution of
the orbitrap MS system (30,000), the two NeuCode labeled peptides are
indistinguishable and appear as one species. When analyzed at 240,000 resolving
power, however, the pair is baseline resolved and the relative abundance of each

analyte can be determined. Operation of the system at its highest resolution — 480,000
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— produced baseline resolution of nearly every peptide species detected in the complex

mixture.
[0189] SILAC Amino Acids for NeuCode

[0190] Using this approach, neutron tags can be incorporated into amino acids which
are introduced into a cell culture. A similar method is done in SILAC but with isotopes
that differ by 3 — 6 Da so that the m/z peaks are spaced out during mass analysis.
There is a major limitation with the current large spacing SILAC. This limitation is that
only two or three plexes can be done because the mass spectra get too complicated
with all of the doublet or triplet partners. NeuCode technology allows it so that the
different channels overlap at normal resolving power and so the spectral complication

problem goes away.

[0191] Nine heavy isotopes can be incorporated into different positions in the amino
acid Lysine (different "N, '3C, 2H, and "0 atoms). By doing this, 41 different
isotopologues are constructed that have masses spanning only 41.4 mDa. Figure 3 is a
plot showing their mass differences. The X-axis represents each isotopologue number
and the y-axis is the mass difference in Da from normal Lys residues. One can select
as many of these isotopologues to synthesize and incorporate into cell culture as the
mass spectrometer resolving power will allow. It is envisioned that current technology
will allow at least a 4-6 plex system and a doubling of resolution could then double that
number. While Lys is exemplified in this experiment, one can do this for any of the
amino acids.

[0192] Chemical Reagents for NeuCode

[0193] This tagging system may be used with novel tagging reagents and are not
limited to SILAC related methods. This would allow for analysis of tissues and other
body fluids that are not compatible with tissue culture. NHS ester technology is a widely
used chemistry to link tags onto peptides for proteomic analysis including both
commercial isobaric tagging methods (iTRAQ and TMT). Figures 20 and 21 show
potential tags compatible with neutron encoding that are simple to synthesize that also
uses the NHS ester linkage chemistry. Unlike isobaric tags, however, the present
tagging system would not require specialized designs that incorporate reporter groups,

linkers and charge sites. Instead the tags of the present invention are designed to
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remain bound to the peptide and to provide a quantitative measure only when examined

under high resolution conditions.
[0194] Advantages of NeuCode

[0195] This method has considerable advantages over SILAC and isobaric tagging, the

two most popular methods for proteome quantification today:

[0196] 1. SILAC — SILAC introduces heavy amino acids, usually having a mass
difference of 3 to 6 Da, into cell culture so that during analysis peptide pairs appear as
doublets separated by approximately 3 to 8 Da. NeuCode can be used in amino acids
for SILAC, but would (1) offer the ability for greater sampling depth compared to
traditional SILAC; and (2) allow for much higher multiplexing (i.e., comparison of 4-6

samples vs. 2-3).

[0197] 2. Isobaric tagging - Isobaric tagging offers multiplexing but has two significant
drawbacks: (1) it suffers from interference from overlapping tagged analytes which
lowers dynamic range and quantitative accuracy; and (2) it requires the collection of an
MS/MS event to achieve gquantification. NeuCode is an MS1 based method so
interference is no longer an issue, and there no longer a need for obtaining an MS/MS
scan. NeuCode, however, still has the ability to offer multiplexing just as in isobaric

tagging.

[0198] Example 5 — Demonstration of NeuCode with an amino acid other than
Lysine

[0199] Data has also been collected using NeuCode with the amino acid Leucine. Two
versions of isotopically labeled Lue — one isotopologue having six '*C atoms and one
N atom, and a second isotopologue having seven ?H atoms. These differ in mass by
27 mDa. As illustrated in Figure 22, two yeast cultures were grown in leucine dropout
media each containing one of these leucine isotopologues. Proteins from each culture
were digested, mixed together, and the resulting peptides analyzed by high resolution
mass spectrometry using an Orbitrap MS system. The resulting peptides bearing a
leucine residue were resolved at high resolution. Relative protein abundance
measurements were made by comparing peak heights between isotopologue species

just as with the Lys labeled examples described above.
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[0200] Example 6 — Chemical reagents for NeuCode

[0201] Amine reactive isotopologue tags can be used to incorporate the NeuCode
labeling strategy onto analytes other than peptides. This type of chemical approach
foregoes the requirement to introduce the label during cell culture and, thus, is
compatible with all sample types. For example, urea carbamylates the primary amines
of peptides when exposed to heat. Peptides were carbamylated with urea
isotopologues that were labeled with either '*C or '°N,. The primary amines of the
peptide were carbamylated with either a single "*C or ®N for each carbamyl group
added, thereby producing peptides that differ by 6.3 mDa per carbamylation site.

[0202] Figure 23 shows the peptide LEQNPEESQDIK carbamylated using each of
these isotopologues of urea. Both the peptide n-terminus and the primary amine on the
lysine side chain were carbamylated producing peptides that are 12.6 mDa apart. These
labeled peptides were resolved using 480K resolution which allows relative abundance

measurements between samples labeled with these NeuCode isotopologues.

[0203] Example 7 — Elements and Compositions Useful for Neutron Encoding

[0204] Not all elements are suited for neutron encoding. Figure 24 shows a table
showing common elements having stable heavy isotopes that can be incorporated into
molecules. The third column provides the nominal mass of each isotope while the third
column provides the exact masses. The differences between the exact mass and
nominal mass arises in large part due to varying energies of neutron binding for each
element. The fourth column provides the abundance ratios of the isotopes. Table 1
below presents a list of the most desirable elements for this method. The elements are
grouped by the number of additional neutrons encoded when one isotope is swapped
for the other, e.g.., '2C for "*C (1 added neutron), and the mass defect that it introduces,
3.3 mDa for the latter case. Group A are desirable elements that add one neutron and
a positive mass defect. Group B adds two neutrons and comes with a positive mass
defect. Group C adds one neutron but introduces as negative mass defect while Group
D adds two neutrons and introduces a negative mass defect. Using this grouping
system, several possible neutron encoded tagging isotopologue compositions were

calculated that could be embedded within a tagging system for neutron encoding.
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These calculations considered the use of up to 36 atoms from Group A, 8 atoms from
Group B, 12 from Group C, and up to 16 atoms from Group D. All the possible
combinations of these elements were examined when up to 36 additional neutrons are
added, i.e., the addition of 36 neutrons by use of elements from the various groups in
Table 1.

[0205] Table 1. List of isotope pairs that are useful for Neutron Encoding. Isotopes
are arranged into one of four groups based on the number of added neutrons and

whether the intfroduced mass defect is positive or negative.

SCABC 3.3mbDa
RAIR 36 mbDa
HiH &3 mbDa

Group B

NYN 1 -3.0mDa

N TERN -3.2mbDa
RN R -4.2 mbDa
SCEYCE -3.0mDa
SRRy ~2.0mbDa

[0206] The summary of these calculations are shown in Table 2, which reports the
number of permutations that are possible for a tag with 1 heavy atom (1 neutron) up to
36 extra neutrons. For example, if 4 additional neutrons are included, there are 14
combinations of Group A, B, C, and D elements that sum to 4 additional neutrons.
Variation of these elements among the respective groups yields numerous
isotopologues that span a mass range of up to 37 mDa. Table 3 shows the various
compositions that achieve the addition of 4 additional neutron using elements from the
four groups and the maximum mass defect that is achieved (this is calculated using the
element within each group that has the largest mass defect). Here itis seen that the

isotopologue formula that achieves the larges positive mass defect draws all four
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neutrons from elements in Group A. The isotopologue with the largest negative mass
defect draws all four neutrons from Group C. This process allows one to create
isotopologues for neutron encoding with high flexibility for tag size and elemental

composition while maximizing the mass range and isotopologue spacing.

[0207] Table 2. Summary of how many combinations of A, B, C, and D groups that
can comprise isotopologues given a specified number of added neutrons (left column).
As more neutrons are added more combinations are possible (central column). The

column on the right presents the maximum mass range of these combinations.
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[0208] Table 3. Table describing the 14 permutations of A, B, C, and D groups that are
possible when 4 additional neutrons are encoded. The column on the right displays the
maximum mass offset that is coded by each of these permutations. Overall a 37 mDa
mass difference can be achieved.
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ABCD, | 16.8mbDa
ABCD, = 15.9mDa

ABCD, 8.5 mDa
ABCD, 8.4 mDa
ABCD, 7.6mbDa
ABCD, | 6.6mDa

ABCD. | 0.0mDa

PR

ABCD -0.9 mDa
ABCD, -1.7 mDa
ABCD, -2.6 mDa
ABCD, -8.4 mDa
ABCD, | -10.1mDa

ABCD, | -11.9mDa

D747 R

[0209] Example 8 - Mathematical Expression of Chemical Isotopoloques

[0210] Elements which are isotopically labeled with stable heavy isotopes in a
compound in order to generate chemical isotopologues include, but are not limited to, C,
H, N, O, S, Br, Cl and Si. Thus, in one embodiment, the different possible isotopologues

for a compound is defined by the following equation:

(1) 12CA-i1sci1HB-j2Hj14NC-n15Nn 180,120, 323E_p34sp By P'Br, 35CIG_m37C|msziH_qsaSiq
where:

A is the total number of carbon (C) atoms in the coded element formula;

B is the total number of hydrogen (H) atoms in the coded element formula;

C is the total number of nitrogen (N) atoms in the coded element formula;

D is the total number of oxygen (O) atoms in the coded element formula;

E is the total number of sulfur (S) atoms in the coded element formula;

F is the total number of carbon (bromine) atoms in the coded element formula;

G is the total number of chlorine (Cl) atoms in the coded element formula;

H is the total number of silicon (Si) atoms in the coded element formula; and
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i, , n, o, p, I, m, q are integers that represent the number of heavy isotopes for

each respective element and are 2 0.

[0211] The number of heavy isotopes for each element will be equal to or less than the
total number of atoms for that element in the coded element formula. The number of
light isotopes for each element will be the total number of atoms in the coded element
formula minus the number of heavy isotopes for that element. For example, the total
number of carbon atoms will be A, the total number of "*C will be |, and the number of

12C atoms will therefore be A-i.

[0212] The number of neutrons added by the isotopic labeling (X) is described by the

following equation:
(2) X=i+j+n+20)+2(p)+2()+2(m) + 2(q).

The addition of each *C, ?H and "N results in one neutron being added while the
addition of each '20, 'S, ®'Br, ®Cl and *°Si results in two neutrons being added.

[0213] As an example, lysine has the chemical formula: CeH14N20O.. However,
because some of the atoms in lysine are not compatible with neutron encoding (e.g., H
atoms that are exchangeable with solvents), the coded element formula contains five
fewer H atoms and one less O atom than the chemical formula. For lysine, the coded
element formula: CsHgN2O1 provides the number of atoms that are compatible with
isotopic labeling with stable heavy isotopes to form isotopologues for mass spectrometry
analysis. Using the coded element formula for lysine, equation (1) is modified into the

following equation:

(3) 1206-i1 3C'_1 H9-j2Hj14N2-n1 5Nn1601-o1 Boo

where, i£6; j£9; n<2; 0<1 andj j, n,and oare 20.

Equation (2) is similarly modified for lysine to be:
() X=i+j+n+20).

[0214] Figure 9 illustrates all possible +2 neutron isotopologues of lysine (X = 2) and
equation (3) can be used to describe each of these entries. For example, the entry

from the first row, “"*Co 2Ho "°N '°0y” incorporates only two heavy atoms, both of which
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are N. In this scenario, X =2 and n =2 so that /, j, and 0 = 0. If we enter these

numbers into equation (3) we generate the following chemical formula:
120613C01H92Ha14No15N216021800.

Using the code element formula for lysine and equation (1), all possible isotopologues

of lysine can be determined.

[0215] Example 9- Utilization of Isotopically Labeled Amino Acids

[0216] Analytes are synthesized or reacted with isotopic tagging reagents in order to
form isotopically labeled analytes. To determine the relative abundance of an analyte in
a plurality of samples, a different isotopic tagging reagent is provided to the analyte in
each sample, where the different isotopic tagging reagents are isotopologues.

[0217] In one embodiment, the isotopic tagging reagent is an isotopically labeled amino
acid. The isotopically labeled amino acid is reacted with the analyte so that the
isotopically labeled amino covalently binds to the analyte. Alternatively, when the
analyte is a peptide, the peptide is synthesized so that the isotopically labeled amino
acid is incorporated into the backbone of the peptide itself.

[0218] Figure 25 provides the structures for twenty common amino acids which can be
used as isotopic tagging reagents. The second column in Figure 25 (labeled as
“Composition”) provides the chemical formula for each compound, and the third column
provides the coded element formula. Using the coded element formula for each
compound, equation (1) described above is modified to give an equation for each
compound that describes all possible isotopologues for that compound.

[0219] Table 4a provides the modified equations for each amino acid describing the
different possible isotopologues for each amino acid. The maximum number for each
heavy isotope for each modified equation is provided in the third column. For example,
lysine is provided as item 12 in Table 4a and in Figure 25, with the modified equation

for lysine presented in Table 4a being the same equation (3) presented above:
(3) 12C6-i13Ci1Hg.szj14N2-n15Nn1601-o1800.

[0220] The lysine isotopologues are provided to the analyte in each sample and the

isotopologues are detected during mass spectrometry based on the small differences in
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* their molecular masses. Relative quantification of the analyte in each sample is then

determined by comparing the relative amounts of the detected isotopologues. If one of

the samples comprises a lysine standard (i.e., a lysine isotopologue present in a known

amount), then absolute quantification of the analyte in each sample is achieved.

[0221] Table 4a - For all following equations: i 20, j 20, / 20, m 20, n 20,"0 20, p 20,

and q 20.

Formula

Coded element

Modified Equations

Range Maximums

i JHac3nO

”ﬁcs_,_ﬂcil HaPH;"*N1.n "N, 19010,

<3, j<t, n<1,0<1 ]

b JH7cena0

12Cs.C/ HyPH, N *Na'901.,%0,

|li<6, j<7, n<4, o<1

B JH3CaN202

'P 2C4-i ! 3Ci ! HJ-szj ! 4‘I\IZ-nIST\In]éO2-Dl 800

li<4, j<3, n<2, 02

4 JH3cano2

”‘2C 4 3Ci Ha 2H N1y SN, 602,80,

| I|i54,j§3, n<l, 02

|5 JH3c3Nos

“12C3-,~‘3C,-lH3.j-2Hj'4N1.n’5N,,1601.o‘ 80,328,.,3S,,

lli<3,j<3, n<1, o<1, p<I

6 |H5CsNO2 [12c5.2C s 2,19N1, N, 190,180, lis, j<5, m<l, 02
7 [HscsNz02 1205, Ci Hs 2H M Naal N 902,20, lli<s, j<5, n<2, 0<2
[8 JlH2c2N0 [[2C2.%C Ha.2H,“N1s "N, 10,1, 20, lli<2, j<2, n<l, o<1

9 Jlscenszo

”I2C «.3CiH s_Jijl4N3_n15Nn1601_01800

|li<6, j<5, n<3, o<l

[10]H10C6NO

”12C6-,-'3C,-1H|oij”N].,,ISN,.'601.0'800

”i56,j510,. n<l, o<l -

[11]H10c6NO

”12C6-i13CilHlO-szjMNl-nlSNanl-olsOo

lli6, /<10, n<l, o<l

|
|
|
|
|
|
|
|
|
|

[12]HoceN20

”'2C5-i]3Ci'H9-J'2HjMN2-n'5Nn'601.01800

|li<s, j<9, n<2, o<1

|

[13][H8C5NOS

—”1205_,,13(:,,1HE_JijmN]_nlanl601_01800323 | _P34Sp

|li<5, /<8, n<1, o<1, p=l

|

[14]f18C9NO [[12C5.3C; s 2H, “N1.» "N, 01,0, <9, j<8, nsl,0<1 |
l15]H7CsNO [[2Cs.2C Hy AH NN %0, 20, lli<5, j<7, n<1, o<1

l16]H3C3NO

”12C3_i13C’,] HS:/Z'HjMNI-nlSan()Ol-olgOo

|3, /<3, n<l, 051

[17][H5Can0

”12C4_ilscflHS_szjMN]_nlan]eO]_01800

[li<a, j<5, n<1, 0<1.

H8CIIN20  |°C114"*C/'Hs,2H; " Na.n'SNA10,.,"0, <11, <8, n<2, o<1
H7CINO 12C5.3C, Hy PHN1a BN, 601, 20, li<9, j<7, n<l, o<1

|H8C5No

lisS,jSS, n<l, o<1

[0222]

ILZCS-I'BCI'IH8-j2Hj]qu-nISNHIGO]-OISOo .
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[0223] Example 10- Utilization of Isotopic Peptide Labels

[0224] In other embodiments, the isotopic tagging reagent is a compound other than an
amino acid. The isotopic tagging reagent is any compound able to covalently bind to the
analyte or that is able to be incorporated into the analyte during synthesis of the analyte,

particularly when the analyte is a peptide.

[0225] Figure 26 provides the structures for twenty-eight peptide labels that can be
isotopically labeled and reacted with a peptide, or attached to the peptide during
synthesis of the peptide. The second column in Figure 26 provides the chemical
formula for each compound, and the third column provides the coded element formula.
Using the coded element formula for each compound, equation (1) can be modified to
give an equation for each compound that describes all possible isotopologues for that

compound.

[0226] Figure 27 provides the structures for thirteen additional peptide labels that can
be isotopically labeled and reacted with a peptide. Each of these peptide labels contain
a leaving group (designated as “LG” in the structure) which leaves the peptide label
when the peptide label is reacted with the peptide analyte. Accordingly, the leaving
group is not part of the isotopically labeled peptide. The leaving group is any functional
group that allows the peptide label to react with a functional group of a peptide, such as
an amine reactive group or carboxyl reactive group. The second column in Figure 27
provides the chemical formula for each compound (not including any leaving groups
(LG)), and the third column provides the coded element formula. Using the coded
element formula for each compound, equation (1) described above can be modified to
give an equation for each compound that describes all possible isotopologues for that
compound. The numbering of the compounds in Figure 27 begins with number 29 in

order to continue where the numbering of Figure 26 ended.

[0227] Table 5 provides the modified equations for the peptide labels of Figures 26
and 27, where the modified equations describe the different possible isotopologues for
each peptide label. The maximum number for each heavy isotope for each modified
equation is provided in the third column. For example, compound 1 of Figure 26 is

provided as item 1 in Table 5, with the modified equation for this compound being:

(4) 12C9-i1sci1 H7.j2Hj35CI1-m37CI m1 4N1-n15Nn1 601-01 800-
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Similarly, compound 29 of Figure 27 is provided as item 29 in Table 5 having a

modified equation of:

)

12C14-i1 3Ci1 H1 2-j2Hj14N8-n15Nn1 601_01 800.

The possible isotopologues of these compounds fall within their respective given

modified equations.

[0228] The isotopologues for a particular protein label are provided to the analyte in

each sample and the isotopologues are detected during mass spectrometry based on

the small differences in their molecular masses. Relative quantification of the analyte in

each sample is then determined by comparing the relative amounts of the detected

isotopologues. Absolute quantification is by incorporating a standard (i.e., a specific

isotopologue present in a known amount) in one of the samples.

[0229] Table 5 - For all following equations: i =0, j =0, / 20, m 20, n =0, o0 =0, p =0,

and q =0.

sl EETIE

Coded element

Formula Modified Equations Range Maximums
H7CONOCI  |2Co.*C/'Hy HCl,’ ' CL N1, "N, 0,120, [[i<9, j<7, m<1, n<1, o<1
HC5N50 s, C'HL H N5, N, 01,0, i<5, j<1, n<5, o<1
HOCSN2 “Cs.°Ci'He,"H"No N, i<5, j<6, n<2

H2C3NS 1ZCS-ilSCilHZ-jZHiMNs-nlSNn i<3, j<2, n<5

H7C4N3 "Cy.CHr, H " Na N, i<, /<7, n<3

H6C4N4 20, B¢ He A HMNLL N, i<4. /<6, n<4
H7CONOBr 12C9-i13ci1H7-j2Hj79Br]-lslBrlMN]-nlSNan]-olSOo i<0. j<7. I<1, n<I. o<l
H2C4N30 ¢, PC'H, fHMNLL, PN, %0, %0, i<4, /<2, n<3, o<1
H2CAN202  |C.,°C/'Hy H*N», "N, '°0,,°0, i<t <2, n<2, 0<2
H4C5N202  |[Cs,°CHy fH "N, PN, 0., %0, i<5, <, n<2, 0<2

[H14C14N304 °C14.°C'H1 2 H* N5, PN, 04,20,

lli<14, j<14, n<3, 0<4

[12]H11C9NO

T2~ 131 T 4w 5ng lox 18
|| Co,;°C; Hy1;H; "Ny, "N, "O1, 0,

<9, /<11, n<1, o<1

[13][H10C10NO2 |[*C10.°Ci'H 0/ H"N1.,"N,*0,., O, lli<10, j<10, n<1, 0<2

14 [H9C10N303  |[C10."CMHy H, N4, N, %05, %0, i<10, j<9, n<3, 0<3

E H7C7NO 2c,.PC ' H. /H"N1.,""N,'°0.., %0, i<7, j<7, n<1, o<1
16|H12C1INOS |[2C11.C Hi H NGNS °01L,P 0,78 1,7, (i1, j<12, n<1, o<1, p<I
ﬁ HI7CI2NO  |[*C1,.°C'Hy7./H "N, "N, "°0,.,"%0, i<12, j<17, n<1, o<1
[18][HOCON20 ¢y *C'He fH "N, "N, '°0,,"%0, i<9, j<9, n<2, o<1

E H14C14N304 |["*C4.°C'H1  H "N, N, "°0,,"%0, i<14, j<14, n<3, 0<4
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20||H14C14N304

D By 2y . o 16y 18
Cisi CiHiajH; 'Nay "Ny 04 "0,

<14, j<14, n<3, 0<4

21{|HI3C12N203

T2 D3 131 20 14ng. 1oms 16 18
Ci2; "CiHis H; "Noyy "N, 03,70,

<12, j<13, n<2, 0<3

H23C16N204

3]

T3~ 13caipy . 2vgidng. 1org 16(y 18
Ciei "CiHa H; "Noy "Ny "0 "0,

<16, j<23, n<2, 0<4

23|HI5C12N203

T~ 31 T 4w o 16« 18
Ci2°Ci Hys 7 H; "Na,, "N, 703, "0,

<12, j<15, n<2, 0<3

24]H19C14N204

T~ 11 2o g o 16~ 18
Ci4 "Ci Hyo H; "Noy "N, Oy O,

i<14, j<19, n<2, 0<4

5|[H13C11N202

T2 130w 13s  2ig ldng 1om: 16~ 18
Ci1i "CiHisH; "Nayy °'N, 00,70,

<11, j<13, n<2, 02

[H7C8N202 Cs.°C'H7 H N, "N, °0,,'*0, lli<8, j<7, n<2, 0<2 |
R7]H21C18N405 |[PCis.°CMHa1 2 H N, N, 05,70, <18, j<21, n<4,0<5 |
28][H21C18N405 |[*C15.”°Ci'Ha1"H"N,.,"N, " 05,0, li<18, j<21, n<4,0<5 |
Rol[H12C14N80  |[*C1s,°CiTH 2 H Ne, PN, 0,70, i<14, <12, n<8,0<1 |
[B0][H27C27N804 |[PCr."°Ci'Har,"H/ "N, "N, " 04, O, <27, j<27, n<8,0<4 |
31]H10C17N60  |[2C17.°C"Hi0,”H"Ne.,"N.,”°01, "0, i<17, j<10, n<6, o<1
32[H10CON6O  ][2Co."CMHio, H ™ Ne.. "N, 0., "0, i<9, j<10, n<6, o<1

g H31C30N1204(["*Cs0.*C'H31. H, "N 12.,""N, %04, %0, i<30, j<31, n<12, 0<4
34[H35C31N806 |[°C1.°C/"Hs,H"Ns., "N, °05., O, i<31, j<35, n<8, 0<6
35|[H12C15N80  |[Cis.”C'H12,2H"Ns.,"N,°01, 0, i<15, j<12, n<8, o<l
36H8CI12N90  ][C12.°C/THs H, "Ny, "N, °0,,F0, i<12, j<8, n<9, o<1
37)lH6C1IN8O  |[Ci1. " CMHe PH ™ Ng, "N, 0, 01800 i<11, j<6, n<8, o<l
38][H35C31N804 |[2C31,°Ci Hss. 2 H*Ng . "N, %04, %0, i<31, j<35, n<8, 0<4
.[H°0C12N202 °C12.°C' Ha0 /H,* N2, N, 05,20, lli<12, j<20, n<2,0<2 |
oH13CTN20 |[PCr PG H N N0, 0, i<7. j<13. n<2, o<1 |
[41][H25C18N303 |[*C1s,"°Ci'H,s /H "N, "N, ° 05,70, li<18, j<25, n<3,0<3 |

[0230] Example 11- Utilization of Isotopic Small Molecule Labels

[0231] In other embodiments, the analyte is a small molecule other than a peptide. In
this instance, the isotopic tagging reagent is any compound able to covalently bind to

5 the small molecule analyte or that is able to be incorporated into the analyte during

synthesis of the analyte.

[0232] Figure 28 provides the structures for forty-two small molecule labels that can be

isotopically labeled and attached to a small molecule. These small molecule labels

contain one or more atoms or a leaving group (designated as “LG” in the structure)

10 which leave the small molecule label when the label is reacted with the analyte.

Accordingly, these atoms or leaving group are not part of the isotopically labeled

analyte. The leaving group is any functional group that allows the peptide label to react

with a functional group of a peptide, such as an amine reactive group or carboxyl

7
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reactive group. The second column in Figure 28 provides the chemical formula for
each compound (not including any leaving groups (LG)), and the third column provides
the coded element formula. Using the coded element formula for each compound,
equation (1) described above can be modified to give an equation for each compound

that describes all possible isotopologues for that compound.

[0233] Table 6a provides the modified equations for the small molecule labels of
Figure 28, where the modified equations describe the different possible isotopologues
for each label. The maximum number for each heavy isotope for each modified
equation is provided in the third column. For example, compound 2 of Figure 28, which
contains a leaving group which does not form part of the isotopically labeled analyte, is
provided as item 2 in Table 6a, with the modified equation for this compound being:

(6) 12C3-i1 3C'_1 Hg.szj283i1-q303iq.

The possible isotopologues of this compound falls within their respective given modified

eqguations.

[0234] The isctopologues for a particular small molecule label are provided to the
analyte in each sample and the isotopologues are detected during mass spectrometry
based on the small differences in their molecular masses. Relative quantification of the
analyte in each sample is then determined by comparing the relative amounts of the
detected isotopologues. Absolute quantification is by incorporating a standard (i.e., a
specific isotopologue present in a known amount) in one of the samples.

[0235] Table 6a - For all following equations: i 20, j 20, /20, m 20, n 20, o0 20, p 20,
and q =0.

ggf&ig ement Modified Equations Range Maximums
1 |[H14CON 20, PC ., 7H N, N, i<9, j<14, n<1
Z HOC3Si cy e o A H2Si1 ., S, i<3, <9, g<1
3 |H7CLINS 20, CH, ZHN,L, PN, 2SS, i<I1, j<7, n<1, p<I
4 H16C12N602S|[*C12."C'His,H Ne.i"Nu* 02, 70,78 1,7 S J[i<12, j<16, n<6, 0<2, p<1
5 |[H15C6Si 206 °C H 5 HSi,, OS], i<6, j<15, g<1
[6 [[H3C202 ¢, PC'H, 7 H 0,70, i<2, j<3, 0<2
[ Jico 2c,,”c0,,70, i<3, o<l
[8 J[H5C402 [*c,.°c'H;.2H/°0,. 70, lli<4, j<5, 0<2
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o lH2CcN2 2C)_3C, ' Hyo,H, "No-o' Na i1, <2, n<2 |
[10[H4C6N202  |[2Co"Ci'HaPH, No.n"Ns°025%0, <6, j<4,n<2,02 |
[11jlc20 |[12C2413C1101.0'%0, <2, o<1 B
[12]H6C7N203 [[2C1.Ci'HeAH, *Non “Na 80300, |li<7,j<6, n<2, 0<3 |
[13]H7CTN30  |[PC7.3C/ Ha P H, *Nan "N, 90160,  i=r, g1, m3,01 ]
[14][H3C6N404  |[2Cs.*C/' HaPH, *Nan "Ni'%04' 0, |li<6, j<3, n<d, 0<4 |
[15][HC602 [2Cs.*Ci'Hi,H,'02-0"*06 <6, j<1, 022 I
[1gH11C1502  |[?Ci5.*Ci'H12H,%026%05 |li<15, <11, 022 |
[17][H8C602 [2Cs.C Hs 2H,°02.,1%0, | |li<6, <8, 0<2 ]

[18][H12C12N3028][2C12:C Hiz 2H, Naun "Ni'902.0"%05°28 1,8 112, j<12, n<3, 0<2, p<l|
[19][H23C18N20 _|[°Ci5."*C; Has P H;*No-n*Ni'%010'%05 i<18,j<23, 52,051 |

Ro][HaCsN3 12C55C,'Hy 2H, N3 N, lli<s, j<4, n<3 ]
R1]H8C602 |'*CsCi' H,2H,'®02-0'* 06 |li<6, j<8, 02 [
22H7C6N3  ][PCe.Ci'Hz.H, *Na.n Ny - li<6,/<7, n<3 ]
23H11C6N20  |[PCo.13Ci Hit PH,*Naun SNa1010' 0o lli<6, j<11, n<2, o<1 ;
R4HIICIIN3O  [[%Cr1-PCi'Hii2H, N3 *Na 010%0, li<it,j<1l, m<3, 051 |
[25[H2C6N303  [2Ce."Ci'Ha 2H "N Na'®03.,"%0, li<6, j<2, n<3, 0<3 |
L6][H10CON2S  |[%C5.3C/ Hio 2H/ Na.n NaP281,'S, lli<9,j<10,n<2, p<t |
R7H7CIINO  |[%C11.PCi HyPH, " Ni-a "Na 501006 li<i1,/<7,n<l,0<l |
l2glc40 ~ |%c,.”c%0..,%0, | [li<4, o<l ]
[29[H4CTN202S |[%C1.°C/ HoPH, *No.nNL1%0,.,'20,28 1,248, |[i<7, j<4, n<2, 0<2, p<1 |
[30]H4CTNO4  |[2Cr.3Ci' HaH,Nin*NA'%04., 20, i<7, j<4, n<1, 0<4 |
[31]H14C8NO3  |[%Cs."C/'Hia.PH " Ni.n"Na'903.,30, li<8, j<14, n<l, 0<3 |
[32]H14C14NO4  [[C14-Ci' H1aPH*Ni-s "N 040 0, li<14, /<14, n<1,0<4 |
B3[H120oN2 ][2Co.CiMHiz2H No N, <9, j<12, n<2 ]

[34][H12C12N3028][2C12.°C Hiz 2H, “Nan "Na 0020806728 1,,24S Ji<12, j<12, n<3, 0<2, p<]
[35][H12C12NO28 [2C 12 Ci Hiz,PH, N1 "Na ®02.0 80528 1,28 J[i<12, j<12, n<1, 0<2, p<]]

36]H4C6NO2  |[%Co.i"*C/HayPH, " Nian™Na 0200, |li<6, j<4, n<1, 0<2 |
[37]H4C6N4O  |[2Cs."°Ci'HaPH*Neus™N, %0180, [[i6, j<4, n<4, o<1 |
[38J[H15C20N20  |[2C20.*C His2H, " Non "Ni 01,20, i<20,j<15, n<2,0<1 |
BoHI2C6N2  |[PCs.*CiMHiz A, NoW PN, lli<s, j<12, n<2 ]
[40[HI3CSNO  ][Cs.Ci'Hi3.2H,"*Ni-"*Na'®010'%0, lli<s, <13, n<1, o<1 |
[41]H4c6NO2  ][2Ce.PCilHa2H) N1, "N, 10,4, %0, |li<6, j<4, n<l, 0<2 |
42fHisceN  J2Cs*CilHis,AH N1 Ny li<8, j<18, n<I |
[0236]
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STATEMENTS REGARDING INCORPORATION BY REFERENCE
AND VARIATIONS

[0237]

[0238] The terms and expressions which have been employed herein are used as |
terms of description and not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the features shown and
described or .portions thereof, .but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although
the present invention has been épecifically disclosed by preferred embodiments,
exemplary embodiments and optional features, modification and variation of the
concepts herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this invention as
deﬁnéd by the appended claims. The specific embodiments provided herein are
examples of useful embodiments of the present invention and it will be apparent to one
skilled in the art that the present invention may be carried out using a large number of
variations of the devices, device components, methods steps set forth in the present
description. As will be obvious to one of skill in the art, methods and devices useful for

the present methods can include a large number of optional composition and processing "~ -

elements and steps.

[0239] When a group of substituents is disclosed herein, it is understood that all
individual members of that group and all subgroups, including any isomers,

enantiomers, and diastereomers of the group members, are disclosed separately.
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When a Markush group or other grouping is used herein, all individual members of the
group and all combinations and subcombinations possible of the group are intended to
be individually included in the disclosure. When a compound is described herein such
that a particular isomer, enantiomer or diastereomer of the compound is not specified,
for example, in a formula or in a chemical name, that description is intended to include
each isomers and enantiomer of the compound described individual or in any
combination. Additionally, unless otherwise specified, all isotopic variants of
compounds disclosed herein are intended to be encompassed by the disclosure. For
example, it will be understood that any one or more hydrogens in a molecule disclosed
can be replaced with deuterium or tritium. Isotopic variants of a molecule are generally
useful as standards in assays for the molecule and in chemical and biological research
related to the molecule or its use. Methods for making such isotopic variants are known
in the art. Specific names of compounds are intended to be exemplary, as it is known
that one of ordinary skill in the art can name the same compounds differently.

[0240] Many of the molecules disclosed herein contain one or more ionizable groups
[groups from which a proton can be removed (e.g., -COOH) or added (e.g., amines) or
which can be quaternized (e.g., amines)]. All possible ionic forms of such molecules
and salts thereof are intended to be included individually in the disclosure herein. With
regard to salts of the compounds herein, one of ordinary skill in the art can select from
among a wide variety of available counterions those that are appropriate for preparation
of salts of this invention for a given application. In specific applications, the selection of
a given anion or cation for preparation of a salt may result in increased or decreased

solubility of that salt.

[0241] Every formulation or combination of components described or exemplified

herein can be used to practice the invention, unless otherwise stated.

[0242] Whenever a range is given in the specification, for example, a temperature
range, a time range, or a composition or concentration range, all intermediate ranges
and subranges, as well as all individual values included in the ranges given are intended
to be included in the disclosure. It will be understood that any subranges or individual
values in a range or subrange that are included in the description herein can be
excluded from the claims herein.
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[0243] All patents and publications mentioned in the specification are indicative of the
ievels of skill of those skilled in the art to which the invention pertains. For example,
when composition of matter are claimed, it should be understood that compounds
known and available in the art prior to Applicant's invention, including compounds for
which an enabling disclosure is provided in the references cited herein, are not intended

to be included in the composition of matter claims herein.

[0244] As used herein, “comprising” is synonymous with “including,” "containing," or
"characterized by,"” and is inclusive or open-ended and does not exclude additional,
unrecited elements or method steps. As used herein, "consisting of" excludes any
element, step, or ingredient not specified in the claim element. As used herein,
"consisting essentially of" does not exclude materials or steps that do not materially
affect the basic and novel characteristics of the claim. In each instance herein any of
the terms "comprising”, "consisting essentially of* and "consisting of' may be replaced
with either of the other fwo terms. The invention illustratively described herein suitably
may be practiced in the absence of any element or elements, limitation or limitations |

which is not specifically disclosed herein.

[0245] It must be noted that as used herein and in the appended claims, the singular
forms "a", "an", and "the" include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to "a cell" includes a plurality of such cells and
equivalents thereof known to those skilled in the art, and so forth. As well, the terms "a"
(or "an"), "one or more" and "at least one" can be used interchangeably herein. It is also
to be noted that the terms "comprising"”, "including”, and "having” can be used
interchangeably. The expression “of any of claims XX-YY" (wherein XX and YY refer to
claim numbers) is intended to provide a multiple dependent claim in the alternative form,
and in some embodiments is interchangeable with the expression “as in any one of
claims XX-YVY."

[0246] One of ordinary skill in the art will appreciate that starting materials, biological
materials, reagents, synthetic methods, purification methods, analytical methods, assay

methods, and biological methods other than those specifically exemplified can be

| employed in the practice of the invention without resort to-undue experimentation.—All
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art-known functional equivalents, of any such materials and methods are intended to be
included in this invention. The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no intention that in the
use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are
possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the
appended claims.
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We claim:

1.

A method for determining the abundances of an analyte in a plurality of samples,

said method comprising the steps of:

(a) providing a plurality of cell cultures including at least a first cell culture and a

second cell culture;

(b) providing a different isotopically labeled amino acid to each of said cell cultures,
wherein said isotopically labeled amino acids of each of said cell cultures are

isotopologues of the same amino acid;

(c) growing cells of each of said cell cultures, thereby introducing a different isotopic

label into proteins generated by each cell culture;

(d) generating a sample for each of said cell cultures, wherein each sample is
characterized by a different isotopically labeled analyte, said samples including at
least a first sample for said first cell culture having a first isotopically labeled analyte
and a second sample for said second cell culture having a second isotopically
labeled analyte, wherein said isotopically labeled analytes of each sample are
isotopologues; and wherein the difference of the molecular masses of said first
isotopically labeled analyte and said second isotopically labeled analyte is less than

or equal to 300 mDzg;

(e) analyzing said isotopically labeled analytes for each sample using a mass
spectrometry analysis technique providing a resolving power equal to or greater than
100,000, thereby generating an independent and distinguishable mass spectrometry

signal for the isotopically labeled analytes of each sample; and
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(f) comparing said mass spectrometry signals for the isotopically labeled analytes of
each sample, thereby determining the abundances of the analyte in said plurality of

samples.

2. The method of claim 1, wherein said step of analyzing said isotopically labeled
analytes for each sample is carried out using a single stage mass spectrometry

technique.

3. The method of claim 1, wherein said step of analyzing said isotopically labeled
analytes for each sample using said mass spectrometry analysis technique
comprises:

generating ions from each of said isotopically labeled analytes for each sample;

fragmenting said ions so as to generate product ions having a different isotopic label

for each sample; and

detecting said product ions for each sample.

4. The method of claim 3, wherein said product ions are peptide fragment ions having

said isotopic label.

5. The method of claim 3, wherein said product ions are detected without further mass

selection or fragmentation of said product ions.

6. The method of claim 1, wherein said step of analyzing said isotopically labeled
analytes for each sample is carried out using a MS* multiple stage mass

spectrometry, wherein x is greater than or equal to 2.
7. The method of claim 1, wherein said step of providing said different isotopically

labeled amino acid to each of said cell cultures comprises providing a growth

medium to each of said cell cultures comprising the isotopically labeled amino acids.
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10.

11.

12.

13.

14.

15.

16.

The method of claim 1, wherein said introducing the different isotopic label into
proteins generated by each cell culture is achieved via metabolic incorporation of the

isotopically labeled amino acids into cells of said cell cultures.

The method of claim 1, wherein said step of generating the sample for each of said

cell cultures comprises lysing said cells of each of said cell cultures.

The method of claim 1, wherein said step of generating the sample for each of said

cell cultures comprises extracting proteins of each of said cell cultures.

The method of claim 1, wherein said step of generating the sample for each of said

cell cultures comprises digesting proteins of each of said cell cultures.

The method of claim 11, wherein said samples are digested using trypsin or Endo
LysC.

The method of claim 1, wherein said step of analyzing said isotopically labeled
analytes for each sample comprises resolving said difference of the molecular

masses of said isotopically labeled analytes.

The method of claim 1, wherein said difference of the molecular masses of said first
isotopically labeled analyte and said second isotopically labeled analyte is less than

or equal to 100 mDa.

The method of claim 1, wherein said difference of the molecular masses of said first
isotopically labeled analyte and said second isotopically labeled analyte is less than

or equal to 50 mDa.
The method of claim 1, wherein said difference of the molecular masses of said first

isotopically labeled analyte and said second isotopically labeled analyte is greater

than or equal to 10 mDa.
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17.

18.

19.

20.

21.

22.

23.

The method of claim 1, wherein said difference of the molecular masses of said first

isotopically labeled analyte and said second isotopically labeled analyte is selected

over the range of 100 mDa to 1 mDa.

The method of claim 1, wherein each of said isotopically labeled analytes have a
molecular mass within 50 mDa to 1 mDa of another of said isotopically labeled

analyte.

The method of claim 1, wherein the molecular masses of each of said isotopically

labeled analytes are within a range of 10000 mDa to 10 mDa.
The method of claim 1, wherein said isotopically labeled amino acids or isotopic
tagging reagents have a number of stable heavy isotopes selected from the group

consisting of 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20.

The method of claim 1, wherein said isotopically labeled amino acids or isotopic

tagging reagents have a number of stable heavy isotopes equal to or greater than 4.

The method of claim 1, wherein said isotopically labeled amino acids or isotopic
tagging reagents are selected from the group consisting of:

an amino acid or isotopic tagging reagent having at least one '°N isotope;

an amino acid or isotopic tagging reagent having at least one 3C isotope;

an amino acid or isotopic tagging reagent having at least one 180 isotope;

an amino acid or isotopic tagging reagent having at least one 3*S isotope; and

an amino acid or isotopic tagging reagent having at least one ?H isotope.

The method of claim 1, wherein said isotopically labeled amino acids or isotopic
tagging reagents are selected from the group consisting of:

an amino acid or isotopic tagging reagent having at least two 3C isotopes;

an amino acid or isotopic tagging reagent having at least one 3C isotope and at

least one 1SN isotope;
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24.

an amino acid or isotopic tagging reagent having at least one *C isotope and at
least one 2H isotope;

an amino acid or isotopic tagging reagent having at least one '3C isotope and at
least one '30 isotope;

an amino acid or isotopic tagging reagent having at least one 3C isotope and a %S
isotope;

an amino acid or isotopic tagging reagent having at least two °N isotopes;

an amino acid or isotopic tagging reagent having at least one °N isotope and at
least one ?H isotope;

an amino acid or isotopic tagging reagent having at least one "°N isotope and at
least one 80 isotope;

an amino acid or isotopic tagging reagent having at least one '°N isotope and at
least one **S isotope;

an amino acid or isotopic tagging reagent having at least two 2H isotopes;

an amino acid or isotopic tagging reagent having at least one 2H isotope and at least
one 80 isotope;

an amino acid or isotopic tagging reagent having at least one 2H isotope and at least
one S isotope;

an amino acid or isotopic tagging reagent having at least two 80 isotopes;

an amino acid or isotopic tagging reagent having at least one 80 isotope and at
least one 3S isotope;

an amino acid or isotopic tagging reagent having at least one 3C isotope, at least
one N isotope and at least one ?H isotope;

an amino acid or isotopic tagging reagent having at least one '3C isotope, at least
one N isotope and at least one 80 isotope;

an amino acid or isotopic tagging reagent having at least one 3C isotope, at least
one N isotope and at least one 3*S isotope; and

an amino acid or isotopic tagging reagent having at least one 80 isotope, at least

one N isotope and at least one S isotope.

The method of claim 1, wherein said isotopically labeled amino acids or isotopic

tagging reagents are selected from the group consisting of:
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an amino acid or isotopic tagging reagent having 1, 2, 3, or 4 "N isotopes;

an amino acid or isotopic tagging reagent having 1, 2, 3,4, 5,6,7,8,9,10 or 11 3C
isotopes;

an amino acid or isotopic tagging reagent having 1 or 2 180 isotopes;

an amino acid or isotopic tagging reagent having one **S isotope; and

an amino acid or isotopic tagging reagent having 1, 2, 3,4, 5,6, 7, 8,9, or 10 2H

isotopes.

25. The method of claim 1, wherein said isotopically labeled amino acids are
isotopologues of a naturally occurring amino acid.

26. The method of claim 1, wherein said isotopically labeled amino acids are
isotopologues of serine, leucine, tyrosine, lysine, methionine, or arginine.

27. The method of claim 26, said isotopologues have a number of stable heavy isotopes
selected from the group consisting of 2, 3,4, 5,6, 7, 8,9, 10, 11,12, 13, 14, 15, 16,
17,18, 19, and 20.

28. The method of claim 1, wherein said isotopically labeled amino acids of each sample
have an isotopic composition for its coded element formula selected from the group
consisting of:

12C5.3C Ha H N1 PNL 015180, , Wherein i<3, j<4, n<1, o<1,

12C6. 3 CtH7.,2H;" " N4 N, 101,20, , Wherein i<6, j<7, n<4, o<1,

12C4.BCH3.,2H" N2, N, 102,20, , Wherein i<4, j<3, n<2, 02,

12C4-1’13Ci1H3-j2Hj14N1_n15Nn1602_01800 , Wherein i<4, j<3, n<1, 02,

12C3-,-13C,—ng.j2Hjl4N1-n15an6O1-018003281.,,348,, , Wherein i<3, j<3, n<, o<1, p<l1;

12C5.13C Hs 2 H N1, PN, 02,180, , wherein i<5, j<5, n<l1, 0<2;

12Cs. B C Hs.2H " N2 N, 102,20, , Wherein i<5, j<5, n<2, 02,

12C, B CH22H*N1.,,°N,,1°01.,'20, , Wherein i<2, j<2 n<1, 0<I,

12C6.3Ci Hs.2H N3, PN, 01,120, , Wherein i<6, j<.5 n<3, 0<1;

2C6. B CtH102H " N1 "N, 101,180, , Wherein i<6, j<10, n<1, 0<1;

2C6. B CtH102H " N1 "N, 101,180, , Wherein i<6, j<1,0 n<l1, 0<1;

84

Date Regue/Date Received 2021-07-21



10

15

12C.1*Ci'Ho*H,' * N2, "N, 101,120, , wherein i<6, j<9, n<2, 0<1;
2Cs BC Hs AHMN 1PN 001,18067281.,°1S, |, wherein i<5, j<8, n<l1, o<1, p<I,

12Co3Ci'Hs A H N1, N, 101,180, , Wherein i<9, j<8, n<l, 0<1;
2¢5,8CH7,H "N 12°N» 101,20, , wherein i<5, j<7, n<l, 0<1;
2C5.,B3C H3H * N 1N, 101,120, , Wherein i<3, j<3, n<l, 0<1;
2C4BCiMHs A HM*N 1L, PNL101,1%0, , Wherein i<4, j<5, n<1, 0<1;
12C11.2C i Hs2H N2, °N,, 101,120, , Wherein i<11, j<8, n<2, o<1,
12CoBCi'H7.2H N 1.,PN,L 101,130, , Wherein i<9, j<7, n<1, 0<1; and
12C5.C/' Hs " H' *N1-,*N,, 101,120, , Wherein i<5, j<8, n<l, 0<1;

wherein each of i, j, n, 0 and p are independently an integer or 0.

29. The method of claim 1, wherein said isotopically labeled amino acids have the

formula:
“H M oy PH 9H 'o
QL \bC/ §C/ " f|C|
H e N SNe” oy
'H/ \'“H i J \SH Aj
W (FX1);
wherein,

9N and "N are both ®N; or

one of 9N and "N is '°N, and one of 2C, °C, °C, ¢C, ¢C and fC is '3C; or

one of 9N and PN is "°N, and one of IH kH, 'H, ™H, "H, °H, PH, 9H, 'H, H, tH, YH and VH
is 2H; or

'O is 180; or

two of 2C, *C, °C, 4C, ¢C and 'C are 3C; or

one of 2C, *C, ¢C, dC, ¢C and fC is 3C, and one of iH,%H, 'H, ™H, "H, °H, PH, 9H, 'H,
H, tH, “H and “H is ?H; or

two of IHXH, 'H, ™H, "H, °H, PH, 9H, 'H, sH, *H, YH and H are 2H.

30. The method of claim 1, wherein said isotopically labeled amino acids have the
formula:
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e Nac” Nee” SNee” gy

'H/ \“H ,i_/ \SH hé\l

HT (FX1);
wherein,
9N and "N are both ®N, and O is '80; or
9N and PN are both N, and two of 2C, PC, ¢C, 9C, ¢C and fC are °C; or
9N and PN are both N, one of 2C, °C, °C, ¢C, ¢C and fC is 3C, and one of iH kH, 'H,
mH, nH, °H, PH, 9H, 'H, sH, *H, YH and YH is 2H; or
one of 9N and "N is °N, one of 2C, PC, °C, 9C, ¢C and fC is 13C, and 'O is 180; or
9N and "N are both N, and two of IH,XH, 'H, ™H, "H, °H, PH, 9H, "H, sH, t*H, “H and H
are 2H; or
one of 9N and "N is "°N, and three of 2C, *C, °C, 9C, ¢C and fC are 3C; or
one of 9N and PN is "°N, one of iH,XH, 'H, mH, "H, °H, PH, 9H, 'H, sH, tH, YH and YH is
2H, and 'O is '80; or
one of 9N and "N is SN, two of 2C, °C, °C, ¢C, ¢C and fC are '3C, and one of IH kH, 'H,
mH, nH, °H, PH, 9H, 'H, sH, *H, YH and YH is 2H; or
two of 2C, *C, °C, d4C, ¢C and 'C are '3C, and 'O is 180; or
one of 9N and "N is '®N, one of 2C, PC, °C, 9C, ¢C and fC is 13C, and two of IH,*H, 'H,
mH, nH, °H, PH, 9H, 'H, sH, *H, YH and YH are 2H; or
four of 2C, PC, ¢C, 4C, ¢C and C are 13C; or
one of 2C, *C, °C, 4C, ¢C and fC is 13C, one of IH,*H, 'H, ™H, "H, °H, PH, 9H, 'H, sH, tH,
“H and ¥H is 2H, and 'O is 80; or
one of 9N and "N is °N, and three of IH kH, 'H, ™H, "H, °H, PH, 9H, 'H, *H, tH, YH and
VH are 2H; or
three of 2C, °C, °C, °C, ¢C and 'C are C, and one of 'H,XH, 'H, MH, "H, °H, PH, H, H,
$H, *H, Y"H and YH is 2H; or
two of IH.XH, 'H, ™H, "H, °H, PH, 9H, "H, sH, *H, YH and VH are 2H, and 'O is '80; or
two of 2C, *C, °C, 4C, ¢C and C are 3C, and two of IH,kH, 'H, ™H, "H, °H, PH, 9H, 'H,
H, tH, YH and “H are 2H; or
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one of 2C, *C, ¢C, 9C, °C and 'C is °C, and three of IH,*H, 'H, ™H, "H, °H, PH, 9H, 'H,
sH, tH, YH and vH are 2H; or
four of IH kH, 'H, ™H, "H, °H, PH, 9H, 'H, sH, H, “H and VH are 2H.

5 31. The method of claim 1, wherein said isotopically labeled amino acids have the
formula:
'H
/

N oy "M 9H Lo

\/ \/“HII

/C\

kH iC
Non” Sy \c/ \e

. | | ,J \H
iH mH
1

OH

~u
H (FX2);
wherein,

two of 9N, "N, YN and *N are ©N; or
10 one of 9N, "N, N and *N is °N, and one of 2C, *C, °C, 4C, ¢C and C is '°C; or
one of 9N, PN, "N and *N is °N, and one of iH ,kH, 'H, mH, "H, °H, PH, 9H, 'H, sH, tH, YH

and VH is ?H; or

'O is 180; or
two of 2C, PC, °C, 9C, ¢C and fC are 13C; or
15 one of 2C, *C, ¢C, dC, ¢C and fC is 3C, and one of iH,%H, 'H, ™H, "H, °H, PH, 9H, 'H,

sH, tH, "H and YH is 2H; or
two of IH,XH, 'H, mH, "H, °H, PH, 9H, 'H, sH, tH, YH and YH are 2H.

32. The method of claim 1, wherein said isotopically labeled amino acids have the
20 formula:

'H
WN/ PH ay 'o
kH °C \ / §C/ % f|c|:
o \XN/ \c 7 e / on
IS
‘ \”H (FX2)

wherein,
four of 9N, PN, N and *N are "®N; or

three of 9N, PN, *N and *N are °N, and one of 2C, *C, °C, 9C, ¢C and C is 13C; or
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three of 9N, PN, YN and *N are N, and one of 'H,%H, 'H, ™H, "H, °H, PH, 9H, 'H, sH, 'H,
UH and YH is 2H; or

two of 9N, "N, N and *N are N, and 'O is 80; or

two of 9N, "N, YN and *N are "N, and two of 2C, *C, °C, ¢C, ¢C and 'C are '3C; or
two of 9N, PN, “N and *N are "N, one of 2C, *C, ¢C, 9C, ¢C and C is 3C, and one of
JH,kH, 'H, ™H, "H, °H, PH, 9H, 'H, sH, *H, “H and vH is 2H; or

one of N, "N, YN and *N is "°N, one of 2C, PC, ¢C, 9C, ¢C and fC is C, and 'O is '80;
or

two of 9N, "N, YN and *N are ®N, and two of IH ,XH, 'H, ™H, "H, °H, PH, 9H, "H, *H, tH,
YH and H are ?H; or

one of 9N, "N, N and *N is °N, and three of 2C, C, °C, 4C, ¢C and 'C are 13C; or
one of 9N, "N, N and *N is °N, one of IH,kH, 'H, ™H, "H, °H, PH, 9H, 'H, sH, *H, “H and
VH is ?H, and 'O is '80; or

one of 9N, "N, N and *N is °N, two of 2C, PC, ¢C, 4C, ¢C and 'C are 3C, and one of
IH,kH, 'H, ™H, "H, °H, PH, 9H, ™H, *H, tH, “H and YH is 2H; or

two of 2C, PC, C, 9C, °C and 'C are *C, and 'O is 80; or

one of 9N, "N, YN and *N is °N, one of 2C, °C, °C, 4C, ¢C and C is 3C, and two of
JH,kH, 'H, ™H, "H, °H, PH, 9H, 'H, sH, *H, “H and VH are 2H; or

four of 2C, *C, °C, 9C, ¢C and 'C are 3C; or

one of 2C, *C, ¢C, 9C, °C and 'C is *C, one of IH,XH, 'H, ™H, "H, °H, PH, 9H, 'H, *H, H,
YH and YH is ?H, and 'O is '80; or

one of 9N, "N, N and *N is °N, and three of IH,kH, 'H, ™H, "H, °H, PH, 9H, H, *H, tH,
YH and VH are 2H; or

three of 2C, C, °C, °C, °C and 'C are *C, and one of 'H,H, 'H, ™H, "H, °H, PH, "H, 'H,
H, tH, “H and “H is ?H; or

two of IH.XH, 'H, ™H, "H, °H, PH, 9H, "H, sH, *H, YH and VH are 2H, and 'O is '80; or
two of 2C, PC, C, ¢C, °C and C are °C, and two of H,*H, 'H, ™H, "H, °H, PH, 9H, 'H,
H, tH, YH and “H are 2H; or

one of 2C, *C, °C, 4C, ¢C and fC is 13C, and three of IH,kH, 'H, ™H, "H, °H, PH, 9H, 'H,
H, tH, “H and H are ?H; or

four of IH kH, 'H, ™H, "H, °H, PH, 9H, 'H, sH, H, “H and VH are 2H.
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33.

34.

35.

36.

37.

38.

39.

The method of claim 1, wherein at least a portion of said isotopically labeled
analytes comprises at least one '2C isotope and at least one '°N isotope; and at
least a portion of said isotopically labeled analytes comprises at least one 3C

isotope and at least one N isotope.

The method of claim 1, wherein at least a portion of said isotopically labeled
analytes comprises at least one '2C isotope and at least one ?H isotope; and at least
a portion of said isotopically labeled analytes comprises at least one '*C isotope and

at least one 'H isotope.

The method of claim 1, wherein at least a portion of said isotopically labeled
analytes comprises at least one "N isotope and at least one 2H isotope; and at least
a portion of said isotopically labeled analytes comprises at least one "N isotope and

at least one 'H isotope.

The method of claim 1, wherein at least a portion of said isotopically labeled
analytes comprises at least one 0 isotope; and at least a portion of said

isotopically labeled analytes comprises at least one 80 isotope.

The method of claim 1, wherein at least a portion of said isotopically labeled
analytes comprises at least two '*C, 2H or >N isotopes and at least one '®Q isotope;
and at least a portion of said isotopically labeled analytes comprises at least one 80

isotope and at least at least two 2C, H or N isotopes.

The method of claim 1, wherein at least a portion of said isotopically labeled
analytes comprises at least two '3C, 2H or "°N isotopes; and at least a portion of said
isotopically labeled analytes comprises at least one 3S isotope and at least at least

two 2C, 'H or N isotopes.

The method of claim 1, wherein each of said isotopically labeled analytes are
independently protein analytes or modified protein analytes having a different

isotopic label.
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40.

41.

42.

43.

44.

45.

46.

47.

The method of claim 1, wherein each of said isotopically labeled analytes are
independently peptide analytes or modified peptide analytes having a different

isotopic label.

The method of claim 1, wherein said isotopically labeled analytes have molecular

masses selected from the range of 50 Da to 250 kDa.

The method of claim 1, wherein said isotopically labeled analytes have molecular

masses with 1 to 300 mDa of each other.

The method of claim 1 comprising a multiplex method of analyzing the relative or

absolute abundances of said analyte in said plurality of samples.

The method of claim 1, wherein said method is for analyzing the relative or absolute
abundances abundance of an analyte in at least 4 samples.

The method of claim 1, wherein the step of providing said plurality of cell cultures
comprises providing 2 to 20 cell cultures; and wherein the step of generating a

sample for each of said cell cultures comprises generating 2 to 20 samples.

The method of claim 1, wherein the step of analyzing said isotopically labeled
analytes for each sample using said mass spectrometry analysis technique providing
said resolving power equal to or greater than 100,000 generates 2 to 20 of said
independent and distinguishable mass spectrometry signals corresponding to said

isotopically labeled analytes.

The method of claim 1, wherein the method further comprises the step of combining
said samples characterized by a different isotopically labeled analyte prior to said
step of analyzing said isotopically labeled analytes for each sample using said mass
spectrometry analysis technique providing said resolving power equal to or greater
than 100,000.
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52.

The method of claim 1, wherein said different isotopically labeled analytes for said

plurality of samples are analyzed concurrently.

The method of claim 1, wherein said step of analyzing said isotopically labeled

analytes for each sample comprises:

generating one or more product ions for each of said isotopically labeled analytes,

and

measuring mass-to-charge ratios for at least a portion of said product ions using said
mass spectrometry analysis technique providing said resolving power equal to or
greater than 100,000.

The method of claim 1, wherein said step of analyzing said isotopically labeled
analytes for each sample is carried out using a quadrupole ion trap, Fourier
transform ion cyclotron resonance ion trap, a linear quadrupole ion trap, an orbitrap

ion trap, a quadrupole mass analyzer or a time of flight mass analyzer.

The method of claim 1, wherein said method further comprises purifying proteins or
peptides of said samples prior to said step of analyzing said isotopically labeled

protein or peptide analytes for each sample.
The method of claim 51, wherein said step of purifying proteins or peptides of said

samples is carried out via liquid phase chromatography, gas phase chromatography

or capillary electrophoresis.

91

Date Regue/Date Received 2021-04-07



CA 02889411 2015-04-24

PCT/US2013/065311

WO 2014/066117

1/42

2 )
05 108 008 mmﬁ

.\ 3
fw I 21 -
§ N /1
,M H ,.., 5oy oot
} 7 4
; : ,, f 21 N
H oy omd
H .,,\ r . ut -~
s .m 1.
*M 1 ww?«d‘liqil'\ it
: 4 1 :
: w ¢ 1
H 4 H
¢ m ¢ 4 ~
w § p LY o
yead mopgy ! s o4
3 1
H

ek, y -

90 s vy %

Yol St QI Mwﬂ\ \ ey N
A

ey -
Q05 =~ = ranod Buaosey

| 3inbi4

Znil e}

205 10G 008 86y
AR A ERERRURRR RSP RRRRE AN
% 71850=f
M WRQ.\ e

2ty
O¥0 | =~ = emed Dunosay

zal
205 10S 005 667
:L&&::m::“::m::“4:
\ AR
A A N -{20
H H
AU
| by ~1¥'0
3 §
” M 190
¥ f
T
f ¥ - 80
H }
‘F*w‘ﬂnsﬂww~ .
OSSR oy

8\9
005 = T =

smmod Sumosey

&)

jpufis J00810Q

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

2/42

g W

N o
& &
36 ™
T ireersallt S ] ~
X X P s
weNLE X &
3 3
§ -
{\\‘f N
. X
B o e 1
AR

isfes
7

2%
315
72

%,
b2
*;

~

Wmmx\\\w &

517

s,

™

R
I,
R W ¥ ¥
S <
o Fesy

N w3 g WE
N N
baed &N
. S ™
OIS 3 j e I
; RIS
o -
-3 T
AR AR AT NN ) 3

SN R R R R

P
= -
% N
& <t
-3 %
" " .
T
E SERRRRR
o .

o -

R X

BOVVEE 3
YRR ARRRS

. WY p
Y 1333 \\@@Mm ] {,\‘:

SUBSTITUTE SHEET (RULE 26)

Figure 2



WO 2014/066117

CA 02889411 2015-04-24

3/42

% Seriest

Y

: : I

&N
MY

=

pegd
L]
)
]

<

Pass) o oy <«

N o~ A A
e S St

&N
¥
) D
& &

1444

9434
{

W W W

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/065311

g

P
7
F3

8 % I011312131415%161738

7

1

Figure 3



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

4/42

SILAC ~ Isobaric tagging
{};gif f:ziciizm ﬁgﬁi} MS! MS

2
Py SN
2
N
Hy
By
3
N
SN
N
H
x
3
H By
§ 3
N N
§ 3. £ 3

¥ ¥ ? By g PRy ¥ 3 }
Si6ma ¥IR 520 28 S¥hme %18 520 22

§}m§§m{§ on

RQUBNCe o

f;%‘&ff{?é’ s R s
f{‘}m

3
N
N
i
N
N
N
N N
N N
3 N
N
N
N
N

orss.

N
N N N
o3 : 3 % [ . s
¥ F N 3 i ¥
N ; : N N N ¥
3 13 § 3 i
TR R L S —-— oodin

L 200 400 BODBOO 000 1200 1400

~S¥ gveraged soms singde MA sean

=§{} ndlS 41 é{} 415 ‘i‘ «=§€} #1544 128

Ems

Figure 4

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

5/42

NQAAMNPSNTVFDAK

Y4 Y9

Y2

T AN
; i mm&il iu:l LN AR Y WA : N
0s BN

250 480 SO I 1208 1400 BT

[Re2d

Figure 5

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117

CA 02889411 2015-04-24

6/42

PCT/US2013/065311

Figure 6

SUBSTITUTE SHEET (RULE 26)

TR0

]
T



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

7/42

Mil.;inh ii,;;,gﬁ.; T P ﬁt
AN NG

200 430 D

[3yted

Figure 7

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

8/42

R

§${§§‘
oo o
Resolving power @ 400 m/2

‘”%%

b3

Z2

e
Gl

e
=Y G
3 s
o

"
.
%
b

§ mivmg N}w@? {x108

}

Figure 8

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117 PCT/US2013/065311

148.0996 !
148.1059 6.3
148.1088 9.2
148.1098 | 10.2
1481122 12.6
148.1152] 15.6
148.1181| 18.5

Figure 9

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

10 /42

A | Scan #12,590
- MSI R = 30K

s h k ‘
% . - \
ook J deody i I 2 5&«&*{“«;3{ & E % i L ok .»\-i\*i\-«'-.\-.\\-.o«&x\«-.L-8::\\..\ }“-k.»\\. -i{o
]

¥ T N 3 b 4 ) k 208 X ¥

500 600 700 800 . 900 1000m/z
Quant, MS o

¥

s y S S {ERXK) . g
k ;s' ‘gijf’&f@‘ &1‘:5 : §
/ S acan (30K} ;

i
oo

¥
0

826.5

8285  829.0m

*

¥ 3 ¥ ¥

825.5  826.0 827.0 828.0

C

w*w} N P

27,5

i Scan #12594
| Ton Trap MS/MS

.
s ;

by
80p 1000 1200 1400 1600mdz

Figure 10

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
11 /42
A?
£ 4-
R
< 0
S
o]
T -4+
g
1 51 11 51
SILAC
B o0
D " | oSILAC
= 80- cOMNESILAC &
i A
S 604 M ———————S—S—
=] ~ N &
Bl el % %
1 %%
B 20—
3
® 0 e T I I i I T
104 10° 10 107 10°

Precursor Intensity

Figure 11

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117

-log {expectation value)

b Bo

L

——————

PCT/US2013/065311

OMNE SHLAC Avg: -3.47+4 36ppm SILAC Avg: 2.504:5.17ppm

{
-20
Precursor Mass Error (ppm)

20 40 60

Figure 12

Ser
Leu
Tyr
Lys
Met
Arg

25.9
37.5
44.3
46.0
62.8

Figure 13

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117

[

CA 02889411 2015-04-24

13 /42

BeatiBine

AN

/

,ﬁ\

s

..............................

PCT/US2013/065311

+ HELLLLIIAANNN

AT

&9

SO LS we )
I e g T

SUBSTITUTE SHEET (RULE 26)

Figure 14



WO 2014/066117

PCT/US2013/065311

N 0O

38.5
335.6

18
39
35

~] =] Un

total plexes |

19

Figure 15

SUBSTITUTE SHEET (RULE 26)




PCT/US2013/065311
15 /42

CA 02889411 2015-04-24

WO 2014/066117

i R Furs P,

o ko W %
S W, S A W WY Ay

s Pren Trer. Y Wrer. e Voen

oLy R

Figure 16

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117

CA 02889411 2015-04-24

16 / 42

i ?-5 =
R s
$ 35 :
= “:‘ fe'\d 5§
g H :
. b T N
3 R g :
W b~
o~ g i
333
< =
s 4\ A g
1%, =
ViR
3 7 8
y ‘
e = o 1. X
NRRRRRRARRRINRY ﬁ M‘m\v é
\WKZQ 3
RS P& 3
A 5
- \_\ wg
<2 iy
43 i
~3 8
e (B =
¢ sl
...... HS R £
& = # & :5
e ]
R
g \X\
KYSURUY BALERY \ )
\S‘; “‘g
3 2
e
%ﬁ 1~
- g
r;? o .v.““\“\y\\\\\\\\\\\\\\\\\\\\\
J B .
B AR
............. m
..‘ g
&
- P
. o
<2
3./1% ¥
o 5370 e
s AR K
> TR e
3 \~\\\\\\\\\\\\\\\\\\\\\\\\\\\:\\ £
g
&
P
S \~
i §
A 3
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\,
AWUBS INCRY
~
™
o
w0
=~

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/065311

Figure 17



WO 2014/066117 PCT/US2013/065311

Figure 18

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117 PCT/US2013/065311

|

S r—
20min 25

B MS' scan at 33.3 min, standard resolution (30K)

300m/z 400 500 600 700 800 900 1000

Canalysis at 480K resolution
z=2 | —100mDa— |

il A

| D St M Bt it Mt |
s08mez 610 612 ol14

Figure 19

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117 PCT/US2013/065311

Figure 20

SUBSTITUTE SHEET (RULE 26)



WO 2014/066117 PCT/US2013/065311

Parent Structure H

Figure 21

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

21 /42

Light Heavy
[PLENJLey PH Leu

Light ] Haavy
[C N ey | : i PHI Leu

%
¢
5
s
A
2
o
T e

Figure 22

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117

Carbamylation labeling of primary amines on peptides

PCT/US2013/065311

22 /42

|

A
4hgod |
13, : & y 127
M NewR . R
HN-" C\-N H, : HN~" C‘\gf’
- Al = 6.3 mba
I
H N~ C“\“‘MH2 * HNR
B di-carbamylated peptide (LEQNPEESQDIC at 2 =2
Ami2 = 6 mbh
R
W
.
LEQNPEESQDIKY s ;% [ e LEQNPEESQDIK®
§ R ins & &
e o I D B o &
] {3
|
SNSEENE SN S S——
763.340 763;350 763.360 763.370
m/z

Y= BEESNE sotope of lysine

Figure 23

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

PCT/US2013/065311

WO 2014/066117

23 /42

p¢ 9inbi4

e

£33} SHO6 9T 154! } ey
ooy e ety v s
BTRG $hY TGin g 1% i $ MO
s go oA ‘o . ; SAEE R Aw.
L4 181681 bl gy
S T e g e et s
R Ee a GLGHGE Lt SRS
L4754 BEUE L s o
Supy Sorerson wr GLOBEE 2 _
. TREL oAl CIL67TE ¢ Hding
056 1206718 6y
Ty YELGTE i R sttty
Bugg o e SELGHT s o
£ B SHLHHT 47 Sear T
B Th 6oLE LT < g
031 PR66'81 Bt 4 HLION]
g P Vg cons Ll 81 Ugy o
TG LAY 6651 it 3¢ BEHESTY
9466 HE66ST 41 Cigy
MU Lo s = Nt oy
54545 FEOHY 3 131 e
09y Sy Bt Fon Ll Y e oy
Y686 MY C &t T3y .
K1Y DIYINT < Hy Ao yrdomir
. ; M "o IR TEIERISTES
66 66 CRIO0'] i 1 RISOIPAH

SUBSTITUTE SHEET (RULE 26)



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Amino Acids

# Structurs Camposition Caded Elements
oy
g

1 CH NG, CHNC

. CH NO, CHNO

3 CHNO, CHNO,

4 CH NO, CHNO

5 CHNOS CH.NOS

6 C’ESHEUN'[()?‘ CEEHSN2OZ
o

7 C.HNO, CHNG,

Figure 25

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

25 /42

Amino Acids

aa Structure Composition Coded Elements
8 CHNG, CHNO
g CHMN.O, CHNO
10 CH, NO, CH, NO
11 C.H,.NO, CH, NO
12 CH, NG, CHNO
13 CH NOS CHNOS
14 CH, NO, CHNO

Figure 25 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Amino Acids
a4 Structure Compaosition Coded Eermants
i5 CHNOG, CHNG
[gia
3
15 CHNG, CHNO
17 CHNG, CHNG
18 CHONO, ¢ HALD
19 CH, NO, CHNOQ
20 CH, NO, CHNG

Figure 25 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

27 /42

Peptide label synthesis Reagents

# Structure Compaosition Coded Elements

: C,H, CINO, C,H,CING
o
2 N % CHNO CHNO
<Q NN

N
3 E\ CHN, CHMN,
‘ N&L\ 5% 5%

BHy
B X
4 5o E ““‘j CHN, CHN,
o g 1P
oo
5 /Ji N CHN, CHN,
SR

LN

e *a'}("/
6 . CHRN CHN
’ A |

CH, BINO, C,HBINO

Figure 26

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Peptide label synthesis Reagents
# Structure Compuosition Coded Elements
8 L CHNO CHN.O
'f)”g""?‘e::' EART AR 4 2%
g ;z ' CHNO, CHMNO,
Q
10 O*ﬁfj" CHMNO, CHNO,
H HHwN D C‘=4H14N304
17 CH NG CH NO
13 oM ,NO, €M NO,
14 CHANO, L0,
15 CHNO CHNO
16 C H.NOS C,,H NOS

Figure 26 cont.

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

29 / 42

Peptide label synthesis Reagents

# Structure Composition Coded Elements

17 b CH NO C H NO

18 CHNO CHMNO
CH MO, CHNG,

19 o

20 CMHMNROS C‘=4H‘=4N3Q4

21 CH NO, CH NGO,

22 CHMNO, CH NG,

23 G H NO, CHNO,

24 C‘;’iHZZN;’QKI g‘!ﬂlHHNZO/l

Figure 26 cont.

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

30 /42

Peptide label synthesis Reagents

4 Structure Csamipasition Coded Elements

25 CH NG, CLH NG,
26 CHONG, CHNG,
37 CHNG, CH N

=y 5 - 1y -~
NG, (“mH;ﬁth‘“}s

Figure 26 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Peptide labels
# Struciure Composition Coded Flements
29 Tt CHLNG CHLND
_{\E’\}_Hm LG
N N .
30 DHN \(Nk‘ti H“GNSG‘E C}/HZ?NSOA‘
“
rNH
31 9% N NH; CH NG G NE
Hbiy HH;
by
32 CH.NO CH NO
Rl L5 o
-
H{[;}—NH
33 HN_%ANH T3 H bNDQA C3-1>Ha':N3204
3\"0 N)-‘\“'N
oo
34 O.EJ“()L O, HL N, C, HNO,
X km
N’LN
LA
25 o CHNO C . HNO
[&m

Figure 27

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Peptide labels
# Structure Compasition Coded Elements
36 | N-N% s CmeNqQ Cl;'HsNga
O o |
- f.
37 oy CH NO CHNO
_ﬁ N'JN
Y,
h ot o - -
38 y“éﬁ (“RTH?.?NSC}!} ('HHSSNSOﬁS
dN\isv
39 \/Jl\m/\/'\ C’; 2H2! N3Q2 {:mHzﬂNzoz
\N o] -~ -
40 0\)\ CH.NO CH NG
@ H
O
41 NLN CH,N.O, CH,NO,
LG

Figure 27 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

33 /42

Small molecules label

¥ Structurs Composition Coded Elements
1 | CH N CH, N
2 —ll—LG CH S € HS
N—ﬁc"’g’s
: €, HNS C HNS
4 CHMNOS CHNOS
R DR U 1271 62
5 CE\HISSE {:hHirSi
& CHO, CHO,

Figure 28

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Small molecules label
# Structure Composition Coded Elements
7 CFO C.C
8 CH.O CHO,
9 H2C=I$=P9 CHZNE CH:{Nz
0
H
N
Q
11 F CFO Lo
F LG e
O
O
N /\\/
‘ H
12 e CHNG, CHNO,

Figure 28 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Small molecules label
# Structure Composition Coded Elements
13 \ﬁ CH, NO CHMO
H H = L7
i}
\“"_'7
14 CHNO, CHNO,
o
o P - o~
15 CHO, €Y,
16 €0, €0,
o]
17 LHO, L HO,

Figure 28 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

36 /42

Small molecules label

# Structure Compuosition Coded Hements
N/
18 CQH‘:SNSGES C:zH}stQzS
_u—H
N ™ ’
ilj‘ {:ISH%N?() CEBHBNIQO

NHNH,,

CHN, CHN

o] 8]

/ NHNH,,
22 ' CH M, CHN,
\ ! \

CHy 0
23 /i\/L C(HT,;NEO CH, MO
CH NHNH, v s
Hg

Figure 28 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

37 / 42

Small molecules label

# Structure Composition Coded Elaments
[ P
O
24 C H.NO C H MO
25 CHNO, CHNG,
N
26 C'?HWN}',S CgHmN)S
//
0 48 '
27 A | C H NO, €, H.NO
o}
F2 | "——.N . e
28 Py O CHEND co
F4C C
- g /

Figure 28 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Small molecules label
# Structure Composition Coded Hlements
O%N/OH
29 C'JHsNzDzs C7H4N2GZS
S o C ez
O Q
W
30 CH NO CH NG,
O
%LG
1 I
e
31 ° C HONO, CH NOC,
LE
37 CMHHNOA’& C:E4HE4NO4
p CH3
::3 4 Q '\/ C‘“HEAN'_‘ CSIHEZZN?
LN \ \Ha

Figure 28 cont.
SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Small molecules label
# Structure Composition Coded Elements
N/
34 CoH NS CH NOS
35 CH NSO, ¢ H NSO,
\ COOH
36 | CHNO, CHNO,
e P
~ EON,
37 | CHNO CHNO
/

38

CZC}}-E':SN'ZO

39

HoN
\/\/\\/\"NHQ CHN,

C.H N

Figure 28 cont.

SUBSTITUTE SHEET (RULE 26)




CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311
Small molecules label
# Structure Composition Coded Elements
40 '--..\r €, H, NO C.H NO
P \/\OH 14 s s
e ¥ OH
A1 Vs C HNO, CHNO,
42 AN CH, N CH N

Figure 28 cont.
SUBSTITUTE SHEET (RULE 26)




WO 2014/066117

CA 02889411 2015-04-24

41/ 42

PCT/US2013/065311

10

NeuCode {log, myotube / myoblast)
Y

@

&

%

-;
RN
EX
¥,
= N
@
O] S
o ¥ & . N
& & 8
\\ \\\\\ e
RN
O
Tag &7
S o %
Sy ©

N L@
. e .
\\\\\\\\w%‘\\\\\\‘\i\\“ = ©

s \\\\.
< R AR
\\§\ 3
\\\§\\\

Y

i
I

‘ AN
AS \ N N
NN R
N o W

TR N

s ) &\

h \% &*\\\\ \\\\\\\\ ;

@\@\\‘&* N

O UE § ‘

® Mg (\\\\\\\ :

‘b§ =
AR
PR

] ; I ' ! 1 ;

1
o

2 0 2 4 6
SILAC {log, myotube / myoblast)

Figure 29

SUBSTITUTE SHEET (RULE 26)

10



CA 02889411 2015-04-24

WO 2014/066117 PCT/US2013/065311

42 / 42

" SILAC

positive requlatics of organefle sraantzation

tda}ﬁrafemeram&wﬁms

nﬂe:mmi:it EC}"IG‘SE i rganization

cellular nitrogen compour m‘aﬁ:abaﬁcwac&is

yoteln Compler 3ssen .

acromlecular comles ssemil

cellular srning acid and demam*e mretabolic '\m«:n%s

rroncsacchanide meiaggﬁ, OGRS

SROSNIE 3ck metabolic process

alcohol catabolic process

- e celhular mﬁﬁmﬁ C %g;{{e\s Ry
cethudar magrorr ecum@ngm b anization ...

‘5@?‘&1@&‘3\ HOGESE

weliular ketone metabolic process

cartohwdrate catap j [OEsE

grine metabolic [Rocess

cell ycleprocess

, c?mm of m’gaﬂeﬁﬁe Grganization

reguiation eitﬁafam‘ﬁméﬂ{ixﬁ” dzation

SphAse

celludar carhohydeate metabalic pracess.
rritotic cell qurle

?ﬂatma\f oteincomples asserbly
celluldr manromclaculer comite assamiy

.........

@Eg&f%ﬁéfﬁ%ﬁim o
cyloskeleton orgapization

generation of precursol metabs ttes SRSy
reguilation of celludar component blogenesis

for transport

cefiular cormpanent asseenbly Invahvad In morphogenesis
ecfactor ietabnlic frocess

mﬁ cytoskeleton w*aam:aim

Leﬂuiar 1‘%)]1@33 £ IO0RSS

b process

c}mﬁketetm anization

carbolydrate catabolls process

k%r*&;&ed&etwmt

metabolic process

ceflular E«etgxe metahclic [ocess

o RiC acid metabiolic process

a‘tx:}de;mzamh& OO

fon tr:msn@g%x:ane gwsmt

ei&trmtraﬁsmgdmm
qereration of precursor metabolites and ensrgy

50 5 1015 20 25 30
log,, corrected p-value

Figure 30

SUBSTITUTE SHEET (RULE 26)



DK

1

ﬁﬁ%@

e W R W B T

{eQ} ssRW



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	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 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - CLAIMS
	Page 82 - CLAIMS
	Page 83 - CLAIMS
	Page 84 - CLAIMS
	Page 85 - CLAIMS
	Page 86 - CLAIMS
	Page 87 - CLAIMS
	Page 88 - CLAIMS
	Page 89 - CLAIMS
	Page 90 - CLAIMS
	Page 91 - CLAIMS
	Page 92 - CLAIMS
	Page 93 - CLAIMS
	Page 94 - DRAWINGS
	Page 95 - DRAWINGS
	Page 96 - DRAWINGS
	Page 97 - DRAWINGS
	Page 98 - DRAWINGS
	Page 99 - DRAWINGS
	Page 100 - DRAWINGS
	Page 101 - DRAWINGS
	Page 102 - DRAWINGS
	Page 103 - DRAWINGS
	Page 104 - DRAWINGS
	Page 105 - DRAWINGS
	Page 106 - DRAWINGS
	Page 107 - DRAWINGS
	Page 108 - DRAWINGS
	Page 109 - DRAWINGS
	Page 110 - DRAWINGS
	Page 111 - DRAWINGS
	Page 112 - DRAWINGS
	Page 113 - DRAWINGS
	Page 114 - DRAWINGS
	Page 115 - DRAWINGS
	Page 116 - DRAWINGS
	Page 117 - DRAWINGS
	Page 118 - DRAWINGS
	Page 119 - DRAWINGS
	Page 120 - DRAWINGS
	Page 121 - DRAWINGS
	Page 122 - DRAWINGS
	Page 123 - DRAWINGS
	Page 124 - DRAWINGS
	Page 125 - DRAWINGS
	Page 126 - DRAWINGS
	Page 127 - DRAWINGS
	Page 128 - DRAWINGS
	Page 129 - DRAWINGS
	Page 130 - DRAWINGS
	Page 131 - DRAWINGS
	Page 132 - DRAWINGS
	Page 133 - DRAWINGS
	Page 134 - DRAWINGS
	Page 135 - DRAWINGS
	Page 136 - REPRESENTATIVE_DRAWING

